
BEFORE TH i": FLORIDA PUBLI C SERVICi; COH1US;;ION 

comprehe.nsive Rev i eyl of the ) 
) Do~ket No. 920260-TLRavenue Requirements and Ra~e 

Filed: November 16 , 1992Stabilization Plan of southern ) 
Bell Telephone & Telegraph Company ) 

-------------------------------) 

DIRECT TESTI 

OF 

MICHAEL L. 

On Behalf of the citizens of The State of Florida 

Jack Shreve 
Public Counsel 

Office of Public counsel 
c/o The Florida Legislature 
III West Madison street 
Room 812 
Tallahassee, FL 32399-1400 

(904) 438-9330 

Attorney for the citizens 
of the state of Florida 

BROSCH 

se,tC. ON 1'1'153· '1 ~ 

1 

PSC-RECORDS/REPul 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Q. 
A. 

Q. 
A. 

Q. 

A. 

FLORIDA 
BEFORE THE 

PUBLIC SERVICE COMMISSION 
PREPARED TESTIMONY 

OF 
MICHAEL L. BROSCH 

Please state your name and business address. 

My name is Michael L. Brosch. My business address is 740 

North Blue Parkway, Suite 204, Lee's Summit, Missouri 

64063. 

What is your present occupation? 

I am a principal of Dittmer, Brosch and Associates, Inc. 

The firm's business and my responsibilities are primarily 

related to special services work for utility regulatory 

clients, including rate case reviews, cost of service 

analyses, jurisdictional and class cost allocations, 

financial studies, rate design analyses, and special 

investigations related to utility operations and 

ratemaking issues. 

Will you summarize your educational background and 

professional experience in the field of utility 

regulation? 

I graduated from the University of Missouri, Kansas City, 

in 1978 with a Bachelor of Business Administration 

Degree, majoring in accounting. I hold a CPA 
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Certificate in the State of Missouri and in the State of 

Kansas. I am a member of the American Institute of 

Certified Public Accountants, the Missouri Society of 

Certified Public Accountants, and the Kansas Society of 

Certified Public Accountants. From 1978 to 1981, I 

served as a public utility accountant with the Staff of 

the Missouri Public Service Commission. While employed 

by the Missouri Commission, I participated in rate case 

examinations involving electric, gas, water, steam, 

transit, and telephone utilities operating in Missouri. 

My responsibilities in Missouri utility rate case 

proceedings included analysis and testimony on virtually 

all facets of public utility revenue requirement 

determination. 

In December, 1981, I accepted a regulatory consultant 

position with Troupe Kehoe Whiteaker & Kent in its public 

utility department. While with Troupe Kehoe Whiteaker & 

Kent, I directed the development and presentation of an 

in-house training program on public utility income tax 

accounting concepts and issues. With other firm 

members, I was involved in the review, analysis, and 

presentation of a wide range of rate case issues and 

various other utility management advisory functions for 

both utility company and regulatory agency clients. 
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In May of 1983, I commenced employment with Lubow McKay 

Stevens and Lewis as a senior consultant. While with 

that firm, I was involved in numerous regulatory 

proceedings and directed several project teams in the 

conduct of special projects including the development of 

a comprehensive lead lag study theory and procedures 

manual for use by the Ohio Office of the Consumers ' 

Counsel (OCC) and its technical staff. Other special 

projects that I directed included a detailed analysis of 

utility holding company formation/ diversification policy 

issues for the Wisconsin Public Service Commission and a 

study of electric utility interconnection agreements and 

related bulk power transactions studies of Ohio electric 

utilities. 

In June of 1985, Dittmer, Brosch and Associates, Inc. was 

organized. The firm specializes in public utility 

regulatory and management consulting in the electric, 

gas, telecommunications, water, and wastewater 

industries. As a principal of the firm, I am 

responsible for the supervision and conduct of the firm's 

various regulatory projects currently in process. 

I have testified before utility regulatory agencies in 

Arizona, Arkansas, Florida, Hawaii, Illinois, Indiana, 
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Kansas, Michigan, Missouri, Ohio, Oklahoma, Washington 

and Wisconsin in regulatory proceedings involving 

electric, gas, telephone, water, sewer, transit, and 

steam utilities. 
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5 

6 What experience have you had in analyzing and quantifying 

7 revenue requirements f o r  telephone utilities in general, 

8 and Bell operating companies in particular? . 

9 A. I have been involved in many telephone rate cases 

10 involving Bell operating companies, major independent 

11 telephone companies and small investor owned and 

Q. 
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cooperative telephone companies. I have testified 

regarding telecommunications issues in multiple 

jurisdictions on a wide variety of issues. 

With respect to Bell companies, I have participated in 

multiple pre and post-divestiture rate proceedings in 

Arizona, Indiana, Oklahoma, Washington, Wyoming and 

several cases in Missouri. Moreover, I have analyzed and 

addressed BELLCORE and regional holding company 

affiliated relationships with regulated Bell telephone 

subsidiaries several times in certain of these 

jurisdictions over the past decade. 

Q. What functional areas of the Florida Office of the Public 

Counsel (OPC) case are you directly responsible for? 
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I have reviewed and will sponsor testimony addressing 

Southern Bell's transactions with certain affiliated 

companies, including the parent, BellSouth Corporation 

headquarters (BSC-HQ) and Bell Communications Research, 

Inc. (BELLCORE). I also examined one segment of the 

Southern Bell affiliate, BellSouth Services', Science and 

Technology (S&T) entity.. My analysis for this proceeding 

used the Company's filing as a starting point. Since 

Southern Bell made certain affiliate disallowances in its 

own prefiled case, I propose additional adjustments as 

required to properly restate test year affiliate 

transactions to a reasonable level for use in quantifying 

Southern Bell's revenue requirements. 

- 

What are the general types of adjustments which are 

described in your testimony? 

I propose adjustments to restate charges to Southern Bell 

from three of the principal affiliates doing business 

with Southern Bell, BSC-HQ (parent), BELLCORE (research 

and development services) and BellSouth Services' Science 

and Technology (ShT) organization. 

BellSouth Corporation headquarters (BSC-HQ), Southern 

Bell's parent corporation, has a large centralized 

corporate staff which is organized into discrete 
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responsibility codes (RC's). Each RC incurs labor and 

non-labor costs, most of which are assigned or allocated 

among the BellSouth subsidiaries, including Southern 

Bell. I propose adjustments to Southern Bell's proposed 

recovery of such parent company costs to eliminate 

certain parent-ownership costs not properly recovered 

from ratepayers, as well as to disallow certain 

proprietary types of costs which should be disallowed - if 

incurred directly by Southern Bell. 

Q. In general, why must regulators be concerned with 

affiliated interest transactions of regulated utilities, 

such as Southern Bell? 

A. Utilities which have transactions with affiliates 

introduce new complexity and responsibility into the 

regulatory process. Complexity is obvious throughout the 

diverse departments and activities of numerous affiliates 

individually and collectively transacting with the 

regulated entity as well as among multiple affiliates, 

creating pools of costs, some of which are ultimately 

charged to regulated ratepayers. Additional regulatory 

responsibility arises from the potential for abusive cost 

attribution to regulated ratepayers in a variety of ways. 
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1 Q. What potential forms of abuse are existent within the 

2 affiliated interest relationships of regulated telephone 

3 companies? 

4 A .  Examples of generic regulatory concerns with affiliated 
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transactions of rate-regulated utilities include: 

1) Incurrence of objectionable expenses by an 
affiliate which are partially allocated to the 
utility. Examples include contributions, lobbying, 
antitrust and advertising. 

2 )  Improper allocation or assignment methodologies for 
affiliate costs which may subsidize unregulated 

3 )  

business segments. 

Pricing goods/service bought by the regulated 
utility from affiliates at prices which yield 
unreasonably high returns. 

Pricing goods/services sold by the regulated 
utility to affiliates at prices less than the 
higher of the utility's costs or market values. 

Uncompensated sharing of utility intangible assets 
such as personnel expertise, intellectual 
properties, credit worthiness and purchasing power. 

T50SBMB. 8 2  7 
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6 )  Charging the regulated utility for goods or 
services not required to provide utility service, 
such as redundant expenses, corporate ownership 
costs, merger/acquisition costs and unnecessarily 
extravagant expenditures. 

7) Contrived financing or operating arrangements 
between utilities and affiliates which attribute 
higher costs to the utility or attribute profitable 
business segments or functions away from the 
utility to its affiliates. 

8) Other affiliated interest abuses, such as parent 
company debt leveraging, risk shifting and capital 
structure or dividend policy manipulation. 

Q. Do you mean to imply by this list of potential abuses and 

regulatory concerns that all affiliated arrangements of 

regulated utilities are unreasonable? 

A. NO. Many of the utility-affiliate arrangements I have 

studied are advantageous to the utility and make good 

business sense as the most efficient means to provide 

necessary goods and services. However, all significant 

utility transactions with affiliates must be reviewed 
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with a strong appreciation of the potential problems and 

general concerns arising from these arrangements. My 

conclusion with respect to BSC-HQ and BELLCORE is that 

the majority of charges to Southern Bell are reasonable 

for inclusion within regulated revenue requirements. 

Do the affiliated transactions of Southern Bell raise 

issues in some of the areas of concern you listed? 

Yes. The remainder of my testimony discusses certain 

issues arising from Southern Bell's transactions with 

affiliates which, in my Dpinion, merit consideration by 

the Commission in this Docket. Since my responsibilities 

were limited to Southern Bell's transactions with BSC-HQ, 

the parent company, and BELLCORE, I have no conclusions 

with respect to Southern Bell transactions with other 

affiliates. 

. 

How have your efforts been coordinated with the 

presentation of M r .  Randy Allen, OPC's primary revenue 

requirements witness? 

I have discussed my proposed adjustments with Mr. Allen 

and have forwarded appropriate amounts to him for 

inclusion in the total revenue requirement calculations 

that he sponsors. To the extent Mr. Allen sponsors 

revenue requirement calculations for test periods other 
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than 1991, I recommended that my adjustments be restated 

in proportion to any escalation of gross BSC-HQ or 

BELLCORE jurisdictional expenses. 

Q. HOW is the remainder of your testimony organized? 

6 A. My testimony is arranged by topical section. The 

7 following table serves to index the testimony sections 
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with reference to the related schedules at the end of 

this volume which I sponsor: 
- 

Testimony 
TopiC Paae Exhibit 

BSC-HQ (Parent) Ownership Costs . . . . 11 MLB- 1 

BSC-HQ Proprietary Disallowances. . . . 35 

Science E, Technology . . . . . . . . 48 
BELLCORE/BellSouth Services- 

MLB-1 

MLB-2 
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1 BELLSOUTH CORPORATION PARENT OWNERSHIP COSTS 

2 

3 Q. What is the overall form of organization of Bellsouth 

4 Corporation and how does Southern Bell fit within the 

5 organization? 

6 A. BellSouth Corporation was one of seven Regional Bell 

7 .Operating Companies (RBOC's) created at divestiture to 

8 own and operate the previously integrated AT&T Bell 
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operating companies. Southern Bell and South Central 

Bell were organized as subsidiaries of BellSouth 

Corporation at divestiture, with Southern Bell continuing 

to provide regulated Florida intrastate telephone 

services under BellSouth ownership and control. 

Effective at year-end 1991, Southern Bell's name was 

changed to BellSouth Telecommunications, Inc. and at that 

time South Central Bell, as well as BellSouth Services 

Incorporated (a jointly owned service subsidiary of 

Southern Bell and South Central Bell), were merged into 

this renamed entity. However, BellSouth 

Telecommunications continues to use the names of Southern 

Bell and South Central Bell for various purposes. I will 

use "Southern Bell" herein to refer to the regulated 

telephone operations of BellSouth Corporation, subject to 

FPSC jurisdiction. I have attached as Attachment MLB-1 a 
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copy of the BellSouth Corporate Structure organizational 

chart from the Company's FCC Cost Allocation Manual to 

illustrate the relationship of BSC-HQ to Bellsouth 

Telecommunications (doing business as Southern Bell and 

South Central Bell) as well as the multitude of 

diversified domestic and foreign subsidiaries controlled 

by BellSouth Corporation. 

~ 

Q. Does BSC-HQ incur labor and non-labor departmental costs 

for centralized corporate services which it charges to 

various subsidiaries including Southern Bell? 

A. Yes. According to Southern Bell's FCC Cost Allocation 

Manual, services provided to it by BSC-HQ include: 

Financial services, such as securing capital, 
maintaining investor relations, administrating 
pension fund, preparing consolidated financial 
reports, providing budget assistance and economic 
forecasts. - Regional planning services such as corporate, 
strategic marketing and technical (including 
development). 

* Personnel services related to labor relations, 
relocation, wages, salaries and assessment. 

Legal assistance on taxes, antitrust and federal 
matters. 

T50SBMB. 82 12 
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. Public affairs involving federal regulatory and 
federal legislative activities. 

. Public relations related to financial advertising 
and media information. 

Accounting and tax services such as internal 
corporate reports, consolidated tax returns, 
accounting policies rulings and interpretations and 
internal audit policy. 

Executive Support 

Security 

Q. What level of BSC-HQ costs are included within Southern 

Bell's Florida Intrastate expenses in its minimum filing 

requirements? 

A. Exhibit -(MLB-l) summarizes Southern Bell's test 

period Florida Intrastate BSC-HQ expenses by Department. 

Column D of this Schedule sets forth the unadjusted 

Florida Intrastate BSC-HQ corporate services expenses of 

$19.5 million per books. Column E reflects Southern 

Bell's MFR adjustment to eliminate certain of the BSC-HQ 

and other affiliate charges in the total amount of $1.9 

million (See MFR Schedule A-66, page 23). After the 
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Company's adjustment, the remaining Florida Intrastate 

share of BSC-HQ corporate services expense the Company 

seeks to recover total $17.8 million. In addition to 

corporate services, BSC-HQ also bills Southern Bell f o r  a 

variety of specific project costs. However, these test 

period intrastate charges totaled only $0.8 million for 

all project costs. 

Does Southern Bell's parent corporation, BellSouth 

Corporation (BSC-HQ), act in dual capacity, serving as 

both a management service company and as corporate owner 

of Southern Bell and its other subsidiaries? 

Yes. BSC owns all of the outstanding common stock of 

Southern Bell as well as significant financial interests 

in a wide variety of diversified businesses, including 

domestic cellular telephone services, foreign cellular 

systems, domestic and international paging services, 

directory advertising and publishing, CPE sales and 

leasing, software creation and sales, graphics and 

printing services, Australian telecommunications and 

other business operations. Therefore, BSC exists as both 

a parent/holding company and a service company, BSC has 

the same interests as any institutional investor managing 

a diverse portfolio of businesses. The duality of 

purpose comes into play where BellSouth acts as more than 

T50SBMB. 8 2  14 
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a passive equity investor in Southern Bell, by virtue of 

its self-appointment as management advisor to the 

subsidiary telephone companies. In its dual role of 

owner and advisor, BellSouth sells management advice and 

assistance to the subsidiary telephone company and other 

subsidiaries while simultaneously protecting its 

ownership interest in such subsidiaries. 

Have you analyzed the specific functions and related 

costs within the BSC-HQ billings to Southern Bell? 

Yes. My examination focused upon the nature of 

activities within each of the BSC-HQ responsibility areas 

and the amount of costs incurred within each RC, as'well 

as the allocation of same among BSC subsidiaries. I 

examined BSC-HQ organizational charts, written job 

descriptions, detailed descriptions of departmental 

activities and benefits, and examples of work product 

emanating from various BSC-HQ departments. 

How are the BSC-HQ billings for General Services and 

Licenses costs accumulated and charged to Southern Bell 

and other affiliated companies? 

BSC-HQ is organized into responsibility codes (RC'S) for 

which all salaries and non-labor costs are accumulated. 

Each RC has a defined functional role within the overall 

TSOSBMB. 8 2  15 



1 management framework of BellSouth Corporation. BSC, as 

2 parent corporation, contains departmental management 

3 resources to control and direct its portfolio of 

4 investments in its subsidiary company business segments, 

5 including the regulated telecommunications segment, as 

6 well as the diversified BellSouth Enterprises segment. 

7 

8 Each RC accumulates its expenses for assignment or 
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allocation to designated affiliate beneficiaries. The 

basis of allocation is prescribed by BSC-HQ management 

with the intent being to causally and systematically 

assign costs to the business entities receiving benefit 

from the RC's actions. The allocated costs from each RC 

are accumulated and billed to the telephone companies and 

other subsidiaries of BSC on a monthly basis. 

Does BSC act as both advisor and director of the 

telephone subsidiaries, including Southern Bell? 

Yes. BSC serves both an advisory staff function as well 

as a line management control function over the regulated 

telephone operations of Southern Bell and other 

subsidiaries. In contrast, telephone company management 

has authority over and responsibility for operational 

issues, acting within the operational guidelines and 
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broad policy directives prescribed by the parent 

organization. 

Positions taken on corporate-wide policy issues are under 

the authority of BSC-HQ. The parent company also controls 

corporate strategic planning and centralized 

administrative processes. BSC-HQ guides the business 

planning done by Southern Bell, oversees the capital and 

operations budgeting process, establishes expenditure and 

earnings commitments from regulated telco management and 

monitors achievements of such plans, budgets and 

commitments. 

- 

You previously indicated ratemaking adjustments to 

several categories of these BSC-HQ costs which you 

sponsor. Turning to your first adjustment category, what 

are the kinds of costs which you characterize as 

"ownership" which should be disallowed? 

BSC-HQ costs which I consider to be ownership in nature 

are those costs which are incurred as a function of BSC 

in the role of parent company and investor in Southern 

Bell as well as the other diversified subsidiary 

companies. Specific examples of ownership costs include 

the costs of the holding company's senior executive 

management who are concerned with planning and managing 
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the BellSouth portfolio of diversified business ventures, 

while providing overall policy guidance and corporate 

governance over each subsidiary. 

Another example of ownership costs are those costs 

incurred by the BSC-HQ corporate secretary, corporate 

treasury, corporate planning and certain corporate 

counsel RC's 

maintenance of 

administration 

external legal 

parent company 

which are primarily responsible for 

the parent company legal entity and the 

of its corporate responsibilities and 

affairs, such as Board of Directors of the 

and the cash management and investment 

. 

functions which generate below-the-line income for the 

consolidated BSC organization. Many of these "ownership" 

costs are duplicative of costs incurred directly by the 

BSC subsidiaries. For example, corporate Board of 

Directors fees and expenses, treasury department cash 

management costs, and corporate secretary activities are 

duplicative of similar costs incurred directly by the BSC 

subsidiaries. 

Even though there is a duality of purpose, with BSC-HQ 

acting as both management advisor and parent/owner, the 

Company's proposed allocation of BSC-incurred costs would 

cause many parent/ownership costs to be charged to 
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Q. 

A. 

Q. 

A. 

ratepayers, if the FPSC fails to approve the ownership 

cost disallowance I propose. 

If SOUt zrn 511 were owned by indiv a1 investors, 

rather than a holding company parent, would such 

investors be able to recover their ownership costs from 

regulated ratepayers? 

No. It is only by virtue of the telephone subsidiary 

billing mechanism that the problem arises. BSC-HQ is 

able to recover both the costs of management advice and 

assistance, as well as the costs it incurs to manage its 

portfolio of investments in the telephone companies and 

non-regulated affiliates, through corporate services 

billings. I propose that the Commission consider the 

costs associated with BSC oversight and management of 

its investment in Southern Bell and its other 

subsidiaries to be properly chargeable against its 

dividend income stream rather than allocated and 

recovered from telephone ratepayers. 

Does your Exhibit -(MLB-l) set forth detailed BSC-HQ 

Florida intrastate amounts by parent Company Department 

which you propose to disallow as ownership costs? 

Yes. Column G of Exhibit - (MLB-1) provides the 

detailed costs by BSC Department which I propose to 

T5OSBMB.82 19 
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disallow as being ownership in nature and not properly 

recoverable from ratepayers. These amounts are 

quantified at a Southern Bell-Florida intrastate level. 

Line 24 of column G represents my total proposed 

adjustment. 

Why have you included the cost of BSC's Chief Executive 

Officer, its Vice Chairman and other BSC Executive Vice 

President responsibility codes within your '"ownership 

cost" disallowance category? 

Senior executive management at BSC-HQ is, at best, only 

indirectly involved in providing specific detailed 

technical and management advice and assistance to the 

telephone company. The roles of these individual 

executives is primarily oriented to broad BSC strategic 

policy issues and the promotion of BSC in the most 

favorable light to the investment cornunity and other 

public forums. 

- 

I believe that the value of the parent's senior most 

management is realized primarily by the parent, rather 

than Southern Bell ratepayers, and should not be so 

heavily allocated to regulated telco ratepayers. 

Therefore, at column G, line 1 of Exhibit- KLB-1, I 
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have eliminated one-half of the cost of BSC-HQ's most 

senior executives, as allocated to Southern Bell. 

DO the written position descriptions associated with the 

four senior-most Bellsouth Corporation executives you 

would partially disallow support your conclusion that 

these executives are portfolio managers? 

Yes. According to written position descriptions fo r  

BSC's Chairman, President, and Chief Executive Officer (1 

position), the focus of management attention extends far 

beyond the telephone company's interests: 

Accountabilitv Obiective (Basic Function) 

To provide leadership to the Board of 
Directors in carrying out its collective 
responsibility for the management of the 
assets, business and affairs of BellSouth 
Corporation. 

To strategically plan, organize, manage and 
control the total operations of BellSouth 
Corporation and its subsidiaries in ways that 
result in the optimum in cost effective 
service, the required growth in revenues and 
earnings, and expansion into new international 
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markets and new business lines, while 
maintaining compliance with applicable 
regulatory guidelines, Board policy standards, 
and maintenance of a viable existence within 
the competitive marketplace. 

(2nd Interrogatory, Item No. 34) 

Reporting directly to the CEO of the parent Company is 

BellSouth's Vice Chairman-Finance & Administration, its 

Executive Vice President-Governmental Affairs, and its 

Executive Vice President and General Counsel. Other 

direct reporting positions to the CEO include- BellSouth 

Telecomunications' Chairman, and the President of 

BellSouth Enterprises. This parent Company reporting 

structure is illustrated in Attachment MLB-2, a BellSouth 

Corporation management organization chart received in 

response to 3rd POD, Item No. 39. Attachment MLB-3 

contains written position descriptions fo r  the four 

senior-most BellSouth executives I propose be treated as 

parent/ownership costs. 

Q. How do the responsibilities of the telephone Company's 

Chairman and CEO compare with the responsibilities of the 

parent Company's CEO, Vice-Chairman and Executive vp's? 

A. The telephone subsidiary's Chairman and CEO also has 
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overall leadership, planning and management 

responsibilities comparable to the responsibilities of 

the BellSouth CEO, except that his focus is upon 

telephone company operations, rather than global holding 

company portfolio performance. A written position 

description for the telephone Company's CEO was provided 

in response to 2nd Interrogatory, Item NO. 35, describing 

the position as follows: 

Title: Chairman and Chief Executive 
Officer 

Reports To: Chairman, CEO and President of 

Provides leadership and overall direction for 
the planning, management and control of all 
aspects of BellSouth Telecommunications 
activities for the effective coordination and 
integration of the varied and diverse 
functional elements of the company's 
operations to produce the required levels of 
growth in revenue and earnings. Participates 
in the overall strategic management direction 
of BellSouth Corporation, thereby contributing 

BellSouth Corporation 
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to the overall strategic direction of 
BellSouth, .and representation within BellSouth 
on behalf of BellSouth Telecomunications. 

In your opinion, does the allocation of BSC-HQ senior 

executive management costs burden ratepayers with 

excessive and duplicative executive compensation 

expense? 

Yes. In the 1991 test period, Florida ratepayers are 

asked to pay for three layers of generously compensated 

senior executive management. The compensation of the 

most highly compensated executives of Southern Bell, 

BellSouth Services, Inc., and BellSouth Corporation in 

1991 were as follows: I 

southern Bell Executives 
BellSouth Services Executives 
Bellsouth (parent) Executives 

TOD 5 Executive Cowensation 
Averase 

771.170 396.373 566,014 
1,708,659 336.392 744,614 
1,355,500 410.500 684,033 
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I believe that my proposed 50 percent disallowance of 

BSC-HQ costs is conservative in that it serves to reduce 

charges to ratepayers for  only the third layer of 

redundant senior executive management. 

Is there additional written evidence that the executive 

management of the parent Company perceives its portfolio 

to be much broader than the core telephone business of 

Southern Bell? 

Yes. Many of the written work products I have reviewed 

indicate BellSouth's emphasis on global diversification 

and the efforts of senior executive management in 

planning and executing such diversification. I have 

appended Attachment MLB-4 to my testimony to illustrate, 

through the statements of BellSouth's CEO, Mr. John 

Clendenin, the direction and scope of the parent 

Company's strategic planning and to illustrate one of the 

functions of the CEO in representing BellSouth in the 

investment community. 

. 

Why have you recommended a 50 percent disallowance of 

BSC-HQ senior executives, rather than 100 percent 

disallowance? 

I believe that Florida ratepayers receive little, if any, 

direct tangible benefit from the efforts of the parent 
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Company's CEO, Vice-chairman and EVP's. However, to add 

additional conservatism to my proposed adjustment, 

recognizing the difficulties in evaluating such issues, I 

have reduced the adjustment to 50 percent. In addition, 

disallowance of only 50 percent of parent/holding company 

ownership costs is consistent with Florida PSC precedent. 

I would note that Southern Bell's adjustment to disallow 

certain affiliate lobbying costs excludes a portion of 

costs for the BSC-HQ EVP-Government Affairs. MY 

adjustment is additive to Southern Bell's adjustment. 

Q. For what reasons do you propose disallowance of 50 

percent of BSC-HQ's Corporate Planning Department as 

representing "ownership costs " ?  

A. This BSC department is involved with strategic planning, 

strategic issues analysis and the identification and 

analysis of parent Company business opportunities in 

which BellSouth may be able to profitably invest 

resources. Even though new business development and new 

technology deployment can occur either through new 

product/service introductions within existing BellSouth 

subsidiary entities or through traditional mergers and 

acquisitions, the cost of Corporate Planning analysis 

toward refinement of the parent's portfolio of 
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telecommunications industry products and services is an 

investor function, properly recovered out of the dividend 

income stream realized by the parent. 

Q. Does the BSC-HQ Corporate Planning Department develop 

economic and financial forecasts and data bases for use 

in the parent Company's planning and strategic management 

processes? 

A. Yes. In addition, Corporate Planning develops 

mathematical simulation models of Bellsouth financial 

performance for use in the Corporation's financial 

planning and financial strategy processes. Corporate 

Planning coordinates the preparation of financial and 

strategic plans and budgets from the subsidiaries and 

practices portfolio management by studying, from a 

consolidated viewpoint, changes to BellSouth's financial 

value from alternative resource allocations. (3rd POD, 

Item No. 41) 

Q. Does the Company admit that there is an element of 

redundancy and overlap in the mission and strategic 

planning of the parent entity compared with the telephone 

company? 
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In response to Citizen's 9th Interrogatory, Item No. 231, 

the Company contrasted the mission and planning of the 

two entities as: 

BellSouth Corporation (BSC) is a holding company 
responsible for establishing the overall mission, 
goals, strategic direction and overall guidelines 
for the total enterprise. BSC has operations other 
than BellSouth Telecommunications (BST) which cover 
different product/service markets and more expansive 
geographic markets than the "local" nine state, 
franchise service area. As a result, BSC's mission 
and goals must and do encompass the activities of 
all of its investments in the telecommunications and 
information industry. 

At the same time, however, BellSouth 
Telecommunications, a wholly-owned subsidiary of 
BellSouth Corporation, is responsible for 
establishing its own specific mission and specific 
goals consistent with and complementary to the 
overall mission of BellSouth Corporation. 
Consequently, while the mission and goals of 
BellSouth Telecommunications complement and support 
the overall mission and goals of BellSouth 
Corporation, they do differ for these reasons. 
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What internal capabilities exist within Southern Bell tO 

conduct Corporate and Financial Planning without 

dependence upon SSC-HQ for technical or administrative 

assistance/services? 

According to the Company's response to 15th 

Interrogatory, Item No. 386: 

"BellSouth Telecommunications (Southern Bell) 
maintains a Planning Staff in the Executive 
Department which coordinates the Corporate 
Planning activities of the various functional 
departments. Each of the Functional 
departments maintains a Staff responsible fo r  
developing functional corporate plans and 
coordinating their implementation. Financial 
Planning for BellSouth Telecommunications 
(Southern Bell) is performed by various 
Headquarters Organizations under the direction 
of the Financial Management and Analysis 
Staff. Collectively, these organizations have 
all of the capabilities needed to perform 
financial Planing [sic] Functions for the 
Company. 'I 
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Referring next to the BSC-HQ Treasury Department, why 

have you classified 50 percent of BellSouth's Assistant 

Treasurer-Cash Management costs, as charged to Southern 

Bell-Florida Intrastate, to be "ownership costs" and 

thereby disallowed? 

The BellSouth parent Treasury Department performs a broad 

range of activities including pension administration, 

investor relations, cash management and financing 

support. I do not oppose BellSouth's aliocation of 

pension trust administration and investor relations costs 

within the treasury function because centralization of 

these activities at BSC-HQ should allow Southern Bell to 

avoid direct incurrence of such costs. However, those 

portions of the parent company's treasury function which 

include the management of BellSouth consolidated cash, 

investments and borrowings are appropriately considered 

ownership costs. Furthermore, BellSouth's efforts to 

maximize the profitable investment of available cash from 

Southern Bell and other domestic and foreign subsidiaries 

produces below-the-line income not credited to 

ratepayers. Therefore, the costs of centralized cash 

management should not be charged to Southern Bell 

ratepayers. 
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Similarly, the administration of banking relations for 

the reconciliation of cash books and bank registers and 

the development of cash forecasts is an entity cost any 

holding company investor would engage in and absorb out 

of the resultant dividend income stream. For these 

reasons, I propose disallowance of one half of the cash 

management function within the overall Treasury 

Department costs allocable to Southern Bell in Florida. 

This narrowly focused disallowance represents only about 

28 percent of the total BSC-HQ treasury charges to 

Florida intrastate operations. 

What internal capabilities exist within Southern Bell to 

develop and coordinate cash forecasts without dependence 

upon BSC-HQ for technical or administrative 

assistance/services? 

According to the Company's response to 15th 

Interrogatory, Item No. 379: 

"BST develops and coordinates its cash 
forecasts without dependence upon BSC-HQ. 

BST developed its own cash forecast 
procedures, collects and analyzes its own 
data, and uses PC spreadsheets designed 
loc a1 ly . For information purposes, BST 
provides BSC-HQ with estimated external 
financing requirements." 
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Q. What internal capabilities exist within Southern Bell to 

coordinate banking relations without dependence upon 

BSC-HQ for 

assistance/service? 

technical or administrative 

A. According to the Company's response to 15th Interrogatory 

Item No. 380: 

"BST coordinates its own banking relations 
without dependence upon BSC-HQ. . 

BST develops and maintains its own banking 
relationships, determines services required, 
negotiates services and fee structures, tracks 
bank performance, contracts with banks and 
dissolves relationships as needed. 

BSC-HQ puts together reports on all BSC 
banking relationships and shares this report 
with BST. '' 

Clearly, there is a concern with respect to redundancy in 

the treasury functions of Southern Bell and BSC-HQ, which 

is partially remedied by my proposed adjustment. 
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Do you consider the BellSouth Corporation Assistant 

Secretary, who is responsible for BellSouth Board of 

Directors Support, to be an ownership cost properly 

absorbed by the parent, rather than allocated to 

BellSouth's subsidiaries? 

Yes. BellSouth's Assistant Secretary provides 

administrative and research support f o r  the BellSouth 

Board and committee meetings. This RC's activities 

support the BellSouth parent legal entity and its control 

over subsidiary companies and is properly considered an 

ownership cost. Moreover, the Assistant Secretary 

activities are redundant in light of the legal obligation 

of each subsidiary to perform similar functions as a 

separate legal entity. For these reasons I have 

disallowed 5 0  percent of the BellSouth Assistant 

Secretary dollars charged to Southern Bell-Florida. 

What is the total amount and percentage of BSC-HQ costs 

charged to Southern Bell-Florida Intrastate operations 

which you propose to disallow as ownership in nature? 
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A. Total test period BSC-HQ jurisdictional costs charged to 

Southern Bell which I believe are ownership costs, 

properly disallowed by the Commission, can be summarized 

as follows: 

$61,594,893 

Z O t d  

Charged 

tc Plorian 
1nrrasrareg 

11,415,300 
893,300 

2,107,100 

730,600 

15,146,900 
I------ 

The $1,576,419 of BSC-HQ allocated cost I 

Pr0pD.d 

O h d l ~ e d  

h m a r = h i D  

5 &29,012 

146,650 

. 
590,148 
110,609 

11.576.419 

would disallow 

as ownership costs represent only approximately 8 percent 

of the total of $19.5 million BSC-HQ costs allocated to 

Southern Bell-Florida Intrastate operations, in the 

projected 1991 test year. Note that these amounts tie 

to Exhibit - (MLB-l), columns G and D. 
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BELLSOUTH CORPORATION PROPRIETARY DISALLOWANCES 

Has Southern Bell recognized the need to disallow certain 

of the costs allocated to Florida intrastate operations 

by BSC-HQ? 

Yes. The Company included its affiliate disallowance 

adjustment at MFR Schedule A-6b, page 2 3 ,  to disallow 

$ 1 . 7  million of SSC-HQ charges for contributions, 

advertising , lobbying/liaison, memberships /dues and the 

BellSouth Golf Classic. These costs represent typical 

costs the proprietor of a business might choose to incur, 

which are not of a nature that is necessary or essential 

to provide regulated services or of direct tangible 

benefit to ratepayers. For this reason, I refer to such 

costs as proprietary disallowances and recommend that the 

Commission treat them the same as they would be treated 

if incurred directly by Southern Bell. 

Do you propose further disallowances of BSC-incurred 

expenses, beyond Southern Bell’s proposed adjustment, 

because of the specific nature of such costs? 

Yes. In addition to, the ownership cost adjustment 

previously described, I propose that certain specific 

costs incurred by BSC-HQ and allocated to Southern 

Bell-Florida be disallowed because such costs, if 
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incurred directly by Southern Bell, are not properly 

allowed for ratemaking purposes. These proprietary 

disallowances would include the BSC-HQ legal costs 

incurred to defend and support BellSouth positions in 

antitrust and Modified Final Judgment (MFJ) matters, the 

remaining costs of corporate advertising not disallowed 

by Southern Bell's own adjustment, the BSC-HQ corporate 

affairs department not already disallowed by Southern 

Bell and the costs of BellSouth DC Public Relations. 

What are the BellSouth Corporation antitrust and.MFJ 

legal costs you propose to disallow for ratemaking 

purposes? 

I have considered the costs within BSC-HQ Responsibility 

Code H61300 and a pro-rata share of legal support staff 

(RC 61170) to be antitrust and MFJ legal costs (11th Int. 

No. 275 and 3rd POD, No. 41). According to BSC-HQ's work 

activity description for these lawyers, the functions 

performed include: 

. Antitrust and Modified Final Judgment 

Represent the subsidiaries before the MFJ Court. 
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4 . Represent the subsidiaries before the Court of 

. Provide legal advice to BellSouth management and the 

7 . Provide antitrust advice to BellSouth management and 

. Represent BellSouth in antitrust cases. . 

. Develop and conduct antitrust compliance seminars. 

Appeals on MFJ and antitrust matters. 
5 

6 subsidiaries regarding the MFJ. 
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12 
Q. Why should the parent Company's legal representation in 

antitrust cases not be funded by ratepayers? 
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A. I have disallowed antitrust defense costs and damage 

awards because such costs do not generally arise from the 
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provision of regulated, tariffed telephone services, and 

because BSC-HQ has failed to adequately describe the 

nature of such charges. In the present case, BSC-HQ was 

asked what antitrust cases presently involve BellSouth 

for which BSC-HQ incurs and allocates costs to Southern 

Bell (9th INT. No. 241). The Company's response listed 

four individual cases, two of which named Southern Bell 

as respondent. However, in response to 13th 

Interrogatory Number 330, The Company responded, "BSC-HQ 

did not bill any costs to Southern Bell during 1991 in 

connection with any of the antitrust cases listed in 

response to Item No. 241." To add to this confusion, the 

Company responded to 13th Interrogatory Number 331 by 

stating that BSC-HQ employs 6 attorneys who work on 

"MFJ/antitrust" matters, fo r  which test period Florida 

intrastate allocated charges totaled $282,900. 

. 

I believe that Southern Bell antitrust costs should be 

disallowed, in the smaller amount I derived from other 

discovery responses, unless and until the Company 

demonstrates benefits to ratepayers from its antitrust 

activities and provides an accurate accounting fo r  such 

costs. 
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To what extent is Southern Bell dependent upon BSC-HQ for 

legal services? 

According to the response to 11th Interrogatory, Number 

2 8 4 ,  BellSouth Telecommunications (Southern Bell and 

South Central Bell-post merger) has 78  lawyers throughout 

its operations, including 35 lawyers within the state 

organizations, 10 labor lawyers, 2 6  regulatory, marketing 

and network lawyers, 2 general corporate lawyers, 2 

general support services lawyers, 2 legal vice presidents 

and 1 lawyer to support headquarters anti-trust and 

litigation matters. No adjustment is proposed f o r  any of 

these telephone subsidiary lawyers. 

BSC-HQ has 29 attorneys responsible for Federal 

regulatory, antitrust/MFJ, labor relations, tax, 

intellectual property, securities/corporate and 
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litigation. My proposed adjustments addresses six or 

fewer of these headquarters lawyers. 

With respect to BSC-HQ corporate advertising, how did 

Southern Bell analyze the parent's advertising in 

deriving its proposed disallowance adjustment? 

The Company appears to have evaluated the parent's 

advertising copy to determine the percent of each ad that 

was thought to be "product related" and therefore 

allowable. FCC Part 32 distinguishes between "product" 

and "corporate image" advertising, as follows: 

Account 6613 Product Advertisinq; 

This account shall include costs incurred in 
developing and implementing promotional strategies 
to stimulate the purchase of products and services. 
This excludes non product-related advertising, such 
as corporate image, stock and bond issue and 
employment advertisements, which shall be included 
in the appropriate functional accounts. 

(47 CFR, Ch. 1, 32.6613) 

The Company's adjustment then disallows all BSC-HQ 

advertising except those individual ads determined to be 

"Product Related". 
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Do you agree with this criteria for disallowance? 

I agree that only product specific telecommunications 

advertising which is cost effective should be eligible 

for ratepayer recovery. Unfortunately, the Company 

appears to have not rigorously applied its own criteria. 

The BSC-HQ advertising costs Southern Bell did not 
disallow, which it proposes to recover from ratepayers, 

includes the cost of 50 percent of four print ads and 

11/16 of several television ads which I believe are 

entirely corporate image-building advertisements. 

Did Southern Bell judge any of the BSC-HQ advertisements 

to be entirely product related and, thus, recoverable 

from ratepayers? 

NO. The only BSC-HQ advertisements not completely 

disallowed, were partially disallowed, at either a 50 

percent or 5/16 (TV ads) level by Southern bell. 

Have you prepared an attachment to your testimony to 

illustrate the specific BSC-HQ advertising you propose be 

disallowed in its entirety, rather than only partially 

disallowed as proposed by Southern Bell? 

Yes. Attachment MLB-5 contains advertising copy for the 

specific print and television ads disallowed by my 

adjustment (3rd POD, No. 49). Each of these ads was 
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partially disallowed by Southern Bell, as described 

above. It is my opinion that these ads are entirely 

corporate image building rather than product-related 

advertisements. 

What activities are included within the BSC-HQ Corporate 

Affairs Department which you propose be disallowed? 

Corporate Affairs is made up of four principal activity 

areas; Education Affairs, Executive Services, External 

Affairs and BellSouth foundation. Within Education 

Affairs, internal corporate resources are devoted to 

programs aimed at the improvement of public education in 

the southeast states. Executive Services includes 

planning and conducting executive/shareholder meetings, 

coordinating the Bellsouth Classic golf tournament and 

other customer positioning activities. External Affairs 

supports the BSC Chairman's external activities such as 

US Chamber of Commerce, JFK Center for the Performing 

Arts and United Way involvement as well as coordinating 

corporate contributions, corporate memberships and 

community affairs programs. BellSouth Foundation 

administration, involving the evaluation/approval of 

Foundation grants, is also included in the Corporate 

Affairs Department. (3rd POD, Item No. 41) 

- 
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Q. Has the Company disallowed some of the allocated costs 

from BSC-HQ in its own adjustment? 

A. Yes. Southern Bell's MFR Schedule A-6b, at page 23, 

disallows the allocated direct costs of BSC-HQ corporate 

contributions, Social/Semice club memberships and dues 

and the BellSouth Golf classic. These adjustments total 

$352,000, the majority of which originate in the BSC-HQ 

Corporate Affairs Department. 

Q. Why do you propose to disallow the remaining BSC-HQ 

Corporate Affairs costs, after reflecting Southern Bell's 

own disallowance adjustment? 

A. 1-t is my belief that Florida ratepayers receive no direct 

tangible benefits from the Corporate Affairs activities 

described above. The social and civic activities of the 

parent Company's executive management may enhance the 

public image of BellSouth, but such image enhancement 

should not be charged to ratepayers. 

Q. What are the principal written work products of the 

BSC-HQ corporate affairs department and how are such work 

products said to be used to benefit Florida ratepayers? 
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Q. 

A. 

According to the Company's response to the 11th 

Interrogatory, Item No. 286: 

"The principal written work products of the 
BSC-HQ corporate affairs department are 
published reports of the BellSouth Foundation 
and BellSouth Education Affairs, including 
guidelines for requesting grants, annual 
reports, and special reports. These products 
benefit Florida ratepayers by advising them 
about how to seek financial support for 
education programs and providing other 
information related to improving education in 
the southeast, including Florida." 
Also, the department provides written 
responses to external groups seeking support 
from the corporation or foundation, totaling 
approximately 1,500 annually. This 
correspondence supports Florida ratepayers by 
improving the corporation's awareness of and 
responsiveness to the interests of the 
community, including Florida. 

Does BSC-HQ also maintain a Washington D.C. Public 

Relations organization? 

Yes. Responsibility Code H91000 is the BellSouth DC 
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Public Relations cost center responsible for Media 

Relations (11 INT, No. 2 7 5 ) .  This Media Relations 

function controls disclosure of centralized financial 

data and information regarding legislative/regulatory 

activities and corporate policy. National and 

international media relations support for BellSouth and 

its subsidiaries is provided, while corporate media 

opportunities are "created" with the national press for 

BellSouth officers in Atlanta and Washington. In the 

test period, the Florida Intrastate jurisdiction was 

charged $ 2 3 3 , 3 0 0  for these services. 

why do you propose to disallow the BellSouth Public 

(Media) Relations costs? 

I believe these activities and costs are similar in 

nature to the Corporate Affairs functions described 

above. Media Relations is an important concern to 

BellSouth as it endeavors to effectively create and 

utilize public media opportunities to enhance the image 

and advance the legislative/regulatory agenda of 

BellSouth. There has been no showing that regulated 

ratepayers in Florida need such media relations services 

in Washington or Atlanta or that they receive any 

tangible benefits from same. 
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Have you also adjusted the BellSouth D.C. Federal 

legislative and regulatory relations charges through 

BSC-HQ to Florida? 

No. I have accepted the Company's proposed disallowance 

of $812,000 within MFR Schedule A-6b, page 2 3  as a 

reasonable apportionment of such cost between ratepayers 

and shareholders. The Company's adjustment disallows 

two-thirds of such charges to Florida Intrastate, leaving 

a recoverable amount to recognize Southern Bell's 

dependence upon BSC-HQ for interaction with FCC 

personnel, with Federal-State Joint Boards, and with 

NARUC and other National entities/agencies. 

Does your Public Relations adjustment also disallow the 

expenses of the BSC-HQ Vice President-Public Relations? 

Yes. The Public/Media Relations, Advertising and 

Corporate Affairs functions disallowed by my adjustments, 

above, report to the Vice President-Public Relations. I 

have, therefore, also disallowed the responsibility code 

charges to Florida Intrastate for this Vice President. 

What is the total amount and percentage of BSC-HQ costs 

charged to Southern Bell-Florida Intrastate operations 

which you propose to exclude as a proprietary 

disallowance? 
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A.  Test period BSC-HQ charges to Florida-Intrastate that I 

propose be disallowed can be summarized as follows: 

Florida Proposed 
1991 total Intrastate Disallowed 

BSC-HQ Department-Function BSC-HQS Charged Proprietary 
Leaal-Antitruat/WJ $10,372,321 $1,432,900 $ 117,422 
-->-- 

Advertising 7,072,581 831,900 831,900 A 
Corporate Affairs 6,208,450 844,600 844,600 A 
BellSouth OC-Public Relations 1,419,315 233,300 233,300 
VP-Public Relations 462,831 70,206 70,206 
Total Amounts 25,535,498 3,412,906 2,097,428 

Lees: Amount Excluded by southern Bell's Adjustment (853,000) 

Total Public Counsel Propomed Disallowance 
a - Incluaea o u n u  also diullmed by Southern Bell. 

$1,244,428 
=====a==== 

This total Public Counsel proposed proprietary 

disallowance amount ties to Exhibit -(MLB-1) at line 

2 5  and should be added to the Company's own proprietary 

exclusion of $1,665,000 of BSC-HQ costs. 
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What is the purpose of this section of your testimony? 

This testimony section addresses Southern Bell's test 

period research and development expenses, explaining the 

nature of such activities and recommending certain 

adjustments to such expenses. 

- 
Does Southern Bell purchase research and development 

services from affiliated companies for which costs are 

included in test year expenses? 

Yes. The primary affiliate providing RhD services to 

Southern Bell is Bell Communications Research, Inc. 

(BELLCORE). BELLCORE was established at divestiture as a 

centralized national R&D and centralized service 

organization, owned equally by each of the seven Bell 

Regional Holding Companies (RHC's), to provide applied 

research, national security and emergency preparedness, 

operational support and common administrative systems 

support on a shared-cost basis. BELLCORE offers a broad 

spectrum of technical and operations RhD and support 

services through a series of programs and detailed 

projects . A "project" tracking and cost accounting 

system is employed by BELLCORE to accumulate and charge 

its incurred costs in each detailed project among the 
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RHC's. BELLCORE is a valuable resource to Southern Bell 

and other Bell operating companies because it is uniquely 

positioned to serve the mutual interests of its owners 

and clients on a national basis, sharing the costs of 

supporting common automated systems, centralized National 

Security/Emergency Preparedness (NSEP) and 

telecommunications R&D. However, the nature of the 

services provided by BELLCORE in the R&D domain raises 

significant regulatory policy issues. 
- 

A second, much smaller source of R&D services to Southern 

Bell is the Science and Technology (ShT) organization 

within BellSouth Services. S&T conducts more focused 

technology development work in selected areas of interest 

to BellSouth. S&T is building BellSouth's Advanced 

Intelligent Network (AIN) laboratory and a related 

service creation environment for the production of new 

advanced services to be provisioned through Southern 

Bell's AIN networks of the future. 

What total amount of test year expense was incurred by 

Southern Bell in Florida for R&D services from these two 

sources? 

Florida Intrastate BELLCORE expenses totaled $29,089,484 

in 1991 (11th Interrogatory, Item No. 269). BellSouth 

T50SBMB. 82 49 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Services S&T expense to Florida Intrastate were $797,515 

(13th Interrogatory, Item No. 333). 

Q. What are the BELLCORE program areas which are used to 

group the numerous specific projects funded by Southern 

Bell? 

A. BELLCORE activity is grouped by work program, with each 

program containing a number of similar projects. The 

1991 BELLCORE work programs were as follows: 

. . . 

. 

. 

. 

. 

. 

. 

. 

. 

. 

APPLIED RESEARCH 

GENERIC REQUIREMENTS 

NETWORK STANDARDS & 

ARCHITECTURE 

NETWORK SERVICES 

PLANNING & ENGINEERING 

OPERATIONS li PROVISIONING 

PROCUREMENT SUPPORT 

TECHNICAL ANALYSIS 

TECHNICAL TRAINING 

COMPUTING STANDARDS li 

ARCHITECTURE 

SUPPORT SERVICES 

MARKETING SERVICES 
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FEDERAL REGULATORY 

REGULATORY SUPPORT 
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BILLING SYSTEMS 

COST SYSTEMS 

PRICING 

DIRECTORY SERVICES 

SUPPORT 

PUBLIC RELATIONS 

CORPORATE MEASUREMENTS 

GOVERNMENTAL AFFAIRS 
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Q. Do other Bell telephone companies across the country 

incur R&D costs comparable to Southern Bell's 

expenditures for R&D? 

A. ~ l l  of the Bell RHC's participate at varying levels in 

BELLCORE projects. Some Of the Bell RHC's also have some 

internal technology development and deployment 

capabilities, however the level of commitment to 

proprietary in-house R&D varies among the RHC's. 

Q. What ratemaking issues are raised by the existence of 

substantial R&D activities and costs incurred by Southern 

Bell? 

A. The fundamental issue with resDect to R&D exDenditures of 

reaulated teleDhone comnanies is whether current 

ratepavers should bear the costs of such R&D. a iven the 

d> 

Related sub-issues include the following: 

a)  The benefits of successful R&D will be 
realized in the future, suggested that R&D 
costs should be deferred and matched to the 
period of benefits. (Subsidization of future 
Southern Bell customers.) 
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b) The benefits of successful Southern 
Bell-funded R&D may be realized by 
non-regulated affiliates of the telephone 
company. (Subsidization of Southern Bell 
affiliates.) 

c) The benefits of successful Southern 
Bell-funded RhD may be realized by Southern 
Bell, but in future products or services 
treated as non-regulated by the Florida 
Commission. (Subsidization of Southern Bell 
Non-Regulated Services.) 

d) Southern Bell regulated operations may serve 
as a funding vehicle for speculative R&D aimed 
at new technologies of potential irrterest to 
BellSouth's diversified businesses, which 
would be too risky to absorb as a start-up 
cost of a new BellSouth business venture on a 
stand-alone basis. (Subsidization of 
BellSouth new business risks.) 

e) Southern Bell funded RSD may be unsuccessful, 
resulting in no benefits to ratepayers. 
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Q. Have you examined the research and development 

mindful of these concerns expenditures of Southern Bell, 

and potential issues? 

A. Yes. I have reviewed the voluminous BELLCORE project 

profiles and a number of other documents associated with 

Southern Bell's BELLCORE expenditures. These documents 

include BELLCORE's Business Plan, various NARUC and 

NARUC-FCC Audit Reports on BELLCORE, BellSouth Services 

cost/benefit studies, as well as example work products 

and explanations of R&D activities of both BELLCORE and 

the BSS S&T entities. .The documents I have reviewed, as 

described in the following testimony, support an 

adjustment which allows current rate recovery of most of 

Southern Bell's R&D expenditures, but recommends 

disallowance with possible future recovery of certain R&D 

costs. 

Has BELLCORE been audited by other regulatory agencies in 

the recent past? 

Yes. Aside from periodic rate case reviews by state 

PUC'S of BELLCORE expenditures to determine 

rate-recoverability, the NARUC Subcommittee on Accounts 

has received audit reports regarding BELLCORE from a 

multi-state joint audit team in 1985, 1988 and in October 

1991 (joint NARUC-FCC Phase I Report). The most recent 
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October 1991 Report on the Review of BELLCORE Financial 

Activities, issued by the NARUC-FCC Accounting Task Force 

Audit Team, addresses Only overall financial issues, 

rather than the broader technology policy issues 

addressed in earlier NARUC audits. However, I understand 

that a Phase I1 Report may be issued by year-end and will 

again address the technical work effort of BELLCORE. 

How did the most recent NARUC technical (rather than 

financial) review of BELLCORE categorize project work 

efforts? 

After reviewing the 692 BELLCORE projects which existed 

in 1987, the NARUC project review group categorized the 

BELLCORE projects into four broad areas in its 1988 

Report : 

A - Applied Research: Projects reviewed in this area 
related to activities performed to determine the 
technical feasibility of incorporating new 
technology into the network. 

B - Existing Technology: Projects reviewed here deal 
with Bellcore activities relating primarily to 
today’s software systems and is in large part 
maintenance oriented. Reviewed here are such 
familiar systems as TIRKS, FACS AND PICS/DCPR. 
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C - Emerging Technology: These projects relate to 
development activities to incorporate new technology 
or software into Regional Networks. Prominent in 
this area is work involving ISDN and IN/2. 

D - Financial Projects: These projects do not relate 
directly to operating the telecommunications network 
and may be thought to be more of a support or 
ancillary nature. 

According to the 1988 NARUC project review group, "The 

four groupings were utilized since they pose different 

types of concerns for regulators". (3rd POD, - Item- No. 

689, NARUC 1988 Audit, p. 174) 

Q. How did the NARUC BELLCORE auditors describe the 

ratemaking concerns with these categories of projects in 

the 1988 audit report? 

A. The primary concern throughout NARUC's 1988 BELLCORE 

project review section of the audit report was the 

linkage between project activities and benefits to 

current ratepayers of regulated telephone company 

services. For each of the project categories used by the 
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NARUC auditors, the regulatory questions or issues were 

summarized as follows: 

- Research with no direct relationship to customer or 
service requires a high level policy decision to be 
made by State Commissions. 

- The Existina Technoloqy projects bear the closest 
relationship to today's customer, are maintenance 
oriented and are performed at Bellcore because of 
economies of scale (scope also comes into place). 
Concerns with existing technology relate to the 
efficiency of the maintenance activities and perhaps 
creeping featurism, discussed in part- 4 of this 
report. 

- The Emeraina Technolow projects, which are well 
along in the development scale, are being performed 
for specific-service or benefit discrete customers 
groups. Rate Design and Capitalization issues 
appear prominent here. Economies of Scope and 
Limited Expertise are driving factors here with 
Economy of Scale also coming into plans. 
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- The Financial Proiects which are not as directly 
tied to network technology as other projects can be 
more readily offered by third parties; and questions 
arise as to the wisdom of having Bellcore perform 
these functions. 

With these concernsin mind, the NARUC auditors stated as 

their purpose, "In order to determine if any or all of 

Bellcore's project costs should be borne by monopoly 

customers, we must understand both what Bellcore does and 

how the regions use it." (NARUC 1988 Audit, p. 175) 
. 

What adjustments or other recommendations did the NARUC 

auditors recommend in 1988 for each of the four Bellcore 

project categories? 

There was some diversity of recommendations among the 

distinct audit groups involved in the NARUC audit in 

1988. For example, with respect to the Applied Research 

category, the Accounting Review group considered 

capitalizing research costs to better match such costs to 

future periods when related benefits would be realized. 

The Project Review group, out of concern that applied 

research may benefit future deregulated services after 

being funded by monopoly ratepayers, recommended 
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alternative methods to allocate research costs between 

regulated and nonregulated accounts. The Regional Group 

recommended that only 20 percent of applied research 

costs are used and useful to current ratepayers and the 

other 80 percent should be disallowed. The allowable 20 

percent would then be deferred and amortized over 7 years 

to better match costs with benefits. (NARUC 1988 Audit 

Report at pages 

With respect to 

30-32). 
- 

the Existing Technology category, more of 

a consensus among the NARUC audit groups existed. 

Projects in this category, "deal with maintaining and 

enhancing today's network system and are the most 

innocuous of the four sections reviewed" (NARUC 1988 

Audit Report at p. 3 3 )  

The Emerging Technology category was found to deal with 

the transition to tomorrow's network, and in some ways 

form a bridge between knowledge gained in Applied 

Research and actual implementation by the operating 

companies. The Audit concluded that, with respect to 

Emerging Technology, in many cases there is no benefit to 

current residential ratepayers and that the possibility 

of such Bellcore work benefiting future deregulated 
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services justifies careful study of proper cost 

assignment methods. 

Financial Projects were found to be less directly related 

to provisioning or maintaining telephone service, but 

were administrative and general support functions that 

seemed justified by cost savings associated with shared 

economies of scale. (NARUC Audit Report, page 3 4 )  
- 

To what extent did you rely upon the NARUC audit of 

Bellcore that was conducted in 1987 and reported in 1988? 

I used this NARUC Audit Report and prior NARUC reviews of 

BELLCORE as background information in reviewing the 

activities and benefits of Bellcore as they relate to 

Southern Bell in Florida. The 1988 NARUC Audit Report 

was not designed to resolve rate case issues, as stated 

at page 20 of the Executive Summary: 

The approach taken in this report is to 
provide information that state regulators can 
use to make decisions - not to necessarily 
resolve issues. The difference, which may be 
subtle, is significant. Consensus in 
multi-state audits requires compromise among 
differing state opinions, which is 
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antithetical to a basic NARUC tenet---state's 
right to deal individually with state matters. 
This report has been fashioned to give state 
regulators the information needed to resolve 
matters in accordance with its own agenda. 

My review of BELLCORE as stated herein, relied upon 

specific interrogatories and document requests aimed at 

evaluating the extent to which the costs of BELLCORE 

activities in the test period are properly recovered from 

today's regulated ratepayers. 
. 

Q. Before explaining your approach to Southern Bell's R&D 

payments to BELLCORE and BellSouth Services ShT 

organization, what is the status of the more recent 

1991-1992 NARUC investigation of BELLCORE? 

A. A joint NARUC-FCC audit report was recently completed and 

a Phase I report was issued October 30, 1991 to address 

"Financial Activities" of BELLCORE. The findings in the 

Phase I report do not address the nature of work 

conducted by BELLCORE, but instead focus on internal 

accounting, costing and pricing issues. These concerns 

are resolved by adjustments already made by Southern Bell 

or BELLCORE and are not addressed further in my 

testimony. 
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1 A Phase I1 report may be issued by year-end by the 

2 NARUC-FCC Accounting Task Force Audit Team which will 

3 once again address the technical work efforts of 

4 Bellcore. This "next" audit report is aligned with the 

5 issues addressed in my testimony and may be of 

6 significant interest to the Commission as a more 

7 contemporary overview of Bellcore by NARUC and the FCC. 

8 

9 Q. 
10 

11 A. 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

What specific documents did you rely upon to understand 

the activities of Bellcore? 

The principal documents I relied upon are the Final 
Proiect Offerinq documents contained within the 1991 

Customized Work Program purchased by Southern Bell from 

BELLCORE in the test period. This documentation consists 

of five volumes of detailed profiles of each BELLCORE 

project. The BELLCORE "project" is the unit of activity 

used to accumulate costs incurred for a defined scope of 

work having specified deliverables, clients, budgeted 

resources and billing authority. 

Southern Bell provided the actual test period Florida 

intrastate Bellcore expense for each project in its 

response to 11th Interrogatory, Item No. 269. Other 

documents I reviewed include the BELLCORE Service 

Aureement with the RBOC'S (13th POD, Item No. 164), a 
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1 series of specific interrogatories (2nd Interrogatory), 

2 the BELLCORE 1991 1991 Annual ReDOrt to Shareholders and 

3 Accounting Instructions (3rd POD, Item No. 65) and 

4 BellSouth Service's "cost/benefit analyses" of individual 

5 BELLCORE projects. (3rd POD, Item No. 62) 

6 

7 Q. Does your R&D adjustment also include the BellSouth 

8 Services Science & Technology (ShT) activities previously 

9 

10 A. 

11 

12 
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17 Q. 
18 
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21 
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24 

25 

referenced? 

Yes. Beyond its BELLCORE funding, Southern Bell also 

pays BellSouth Services for S&T activities related to its 

Advanced Intelligent Network (AIN) laboratory, Switched 

Multimegabit Data Service and Broadband Integrated 

Services Digital Network (SMDS/BISDN) research and other 

activities. 

Have you prepared a schedule listing the specific 

BELLCORE and S&T projects you propose to exclude from 

Southern Bell's operating expenses? 

Yes. Exhibit (MLB-2) lists the BELLCORE and BellSouth 

Services S&T projects and test period intrastate expenses 

for such projects that I propose to be removed from test 

period expenses. The basis for the exclusion of these 

projects is that they do not result in benefits to 

ratepayers of Southern Bell's currently offered regulated 
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services. Additionally, these projects create 

significant risk to ratepayers because of the 

"sub-issues" listed at page 5 1  which justify 

disallowance, with possible future recovery of these 

project costs. 

These listed projects represent a modest portion of 

Southern Bell's overall BELLCORE and S&T test period 

expenses which, arguably, should be disallowed or, in the 

alternative, deferred to future periods and matched with 

demonstrated above-the-line ratepayer benefits when such 

matching is possible. 

- 

Q. What are the BELLCORE projects you would disallow or 

defer for future recovery consideration? 

A. Lines 2 through 30 of Exhibit - (MLB-2) set forth the 
specific BELLCORE projects I propose to exclude from 

Southern Bell's Florida Intrastate revenue requirements. 

To document and support each project, I have attached as 

Appendix MLB-6 the related Project Descriptions from 

Southern Bell's response to 3rd POD, Item NO. 70. On 

each project description I have indicated, by vertical 

bar in the right margin, the language I rely upon to 

support a conclusion that near term benefits to Florida 

regulated ratepayers are not evident. There are a total 

T5OSBMB. 8 2  6 3  



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2 4  

2 5  

of 702 individual projects funded by Southern Bell and 

documented for the 1991 test period, but the Appendix 

includes copies of only the 28 projects I would exclude. 

Q. What specific recommendation do you offer with respect to 

these Bellcore projects and the S&T activity costs? 

A .  The costs of these projects, which represent the more 

forward-looking advanced network technology endeavors, 

should be included in current revenue requirements. 

I recommend that the costs related to these 28 projects 

be disallowed at this time. However, Southern Bell 

should be authorized to maintain separate "side records" 

of the disallowed costs from these projects (and 

equivalent successor projects) so that, in future rate 

proceedings, rate recovery of such costs (including 

reasonable interest thereon) may be reconsidered if 

telephone ratepayer above-the-line benefits are 

demonstrated. 

Q. How did you determine the projects you would disallow are 

the more futuristic '"network of the future" activities at 

Bellcore? 

A.  I relied primarily upon the project profiles which 

describe each project in terms of its research direction, 

deliverables, past accomplishments and a common language 

TSOSBMB. 82 6 4  
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overview. Additionally, the Company's cost/benefit 

studies for these projects indicate their future network 

orientation. 

As an example of the future benefit nature of this 

BELLCORE work,  I note that disallowed projects numbered 

021411, 421301, 421303, 621204, 621405, 621406, 621409 

and IR3011 relate to development of a "next generation" 

communications network based upon fiber optic broadband 

transport of voice, data and video information. When and 

if such a ubiquitous high-speed broadband fiber network 

is deployed to provide regulated telephone service, the 

costs of these projects may be determined to be 

recoverable by the FPSC. However, it is possible that 

the future services this technology may enable Southern 

Bell to deploy, such as packet video, multimedia 

teleconferencing, multimedia messaging and video on 

. 

demand will be determined to be competitive 

(non-monopoly) services that would not yield regulated, 

above-the-line revenues. 

Similarly, when and if Southern Bell deploys information 

networking services through new technology platforms such 

as ISDN, Broadband ISDN and Advanced Intelligent Networks 

(AIN) as regulated, above-the-line services in Florida, 
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it may be reasonable to allow ratepayer recovery of 

BELLCORE project 1R1311, 1R3111, 1R4127, 1R4211, 1R501N, 

1R502X and 621307. The technologies to deliver 

information networks, video and multimedia services 

include synchronous optical networks (SONET) and SMDS, 

which are under development in projects 1R3521, 1R411, 

lWOll1, 1WO211, and 1R212. If the Southern Bell's 

regulated network is ultimately used to distribute high 

definition television (HDTV) to the public in Florida, 

BELLCORE project 421306 should be recoverable from 

ratepayers. Speech and Image Processing (project 621408) 

promises exciting potential future services using 

synthesized voice recognition and network interaction as 

well as video compression to enable video service 

applications prior to f u l l  fiber deployment. As a final 

example, BELLCORE project 1R4111 and the Service 

Company's S&T AIN laboratory provide for work on 

'"Advanced Intelligent Network" (AIN) applications to plan 

for evolution toward telephone company intelligent 

networks through the 1990's. Such intelligent network 

capabilities, when deployed in Florida, will allow rapid 

service creation and modification via software controlled 

by Southern Bell, improved network trouble isolation and 

other ratepayer benefits. However, if new AIN 

provisioned services are eventually offered on a 

. 
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deregulated basis, shareholders should bear the BELLCORE 

and S&T development costs. 

How does Southern Bell describe the status of its plans 

for deployment of broadband ISDN technology within the 

Florida network? 

According to the Company‘s response to 15th 

Interrogatory, Item No. 371, the status of broadband ISDN 

deployment is uncertain, which in my opinion does not 

support the current above-the-line expensing of R&D for 

this technology, as proposed by Southern Bell. The 

Company‘s response states: 

“Current Southern Bell plans regarding 
broadband ISDN are to install technology 
trials as appropriate to verify standards and 
test equipment. No volume deployments are in 
Southern Bell’s near term plans. The 
regulatory status of any service to be derived 
from broadband ISDN is unknown at this time. 
Benefits to be derived from broadband ISDN 
cannot be quantified until the results of the 
technology trials are known and analyzed. 
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Q. 

A. 

Q. 

A. 

Q. 

A. 

Is the status of deployment of Advanced Intelligent 

Network (AIN), video/advanced television, PCS/wireless 

and Synchronous Optical Network (SONET) technology 

similarly uncertain? 

Yes. (See 15th Interrogatories Number 372 through 375). 

Does BELLCORE also provide more fundamental research into 

emerging technologies of potential future application by 

the BellSouth companies? 

Yes. Projects 821101, 821102 and 821103 address optical 

and electronic devices in terms of basic materials 

research, physics, and fabrication methods. BELLCORE and 

BellSouth are prohibited by MFJ restrictions from 

designing and manufacturing telecommunications devices, 

but hope to influence the vendor community and expand 

fundamental knowledge about such devices to participate 

. 

in evolving the technologies available to 

telecommunications. 

Does BELLCORE continue to support BellSouth efforts to 

deploy enhanced network capabilities in the local loop? 

Yes. Projects 621306 and IW1511 address technical 

concerns surrounding fiber in the loop issues. Project 

421302 involves applied research into digital radio 

capabilities to provide radio local area data networks 

TSOSBMB. 82 68 



1 

2 

3 

4 Q. 
5 

6 A. 

7 

8 

9 

10 

11 Q. 
12 

13 A. 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

and other "highly flexible tetherless digital data and 

voice services that cannot be offered now." 

Are most of the BELLCORE project dollars you propose to 

disallow within the "Applied Research" program? 

Yes. The projects listed at lines 2 through 16 of 

Exhibit - (MLB-2) represent Applied Research. The 

remaining projects would probably have been categorized 

as '"Emerging Technology" in the NARUC audit 

categorization previously discussed herein. 

How does BELLCORE describe the goals and objectives of 

its Applied Research programs? 

According to the Bellcore Business Plan Analvsis for 

1990-1994 (3rd POD, Item No. 66), the Goals/Objective for 

Applied Research are: 

- 

Applied Research's technological strategy 
stems from a long-term vision of the 
technological future of telecommunications. 
Today's public narrow-band networks are 
already proving inadequate to meet the growing 
high-speed needs of the large data users, 
especially big businesses. This will be 
accelerated by the potential business and 
residential use of image and video, especially 
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in the entertainment and education markets. 
It is essential to encourage and guide the 
rapid evolution of the public networks into 
truly broadband, intelligent, friendly 
networks supporting information networking. 
These broadband intelligent networks must be 
able to support, at will, information 
networking services involving any or all of 
the complete gamut of comunications media -- 
voice, data, facsimile, image, and video. 

These Applied Research GoalsfObjectives then carry over 

into the network areas of BELLCORE activity where the 

short-term goal, according to the same source,-is to: 

Become a strategic partner with each of the 
Client Companies in defining and implementing 
financially viable, incremental steps toward 
the Information Networking Vision, while 
maintaining a profitable network business. 

These statements, in my opinion, clearly indicate that 

current period BELLCORE R&D in the project areas I 

propose to adjust, are aimed at a boldly redefined future 
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communications network incorporating many new products 

and services bearing little resemblance to basic 

telephone services provided today. 

Q. Has Southern Bell studied the cost/benefit justification 

for the work done by BELLCORE? 

A. In response to 3rd POD, Item NO. 62, the Company produced 

a voluminous document labeled as "Cost/Benefit Analysis" 

for the 1992 BELLCORE Projects. However, these 

"analysks" did not quantify any benefits from BELLCORE 

efforts. Indeed, the Company has repeatedly admitted 

that it cannot estimate such future benefits because 

network applications of new technologies remain 

uncertain. Instead, the Company's cost/benefit studies 

merely assume that BellSouth would necessarily replicate 

the BELLCORE project activities without the benefits of 

cost sharing with the other six RBOC's. It is not 

surprising that such "analysis" indicate that independent 

BellSouth conduct of its own R&D to replace shared-cost 

BELLCORE activities is not cost-effective. 

. 

Q. Does your testimony challenge the cost effectiveness or 

efficiency of BELLCORE? 

A. No. Instead, I challenge the nature of the R&D services 

provided by BELLCORE and the implicit assumption that 
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today's regulated ratepayers are the beneficiaries of 

virtually all BELLCORE project activities, as suggested 

by the Company's accounting for such costs. The 

replacement cost to create internally, rather than buy, 

R&D services not needed to provide 1993-vintage telephone 

services is largely irrelevant, in my opinion. 

Q. Turning to BellSouth Services Science and Technology 

(S&T) the affiliate responsible for Bellsouth 

proprietary research, do the same types of issues apply? 

A. Yes. According to Southern Bell's response to 15th POD, 

Item 222, S&T provides R&D services to Southern Bell that 

are described as: 

"Includes building the Advanced Intelligent 
Network (AIN) lab and a service creation 
software development environment and then 
development of advanced services software for 
deployment in the BOC networks using the 
Advanced Services Platform for the Intelligent 
Network (ASPIN). Functions include : 
planning, programming and testing of services 
software. '* 

"Deliverablds will 
for BOC networks 

include advanced services 
in more timely and custom 
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Q. 

A. 

design manner than previously possible. These 
will exploit the evolving Advanced Intelligent 
Network (AIM) capabilities to increase revenue 
and decrease expenses." 

Another principal technology area being investigated by 

S&T is Broadband ISDN for use in Local Area Network (LAN) 

interconnection and host-to-host communications with 

Switched Multimegabit Data Service (SMDS). Other S&T 

areas of inquiry include Fiber to the Curb (FTTC), SS7 

performance standards, network disclosure references and 

network equipment evaluations. These three S&T 

categories, AIN, SMDS/BISDN and appear on lines 32 

through 34 of Exhibit- (MLB-2). 

What is the basis for your proposed disallowance of the 

AIN and SMDS/BISDN costs allocated from S&T to Southern 

Bell? 

My evaluation of the S&T projects at BellSouth Services 

caused me to conclude that S&T work is primarily oriented 

toward future enhanced (and potentially non-regulated) 

services which clearly do 

SWBT products and services. 

not benefit current regulated 
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a .  

A. 

Q. 

A. 

Has Southern Bell deployed any AIN or SMDSjBISDN services 

in Florida? 

NO. 

Near the beginning of the R&D section of your testimony, 

you identified the matching issue that arises from the 

fact that R&D expenditures yield benefits over future 

time periods. Does Southern Bell acknowledge the future 

benefit from its R&D expenditures? 

Yes. In response to 9th Interrogatory, Item No. 246, 

Southern Bell described the ratepayer benefits of the S&T 

organization relative to BELLCORE to be: 

Bellcore is an excellent vehicle for doing R&D 
in areas of mutual interest. However, the 
interests of the various regions are diverging 
because of the different geographical, 
political, regulatory, and economic 
characteristics of the regions that they 
serve. These differences cause the regional 
operating companies to make different choices 
in many fundamental technical areas such as 
SSl, digital switching deployment, AIN, etc., 
particularly in the timing of deployment of 
these capabilities. Internal R&D is necessary 
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to support the transfer of Bellcore and vendor 
technology to BellSouth and to allow for 
customization to meet specific BellSouth 
needs. 

Research & development identifies, defines, 
and develops new technologies and services 
that can control costs and/or provide new 
capabilities that are necessary to move the 
public network into the future. Ratepayers 
benefit because they can expect to enjoy an 
improved standard of living over time if the 
communicatio,ns infrastructure in the reuion in 
which thev live continue to imorove and is 
capable of sumortinu even more soohisticated 
services. Many of the new services being 
envisioned, e.g., Call Name Delivery, improve 
both the personal and economic security of the 
citizens. (Emphasis added) 

What accounts are used by Southern Bell to record the 

BELLCORE and S&T expenditures you would disallow? 

Most of the BELLCORE and S&T projects I would disallow 

are charged to Southern Bell's Account 6727 Research and 
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DeveloDment. FCC Part 32 rules define this account as 

follows : 

3 32.6727 Research and development. 
(a) This account shall include costs 

incurred in making planned search or critical 
investigation aimed at discovery of new 
knowledge. It also includes translating 
research findings into a plan or design for a 
new product or process or for a significant 
improvement to an existing product or process, 
whether intended for sale or use. 

(b) This excludes making routine 
alterations to existing products, processes, 
and other ongoing operations even though those 
alterations may represent improvements. 

(47 CFR,  C h .  1, S 32.6727) 

By charging the costs of these specific projects to the 

R&D account, Southern Bell implicitly admits that these 

costs do not relate, "to existing products, processes, 

and other ongoing operations...", but are instead aimed 

at, ... a new product or process or a significant 

improvement" which will create future benefits. 
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Q. 

A. 

Q. 

A. 

Is it possible for BellSouth to be made whole for the R&D 

costs disallowed in Southern Bell rate cases by deploying 

new technologies in non-regulated markets? 

Yes. Nothing acts to preclude Southern Bell or any 

non-regulated subsidiary from employing technologies 

developed by BELLCORE or S&T outside of regulation. F o r  

this reason, the R&D adjustment I propose should be 

viewed as not punitive to the Company. The Company can 

either deploy technological innovations in its future 

regulated operations and seek rate recovery of previously 

disallowed R&D costs, it can elect to deploy new 

technology in Southern Bell or another affiliate on a 

non-regulated basis. 

. 

Have you reviewed the Commission's Order No. 25218 in 

Docket No. 890190-TL, in re: Petition of CITIZENS OF THE 

STATE OF FLORIDA to investigate SOUTHERN BELL TELEPHONE 

AND TELEGRAPH COMPANY'S Cost Allocation Procedures? 

Yes. At page 19 of its Order, the Commission concludes 

its discussion of BELLCORE expenses by stating, 

"...Southern Bell will be filing MMFR's no later than 

March 31, 1992. It would be appropriate to review the 

R&D expense in those proceedings to determine if there 

are charges which should be capitalized for regulatory 

TSOSBMB. 82 17 
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purposes that have not come to our  attention in this 

docket. I' 

Is it your testimony that the BELLCORE and S&T projects 

within your proposed adjustment should be capitalized for 

regulatory purposes? 

I recommend these costs be deferred for possible future 

consideration as an above-the-line regulated expense, 

subject to a reasonable demonstration of ratepayer 

benefit from the technologies being researched. This 

recommendation is somewhat different from more 

traditional capitalization of a regulatory asset, as 

governed by Financial Accounting Standard No. 71 

Accountina for the Effects of Certain T w  es of 

Reaulation, which is dependent upon evidence that future 

rate recovery of the amount capitalized by "probable". 

It is simply too early to tell if and when regulated 

ratepayers will benefit from new technologies that may 

ultimately be part of the network of the future. 

Q. Do Generally Accepted Accounting Principles (W) 

preclude the disallowance or regulatory deferral of RhD 

costs? 

A. No. GAAP governs the accounting treatment of R&D costs 

in the general business environment for public financial 
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statement purposes and generally provides for expensing 

of R&D costs, in the interest of conservatism, within 

financial statements. However, GAAF' does govern the 

costing or pricing of regulated utility services and does 

not dictate how R&D costs should be apportioned among 

subsidiaries in relation to current or future benefits, 

within the context of utility rate proceedings. 

Does this conclude your testimony? 

Yes. 
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SOUMPN BELL ELEPHON 8 TELEPGRAPH COMPANY 
BEUSOVTH CORPORATE SERVICES CHARQS 

TESTYEAR 12/31/91 

EXHIBIT- (MLB-1) 

BILL FLORIDA FLORlDA DISALLOWD I 
CODE ALLOCATED INR4STAlE EYSBT IP EPARlMENTAL DESCRIPTION: 

PUBUC 
SBT OWNRSHIP PROPRETAW COUNSEL 
JUSTED DISALLOUED DISALLOUED ADJUSTED 
%STATE BYWC BYWC INR4STATE ____---- 

0) 
916.082 EXECLmM 

COW. SECRTARY H110 943.300 675.lW 0 675.100 (62.859) 0 59/241 
TAASURY H112 3,029,500 2,107,700 0 2.1077W (593.148) 0 1,517,552 

COMPTROLLERS H131 1,663,800 1,174,900 0 1.174.900 0 0 1,174,900 
TAX H I S  1.312.500 913.200 0 913.200 0 0 913,200 

FlNANaAL MANAGEMENT HZX 702.m 4fR3.W 0 488.830 0 0 488.600 
COWORATE PLANMNG H23Y 1.m5.500 893,300 0 803,300 (446,650) 0 446,650 

BS H/R INC - EWlT Hy\g 3.086,400 2,055,700 0 2.055.m 0 0 2056,700 
HUMAN RSOURCES HSXX 4.690.400 3,124,100 0 3.124.100 0 0 3.124.100 
ASST SEC/CoRp COUNSEL H616 88.800 55500 0 55.500 (21,750) 0 27,750 

0 (117.422) 1,315,478 
FEDERAL RELAnoNs M I X  1,731,700 1 ~ , 3 0 0  (812.~0) 408,300 

F) (G) 0 
0 1,415,300 (429.012) nom) 

B) (c) m E) 
E E C  1,977,300 1,4153XJ 

(A) 

scumpI H13D 372.300 m.500 0 m.m 0 0 250,500 

IMERNALAUDIT H17X 444.100 309,000 0 309,000 0 0 309.m 

BS H/R INC - O m R  H W  8zl.800 547.m 0 w.400 0 0 547.400 

LEGAL H61X 2,291,600 1,432.900 0 1.432.900 
0 0 409,300 

ADVERTISING H9W 1.1i9.500 831,900 (501,000) 333.m 0 (333,900) 0 
PUBUC RELATIONS H910 330,800 m.300 0 233.300 0 (233.300) 0 
EXTERNAL RELATIONS H9aD 1,295,300 912.100 0 912.100 0 0 912.100 
ASST SEC / COW AFFAIRS H940 1,180,000 844,600 (W.000) 492,600 0 (492.600) 0 
FED PAC H11U 30.500 0 0 0 0 0 0 

COMPANY WR SCH A-6b PAQ 23 OF 38 

OPC PROPOSD OWNERSHIP DISALLOWANCE BSCHQ EXRNSE 

OPC PROPOSED PROPRIETARY DISALLOWANCE B S C H Q  EXPENSE 
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SOUTHERN BELL TELEPHONE AND TELEGRAPH COMPANY 
FLORIDA DOCKET NO. 92o26o-n 

S U M M Y  OF BELLCORE AND S&T PROJECTS DISALLOWED 
TEST YEAR 1 9 9 1  

DESCRIPTION 

BEUCORE ADJJSTMENT ELEMENTS (PROJECTS): 

Systems lnlewatlon 
Ughhuave Systems Teclnology 
Redb Research 
Tran~wllchlng Technology 
Udeo Syslems Technology 
Systems Rlnclples 
DlsMbutlon Netwotk Technolow 
N e b &  Conbol 
Netwotk Systems 
Mulllmedla Communkalbns 
Speech end Image Processlng 
Comuuter Nebwklng 
Photonlc Sclence and Technology 
Elecbonlc Sclence and Technology 
Ptwtonlc end Elecbonlc Malerlals 
Switched Fracllmat DS1 and Swllched DSt 
AIN Release 1 Plannlngh Requlrements 
SONET Release 1 .O lnfrasbuchtre 
SONET Release 2.0 Inhasbuclure 
FllL Requlremens & Psctdtectue Plannlng 
SMDS Phase 2 Plarnhg & Rewtremenls 
BlSDN Phsse 1 Plamlng & ReqJlrements 
SCAl and lntelllgenl Netwotk Slandards 
Irionnatton Networking Architectures 
Integrated Operatbns Support of INA 
Iffonnatlon NetwoMng ISDN Plarnlng 
Ifformanon Networking BlSDN PlanNng 
Ifformallon Netwohlng AIN Plannhg 

TOTAL BELLCORE ADJUSTMENT AMOUNT 

REFERENCE 

3 POD $70 

BELLSOUTH SERVlCES SCIENCE & TECHNOLOGY PROJECTS: 

mnrllched IvkJIllmegabl Data Service/ Broadband ISDN 
Advanced lntelllgenl Nehuotk WIN) 13 INT #333 

omer 
TOTAL SCIENCE AND TECHNOLOGY ADJJSTMENT AMOUNT 

PROJECT 
NO. 

MI411 
421301 
421302 
421 303 
421 306 
621 204 
621 306 
621 307 
621 405 
621406 
621408 
621 409 
821 1 01 
821 1 0 2  
821 lo3 
1R3621 
1R4111 
1wo111 
lWMl1 
lW1611 
1R2112 
I RBOl1 
1 I34127 
1RbOl N 
1 mow 
1Rt311 
1R3111 
1R4211 

TOTAL PUBLIC COUNSELRESEARCH AND DEELOPMENTADJUSMNT elnes 30 + 36) 

EXHIBIT-(MLB -2) 

FLORIDA 
INTRASTATE 

$151.743 
177.855 
122,520 
128.355 
196.865 
119,711 
164,399 
129.274 
162,050 
195.400 
13J.828 
167.876 
333.389 
296.659 
232.338 
48.997 
336.595 
80.457 
93,268 
151,174 
218,027 
197,361 
40.983 
133,033 
53.864 
39.094 
38.326 
36.276 

$4,182,717 

5566.284 
135.591 
95,700 

$797,575 
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BELLSOUTH t O R P C . ? S i I O N  
P O S I T I O N  DESCRI ’T IDN 

P o s i t i o n  T i t l e :  Chairman, P res iden t ,  and 
Ch ie f  Execut ive O f f i c e r  

Code: 

Organ iza t iona l  U n i t :  Be l lSouth  Corpo ra t i on  Ana lys t :  Hay/ 

Date: June, 1990 

- 
Locat ion:  A t l a n t a ,  Georgia 

- 
Reports To: Board o f  D i r e c t o r s  

o f  Be l lSou th  Corpora t ion  - 

A c c o u n t a b i l i t y  Ob jec t i ve  (Besic Func t ion)  

To p rov ide  l eadersh ip  t o  the  Board o f  D i r e c t o r s  i n  Car ry ing  o u t  i t s  c o l l e c t i v e  
r e s p o n s i b i l i t y  f o r  t h e  management o f  t h e  assets ,  bus iness and a f f a i r s  o f  
Be l lSouth  Corpora t ion .  

To s t r a t e g i c a l l y  p l a n ,  organize,  manage and c o n t r o l  t h e  t o t a l  ope ra t i ons  o f  
Be l lSouth  Corpo ra t i on  and i t s  s u b s i d i a r i e s  I n  ways t h a t  r e s u l t  i n  t h e  optimum 
i n  cos t  e f f e c t i v e  s e r v i c e ,  the r e q u i r e d  g r o w t h  i n  revenues and earn ings,  and 
expansion i n t o  new i n t e r n a t i o n a l  markets  and new business l i n e s ,  wh i l e  
ma in ta in ing  compliance w i t h  a p p l i c a b l e  r e g u l a t o r y  g u i d e l f n e s ,  Board p o l i c y  
standards,  and maintenance o f  a v i a b l e  e x i s t e n c e  w i t h i n  t h e  compet i t i ve  
marketplace. 

Dimensions 

Employees: 101,230 
T o t a l  Revenues $14.28 
Operat ing Expenses $12.58 
N e t  Income S1.78 
C a p i t a l  Expendi tures 53.28 
To ta l  Assets $30.18 
Serv ice A r e a  9 Southeastern S t a t e s  
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Page Two 

Nature and Scope 

The Chairman and Chief Executive Officer of BellSouth Corporation reports to 
the Board of Directors. The Board consists o f  sixteen members. thirteen of 
whom are outside directors. 

BellSouth Corporation is the largest o f  seven telecommunications holding 
companles and related enterprises created as a result of the AThT divestiture. 
BellSouth Corporation's principal subsidiaries include: 

- 

South Central Bell - a regulated operating telephone company 
servicing customers In the states of Alabama, Kentucky, Louisiana. 
Mississippi, and Tennessee. . 

. Southern Bell - a regulated operating telephone company serving 
customers in Florida. Georgia, North Carolina, and South Carolina. 

. BellSouth Services - a company jolntly owned by South Central Bell 
and Southern Bell 'providing strategic support services to th'ese 
regulated companles. 

, 

BellSouth Enterprises - a holding company established in 1986 to 
pursue three primary lines of telecommunications-related businesses: 
dlrectory advertising and publfshing; the sale and service OF 
telecommunlcations and computer systems; and vorld-vtde ROblle 
communications operations. 

- The current environment of the telecomnunlcations industry is characterized by 
increasingly ' aggressive and dynamlc national and global competition, as vel1 
as rapid technologlcal change. In the past corporate declsions focused on the 
ability to maintain earnings levels and to improve the efficiency o f  services 
provided. By contrast, today's corporate decisions entail greater risk due to 
the required early commitment of corporate financial and technological 
resources towards projectslbusiness lines which m a y  or may not provide an 

-- adequate return on investment. Issues that slgnlflcantly Impact BellSouth's 
ability to compete Include: the regulatory restrlctlons which currently limit 
the business market segments in which BellSouth can expand; the financial - success of alternate forms of regulation (i.e.. 'incentive regulation'). both 
for  the company and the shareholder; the abillty to remaln at the technical 
forefront and compete internationally In an industry whose innovative products 
of today are technologically obsolete tomorrow; competing under a regulatory - process against others not so constrained; the widely varying regulatory 
environments in the varlous states in the BellSouth region; and being 
Precluded by the terms or  the divestiture agreement from manufacturing 
equipment or forming strategic alliances with possible suppllers. 

The lncumbent is accountable to the Board of Directors. shareholders, and 
- Ultimately the general publlc for the efficient and effective management of 

BellSouth Corporation and its subsidiaries. Specifically. this involves cost 
effectively provlding. through the three operatjng companles. the highest 
quality telecommunications services and related businesses, utilizing the - latest \ n  available technology. To accomplish this objective, the incumbent 
must select, develop, evaluate and reward key management for insightful 

.- 

- 
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strategic planning and the accomplishment of  company goals and objectives. 
The incumbent must also'plan and direct the company's initiatives in the areas 
of regulatory control, telecommunications research and development, marketing 
analyses and implementation. and the expansion into new business segments 
within the telecommunications industry. 

In accomplishing this accountability the Chairman has structured a support 
organization with the following positions reporting directly: 

President - South Central Bell -- Accountable for overall direction. 
planning, management and control of all elements of South Central Bell's 
activities in order to provide effective coordination and integration of 
the varied and dlverse functional elements that combine to make up 
company operations and to produce the required levels o f -  growth in 
revenues and earnings. South Central Bell employs approximately 32.000 
personnel with revenues of $5.19 and assets o f  $11.18 and provides 
telecommunications services to a five state service area. 

President - Southern Bell -- Accountable for overall direction, planning, 
management and control of all elements of Southern Bell's activities to 
provide effective coordination and integration of the varied and diverse 
functional elements that combine to make up company operations and to 
produce the required levels of growth in revenues and earnings for that 
company. Southern Bell employs approximately 46,000 personnel with 
revenues o f  $7.18 and assets of approximately $15.18. Southern Bell 
provides telecommunications services to a four state service area. 

President - BellSouth Services -- Accountable for efficiently providing 
selected technical. regulatory and staff support services to the two 
regulated telephone companies and contributing to their sustained and 
profitable growth. 

President - BellSouth Enterprises -- Accountable for expanding 
BellSouth's presence and market share in the non-regulated portions o f  
the telecommunicattons industry through irlnovative technology and 
marketing of the company's moblle communications, telecommunications and 
computer systems, and directory advertising and publishing services both 
domestically and abroad. 

Executlve Vlce President and General Counsel -- Provides to the 
management of BellSouth and its subsidiaries legal counsel and advice 
through direction of the corporate legal department and functional 
direction and coordination of subsidiary legal departments. 

Executive Vlce President - Governmental Affairs -- Accountable for 
overall strategy planning and implementation before Federal regulatory 
agencies, and for direction o f  BellSouth's overall congressional 
relations program. 
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Vice Cha i rman  o f  t h e  Board - Finance and A d m i n i s t r a t i o n  -- Accountable 
for d i r e c t i n g  c o r p o r a t e  l e v e l  s t r a t e g i c  and f i n a n c i a l  p l a n n i n g  e f f o r t s  
f o r  Be l lSou th  Corpo ra t i on .  A d d i t i o n a l l y ,  t h e  inCtJmbent d i r e c t s  co rpo ra te  
l e v e l  a c t i v i t i e s  i n  t h e  areas o f  ex te rna l  communications. co rpo ra te  human 
resources and p r o v i d e s  c o o r d i n a t i o n  between t h e  company's non-regulated 
businesses and t h e  remainder o f  the  e n t e r p r i s e .  

A s i g n i f i c a n t  c h a l l e n g e  c u r r e n t l y  f a c i n g  the incumbent I S  t h e  p l a n n i n g  for 
succession o f  key  manager ia l  p o s i t i o n s ,  Due t o  t h e  l ong  s e r v i c e  o f  many 
sen io r  execut ives .  a major replacement o f  key managerial  t a l e n t  w i l l  be 
requ i red  aver t h e  n e x t  f i v e  t o  s i x  years.  These replacements w i l l  be made 
through i n t e r n a l  s o u r c i n g  and, i n  some instances,  e x t e r n a l  r e c r u i t i n g .  As the  
te lecosnun lca t i ons  l n d u s t r y  becomes more complex, t h e  requi rements f o r  the  
managerial p o s i t i o n s  and t h e i r  incumbents have n e c e s s a r i l y  become more 
spec ia l i zed .  A c r i t i c a l  r o l e  o f  t h e  Chairman i s  t o  bu i ld  and develop a t o p  
management team t h a t  w i l l  be p repared t o  achieve the  s t r a t e g i c  p l a n s  and g o a l s  
of  the o r g a n i z a t i o n .  

Another s i g n i f i c a n t  cha l l enge  f a c t n g  t h e  Chairman r e l a t e s  t b  t h e  c o n d i t i o n s  o f  
the  d i v e s t i t u r e  which mandate s e p a r a t i o n  o f  t h e  c o r p o r a t i o n ' s  r e g u l a t e d  and 
non-regulated bus inesses.  The company must con t inue  t o  ope ra te  on  a b a s i s  
which i nsu res  t h e r e  w i l l  be no c ross -subs id i z ing  o f  t h e  non- regu la ted  
businesses by t h e  r e g u l a t e d  ones. Th is  r e q u i r e s  very c a r e f u l  p l a n n i n g  and 
c o n t r o l  i n  order  t o  de fend t h e  company's p o s i t i o n  i n  the  event  o f  charges from 
compet i to rs  and o t h e r s .  

The Chairman opera tes  within broad p o l i c y  g u i d e l i n e s  e s t a b l i s h e d  by  t h e  Board 
of  D l r e c t o r s  and a p p l i c a b l e  r e g u l a t o r y  a u t h o r i t i e s .  Within those g u i d e l i n e s  
t h e  incumbent e x e r c i s e s  f i n a l  a u t h o r i t y  on a l l  ma t te rs  r e q u i r i n g  major 
o r g a n i z a t i o n a l ,  p o l l c y  or budgetary  dec i s ions .  

The incumbent and a l l  d i r e c t  r e p o r t s  serve on t h e  B e l l S o u t h  Corpo ra t i on  
Corporate P o l i c y  Counc i l ,  w i th  t h e  incumbent s e r v i n g  as Chairman o f  the  
Counci l .  The Counc l l  meets on a r e g u l a r  b a s i s  t o  e s t a b l i s h  and rev iew 
opera t i ona l  and f i n a n c i a l  goa ls ,  develop co rpo ra te  p o l i c i e s  and dea l  with 
major dec i s ions .  Because o f  t h e  I n c r e a s i n g l y  c o m p e t i t i v e  environment, 
p a r t i c u l a r l y  f rom t h e  non- regu la ted  sec tors ,  the t h i n k i n g  o f  t h e  Corpora te  
P o l i c y  Counc i l  must t a k e  on  a more e n t r e p r e n e u r i a l  s t y l e .  This rep resen ts  a 
major c u l t u r a l  change f o r  t h e  o r g a n i z a t i o n  and a key cha l l enge  f o r  the  
Chairman and t h e  Counc i l  i n  the development and imp lementa t ion  o f  p o l i c i e s  
t h a t  suppor t  t h i s  c u l t u r e .  

The Corporate P o l i c y  Counc i l  t y p i f i e s  t h e  incumbent's approach t o  management 
s t y l e .  That i s .  t h e  incumbent chooses t o  u t i l i z e  a team approach i n  managing 
o v e r a l l  ope ra t i ons ,  wh ich  a t  t h e  same t ime  f a c i l i t a t e s  an o r d e r l y  and 
formal ized system o f  s t r a t e g i c  p l a n n i n g  and t r a c k i n g .  Such a forum a l s o  
f a c l l l t a t e s  t h e  i n t e r n a l  communications r e q u i r e d  t o  ensure a w e l l  coo rd ina ted  
and i n t e g r a t e d  approach t o v a r d  e f f e c t i v e  company management and d i r e c t i o n .  
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As Chairman and Ch ie f  Execut ive  O f f i c e r .  the incumbent serves  as the c h i e f  
spokesman on b e h a l f  o f  the  company t o  t h e  var ious  c o n s t i t u e n t s  w i th  which the 
company must d e a l ,  i n c l u d i n g  regu la to rs ,  s tockho lders ,  customers.  and the 
genera l  p u b l i c .  The C h a i r m a n  must r e l a t e  t o  these va r ious  groups i n  a manner 
t h a t  p u t s  f o r t h  a p o s i t i v e  and aggressive image o f  the  company and ensures 
e f f e c t i v e  communication. 

To pe r fo rm t h i s  j o b ,  t h e  incumbent must h a v e  some bus iness  management 
educat ion,  as v e l 1  as many years o f  experience managing a s i z a b l e ,  t e c h n i c a l  
and d i v e r s e  o r g a n i z a t i o n .  The incumbent must be ab le  t o  a s s i m i l a t e  a v i d e  
v a r i e t y  o f  t e c h n i c a l  and bus iness- re la ted  i n f o r m a t i o n  and then fo rmu la te  
s t r a t e g i c  p lans,  goa ls  and o b j e c t i v e s  based on t h a t  i n f o r m a t i o n .  T h i s  
p o s i t i o n  r e q u i r e s  the  h i g h e s t  l e v e l  o f  dec i s ion  making i n  an environment t ha t  
demands a h i g h  to le rance  f o r  ambigui ty  and g rea t  degree o f  r i s k .  

- 

P r i n c i p a l  A c c o u n t a b i l i t i e s  

1. 

2. 

3. 

4 .  

5 .  

6 .  

7. 

Assure t h a t  B e l l S o u t h  Corpora t ion  and i t s  s u b s i d i a r i e s  a r e  opera ted  in’ 
a f i s c a l l y  sound and prudent  manner i n  order  t o  p r o v i d e  t h e  b e s t  
p o s s i b l e  te lecommunicat ions and r e l a t e d  se rv i ces  a t  a reasonab le  c o s t  
w h i l e  s imu l taneous ly  ach iev ing  requ i red  l e v e l s  o f  g rowth  i n  ea rn ings  
and revenues. 

Organize and s t r u c t u r e  t h e  top  l e v e l  management team b o t h  f o r  t h e  
c o r p o r a t i o n  and i t s  major s u b s i d i a r i e s  i n  order  t o  assure t h e  
achievement o f  s t r a t e g i c  goa ls  and ob jec t i ves .  

S e l e c t ,  . develop. eva lua te  and revard  key execu t i ve  management 
th roughout  the  c o r p o r a t i o n  t o  assure a h i g h  l e v e l  o f  management 
p r o d u c t i v l t y  and c o n t i n u i t y .  

Guide and adv ise  t o p  management within t h e  o r g a n i z a t i o n  i n  t h e  
r e s o l u t i o n  o f  s i g n i f i c a n t  problems t h a t  may a f f e c t  t h e  achievement o f  
o v e r a l l  goals  and o b j e c t i v e s .  P 

Assure the  a t ta inmen t  o f  requ i red  f i n a n c i n g  for o v e r a l l  c o r p o r a t e  
ope ra t i ons .  

Serve spokesperson t o  t h e  Board on  
a l l  ma t te rs  r e q u i r i n g  I t s  a t t e n t i o n  i n  o rder  t o  ensure e f f e c t i v e ,  t o p  
l e v e l  communications and f a c i l i t a t e  t h e  Board ’s  d e c i s i o n  making 
process.  

as Chairman o f  t h e  Board and c h i e f  

Serve as the c h i e f  spokesperson on behal f  o f  t h e  c o r p o r a t i o n  t o  t h e  
v a r i o u s  constituents with whlch i t  must d e a l ,  i n c l u d r n g  government, 
i n d u s t r y ,  t h e  f i n a n c i a l  community. media, and t h e  genera l  p u b l i c  i n  
o rde r  t o  e f f e c t i v e l y  communicate the . c o r p o r a t i o n ’ s  p o s i t i o n  on key  
issues  and the  s e r v i c e s  t h a t  Be l lSouth  prov ides .  
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BELLSOUTB CORPORATION 
POSITION DESCRIMION 

TITLE: Vice Chairman - Finance & Administration 

DATE: December 16, 1991 

ORGANIZATIONAL UNIT: BellSouth Corporation 

LOCATION: Atlanta, Georgia 

REPORTS TO: Chairman, CEO and President 

BASIC FUNCTION: 

To provide strategic guidance to the company's financial and corporate planning 
processes and to human resources and public relations areas in order to - anticipate, prepare for and respond to business demands in ways that assure the 
company a competitive and profitable posture in the marketplace. 

- 

.. 

- DIKENSIONS: 

Total Assets 
Total Revenue 
Pension Fund and Savings Plan Investments 
Long Term Capital Debt Outstanding 
Equity Outstanding - Book 
Equity.Outstanding - Harket 

Capital Expenditures 
Corporate Income Tax Liability 
Operating Budget Administered 
Number of Personnel Supervised 
Number of Shareholders 

(among top 20 U. S .  corporations) 

S30B 
S14B 
S12.6B 
S7.8B 
S12.7B 
S23B 

S3.28 
S778H 
~ 2 4 8 ~  
5 2 2  
1.3B 



Attachment HLB-3 

Page 7 of 19 

NATURE AND SCOPE 

This position reports to the Chairman, CEO and President o f  BellSouth 
Corporation as do the Chairman of BellSouth Telecommunications, the President 
o f  BellSouth Enterprises, the Executive Vice President and General Counsel, the 
Executive Vice President - Government Affairs and the Vice President - 
Corporate Responsibility and Compliance. Reporting to this incumbent are the 
Vice the Vice Preident - Corporate Planning 
& Budget, the Senior Vice President - Corporate Buman Resources, the Vice 
President - Public Relations and the Assistant Vice Preident - Tax. 
The internal and external environments affecting BellSouth's operations have 
become highly complex since divestiture. Internally, there have been nev 
functions added in the finance and human resources areas, including the nev 
requirement for the company to relate.directly to the shareholder. In the 
external environment the scrutiny by the press and the financial commihity, the 
rapid changes in technology, the incresed involvement of government in the 
operations of the business and increased competition, combine t o  add unexpected 
and changing considerations to planning and the development of  policies. 

President - Secretary'b Treasurer, 

In order to accomplish the objectives of the company, this Vice Chairman 
provides support to the Chairman and has a staff organization vith the 
folloving key positions reporting directly: 

Vice President - Secretary 6 Treasurer (77 employees) 

Vhose role includes both the Corporate Secretary function and capital 
acquisition and cash management activities of both the regulated and 
unregulated segments of the corporation. Additionally, this includes 
scrveillance and performance management of the corporation's pension and 
savings plan, development and recommendation of treasury policy and methods on 
a corporate-vide basis, banker and investment community relations, long range 
financial planning, interface vith the Nev York Stock Exchange and other 
exchanges upon vhich the corporation's stock is traded, managing shareholder 
services and communications, and maintaining contact vith rating agencies. 

Vice President b Comptroller ( 8 3  employees) 

Whose overall accountability relates to protection of corporate assets and the 
proper recording and reporting of transactions within a system of sound 
internal controls. Other areas of responsibility for the Comptroller include 
generation and maintenance o f  Executive Instructions, interfacing with the 
corporation's independent auditing firm, developing accounting policies, 
methods and systems on a corporate basis, managing corporate level accounting 
operations and managing the corporate insurance function. In addition, this 
position is responsible for the planning and provisionine of all corporate 
support services for the BellSouth corporate headquarters building. 
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Vice President - Corporate Planning & Budget ( 5 4  employees) 

Accountable for formulation, communication and reviev o f  the corporate and 
strategic planning process f o r  BellSouth Corporation and its entities. This 
includes consolidation, reviev and tracking of capital and expense budgets for 
the corporation, strategic analysis and planning. 

Senior Vice President - Corporate Buman Resources ( 1 2 4  employees) 

~ ~ ~ o u n t a b l e  for overall management direction in the corporate-vide design o f  
human resources policies, procedures and practices that vi11 assist BellSouth 
Corporation .and subsidiaries. Functional areas include industrial relations 
and benefits, employment, vage and salary administration, employee assessment 
programs, Equal Employmenr Opportunity compliance, executive compensation and 
benefits and executive continuity. This incumbent negotiates the union 
contract every three years. 

Vice President - Public Relations (48 employees) 

Accountable , for coordinating the public relations activities f o r  BellSouth 
Corporation and all entities that vi11 provide information to the customer on 
the BellSouth identity, implement the values of BellSouth vith the employees 
and create proactive media relations. 

Assistant Vice President - T a x  (135 employees) 

Vho is responsible for centralized administration of a totally integrated tax 
function including federal, state a n d  local taxarlon. The incumbent directs 
the research, planning for and filing of consolidated returns, as vel1 as 
direct interface on behalf of the corporation with the Internal Revenue Service 
and state revenue departments. The incumbent a l s o  maintains a proactive role 
in the legislative arena in providing company positions to those bodies related 
to tax matters. 

. 

* * * * * * * * * *  r 

The Vice Chairman directs the activities of these subordinates using both 
formal and informal methods. Each o f  these subordinates has their o w  
strategic objectives and operates fairly autonomously. In most situations this 
incumbent utilizes one-on-one contact to direct their activities. The Vice 
Chairman does conduct formal staff meetings once a month to update these 
subordinates on corporate activities and to coordinate their efforts on major 
issues. 
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The incumbent in this position faces significant challenges in several major 
areas. First, the Vice Chairman is challenged by the responsibility for 
resolving conflicts, 'particularly between the regulated and unregulated 
segments of the business. Next, this incumbent has responsibility fot assuring 
that BellSouth Corporation meets its financial commitment and that 
developmental iniatives are consistent vith corporate strategies. Hajor - challenges also exist in the Vice Chairman's subordinate areas. These include 
ensuring the successful operation of the planning and budgeting process; 
providing oversight of company-union relationships; developing programs for - succession planning, particularly at the Officer level, to provide upvard 
mobility for employees; and, being an effective communicator vith the external 
financial community. 

In order to overcome these challenges, this incumbent creates new policies as 
necessary or  may clarify company policies. Changes occur so rapidly that it is 
necessary to monitor policies and react to pronouncements of Ihe Federal 
Communications Commission, the Department of Justice, Congress and the 
Financial Accounting -Standards Board, as vel1 as regulations of the Securities 
and Exchange Commission, the Internal Revenue Service and state lavs. 

Vithin the framevork of policy and regulation, the Vice Chairman makes 
decisions for the corporation that are related to subordinate functions and 
informs the Chairman of any of these decisions of vhich he should be avare. 
Any decisions requiring Board approval, such as the commitment budget and the 
appointment of officers, must be approved by the Chairman before being taken to 
the Board. 

The incumbent maintains an informal relationship with the Chairman, usually 
meeting in one-on-one situations. Strategic objectives are established each 
year and the Vice Chairman provides the Chairman vith a semi-annual reviev and 
update. 

The Vice Chairman serves on the Board of Directors of BellSouth Corporation and 
on the Strategic Planning Committee of that Board. There are frequent contacts 
vith individual members of the Board on a variety of subjects. 

PRINCIPAL. ACCOUNTABILITIES 

1. Organize and structure the key staff services in vays that provide 
efficient and profitable services to the corporation and its subsidiaries and 
the best use of individual and group capabilities. 

2 .  Participate in the overall management of the corporation and its 
subsidiaries through membership on corporation Board of Directors and through 
executive assistance to the Chairman. 

3 .  Provide overall direction to the development and monitoring of a corporate 
budget to assure the effective control of expenses and capital outlay that vi11 
assist the corporation in achieving its financial commitments. 

4 .  Participate in resolution of issues betwee? regulated and unregulated 
segments o f  the business by acting as arbitrator of disputes. 
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5. Provide overall direction to the corporate finance function to ensure a 
sound and viable financial posture f o r  [he corporation and the presence of 
s u f f i c i e n t  internal controls- 

6. provide overall direction to the formulation of corporate and strategic 
purpose is properly deEined and 

communicated. 
5 0  that the corporation's direction and 

7. provide policy direction in the corporate-vide design of human resources - policies, procedures and practices in vays that fulfill the corporation's and 
subsidiaries' current and future personnel requirements. 

8. Provide overall direction to the corporation's interface in its dealings 
vith various external constituents in vays that result in the generation of 
consistent and effective messages and . feedback, and, in general, create a 
positive and favorable image for the corporation. 

9 .  Be a good communicator and listener vith subordinates and coordinate in a 
vay that contributes to the smooth operation of BellSouth Corporation. 

- 

i 
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B E L L S O m  D.C. 
POSITION DESGUFTIMI 

- position Title: Executive Vice President - Code: 
Governmental Affairs 

- 
Organizational Onit: BellSouth D.C. 

- 
Location: Vashington, D.C. 

- 
Reports To: Chairman, C E O ,  and President 

- BellSouth Corporation 

Date: October, 1987 

M y s t :  P. E. SaszS 

Approvals : 
Executive Vice President 

Governmental Affairs 

Chairman, C E O  and President 
BellSouth Corporation 

- Accountability Objective (Basic Function) 

Accountable f o r  developlng a n d  implementing corporate policy to achieve favorable - public policy decisions at the federal level; for apprising senior management of 
developments that may impact such public policy decisions; fo r  directing corporate 
actions to influence the course of these developments; and f o r  enhancing the 
corporate image in Vashington in order to assist in the attainment of corporare - goals vhile enhancing the stature of the company as the leader in the 
telecommunications industry. 

Total BellSouth Revenues: 
Department Expense Budget: 
Employees: 

- Sll.4B 
S7.38Kti 

34 
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Nature and Scope 

The Executlve Vice President - ~vernmental Affairs report to the Chairman, CEO. 
_ .  ~~ 

and Southern Bell, South 
central Bell, BellSouth Services, and BellSouth Enterprises; the Executive Vice 
president and General Counsel; and the Vice Chairman. Reporting to the incumbent 
are [he vice president - Federal Relations and the Vice President - Regulatory 
* f f a i r s .  ~ e p o r t i n ~  on a functional basis 1s the Governmental Affairs support 

president - BellSouth Corporation as do the Presidents 

~. - - - - - 
organization in Belisouth Services. 

prior t o  Divestiture all relations at the national level vith Congress, the 
Executive Branch, and the Federal Communications Commission were handled by ATbT 
for all of the Bell system companies. Each of the operating companies vas 
responsible for the Kembers of Congress from the states in their respective areas. 
Since Divestiture not only has ATbT been removed, but also the relationship betveen 
the Regional Companies and the Federal Government has undergone some dramatic 
changes. For example, BellSouth’s involvement vith Kembers of Congress and other 
branches of government ’nov extends beyond the confines of  the nine-state 
southeastern region. This is due to the company’s involvement vith nev ventures, 
some of vhlch have operations in other states and countries; to BellSouth‘s efforts 
to market products and/or services to the Pederal Government; and, equally 
important, to the fact that so many in the Congressional leadership posts, 
affecting the interests of BellSouth represent areas outside the BellSouth 
territory. Vashington is the necessity 
of operating vithin the regulations and restrictions of the Federal Communications 
Commission (PCC). This situation is peculiar to BellSouth and some other 
telecommunications companies, and it poses a distinct set of political problems. 
Therefore, the objectives of this position and the Vashington office include 
expanding the relationships vith Hembers of Congress to include the 535 members 
from all of the states, increasing influence in the executive branch. and obtaining 
relief from the PCC in order to position BellSouth Corporation as a financially 
healthy, all-service provider to the customer. 

The Executive Vice President - Governmental Affairs accomplishes these objectives 
by performing various functions personally and by structuring an organization to 
handle key functions. This incumbent has five major areas of accountability. The 
first of these is the early identification of emerging concepts in the Pederal 
public policy arena and a professional assessment of the viability and timing of 
any public policy decisions that may result. Concepts of this nature can be 
legislative, regulatory, or executive orders by independent federal agencies. 

The second major area is the determination of vhat impact, if any, such potential 
public policy decision may have upon corporate goals, objectives, plans, and 
policies. Vhere there are existing corporate policies that may be affected, the 
Executive Vice President establishes corporate strategy consistent vith such 
policies and directs vhatever actions are necessary to implement that strategy. If 
there is no existing corporate policy, the Executive Vice President consults vith 
top management (usually the Presidents of Southern Bell, South Central Bell, 
BellSouth Services and BellSouth Enterprises; the Executive Vice President and 
General Counsel of BellSouth; and, o f  course. the Chairman of the Board, CEO, and 
President of BellSouth) i n  the formulation of appropdate nev corporate policy and 
develops strategy to implement the ney policy. In addition to impact assessment, 
i t  is the responsibility of this incumbent either t o  advocate personally. or to 

Also affecting the company’s situation in 
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direct the advocacy by others of the corporate positjon vith the appropriate 
government body or official(s), or other private sector groups and organizations 
detemined t o  have an interest. This includes leadership positions in the 
legislative and branches and in the independent agencies, particularly 
vith the FCC, the Congress and the Vhite Bouse. 

The third major area of accountability iS the Political assessment of the 
feasibility of obtaining public policy decisions that are CO.nSiStent vith corporate 
goals, objectives, plans, and policies. This is critical in determining the extent 
to ,,+,ich resources and expenditures are committed to influence the 
outCole of a public issue. Sometimes i t  is necessary for the Executive Vice 
president to decide that the advocacy of some corporate positions must be 
subordinated to others in order to enhance the possibllity of achieving a favorable 
result on a more significant issue. This dimension of the incumbent's 
responsibility requires both knovledge of and insight into the total governmental 
environment together vith an experienced political sensitivity in order to render 
inforaed judgments in matters of major significance to the corporation. 

Fourth i s  the area of representing the corporation as the senior executive in the 
national capital area. External perceptions of this incumbent are critical to the 
success of corporate activity in Vashington. Professional competence in government 
relations is the foundation for leadership of the department and is essential t o  
the maintenance of mutual respect vith policy makers and business counterparts. In 
the competition for corporation prestige among the business community and private 
sector representations, hovever, the Executive Vice President must also demonstrate 
leadership in the cultural and social communities in Vashington. This dimension of 
the position not only enhances the corporate image vith the various constituencies, 
but i t  has the potential of providing the margin of success in a corporate 
endeavor. 

Lastly, this position serves as the principal corporate officer for all Federal 
government relations matters. As such, it has overall responsibility for shaping 
and directing corporate advocacy vith all Vashington based stakeholders both vithin 
and outside the government. As the principal political resource, this position 
also directs the activities of all corporate-sponsoqed Federal political action 
committees for the corporation's employees. 

In accomplishing these functions, the incumbent must coordjnate vith various 
contacts both external and internal to BellSouth. The contacts external to the 
company include essentially a l l  Vashington-based stakeholders. Internal contacts 
include the top management employees already listed plus fhe Vice Chairman of 
BellSouth; the Executive Vice President and General Counsel of BellSouth; the Vice 
Presidents and General Counsels of South Central Bell and Southern Bell; the 
Executive Vice President - Warketing, Netvork and Planning (BellSouth Services); 
the Executive Vice President - Corporate B u a a n  Resources (BellSouth Corporation); 
the Vice President - Corporate Affairs and Secretary (BellSouth Corporation); the 
Executive Vice President and Senior Pinancial Officer (BellSouth Corporation); the 
Senior Vice President - Regulatory and External Affairs (Southern Bell); and the 
Senior Vice President - Revenue Requirements (South Central Bell). The purpose of 
these contacts is tvofold. Pirst, the incumbent must communicate vith any or all 
o f  these contacts concerning telecommunications isiiues as vel1 as generic issues 
such as tax bills or bills relating to employee benefits. Secondly, the Executive 
Vice President must position the Chairman and CEO of BellSouth and these other key 
Executives in the national scene by plugging them in vith Vashington leaders vhere 
appropriate. 
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The Executive Vice President has structured an organization as follovs: 

Vice President - Federal Relations employees) 

position is accountable for achieving favorable public policy decisions by the U.S. 
congress FCC) including the Executive 

mpartment and the Vhite Bouse on matters that affect corporate goals, objectives, 
plans and policies. Shaping and implementation of corporate policies are integral ___._ ..c .hm ioh. orranization is responsible for development and maintenance of 

and independent Federal agencies (excluding 

p a ' , "  " I  ...- J - - .  - 
professional relationships vith staffs of all members of Senate and Eouse of 
~~~resentatives and vith those members vhose constituency is outside BellSouth 
territory. provides direction and leadership for advocacy by other BellSouth 
entities vho handle member contacts for our nine State areas. Staff members also 
have direct contact responsibility for numerous agencies and executive departments; 
including State, Commerce and U.S.  Trade Representatives that are essential parts 
of o u r  international strategy as vel1 as strategies of unregulated subsMiaries. 

Vice President - Regulatory Affairs ( l a  employees) 

Position is accountable f o r  'achieving favorable public policy decisions by the 
Federal Communications Commission and related governmental and private sector 
groups on matters that affect corporate goals, objectives, plans and policies. 
Also . responsible for liaison vith other industry related non-govemental 
organizations based in Vashington such as the National Association of Regulatory 
and Utility Commissioners (NARUC) and United States Telephone hissociation (USTA). 
Shaping and implementation of corporate policies are integral parts of tbe job. 
Organization is responsible for development and maintenance of professional 
relationships vith Pu: commissioners and their staffs, with key sembers of the 
Common Carrier Bureau, Office of Plans and Policy at the PCC and vith members of 
the staffs of key M R U C  and Joint Board committees and  USTA. Provides leadership 
and direction f o r  advocacy vith members of NARUC and J o i n t  Boards vho reside in 
BellSouth territory. Eas direct contact responsibility for a l l  others. 

The complexity and diversity of issues monitored and forums in vhich influence is 
exerted require that each subordinate organization operate vith considerable 
latitude. The Executive Vice President dravs on expertise and knovledge of 
individuals as appropriate to fulfill particular requirements. In addition, the 
incumbent provides broad directions and specific focus vhere necessary. The 
incumbent coordinates the operations of the staff by conducting monthly staff 
meetings. The Executive Vice President also spends an average of tvo days a veek 
in Atlanta primarily to coordinate the activities of the Governmental Affairs 
Support organization vith the Vashington office and t o  interface vith others in the 
Senior Kanagement of 5e11South Corporation and i t s  entities. 

The major .challenge of this position is tvofold. F i r s t .  the incumbent must 
leverage the functions related t o  the 535 Hembers of Congress from the small base 
o f  nine states and 100 members. This involves creating relationships vith members 
from states in vhich BellSouth is either not a corktituent or has just recently 
become a constituent. Secondly, this position must endeavor t o  remove the 
regulations and restrictions of the FCC and the Federal District Court to allov 
BellSouth to operate and compete effectively in area3 of established businesr us 
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vell as in those areas represented by the nev ventures. Another significant 
challenge is t o  bring ail o €  the companies that are no'.' part of BellSouth 
Corporation into one political stream. This requires blending of disparate 
political cultures. 

The incumbent is granted broad authority to operate vithin the functions of his 
position. Major policy parameters within which to operate must be approved by the 
Chairman; however, the methods related to operating vithin those parameters are all 
left to this Executive Vice President. The incumbent meets vith the Chairman or 
communicates in vriting on an as-needed basis to provide updates and status 
repor t5. 

In addition to the duties listed, the Executive Vice President - Governmental 
Affairs is also the Chairman of the BellSouth Pederal Political Action Committee. 

Principal Accountabillties 

1. Develops and implements corporate policy to achieve favorable public policy 
decisions by governmental bodies and other policy shaping organizations at 
the federal level. 

Provides analytical and evaluation issue support to all components of 
corporate management t o  facilitate timely and effective decisions. 

2. 

3 .  Directs the activities of the Governmental Affairs organization and reviews 
the strategies of staff members to ensure the Corporation's positions on 
federal legislation and federal regulatory issues are clearly defined and 
unified . 

4 .  Assures that contemplated legislation and regulatory rulings by federal 
entities are recognized and addressed by the corporation. 

5 .  Provides public affairs leadership, advice and assistance to the BellSouth 
en t i ties. 

Develops and maintains effective continuing liaison vith key national 
policymakers to identify and evaluate significant issues in a timely manner 
to assure avareness of the Corporation's operations and plans. 

Ensures a competent, motivated and developing staff is available to meet 
perceived short and long-term requirements. Provides training for contact 
people in subsidiaries on critical issues. 

6 .  

7. 

8 .  Maintains relationships vith policymakers, trade associations, and 
representatives of other corporations in Vashington to keep them informed of 
BellSouth's operations and plans. 

Provides leadership and direction to ensure the corporation is recognized 
for its professional expertise as vell as for its position as a major factor 
in the social and cultural communities in Vashington. 

9 .  
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BELLSOW CORPORATION 
POSlTION DESCRIPTION 

Position Title: Executive Vice President 
and General Counsel - 

Code: 

Date: April, 1990 

Organizational Unit: BellSouth'Corporation Analyst: P. H. Saszi 

- Location: Atlanta, Georgia 

- 
Reports To: Chairman, Chief Executive 

Officer, and President - 
BellSouth Corporation 

- 
Accountability Objective (Basic Punction) 

To provide the management of BellSouth Corporation and its subsidiaries vith - effective legal counsel, advice and representation through direction of the 
Corporation's Legal Department, functional direction and coordination of subsidiary . 
legal departments, and supervision of all outside counsel employed by BellSouth - companies; to participate in the overall management, guidance, and policy making 
for the Corporation by serving as a member of the BellSouth Corporate Policy 
Council; and to make the legal function operate as one f o r  all companies. 

Dimensions 

- Total Operating Revenues 
BellSouth and Subsidiaries: 

Legal Department Operating Budget: 
Outside Counsel Fees: 
Personnel Supervised: 

- 
$14.28 ( 1 9 8 9 )  
$40.3 HH (1990 Budget) 
$10.4 HH (1990 Budget) 
138 Attorneys (Total System) 
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Nature and Scope 

The Executive Vice Presid'ent and General Counsel reports t o  the Chairman, Chief 
Executive Officer, and President as do the Vice Chairman - Finance and 
Administration; the Executive Vice President - Governmental Affairs; and the 
presidents o f  BellSouth Enterprises, BellSouth Services. Southern Bell, and South 
central Bell. This position serves as the top legal Officer vithin the BellSouth 
corporation, a role vhich encompasses management of the Corporation's inhouse legal 
function, in each of the corporation's 
subsidiaries, management and/or coordination Of outside legal services retained on 
behalf of the Corporation or its subsidiaries, and participation vith other key 
executives in the efforts of the Corporate Policy Council. The incumbent 
accomplishes this personally and through a legal staff vhich consists of the 
folloving positions that report directly: 

including direction of the legal functions 

Vice President and Associate General Counsel . 

Vho acts as deputy to the General Counsel and is directly responsible primarily in 
the area of  the legal aspects of regulatory matters affecting the Corporation and 
its subsidiaries. The Associate General Counsel fulfills a coordination role in 
this area, ensuring that appropriate interface is established and maintained 
betveen the Federal Communications Commission (FCC) regulations and the terms of 
the Consent Decree and the Corporation's subsidiaries. The incumbent vorks closely 
vith legal staff and other management vithin the subsidiaries to ensure consistent 
interpretation and coordinated efforts in dealing with all legal affairs of the 
Corporation and its subsidiaries. 

General Attorney - Regulatory 

Vho concentrates in the area of FCC regulations and guidelines and other Federal 
regulatory matters, as vel1 as coordination of state regulatory matters. 

General Attorney - Antitrust, Intellectual Property and Litigation 

Vho specializes in Federal Courts and Department of Justice matters affecting the 
Corporation and its subsidiaries, providing guidance, interpretation and advice on 
issues arising from these bodies and from general antitrust lav problems; also, 
providing direction on intellectual property matters and major general litigation 
throughout all entities. 

General Attorney - Corporate 

Vho specializes in corporate lav, i.e., securities, issues, Securities and Exchange 
Commission rulings and compliance, and matters relating to corporate governance of 
the corporation and its subsidiaries. Also provides support in mergers and 
acquisitions and guidance and direction of litigation resulting from such 
transactions. 

General Attorney - Tax 
Vho specializes in corporate tax lav, providing guidance on tax matters from a 
legal standpoint. Also directs state and local, ERISA, the tax aspects of 
benefits and manages major tax litigation throughout all entities. 
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General Attorney - Human Resources Hatters 

Vho specializes in labor-lav and vorks primarily in providing guidance and advice 
to the Corporation and its subsidiaries on matters relating to Human Resources. 

Hembers or subordiates of the above outlined organization may from time to time 
Serve in a project manager capacity in conjunction vith the legal staff vithin the 
subsidiaries vhere problems or issues arise in their specialty area. 

Additionally, the Executive Vice President and General COUnSel provides guidance, 
functional direction and support to the Chief Legal Officer in each subsidiary, 
including concurrence in all hiring, career planning, promotion, and compensation 
of lavyers in all entities. He counsels vith them on administrative matters, broad 
corporate policy matters, apprises them of obligations arising on a national basis 
(e.g., FCC, Justice Department) and meets frequently virh them to discuss regional 
direction and objectives. As needed, he vi11 provide assistance .and support to the 
subsidiary General Counsels in dealing vith their management. 

Huch o f  the incumbent*i time is spent interacting vith others, both vithin and 
outside the legal organization. Re usually confers vith the Chairman on a daily 
basis, keeping him/her informed of and receiving input on major issues of current 
concern. He regularly meets vith members of his staff to remain up t o  date and 
advise on vork being conducted in their specialty areas. He meets regularly vith 
the Legal Hanagement Committee, vhich consists of the General Counsels of all major 
entities, and vith vhich he consults in performing his duties. Be meets 
occasionally vith legal heads of other regional companies to share experiences and 
generally stay informed on areas of common interest. Additionally, personal time 
is spent revieving court and commission decisions, revieving and folloving up on 
correspondence from management requesting advice and concurrence on legal 
questions, and making himself available to management to provide advice and counsel 
on legal questions they may have. Be vi11 make personal appearances before the 
Justice Department and the Courts (though usually not in a formal manner) 
representing the Corporation’s position on various matters before those bodies. 

The incumbent serves as a member of the BellSouth Corporate Policy Council. The 
council is chaired by the Chairman. Also serving on the Council are the Presidents 
of the tvo operating subsidiaries, the President of BellSouth Enterprises, the 
Vice Chairman - Finance and Administration and the President of BellSouth Services. 
The primary function of the Corporate Policy Council is to set operational and 
financial goals, develop corporate policy and financial strategies. The incumbent 
provides input to fellov Council members from a legal perspective, as vel1 as 
participating in general business decision making. 

In accomplishing the position‘s overall accountabilities, the incumbent employs 
management practices designed to provide the most efficient and effective means of 
responding t o  corporate needs vhile at the same time ensuring the safeguarding of 
Company interest. This includes coordinating a l l  legal jobs in all of the 
subsidiaries to assure provision of consistent advice. 

The incumbent is afforded vide latitude in exercising the responsibilities of his 
office. He is regarded as the chief legal counsel of the corporation and thus is 
looked upon as the key advisor vith regard to any and all legal questions that may 
arise. His membership and participation on the Corporate Policy Council further 
exemplify his role in the overall strarerj formulation o f  corporate policy. 
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Principal Accountabilities 

1. 

2 .  

3 .  

4 .  

5 .  

6. 

7. 

Organize and staff the'BellSouth legal department throughout all entities in 
vays that result in the optimum utilization o f  legal talent and an ongoing 
response to needs of the company for legal services. 

Ensure that the rights and obligations of the BellSouth Corporation and its 
subsidiaries are met from a legal perspective; 
of matters requiring their attention, thereby averting the possibility o f  
adverse consequences occurring against the company. 

Represent or manage the representation of the company in all legal 
proceedings to ensure that its rights are protected and its case properly 
presented. 

Haintain an up-to-date avareness of legal precedences and rulings tb'ensure 
that the company is equipped vith the most competent and effective legal 
advice available. 

Ensure the most efficient and cost effective use of outside counsel in 
representing the Company's interest. 

Ensure that the Company's ventures into nev non-regulated businesses are 
proper vith regard t o  the Federal Court's decree and that such ventures are 
sound from a legal standpoint. 

Provide overall coordination and direction to the entire legal function of 
the BellSouth subsidiaries so that those companies maintain a competent, 
effective, and consistent legal representation. 

to advise senior management 

. .  
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John L. Clendenin 

Speech to N.Y. Financial  Community 

February 4, 1992 

Good morning. 

We i n  the southeastern part of the country have seen some dramatic  

events i n  the last couple of years. 

Atlanta getting the 1996 Olympics surprised a lot of people around 

the world. But that  wasn't the biggest surprise -- a t  least not for  

baseball fans  like me. 

I thought the Braves had taken out a 

they came out  of there with a vengeance and, along with the 

Minnesota Twins, treated us to a classic World Series in 1991. 

on the  cellar. But 

BellSouth had a solid year, too -- admittedly, not a spectacular one 

like the Braves. But then, thankfully,  we didn't have as f a r  to go 

as the Braves, either. 

Like a professional team that uses its d r a f t  picks to build for  the 

future  instead of t rading them for  a quick fix,  we're committed to 

managing BellSouth for  the long term. 

1 



We're playing to our  strengths in technology and people. 

- 
We're investing aggressively i n  evolving opportunities domestically 

and around the world. 

We're streamlining and realigning every structure in  our corporation 

for  greater efliciency. 

And we're working diligently to influence new long-range regulatory 

and  competitive structures, even when they involve a near-term hit 

on earnings. 

But, as the price of pursuing these and  other long term goals, w e  

have exoected and  are  experiencing a period of flat-to-down reported 

earnings. 

That  doesn't mean we're satisfied, and  let me assure you that  we're 

doing all we can to put a positive slope back on that earnings 

curve, but  it will take time. 

Today I plan to tell you about what  we're doing to develop a n d  

strengthen what we believe is a s  good a mix of wireiine a n d  wireless 

capabilities as anyone can offer.  In the world we see developing, 

this flexibility is what i t  will take to capitalize on the exploding 

demands for  telecommunications around the globe. 

2 
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Domestic and  international wireless are  indeed key components of 

BellSouth's growth strategy. And, we're well positioned in these 

emerging markets, both geographically and  from a marketing 

standpoint. 

We can o f f e r  the customer almost anything on the wireless continuum 

-- f rom tone-only paging. to fast-handoff,  to fully featured 

cellular. In between are  numeric and alphanumeric paging, mobile 

data ,  and experimental Personal Communications Services, or PCS. 

Geographically, we now have as many cellular POPS outside t h e  U.S. 

-- some 36 million in nine countries -- as we d o  in  the 54 

metropolitan markets we serve in this country. 

Counting our  subscribers worldwide, we put our  one millionth 

cellular customer on the air in December. We have passed the 

millionth customer milestone in paging, too, thanks to our recent 

acquisitions. 

Wireless is now a primary dr iver  of BellSouth's growth. 

Our  domestic mobile - 'that includes cellular and paging businesses - 
became solidly profitable i n  1990. In 1991, mobile revenue 

increased 37 percent, to almost $900 million. Despite the 

recession, net income improved 50 percent, to $57 million. 
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T h e  number of our  cellular subscribers grew 49 percent. Even without 

acquisitions, it was sti l l  a strong 46 percent growth rate. 

Incidentally. to help our owners get a better understanding of how 

wireless f i t s  into BellSouth's overall strategy, beginning wi th  

f i rs t  quar te r  1992 numbers, we are  providing additional information 

about our  cellular and paging operations both domestically and  

internationally. 

As you know, we were active i n  the acquisitions market last year. 

Domestically, we finalized deals with GTE, Graphic  Scanning and  

McCaw. These solidified our control or gave us added interests in 

22 of our 54 markets. 

And as part  of the RAM Broadcasting joint venture  1'11 talk more 

about later. we have a deal pending that will give us a majority of 

the non-wireline license i n  Honolulu. 

All told, we are  in 13 of the top 50 U.S. cellular markets. These 

include such major markets as Los Angcles, Houston, Miami, and 

Atlanta. 

Overseas in  wireless, we have focused our  investments in  areas with 

good growth potential and acceptable political risk. 

4 



I n  Latin America, we saw the potential early and  teamed with 

excellent partners. 

In  less than two years we have built systems f rom the ground u p  i n  

Argentina. Mexico, Venezuela and  Uruguay, a n d  have purchased a n  

operation in Chile. And we a r e  exploring addi t ional  locations. 

Because of t h e  condition of some of the landline systems, cellular 

is highly demanded i n  Latin America, especially a t  the upper end  of 

the market. 

In  the US., three ou t  of f ive cellular phones a r e  car-mounted, bu t  

in Latin America, four  out of f ive a r e  portable. 

As a result, there is a landline substitution effect ,  a n d  average 

air  time in Latin America is considerably higher than i t  is here. 

Usage approaches 400 minutes per month in Argentina,  f o r  example, 

and although the other  countries are  not qui te  that  high, they d o  

exceed US. levels. 

Due to this higher usage, our  company in Argentina became net income 

positive in only i ts  second full  year of operation, something you 

don’t see in the U.S. 

5 



And this growth is not limited to Argentina. In Venezuela, o u r  new 

system, at  year end, had added 16,000 customers since being turned  

up one month earlier. A t  this rate -- which is more than 500 per 

business day -- we a r e  a year ahead of plan. 

I n  other parts of the world, we have been awarded a cellular license 

to serve New Zealand. When operations commence late this year, the 

system will be fully digital and fu l ly  compatible with the networks 

we’ll soon be building in Australia. 

In Europe, we own 29 percent of a consortium selected by the  Danish 

government to build and operate Denmark’s f i rs t  state-of-the-art 

digital mobile phone network. Service will be init iated in  

Copenhagen during the second quarter. 

Dispite our emphasis on wireless, our  plans to grow earnings through 

strategic cross-border investments include the r ight  wireline 

opportunities, too, and  Australia is our biggest international d e a l  

to date. More than being the biggest, the Australian consortium, 

called Optus Communications, is unique in  many ways. 

Due largely to its relative isolation, Australia is communications 

intensive. T h e  telecommunications sector of a n  otherwise so-so 

economy has been expanding just under IO percent annually.  

Attachment m - 4  
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Star t ing on Day One in  fourth quarter  '92. customers will be able to 

access the  Optus network by dialing only one additional digit. 

Interconnection will be provided to Optus by Telecom Australia 

initially, a t  direct costs. 

And we were granted a waiver f rom the long distance restrictions of 

the MFJ f o r  the trans-pacific portion of the t ra f f ic  between t h e  

U.S. a n d  Australia. 

This  is the f i rs t  general carrier's license in the world issued to 

build a competitive nationwide telecommunications system from 

scratch. 

We can integrate the latest digital technologies across wireless and  

wirel ine services. We can develop our  own operating systems to 

support  our  marketing effor ts  in a coordinated fashion. 

We  won't be burdened with a n  investment that's obsolete, o r  a 

s t ructure  that's hidebound. That's one way this project d i f fe rs  

f r o m  a privatization. 

Optus will o f f e r  a ful l ' range of network services. including 

domestic and  international long distance, mobile, personal 

communications services, private l ine and  private network. 

But this is more than just a wireline opportunity. 



Attachment m-4 
Page 8 of 20 

T h e  Australian cellular market has one of the highest growth rates 

in the world, with 2 percent penetration of the population since 

s tar t ing in 1987. The  U.S. cellular penetration rate  is comparable, 

but it’s taken about twice as long to get there. 

Optus will roll out the first component of its mobile services in 

the second qua r t e r  by reselling capacity on the existing monopoly 

analog network. 

By early next year, Optus plans to start  market ing its own cellular 

services. We’ll have the only GSM digital network in the South 

Pacific, a n d  we’ll be able to provide international roaming between 

Australia a n d  o u r  system in New Zcaland. 

Over  the next f i ve  years, Optus will invest approximately 3.1 

billion US. dollars. About half of that  will be internally 

generated. 

BellSouth expects to put i n  capital of up to S300 million over the 

next fou r  years. 

BellSouth f i rs t  became involved in Australia f i v e  years ago. We a r e  

the largest provider of paging services on t h a t  continent,  so we a r e  

no strangers to  the market. 

8 
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B u t  now with our  24-and-a-half percent of Optus, and  our  consortium 

in New Zealand, BellSouth has a much stronger presence in the 

southern end of the Pacific Rim. and we are  interested in f u t u r e  

opportunities in that emerging region. 

In a move that  will significantly expand BellSouth's wireless 

product line, we formed a joint venture with RAM Broadcasting 

Corporation to own and  operate mobile data communications networks 

worldwide. 

We think wireless d a t a  networks will be to computers what  cellular 

is to phones. O u r  research, and that of others, identifies 10 

million potential wireless da ta  users i n  the increasingly service 

oriented US. economy. 

RAM uses a n  intelligent network technology called Mobitex, developed 

by Ericsson and  Swedish Telecom. It has lots of applications -- 
computer-aided dispatch, two-way alphanumeric messaging, electronic 

mail, transaction processing, remote data entry a n d  retrieval, a n d  

automatic vehicle location. 

You're probably famil iar  with a t  least one mobile da ta  network here  

in the U.S. -- that's the  one Federal Express uses to keep t rack of 

where a package is a t  a n y  given instant. That's a Drivatc system. 

9 
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The system we will operate with RAM wil l  be w. T h e  only thing 

like i t  i n  this country is IBWs and  Motorola's venture called 

ARDIS. 

A big difference between the two is that customers on the 

BellSouth/RAM system will be able to use a variety of communication 

devices to access the network. ARDIS is presently tied into just 

one manufacturer. 

This  flexibility f o r  o u r  customers is integral to our strategy. We  

think the joint venture  company can become the platform f o r  a 

software driven, nationwide, packet switched data  network tha t  end 

users access through a vast a r ray  of wireless terminals. 

It will be a public network. But as f a r  as the customer is 

concerned, i t  will behave like a very cost-effective virtual pr ivate  

network. 

The shared network aspect opens u p  important markets f o r  us. We 

will be able to price the  services so smaller companies will be on a 

more equal footing with their  larger competitors for  wireless d a t a  

solutions. ~. 

We think Mobitex has the potential to become a worldwide s tandard,  

and  we are  a l ready aggressively going af te r  opportunities in markets  

around the globe. 
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The new BcllSouth/RAM entity a l ready has paying customers in the  

US. and U.K. Some firms a r e  deploying the services throughout 

their operations. Most are  doing more limited field tests. 

We a re  in  the construction stage of our  RAM network in the U.K., and  

we are  in various stages of business development in  Europe and  other 

countries. To develop RAWS networks in the U.S. and the  United 

Kingdom, we will provide more than 16300 million i n  equity funding  to 

the joint venture. 

L 

Establishing beachheads in emerging wireless and wireline markets 

- around the world doesn't come without short-term costs. For 

BellSouth, those costs will cause overall dilution of about 40 cents 

per share  in  1992, and there will be dilution next year, as well. 

But l ike a sacrifice bunt  in  baseball. these investments advance o u r  

team's strategic position. 

- 

- 

- 
With all  new technologies, we believe that the most vital question 

is p& How d o  they work? ... but, What d o  they a? 

We f i rmly  believe that services a r e  more important than the 

technology itself. 

Customers care  about  applications. For example, in Orlando, we a r e  

current ly  testing what  people want  by simulating a PCS environment. 
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Working with Motorola, we modified portable MicroTac phone equipment 

to provide PCS-type services to operate on ou r  existing cellular 

band. In effect ,  w e  are  trialing PCS under  actual selling and  

marketing conditions. 

We a r e  of fe r ing  flexibility in pricing and customized calling 

options with "DriveAround: "WalkAround: and  "OutBound" service to 

roughly 750 customers over about a IO-month time frame. It's the 

first  and  only test of its kind. 

Our commitment to providing the f u l l  continuum of wireless services 

for  voice and da ta  has put BellSouth in the forefront  of PCS 

development. And we're concentrating on what  customers need. not on 

what engineers can do. 

Our confidence in the long-term earnings potential of BellSouth's 

businesses extends to our  regulated operations. We are  implementing 

strategies to grow and market our sophisticated network. even as 

local exchange services become more competitive. 

Underlying o u r  effor ts  is a pragmatic regulatory strategy. 

We recognize the political reality that regulatory change is a 

gradual, evolutionary process. It seldom keeps pace with the 

headlong rush of technology and other market  forces. 

12 
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We've made progress along the regulatory continuum. Seven of ou r  

nine states, representing about 80 percent of o u r  access lines, have 

implemented al ternat ive regulatory plans that  fea ture  shar ing of 

profits above specified ranges between customers and  shareholders. 

We have shared in  Alabama, Kentucky and Mississippi. 

B u t  this progress has come at  a cost. Incentive plans have been 

coupled with rate reductions and adjustments in targeted rates  of 

return, and we expect continued regulatory scrutiny in 1992. 

There is no question that  these plans, in the aggregate, have 

punished earnings. But there would have been rate  reductions in 

recent years, anyway,  if we had stayed with tradit ional 

ra te-of-return regula tion. 

That's a fact  of life. Going forward, these regulatory plans give 

us upside potential. 

A t  the federal level, we have booked $16 million f o r  our  portion of 

sharing the benefits  of price caps with o u r  customers, the long 

distance carriers. 

This win-win scenario is precisely what the FCC intended when i t  

instituted price caps a t  the beginning of last year. 
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Of course, I Can't leave the topic of regulation without mentioning 

the MFJ. We are  encouraged by the courts' allowing us to move 

forward in information services, and  by the momentum in Congress 

behind manufacturing relief. 

But these issues can be moving targets on Capitol Hill, because, a s  

you know, some special interests would like to limit consumers' 

choices and prevent us from competing. 

. 
We are  encouraged, however, that  the progress over the past year, 

plus the FCC's recent initiatives with so-called Video Dial Tone, 

suggest that  art if icial  barriers t o  market entry will tend to erode 

over time, as they should. 

The  FCC's decision last month t o  allow BellSouth Telecommunications 

in Georgia to resume sales of MemoryCall, our  voice mail product,  

was another significant step. 

As these barriers d o  come down, our  track record should give o u r  

shareholders some assurance tha t  BellSouth will not swing f o r  the  

fences a t  every pitch that comes near the plate. 

We listen to what customers a r e  telling us, and that  helps keep o u r  

focus on market opportunities tha t  will build long-term value. O u r  

investments a t  the margin will continue to be well reasoned a n d  will 

focus around our  experience a n d  capabilities. 

14 
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But as you a r e  well aware, having new regulation and new 

opportunities isn't enough. We have to market our services more 

effectively,  and  we must continually increase productivity and 

efficiency. 

That's where our strategies to streamline our  organization and 

generate new revenues from our  core business come into parallel with 

our  regulatory strategy. 

Last year, we reduced management ranks by more than 4.000 through 

voluntary programs. T h e  incremental savings from that should be  

about $160 million this year. 

Overall,  o u r  telephone employees per 10.000 access lines went down 

to 45.5 in  1991 f rom 49.1 in 1990, our  largest annual  percentage 

decrease since divestiture. 

For most of 1991, we ran our telephone operations under a new 

unif ied management structure now headed by Frank Skinner as CEO a n d  

Duane Ackerman as president and  chief operating officer. We legally 

merged the three lormer entities into BellSouth Telecommunications, 

effect ive January 1. - '  

T h e  reasons f o r  restructuring a n d  cost reduction a re  simple -- t o  

serve o u r  customers more efficiently,  and  to price our  

state-of-the-art services more competitively in  a freer  marketplace. 

I5 
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On the  volume side, the local exchange region we serve continues to 

be a plus f o r  us, a n d  following the lingering effects of the 

recession, we expect access line growth i n  the Southeast to continue 

to outpace t h e  rest of the country. Our 3.2 percent gain in 1991 

set the pace f o r  the  BHCs. 

BellSouth continues t o  be a pacesetter in deploying new network 

technologies, enabling us to get more out of the backbone of our 

business. We gain efficiencies, and we continue to bring new 

Information Age services to our customers. 

We completed 100 percent deployment of stored program control 

switching more than a year ago, and more than 80% of our switches 

a r e  digital. 

About 57% of our  access lines now have digital transmission 

capabili ty a n d  over 75% are equipped for CCS7. 

With f iber  optics now the most economical choice for  much of our  

network, we have more than 765 thousand miles of f iber  in place. W e  

a re  committed to the full scale volume deployment and  

commercialization of ISDN. 

16 
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And we’re developing creative new approaches to marketing the power 

of our network. In South Florida, for example. we a r e  working with 

McCaw to interconnect our  network w i t h  their wireless switches using 

Signaling System 7. This  is only a technical tr ial  a t  this stage, 

but i t  may turn out  to be a glimpse into the fu ture  of this 

industry. 

The BellSouth network is a platform of operating leverage f o r  

services like MemoryCall, our  voice mail product, and Touchstar ,  a 

feature package that  gives customers convenience, security and  

Flexibility a t  a great price. 

We market Caller I D  as par t  of the Touchstar package, and  i t  has 

been deployed in 30 major markets. i t  has limited approval in all 

nine of our  states. 

Through December. we had sold some 1.9 million Touchstar  features,  

more than a n y  other Bell holding company by far .  We a r e  learning a 

lot about marketing f rom selling products like Caller ID, even as we 

add vertical revenues on existing lines. 

We believe that  in the  f u t u r e  information services should enhance 

the growth opportunities in our core business, as well, a n d  we a r e  

moving forward rapidly to trial them. 

17 
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At this early stage of development, we d o  not view information 

services as a stand-alone business. Rather,  we see the abil i ty to 

deal i n  content a s  a crit ical  enhancement to our  current offerings.  

Again, we're not going f o r  the home run when all  we need r ight  now 

is a base hit. To f i n d  out  what  the market wants. we will be 

conducting limited market  trials of specific information service 

orferings. If the test markets prove out, we'll proceed with 

limited deployment la ter  this year, and  methodically build u p  to 

wider deployment in  1993 and  beyond. 

Our strategy in information services has three major elements: 

First -- we'll concentrate on advanced messaging and transaction 

services. There is  strong market  interest; we're already involved 

in these services; a n d  both a r e  heavily dependent on networks. 

Second -- we'll provide services that  evolve primarily from o u r  core 

businesses. 

Third -- we'll develop strategic alliances with providers whose 

skills in applications development match our  own expertise in 

network management. We just acquired Scientific Software. f o r  

example, to bolster o u r  capabilities in systems integration. 
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Ladies and  gentlemen, last month we observed the 10th anniversary of 

the consent decree that led to the  breakup of AT&T and the Bell 

System. 

I remember with amusement the predictions that  BellSouth would never 

be much more than a stodgy local monopoly utility. 

But just like no one predicted that  the Braves and  Twins would make 

i t  to the World Series. we could not ant ic ipate  in 1982, nor can we 

roresee today, all the monumental changes that  lie ahead i n  

telecommunications. 

Is this business more competitive than  i t  was a t  divestiture? You 

bet i t  is. 

But the other edge of that  sword is f u t u r e  growth potential, and  we 

are  excited about the way we're managing these changes a t  BellSouth 

looking toward that furture.  

We're investing in evolving opportunities in mobile data  and other  

wireless opportunities around the  world, just l ike we did in 

cellular in the U.S. 

We're going to streamline further.  

We're looking a t  every job, a n d  asking i f  it's really necessary in 

this new environment. We're looking a t  every new technology. a n d  

asking if i t  will really create solutions f o r  our  customers. 
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We're proving the case for regulatory pricing plans that reflect the 

immutable forces of technology. economics a n d  competition. 

We're alive and  well in the wireline business. Yes, we have 

competitors now, but many of them can also be our  customers. And, 

hopefully, we'll continue to be allowed to enter  new markets and  

become a network of networks. 

We could have grown earnings faster in the short  run -- by, among 

other things, being less aggressive with acquisitions and  

investments -- but that  would not have been in  the best long-term 

interests of o u r  owners. 

As the Street consensus indicates, 1992 is not expected to be a 

grand slam year for  BellSouth. 

However, our  strong balance sheet and  healthy cash flow give us 

confidence that  BellSouth has the  f inancial  resources to make the 

investments and  stay the course when the long-term potential is 

clear and  substantial. 

I believe we're making the right investments, and  I can assure you, 

we will stay the course to achieve sustainable earnings growth. 

Thank you. 

20 
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SUDS ( S w l t c h m d  L*r l t lneg.bi t  Data Servicel/ATM. E t M r m t / S M D S .  and 
F i b a r  D is t r ibu tmd Data I n to r face  (FDDI)/ATM. T M  ~E.U.S includ. 
routing. s lgna l tng ,  and packmt f r a g n n t a t l o n  and roassurbly.  Network 
lntmrfacos t o  thm a00 M q a b i t l s w :  High Performance Per lpharal  
I n t e r f a c e  (HPPI) bus w i l l  a l so  bo explored. 

T h e  msearch on wtwork  operations and services processing concerns 
mtuork wr fo rnunce  monitor ing.  access con t ro l ,  ofamrations funct ions 
such as serv ice  neasurminmnt. p r o v i s i o n  and performance o f  services 

P R O P R I E T A R Y  - Be l l core  ana Autncrizea C1,ents O n l y  
See Propvletary Restr lct lOnS on T l t l e  Page 
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PROJECT O V E R V I E W :  

such as packet video, and the a p p l i c a b i l i t y  of standard operations 
models. 

i CONT . 1 

This 1s a m l t i - y e a r  p r o j e c t .  w i t h  i n t e r i m  pub l ica t ions ,  
damonrtrations. and experimental designs, and hardware and Software 
e lamnts  t o  bo produced throughout the next three years and cont inu ing  
therea f te r  i f  funded. 

PAST Y E A R  R E S E A R C H  A C C O M P L I S H M E N T S :  

This p ro jec t  d i d  not e x i s t  un t i l  mid-Novenber of 108a. P r i o r  t o  t h a t ,  
two o f  the three D i s t r i c t s  c o n s t i t u t i n g  the present D i v i s i o n  ex is tad  
i n  other D iv is ions .  and the th l rd  D i s t r i c t ,  responsible f o r  the 
EXPANSE prototype, was drawn from two O i s t r i c t s  tn s t i l l  another 
D I  v i  + ion:  

LOCAL OISTRIBUTION NETWORKS (prev ious ly  OPTICAL NETWORK TEMOLOGIES 
RESEARCH 1 

The H-BUS ATWSDNET LAN, Opt ical  technologies f o r  l o c a l  d i s t r i b u t i o n .  
subcarr ier  M l t i p l e x i n g .  and ATM video interfaces. 

BROADBAND INTERNETWORKING RESEARCH (prev ious ly  METROPOLITAN AREA 
NETWORK RESEARCH) 

The METRDCORE network. w twork  services processing and Runagmmnt, 
services i n t e -  g r a t i o n  i n  a high-sp..d wtwrk. 

BROADBAND SYSTEMS RESEARCH (drawn from WLTIMEDIA COWNICATIONS 
SYSTEMS RESEARCH and INFORMATION NETWORKS RESEARCH) 

The EXPAWSE exchanp access wtwrk prototyp. ;  research on Ca l l  
processing, network s igna l ing ,  and notwork resource a l l o c a t i o n .  

I r p o r t a n t  exarples o f  acconpl IshnNnts a m  givon bolow: 

Broadband Sys tms Research 

o Har.((Ware pro to typ ing  w o r k  f o r  t h  EXPANSE exp.rimmnta1 te r tbod 
includmd dobugglng. f a b r i c a t l o n .  and i n tag ra t ton  of th t i m i n g -  
p n r r a t o r  and In te r face  b a r d s  f o r  t h  EXPANSE 5 . 1 1  switch.  This 
included C o l l a b r a t i o n  w i t h  D i s t r i c t  21493 which rude ava i l ab le  t h  
8atsh.r-banyan switch b a r d .  T h  r rsu l t  i s  an o x p . r I m t a 1  32x32 
switch. w i t h  Input b u f f e r i n g  and output port reso rva t i on .  140 
m l t / S U  access por t s .  and 100 m I t / s u  Batchr-banyan tn te rna l  
speed. Anothr exp.r inantal  b a r d  conpletad was t h  c e l l  i n te r face  
to  a microprocessor; the w o r k  In  SKOM h a l f  1989 1ncIud.d dmsign. 

P R O P R I E T A R Y  ~ Be l l core  and Authorized C l i e n t s  O n l y  
See Propr ie ta ry  Res t r i c t i ons  on T i t l e  Page 
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debugging. and f a l l r i c a t i o n  of the board, which can Support 
transmission a t  about 70 WitS/SeC, given a su i tab l y  f a s t  processor 
t o  d r i v e  i t .  A d r a f t  technical  memorandum ( T U )  documnting t h i s  
c e l l  i n te r face  board was conpleted. 

o Sevmral exp.rinnt.1 EXPANSE boards were t rans fer red  t o  Network 
Tuhnology (D iv i s ion  27130. H. Rubin, OvM). along w i t h  consu l t ing  
mxportise. In  support of t h a t  D iv is ion 's  planned Switched 
W l t i m g a b l t  Data SWVice (SMOS) dwnns t ra t i on  a t  the March, 1990 
Tmchnology Smina r .  

0 Work continued on r e f i n i n g  a broamand c a l l  mod.1. & f i n i n g  the 
appropr iate s igna l ing  pro toco l  syntax, and inp lmnt ing  parsing and 
output -1.S f o r  the s igna l i ng  l a n g r a p .  These modules a r e '  
necessary t o  irplmmmntation of the EXPANSE c a l l  processing system, 
and w i l l  SUppOrt  m i t i p a r t y .  M l t i m d i a  services and app l ica t ions .  
Work bogan on &fining the software a rch i tec tu re  and idmnt i fy ing  
t h  software pro to typ ing  envirormrnt (languages and t o o l k i t s )  f o r  
EXPANSE c a l l  processing. Oiscussions were ho ld  w i t h  D i v i s i o n  27110 
( w .  Barr.  OvMl t o  k n p  t h a t  organizat ion.  responsiblm f o r  broamand 
signaling standards. I n f o r m d  about rmsearch i n  t h i s  area. 

0 Ois t r iC t~21411 ,  Broadband Systms Research, was c m a t o d  and 
chartered w l t h  cons t ruc t ion  and in teg ra t i on  of a Broamand ISDN 
l oca l  exchange laboratory prototype, and interConneCtions w i t h  
o t h r  d t v i s i o n  and research prototypes. 

Broamand Internotwork i ng Research 

0 Draonstrated a t h r n  node e x p r i m n t a l  METROCORE network working a t  
140 m t t s / S . C  W i t h  packet vid.0. data and packet VOiCe. The packet 
v i d w  can be p r o g r a d  for diffomnt ra tes  (TM-ARH-011316, TM- 
ARH-013399). A paper was pmsentmd a t  EFOCILAN SO (Eu ropan  F i b e r  
opt ic  ConunIcattons/Local Ama Network). 

0 Trans fermd t h  t h m  no& exporinmntal METROCORE testbod t o  one 
C l i e n t  Company f o r  tMir e x p o r i r n t a t 1 o n  and t o  t h  Softwam 
TOChnology 8 SyStna (ST8S) Of Bellcorm ( D i v i s i o n  25910. C.  
R i l ey ,  OVM). Uh.m t t  I s  M t n g  usmd t o  explorm tmchnical questions 
of servtce r a s u m c u n t  for SUDS b l l l tng.  Tho m q u i p m n t  transferrmd 
I n c l u Q c  e x p . r l n n t a 1  LAN service processors ( f o r  E t h r m t  
i n te rconmct lon )  and VUE (versa -1 E u r o p )  tn te r faces  (TU-ARH- 
011318). 

0 Transfermd a thrmm-m exp. r lmnta1  METROCORE testbmd t o  the  
Naval Rosearch Laboratory un&r Be l lcorn 's  NAVSEA con t rac t .  T h  
ocpipnnnt Inc1UO.s LAN servtce procmssors and a 1.7 G i p b i t / s m c  
b8CkbOlU. 

0 D0mOnStPat.d 280 L b I t / S u  aCC*Ss t o  the METROCORE bus ustng two 
p a r a l l e l  140 (Oit/rmc ohanmls.  FoCDLI1at.d a macular a r c h l t e t u m  
f o r  a P a r a l l e l  W i a  Access Cont ro l le r .  a l low ing  8 p a r a l l e l  
chanmls  a t  150 b i t S / S I C  each t o  access a 1.2 Gigabl ts/sec packet 

P R O P R I E T A R Y  - Be l l core  ana Authorized C l i en ts  O n l y  
See Propr ie ta ry  Rest r i c t ions  on T ~ t l e  Page 
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data C o ~ n l c a t i o n  system (TM-ARH-0146471. 

parameters of the LAN interconnectton service processor In the 
METRDCORE exper lmn ta l  testbed. Prot0typ.d pmsen ta t l on  layers f o r  
thm w twork  manager. customer rmtwork managmr, and us-r services 
menu on a n u l t l - w i n a o w  c o l o r  workstat lon.  

o Brought up an experimental c a p a b l l l t y  f o r  p rograming thm 

( C O N T  . 1 

Local D i s t r i b u t i o n  Networks 

o  he H-BUS experimental hyb r ld  o p t i c a l  mtwork  was s tud ied  and 
reported i n  TM-ARH-014226 and t W O  Wbl1Sh.d papers. MI(Io.PS Of th. 
D l s t r l c t  Invest igated pro toco ls  f o r  Intra-premises t r a f f i c  and 
w l t i - t e r m i n a l  a r rangnnn ts .  Results of the analysts.  I nd i ca t i ng  
the size  of bu f fe rs  needed t o  support lntra-promises conmunication. 
were documented in TM-ARH-015356. A n  exper lmn ta l  rystmn was 
demonstrated f o r  a passive loop a rch i tec tu re  using SONET/ATM 
t ranspor t  of n u l t i p l e  services t o  a s u b s c r l m r  In te r face .  and 
rmported i n  TM-AM-015168. Conplet ing thm H-BUS r n d i a  access 
pro toco l  s imulat ion.  -rs o f  the D i s t r i c t  4ncorporat.d the 
pro toco l  i n t o  an e x p o r i m n t a l  design f o r  a custom C m l a n t a r y  
Mota1 Oxid. Smlconductor ( W S I  chip, of about 20.000 t rans i s to rs ,  
f o r  tha m d i a  access funct ions.  The ch ip  doslgn Inc1Ud.s Ce l l  
a s s w l y  and disass.l lbly. W E  intw-face lOQU1.S. and d i a  access 
con t ro l  funct ions.  Thm l o g i c a l  and func t lona l  aspects of thm ch ip  
doslgn w r e  tes ted  w i t h  conp(rter aidrd doslgn t o o l s .  and the layout 
f o r  f a b r i c a t i o n  was cOnp1et.d. 

o Studied c a l l  c o n t r o l ,  s i gna l l ng .  and r o u t l n g  of l n t r a - p m i s e s  
c a l l s  f o r  thm e x p m r l a n t a l  H-BUS p m i s e s  ratwork I n t e r f a c M  t o  
BISON. Results wre documnted in  ~ ~ - ~ R n - 0 1 5 3 9 3 .  

app l i ca t lons  o f  o p t l c a l  a l p l l f i e r s  in  nul t l -wavelength mtworks .  
S y s t m  e x p o r l a n t s  wm porfornrd t o  e x m i r a  t h  cross ta lk  p r o b l m s  
and mportmd In TM-ARH-013738. Research on s y s t r n  app l l ca t l ons  of 
d 0 p d - f l b . r  o p t l c a l  a n p l l f i e r s  resu1t.d In  a 100 chanw l  e x p o r t a n t  
rrportmd In TM-UW-016066. 

o Mmbors of thm D l s t r l c t  engagd In s y s t m - l e v e l  s tud les  of the 

o A study of t h  f e a s i b l l l t y  o f  uscng subcar r ie r  mu l t i p lex ing  
trshniques for tha d e l l v e r y  of u u l t i p l e  chanrmls o f  br0805aSt v ld .0  
was r8port.d In TM-ARH-015541. Analog v ld .0  d l s t r l b u t l o n  
tKhno log les  suit8blm f o r  loop app l l ca t l ons  wra mxamind and 
mp0rt.d in TM-ARH-015127. 

t rshnologles such as fimr OptlCs and VLSI pr0dlc.d adoption 
scenarios f o r  broamand tmchnology ( p r l r u r l l y  f t b r r - i n - t h - l o o p 1  
mportmd In T W - A R ~ - O ~ ~ B Z S .  A study o f  thm mf foc ts  o f  m w  c i r c u l t  
qulpmnt, b a s d  on SONET t ranspor t  standards. was conp1et-d and 

o A study o f  thm effmcts on t h  mtuork o f  r r r g l n g  

P R O P R I E T A R Y  - Be l l core  and Authorized C l i en ts  O n l y  
See Propr ie ta ry  RestPict ions on T i t l e  PaQe 
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reported i n  TM-ARH-014325. 

sumnbrlzed In  an a r t i c l e  f o r  the Be l lcore  EXCnONGE magazine bnd 
reported in  TM-TSY-014935. 

o Work i n  tho b m a  o f  rad io  a l t e rna t i ves  f o r  the l oca l  loop wbs 

( C O N I . )  

R E A S O N  FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  

The uork of t h l s  npp l ied  Research Pro jec t  providms f o r  the dmvelopnrnt 
Of Iebdlng edg. knOul*+ base i n  SUCh key b r * b S  a5 i n t e g r a t i o n  O f  
brobmand terminal mod.lr, nult inmdla app l l ca t ions .  bnd user 
in te r faces .  EnQhbSis i s  placed on bpp l ica t ions  t o  cur ren t  and f u t u r e  
m d s  in  w t u o r k s .  services bnd oparbtions. The subs tbn t la l  b 8 w f i t s  
of t h i s  Project  accrue t o  a l l  OwMr-Clients and bre unable t o  be 
prevented f rom bccruing t o  an Ouwr-C l ien t  who m i g h t  e l e c t  not t o  
p a r t i c i p b t e  In  t h i s  Pro joc t .  

RESEARCH D I R E C T I O N S :  

Research on an I n t q r b t e d  i n f ras t ruc tu re  f o r  the future i n t e l l i g e n t .  
broamand exchbnp w t u o r k .  mphbs lz lng  expmrimntal  p ro to typ ing .  
research collaboration w i t h  broamand terminal mbnufacturars. and 
research on s ignb l ing ,  c b l l  processing and services c o n t r o l .  

Research on the In teg ra t i on  of services and 11.41. i n  the i n t e l l i g m t .  

bpp l l cb t lons  invokod by a population o f  locb l  users. 

l n t e r w t w r k i n g  bnd Suitched M u l t i m g a b i t  O b t b  Service (SMOS) 
access i n  an e n v l r o n r n t  Including exchang. wtuork. m t r o p o l i t b n  
wtwrk. and l o c a l  w t w r k  expmri inntal  p r o t o t y p s .  

I nves t i ga t i on  o f  wtuork n q u l m n t s  and p r f o m u n c e  f o r  advbncad 

d.aund, through pro to typ ing  In  expmrimntal  brobmand network 
t e s t b d s .  

InV*StlgatlOn Of p-1S.S W t W r k S  bnd t D C h M l o g i D S  .Xt*nQ(ng the 
febtUPDS bnd lllt*rfbC.t Of the bPObdJbnd exchang. W t U O r k  t O  10C.l 

brobmbnd exchbng. WtUOrk. a p h a s i z l n g  ~ x p m r l ~ n t b l  prOtOtyplng 
bnd the S t N S S t n g  Of WtWrk tW2hnologIeS W i t h  SerV1C.S and 

ReSebrCh On SDPV1C.S p l W C * S S l n g .  bdaptOrS. bnd 9btWbyS f o r  

SerViCeS SUCh eS I l l l t i l M f a  l r S S b g I W .  PbCket V I - 0 .  bnQ V i m 0  On  

wlpmmnt bnd the i I p l i c b t l o n  of such w t w r k s  on th  p u b l i c  m t u o r k .  

Resebrch on services coordination and wtwrk opmratlons In a wlt i-  
wtwrk envirommnt. In  th. context o f  expmr lmnta l  w t u o r k  testbmds. 

P R O P R I E T I R Y  - Be l l core  and AUthOv1Zea Cl len ts  Only 
See Propr ietary R e s f r i c f ~ o n s  on T i t l e  Page 
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P R O J E C T  . O V E R V I E W :  

T h e  technical  areas addressed i n  t h i s  p r o j e c t  are Intendod t o  enhance 
the c a p a b i l i t y  and f u n c t l o n a l i t y .  reduce the cos ts ,  and opt lmize the 
perfornunce of single-mode l ightwave systems which are asployod by thc. 
Be l lcore  C l i e n t  Conpanles (BCCs) In  their exchanga and exchange access 
networks. EaphasiS i s  k i n g  placed on advanced l ightwave s y s t m s  
technologies. including wavelength-division n u l t l p l e x i n g .  coherent 
transmission, o p t i c a l  a n p l i f l c a t i o n  and o p t i c a l  s ignal  processing, 
which w i l l  a l low more f l e x l b l e  broadband Service de l i ve ry  in  
Conjunctlon w i t h  hlgher r e l i a b i l i t y  and reduced maintenance ("passive 
photonic l oop" ) .  Also considered are th. Synchronous Opt lca l  
Network/Asynchronous Transfer Llod. ISONET/ATM) notuorking a s p u t s  of 
hlgh-spaod transmission systoms. T h e  future broamand notworks w i l l  
pemlt the l w - c o s t  p rov i s ion ing  of conventlonal voice and data 
services. as we l l  as a v a r i e t y  of m analog and d l g i t a l  v id.0 and 
high-s- data services essent ia l  f o r  the hea l thy  growth and long- 
term economic v l a b i l i t y  of the BCCs. ApplIed research p e r f o r m d  und.r 
t h i s  p r o j e c t  can b8 d iv ided i n t o  four major areas: 

1. Hlgh-Sp.td Lightwave Syst.nr Technologles 

Research In l o w n o i s e .  h i g h - s v d  l ightwave 
transmltter/receiver/r.g.mrator technologies is pursued t o  ensure 
tha t  the B ~ I I c o N  C l i en t  Conpanies (BCCs) have access t o  the most 
advancmd tmchnology a t  the e a r l i e s t  poss ib le  t ime, can p l a n  the 
o rde r l y  growth and upgrade o f  future M t w O r k S .  and can prov ide  s p c l a l  
servlces in  th. U l t i - g i g a b i t - p r - s e c o n d  r a n p  i n  response t o  growing 
Custommr demand. A r u e n t  acconp l i shnn t  was the P U O r d  transmlssion 
e x p r i n n t  a t  11 Qb1tls.s over a span of 200 km using two o p t i c a l  
f i b w  a u p l i f i e r s .  Our p r o t o t y p .  s ta te -o f - the -a r t  hybrid r u l t i p l e x e r s .  
receivers.  and r e g o n r a t i o n  c l r c u i t s  con t r l bu tod  t o  the success o f  
t h i s  e x w r i m n t .  Ye are a l so  exp lo r i ng  advancd  i n t w r a t e d  and 
optmlmct ron lc  intmgratod c l rcu i t  ( O E I C )  t u h n o l o g i e s  f o r  loop and 

small s ize .  1 w  pobmr ConsYlption, high r e l i a b i l i t y .  and lw cost .  
S y s t m  e x p r i n n t s  a t  th. SONET ra tes  of 2.6 and i o  G b i t / s u  BN b8ing 
p r f o r m d  t o  character ize Be l l co re ' s  o m  e x p r i m n t a l  research 
pro to type OEIC t ransmi t te rs  and r u e i v e r s  and advancod s i l i c o n  
In teg ra tod  C i r c u l t s  ( ICs)  luring comtwcIa1 foundry services f o r  the 
f a b r l c a t l o n  of the s l l i c o n  I C s . )  Ye con t i rue  inprts i n t o  the I lghtwave 
transmission standardizat ion process by p r o v i d i n g  consu l ta t i on  t o  
Be l lcore 's  Tuhnology Systmms  AN^ on p r f o r n u n c e  a s p u t s  of l ightwave 

OXChDng.  .ppl iCatiOnS which have the p o t e n t i a l  for high f u n c t i o n a l i t y ,  

P R O P R I E T 4 R V  - Be l l co re  and 4uthor lzed C l i en ts  Only 
T h i s  document COntalnS p rop r ie ta ry  informat lon tha t  sha l l  be 

d i s t r ~ b u t e d  o r  routed o n l y  v l t h l n  Be l l co re  and its s u t h o r ~ z e d  
c l i e n t s  except w i t h  w r i t t e n  permission of Bel lcore .  
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r y s t m r .  and cont r ibu t ions  on SONET and Broadband Network s y s t m s  
standardizat lon i n  the U . S .  T I  Comnittee and In the In te rna t i ona l  
Consul tat lve C m i t t n  on TeIephoM 8 Telegraph ( C C I T T ) .  AS a 
noteworthy exanple. we establ ished a theore t ica l  and e x p e r i m n t a l  
foundation f o r  tM systems degradations lnducmd by M l t i p l e  
r e f l e c t i o n s  which formod the basis f o r  n e w  standards on re f lec tances  
o f  connectors and sp l l ces .  This research was r u e n t l y  axpa- t o  
include the e f f e c t s  o f  o p t l c a l  a n p l i f i e r s .  UhlCh W l l l  be irrportant f o r  
f u t u r e  broamand m t u o r k r .  F i n a l l y ,  we are exp lo r ing  marly 
app l i ca t ions  of SONET 2.5 Qblt/sec SyStmS by co l l abo ra t i ng  w i t h  
Be11cOre'r Tranrwltching T*chnology Resmarch O i v i r l o n  and Carnmgim 
Mallon Un lvers i ty  t o  Inplnnnt a SONET/ATM l ink betwon Suparcaputers 
f o r  the National Gigabi t  Nstwork Pro jec t .  To ensure r e l i a b l e  
performance. we are studying 2 . 5  Gbit/sec SONET/ATM o p t l c a l  
t ransmirs lon and helping t o  es tab l i sh  advanced research t e s t i n g  
c a p a b i l i t l e s  f o r  these systems. 

2 .  LightWave Technology Appl icat ions 

Research I s  pursued t o  explore the po ten t l a l  use of Innovat lve 
l ightwave technologler In mom func t iona l  and c o s t - a f f e c t i v e  systems 
deslgns Y t l i C h  a m  Compatible W i t h  the evo lv ing  d i g i t a l  broamand 
m t w o r k .  I n  p a r t i c u l a r .  we study the parfornurace s t rength  and 
l i m l t a t l o n s  of bo th  d i g l t a l  and analog systems f o r  the t ranspor t  o f  
M l t i - c h a n n e l  vId.0 s igna ls  i n  the broadband Subscrlbor loop.  We 
cont inue t o  mxplom the use of o p t i c a l  a q a l l f i e r s ,  including both 
Smiconductor Opt lcal  W l l f i e r s  ( S O A )  and eriaium-dopmd F i b m r  Opt ica l  
* n p l i f l e r r  (FOA) .  f o r  applications i n  vI0.0 d i s t r i b u t i o n  t o  a Ia rga  
w r  of SYbScriMrs. For exarple. y. have dmonstratmd the f l r s t  use 
of an FOA as optical po-r a r p l i f l e r  f o r  n u l t l c h a n m l  *rplitude 
YodrIatmd (UO t e l e v l s l o n  s ignals d i s t r l b u t l o n .  We have also 

f l r s t  m x p w i r n t a l  systan for tM s inu l tanmus transmlssion o f  I O  Hlgh 
L m f l n i t l o n  TV (HDTVI channels over 30 k m  of single-mods f t b o r .  by 
uslng tlm 501 (SUIKarr ler- l * l l t ip lmxlng)  twhn lque  f o r  conbtning 10 FM 
(Fraquency-Mo&latmd) HOTV chanmls t o  - late a high-banchlidth 
SmicOMUctor dlod. lasmr. We have dwn0nstr.t.d a l lgh tuave systwn 
capable of d i s t r t b u t l n g  I S 0  Channels of FM television s igna ls ,  using a 
conbinat ion o f  O F W  (Optical F ~ e n c y - O l v l s i o n - l * l l t l p l m x i n g )  and s a :  
15 Olstr lbutmd F m a c k  (DFS) lasers a t  d i f f e r e n t  o p t i c a l  f r rquenc ies  
( w i t h  10 Gtiz fraquency spacing) w r e  nodulatmd W l t h  10 FM television 
s igna ls  each. f o r  a t o t a l  of 100 television channels being 
transportmd. 

dm0nStrat .d.  through t.chnolDpy teaming w i t h  N.twr* 1.ChnOlogy. the 

3. F l b e r  and Interconrwct Technologies 

Resmarch is pursuod In d l f f e r m t  typ.s o f  Slngle-Mode Fibers (SMFs) 
and f Ibmr-basmd conpownt technologies. inc lud lng  nrasur ing 
tuhnlqmr. T h l r  M lpr  t o  ensum t h a t  the BCCs havr d l r e c t  and 
I i l p a r t i a l  access t o  Imadlng-.dgc knowledga In f l b e r  t u h n o l o g y  f o r  the 

P R O P R I E T A R Y  - Bellcore ana Authorized C l i en ts  Only 
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planning. procuromnt, installation, maintenance, and ovolutlonary use 
0 6  Dptical wtworks. 
cisos Vh.ro optical connoctors with low reflectancas are requirod, 
sinpie chang.S in endface polishing techniquos achieve the dellrod 
performme wlthout requiring major design chang.s. Together with 
other Bollcorm organizations. YO are aSdressing Intornutabillty and 
rollability issu~s assoclstod with optical COnnOctorS. In rmlatod 
rosoarch, a rocord 4dB/mU galn officiency was achiovod with an Optical 
fibor a1lp1ifi.r using a unique fibor ondface confiwration for n u x i w m  
power coupling to a 6100. pump 1as.r. The packaging of optical 
anplifiors for practlcal applications by the BCCs is also being 
addrossoa. Our wrk provides substantial contributions to standards 
bodies such as the IEC (Intornational Electrotochnical Cmisslon) and 
CCITT (Intornational Consultative Comnittoo on Tolograph and 
Telephonm) whore Imnmers of this Division a m  active participants in 
loadersnip positions. 

4. Coherent Multi-Channel Transmission Technologies 

Cohormnt transmission tochnologlos aro invostlgatod Mcausb of their 
potontial for high rbcoivor sonsltivity. high signal ch.MI 
soloctivity and largo-chanml-count transmission. Thls technology m y  
ovontually o W l o  tho BCCs to  take full advantage of tho o n o r l ~ u s  
Infornutton-carrying capability of singlo nod. fibor. once it has 
adVancod to such a degrw that its potontial KOnOiTiiC 8dV.ntag.S OVOP 
direct-dmtrtion rystoms can M dotormimd. Emphasis I s  placod on 
nulti-channl cohront networks for oxchaq8 and subscrlbar 
applications, although tHs. SM tochnol~ios my also prove usoful 
for tho routlng and switching of signals in futuro photonic networks. 
As a notoworthy accoqsllshnnt. we rocontly dmnonstratmd a 16-clunml 
dOUbIm-star netwrk at tho 155 #Its/soc SONET rat. using 
commrcially-supplimd distributed-fwack lasor packa0.s 8nd 
prototypo rack-m0uht.d torminal oquipmont. I)y using doprd-fibar 
anpiiftors in this notwrk. w wrm able to oxpand tho c8pabilitios of 
tho m t w r k  to stmulato tho distriWtton of $6 digital TV signals to 
mom than 1O.OOO subscrlbors. Yo arm also rovlng rapldly t o  irprovo 
this network damnstration to bo ruitablm for flold operation 81-d to 
op.ratc at 622 #Itr/soc for tho transmission of high-dofinition 
tolovislon signals. In another acconpltshnt a i m  at oxchanpc truw 
applications. w uom ab10 to  damnstrat. oxpmrimmntal tocnniqurr for 
transmission at tho ( 0  Gbit/smc SONET rata. uslng blthor frrquoncy- 
shlft koytng or phase-shift koying -lation formats. 

Many of t H  rruining problmns yot to M addrrrsmd arm associatmd with 
our r p h a s l s  on tho practical applicstion of this technology. Thoso 
tnvolvm simple cshams for stabillzing tho optical f m w o n c y  of tho 
transmlttor lasers, design of highly-tnt.gratmd and cowact rtcotvor 
oloctronics. m t W s  for vary fast tun14 of tim local oscillator 
lasors to achlevo rapicl charm01 acqllisltion. and studios to establish 
tho practical limits to tho trnnology that m y  bo causmd by OPtIcal 

York in this Oivlsion has dam3nstrat.d that in I 

I 
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reflections. fiber four-wave mixing, or other inpairnmnts. 

5. TeChnOlogy lapact 

The output of our research i s  belng mdo available to other parts of 
tho Applied Research Area through technical publications. Consultation 
and prototyp. subsystems; to tho requiremnts and analysis process of 
Notwork Tuhnology through consultations and research co1labOratiOnS. 
and Collaborations in tm standards area;  to tho wtuork architecture 
planning and Standards process of Information Netwrking Services 
through active Standarlls particlpation; to th. BCCs dlmctly through 
consultations and co11aboratlons. llcenslng agroemmnts. and research 
co1Iaborations Wlth the tmlecoanunication IrKjJStry: and to tho 
TeleCommJniCation Connunity and the World of Ssimnce through research 
collaborations and technical publications. In sutmnary. our research 
contributions in above areas have boon very effective and bmwficial 
to tho BCCs a M  tho teleC~niCations CommJnity at largo. Our 
research has strongly influencod introduction strategies for single- 
m o d .  fiber technologies in tho subscriber loop wtworks Of tho BCCs. 
and has influoncad tho UOPk of other teleconmunlcation organizations 
and standards W i e s .  

Tho following ropmsents a sutmnary of acconplislmnnts prrfornrd undmr 
Project 421301 from duly. l S 8 0  through D.c.licwr. 1980 in support of 
tho optical flbor systems and future broamand loop and exchange 
MtbIorks of tho &XI:. our resoarch for tho shove rmportlng period has 
m n  descrlbmd In 23 Journal Papars. 28 Conforense Talks. and 15 
aCldition.1 TKhnlcal Yanoranda. In addition, 1 patent has beon issued 
and 2 patents have b.m filed wring this perioc. 

PAST Y E A R  RESEARCH ACCOMPLISHMENTS. 

Optlcal Fibers, Interconnection Dwices and Parslve Coqwnents 
o Low-Reflutame c-tors 
Ylltiple mfloetions k t m n  connectors and/or splices m y  cause 
dogradatlons In high-spnd analog and aigital llghtwevo systems. 
Reflectances as Iw as -67dB with 0 . 4 3  averap Insertion loss have 
b u n  achieved with convmtional cyllndrical-ferrule connutors 
through oblique f1b.r endfaces WIthoUt m i r i n g  design changes. 
Early applications of low-rwflutance connutors could incluLII bA 
video dirtrlbutlon systmns on simlr-mMe f 1 b W .  

Low-mflectance. variable attewators a m  Inportant COIpOmnts for 
testing multi-gisabit-per-suond lightwave syst.nr. Prototypes 
have m n  succassfully built and usad for a varlety of optlcal 
systems experlmnts. Attenuator Mflutanees aa low as -60 dB 
could be achieved. uhlch i s  wcessary In syrtms with optical 
urpl I f  iers. 

0 Lou-Ref lutance Variable Opttcal AttenUatOr 

PROPRIETARY - Eellcore and ~ufnorized Cltents Only 
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o Optical Minishop 
An Optical Minishop for connecting and joining difforont typos of 
fibers (including fibor alrplifiersl. and for torminating and 
packaging various optical devices. provides ilrportant hardware 
support for systmns oxperimnts and tochnica1 analysis work within 
and outsido Applied Rosearch. 

Standards ActivitiOS 
0 Intornational Standards Activities 

Ne continuod to partisipat. in loadorship positlons in both CCITT 
(Intornational Consultativo tomnittoo on T ~ l ~ p h o ~  6. Tolograph) (P. 
Kaisor, Coordinator and Spokesman for tho US dologation In Study 
Group XV. Working Party 5. Optical Transmission) and IEC 
(Intornational Eloctrotochnical Commission) (N.  C. Y o u n g .  Chairnun 
of Standards Camnittn 868. Fiboroptic Interconmction OeviCos and 
Passivo Corpohmnts). Sovoral Contributions for CCITT SGXV/NP5 
addrossmd tha intornational Standardization of SONET (Quostion 
29/XV) - -  whoso Rocomn8naation 6.957 was approvmd at the July 1990 
Plonary Mnting of SGXV. Anothar Division 2i310 Contribution fo r  
Quostion 1 6 / X V  on Local Notworks (SUbmIttod for Infornution) 
doscribod tM Fikr-to-th.-Home trials in the Unitod Statos. 

As Chairman of IEC SC86E. N .  C. Young loads tM intornational 
standardization of optical connoctors, which concontratod on 
proparing dOCUmDnts for the m x t  Plonary Mnting In 0ctob.r. (990 .  
m also fornrd an Aavicory Group for planning and managing 
standards activltios rolatod to optical Conmctor roliaBility. 
among Othars. 

Optical Anpliflers. Applications and Systmns SitwIations 
0 Fibor Optical *nplifiors (FOAI 

FOAs and Smiconductor Optical Anpliflers (SOAS) are oxpctod to 
flnd applications in the loop and oxchangm plant of tho BCCs. In 
collaboration with thm S R I  David Sarnoff Lab and tho Univorsity of 
Swthupton. a high coupling officioncy of 47% was achlovod with a 
rnord 4dWnU gain officioncy for a 880 nanom8t.r laser-purprd FOA. 
A patontability study of this coupling t.shniqU0 IS unb.Way. 

o Smlconductor OptIcal Aqalifior (SOAI Porformanco Llmltatlons In 
H i g h - w d  Syst- 
'To kttor urdmrstand the limitations of SOAS. w hav- porfOrinOd 
c-tor rimulatlons of thoir parformanco in high-tp.rd lightwave 
systmns. No found that gain saturation offuts in 10 GlBit/roc 
systems caussd *yo closure and systems ponaltios. Conswontly, 
SOAr shwld k positiomd along a fibor lin* such that tho Optical 
signal Irywt p w m r  i s  sufficiontly low, 1.0.. blow .pproximatoly 
-2DdBm. 

0 fibmr Optlcal Anplifirrs ( F O A )  for Anplitum-lloc*rlatM (MY) Vidoo 
Distribution. 
No have ruccorsfully demonstrated tho US. of an Erbium-doprd FOA 
for tho distrilaution of multi-channel. nnplitudo-Modulated. 
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Vestigial-Si~band-MoMllation ( A M - V S B I  t e l e v i s i o n  s igna ls .  The 
ga in  of the FOA was 1368. and no systems degradatlons W P C  obs8rv8d 
due t o  n o n l i w a r  c ross ta l k .  FDA pouer a n p l l f i e r s  ln  such SyStms 
could have ea r l y  p r a c t i c a l  app l i ca t ions  in Flber- in- the-Loop (FITL) 
i n s t a l l a t i o n s .  

Vidao Transport Over Fiber 
0 160-FM C h a m 1  Broadcast Experimmnt 

We have successful ly dmnonst ra td  the transmission of a r r o P d  
nunimr of 100 FM TV channels t o  16 users using a cOIIDlnatlon of 
Opt lcal  Frequewy-Divlslon Mu l t i p lex ing  (OFDMI and E l o c t r l c a l  
Subcarrier W l t l p l e x i n g  (SCM).  An e ta lon  was used both as an 
o p t i c a l  channel f i l t e r  and an FM dmnwdulator (1.8.. Opt ica l  
frequency d i sc r im lna to r ) .  Thts is the f i r s t  damns t ra t i on  of such a 
high spectral  e f f i c i e n c y  of a om-vid.0-chanml p.r O m  M z  Radio 
FP.Wewy ( R F )  s ignal  bandwidth. 

U s i n g  Subcarr ler-Mu1 t i  p l e x l  ng 
As par t  of Technology Tearnlnp w l t h  M twork  Tuhnology ( D i v i s i o n  
27210, D .  Burpme. DvM). we have dmnonstrated thm transmlssion of 10 
HDTV Chanmls over 3Okm of Stngle Mode F l h r  (SMF) using 
coimn8rcial ly-avai lable Pulse F.quency w l a t e d  (PFY) transmlssion 
e q u l p n n t .  T h .  lo HDTV chanmls  were then s u b c a r r i e r - w l t l p l e x e d  
In the 2 t o  B t3lx frmquency ranga. A n  8xp.r lnnntal  s y r t m  urlng 
t h i s  technology cou ld  be used f o r  tha e a r l y  p r o v l r l o n l n g  of 

o 10-Channel HDTV Transport Over 3Okm of Single-Yod. Flbmr (SMFI 

W l t l P l e  HOW C h b M l S .  

High-5- Lightuavm Systmms Research 
0 2.5 @ l t s - p . r - S r o n d  S y s t w  Tmhnology and H i g h - S w d  I n t e g r a t M  

C l r c u l t s  (ICs) 
To aanonstrato the po ten t l a l  of low-cost I r p l W R n t a t i o n r  of 2.5 
Gbit/smc and othmr r a x t - s o w r a t i o n  SONET s y s t w .  h y b r l d  c t rcu l t  
PWka-S baSM on hlgh-Sp..d ~e l l co re /Avan t&  research PrOtOtYp. 
ICs wm mad. f o r  systmns studies up t o  SONET STM-S4 ( 1 . -  . ,  OC-102 
o r  10 G b l t / s r )  s igna l  ra tas .  Thmre umru  no obs8rvable 
*radatIons msu l t lng  f r o m  hlgh-spmod m a s u f u m n t s  on th. wafer. 

I h  collaboration w l t h  Lab 211,  navel OEIC  transmitters C o l p r i S O d  of 
~ a r t e r - w a v e l e n g t h - f h i f t d  dtstrlbutod f@bCk (DFB) 1aSerS and 
quaternary Yodulatlon-Dc+d F I e l d  E f f u t  T r m s l s t o r  (MODFET) d r l v e r  
have bnn wnployed In  2.6 and 5 Gblt/smc s y s t m  expor lmn ts .  Y= 

cochlnbtlon of a m t b l - S 1 i C O t 7 a J C t O r - ~ t b l  (MSY) phOtodwtu tor  and 
a MOOFET pm.l lpl i f fer, and charac ter fzd  I t s  p . r f o r u m  up t o  6 
g i gaherz . 
I n  studylng tN mffoet of m l t l p l e  Raylelgh-Sc8tter lng on hlgh- 
rpmd r y s t r u  raploying o p t i c a l  a n p l i f l m r f .  w dmtermiwd t h a t  
Rayleigh sca t te r i ng  can M s l r p l y  m d m l d  as a "P l r ro r "  vhlch ac ts  
s l m i l a r l y  t o  d i sc re te  rmf lec t l ons  tn producing m l t l p l e  m f l e c t i o n  

o Opto818ctronic In t8gra t .d  C l n u l t s  ( O E I C )  f o r  Gblt/L.s SySt.M 

have a1S0 teLtod msearCh p ro to typ .  n e l v e r s  b8S.d Upon tM f l O V 8 l  

0 High-Sp.M D i t u C t - M t K t i o n  Syst.nf uith Opt lca l  A IWl l f iWS.  
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noise.  The I n t o r f o r o m t r i c  noise due t o  W l t i p l e  Rayloigh 
sca t to r l ng  incroasos w i t h  a n p l i f i e r  gain. and r e s t r i c t s  the 
al lowable ga in  t o  loss than about 20 dB f o r  high-sp.+d systoms 
unless o p t i c a l  i s o l a t o r s  are onployed. 

o High-SpOod Frmquoncy-Shift Keying ( F S K )  and Dif ferent ia l -Phaso- 
Sh i f t -Koy ing  (DPSK) WOdUlit ion/Direct Detect ion Transmission 
Systems. 
Wo have invos t iga ted  high-speed d i rec t -de tec t i on  transmfssion us ing  
both FSK and, f o r  the f i r s t  t ime, d i r e c t  DPSK modulation formats. 
Theso tochniquos roprosont low-dispersion a l to rna t l vos  t o  
convontional high-spmed in tens i ty -mdu la tmd systuns. 

o Dp t i ca l  Signal Processing . 
We d.ve1op.d a theory of D i s t r l b u t e d  Bragg Rof loctor (DER) lasors  
mnployod as op t i ca l  f i l t e r s  f o r  use i n  n u l t i p l o  wavelomgth o p t i c a l  
conmunication systoms. Uo confirmed wr theory by 0 X p . r i a n t a l  
measurmnonts of DER froquency rosponse and mise prOP.rt ios.  i n  
co l l abo ra t i on  w i t h  D l v i s l o n  21110 ( P .  U .  S m i t h ,  D V Y ) .  Sased on t h i s  
theory. a MV DER f i l t e r  s t ruc tu re  i s  proposod which is optimized 
f o r  M l t i chanrY l  app l i ca t ions .  

U l t ra -sho r t  o p t i c a l  pulses may f i n d  app l ica t ions  in f u tu ro  vory- 
h i g h - s v d  lightwave Systms ( 1 0  GbitS/Sec and Myond) and tn 
o p t i c a l  switching. Thoy a l so  f a c i l i t a t e  an undorstandlng o f  the 
l i m i t a t i o n s  o f  non- l inear pulsm transmission i n  Slnglo-Nodo Flbers 
(SMFs). I n  co l l abo ra t i on  w i t h  D i v l s i o n  21110 I P .  W .  Smlth, DvM), a 
n e w  o x p r i r n n t a l  u l t r a - s h o r t  o p t i c a l  pulse gemrat ion  s y s t m  has 
boon bul l t .  
conp.nsator. w w r e  ab10 t o  t ransmit  500 fsec o p t i c a l  p r l s o s  Ovor 
a 3.2 k m  long dispmrsion-shi f tod SMF. 

o Picosecond Pulse Transmission and Dispmrsion Cowensation 

T o g a t h o r  u l th  a grat ing-toloscope dispmrslon 

Wl t i -Channe l  Coherent Sys tms 
0 16-Chanml timterodyna E x p o r i a n t  a t  622 W.gabits/soc. 

We arm iffimaslng tho capaci ty of wr 16-chanwl oxpmrinant by a 
f ac to r  of fwr by i f f i roasing the m 0 u l a t t o n  spmed t o  622 b W t S / S O C .  
A t  prmsont. w have achioved t h i s  w l t h  on l y  one of the 16 lasors  
using t ho  A l to rna to  Mark  Invers ion  (#MI)  - la t ion  format. 

o Packagmd Lasor Fnquency S t a b i l i t y  L k a s u m m t s  
Wo haV0 rasurod  tho absoluto o p t l c a l  froquoncy of a distr ibuted- 
f-ack l ase r  p a c k a ~ .  t o  vary by loss than 300 W z  over a pmriod 
o f  mor8 thmn a month. Por iodtc chocks (offio pmr mnth o r  l o s s )  m y  
be s u f f l c i o n t  t o  m a l i g n  ths t ransmi t to rs  t o  accwnt  for  m i n o r  
f nquoncy  d r t f t s  &e t o  laser  aging. 

Wo haV0 i n v m s t i g a t d  tho LIS. of a c t i v o  mlxors f o r  use as 
fmqJoncy-sh i f t -koy lng  dnnodulatorr beauso thoy p r o v i d .  h t t o r  
than 25 dB supprosslon of intormodulat ion d i s t o r t l o n s  rolat iv.  t o  
the signal. w o n  a t  very low input p o w r s .  Tho ac t i vo  mixors u s d  
havo s u f f i c i o n t  bandwidth t o  lffiroaso the mw&latlon speed from 155 
t o  622 # f ts /s .s .  havo 11prov.d wr m o i v o r  S o n s i t i v i t y  by 7 d8. 
and have r.Qlc.d the v a r i a t i o n  i n  NcOiVer s o n s i t i v i t y  due t o  

0 Act ivo  m i a t i o n  C l r c u i t s  

P R O P R I E T A R Y  - Be l l core  ana ~ u t h o v i z e d  C l ten ts  O n l y  
Sea Propr,etary Res t r i c t i ons  on T i t l e  Page 
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P A S T  Y E A R  RESEPRCH ACCOMPLISHMENTS ( CONT . ) 

po la r i za t i on  f l uc tua t i ons  from 3 dE t o  less than 1 dE 

We have demonstrated an Opt ical  Phase-Locked-Loop (DPLLI ustng 
miniature N d . Y I G  s o l i d  s ta te  lasers  Uhich achtoved a phaso o r r o r  as 
small as two dogroes Using t h i s  h igh  performance OPLL. y. 
d.IIDnstratod M y n e  PSK tranSmlsslOn uith a record reco lver  
s o n s l t l v l t y  of -62 8 dBm a t  140 Mbits/soc (25 photons per b l t )  

o Phase-Shlft-Keyod (PSK) Homodyne Receiver 

H i g h - S w d  Cohoront Transmission Systems 
0 10 Glgablts/soc D l f f o r e n t l a l  Phase-Shlft-Koyod (OPSKI Lasor 

Yodulatlon and Rmcoption 
Uo have aminanstratod a sa t i s fac to ry  b ipo la r  drtvm s igna l  f o r  DPSK 
modulation a t  10 Gbit /sec Using t h l s  modulation s i g n a l .  we hava 
achieved DPSK transmission us lng  a d1StribUt.d-foodback lasor  w l t h  
10 MHZ I i m l d t h .  Work t o  dmmnstrate a 10 Cbit/soc hotorodyne 
recoivor f o r  t h i s  m d u l a t t o n  farmat I s  in progress. 

REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  

Tho work of t h i s  Appliod Resoarch ProJoct provldcs f o r  tho devolopnmnt 
of a loadlng edgm knowlmdgo base in such key areas as network 
t rchnologios and s y s t m s .  Enpharls i s  placed an app l i ca t i ons  t o  
currmnt and fu tu ro  wads In networks. sorvicos and oporat ions.  T h e  
substant la l  b m w f l t s  of t h i s  Pro jec t  accruo t o  a11 Owner-CItonts and 
a re  unable t o  bo prmvontod form accruing t o  an Dwwr-C l lon t  who m i g h t  
mloct not t o  par t l c lpa tm in  the P ro jec t .  

RESEdRCH DIRECTIONS: 

Omonstrat ion of tho v l a b i l i t y  o f  Slnglo-L)od. Flbmr (SMF). conpownt 
and systems t u h n o l o g l e s  and concepts, including masurmmmnt 
tuhn lques .  through laboatory aminanstrations and f i o l d  Oxpmrimnts 
(If approprlato. In  co l l abo ra t i on  w l t h  other d l v l s l o n s .  and/or w i t h  
om or  mor0 ECCSI. yW.ling of perfornmnce o f  SMF systems t o  
f a c l l i t a t e  ana lys ls  of p r a c t i c a l  f y s t m s  using standard colpownts. 
and making s i U 1 a t l o n  t o o l s  ava l l ab lo  t o  tho BCCs 

T h c o n t l c a l  and m x p e r l m t a l  l nvos t l ga t l on  of advanced SMF 
t ranm4sslon Charac tor ls t i cs  w i t h  p a r t l s u l a r  m$Jhasis on loop 
applicatlOns of SMFs. P a r t l c l p a t l o n  In  tho StandaMIzat lon  of 
singlo-rad. f l bo rs ,  SONET (Synchronous Opt ical  Network) s y s t m s  
and f i b o r - b a r d  local broaaand s y s t w  In tho I n t e r n a t l o n a l  

of f l b m r - b a r d  corponents, l n t o r c o n m t l o n  dev1cos. and OptICal 
f a c i l i t y  SwItChos. as v . 1 1  as standards Imadershlp in  the 

COnSUltatiVO ComlttO8 On TmlephoIm 6 TmlOgraph ( C C I T T ) .  StU6l.S 

P R O P R I E T A R Y  - Ba l l core  and r lutnorized C l i e n t s  O n l y  
See Propr ie rary  Restrictions on T i t l e  Page 
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RESEARCH DIRECTIONS' iCONT.) 

International E1ectrOtechniCal Comlssion IIEC) 

Identification of optical connector reliability issues and 
participation - together with other Bellcore organizations - 
in the inpl.mntation of reliability evaluation programs leading 
to future Bellcore requirmmnts and standards positions. 

Investigation of SONET/ATM (Asynchronous Transfer Model optical 
transmission and performance issues and participation in establishing 
standards for t M  various SONET hierarchy levels. includi- thm future 
Synchronws Transfer Mode iSTM-641 (10 Gbit/sec) rate. Exploration of 
the early 8pplication of prototype STM-16 (2.5 Cblt/sec) equlpmnt as 
part of a research collaboration with Carmgie Mellon Universlty's 
Gigabi t-par-second Notwork Project. 

ReSearch in systms technologies and applications of High-Oensity 
Uavelecgth-Division-Multiplaxing (HO-UW) .  basM on 10 to 20 high- 
banduidth optical chanmls. including nulti-wavelength lasers and 
laser arrays, datector arrays. WOU awIces, fix& and tunable etalon 
filters. etc., for high-channel-count video distribution in the local 
network. 

Continuation of experinmntal and th.oretiCa1 studies of capabilities 
and limitations of optical anplifiers (both *a-fiber ana s m i -  
conductor anpllfiersl In high-capacity. wlti-chanml applications 
such as in HD-WDM and thmir inpact on optical mtwork and broa-and 
services evolution. 

Continue thoomtical and experinnntal investigation of rarlti-chanml 
hmterodym and homodyr~ transmtssion systmr. with aphasis on 
c h a m 1  assignnnt, laser frrquency stability. laser modulation 
techniques. local oscillator tuning and chanml acprisitioh. and 
1nt.gration of receiver electronics. Thm goal i s  to establish 
technologies useful for transmts~ion in th. rang. of 155 to 622 
mi tis=. 
Omnonstration of a 16-chanml cohmrent double-star mtwork operating 
at 622 mtt/sec. uith mmphasis on establishing practical field 
opmration and und.rstandtng the limitations t n p o s d  by optical 
mflecttons. fikr- and colpomnt non-limarities. electronic 
conpomnt bandwidths. and optical anplifiers. Also aphasired 
w l l l  be thm intogration of th. transmitter and mceiver -to- 
electronics to daronstrate th. practical feasibility Of CDh.rmt 
Nltichanml distribution. 

To9th.r vith L a b  2 1 1 .  porfom research in Optmlectrontc 1ntegrat.d 
Circult (OEIC) t e c h m l q y  for loop and exchanga .pplIcations. 
COntlnue study of OEIC transmitters and raeivers. as wll as more 
conplex optmlactronlc integrated circults with enhanced systms 
functionality and potential for low-cost loop applications. 

PROPRIETARY - Bellcore ana AYthOrlled Clients Only 
See Proprietary Restrictions on Title Page 
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RESEARCH DIRECTIONS: (CONT. I 

Exploration of advanced silicon Heterojunction 81-polar Transistor 
(HBT) ana High-Eloctron Mobility Transistor (HEMT) intogratod CirCUlt 
tochnologios for implementation of 2 5 Cbit/soc and hlgh-spod 
lightwave systoms We have establishma rosoarch Collaborations with 
both RockLnll and Avantok to have access to foundry SorviCoS and for 
exporimontal low-cost. high-spmd LargdVory Large Scale Intogratoa 
lLSI/VLSI) prototypo circuits This helps to accolorato tho 
introduction of low-cost BISON in tho loop and oxchang. plant of  the 
Bollcore Cllont CMlpanios 

L 
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P R O J E C T  O V E R V I E W :  

This p r o j e c t  mnphasizes app l ied  research on innovat lve rad io  
technologies and Systms t h a t  e x p l o i t  the unique capabilities o f  rad io  
f o r  p rov id ing  ( 1 1  economical a l t e r n a t i v e  d i s t r l b u t l o n  mans .  and ( 2 1  - 
M u  Integrated voice and data services t h a t  are h igh l y  f l e x i b l e  and 
por tab le .  A major ob jec t i ve  I s  t o  provide these nou d i g l t a l  r a d i o  
ConmunIcationr s.rvlces v i a  small tethmrless por tab le  voice handsets 
and data terminals as a p a r t  of l oca l  exchanga networks. A key 
coaponent of t h l s  uork i s  t o  inves t iga te  i n teg ra t i ng  the Capab i l i t i es  

i n f ras t ruc tu re .  Emrg ing  Radio Local Area N o t w r k s  (RLANs) and thmir 
i w l l c a t l o n s  on u l r e l e s s  central-of f ice-based packet data access 
servlces are a grouing arm. o f  p r o j o c t  i n t e r e s t .  

A n  Mormous W n d  for p o r t a b l e  comwnicat ions has bnn dmia0nstrat.d 
by tlu u i a s p m a d  popu la r i t y  of c u r r e n t l y  ava i l ab le  t rchnologies 
({.e., cordless telmphomsl tha t  p rov lde  on ly  very 1 l m i t . d  po r tab le  
conmunicatlons. M u  innovat ive servlces t o  po r tab le  handsets and data 
terminals could ba provided as exchayy  mtuork sarvices by a system 
uslng dmnand-assignmd r a d i o  l i n k s  for thm l a s t  thQUsand fwt or SO of 
loca l  t.l.phom loops. This r a d l o  s y s t m  cw ld  p r o v i a  tethmrless 
po r tab le  CQIIIJnlCatlons servlces m i l e  making US. of integrated 
op.rat tons and b l l l i ng .  mtuork I n t e l l i g a n c e  and f U t U m  high-Sp..d 
o p t i c a l  flMr d i s t r l b u t l o n .  Such a MU po r tab le  rad io  systan MY 
onable Roglonal Colpanles t o  o f f e r  h i g h l y  flexible t e t l u r l e s s  d i g l t a l  

mans for p rov id ing  such nou lnnovativ. in t0gra t .d  por tab le  
comunicat lons servlcms. Sp.cia1iz.d c e n t r a l  of f ic .  b a s w  u l m l e s s  
packet data access smrvices could r b c e  tho cos t  of mar rang lng  data 
access f a c i l i t l e s  as c u s t o m r s  move. 

W 8 n c . d  d i g i t a l  rad io  systmn and rad io  lirk archit.ctums. con t ro l  
s t ra teg ies .  tmchnigrrs and tmchrmlogles must p r o v i a  economical. high 
q u a l i t y  servlces dmspite tha -lex and h o s t i l e  r a d i o  mnvirommnt 
around and uithln bu i l d ings .  Exp . r t rm ta1  lnves t i ga t i on  of r a d i o  )Ink 
t m c h n i m s  In appropr iate r a d i o  .nvironants i s  .Ssentlal t o  datermine 
tmchnical and mconomlc f e a s i b i l i t y .  
T h l S  p r o j c t  includms app1i.d rosearch on tb f o l l o u i n g  top ics :  

Of Pad10 W l t h  tM C.Pab i l l t ieS Of the loca l  e x c h a y y ' r u t w r k  

data and Voice serv1C.s t h a t  cannot M O f f * &  M U .  Radio 1 S  tha on ly  

1. Synthmsis. c o l l p u t m r  s i u l a t i o n ,  and i I r p l a n t a t i o n  of r a d i o  
t y s t a n  architmctures and con t ro l  s t ra teg ies  including r a d i o  
chanml access. a l e r t i n g .  a c t i v e  call t r ans fe r .  and pro toco ls  
t h a t  u l l l  m i t i g a t e  e f f e t s  o f  r a d l o  propagation and CuStomDr 

P R O P R l E T A R V  - Bellcore and butnorized Clients Only 
This document contains proprietary ~nformation tnat shall De 

dlstributed or routed only witnin Bellcore and i t s  autnorized 
clients except witn written permisston o f  BellcorE. 
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'1. 

motion. Conparison of proposed archi tectures and con t ro l  
tochniquos i n  appropriate onvironments i s  needed In order t o  
se loc t  those prov id ing  the best cha rac te r i s t i cs  f o r  oxchange 
network voice bnd data app l ica t ions .  
Synthesis and l n v l o m n t a t l o n  of innovat ive rad io  l ink d i g l t a l  
s ignal  procosslng. channol coding, speoch codlng. and p r i vacy  
techniques thbt are read i l y  I I p l e m n t a b l c  in  0~0nOmlCal low-powor 
very- large-scale intogratod c i r c u i t s  ( V L S I ) .  D l g i t a l  s lgna l  
processlng tuhn lques  continue t o  provide s i g n i f l c b n t  
inprov.l lmtS In rad io  l i n k  performance In  the n u l t l p a t h  r a d i o  
onvlrommnt. t o  inprove spectrum e f f i c i ency  by permlt t lng n e w  
rad io  l i n k  a rch i toc tu res .  
Building and t a s t i n g  of laboratory models of rad io  oqu ipmnt  
subassonblios and in tog ra t l on  of s U b a s S o ~ l i o s  i n t o  a l abora tory  
concopt prototypo system t o  show e x p e r i m n t b l l y  the f o a s i b i l i t y  
of innovat iv* dmmbnd-assigned tim d i v i s i o n  n v ~ l t l p l e  access rad io  
l i n k  and system Control tochniquos. and t o  insure tha t  the 
ind i v idua l  s ignal  processing and cont ro l  tochniquos and rad io  
t.chnologl*s u t 1 1  func t ion  as an in togra t& r b d l o  r y s t m .  
Bu l l d ing  of exper lmn ta l  rad io  froquoncy and balmand 
S u b a s s ~ l i o s  In  bdvancod low-powr hyb r id  and ln tegra tod  c l r c u i t  
technologies t o  insure the f o a s i b i l i t y  of economical f a b r i c a t i o n  
i n  la rgo  quan t i t i os .  
F i o l d  mbsurmon ts  and modeling of rad io  propagation In 
bppropr iato onvirommnts w i t h i n  and around bu i l d ings .  E a r l l e r  
propagation e x p . r l n n t s  provided in fo rnu t i on  md.d f o r  
Ostabl lshing trbnsmission ra tes  bnd f o r  lnputs t o  COnpUtor 
s iuu la t i ons  o f  system arch i tec tu re  and con t ro l  strategies f o r  
froquonc'ios ar0Und 1 cinz. Furthor masurmon ts  b ro  m d r d  a t  
hlgher fmquonclos and In  othor onvironnrnts In Yhtch low-powr 
por tab le  connunicbtion sys tms  and cen t ra l  o f f i c o  b b s M  wt ro l c rs  
data access Systems m y  bo Used. 
I nsu r ing  conpat lb lo sorvicos and mtwork  in to r fbcos  w i t h  d l g i t a l  
d i s t r l b u t i o n  mtworks (bo th  flber and copp.r). w i t h  cu r ron t  
switchod w i r o l l m  and w1rnIoss networks. and w l t h  ovolvtng 
network l n to l l l gonce ,  including p a r t i c i p a t i o n  117 tho f i r s t  stbgos 
of f i o l d  o x p a r i m n t r  using co l l . r c ia1 l y  ava i l ab le  procluCtS. 
Inv *s t i ga t l ng  a l t e r n b t i v o  network l n f r a s t r u ~ t ~ r e s  f o r  p rov id lng  
VOICO and dbtb S~rViCOs tha t  W l o y  W l m l O S S  aCCOSS. including 
" h i g h - l O V O l "  V l N  o f  tho aSS0Ciat.d .COTY)(IIlCS. TO m x l a l z o  tM 
bemfit o f  t h t S  app1i.d mS0arch t o  tM B O l l E o ~  C l l O n t  
Conpanlo+. T u h m l o g y  Transfor and Liconslng o f f o r t s  a m  
beginning t o  t rans fo r  the rbd io  l lnk technology and s y s t m  
a r c h i t u t u m  and cont ro l  s t ra t *g ios  fonar la ted  117 t h l s  p r o j u t  t o  
tho t n ~ u s t r y .  

A p p l l d  rosobrch w i l l  be continued on o x p e r l m n t a l l y  v o r l f y l n g  n e w  
models a v o l o p o d  o a r l l o r  t ha t  p r e d i c t  tnterfcrancc i n  po ln t - to -po in t  
microwavo r a d i o  routos due t o  sca t te r i ng  f r o m  buildings tn UCban 
armas. Ulrront ln to r fomnco  p m d l c t i o n  n D b . 1 ~  Usod In  fr.qUOIYY 
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coordination do not adequately take into account the effect of 
building characteristics and orientation. 

In the Bellcore Client Conpanies. radio has the potential for 
replacing labor intensive installation and maintenance with large 
scale integrated electronics. Knowledge of the radio concepts 
Considered in this project i s  needed for evaluating both MY revewe 
Opportunities and bypass potentials. 
________________________________________--.---------------.-------....-.---- 

PAST Y E A R  RESEARCH ACCOMPLISHMENTS: 

During the period of July 1 .  1989 to Oece-r 31, 1989: a )  extensive 
Consultation and review (including a one-year internship for a 
Division MTSI were providad to Division 27240 It. R .  Ritchie. DvMl for 
the purpose of preparing a region-specific frawwork Technical 
Advisory concerning g8Mric requiremnts for a portable 
teleconnunications service; b) extensive consultation was providad on 
radio interference from urban scattering t o  Division 22370 (F. Zupa. 
DvMI. Division 2?240 (t. R .  Ritcnie. DvMI. and Division 82350 ( J .  N .  
Norris. OvM) working on inproving frrquency Cwrdination of point-to- 
point microwave radio; 51 extensive consultation was providmd to BCCs 
on worldvide activity in portable connunications and its -lationsnip 
to exchangm MtWrkS; d )  pooling Of knowledge on digital Speech coding 
for digital portable radio occurred with Division 21340 ( J .  A. 
Bellislo. DvMl; el extensive concultatlon was bmgun with Dlvision 
26220 (Id. Glfford. DvMI on wirelina/wireIeSs natwork integration; f l  
information and commnts were given to Division 82350 (4. N. Norris. 
DvM) mgarding a National TeleC0,muniCations a Information 
Acbninlstratton INTIAI Notice of Irquiry (NO11 on frrquency managmaent 
and petltions ( 1 1  by Cellular 21 to hold a trfal of British CT-2 
twhnology and ( 2 )  by Millican to initiate experiments leading to a 
Personal Connunisations Notwork. During this period. we wrote 10 
technical monuranda. pub1iSh.d 2 twhnical papers. presented 0 talks 
at technical m t i n g s ,  conferences. and sy.posia. were issumd one 
patent. filed 3 patents. wrote 6 other Technical and Engtmrs Notes 
and letters. and publish& a Conp.ndlun of pap8rs on Terrestrial 
Microwave Radio in collaboration with Division 23190 (t. R .  Rltchie. 
DvMI. 

Portable Digltal Radio 
o Rapid progress contitumd toward iipleiwntation of an expmrimental 

concept prototyp. of a two-way digital portable radio link. This 
l i n k  uses digltal signal processing tuhniques for -lation and 
symbol tlming of i m n t  signal bursts. Tha link nou supports 
two S i U l t a ~ S  portable users with 2 GliZ Rad40 F W * n C Y  (RFI 
c i r c u i t s  to permit on-the-air testing and interfaces to POTS (Plain 
Old Telrphon Service1 loops to permit call originatlon. The 2 Wz 
RF. intermmdiate fracpency. baseband. sp..Cn and PDTS loop 
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P n S T  YEhR RESEARCH ACCOMPLISHMENTS: (CONT. I 

i n te r face  processing por t ions  of t h i s  l ink are working In  the 
labora tory .  TWO experimental "portable" u n i t s  havo B o m n  
c o n s t r u ~ t o d .  Thm Portable prototype u n l t s  incorporate a novel bu rs t  
ou%lulatOr coord imtod u i t h  a switching powmr RF a n p l i f i m r  which 
t o g e t h r  permit on- the-a i r  r a p i d  bu rs t  turn-on/turnoff  w i t h  no 
add i t i ona l  adjacont-frequency intmrfmronce. Thm mloctronics f o r  the 
"fixmd" Unit have b n n  smparatmd i n t o  remote and c e n t r a l - o f f i c o  
por t ions .  Conplmtmd in tog ra t i on  o f  BasmBand. I n t m m d i a t m  
Frmqumncy ( I F 1  and RF sostions of thm oxpor lmn ta l  prototypes t o  
p e r m i t  on-thm-air t e s t i n s .  Th is  included a singlm rmceivmr 
sclmct ion d ivmrs i ty  c i r c u i t  which prov id rs  o p t i m l  antoma 
sm10ction Barmd on signal  q u a l l t y .  Pmrform8d on-thm-air t e s t s  o f  2 - 
POrtaIalOS on adjacmnt t im s l o t s  undor w a r - f a r  cond i t ions .  
Constructod mxperimental loop intorfacms and intmgratod tMn w i t h  
the cen t ra l  o f f i c e  c i r c u i t s .  C w l m t m d  thm design o f  mxper inmta l  
mloctrically-progrannuble l o g i c  devicms t o  show thm f 0 a s i B i l i t y  of 
low powr Opmration and intmgratmd those c i r c u i t s  I n t o  thm portaBle 
u n i t s .  C o n p l m t o d  the design of 2 mxpor imntal  Vmry Largm Scale 
Intogratmd (VLSI) Chips t o  p e r f o m  bu rs t  nodulat ion and 
dmodu la t lon .  Thmsm designs domns t ra te  thm low conplmxlty o f  novel 
Burst  dmO&lat lon tuhnlqums which a n  bandwidth m f f i c i o n t .  Thmse 
chip deslgnr w r m  rublllittmd f o r  f a b r i c a t i o n  In  D.c.lb.r. ProposId 
and documntoa a modulator s t ruc tu re  f o r  mf f l c imnt  VLSI 
inp lmmnta t ion  (Sollmntmrgmr, TY-ARH-015813). Roportmd rmru l t s  on 
smloct ion d l v o r s l t y  f o r  T i m  D i v i s i o n  Wl t lp lm ACCOSS (TOMA) 
portaBlm rad lo  l i n k s  (Chuang and Sollmnbergmr, I n s t i t u t o  o f  
E l u t r l c a l  and E l u t r o n i c s  E n g i m r s ,  IK. ( I E E E )  GLOBECOM ' 891 .  
Roportmd r o s u l t r  on thm pmrformmsm of j o t n t  mrror d e t u t i o n  and 
Burst  d n a o a l a t t o n  (Chang and Sollordamrgmr. I E E E  GLOBECOM '80). 

t m c h n i q u m r  w l t h  vory low transmisslOn ovmrhmad. Such tmchniquos 
could furthmr m i t i g a t e  thm mffocts of ti- delay rprmad and 
rmcmivmr C h a m I  f i l t o r  i np r r foc t i ons .  D.nonrtratmd t h a t  a Vmry 
low-col lploxity t u h n t q u e  us lng  Burst  rtoragm and "ti- rmvmrsal" 
t h a t  operator on a na rd - l lm i tod  r u o i v m d  signal  can prov ide  
s i g n l f  i can t  pmrfonuncm inprovmmnt ( A r i y a v l r l t a k u l ,  TY-ARH- 
0 1 S 2 4 1 ~ .  Ext0nd.d t h i s  * t l m - r o v m r r a l "  t u h n i q u m  t o  convontional 
I i w a r  m q u a l l ~ o r s .  yhrrm mvmn m r m  l r p rov8mnt  war otatalnmd. 

col lmctod i n  o f f i c e s  and an u*an arm.. shoving t h a t  r m l u t l o n  o f  
tho rad io  port w l t h  thm strongmst s lgna l  a l so  gavo thm path  w i t h  
thm Imast t lm delay sprmad In mrt casms. Thls would a i n i m l z m  the 
o f f u t s  o f  tlm delay spread I n  widely-Ooploymd p o r t l b l m  
conmunicatlons systmms. Bogan plans f o r  mmasurmmnts In an urban 
arma a t  ovon hiphmr f m q ~ o n c i o s  In co11abOratlon w l t h  a Bmllcore 
C l i o n t  Cotqmny. Bogan a conprmhmnrlvm a t t o w a t i o n  m a s u r a m n t  
program a t  four wldely-spacod f r w m n c l m s  In o f f i c e  and rmsIQntia1 
environmwnts. 

0 Contlruod t o  modo1 S p o c t N m  u t i l i z a t i o n  cha rac tmr l r t l cs .  (Bmrnhardt 
and Chuang, E n g i m r s '  Notes. August 4 ,  1989)  I n  o n  thrust, tim- 

o Contirumd a study of low-conplmxity adaptivm mqual izat lon 

0 Bogan furthmr analysis of u l t l p a t h  ti.* delay rprmad d a h .  
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PAST Y E A R  RESEbRCH ACCOMPLISHMENTS: (CONT ) 

slot m a n a g w n t  (assigning calls to Tine-Division Multiplex ti- 
slots) was studimd by m n e w  simulation (WLTICALL) which simulates 
thousands of calls spread over hundreds of fixed-radio covorage 
armas; systan occupancy. rmuse factor, propagation parameters. etc. 
w r m  variad for thrme test algorithms. It was found that on. 
algorithm (saving the best slots for users with low signal) 
significantly outparformed the others and yieldad up to 13 dB 
InprOVMnt (Bornhardt. TM-ARH-015554). A talk on rarllmr nodcling 
work uas also prmsentmd (Bernhardt. IEEE GLDBECDM. Novaber 30, 
1989). In tha othar thrust, mathods for autonomously datamining 
frmwoncy asslgrmmnts for fixed radio mquipmont w r m  studimd. along 
With the use of s o c ~ n d - ~ h o i ~ e  routing when traffic blocking occurs.. 
Both of thaso tmchniques give significant oparational advantages 
and yield pmrformancm inprovmments as well. Tha autonomous 
assignment algorithm yields a stable configuration with only a fmw 
iterations. Earlimr work uas rmportod (Chuang. TM-ARH-014870, and 
IEEE GLOBECOM, Novmnb.r 30. 1989). In addition, conputer rimlation 
programs ware crmatod to analyze the access parformance of portable 
cosnunications systems daploymd in groups of multi-story office 
buildings. Thls conputmr lnodcl will ba usod to assass tna spactrum 
r m w l r m n t  In high-use business mnvlronnnnts. Early rmsults 
indicate that variability of wall attmnuation charactmristics m y  
be tha dominant offact. 

0 Continuad uork on data throughput estimation for tna two-way 
Raylmigh-fadlng chanml with divePSity. Showad h o w  throughput i s  a 
function of CarrImr/lnterfmremm. for various automatic rapmat 
rmCpeSt (ARQ)  protocols; orom TM was issumd (Chang. TM-ARH-014900). 

0 The basic Invmstlgation of data servicos uas also conplmtod; it was 
concludad that two basic data sorvicms arm mdad: ( 0  a protmcted 
smrvico i n  which tha portablo systmm mnhancms data Intmgrity via 
ARQ. and ( a )  a non-protactad sorv~cm in VhlCh t h  Usmr’s and-to-ond 
protocol protuts tha data intmgrity (Chang and Portor. TM-ARH- 
015782. DacmQ.r 9 .  lS8S). Earlimr uork on synchronization Vas also 
rrportad (Chang and So11mnb.rgor. IEEE GLOBECOM. Novmnmr 1989). 

0 Synthaslzad a confiwration for a conbinad low-noism m m l v m r  front 
and anplifimr and antmnna divmrsity switch which offors lowr 
nois.. pocnr dlssipatlon, and conplmxity than Convmntional 
.pproachs (Llu, TU-ARH-0153117). fh conbinad anplifimr-switch 
could ba iIplamantad in Iw-cOnplmxity Intagratad form for a 
digital portablm radio. Continuad a soarch for an appropriatm 
intagratad-circuit tachnology to inplmnt a previously documantad 
high-efficimncy RF p o w r  .nplifler (Ariyavtsitakul and LIu. IEEE 
GLOBECDM. N o v w r  less). Continuad a survmy and mxperimntal study 
of connrcially available lw-powr RF tachnology (Krain. 
Engimr‘s ~ o t o ~ .  August t o s s ) .  

o Continued to participatm in CCIR (Internatlonal Radio Consultativm 
Connlttn) vork touard futurm portable radio tmlacO(municatlons 
standards. ulth attandance at tho flnal mnting of tho lS86-SO 
cycle. Mada tachnlcal prosentations and publishad papars 
concmrning local mxchangm applications of digital portable radio 
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PAST Y E 4 R  RESEARCH ACCOMPLISHMENTS: (CONT . 1 

telecO(DIUnications to Bellcore Client Coqaany groups, and to 
wtside conferences (Cox. IEEE Comunications Magazine. July. 1989. 
seminar at Virginia Polytechnic Institute. October 198s; Porter, 
Information Networking Institute at Carnegle Melion University, 
0ecM.r 1989; Arnold, FCC Personal Comwnicatlons Seminar. duly 
1989. TlA Microcall Technology Syqaosium. October 1980. seminar at 
Colunbia University Center for Teleconnunications Research. oct*r 
1 9 8 9 ) .  Wrote a paper concerning the need for interface standards 
betmen cellular systems and the wireline network (cox et ai.. 
TM-ARU-014545, July. 1089) .  

Point-to-Point Microwave Radio 
0 Tested on the Bellcore antenna range a second vmrslon of an 
experimental multi-aperture mode-divmrsity coupler for a standard 
microwave horn-reflector antenna (see 9F32-111. The analytical 
procedure was inproved to includC the effect of smveral higher 
order modes. The test results are in good a g r m n t  with the design 
objective. This coupler provides angle diversity protection against 
multipath fading for existing point-to-point microwave radio 
s y s t a  for both polarizations sinultanewsly trdoerpel, Tu-ARH- 
014750). A patent has been filed on a diversity-protection system 
with the aultf-aperture coupler. Dosumentation i s  being assemled 
for licensing of the technology. 

effects of scattering from building structures and thus provides a 
better estimate of the effect of building orientation than the 
methods currently used for frequency coordination of microwave 
radio routes. An experimental setup was carpletmd for a field 
experiment to verify the directional nature of the reflected 
Interference from building surfaces and to obtain arpolarization 
data. (rdoerpel and RarI.de, talk at IEEE GLOBECOM'89. M0v-r 19891 

0 Coapleted an interference-prediction model which Incorporates 

Wideband Analog Optical Fiber Distribution 
o Continued a study of wideband FM techniqYes for fiber-optic 
distribution of mltiple RF National Telmvision Standard Code 
(NTSC) television signals. Conpleted InplmnRntatfon of a concept 
prototype -nstrating the tuhnique and awloying low-Index FM 
mowlation, several modulation index doublers, and Stnple 
discriminator detection. Began measuraments and investig8tions 
aimed at rr(lucing crosstalk distortion levels in the prototype to 
acceptable levels. 

RE4SON FO R  INFRASTRUCTURE CL4SSIFICATlON. 

The w o r k  of this Applied Research Projmct provides for the development 
of a lmadtng mdg8 knowledge bas. in such key areas as network 
technologies and systems and comTunication theory. Elphasis 1s placed 
on applications to current and future needs in netvorks. services and 
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RESEARCH D I R E C T I O N S :  

D . t e m i W  charac te r l s t i cs  and parameters f o r  rad io  propagation in  
and around bu i l d ings .  These a n  required f o r  d e t m m i n i n g  s y s t a  
conf igura t ions ,  l i m i t a t i o n s  on r a d i o  l i n k s ,  and s u i t a b i l i t y  of a 
broad range o f  frmquencies f o r  por tab le  comwnications s y s t a .  

Explore innovat ive frequency reuse rad io  system concepts, inc lud ing  
S y L t a  conf igurat ions.  rad io  channel access s t ra teg ies ,  a l e r t i n g  
techniques. and con t ro l  s t ra teg ies .  f o r  p rov id ing  ww. uonomica l .  
high q u a l i t y .  s p e c t r a l l y  e f f i c i e n t  por tab le  comwnicatlons services.  

Explore the e f f e c t  o f  wa l l  and floor a t tenuat ion  on the performance 
of d i g i t a l  por tab le  r a d i o  s y r t a s  -1oyed In  la rge  w l t i - s t o r i e d  
O f f i ce  bu i l d lngs .  

F u r t h e r  inves t lga tc  rad io  l ink parameters t h a t  vi11 provide exchanp.- 
w t u o r k - q u a l i t y  po r tab le  comunica t lons .  These parameters include 
d i g i t a l  chanwl ratms, frequIncy Chanwl spacing, p r ivacy  methods. 
d i g i t a l  S m h  coding approaches, chanw l  coding techniques f o r  
e r r o r  detut lon. and p ro toco ls  f o r  data services.  

Explore innovat lve d l p i t a l  r a d i o  l ink a r c h i t u t u r e s .  t echn iwes  and 
subassenblies f o r  use In n u l t l p a t h  rad io  e n v l r o n a n t s .  Thls 1nclud.s 
tnves t iga t lng  and cons t ruc t lng  s u b a s s ~ l l e s .  using low-powr. 
very- large-scale i n t e g r a t d  o r  hybrid C l r W i t  technolopies f o r  rad10 
frequensy C i r c u i t s .  r a d i o  link c o n t r o l ,  s p m h  coding. cham81 coding. 
data pPOtoCO1s. and p r ivacy .  

Expand the c a p 8 b i l i t i e s  of an i n i t i a l  e x p . r l a n t a l  C0nc- t  p r O t O t Y p a  
of a d i g i t a l  rad io  l lnk, ustng innovat ive r a d i o  l lnk t u h n i w e s .  f o r  
providing unteth8PIQ voice and data conwunications. including 
approaches t o  netwrk Intmgrat ion.  

I n i t l a t e  e f f o r t  t o  pro(*1ce a Technology Transfer and LiCenSing 
packap. incorporating previous a p p l l d  research on rad io  l ink 
technology and rad io  system a rch i tmc t t i n ,  r a d i o  lir* con t ro l  and 
access s t r a t o g l e r .  

D . t e m i w  approachor for the i n t o g r a t l o n  of por tab le  r a d i o  
c0(111~n1catIons i n t o  t h  evo lv ing  l n t e l l i p n t  wtwrk. Th is  includes: 
( 1 )  ldent i f icmt lon of the r m q J i r a n t s  tha t  user m o b i l i t y  PlaCIs on 
dynamic w t u o r k  data bases and on t rans fe r  of a c t i v e  c a l l s  M t W U n  
network switches. and ( 2 1  an i n i t i a l  vimw of ove ra l l  economic issues. 
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Perform assessment o f  e x i s t i n g  o r  planned rad io  systems and 
technologies f o r  p rov id ing  personal ComRIniCations 

Conplete the research on d i v e r s i t y  techniques f o r  inproving the 
perfornunce of po in t - to -po in t  d i g i t a l  microwave systmms and v a l i d a t e  
by experimental nnasuremnts the n e w  models developed e a r l i e r  t h a t  
p red lc t  interference due t o  sca t te r i ng  from w i l d i n g s .  

( C D N T  . 1 

Owtermin the  perfornunce Of ha rd - l im i ted  s i g n a l l i n g  tmchniques f o r  
f i b e r  optic d i s t r i b u t i o n  of M l t i c a r r i e r  RF ( r a d i o  frmquancyl s igna ls .  

Provide technical  inputs based on app l ied  research t o  ob ta in  frequency- 
a l loca t ions  and t o  support f o rnu la t i on  of na t iona l  and i n te rna t i ona l  
standards app l icab le  t o  por tab le  communications rystmms. 

Provida consu l t ing  t o  Be l lcore  C l i e n t  CoqJanies as requested on rad io  
top ics .  e . 9 . .  worldwide a c t i v i t y  i n  por tab le  conminications and i t s  
re la t i onsh ip  t o  exchange networks, p a r t i c i p a t i o n  i n  f i m l d  experiments 
on portable rad io  services and rad io  technology. po in t - to -po in t  
microwave rad io ,  IMTS I lnproved Mobile Telophonm Service),  rad io  
paging, and the use of r a d i o  f o r  r u r a l  d i s t r i l w t i o n .  

I 
I 
I 
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PROJECT O V E R V I E W :  

This rese8rch supports the Transport C r i t i c a l  Are8 dmfinod by the 
Applied Research Advisory Connittee. through the pursuit o f  
technologies requ i red  f o r  the c o s t - e f f e c t i v e  transmission and 
switching of b r o ~ a a n d  s w v l c e s .  I t  is the p u r s u i t  o f  technologies 
tha t  leads t o  w t u o r k  t ranspor t  systems where the rmods of 
transmission 8nd switching are studied. and so lu t i ons  j o i n t l y  
optimized. t h a t  g iver  r i s e  t o  the p r o j e c t  name. There is a great 
dmal of e f f o r t  i n  Ee l lcore .  i n  U . S .  Standards bodles. 8nd 
i n t e r n a t i o n a l l y  In  th. In te rna t i ona l  Conru l t8 t l ve  C o m n l t t w  on 
Tolophoin b Telegraph (CCITT) 8 i m d  a t  fornbI18ting stand8rdS f o r  8 
brO8mand w t u o r k .  Work do in  on t h l s  p r o j r t  i n  th. past h8s M l p d  
t o  place Ee l lcore  i n  a leadership p o s i t i o n  In the dofinition of t h i s  

bro8O8nd .re r 8 d i c a l l y  d i f f e r e n t  f rom those i n  use i n  cur ren t  
telec0(l l l l lnic8tIonr m t u o r k s  i n  their use of a m packet- l ikm 
technology c8llmd the asynchronous tr8nsf.r Ipq ( A T Y ) .  ATY 
n u l t i p l e x l n g  w i t h i n  SDNET ( tM Synchronous Dp t l ca l  Nmtwr+. 
st8ndards 8dOpt.Q i n t e r n a t t o n 8 l l y  i n  CCITT)  trmsport SyStmIIS 
promises to o f f e r  th. 0e11core C l i e n t  Conp8nies (BCCs) a m8ns  t o  
0.1Ivor 8 uldm v a r i e t y  o f  mu services a t  low.  mmdlurn, and high b i t  
ra tes  s i n u l t a w o u s l y .  and In  8 cost-effective unmr. 

This p r o j e c t  s d s  t o  e x p l o i t  a nuwbmr o f  t r h n o l o g i s a l  opportunities 
tha t  w l l l  appear in  th. w a r  f u t u r e ,  and u i l l  8 l l ou  our c l i e n t s  t o  
w l o y  broaO8nd servlces to  8 uidm base of ms ldon t I81  8nd busin8ss 
subscribars in  8 cos t -e f fec t i ve  uay. O w  oppor tun i ty  I s  tM r e s u l t  of 

(C-1.mnt.r~ - ta l  Dxtce Smnlconductor) m n d  g 8 1 1 i u m  8rsenido 
int .pr8ted C i r c u i t  t u h n o l o g i e s .  T h  a p p l i c 8 t i o n  o f  such t r h n o l o g l e s  

d i ss ipa t i on  t r h n o l o g i e s  f o r  b roaaand  subscrlbar Interfac-L.  These 
tw t r h n o l o g i e s  a11w lncre8s ing  f u n c t I o n 8 l l t y  t o  ba includmd in  
w t w r k  Interfaces w i t h o u t  8 s u b s t ~ n t i 8 l  cost  p n a l t y .  S i m i l a r l y .  
8dv8nces in  packaging 8nd i n t m r c o n ~ t i o n  t r h n o l o g l e s  81 lOU high- 
s- 8nd h i g h l y  function81 in t0gra t .Q C i r c u l t s  to bm 8SS&1ed 
i n t o  c T 8 c t .  r e l i 8 b l e  i n te r f8ces  8nd cubsyst.mr. This I S  
laport8nt t o  our c l i e n t s  since i t  u i l l  a l l o u  more sophist icatmd 
adV8nceS In p8Ck8ging 8nd 1nterCOnWCtion t U h n o l o g i * S  8110U high- 
s- 8nd h i g h l y  function81 integr8t.d c i r c u i t s  t o  bm 8ss.nbled 
I n t o  CQlpaCt, m l i 8 b l e  i n te r faces  8nd SUbSyStWS. This 1 S  
cont ro l  and manapmen' f u n c t l o n  c 8 p 8 b i l i t i e s  t o  b. inp1.mnt.Q i n  

IUtwrk. Th.  S U i t C h i n g  and W l t i p l e x l n g  C O E . p t S  8dVOC8t .Q  f o r  

th. $ f f i l U m S l n g  C 1 P W l t  S m  prf0lYNff ie Of 8 d V . w  S f 1 i C O n  m s  

U l l l  inCYI18S. th. S- poSSible w i t h  lOU COSt 8nd IOU POUOr 

P R O P R I E T A R Y  - Be l l co re  and Authorized C l i en ts  Only 
Tnis aocument Conta1ns p rop r ie ta ry  informatIOn t h a t  s h a l l  De 

d l s t r i a u t e d  o r  routed on ly  w i t h i n  Be l lcore  and i t s  autnorlzed 
c l i e n t s  except w i t h  w r i t t e n  permiss7on of  Be l l co re .  
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hardware. y i e l d i n g  inproved performance. An ob jec t i ve  of t h i s  research 
I s  t o  demonstrate that  SONET/ATM interfaces, w i t h  a11 thelr power f o r  
a l low ing  sophist icated network control  functions. can be considered 
f o r  the very cost-smnsi t ive broadband user-network i n te r face .  We w i l l  
work j o i n t l y  w i t h  Be l l core  Mtwork  Technology t o  Consider candidate 
funct ions f o r  the broamand user-network in te r face ,  and determine the 
f e a s i b l l l t y .  performance and cost inpact of these functions. I n  
c a r e f u l l y  selected s i t ua t i ons .  *re s u f f i c i e n t  dmtai led knowldga can 
be g a l m d  In  no other WJY. wm w i l l  p a r t l c i p a t e  i n  the d rs lgn  and 
f a b r i c a t i o n  of exper imn ta l  laboratory prototypes. O m  e x a w l e  

I 
prototype p ro jec t  cu r ren t l y  under way is J broa~Jnd/JdvJncod 
t e l e v i s i o n  research p ro jec t  j o i n t l y  Supported w l t h  Divisions 21340. 
Video Systmms 8 Signal Processing Research. (J .  B e l l i s i o .  DvM) and 
21370. Network Control Research. ( J .  Berthold. DvM). 

O u r  p ioneer ing w o r k  on broadband c i r c u i t  Sul tchlng of Several years 
ago, and our mcmnt work on integrated r e g o w r a t i o n  funct ions po in ted  
out the Capab i l i t i es  o f  CMOS t uhno logy .  Ye n o w  pursue one micron 
Sized technologies. (our e a r l i e r  work was done i n  two micron s ized  
t8chnologles). t o  ob ta in  a w a t e  speed Mrg ln f o r  the more conplex 
processing funct ions and higher conplmxity requ l red  f o r  ATM 
In te r faces .  O u r  recent work on SONET l u l t i p l e x e r / f r a m r  chips 
shouod the po ten t i a l  f o r  a11 conplox. h igh-spwd ( 2 . 5  Gbi t /sec)  
M l t i p l e x e r  funct ions t o  be includad w i t h i n  a s i n g l e  chip. In  a 
technology capable of l ou  manufacturlng cost.  We w I 1 1  pursue t h i s  
l i w  of research. both pushing higher spead and h4-r f u n c t i o n a l i t y .  
i n  in tegra ted  mlc roe lec t ron lcs .  Thc r e s u l t  o f  t h l s  w o r k  w i l l  be t o  
rmnove the cost ponal ty of hlgher systmn s-d. Be l l core  Notwork 
Technology. Infornution Networking Services. and the Be l lcore  C l i e n t  
Conpanles (YId t o  k n o w  the u l t l m a t e  costs t o  be expmctmd o f  high-sp-d 
d i g i t a l  s Y b S c r l b . r  access sys t rn r  DE they consider othmr a l te rna t i ves  
f o r  the p rov i s ion  of broamand services. Vhrther switched or 
broadcast. 

A rumor Of G l g J b l t  NotWrk Testbmds have t m n  I d r n t l f i M  by the 
Corporatlon f o r  NJtlOnJl Research I n l t l J t l V * S .  These t eS thdS 
have heavy p a r t i c i p a t i o n  by Imading universities. uhosm 
p a r t i c i p a t i o n  I s  Oovermmt  fuMIcI. Be l lcorn  and Bo l l co re  
C l i e n t  Conpany p a r t l c l p a t i o n  in  these p ro jec ts  will encourage the 
adherence t o  a m r g i n g  broamand standards which will b. the bas i s  of 
futum BCC M t w r k s .  I t  is expocted tha t  research f rom the Gigabi t  
Notwork Tes tbds  w l l l  s t rong ly  inf luence the d l m c t i o n  o f  J National  
Research JM EQIcetIon Notwork undwr constdorat ion MW by thm 
O o v e r n n t .  Y .  S i txosk ie  ( D l v l s i o n  21490, C a p u t m r  M t w r k i n g  

p r o j e c t  w i l l  p rov ida  support t o  Slncoskie In the Aurora p r o j e c t .  and 
t o  Carnogie Mmllon Un ivmrr i t y  in  the Nmctar P r o j u t .  p r i m a r i l y  in  
the area of t ranspor t .  O u r  p a r t i c i p a t i o n  In these p r o j e c t s  w i l l  
p rov ide  marly research prototypes of SONET/ATM J C C ~ S S  subrystmns. 
Only by p rov id ing  such e a r l y  p r o t o t y p s  can y. Inf luence the 

Research) hJS baan BeI1cOre's reprosmntatlve i n  t h i s  area. T h i s  

P R O P R I E T A R Y  - Bellcore ana ~ u t h o r i z e d  Clienrs Onl) 
See P r o p r i e t a r y  Restrcctions on T ~ t l e  P a g e  
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u n i v e r s i t y  pa r t i c i pan ts  t o  adopt SONET/ATM standards, since no such 
prototypas are c u r r e n t l y  ava i l ab le  from vendors. Adoption o f  these 
standards w i l l  help t o  assure t h a t  the cost 8nd performance bene f i t s  
of a uni form r y s t m  w i l l  be ava i l ab le  t o  subscribers by prevent ing 
the Balkanizat ion caused by the c rea t i on  of d i s s i m i l a r  networks. 

PAST Y E A R  RESEARCH ACCOMPLISHMENTS: 

There was 8 great M a 1  of progress in  bro8dband stamdards In t h i s  
Period. SONET U8s accepted as a physical  layer  t o  support ATM c e l l  
transmission, and the bas ic  ATM c e l l  parameters were agrood t o  in 
CCITT.  We c m l e t o d  the d8sign. f a b r i c a t i o n  and t e s t i n g  o f  a M S  
SONET access in togra ted  c i r c u i t  which supports the tr8nsmission of 
ATM Ce l l s  w l t h i n  SONET. We a l so  conpleted the a rch l tec tu re  o f  a 
2.488 Gbit/sec SONET n u l t i p l e x o r  Subsystem t h a t  cons is ts  o f  three 
expartmental prototype ch ip  typos. T h e  most daunding ch ip ,  a 1 . 4 8 8  
Gbit/sec mul t ip lexer  and dmnult ip lexer.  was conpleted. tes tod  and 
found t o  opr ra t8  s 8 t i s f a c t o r i l y  t o  3 Gbit/sec i n  I n i t i a l  labora tory  
tes t i ng .  T h e  exlstonce o f  t h i s  f e a s i b i l i t y  dmmonstratlon. along w i t h  
our W i l l i n g n s s  t o  m8ke e x p a r l m n t a l  ros8arch prototypa coapownts 
ava i l ab le  t o  co l l 8bo ra t i ng  u n i v e r s i t i e s .  resu l tod  In the accopt8nce 
of SONET and ATM 8s the tochnologlos t o  be used in  four out o f  f i v e  
tes tMds  In the Gigabi t  Notwork Testbeds p l a n w d  by the Corporat ion 
f o r  National Resoarch I n i t i a t i v e s .  A n  inpor tan t  r e s u l t  c81m from 

w i t h  8ggmgate th rovgnp l t  of one T e r a b i t / s r .  A sw l tch  8 rch i tec tu re  
was d w 8 1 ~ p . d  whlch convenient ly supports very high s p r m  port ra tos  
( 1  G b i t / s u  o r  more) and has a conpact physic81 s izo .  An  expar imn ta l  
prototype in tegra tod  c i r c u i t  chip which c o n t a i m d  an in togra ted  
d l g i t a l  sign81 mgormrator was fab r i ca ted  and tested. I t  was 
func t lona l  t o  250 LOlt /sec,  which providms aOo+ate mrgln t o  bm 
c o n f i d m t  of op.rat1on in  an a p p l i c a t i o n  w i t h  a rprm of 155 # i t / s e c .  
Such coDpomnts are c r i t i c a l  for eventual 8 p p l i c a t i o n  In Broacmand 
s u b s c r l h r  loop s y s t m .  
f e a s I B i l t t y .  p a r f o m n c e ,  and cos t  analyses of funct ions and 
t c h n o l o g i c a l  a l t e rna t i vos  cons idmrd  i n  the b roaaand  usor-mtwork 
i n t o r f a u .  Along w i t h  o ther  D iv i s lons  i n  Organizat ion 21300. Notwork 
Systms. and w i t h  co118boratOrs from Be l lcore 's  Notwork T rhno logy  
Aroa, y. continue work on 8 Broadband Transport PrototM). p roJc t  

corpmssed Advanced Television and O t H r  s i gna ls  us ing  ATM 
w i t h i n  8 SONET Broa88nd chanml .  O u r  sonponwntS 8- pia- f o r  
incorpora t ion  in the Oatacycle. O A m .  EXPANSE 8nd bIain8-b~~ p r o t 0 t y p . S  
o f  Organizatlon 21400. Notwork Sorvicos Resoarch. 

We c o n t i m o d  t o  p l a y  an inpor tan t  r o l e  In qapropr i8te I E E E  st8nd8rds 
and professional bodios. We served on the e d i t o r i 8 1  boards of thc 
I E E E  Journal on Selected Areas in  Cormunlc8tions ( J S A C I  and the I E E E  

our explorat ions of the f e 8 S i b l l l t y  of a l8rp ATY S W l t C h .  8 S w i t c h  

T h i s  p r o j e c t  continues t o  support hardware 

8im a t  the S i I Y l t 8 - S  t ransmission Of 8 d i g i t a l l y  C&d and 

PROPRIETARY - Bellcore and Authorized Clients Only 
See Proprietary Resfrict>ons on Title Page 
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Lightwave Comunicat ion Systems Magazine. and as guest e d i t o r s  i n  
three forthcoming JSAC special issues. We were a key p layer  i n  the 
formation of an I E E E  Technical Cornnittee on Interconnections w i t h i n  
High-speed D i g i t a l  Systems. We have provided a great deal o f  
exper t i se  and leadership t o  the I E E E  Conbus standard a c t i v i t y  which 
s w s  t o  de f ine  a SONET-conpatible backplane. 

Mu l t i p lex  and Mult iaccess Technology: 

High-Speed In te r face  and k l t i p l e x i n g  c i r c u i t s  f o r  SONET -/or& 
Mu1 t i p l  exer 
o The app l i ca t i on  of high-speed V L S I  technology t o  n u l t i p l e x i n g  

o f f e r s  the p o t e n t i a l  of g rea t l y  reducing the cost of broamand 
mtwork  access. I n  the f i r s t  ha l f  of 1SDO. we conpleted the 
t e s t i n g  and exper imn ta t i on  of our prototype SONET STS-48 (2.488 
Gbit/sec) i n te r face  c i r c u i t s .  T h e  two-chip se t  i s  inplemwnted in  
GaAs t r h n o l o g y .  and performs the key i n te r face  funct ions for  
SONET. These include 8 : i  n u l t i p l e x i n g .  1:8 &mul t i p lex ing ,  b y t e  
a l i gnn rn t .  and SONET frarm detec t ion  func t ions .  O u r  t e s t  r r s u l t s  
ind ica ted  tha t  the c i r c u i t s  can operate a t  data ra tes  up t o  2.5 
G b i t / s r  w i t h  a b i t  e r ro r  r a t e  less than lxlOE13. I n  aad i t i on .  
bm s tud ied  the funct ional  reqUirmn=nts o f  a SONET STS-3s t o  STS-48 
multiplexer/&multiplexer systmn This prototype systmn i s  
requirmd i n  our p a r t i c i p a t i o n  i n  a r w w r  of oroamand network 
experiments. including the Gigabi t  M twork  T e s t b d s  sponsored by 
th. Defense Advanced Research Pro jec t  Awncy (OARPA) and the 
National Science Foundation (NSF). 

SONET OC-12 MUltiplexer/D.aultiplexer Test Set 
o I n  tM f i r s t  h a l f  of iW0 .  we Constructmd an e x p . r i n n t a 1  SONET 

OC-12 wltiplexer/O.aultiplexer t e s t  set  us ing  our SONET ICs. 
This t e s t  set has bmon delivermd t o  D i v i s i o n  27220 ( L .  Scerbo. DVM) 
f o r  use i n  their SONET product ana lys is  program. This unit i s  
u W r  Mavy  u t i l i z a t i o n  i n  their SONET standard conpliance tmsts 
of ttm (122 m i t / s e c  vendor oquipnnt. 

6roaaand S w i t c h l n g  T rhno logy :  

Large. Synchronous W S  S w i t c h i n g  Chips 
0 O u r  r rsearch  i n t o  oroamand switching t u n n o l o g y  concentrates on 

scalable tmchnology pro to typ ing  f o r  h i g h - s w  packet sw i tch ing  
and SONET c r o s s c o m t  8pp l i ca t ions .  O m  goal Is the damonstration 
o f  a s ing le  board 256 x 256 swi tch  i n t e r c o m t i o n  f a b r i c  cap8ble 
of s e l f - r o u t i n g  ATM (Asynchronous Transfer yod.) C e l l s  a t  a r a t e  o f  
155.52 mit/sr. Curing t h i s  period. bm Optimizmd th. i n t q r a t m d  
c i rcu i t  dmsign f o r  both p m a t e r  m i s e  nurgln and d i a g m s t l c s  
support. T h e  re la t i onsh ip  M t w m o n  f a b r i c ,  in te r faces  and c o n t r o l  
funct lons was enalyzmd i n  * t a i l ;  the r e s u l t s  had s i g n i f i c a n t  

PROPRIETCRV ~ Be l l core  and AUthOrized C l i e n t s  O n l y  
See Proprtetary Rest r tc t lohs  on T i t l e  Pape 
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inpact on the Terabi t  S w i t c h  e f f o r t  a t  Bel lcore.  O u r  research has 
demonstratad that  today’s conmwdity integrated c i r c u i t  procasses 
are f u l l y  CaPabIa of meeting tha f a b r i c  tachnology m d s  in such 
a t a r a b i t  switch. We are using t h i s  ins ight  t o  focus a t t a n t i o n  
on tha problams of switch manitoring and contro l  In a broadband 
anv i r o w n t  . 

Archi tacturas f o r  A Tarabit/scc Switch Fabric 
o Whila cOnmdity Intagratad c i r c u i t  tachnologies appaar abla t o  

support the b i t  ra tas raqul rad f o r  Tarabi t / rac ATM switch fab r i c ,  
a problam that  ramains as a roadblock t o  a Tarabit/sac Switch i s  
the h i g h - s w d  intarCOnMCts rmeded batuaan intagratad c i r c u i t  
alemmnts on d i f f a r a n t  C i r c u i t  boards and aquipmant f r a m s .  Workers 
In  tha Terabit/sec switch p ro jac t  continue t o  s n  braakthrougns i n  
in tarconmct  tachnology. 
a rch i tac tu ra l  r o l u t i o n s  that  minimize the raqu imd  in tarconmcts.  
I n  t h i s  p a r i O d .  we axtandad work on sa l f - rou t i ng  crossbar 
fabr ics .  The r a s u l t i n g  m u  archi tacturas m k a  maximm usa of tha 
co lpomnt  dansi t les axpactad t o  ba aval lab la i n  tha fu tu re  w i t h  
Vary Larga Scala In tagratad (VLSI) technology. and m q u i r a  fawar 
i n ta rconmct r  than o t h r  a l t a rna t i vas .  A n o t h a r  advantage of t h i s  
MU arch i tmctum l i e s  i n  I t s  a b i l i t y  t o  a a s i l y  support p o r t  ra tas 
m c h  highar than 155 Mait/sec. 

A n o t h a r  pa th  around t h i s  roadblock may o. 

I n ta rconmct lon  and Accass Tachnology: 

Optoalactronic In tagratad C i r c u i t s  (OEICS) Subsystms Resaarch 
o Tha goal of t h i s  work I s  t o  raduca tha siza and powr consunption 

(and p o t a n t i a l l y  tha cos t )  of the optomlactronic co lpomnts that  
would solprism an advancad broadband o p t i c a l  m t w r k .  

Savaral advancad prototypa lasar  d r l v a r s  and 4x4 analog crossbar 
switchas warm p signed and l a l d  out using tha PIarray 0.6 micro- 
m t a r  b lpo la r  procars i n  the baglnning of l 0 8 0 .  Tha f i r s t  wafars 
wan d a l i v a r d  ln  D.cadamr. iO80. Pral lminary t a s t i n g  was 
parformad on ind l v ldua l  t rans l s to rs  and on an a l l  NPN ( M g a t i v a -  
posl t iva-nagat iva) bandgap vol taga m g u l a t o r .  T h  t r ans l s to rs  
and th. vol taga m p l a t o r  w a r m  found t o  -rata ln  a sa t i s fac to ry  
lunrmr. 

A proposal f o r  a high currant  a f f l c l a n c y  Opto-Elactronlc Intagratad 
C i r c u i t  lasar cir lvar was avaluatmd ana rrportad (TU-*RH-013750. 
B a n w l l ) .  Thls c i r c u l t  concmpt i s  baing usad In  co l l abo ra t i on  
w i t h  D i v i s ion  21120 ( R .  Lahany. DvM) t o  raL=arch an axpar lmn ta l  
m n o l i t h l c  I n P  Hatarost ructum B ipo la r  Translstor (HBT) lasar  
d r i v e r  . 

I n  co l l abo ra t i on  W l t h  D i v l s i o n  21110 ( P . W .  S m i t h .  DvM). n a r e  
prototyp ing an a x p a r i n n t a l  two-dimensional array lasar d r i v a r  
t o  d r i v a  tha surfaca mltting lasars racant ly  fabr icatad a t  

P R O P R I E T A R Y  - Bel lcore ane AUthOrlzed Clrenrs Only 
See Propr ie tary  Resrricrion~ on T i t l e  Page 
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Bellcore. A VLSI integrated circuit for the laser array drivers 
was designed using a 1.2 micrometer CMOS process. It will drive 
an 8x8  array of laser diodes at data rates up to 155 Mbit/sec. 
This Inportant experiment could illustrate n e w  mthods for nuking 
MsSiVe interconrmctions for subscriber access and intra-nuchim 
interconnmctions. It could open up new switching and subscrlber 
access architectures. Ye plan to receive the cwpleted ICs from 
the foundry in the fourth quarter of 1SSO. 

Sinpllfied Laser-Fiber Coupling Technique 
0 Y e  conpleted a proof-of-concept demonstration of a MU mthod for 
coupling lasers to single-nodc flbers at room t.llp.rature. using 
an electroplating technique. Using a sinple butt-coupling 
approach, we achieved coupling efficiency as high as 14%; and 
further Investigation indicates that we could achieve much higher 
efficiency using lensed fibers. Ye expect to file a patent on 
this technique wring the second half of 1990. This athod holds 
the potential for r a c i n g  the cost of optical transmitters, since 
it greatly simplifies the fibor-to-laser alignnmnt process. 

IEEE C W s  Standard Activities 
o Ye continue to play a major role in the formulation of the Conbus 

(IEEE P13DEl standard for a SONET-conpatlble packpl~rm. Our 
contributlons include headlng tho Subconnittoo writing the 
ashbnical/physical spocification. developing criteria for 
selection of a backplane connector. and coordinating tho 
organlzation of tho documentation. Ye also initiatmd a backplane 
prototyping activity to characterize the electrical performance 
of the backplam and to examino various brchitocture and logic 
issues. We designed an experirnntal prototype of the backplane 
and ordmred many of the required parts. Ye began to involve Other 
Bellcore organlzatlons in thls activity, 0.9.. Oivlsion 27510 
( 0 .  SMlton. OvM) in the area of connector reliability. 

Cable Tracking: 

Cable Tracking 
o A novel rrthod for tracklna buried a11 dielectric cables in 

lightnlng prom amas was proposed and tested In the laboratory 
A n  exporlnnt was performed at Bellcore's outdoor CMSter site. 
and tM msults bgr.ed with our theoretical predications 
(TM-ARH-014138, Bbnwelll. 
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The w o r k  of thls Applled Research Project pr0vid.s for the d.velopnrnt 
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f u tu re  needs i n  networks. services and operations. The subs tan t ia l  
benef i t s  of t h i s  Pro jec t  accrue t o  a l l  Owner-Clients and are unable t o  
be prevented from accruing t o  an Owner-Client who m l g h t  e l e c t  not t o  
p a r t i c i p a t e  i n  the P ro juc t .  

RESEARCH D I R E C T I O N S :  

E x p l o n  key technology areas i n  broamand access. u u l t i p l e x i n g  and 
switching. Advance technologies necessary t o  a l low cos t  e f f e c t i v e  
Subscriber access. w i t h  an mphas is  on high-sp.rcl. very l a r p  Scale 
i n teg ra t i on  I V L S I )  d i g i t a l  c i r c u i t s .  

Research on t r h n o l o g y  issues associated uith f i m r - b a s e d  SONET/ATM 
networks. Provide tuhno logy  f W M a t i o n  f o r  Be l l core  work p ro jec ts  
on broadband standards. r e q u i r w n t s  and product ana lys is .  

Fabrlcate experismntal prototype systems and subsystnns f o r  use i n  
(a) Bel lcore  M t w r k  Technology Area p r o d l c t  analysis ( f o r  e x u p l e ,  
SONET tes t  sets); (b) Bol lcore  t e s t h d s  +n broamand and INA mtworks  
( f o r  exanple. advanced t e l e v i s i o n  t ranspor t ) :  I C )  G igab i t  Nmtwork 
Testbeds w i t h  Ee l l core  and BCC p a r t i c i p a t i o n .  

Research on hlgh-sp..d op t t ca l  and e l e c t r t c a l  interconnect ion 
t u h n o l o g l e s  uhich a n  c r i t i c a l  t o  the inp lmmnta t ion  of f u t u r e  
broaCI3and transmisslon and Switching Systmns. Thls w i l l  a150 include 
SONET-corpatible backp lans  t o  support th. IEEE C W S  Standards. 

. 
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PROJECT OVERVIEW: 

Toloconmunications systems boconr, useful  only vhen there i s  a good 
coupling betvoon network Capab i l i t i es  and thc mads of information- 
basod sorvicos. Signal processing i s  tho enabling tochnology f o r  
matching netvork t ransport  c a p a b i l i t i e s  t o  servico-dr iven neeas.' 
This p ro jec t  omphasizos sovoral s p e c i f i c  aroas of s ignal  prosorsing 
rosoarch. H igh  d m f i n i t i o n  t o l o v i s i o n  (HDTV) and d i g i t a l  o p t i c a l  
fiber arm t v o  m r g l n g  tochnologios Vhich could form idma1 conplommnts 
f o r  new image-basod CQ(IIIUniCati0ns smrvicos. Research t o  m a l  i ze  
t h i s  promise addresses a l l  of the koy end-to-end tochnical issuer 
tha t  m i g h t  a r i s e  i f  a Bol lcoro  C l i o n t  Conpany (BCC) broamand d i g i t a l  
f i b o r  s y s t m  vas usmd t o  t ranspor t  HOTV. I n  another rosmarch 
i n i t i a t t v o .  the tochnologios m d o d  f o r  the transport  o f  video s igna ls  
on o x i s t i n g  vim p a i r s  a m  oxplorod. Horn. the rosoarch f o l l o v s  t vo  
d i roc t l ons :  the d i g l t a l  conprossion of t o l o v i s i o n  s ignals t o  l ov  
b i t  ra tos ;  and tho s igna l  processing tochnology ne0d.d t o  oporate 
o r i t t t n g  subscriber l l m s  a t  s i g n i f i c a n t l y  higher b i t  ra tes  than i s  
nou poss ib lo .  I n  yo t  another d i m n s i o n  o f  s ignal  procossing, msoarch 
i n t o  i w l a m n t a b l e  ruu ra l  netvorks may load t o  p r a c t i c a l  so lu t ions  t o  
problmns of p a t t e r n  m o g n i t i o n  and a r t i f i c i a l  l n to l l i genco  which a r e  
d i f f i c u l t  t o  solvo ustng conventtonal ly prograimmd coaputors. 

I n  ordor t o  po r fo rn  t h t s  rosoarch. w nood t o  be export i n  imp. 
coding theory. corputor s i m ~ l a t i o n .  h igh-spwd d i g i t a l  procosstng. 
vory largm scalm intogratmd (VLSI) c i r c u i t  tochnology. conputor alded 
dmrign (CAD) and the associatmd armas o f  m t v o r k  t ransport  p ro toco ls  
and con t ro l .  Work t y p i c a l l y  m s u l t s  i n  tochnology mady t o  bo 
i n togra tod  i n t o  Bo l lcoro 's  ovo ra l l  system plans and In  advocacy of 
standards positions. TO do t h l s  uork In a c m d l b l e  and o x p o a i t i w s  
vay, w fr.qL1ontly nood t o  bui ld r x p o r i a n t a l  msmarch prototypes 
vhlch oftmn conta in  uniquo VLSI circuits. The cons t ruc t ion  of 
rosoarch prototypes and the a s s M l y  of tho m o s s a r y  CAD o n v i r o m n t  
t o  f a c i l ~ t a t o  t h l s  uork aro .  t he ro fom.  mcossary conponents of the 
rosoarch procors.  The VLSI mthoclology dmvoloprd i n  t h i s  proJoct i s  
a lso  ox tons ivo ly  usmd o l s o v h m  in  Bo l lcore  Applimd Rosoarch. and wr 
VLSI i . p l a m n t a t i o n  oxper imn ts  i rp rovo  our tochrwlogy t rans fo r  
oppor tun i t ios .  

High D o f l n i t i o n  To lov i s ion  f o r  Broamand Mtworks  

Rosoarch on AdVAMmd Tmlovision ( A T V )  has boon an ongoing o f f o r t  i n  
t h i s  pro]oct  from i t s  incept ion.  C o n s ~ o n t l y .  we arm vmry w 1 1  

PROPRIETARY - Bellcore ana Authorized Clients Only 
This document contains proprietary information t h a t  snall De 
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p o s i t i o m d  i n  t h i s  area now t h a t  i n t e r e s t  i n  HDTV. the highest q u a l i t y  
form of ATV thus f a r  d e f i m d .  is poaklng. Much research in  the U . S .  
i s  focused on methods f o r  the analog transmission of ATV v i a  the 
airvaves. We. howver .  an t i c ipa te  tha t  the evo lu t i on  of the exchange 
w t v o r k  i n t o  a d i g i t a l  f i b e r  o p t i c  system v i11  o f f e r  an unpara l led  
opportunity t o  providm an economical, h igh  q u a l i t y ,  robust and 
f lmx ib le  t ransport  system f o r  ATV services.  We have ex tons ive ly  
researched. us ing  conputer s inu la t i on .  a lgor i thms f o r  the conpression 
of HOW i n t o  the proposed SONET (Synchronws Opt ica l  Network)/ 
Broamand Natwork 155 Ualt /sec channel (gross rat.). We are conf ident 
of our thoore t ica l  r e s u l t s .  but a t  l eas t  tu0 key research qumstlons 
remain: the p i c t u r e  q u a l i t y  undar actual  cond i t ions .  and the 
p rac t i ca l  f e a s i b l i t y  o f  th a l l - d i g i t a l  fiber approach v i t h  respect 
t o  more mar - te rm.  less capable a l te rna t i ves .  Construct ion o f  a 
research prototype i s  the m s t  s t ra igh t fo rward .  r e l i a b l e .  and COSt-  
e f fec t i ve  vay of reso lv ing  these issues. Work. there fore ,  is 
cont ihuing on a Broamand N.tvork/HOTV research pro to type s y s t m  tha t  
vi11 w n s t r a t e  tha t ransport  of HDTV on a single SONET STS-Jc  
LSynchronous Transmission Signal a t  3 r d  Level Hiorarchy) c h a n w l .  The  
wrk bu i l ds  on video conpression and Broamand Netvork standards 
research t h a t  has b..n ongoing. The research vi11 be p . r N r i c a l l y  
applicablm t o  a vide rang. of ATV standards and broamand d i s t r i b u t i o n  
archi tectures inc lud ing  po in t - to -po in t .  broamand/bus and Nlti- 
uavelength l ightvave-based m t v o r k s .  

Stnulat ion w r k  has b..n concluded. T h e  r e s u l t i n g  a lgor i thm producer 
high q u a l i t y  images, i s  robust.  and permits r e l a t l v o l y  IOU COnpIeXity 
rea l i za t i on .  D.tat1.d ana ly t i ca l  vork on the a r c h i t e c t u r e  and the 
c m a t i o n  of VLSI pa r t s  for a msoarch prototype a m  COnt1nU1ng.  

Concurmntly w i t h  t h i s  msearch. w proparod and presented a h i g h l y  
successful t u h n i c a l  s m i n a r  (March 19-20, te90) v i th  extensive 
supporting documentatton t o  advise others of wr flndings. 
such t u M 1 c a I  ..(Dinar v t l l  take place on Dctobor 16-17. 1990. I n  
t h i s  m y .  thOsm interestmd in planning and dmveloping ATV t ranspor t  
systrns f o r  tha BCCs, b a r d  on wr toChwlogy. v i 1 1  havo e a r l y  access 
t o  t h  in fornu t ton .  These s m i n a r s  help achiovm wr ObjOCtiVe Of 
e f f i c i e n t l y  and r a p i d l y  t rans fe r r i ng  wr rosoarch m s u l t s  t o  o ther  
laborator ies SO t h y  can s t a r t  building on our idmas. 

I n  add i t ion  t o  the HDTV s y s t m  resmanh dmscr1bOd .bOVe, w aro  also 
explor ing ATV tuhno logy  f o r  spncialirod applications Yhlch uould N k e  
even greater use of the packet- t ransport  a t t r i w t o s  of t h m  proposod 
Broamand Ne twrks .  Such a s y r t a .  w i n  the s i u l a t i o n  s ta te .  vould 
allow custo0.t-s th. op t ion  of balancing q u a l i t y  against t ranspor t  cost  
t o  Optimtze pr fo rmance f o r  services ranging from te leconfemnc ing  t o  

A SmCOnd 

m i C a 1  iMgtng. 
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ISON (Integrated Smrvices Digital Network) Video 

Uith about 1OOO:l digital bandwidth coopresssion. motion vidmo can be 
transmitted through the ISDN B a s i c  Access ( " 6 " )  channels. Fmasibility 
has alrmady bmmn dnnonstratmd with some proprietary video coding 
mquipmmt. Howev~r. major business opportunitims for the BCCs may 
mmmrg. only whmn the picturm quality i s  inprovmd. the algorithms arm 
standardizmd. and the coder/dmcodmr (codes) conplmxity can bm r w c m d .  
Ue have alrmady dmvismd and patented n e w  algorithms with thm potential 
of quality superior to mxlsting codmcs. Soma of our algorithms have 
now bmmn adoptmd in intmrnational standards. Bmllcoru has also 
dmmnstratmd that S- kmy fYnctiOnl1 blOCkS with a codmc can be 
mfficimntly inplurntmd using V L S I .  Uith the large market potential . 
of ISDN. a low-Cost accmptablc-quality video Confermncm systmm now 
Sma(1Is fmasiblm with today's tmchnology. Rmsmarchers around the world 
recognize this fact and arc working intensmly on this subjmct. Many 
Vendors. howevmr. arm holding their coding expmrtise proprietary and 

(Intmrnational Consultativm Conmittme on Tclmphone a Tmlmgraph). an 
intmrnational standards organization. has ruently (with our 
participation) approvmd a draft rmcarnrndation on vidmo coding for 
I S M .  Rmsmarch mffort has n o w  b u n  shiftmd towards stimlation of 
the VL41 inplunmntation of such a codec for service danonstratlons. 

The successful introduction of a n e w  v i d w  confmrmncm smrvicm would 
not only gmneratm rmvmnues for tho BCCs. but may also stiwlate thm 
dmsirm for nrv Broamand M t w o r k  smrvicms In thm futurm. The I S M -  
rate "vidmophone" will help prmsmrvm S- of thm value of thm mxjstlng 
c0pp.r-basmd plant during the period that n e w  optical fibmrs arm bming 
mxtmnded d l m t l y  to customers by allowing both SmtS Of cust-rs to 
intercormunicatm via ISDN/vidmophonm. 

Bmcausm of thm slgnlflcant mffort required for t h  proposmd work. w c h  
of th rusmarch i s  dorm under rusearch collaboration agr-nts. This 
givms us considmrablm lmvmrap with respect to thm construction of 
rmsmarch prototypms In support of CCITT standards acttvitlms as -11 
as BCC field mxpmrirnts. 

High-Bit-Rate Digital Subscribor L i n e s  and Asynmotrical Digital 
Subscribmr Lines  

Although Optical fibmr may do(ll4n.t. loop transmtssion In t h  futvrm. 
high-Spmmd digital smrvicms arm alrmady m r g i n g .  and a near-tmrm 
solution i s  md.d until fiber accmss I s  widmly available. 
Fortunatmly. ramnt advancms in dlgital slgnal procmssing and VLSI  
tmchnology may mkm thm transmission of digital eat. over nonloadmd 
SUbSCrlbmr loops at bit rates signtficantly abov. th. I S M  Basic 
Accmss rat. fmaslblm. In particular. our I-mSmarCh has fOCUsmd on 
High-Bit-Rate Digital Subscribmr Lines  (HDSL) and Asynntric Digital 
SUbLcribmr Llnes (ADSL) s ignal  procmssing tuhniqums. HOSL i s  a 

are not mxpmctmd to make it available to standards bodies. CCITT 

I 
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scheme tha t  uses two p a i r s  f o r  p rov id ing  repeater less OS-1 r a t e  
( 1 . 5 4 4  Mbit/sec. f u l l  duplex) c a p a b i l i t y  In the Car r i e r  Serving Area 
(CSA)  up t o  12 k f t  w i t h  no p a i r  Select ion rmquired. ADSL i s  a 
s c h m  tha t  uses one p a i r  t o  provide DS-1 r a t e  t ranspor t  i n  OM 
d i r e c t i o n  above a standard telephone ( o r  poss ib ly  ISDN Basic nccess) 
ChanMl over 18 k f t  loop length.  

Both HDSL and ADSL schemes bui ld on our knowledge o f  th. 
charac tmr is t l cs  of e x l s t i n g  loop p l a n t ,  and upon r a p i d l y  advancing 
technologles in both s ignal  processing algori thlns and VLSI 
i w l m u n t a t i o n s .  O u r  resmarch program i s  n o w  concentrat ing on HOSL. 
w i t h  ADSL as a N w  th rus t .  HDSL research includas adaptive w i re -pa i r  
mqualization. adaptive echo cance l l a t l on .  l ine coding, t im ing  
recovery. and research pro to typ ing .  A Mar - te rm r e s u l t  i s  expected - 
t o  b m  informat ion t o  support rqamaterless OS-1 Service up t o  12  k f t  
ovW.*x i s t i ng  m e t a l l i c  loops. This e f f o r t  i s  a na tu ra l  fo l low-up t o  
our very successful e f f o r t s  on ISON D i g i t a l  Subscriber L i w s .  F o r  
AOSL. we a n t i c i p a t e  tha t  recent dramatic advances in  vidao coaprmssion 
cou ld  present a MY serv ice  oppor tun i ty  f o r  the BCCs. I n  a d d i t i o n  t o  
thm vidao oppor tun i ty .  thm ADSL c o u l d a e  inpor tan t  f o r  high-speed 
comwnciat ions services.  

Very Larg.! Scale In togra ted  C i r c u i t  Experiments 

I t  i s  mlstakenly thought by some t h a t  VLSI i m p l a n t a t i o n  i s  use fu l  
only as the l a s t  stop beform v o l u a  product ion.  Experimental VLSI, 
i s .  i n  f a c t .  a a n t r a l  p a r t  o f  s igna l  processing research f o r  two 
baslc masons: many high b i t - r a t e  func t ions  can on ly  be &Inonstrated 
by us ing  c l r c u i t r y  w i t h  the miCrOsCGp1C dinansions and consrquent high 
fnquency  per fo runcm o f  VLSI; and the usefulness of a msarch  
prototype 1s oftmn apparent on l y  uh.n i t  has bnn shown t h a t  c e r t a i n  
immnsmly d i f f i w l t  conputatlons and s igna l  processing func t ions  are 
m c i b l e  t o  a p o t e n t i a l l y  low-cost m i c r o c i r c u l t .  As p a r t  of thm 
proof-of-concopt. which i s  an In t imate  p a r t  of t h i s  p r o j e c t .  w 
construct  e x p m r i r n t a l  VLSI, us ing  c o m o r c i a l  conputer a ids  -re 
appl icable.  o r  t o o l s  of our own design wtmn these address wr 
unique m a r  b e t t e r .  

conputer-aldmd dasipn (CAO) t o o l s  f o r  e x p r i m n t a l  integratmd c i r c u i t s  
continue t o  be l iprovmd. Research on CAD for  VLSI a t  the s y l b o l i c  
system leve l  m s u l t s  in  spec la l i zed  t o o l s  t h a t  can achieve high 
performance and qulsk turnaround in  dasignlng tk. VLSI e x p r i m n t a l  
msmarch prototypms - f o r  nunarous network SyStNns 8nd servicm 
expor imn ts .  T h e m  i s  a la rga  base of wstom8rs across Applimd 
Research vho continue t o  dmpond on thesm t w l s .  and w use these t o o l s  
ourselves t o  c rea te  e x p m r i m t m l  c i r c u i t s  n n a d  for  vidmo c o d i w ,  
m u r a l  network research and o ther  nmtwrk t s h n o l o g y  demonstrations. 
Nw. more pOy.rfu1 too l s  have bnn propared f o r  mlmasm t o  the 
Be l lcore  usmr c-nity. and they p l a y  an important rolm in  thm timmly 
c rea t i on  o f  th. e x p . r i a n t a 1  i n teg ra ted  c i r c u i t s  for  the ATV p r o j e c t .  
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Neural Network Research 

The long term goal f o r  neural w twork  research i s  t o  solve problmms 
i n  p a t t e r n  recogn i t i on  and a r t i f i c i a l  i n te l l i gence  tha t  are easy f o r  
humans but e l f f l c u l t  when using conventional conputer based 
technicpes. Within neural sytems. knowledge i s  encoded by t r a i n i n g  
r a t h e r  than by programing SO tha t  powerful learn ing  algor i thms 
f o r  n e u r a l  s t y l e  mtworks are m d e d .  We be l ieve .  t h a t  t o  be usmful. 
a lgor i thms must be inplmmntable i n  p a r a l l e l  hardware because 
t r a i n i n g  takms too long using s e r i a l  conputer s inu la t i ons .  Therefore. 
the algor i thms should take i n t o  account the cons t ra in ts  irposed by 
VLSI. We propose t o  extend our study of elmctronic inplementation 
issums t o  l a rge  scale systons uslng the fo l l ow ing  approaches: 
1 )  f u r the r  rosearch on learn ing  algori thms and arch i tec tu res  su i tab le  
f o r  modular VLSI inplementation: 2 )  funct ional  s imu la t ion  of la rge  
scale hardware systems using benchmark t e s t  problems; 3) c rea t ion  
of prototype chips su i tab le  f o r  inc lus ion  i n  such Nstems; 
4 )  experimental prototypes of board-level e lec t ron i c  s y s t m s  using 
m u r a l  network chips;  and. 5 )  t e l u o m u n i c a t i o n s  app l ica t ions  
demonstrations using the hardware and software we c rea te .  

PAST Y E A R  RESEARCH ACCOMPLISHMENTS: 

The e f f i c i o n t  technology t rans fe r  of resmarch concepts t o  standard 
app l ica t ions  i s  an a c t i v i t y  shared between the &pl ied Research Area 
and the o t h r  pa r t s  o f  Be l l core .  As research p r o j e c t s  reach ma tu r i t y .  
Ideas germratad nus t  be evaluated, f i l t e r e d ,  and in tegra ted  i n t o  a 
coherent standards pos i t i on .  T h e  e f fec t i vmmss of the advocacy of 
these pos i t l ons  (bo th  n a t i o n a l l y  and in tmrna t iona l l y )  i s  onh~nced if 
the o r i g i n a l  invos t iga tors  par t i c lpa tm in  the standards procmss. A 
great deal of wr resoarchers' ti- and e f f o r t  IS dedicated t o  making 
t h i s  type of technology t rans fer  wrk smoothly. 

Becauso of our i n t e r n a l l y  deve1op.d knowledge base. ue are key 
p a r t i c i p a n t s  In the FCC Systems SuB-Conmittn studying ATV. have a 
major Inpact on North American plans f o r  Broamand Motworks, and are 
CCITT Specialists on lw-bit r a t e  v i Q o .  O u r  CAD i s  an i n t e r n a l  
de l i ve rab le  used in BeIlcOre &plied Research. O u r  seminar and 
and documentation on Advancod Telmvision f o r  BrO8~8ndI ISDN 
helpra dissomlnate msearch r e s u l t s  t o  the Wr ld  a t  la rg . .  As a 
research by-proQlct. c e r t a l n  VLSI chips are 1icons.ble. During the 
f i r s t  ha l f  o f  1990. w published 27 papers e x t e r n a l l y .  presentod 27 
t a l k s  a t  technical  mtingr and confmrences. f i l od  two U.S.  patents 
and wre grantod o m  patmnt. 

Coding A lgor l thns  f o r  O i g l t a l  Transmission o f  ATV 
0 C-ter studles of algori thms f o r  conpressing very high q u a l i t y  
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS. ( CONT . i 

video signals w i t h  v i r t u a l l y  inpercept ib le  v isua l  degradation have 
continued. The prime aim o f  these studies was t o  achleve the 
conpression of HDTV (High D e f i n i t i o n  TV t o  the roughly I30 m i t l s e c  
net payload of the proposed SONET/Broadband STS-3c channel. HDTV 
has roughly doubled the ho r i zon ta l  and v e r t l c a l  reso lu t i on  of the 
current 525 l l m  d isp lay  standard, and unconprossod HOTV requires 
8 0 0  t o  1200 b i t / s e c .  Thuz.  conpression i n  tho rang. of 6:1 t o  8:l 
I s  roquirod. Somm .nphasis i s  also placed on "em0M.d" o r  
"Iaymrod" conpression. whore a separable p o r t l o n  of tho cO.PreSsed 
HDTV signal  I s  used t o  represent an -added EDTV (Enhanced 
DEfinl t IOn TV, an0th.r c l a s s i f i c a t i o n  w i t h l n  ADTV) s lpna l ;  1.e.. 
an lmag .  Substan t ia l l y  b e t t e r  than ordinary TV.  T h o  add l t i ona l  
b i t s  i n  the s igna l  thon serve t o  inprove the r e s o l u t l o n  t o  f u l l  
HOTV q u a l i t y .  T h o  conpression algor i thms Studlod a1-8 c a r o f u l l y  
Chosen so tha t  thoy can take f u l l  advantage of tho economies o f  
VLSI C i r c u i t  rea11zations. A f t e r  a thorough inves t i ga t i on  o f  
several conpression algor i thms. we have chosen and Continue t o  
r e f i n e  om tha t  produces exce l l en t  v isua l  q u a l i t y ,  I s  robust. and 
rmquires minimal conp lex i ty  f o r  i np lemnta t i on .  Ue are also 
cont lnuing t o  ob ta in  and upgrade the h igh l y  spocial1Zed storage 
d isp lay  and conputor equ ipmnt  requ i red  f o r  tho f u l l  analysis and 
evaluat ion o f  tho image q u a l i t y  r e s u l t i n g  from our cocapression 
s inu la t ions .  

H igh-B i t  Rate D i g i t a l  Subscriber Lines and AsymDtr ica I  D i g i t a l  
Subscriber L i m s  
0 I n  co l l abo ra t i on  w l t h  D i v i s ions  21240 ( J .  McKenna. DvM) and 23310 

( R .  Laam. DvM) .  w explored d i g i t a l  s ignal  processing (DSP) 
techniques f o r  tho High-Blt-Rate D i g i t a l  Subscrtbmr L l m r  (HDSL) 
uslng the .mrdd.d bare o f  coppor loop p l a n t .  O u r  research e f f o r t  
included thmamt ica l  analyses and tho r e l u t i v e  p ro to typ ing  of 
high-rpmed e l u t r o n i c s  t o  exp lo re  the f e a s i b i l i t y  o f  t ransmi t t l ng  
in both dirmct ions a t  1.544 # l t / s e c  thrwgh n N t a l l l c  loops w l t h o u t  
any rapoater r .  p a l r  se lec t i on .  or cond i t ion ing .  Many c r i t i c a l  
issues inc lud ing  t lm ing  recovery. u h o  cance l la t ion .  I im Coding 
and equa l iza t ion .  and c ross ta l k  cance l l a t i on  wmro prOpOSfl, 
analyzod and d0monstrat.d f o r  t h i s  app l i ca t ion .  

Bas.d on wr patented t i m i n g  recovery mthod. a C-rcial ly 
ava t lab le  DsP chlp. and a doc l s lon  f m a c k  .qua l i ze r  p ro to typ ing  
system. w have d0monstratl.d a high-sP..d timing rrsovmry 
tochnique. I n  co l l abo ra t i on  w i t h  D i v i s i o n  23310 I R .  L m W .  DVM). 
w have j o l n t l y  prototyp& a m a l - t i m  l i m a r  -110 canceler 
op . ra t Ing  a t  tho 1.544 Lb l t / sec  r a t e  f o r  tho WSL app l i ca t i on .  
Both the tintng m o v e r y  s y s t m  and th  r o a l - t i m  I l m a r  ocho 
caffielmr wre dmmonstrated z u c w s r f u l l y  a t  tho DOIICON Tmchmlogy 
Smlna r  i n  Do1 Lago. Texas. i n  March. iB90. I n  0-r t o  m l i e v e  
the s t r l ngen t  rrquirmwnt f o r  t im ing  recovery. b m  aro now 
Inves t iga t ing  and inplwnmntlng anothor HDSL r u e l v i r  w i t h  a 
dec ls ion  f w a c k  w a l i z e r  ( W E )  and f rac t iona l l y -spacod 
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS: I CON1 . I 

equal izer I F S E )  as p a r t  of i t s  a rch i tec tu re .  System and c i r c u i t  
level  work has been conpleted. The pre l im inary  analysis of an 
FSE-based HOSL receiver was conpleted and dOCUn*nted. A pseudo 
rea l - t ime DSP inpiementation of a 21-tap FSE and 40-tap DFE which 
can t r a i n  i t s e l f  t o  adjust f o r  w i re -pa i r  va r ia t i ons  i s  now working 
The design of an enhanced version of a quasi-real t ime. DSP-based 
loop enulator t o  evaluate our FSE-based HOSL receiver was 
conpl eted . 
O u r  research e f f o r t  had previously concentrated on HOSL. and 
A s y m t r i c a l  DSL (AOSLI  i s  n o w  a new t h r u s t .  A p re l im inary  
analysls of baseband mu l t i l eve l  transmission schmras f o r  the 
AOSL was conpleted and dOcumnted. As a mans o f  s t l a r l a t i n g  
e a r l y  industry invo lvemnt .  and of c o m i n i n g  our research e f f o r t s  
on HDSL w i t h  ideas generated from industry,  u n i v e r s i t i e s  and 
vendors. we organized an IEEE-sponsored HDSL Workshop w h i c h  was 
he ld  i n  New Jersey t h i s  March. We arc i n  th. process of prepar ing 
1 Research C O n D t n d i u m  on Hioh-Bit-Rate D i o l t a l  Transmart 

~~ ~ 
~ ~~ ~ ~~ 

Technology f o r  the C o p p r r  Lzop. (This worc was prrfo'kmd undr 
Project  621306). 

S t u d y  o f  Learning Algorithms f o r  Neural Networks 
0 Un l ike  conventional conputcrs. neural network conputers have the 

the propwrty of coding informat ion by learn ing  r a t h e r  than by 
p r o g r m l n g .  Ye have shown tha t  our learn ing  a lgor i thm us ing  
noise leads t o  s tab le  f i n a l  states.  even if the Connections in  
the m u r a l  network are not the Sam s t rength  i n  both d i r r c t i o n s .  
Ye have inves t iga ted  a d o t e m i n i s t i c  version o f  our a l g o r i t m  
which i s  mre conpr ta t i ona l l y  e f f i c i e n t  and m y  have advantages 
f o r  t n p o r a l  sequence learning. since s tochas t ic  averagms over 
ti- are mt involved. Ye have studied t h  sca l i ng  p r o p r r t i e s  
of these a l g o r i t h n r  as the problan s i z e  i s  increased t o  the l e v e l  
-d f o r  rea l -wor ld  problans. (Tn is  work was p r f o k m d  under 
Project  621307). 

X-windows Based Graphical S iuu la to r  f o r  Neural Network Learning 
o A graphical  software s iuu la to r  was w r i t t e n  which d isp lays  the 

stat. o f  t h m  rmural network as It learns.  By us ing  X-windows and 
a IDQ11.r software s t y l e .  the s lnu la t l ons  can be run rmmotely on 
a f a s t  conpoter while bmlng dlsplaymd l o c a l l y .  Thls serves as a 
too l  t o  t e s t  learn ing  algortthms. incorporate harPYare cons t ra in t s ,  
study app l ica t lons .  and, In  the fu tu re .  serve as a graphical  f r o n t  
end f o r  t e s t i n g  n w r a l  network chips and hardware systans. (Th is  
w o r k  was pwrfommi undmr Project  621307) .  

Low Bi t -Rate V i 0 0  Standardization 
0 Ye c0ntinu.d t o  support the standardization o f  a vldeo coding 

a lgor i thm a t  64  K b i t / s u  ( k l l ob l t s / second l  and mu l t i p les  of 64 
KDit lsec t o  2 # i t / s e s  sponsorad by t h  CCITT Study G r o u p  XV 
Working Party X V / l .  CCITT approvmd thm f i n a l  Version of thm 
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reconmendation i n  J u l y .  1990 I n  co l l abo ra t i on  uith AT8T B e l l  Labs 
PictureTel ,  and VideoTelecom. f l e x i b l e  harduare expmrimnts of 
video codecs based on CCITT proposals were conpleted and tes ted  f o r  
c o n p a t i b i l t t y  These codmcs have been successful ly conmcted 
through and I S M  s u i t c h  i n  Red Bank. NJ. e a r l y  t h i s  year 

VLSI Exper imnts  f o r  Lou B i t -Rate  Video 
0 I n  a research co l labOra t ion  uith Graphics Comunications 

Technologies ( = T I .  1aYOUtS of three exper imn ta l  VLSI chips and 
log i c  a s i g n  of a fourth c h i p  f o r  l o u  b i t - r a t e  vi- w r e  
conpleted. T M  f i r s t  C h i p  incorporates an 8x8 tuo-dimensional 
Discrete Cosine Transform (DCT) and Inverse DCT ( X D C T I  processor 
uith input/output scan converters.  The second is a f l e x l b l e  
f u l l  SearCh block-matching motion es t imat ion  processor. Thm' 
t h i r d  and f o u r t h  a r e  a programable var iable-uord length  c&r 
and decoder. respec t ive ly .  A l l  f ou r  chips rmpresent key 
technologies mcessary f o r  f u t u r e  ub iqu i tous  v i a 0  services.  and 
are use fu l  as knctbnarks in  understanding thm pmrforrunce/ 
conp lex i ty  t radeoffs needed t o  d r l v e  the standards process. 

High-Sped W S  ( C o n p l n m t a r y  Metal Oxide S m i c o n w c t o r )  F e a s i b i l i t y  
Studies 

0 F e a s i b i l i t y  studies w r e  brgun f o r  Very-high-spDDd e x p r i m n t a l  
in tegra ted  c i r c u i t s  using t h e  c o r a n r c i a l l y  ava i l ab le  " W S "  
Integrated c i rcu i t  technology f o r  use i n  SONET in te r faces  
and laser  d r i v e r s  a t  th. 622 W i t / s e c  SONET (575-12) r a t e .  
and t o  inves t iga te  tM poss ib le  a p p l i c a t i o n  of lou-cost.  high 
densi ty CMOS t uhno logy  t o  areas where mare expmnsive Gal l lum 
Arsenide in tegra ted  C i r w i t  technology m i g h t  have t o  be arployed 
othmruise. A t e s t  ch ip  using a 1.2  micron W S  p m e s s  and 
tncorporat ing i r p o r t a n t  func t ions  tha t  u i l l  a i d  In 
d.monstrat ing h i g h - s p e d  c a p a b i l i t i e s  was f ab r l ca tod  and tested. 
Synchronous funct ions of a l o g i c a l  c o l p l e x i t y  s i m i l a r  t o  tha t  
r w i r e d  t o  bu i ld  m l t i p l e x e r s  w r e  d 8 I m n S t r t . Q  a t  a s p e d  Of 
688 w,  I n  a second t e s t  chip. a l so  in a 1.2 mlcron CMOS 
process, ue a m  expmr imnt ing  ulth clock r u o v e r y  and data 
r -mra t i on  a t  622 w.  This  chip vi11 prov ide  a c a l t b r a t l o n  
on I- of th. poten t la1  d i f f i c u l t i e s  of p rov id ing  h i e - b i t  r a t e  
access t o  rms ieont ia l  customers w i t h  l w - C o s t  t B C h m l o g Y .  

The uork o f  t h i s  Applied Research P r o J u t  pr0vid.s for  thm deve lop l ln t  
of a leading edgm knowledge base i n  such key armas as mtwrk 
t u h n o l o g i e s  and s y s t m s  and i n f o n u t i o n  aga serv ice  c . p a b l l l t t e s .  
Enpnasis i s  placod on app l i ca t i ons  t o  wrmnt and f u t u r e  w d s  in 
mtuo rks ,  servlces and - ra t ions .  Thm subs tan t ia l  b e m f i t s  o f  t h i s  
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Project  accrue t o  a l l  Owner-Clients and are unable t o  be prevented 
from accruing t o  an Ounmr-Client who m i g h t  e l e c t  not t o  P a r t i c i m t e  in  
the Pro jec t  

________________________________________--. - - - . -~~-~--------- - - - - - -~.-  

RESEARCH D I R E C T I O N S  

Research will continue on the experimental prototypm systmm tha t  w i l l  
dmmonstrate thm compression and d i g i t a l  transmission o f  nigh 
O + f i n i t i o n  TV i n  the proposee Broa&and Network env i ronnrn t .  A 
p a r t i c u l a r  focus of t h i s  research w i l l  be t o  Choose algor i thms t h a t  
will provide maximal c o n p a t i b i l i t y  w i t h  thm Over-thm-air broadcast 
ATV standard tha t  will be chosen under FCC auspices. Y e  w i l l  also 
continue our strong in te rac t i on  w i t h  Standards Organizations on 
ISSues r e l a t e d  t o  the e i g i t a l  transmission of v id .0 .  

Ye will continue t o  Conduct research on a broad r a m  o f  vi-0 
~ -~ ~ 

~~~~~ ~~~~~ ~ ~ 

conpression algori thms. hardware arch i tec tu res .  and S y s t m s ~ f o r  video 
baSM services of a l l  kinds. 

Ye expmct t o  provide v isua l  telephony through an ISDN swi tch  us ing  
v id .0  cOd.cs based on the proposed CCITT spmcif icat ions.  Y e  w i l l  also 
Continue work on VLSI expmrimnts of several key s ignal  processing 
IIDQ,Ies i n  thm low b i t - r a t e  v i m 0  codrc t o  dmmonstrate the f e a s i b i l i t y  
of WIdeSpmad a f fo rdab le  video services.  

Ye w i l l  invmstigate the benef i t s  o f  us ing  s t a t i s t i c a l l y  va r iab le  
Packet transmlssion f o r  ATV. Othmr s i s n i f i c a n t  msearch issues 
t h a t  w i l l  be addmssee include the d i f f i cu l t  p r o B l m  of i n t e r f a c i n g  
thm va r iab le  b I t  r a t e  v i e w  pnmratee  w i t h  the transmission channel. 
thm mrror d m t r t i o n  and m i t l g a t i o n  problm a t  thm m c e i v e r .  as w e l l  
as VI- t i m i n g  ard synchronization recovery a t  thm rece iver .  

Research w I l l  c o n t i w e  on th. e n g i m r i n g ,  layout.  and f a b r i c a t i o n  
of thm exportmental VLSI chips r r q u t n d  t o  inplmnt thm BISDN/SONET 

c r i t i c a l  functions and w i l l  Ieae t o  a damns t ra t i on  of thm t ranspor t  
o f  HDTV on a singlo STS-3C ( s y n c h r o w s  transmission s igna l  a t  th i rd  
levml h ie rarchy)  155 I b i t / S W  C h 8 M . I .  This work builds on VidmO 
compression and Broacband N e t w r k  standares msearch t h a t  has bmmn 
ongolng. Thls wrk i s  bming done In co l l abo ra t i on  w i t h  O iv i s ion  
21330 (N.  C h u n g .  DVY).  

we w l l l  cont inue thm in teg ra t i on  of Be l l core  VLSI CAD ( C o r p u t e r  
A idme -sign) tools w i t h  othmr ava i l ab le  t o o l s .  as appropr iate.  
w i t h  p a r t i c u l a r  . rphasis on p rov id ing  a CAD mnvirornrnt  t h a t  is 
bast matchme t o  i n c ~ . a s M  research p r a c t l v i t y .  c i r c u i t  sp-d 
a M  c i r c u i t  densi ty for spoc i f i c  research p r o j u t s  in  our a p p l i M  
research. Extensions o f  the t o o l s  t o  nighmr lmvmls of a u t o m t i o n  

W T V  msmarCh prototype sys tm.  T H S e  chips w i l l  m f f i C i m t l y  POaliZe 
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and t o  technologies beyond d i g i t a l  CMOS IComplemEntary Metal Oxide 
Semiconductor) w i l l  also be pursued. 

Research w i l l  continue on algori thms f o r  learn ing  in  modular neural 
networks. We w i l l  p r f o r m  s inu la t i ons  of these algori thms using 
mxtensions o f  our nwdular s inu la to r  on tes t  problems. Ye will b u i l d  
a fascadable m r a l  network Imarning ch ip  t h a t  incorporates lessons 
from the study of learn ing  algori thms and can form a n u l t i - c h i p  
system. We e x p c t  t o  crmate a board- level  system exper imn t  us ing  
ava i l ab le  chips o r  those t o  bm Created i n  O r d o r  t o  demonstrate the  
power of a p a r a l l e l  e l e c t r o n i c  inplommntation. Y e  w i l l  explore 
p r a c t i c a l  app l i ca t i on  of an e lec t ron i c  neural network system in image 
o r  SpmeCh processing o r  r e a l - t i m  network c o n t r o l .  

Research w i l l  continue in  the app l i ca t i on  of d i g i t a l  s ignal  processing 
techniques and VLSI technology t o  increase the transmission 
c a p a b i l i t i e s  of t k  copper loop p l a n t .  S ign i f i can t  e f f o r t s .  both 
HDSL and ADSL. are now focused on dononstrat ing the f e a s i b i l i t y  of 
high b i t - r a t e  d i g i t a l  t ranspor t  technology t h a t  can support 

- repeater less 05-1 r a t e  servlces i n  the loop and drop connections f o r  
f i b e r - t o - t k - c u r b .  

Ye w i l l  continue t o  team w i t h  other Be l l core  armas t o  l n p l e m n t  and 
domanstrate a MY HDSL t ransceiver and necessary s ignal  processing 
tmchniques for HDSL app l ica t ions .  

Research w i l l  continue on the app l i ca t i on  of low-cost W S  V L S I  a t  
very high speeds. w i t h  enphasis on BISDN and Optical  intmrCOnnDCt 
funct ions . 
We w l l l  cont inue t o  c o w s t  research in selected areas o f  d i g i t a l  
s ignal  prosessing f o r  te lecmmunicat ionr applications. 
system studies,  algorithm research, s i n u l a t i o n .  VLSI arch i t .c tu res .  
m a l - t i l l .  t n p l n n n t a t i o n .  and resmarch p r o t o t y p i w .  S p c i f i c  top ics  
vould dopend on thr md, i npac t .  and dogrw o f  chal len0.. 

T k s e  inc luda 

________________________________________-------~.----~.-----.--------.------ 

P R O P R i E T A R Y  . Be l lcore  ana 01UthOrizea C l i e n t s  O n l y  
See P r o p r i e t a r y  Restrictions on Tllle P a g e  

FO I A03Z 0 0 0 5 1  I 8  



counc 1 1 : ' committee. ' F o P u m '  
RESEARCH a NETWORK 1 APPLIED RESEARCH ! NOT APPLICABLE 

NX Y E .  THDMAS 

PB Y D. HARRIS 

SW Y J. CARPENTER 

US Y L. HOUSE 

W R P  D I R  - AOV T E M  DEV 9 1 4 - 6 8 3 - 2 0 7 1  

EXEC D I R  - M V A W E D  TECH 4 1 5 - 8 2 3 - 3 0 6 0  

AWP - T E M  PLAN LL DEV 3 1 4 - 2 3 5 - 1 5 5 0  

D I R  - SPONSORED RESCH 3 0 3 - 7 4 0 - 1 5 7 0  

F O  IA03Z 0 0 0 5 1  19 



B E L L C D R E  P I a c .  , . -  ~~. ~ 

A p p l  l ed  Research 
I 9 9 1  FINAL PROJECT OFFERING 

Date P r  I nted:’;O/o2/90 

Project Name: 
SYSTEMS PRINCIPLES 

Project NO 
62 1204 

This Project I S  a Component of the Bellcore Product: 
APPLIED RESEARCH 

SYStms P r l n C i p l * S  Research i s  involved in  w o r k  a i d  a t  increasing 
our understanding o f ,  and our a b i l i t y  t o  explore &sign p r i n c i p l e s  f o r  
s y s t m s  of inportance t o  th. t e l e p h o n  business. Some of t h i s  work i s  
focused on enhancing the u t i l i t y  o f  the e x i s t i n g  wtwork  in  order t o  
p r o v i a  mu revenue oppor tun i t ies .  A n  exanple of t h i s  is the 
cont inu ing  work on th. High-Spoed D i g i t a l  Subscribor Loop p r o j e c t .  
O t h P  work i s  focused on undmrstanding ww s y s t m s  w i t h  revenue 
p o t e n t i a l  such as wr porfomunce analysis o f  packet switch8d w twork  
a rch i tec tu res  and our studies o f  o p t i c a l  comunica t lon  network 
aPChiteCtUreS. S t i l l  0th.r w o r k  i s  a i m d  a t  p rov id lng  more cost 
e f f o c t i v e  ways of pursuing th. te lecomunica t ions  business. For 
exanple, b ~ c a u s e  w bo l l eve  tha t  p a r a l l e l  processing cwpu te rs  will be 
most cost  e f f e c t i v e  f o r  many app l ica t ions  in  thc telephone business. 
we have an e f f o r t  i n  exp lo r i ng  MY uses f o r  p a r a l l e l  cocputing. 

During th. B mnth poriod undw review. -rs of D l v i s i o n  21240 
p . r f o m d  research on a wide v a r i e t y  of top ics  which can bo r w g h l y  
d i V i M d  i n t o  7 Catmmories. 

1 

2 .  
3 .  

4 .  

5 .  

6 .  

7 .  

~~~ ~. ~~ 

Ye  cont immd t g ~ w o r *  on i l p r o v i n g  bo th  th. p.rfomunce and wr 
un&rstanding of the L .0  p rog raming  I a w a g c .  This included 
j o i n t  work w i t h  D l v i s i o n  25930 ( P .  Wr ing .  DvM) i n  etading n e w  
features t o  th l~nguag8. and fundamntal  studies on th. m l a t i o n  
b o t m n  L . 0  and t . l p o r a l  logic. A n  L.0 conp i le r  f o r  the V 
ruchirm was w r i t t e n .  and v. COnt1nu .d  t o  inves t lga te  th. use o f  
th I mchlm as a f a s t  switch. 
Ye e x p a w  our msearch e f f o r t  i n  p a r a l l e l  processing. 
Ye conttnuoa wr msearch on th. r u t h m a t i c a l  foundations of 
learn ing  t h w r y .  
Ye continuad t o  wrk on c-nication t h w r y .  O f  p a r t i c u l a r  
i w o r t a n c a  is th work &ma on th. High-spmmd D i g i t a l  Subscribmr 
Loop project. I n  atadit ion. M have condL1ct.d msearch i n  o p t i c a l  
c ~ ~ ~ ~ n l c a t i o n  and eat. canpmssion. 
Ye h8Ve c0nclub.d work on a lds  f o r  use of t h m  t m l m p h o n e  w t w o r k  
by th hand lcappd and disablmd. we c o n t l n w  as consul tants in  
t h i s  am.. 
Ye have continued wr msearch  on p r o b a b i l i s t i c  wodaling. 
including t h  p o r f o r u n c e  analysts o f  packet switchxi  nmtwrks  
and i n f o r r u t t o n  t u h n o l o g i e s .  and w have contlnvod t o  do 
fundamnta l  msearch  on s tochas t ic  processes. 
We have begun t o  cons t ruc t  e x p o r i n n t a l  research prot0typ.r  of 

P R O P R I E T A R Y  - Bellcore and Autnorizea Clienls Only 
T h i s  aocument contains proprietary ~nformatron tnat shall be 

dlStr lDuteO o r  routed only within Bellcore and 11s autnorlzed 
cI1ents ~ x c e p t  w ~ t n  written permission of Bellcore. 
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P R O J E C T  O V E R V I E W :  I C O N T  . I 

Neural Network Research 

The long term goal f o r  neural network research I s  t o  solve problems 
i n  p a t t e r n  recogn i t ion  and a r t i f i c i a l  i n te l l i gence  t h a t  are easy f o r  
humans but d i f f i c u l t  when us ing  conventional conputer based 
techniques, Within n e u r a l  sytems. knowledge I s  encoded by t r a l n i n g  
r a t h e r  than by programing so tha t  p w e r f u l  learn ing  a l g o r i t h m  
f o r  n w r a l  s t y l e  networks are needed, We be l ieve .  t h a t  t o  be use fu l ,  
algori thms must bc lnplemantable i n  p a r a l l e l  hardware because 
t r a i n i n g  takes too long us ing  s e r i a l  c o v t e r  s imulat lons.  Therefore, 
the algori thms should take i n t o  account the cons t ra ln ts  1Ilpoc.d by 
VLSI. We propose t o  extend wr Study of e lec t ron i c  inplmnentation 
issues t o  la rge  scale s y s t m r  using the fo l l ow lng  approaches: 
1 1  f u r the r  research on learn ing  algori thms and arch i tec tu res  su i tab le  
f o r  nwdular VLSI inp lmmnta t ion :  2 1  funct ional  s imu la t ion  of large 
scale hardware systems using benchmark t e s t  p r o b l m s :  31 c rea t l on  
of prototypc chips su i tab le  f o r  Inc lus ion  i n  such N S t e m S :  
4 )  e x p r r i m n t a l  prototypes of boa rd - lwe l  e lec t ron i c  Systms using 
neural n e t w r k  chips: and. 5 )  t e l e c m n i c a t i o n s  app l ica t ions  
demonstrations using the hardware and software we crea te .  

P A S T  Y E A R  R E S E A R C H  A C C O M P L I S H M E N T S :  

T h e  e f f i c l e n t  technology t rans fe r  o f  research c0nc.pts t o  standard 
app l ica t ions  ls an a c t i v i t y  shared b e t w e n  the Applied Research Area 
and t he  other pa r t s  of Be l l core .  As research proJaCts mach U u t u r l t y .  
ideas p n e r a t e d  w s t  be evaluated, f i l t e r e d .  and i n tegra ted  i n t o  a 
coherent Standards pos i t i on .  The ef fect iveness o f  th. advocacy of 
these pos l t tons  (bo th  n a t i o n a l l y  and i n te rna t i ona l l y1  I s  enhanced i f  
the o r i g l n a l  Inves t iga tors  p a r t i c l p a t e  i n  the standards process. A 
great 6 . ~ 1  of wr researchers' t ime and e f f o r t  Is dedicatod t o  making 
t h i s  type of technology t rans fe r  vow smoothly. 

Because of our I n t e r n a l l y  d.ve1op.d knwlmdge base. we am key 
p a r t l c l p a n t s  in  the FCC Sys tms S u b - C m i t t w  studying ATV. have a 
nuJor inpact on North American plans f o r  Broam8nd M t w r k s .  and a m  
CCITT S p e l a l l s t s  on lw-bit rat. vldoo. O u r  CAD 4s an in te rna l  
de l i ve rab le  used i n  B e l l c o m  Applled Research. O u r  s m i n a r  and 
and documnta t lon  on Mvaneod Televls lon f o r  Broacband/ISON 
helprd d i f s m l n a t e  r rsearch  r e s u l t s  t o  the wrld a t  large. AS a 
research by-product. c e r t a l n  VLSI chips are l icensable.  Durlng the 
f i r s t  h a l f  o f  lBB0. v m  pub1Ish.d 27 papers ex te rna l l y .  pmsented 27 
t a l k s  a t  technlcal  meting+ and conferences. f i l e d  two U.S. patents 
and were gr8n t rd  one patent.  

Codlng A l g o r l t l r m  f o r  D i g i t a l  Transmission of ATV 
0 C-ter s tud ies  of algorithm f o r  conpressing very high q u a l i t y  

P R O P R I E T A R Y  - Be l l core  a n d  A u t h o r i z e d  C l 7 e n t s  Only 
See P r o p r i e t a r y  R e E t r i c t i o i s  on T i t l e  Page 
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P A S T  Y E A R  R E S E A R C H  A C C O M P L I S H M E N T S .  ( C O N T  . I 

video signals v i t h  v i r t u a l l y  inpercept ib le  v i sua l  degradation have 
continued. The prime a i m  of these studies vas t o  achieve the 
canpression of HDTV (High D e f i n i t i o n  TV t o  the roughly 130 Mbit/sec 
net payload of the proposed SONET/Broadband STS-3c channel. HDTV 
has roughly doubled the ho r i zon ta l  and v e r t i c a l  reso lu t ton  of the 
current 525 l i n e  d isp lay  Standard. and unconpressed HDTV requ i res  
800 t o  1200 Mblt /scc.  Thus, canpression i n  the range of 6 : i  t o  9 : 1  
is required. Sotm -hasis is a lso  placed on ".nb.ddmd" o r  
" layered" conpression. *re a separable p o r t i o n  of the conpressed 
HDTV signal  i s  used t o  represent an enbedded EDTV ( E n h a m d  
D e f i n i t i o n  TV.  another c1ass i f I ca t i on  v i th tn  ADTV) s igna l ;  1 . 0 . .  
an Image subs tan t i a l l y  b e t t e r  than ord inary  TV. T h e  add l t i ona l  
b i t s  i n  the signal  then serve t o  inprovc the reso lu t i on  t o  f u l l  
HDTV q u a l i t y .  Thc conpresslon algor i thms studied a m  c a r e f u l l y  
chosen so t h a t  they can take f u l l  advantage of the economies o f  
VLSI c l r c u i t  r e a l i z a t i o n s .  A f t e r  a thorough inves t l ga t l on  o f  
several conpression algori thms. ve have chosen and continue t o  
r e f i M  OM t h a t  produces exce l l en t  v i sua l  q u a l i t y .  is rObllst. and 
requires minimal complexity f o r  inplementation. we are also 
cont lnuing t o  ob ta in  and upgrade the h i g h l y  spec ia l i zed  storagc 
d isp lay  and conputer equipment requ i red  f o r  the f u l l  analysis and 
evaluat ion of the inup q u a l i t y  r e s u l t i n g  from our conpresslon 
simulat ions. 

H igh-B i t  Rate D i g i t a l  Subscriber LIMS and Asynrmtrical D i g i t a l  
Subscriber Lines 
0 I n  co l l abo ra t i on  v i t h  Divisions 21240 (4. H e n n a .  DVM) and 23310 

( R .  L a a n .  DVM). ve explored d i g i t a l  s lgnal  processing (DSP) 
techniques f o r  the Hlgh-Bit-Rate D i g i t a l  Subscrib.r Lines (HDSL) 
using the cnb.dd.d base o f  copper loop p l a n t .  Dur  research e f f o r t  
included theore t i ca l  analyses and the s e l r e t i v e  p ro to typ ing  o f  
htgh-s- e l r e t r o n l c s  t o  exp lo re  the f e a s i b l l i t y  o f  t ransmi t t i ng  
i n  bo th  dirmct ions a t  1.544 m i t / s e c  through nNta111C loops vithwt 
any mpmaters. p a i r  s e l r e t i o n ,  o r  cond i t lon lng .  Many c r i t i c a l  
issues i nc lud ing  t im ing  m o v e r y .  mcho cance l la t ion .  l i n e  coding 
and rqua l i za t i on .  and c ross ta l k  cance l l a t i on  V.N prqrosd. 
analyzed and 0unonstrat.d for t h i s  app l i ca t ion .  

Based on our patented t i m i n g  rmcovcry mthod. a c ~ r C i a 1 1 y  
ava l lab le  DSP chip,  and a dmcision fmocback r q u a l i z e r  p ro to typ ing  
system. w have d.nonstratDd a high-spomd t i m i n g  r n o v r r y  
tmchnique. I n  c o l l a b o r a t i o n  v l t h  O lv i s ion  23310 ( R .  Laane. DVM). 
n have J o l n t l y  prototypmd a rea l - t ime  l i n e a r  meho canceler 
opw-ating a t  the 1.544 m i t / s e c  r a t e  f o r  tH ClOSL . p p l i c a t l o n .  
Both the t lm ing  rmcovcry s y s t m  and the r e a l - t i -  1 i W a r  mcho 
canceler wre dmmnstratod success fu l l y  a t  tH Bellcorm Tmchnolopy 
Seminar In  Del Lago. T ~ X D S .  i n  March. 1990. I n  o d o r  t o  r e l i e v e  
the s t r i ngen t  rrquirrornt f o r  t im ing  m o v e r y .  v m  a m  nov 
i nves t l ga t i ng  and 1npl.mnting another HDSL r u c i v e r  v l th  a 
dec ls lon  f-ack r q u a l i z e r  (DFE) and f rac t lona l l y -spacod 

P R O P R I E T A R Y  - Be l l co re  and A V t h o r l Z e d  C17CntS Only 
See Prop r ie ta ry  Res t r i c t i ons  on T i t l e  Page 
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equal izer I F S E )  as p a r t  of i t s  a rch i tec tu re .  System and c l r c u l t  
leve l  Work has been conQleted. The pre l im inary  analysls of an 
FSE-based HDSL recelver was conpletcd and documented. 
r e a l - t l m  DSP l n p l e m n t a t i o n  of a 21-tap FSE and 40-tap DFE which 
can t r a l n  I t s e l f  t o  adjust f o r  w l re -pa i r  va r ia t l ons  I s  now working. 
The deslgn of an enhanced verslon of a Cwasl-real tlm. DSP-based 
loop e m l a t o r  t o  evaluate our FSE-based HDSL rece lver  was 
c o w l  eted . 
O u r  research e f f o r t  had prcv lous ly  concentrated on HDSL. and 
AsyInnctrlcal DSL (ADSLI I s  n o w  a n e w  t h rus t .  A p re l lm lna ry  
analysis of baseband w l t l l e v c l  transInlsSion s c ~ s  f o r  the 
ADSL was conplcted and documented. AS a mans of s t l w l a t l n g  
e a r l y  industry lnvolvefmnt. and of conblning our research e f f o r t s  
on HDSL W l t h  idcas gemrated from Industry.  u n i v e r s i t l e s  and 
vendors, we organlzed an IEEE-sponsored HDSL Workshop which was 
he ld  In N e w  Jersey t h l s  March. We are In the process of p ropar ing  
a Research CDI*)endlum on High-Blt-Rate O l g l t a l  Transport 
Tochnology f o r  the Coppor Loop. 
Project  621306).  

A pseudo 

(Th is  work was performed under 

Study of Learning A l g o r l t m s  f o r  Neural Networks 
0 Unl ike  conventional c a p u t e r s .  n e u r a l  network conputers have the 

tho property of codtng Informatton by learn lng  r a t h e r  than by 
programing. We have shown tha t  our learn lng  a l g o r l t m  using 
nolse leads t o  s tab le  f i n a l  states.  even l f  the c o n n c t l o n s  In  
the m u r a l  network are no t  the same s t rength  In  both d l m t l o n s .  
Wo havo inves t lga tod  a de termin is t i c  verslon of our a l g o r l t h n  
whlch is more conputat lonal ly e f f l c l e n t  and may have advantages 
f o r  t.lrpora1 s.queme learnlng. slncc StoChastlC averages Over 
t l m e  are not involved, We have studied the sca l l ng  p ropor t i es  
of these algorithm as the p r o b l n  s l t c  l s  lm reaSed , to  the l e v e l  
noedod f o r  rea l -wor ld  problems. (Th ls  work was performed Under 
Pro jec t  621307). 

X-windovr Basod Eraphlcal S i m l a t o r  f o r  NWra l  Network Loaming 
0 A graphlcal software s l ~ l a t o r  was Wr l t t en  which d lsp lays  the 

s t a t e  of the m u r a l  network as I t  learns.  By uslng X-wlndows and 
a modular software s t y l e ,  the s l w l a t l o n s  can be run remotely on 
a f a s t  conp l te r  u h f l e  belng dlsplayed l o e a l l y .  Thls servos as a 
too l  t o  t o s t  learn ing  a l g o r l t k s .  lncorporate hardwar0 cons t ra ln t s ,  
study app l lca t lons .  and, i n  the future. serve as a graphlcal  f r o n t  
end f o r  t e s t l n g  nuIra1 network chips and hardware s y s t n s .  (Th ls  
work was p r f o r i n o d  under Projoct  621307). 

Low B i t -Rate  V l d m  Standardlzation 
o We contlnuod t o  support the standardlzat lon of a vtdmo coding 

a l p O r l t m  a t  6 4  Kbl t /sec  (k i lob i ts /second)  and M l t l p l e s  o f  64 
Kb l t /sec  t o  2 L b l t l 5 . c  sponsored by the CCITT Study Group XV 
Working Party X V / l .  CCITT approved the f l n a l  vers ion  of t he  

P R O P R I E T A R Y  - Be l l core  ane Authorized C l ten ts  Only 
See Proor,etary Rest r i c t ions  on T i t l e  Page 
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PAST Y E A R  R E S E A R C H  ACCOMPLISHMENTS (CON1 I 

recomndation in July. 1990. In collaboration with AT&T Eel1 Labs 
PictureTel. and VideoTelecom. flexible hardware experlnants of 
video codecs based on CCITT proposals were conpleted and tested for 
conpatibillty. These codecs have been successfully connected 
through and ISON switch In Red Bank, NJ. early this year. 

VLSI Experiments for Low Bit-Rate Video 
0 In a research collaboration with Graphics ConmwniCatiOnS 
Technologles IGCT). layouts of three experimental V L S I  chlps and 
logic design of a fourth chip for low bit-rate vlcko w r e  
conpleted. The first chlp incorporates an Ex8 two-dlmensional 
Discrete Cosin Transform (OCTI and Inverse DCT ( IDCT)  processor 
with inputloutput scan converters. The second i s  a flexible 
full Search block-matching mtlon esttmation processor. The 
third and fourth a r e  a programable variable-wrd length coder 
and decoder, respectively. All four chips represent key 
technologies necessary for future ubiquitous vldso smrvlces. and 
are Useful as benchrurks in understanding the performanee/ 
conplexity tradeoffs needed to drive the standards process. 

High-speed CMOS (Conplwntary Metal Oxide Semiconductor) Feasibility 
5 tudi es 
0 Feaslbllity studies w r e  begun for very-high-speod experlmntal 

Integrated clreuits uslng the comercially available "CMOS" 
Integrated ctrcult technology for use In SONET interfaces 
and laser drivors at the 622 Mbit/sec SONET (STS-12)  rate, 
and to investigate the possible applicatlon of low-cost. high 
density CMOS technology to areas where more expensive Gallium 
Arsenide integrated circujt technology mlght have to be ewployed 
otherwise. A test chip using I 1.2 micron cLy)S process and 
Incorporatlng inportant functions that will ald In 
demonstrating hlgh-speed capabilities uas fabricated and tested. 
Synchronous functions of a loglcal conplexity similar to that 
r q i r e d  to bulld nultlplexers were dem3nstrt.d at a speed of 
688  WL. In a second test chlp. also in a 1.2 micron CMOS 
process. we a r e  experlmnting with clock recovery and datD 
regeneration at 622 y12. This chip will provid. a callbratton 
on some of the potentla1 difficulties of providing high-bit rate 
access to resldcntlal customers wlth low-cost technology. 

REASON FOR INFRASTRUCTURE CLASSIFICATION: 

The work of thls Applied Research Prolect provides for the development 
Of a leading edge knowledge base in Such key areas aS ImtWrk 
technologies and systems and Infornution age service capabllltles. 
Enphasis is placed on appllcatlons to current and future m d s  in 
networks. ServICes and operations. The substantial benefits of this 
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R E A S O N  FOR INFRASTRUCTURE CLASSIFICATION: I CONT , I 

Pro jec t  accrue t o  a l l  Dvner-Clients and are unable t o  be prevented 
from accrutng t o  an Owner-Client vho might e l e c t  not  t o  p a r t l c i p a t e  i n  
the Pro jec t .  

R E S E A R C H  D I R E C T I O N S :  

Research v l l l  contlnue on the experimental prototype system tha t  vi11 
demonstrate the ConQressIon and d i g l t a l  transrnlssion o f  High 
D c f l n l t i o n  TV In  the proposed Broadband Network e n v l r o m n t .  A 
Part lCUlar focus of t h l s  research v111 be t o  choose algor l thms t h a t  
Ut11 provide maximal c o n p a t l b l l l t y  v l t h  the over - the-a t r  broadcast 
ATV Standard t h a t  v l l l  be chosen under FCC auspices. We w i l l  a l so  
continue our strong ln te rac t l on  v l t h  standards organizat lons on 
Issues r e l a t e d  t o  the d l g i t a l  transmlssion of video. 

We vi11 continua t o  conduct research on a broad range of video 
conpresslon algori thms. hardvare a r c h l t M t u r e s .  and systems f o r  video 
bas& servlces of a11 klnds. 

we expect t o  provlde visual telephony through an ISDN s v i t c h  usfng 
video codmcs based on the proposed CCITT spec l f l ca t l ons .  We v l l l  a l s o  
continue M r k  on VLSI experiments of several key s lgnal  processing 
m d u l e s  In the lov  b l t - r a t e  vtdao codec t o  demonstrate the f e a s i b i l l t y  
Of VIdeSprOad af fordable V l d e O  servlces.  

We v l l l  lnves t lga te  the benef l t s  o f  uslng s t a t l s t i c a l l y  v a r i a b l e  
packet transmfsslon f o r  ATV. O t h e r  s l g n l f l c a n t  research issues 
t ha t  v l l l  be aMres5.d Include the d l f f l c u l t  problem o f  t n t e r f a c l n g  
the va r lab le  b i t  r a t e  vldeo gemrated  v l t h  the transmissfon channel. 
the e r r o r  de tec t lon  and m i t l g a t l o n  problem a t  the m c e l v e r .  as ve l1  
as v ld .0  tinlng and synchronization recovery a t  the receiver. 

Research v l l l  continue on the englnmering. layout .  and f a b r l c a t l o n  
of the e x p e r t n n t a l  VLSI chips r t q u 1 r . d  t o  lnplmmnt the EISDN/SONET 
HDTV research prototype system. These chlps v l l l  e f f t c l e n t l y  r e a l l z e  
c r l t t c a l  functions and v l l l  lead t o  a dmmnstrat ion of the t ranspor t  
Of HDTV on a s lng le  STS-3C (synchronous transmlsslon s igna l  a t  th l rd 
leve l  h le rarchy)  155 Lb l t / sec  channel. Thls Mrk b u l l d s  on V l d . 0  
conpresslon and EroaOand Mtvork Standards research t h a t  has been 
ongolng. Thls wrk 1s Mlng dona In co l l abo ra t i on  v l t h  D l v t s l o n  
21330 (N. C h w n g .  D v M ) .  

We w l l l  cont lnue tha i n t q r a t l o n  of Ee l l core  VLSI CAD (Computer 
A l d m d  Omsfgn) too l s  w i t h  other ava f lab le  too l s .  as appropr late.  
v l t h  p a r t t w l a r  .Ilphasls on p rov id ing  a CAD e n v l r o m n t  tha t  i s  
M S t  matched to I n c r e 8 S . d  research p r o d u c t l v l t y .  C l r w l t  S p e e d  
and c l r c u l t  d m s l t y  f o r  spec l f t c  research p r o j e c t s  l n  our app l l od  
research. Extensions o f  tM too ls  t o  hlgher l e v e l s  of autonut lon 
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RESEARCH DIRECTIONS: i CONT . I 

and to technologies beyond digltal CMOS IConplementary Metal Oxide 
Semiconductor) wlll also be pursued. 

Research ulll continue on algorlthms for learning in modular nwral 
networks. We wlll perform Simlatlons of these algorithms uslng 
extensions of our W l a r  slmlator on test problems. We ut11 build 
a caseadable neural mtuork lmarnlng chip that Incorporates lessons 
from the study of learnlng algorlthms and can form a mlti-chlp 
system. We expect to create a board-level system experlment uslng 
available Chlps or those to be created in order to demonstrate the 
power of a parallml electronlc Inplwntatlon. Ue will mxplore 
practical application of an electronlc neural network systm In Image 
or speech processlng or real-tlme network control. 

Research wlll contlrue In the applicatton of digital signal processlng 
techniques and VLSI technology to Increase the transmlsslon 
capabillties of the copper loop plant. Significant efforts, both 
HOSL and ADSL. are now focused on demonstrating the feaslblllty of 
high blt-rate dlgltal transport technology that can support 
repeaterless DS-1 rate ServICeS In the loop 8nd drop COnImCtlOnS for 
fiber-to-the-Curb. 

Ue ulll contlnue to team ulth other Bellcore areas to inplement and 
dmmnstrate 8 MU HDSL transceiver and necessary signal processing 
techniques for HDSL applIcatlons. 

Research wlll continue on the application of low-cost CMOS VLSI at 
very high speeds, ulth anphasis on BISDN and optlcal Interconnect 
f unct Ions. 

Ue wlll continue to conduct research In selected areas of digltal 
slgnal procerslng for telmconrmnlcatlons appllcatlons. These include 
System StUdtCS. algorlthm research. si~lation. VLSI archlt.ctur*.s. 
real-time Inplwntatlon. and resmarch prototyptng. Speciflc toplCS 
uwld depend on thc md. IIWact. and degrme of Challenge. 
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Systems P P i t K l p l C S  Research is involved i n  vork a l m M  a t  inereasing 
our underst8nding o f ,  and our a b i l i t y  t o  explore M s l g n  p r l n c l p l e s  f o r  
Systems of inpor tame t o  the teleppllorm business. Some of t h i s  vork i s  
focused on enhancing the u t l l i t y  of the e x l s t i n g  rmtvork i n  order t o  
provide rev revenue OppOrtunit ies. An  exanple of t h i s  l a  the 
cont inu ing  vork on the High-Speed D i g i t a l  Subscriber Loop p r o j e c t .  
O t h e r  vork is foCusod on understanding MU Systems v l th  revewe 
patent181 such as our porformanee an8lysls of packet switchod netvork . 
arch i tec tu res  and our s tud les  of Opt ical  conrrunicatlon n e t w r k  
a rch i tec tu res .  S t i l l  o ther  vork is aimed a t  p rov id ing  more cost 
e f f e c t i v e  ways of pursulng tM telrconrrunications b u s l n e s ~ .  For 
exanple. because we be l l eve  tha t  p a r a l l e l  procosslng canputerr v i11  be 
most cost  e f f e c t i v e  f o r  many ~ p p l i c 8 t i o n s  in the telephone b u s l ~ s s .  
we have an e f f o r t  i n  exp lo r i ng  MY uses f o r  p a r a l l e l  conputlng. 

During the 6 month poriod undcr rev iev .  nrmbcrs of D i v l s i o n  21240 
p e r f o m d  research on a w i d e  v a r i e t y  of top ics  vhieh can be roughly 
d l v l d c d  i n t o  7 c a t y l o r l e s .  

1. We contirued t o  wrk on lnprov lng  both tM p e r f o m m e  and our 
understanding o f  thc L .0  p rog raming  langtagc. Thls i n c l u ~ d  
j o i n t  wrk  v l t h  D i v i s i o n  25930 (P .  Dccrlng. DvMl In 8ddlhg nov 

2.  
3. 

4. 

5 .  

6 .  

7 .  

features t o  the  language. and fundamental-studies on the m l a t ~ o n  
b e t m n  L .0  8nd t.npor.1 l o g i c .  A n  L.0 conp l le r  f o r  the V 
nuchlna vas v r l t t e n .  and ve Cont inuM t o  invos t iga te  the use of 
the V nuchino as a f a s t  sv l t ch .  
We expandM wr research e f f o r t  i n  p a r a l l e l  processlng. 
Wo C O n t i n u M  our research on the mathom8tical fwnda t lons  of 
learn ing  theory.  
We con t i t uod  t o  wrk on conrrunicatlon theory. Df p a r t i c u l a r  
impartamo is the wrk done on the High-spoM D l g i t a l  Subscriber 
L o o p  projoct. I n  add i t ion .  we have conducted research i n  Opt lca l  
connunleation m M  data coqx-esslon. 
We have concludmd wrk on aids f o r  use of the telaphone notvork 
by tM handleappod m n d  d lsablod. We c o n t l i m  as consultants in  
t h l S  8-a. 
We have eont i tuod our research on p r O b a b i l i s t l c  moaeling. 
including the pmrfornunee ana lys is  of packet suitehod n a t w r k s  

fundamntal  research on s tochas t lc  processes. 
We have bylun t o  cons t ruc t  e x p e r l m n t a l  resoarch prototypes of 

and i n f o m t l o n  tOChnologios. and VC have C O n t I n u M  t O  do 
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PROJECT O V E R V I E W .  ( CON1 . I 

actual neural network devices, and we have contlnued t o  lnprove 
spcech synthesis equipment. 

During t h l s  per lod  we wrote 27 technlcal  memoranda. publ ished 9 papers 
ex te rna l l y ,  and presented 14 t a l k s  a t  technical  m e t l n g s  and 
conferences. 

P A S T  Y E A R  R E S E A R C H  ACCOMPLISHMENTS:  

Y Machine 
o A n  L . 0  conp l le r  has been w r i t t e n  f o r  the Y machlne. Thls y le lded - 

M c h  valuable lnformat lon on desirable changes t o  the L . 0  language. 
Work COntInues on studylng the high-speed (600 Mbl t /sec l  sw l tch lng  
c a p a b i l l t i e s  of the Y Machlne. 

Integrated Cowmunicitlon. Conputatlon and Caardlnatlon Envlronmnt 
( I C * )  MOb.1 Of Conputatloll and the L . 0  L8np.Jape 
0 The I C *  M o d e l  of Conputrt lon 1s a MU. prec lse  model of p a r a l l e l  

conputatlon belng deve1op.d by BellCOrt and I s  th. basls O f  the I C *  
p ro jec t .  We ma00 a ruwber of changes. and are  In  the process of 
Mklng other changes t o  the env l ronmnt  of the L . 0  programnlng 
language t o  lnprove I t s  speed and make i t  more object o r len ted .  I n  
particular we are maklng changes t o  a l l ow  enc8psulat lon and 
parameter passlng Compatible w l t h  the p a r a l l e l  paradigm. S a c  of 
t h i s  i s  j o t n t  w o r k  w l t h  25930 ( P .  Dnrlng. OvMI. I n  add l t i on .  MW 
theore t ica l  work has shown the r e l a t l o n  between L . 0  and tenporal 
l og l c .  S a c  of t h l s  1s j o l n t  work w l t h  21454 Id .  E .  Cameron). 

Pa ra l l e l  Conputlng 
o We continue t o  w r l t c  eodc f o r  the Conmetion MaChlne ( M - 2 1  t o  ga in  

experience i n  p a r a l l e l  p rogramlng.  The 0 4 - 2  1s a new. massively 
p a r a l l e l  machlne. A t  present, w are vrlt lng code t o  s lwu la te  
deconpresslon algor i thms f o r  1 . 5  l b l t / s e c  TV transmlsslon. We have 
also found m r w t l n g  a l g a r l t m s  f o r  p a r a l l e l  conputers uslng the 
hyp.mbe 8rChltOCture (Such 8s the M - 2 1 .  

Learning and conp lex t ty  Theory 
o Thls I s  research on the mathenutleal fwnda t lons  of l ea rn lng  and 

knowledge acqu ts l t l on  needed t o  support Be l leore 's  extenslve 
Involvmnent in  machlne learning, i n t e l l i g e n t  con t ro l  and r e l a t e d  
f l e l d s .  We have W t a l n d  m r e s u l t s  which clmonstrate hn, the 
quant i t y  of i n f o m t l o n  mired t o  l e a r n  l o g i c a l  expresslons from 

been pmpar ing  1KtU-s on mth .mr t lCa1  theory of l e a m l n g  (Vhlch 
Includes r lgorous  treatment of neural networks) f o r  p resenta t lon  a t  
Bel lcore.  We have a l s o  been studylng an abs t rac t  model of 
carputat ton meant t o  model a s l t u a t l o n  In whteh one p a r t y .  whlch 
has d l f f i c u l t y  conputlng secret o r  s a  e x t r a  conputat ional  power. 

OXanplOS 1s m l e t r d  t o  f O N 1 a  c a p l e x i t y .  Add l t l ona l l y .  Y. have 
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tries to convince a second party of some fact which i s  beyond the 
second party’s power to conpute itself. 

Lignt Pulse Encodlng 
o We have nude theoretical studies on thc limits of llght pulse 
encoding. 
code-divlsion nultlple access (COMA) systems. In addltton. two 
level optical oncodlng schemes have been studiod Which point toward 
the tnprovement of system performance. 

High-speed Digital Subscrlber Loop (HDSL) 

Those have yielded stnple bounds on thc performance of 

0 W e  have studied numrical optimizatton tochniwes to construct 
codes for Channels with tntersynbol intcrforcncc. This i s  part of 
our study of n e w .  wltt-channel signal deslgns that SubStantially 
reduce the effects of crosstalk b e t ~ o n  twisted pairs. Preliminary 
results Indicate that transmission rates of i Mbit/sec can be 
achieved on most subscrlber loop channels, and even higher rates 
are posslble by incorporating advanced equaltzation technlques. 
Thls is part of Bellcore’s HDSL effort Involving organfrations 
2124i (DIM V. Wei). 21360 (OvM P. Shumate). 27270 (OvM R. Lame). 
28530 (DvM T .  Schwrer) and soveral consultants. 

Data Conpression 
0 The locally adaptlve scheme Of Wei. et 11. has been recognized as 
OM of the fundamontal data conpresslon algorlthms by the 
scientiflc c m n i t y .  Its performance rlvals that of L.np.l-Ztv 
for arittmetic eodlng. Fast Very Large Seal. Intograted (VLSI) 
inplmnentation has appoared tn the literature. We a m  curmntly 
using tho algorithm for video and spNch conpnsston. and for 
cluster analysts. This represents a drastic departure from 
tradittonal mothods and opens m avenues of posslbtllties. Early 
results carpam favorably wlth 0Stabllsh.d methods. 

Aids to Conmmicatlon 
o We provldod an oxporlmontal h~rd~an/softwaro computer prototype 
UhlCh has voice mognltion. S w c h  synthesis and tOlOPhoM 
functions to help the disabled connuriteate ovor the telephon 
network. Thls includes tho porfornunce analysls of altornative and 
augnntattvo Irput/wtput dovicer to assist thc human interface 
problems of tho handicappod. 

We pr0vtd.d consulting services on the latest avallable tKhnology 
for tho disabled to the Boll Operating Collpanios and to tho NJ a n a  
through our ”Disabll i ty-Orlented Cbnnunication systems’’ group and 
the Tol.phon0 P i o m r c  of America. 

The Intomal Structure of Packet Streams 
o we dovelopod a trafflc redel for tho internal structure of packet 

streams in a single vlrtual circuit. Thls mock1 has b n n  used by 
-rs of District 21332 (DsM R. C a m l l )  in a slnulatlon study 
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P A S T  V E A R  R E S E d R C H  A C C O M P L I S H M E N T S .  ( C O N T  . I 

of output bu f fe r  Contention occurr ing i n  an la lmost )  b lock lng  f ree  
swltch. where the m a i n  source of congestlon is the occurrence of 
n u l t l p l e  packets almed a t  the S a m  output b u f f e r .  T h e  r c l a t i o n s h l p  
betw-n In te rna l  CharaCterlSticS (such as almost p e r l o d i c i t y )  and 
congestton I s  of great Inportance and not we l l  understood. For 
exanple. t h i s  r e l a t i o n s h l p  l a rge ly  determines What t r a f f i c  
measuremnts nust be co l l ec ted .  and what t w s  of C U s t w r  behavior 
are h a r m f u l  t o  the network. 

S lnu la t lon  Models of Packet Streams 
0 (This is a eont inuat lon o f  both the prcvlous I t e m  and our p rev . lws  

work on " lockstep" In packet streams). We worked out a method t o  
t rans la te  desc r ip t i ve  s t a t i s t l c s  ( f o r  exanple measurements) of a 
packet stream In  Coe f f l c l en ts  In a model which dcscrlbes hov the 
stream may have been generated. T h i s  method was Incorporated in  a 
s inu18t ion -1 bullt In  D l s t r l c t  21332 (DIM R .  C a r d w l l ) .  see 
also the previous Item. Cur ren t ly ,  we are i nves t l ga t l ng  Whether 
t h l s  modcl can be used t o  study " lockstep" (1.e. Strong B 1 m S t  
p e r l o d l c i t y l  i n  packet streams. 

P e r l o d i c l t y  and Persistence In Packet Streams 
0 We have colllc t o  the ConclUSIon t h a t  there  are two nuln Sources of 

congestlon In  packetized cowmunlcatlon: "periodicity" (see 
" lockstep" In  previous progress r e p o r t s )  and "p t rs Is tencc" .  the 
p h e m n o n  tha t  once we reach the s i t u a t i o n  ! h e r e  too many v i r t u a l  
c i r c u l t s  are sinul taneously In a send modc. t h i s  s l t u a t t o n  tends t o  
p e r s l s t .  Ww OmSIgned models f o r  the study of those p h e m n a  and 
solved the o m  nodcling p e r i o d + e i t y .  T h e  one modcl l lng persistence 
f s  s t ! l l  u h r  study. 

Informat lon Technologies 
0 We have analyzmd the value o f  tnformatlon on customer behavlor In  

Optlmal or m a r  optimal scheduling of general ized In fo rnu t ton  
Provlding Service, such as vldeo mv1.s on dwmand. We ca lcu la ted  
WaaSureS f o r  the P l d u C t I O n  In nunber o f  "servers" (e .g .  a lsks  w i t h  
coples of the m v l e )  md.d if we have knowledge of h o w  long 
c u s t a r s  are w l l l l n g  t o  Walt a f t e r  rwquestlng servtce.  

T h e  Study of Varlous Stochast ic Processes 
0 We continuwd our Inves t iga t ions  o f  var ious aspwcts of s tochas t ic  

processes such as quwes. bu f fe rs  l n  packet i red  comrunication. 
a r r i v a l  processes I n  te lephom t r a f f i c  thoory. C ~ o w n i m  Motion, and 
Martlngalwr. We nude fuMamnta1  c o n t r l b u t l o n r  t o  O t a l n t n g  
numerlca'l so lu t i ons  f o r  s ta t l ona ry  d i s t r i b u t l o n s  In  auwuelng 
Systems and Markov Chalns. We proved new and n u m r l c a l l y  uswful 
r e s u l t s  aWUt the r * l a t l onsh lps  between studylng a quwe In 
continuous t lm and studying I t s  behavior a t  spwcial times ( a r r l v a l  
. p o c h S .  W a r t u r e  w n s ) .  We are cont inu tng  wr study of the use 
of Non Standard Analysis i n  i nves t l ga t l ons  of vartous Stochast lc 
PrOceSses such as Martingales and Frac t lona l  t l rovnlan NotIon. and 
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on the re la t i onsh ips  betveen Mart ingale Theory and Control Theory 
problems such as optimal t rad lng  of f i nanc ia l  securities. 

Neural Netvorks 
0 Ye have been learn lng  hov t o  inplnnant an expertmental hardvare 

prototype uslng neural netvork integrated c i r c u i t s  ( I C s ) .  Ye vi11 
explore connecting these neural chips t o  a conputer i n  a vay t o  
study the theoretical bounds of the learn ing  algori thms. 

Speech Synthesis 
0 We contlnue t o  inprovc the harduareIS0ftvare experimental mode1.s of 

deml-syl lable Speech synthesis t o  provlde rea l  t ime speech 
synthesis Over t he  phone netvork. Jo in t  v i t h  21480 ( C .  Judice. 
D V M ) .  

_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ . . . ~ ~ ~ ~ . ~ ~ . . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~  

REASON FOR INFRASTRUCTURE CLASSIFICATION: 

T h e  vork of t h i s  Applied Research Project  provides f o r  the development 
of a leadlng Mge knovledge base I n  such key areas as connunisation 
theory,  sof tuare servicos lang.~age.  p a r a l l e l  processlng. and hllman 
fac to rs .  Enphasis 1s p1aC.d on appl icat ions t o  C U r m n t  and f u t u r e  
needs i n  n e t w r k s .  services and operations. The subs tan t ia l  bene f l t s  
of t h i s  Pro jec t  accrue t o  a l l  Ovner-Clients and are unable t o  be 
prevented f rom accruing t o  an O m w r - C l i e n t  vho night e l e c t  not t o  
p a r t i c i p a t e  in  the Pro jec t .  

RESEARCH DIRECTIONS: 

I C *  ( Integratmd Comrunleatlon. Conputatlon and Coordinatlon 
Environment): 
L.0 conp f le rs  f o r  the Y machine. Ye v l l l  continue studylng the 
use of the Y m a c h l n  as a broadband sv l t ch .  

N l u r a l  Ne twrks :  W e  p lan  t o  b u l l d  e x p e r i n n t a l  prototypes of a 
Complex S C t  Of nmurBl-Wtwrk chips tha t  may be remotely accessed 
by the theore t ica l  mura l -ne tvork  group through their vorks ta t lons  
0V.r the LoC.1 A m 8  N. tWe (LAN). 

S p e e c h  Synthrsis: We p l a n  t o  buld and program a resmarch prototype 
d m I f - s y l l a b l e  s w c h  synthesiser t h a t  can b. tYmotely accessmd over 
a LAN. 

we p l a n  t o  continue studying the performance of 

Aids t o  Connunlcatfon: we v l l l  contlnue t o  ac t  as consul tants t o  
t h m  Be l l core  C l l e n t  companies. lh. Amorleans uith D l s a b f l f t i e s  

Presidmnt Bush on July 20,  tSBo.  
Act (ADA) PasTed the House and the Senate and u8S Sfgned by 

PROPRIETAVV - Bellcore and AUthoPiZed Clrents Only 
See Proprretary Restrlct?ens on Tttle Page 
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Probata i l i s t i c  Yodeling: Ue w i l l  continue t o  do research on 
p r o b a b i l i s t i c  aspects o f  problems from operations research. 
telepnony. and p r f o r n u n c e  ana lys is  of conputer and ccimunications 
systems. Ye w i l l  study the bas ic  p roper t i es  of the processes 
involved, numerical problems a r i s i n g  in  these areas, and S p e C i f i C  
problems such as tM M h a v i o r  of packet streams in  packetized 
connunications. 

Connrmication Theory: Ye p l a n  t o  continue our research on th. f a s t  
inplmmentation of l o c a l l y  adaptive data conpression a lgor i thns  and 
on numerical techniques f o r  s igna l  design i n  data ccimunications. 
Ye p lan  t o  continua our research on l ight  pulse mmoding f o r  Opt ical  
Comunications systmms. Urn p l a n  t o  resume our research on the 
gemra l  t M o r y  of coding coamunication s igna ls .  

Learning and Conplexity Theory: Ye p lan  t o  continua wr work on 
the matlmnutical fwnda t ions  o f  learn ing  and knowlmdp acqu is i t i on .  

P a r a l l e l  Conputing: Ye p lan  t o  continue our e f f o r t s  i n  studying 
p a r a l l e l  a lgor i thns  and p a r a l l e l  p rograming.  

P R O P R I E T A R Y  - Bellcore and Authorized Clients Only 
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PROJECT O V E R V I E W  

During 1990. exchangt-access " f i b e r  i n  the loop" (FITLI reached 
cost p a r i t y  u l th  copper m e n  i n s t a l l e d  as " f i b e r  t o  the curb" (FTTC) 
i n  selected Mu-bulld app l lca t ions .  This benehrk.  along ulth 
studies shoulng tha t  FTTC w i l l  contlnue t o  f a l l  in cost r e l a t i v e  t o  
copper. uas accompanied by coord lna t lon  of Be l l core  a c t i v i t i e s  t o  
resolve know FITL issues, l dmn t i f y  f u t u r e  bottlenmcks. and support 
FITL generic r e q d l r m n t s .  This p r o j e c t  addresses a11 thrm areas 
through research on f tber  t n s t a l l a t l o n  and r e l i a b i l i t y .  powrlng of 
the op t i ca l  n e t w r k  unlt ( O W )  and ramate terminal ( R T ) .  and 
exp lora t ion  of a l t e r n a t l v e  FITL arch i tec tu res  and s t ra teg ies  for  
upgradlng FTTC in response t o  demand f o r  high-bandvidth services.  
The r e s u l t s  o f  t h i s  W r k  Inpact tndustry through pub l ica t ions  and 
standards COntrlbUtions, the Be l lcore  C l l e n t  C0)rpanieS (BCCS) through 
f l e l d  support and Co11aborati0ns including a f i e l d  t r i a l .  and 
w r o u s  Be l lcore  orgenlzat lons through tuo-uay co l labora t ions .  The 
t ime frames f o r  these Inpacts t o  be damanstrated through inproved or  
MU products becomlng ava l l ab le  t o  the BCCs are 0-3 years f o r  t he  
fiber and pouer research. and 2-5 years f o r  the FITL a rch l tec tu ro  
research. 

T h e  p ro joc t  I dmnt i f l es  and explores o p p r t u n i t i e s  f o r  apply ing MU 
o p t i c a l  technologies such as wavelength-divislon n u l t l p l c x i n g  and 
m r p i n g  energy technologies t o  PIdllce cos ts .  A t  the same tlm. the 
p ro jec t  contlnues t o  addross techntcal  Issues ul th  e x i s t l n g  
technologles 8uch as fiber and b a t t e r i e s  t o  inprove r r l i a b l l l t y .  
e f f i c i onc ies  and c r a f t  performance. By cons t ruc t ing  rosearch 
prot0typ.s.  c o m e t l n g  Wth labora tory  and f i e l d  exp r r I I nn ts .  
in f luenc ing  I m s t r y  standards. and enalyzing In d o t a l 1  the 
an t i c ipa ted  cost savlngs.  t h l s  p r o j o c t  assures t h a t  theso b o w f i t s  
U t11  be P . a ) l Z e d  and M- 8Vall8blO t o  the BCCS a t  the ear l iOSt tillU 
and f m  n u l t l p l e  vendors. This p r o j o c t  helps o s t a b l l s h  a leading- 
Odge k w l . d p .  base a t  both Belleom and the BCCS. and i t  COntrlbuteS 
t o  numerous other Se l l coro  p ro jec ts .  The t h m  rosearch programs - -  
fiber. pouw 8nd FITL arch l tec tu ros  - -  cons ls ten t l y  r e s u l t  i n  
technology t rans fer  through pub l l ca t l ons  and t a l k s  (both in te rna l  and 
e x t e r n a l ) .  patonts and s tawards  proposals. During 1HSO. exanples 
tns1ud.d 25 papors. 3S extorna l  pmsontat1ons. 5 S t D n d J r d S  proposals. 
4 patents Issued. f i l e d  o r  0p.ned. 20 technlcal  mnaranda and 2 
s p r c i a l  studies.  (Dur ing 1MDO. t h i s  p r o j e c t  a lso  included rosearch 
on hlgh-speed d l g i t a l  s lgnal  processing f o r  ( a )  prov i s ion ing  
r.P.aterless OS-)  so rv l ce  over e x i s t i n g  copper loops up t o  12 k f t .  

PPDPRIETARV ~ Be l l co re  and Au thc r~zed  C l i en ts  O n l y  
T h r S  document contains p ~ o p r i e l a r y  1-iformatron t h a t  s h a l l  Oe 

d r s t r i b v t e d  o r  routed only w ~ t h i n  Be l lcore  and i t s  authorized 
c l i e n t s  except w i t h  wr7t ten permission of Be l l core  

F O  I 4 0 3 2  
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( b l  p rov ls ion lng  1-way OS-1 serv lce  p lus  2-way voice telephony over 
res lden t ia l  loops up t o  18k f t .  and I C )  t ranspor t ing  nu l t l r rgab l t /SeC 
servlces over copper drops < 300 f t  In  FTTC systems. We v l e v  these as 
key optlons f o r  evolv ing t o  broadband. As of August 1 ,  1990. t h i s  
work. known as Htgh-Bit-Rate D i g i t a l  Subscriber Line o r  HDSL. has been 
t rans fer red  t o  Project  421306.1 

F l b e r  d l s t r i b u t l o n  and r e l i a b i l i t y  research InclUdms low-cost uathods 
f o r  deployment of f l b e r  i n  the loop and ongolng appl ied research in  
f i b e r  r e l l a b l l l t y .  Mathemattcal modcls and support ing conputmr 
software f o r  analyzing the mechanlcal behavior of f i b e r - O p t l C  cables 
and sp l l ces  In  f i e ld -s t ressed  cond i t lons  are producmd. 8ench-top and 
f u l l - s c a l e  I n - s i t u  tes t tng  I s  conducted t o  v e r l f y  mdellng tmchnlques 
and the i n t e g r i t y  of f i b e r  cables and splicer under load. Extensive 
analysls and laboratory t e s t l n g  of o p t l c a l  f i b e r s  and ftber coat lngs 
are performed t o  determine their mechanlcal s t rength  and fa t i gue  
resistance In  various envirormants. These r e s u l t s  are present@ t o  
na t lona l  and In te rna t lona l  Standards c a r m l t t n s  f o r  i nco rpo r t l on  i n t o  
f l b m r  o p t l c  t e s t  procmdurms. Post-mortmm analyrms are c a r r l o d  out on 
f lber-opt ic-cablm f l e l d  f a i l u r e s  In co l l abo ra t i on  w l t h  -rs of 
Network Tmchnology t o  co r re la te  labora tory  tmsts w l t h  actual  f l m l d  
condi t ions.  
technlcal  iwt f o r  carp.nsation c la lms against mnufac turers .  Th is  
w r k  has numerous two-way 1irkag.r t o  p r o ~ m c t s  f n  Dtv is lons  21130 
( V .  KeramldaS. DVM) .  21140 (8. Rmagor. DVM). 21310 ( P .  KalSer. DVM) 
27210 ( D .  Burpee. DvM). 27510 ( 0 .  Shelton. DvMt and 24230 
( E .  Oould. DvM). 

Energy SyStRmS tmchnology rmsmarch I X l U d m S  appllod rOSmaKh on 
Systms f o r  pnnrlng both F I T L  and In togra tad  Systms D l g l t a l  N c t w r k  
(ISONI. and I s  centermd on our cont lnu lng  t h m m  of M i n l n u m  Energy 
Deslgn f o r  Telmcoimnunicatlons (WEDTELI. Due t o  the docum8nt.d hlgh 

tmrmtnatlons (NTls).  our f w s  I s  on dmons t ra t tng  mnergy-mff lcient 
dmslgns. lncorporat lng powr l l n i t s  I n t o  8mllcore rmqulmmmnts and 

circuits. T h l s  Is a natural  extension o f  wr modlflad d l g l t a l - l o o p -  
car r lmr  program tha t  d.monStratod grea ter  than 50% mnergy and power 
savlngs f o r  narrwband smrvlces. lmadlng t o  tha r e v l s l o n  o f  
TR-TSY-00057. A n t t c l p a t o d  l n f l a t l o n  In energy costs, conbtnd v l t h  
the present onphasls on increaslng b a t t e r y  reserve t lme a t  RTs ( m t e  
te rmlna ls l  adds t o  the cost of powrlng wts ldm-p lan t  mlmctronlcs. 
Therefore. rmsmarch w l 1 1  address 8ltmrnattvm powrlng a r c h l t m c t u m t  
and tmchnologlms. Fuel Ce l ls  a re  bmtng l nve r t l ga tad  f o r  powrlng an 
RT continuously f r o m  ptpod na tura l  gar .  r e l q a t l n g  t he  mlmctr lc gr td  
t o  a backup f a c l l l t y .  
b8 t t * r ieS and iwrovmd nlckml-cadmium bat te r lms are bmlng l nvmr t lga tod  
f o r  FITL app l ica t ions  such as O W s .  Thm C h a s t m r  Dutsldm P lan t  
Laboratory long-term f i e l d  t r l a l  of 10 ONJs w i l l  cont inua t o  g a i n  
i ns igh ts  I n t o  ba t te ry  longevity and t-rature e x t r w s  f o r  FITL 

These analyses prov lde  our c l lmn t r  v l th  s l g n l f i c a n t  

costs associatmd w i t h  p o w r l n g  math watt  In  ONUS and ISM r*.tWrk 

shaping Stand8rds tha t  W i l l  aCC0(11110datm tha powrlng doVn Of tnac t l ve  

N . w  tmchnology l w - p m s s u r e  nlckml-hydrogon 
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app l ica t ions .  Enclosure energy-management schemes requ l r i ng  less 
energy w i l l  c o n t l w e  to be s tud ied  a t  our Chester Laboratory. 
t o  focus on r e l i a b l e  a n d  economical space condt t ion ing  f o r  Passiva 
Photonic Loop (PPL) nodes tn 1991. Narrowband ISDN l i ne -p ro tec t i on  
w o r k  on seallyl cur ren t  w i l l  be Conttnued In  the Nev Jersey PaSraiC 
t r i a l ,  and extended t o  a cent ra l  o f f i c e  in  F lo r l da .  F u r t h e r  rese8rCh 
on Bc l l core 's  t n t n - f t l m  fue l  c e l l  vi11 be pursued through a r*S*8rCh 
co l l abo ra t i on  w l t h  an W t S l d t  f a c i l i t y .  T h e  energy systrms research 
has strong two-way l inkages t o  p r o j e c t s  i n  D iv ls tons  27270 I R .  Laam.  
O V M ) .  27410 ( M .  s e h ~ a r t z .  OVM) and 27450 I F .  zupa. Dvm). 

Opt ica l  network a rch i tec tu re  research Includes exp lo ra t lon  of both 
new- term and long-term options f o r  upgradtng FITL c a p a b i l i t i e s  f r o m  
narrovb8hd t o  broamand a t  l o w s t  cos t ,  w i t h  minimal d l s rup t l on  In  
the d l s t r i b u t t o n  p l a n t  and as serv ice  demands warrant. M a r - t e r m  FITL 
opt ions being tnvest igated f o r  p rov id ing  wldeband I< 45 Llbit /secI and 
perhaps e a r l y  broarnand ( >  4S Mbi t /sec)  services include cower-plus- 
coax o r  cop+x!r-plus-fiber drops. Long-term opttons f o r  brOam8nd 
center about evo lv ing  from FTTC to a passive "fiber-to-the-home" 
( F I T H )  arch i tec tu re  (such as the Passive Photonic Loop). To ensure 
th8t t h i s  m t s  the obJ8ctives above (loYCSt Cost. m i n t m 8 l  d i s rup t i on  
and demand dr i ven ) .  t h n  technology. powr. space and e n v l r o n r m t a l  
r r q u f r m n t s  mst be explored f o r  each of the key steps In the 
evo lu t lon .  T M  i n p l i c a t l o n s  of increased bandvidth per subscrtber 
and the lower tnpllw pa t r -ga ln  on the f u tu re  cen t ra l  o f f l c e  are also 
being considerod. Thc o b j e c t t v l  o f  t h i s  wrk I s  t o  conceive a mu 
mans  of applytng o p t w l e c t r o n i c  tmehnologies near the switch for 
prov id tng  mxtnum servtce f l e x l b i l t t y  a t  louss t  cos t .  Research i s  
c a r r i e d  out from a servlce-noods perspect ive through laboratory 
e x p r t m n t s .  8na ly t tCa l  mod.llng 8- d 0 t a l l . d  Cost 5tUdt.s. AeVanCCd 
software t o o l s  such as FINESST have boon deslgned f o r  accurate layout 
o f  serv ing  a n ~ s  w i t h  t h  arch l tmctura l  opt ions.  Planning f o r  a f l e l d  
t r i a l  of tM Passtve Photonic Loop i s  underway w i t h  one o f  the BCCs 
fa r  tDB2. This rosearch has had m j o r  tnpact a t  Be l l core  through 
s t i n u l a t i o n  of nuny successful col lmborations both Ins id0  and W t s t d e  
of Applted Research. I t  maintains s t rong two-way linkages t o  D1vtsions 
21310 ( P .  K.iS*r. DVY) .  26530 ( T .  S c h r w r e r .  Dvm). 27210 (D .  Eurpee.  
DVY) and 24230 ( E .  oarla. mu). 

We P l 8 n  

. - -____-- - - - - - -_-_-- - - - - -~-~-- -~--~-- - - - - - - - - . - - - -~-~-- - - -~- - - - - - - - - - - -~- - - .  
P A S T  Y E A R  RESEARCH ACCOMPLISHMENTS: 

This p r o j e c t ' s  accarpl lalnmnts aring thc pas t  s i x  montns contlrxra t o  
demonstrate hw mu tochnologtes can b. n p l o y w ~  t o  red lce  BCC costs 
and p rov ld .  oppor tun i t i es  f o r  m u  services or network evo lu t lon .  T M  
f o l l w l n g  examples I l l u s t r a t e  t h  value of t h i s  work i n  the areas of 
f tber  r e l t a b i l l t y .  low-cost singir-mode connectors, t n s t a l l a t t o n  o f  
FITL. l f f l c i e n t .  e x t r r W d  powmrlng of loop e lec t ron l cs  Inc lud ing  FITL. 
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powering of ISDN. high-bit-rate DSL (Digital Subscrlber Llne) for 
existing loops, n e w  archltectures for FITL that require power only 
at the end termlnrtlons ("passive loops"1. and software tools for 
analyzing FITL optlons. 

Fiber Medl8 Rellability Research 
0 Substantlal progress has been nude ln flber medla rellablllty 
research Includlng optlcal flber testlng programs tn the areas of 
Stress-frme aglng. Statlc and dynamic fatlgue. and the Influence 
of flber coatlngs and environmental contaminants. Bellcore m w  
leads thc fleld In flber rellablllty research. and was flrst to 
measure the corroslon of optical flber surface In water and 
correlate the resulttng surface roughening With mductlons In 
flber strength. Research Is contlrulng on the long-term 
reliablllty of Optlcal flbers and masurmmnts of the mechanical 
properties of flber coatlngs that wlll lnfluence the strength of 
fatigue resistance of flber. Investlgatlons have also continued 
on the long-term rellablllty of flber splices and fleld fallures 
of flber spllces and distrlbutlon cable sh.aths. 

We are contlnulng to play a very actlve role In the Flber 

withln the Teleconrmnlcatlons Industry Assoclatlon (TIA). We 
developmd five Flber Optic Test Procodurns (FOTP) for testlng of 
Optical flbers by vendors prlor to cabllng. and presented t h m  to 
the Electronlcs Industry AssOCiJtlOn (EIA) F 0 6 . 6 . 8 .  and are 
provldlng conmnts on the rewrlte of five FDTPS wlthln 6 . 6 . 7 .  

TMre 1s contlnulng Interest in the support of post-mortem analyses 
In Collab0ratlonS with Pktwrk Tlchnology. Dlvlsion 27210. 
( D .  B u m .  DvM) of flbers that have fallrd In thc fleld. 
Instances of large surface flaws on flbmrs and poorly coatmd flbers 
have boen s n n .  LID (Local Inj.ctlon/lktectlonl devlces whlch use 
microb.nds to couple llght emrgy lnto flbors have been the subject 
of Incrnased attmntlon end tnvestlgatlon. Substantlal coatlng 
danuga has boon Observrd and quent1fl.d mlatlve to the flbor 
strength reductlon from LIDS. 

Addltlonal attentlon Is belng brought to determining tho reductions 
In flber strnngth that occur -e to cabllng. fnctallatlon and 
SUbSOqCIent flmld aglng. 
ne!.' long-gauge-length flber test lab to lnvestlgate th. propagation 
anf failure of the 1arg.r flaws that exlst in Optlcal flbors. whlch 
I s  exprcted to determlm thelr actual strength and useful life 
U W r  typlcal fleld condltlons. Thls l a b  1s mssentlal tn 
determlnlng the corrnlatton between tests and mality. 

P0Y.r Plant Survlvablllty of Natural Dlsasters 

Rellablllty W O P k l n g  Group 6 . 6 . 8  and Flber C O a t t n g S  Cormittee 6 . 6 . 7  

We have d e s l g m d  and b o p n  to construct a 

0 Thls toplc becam very wrrmnt through 1SEB wlth th. loss of 
tel.phom servlces that acconpanlmd kurrlcam tiup0 ana the san 
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Francisco earthquake. Tu0  recent ly  conpleted pro jects  addressed 
the c ry  f o r  more r e l i a b l e .  longer l a s t i n g  emergency carryover f o r  
o u t s i d t  p lan t  remote terminals. This i5suC hastened our hand-off 
of these resu l t s  bo th  w i t h i n  and outside Bel lcore.  

O u r  recent experience uith sealed lead ac id  bat ter ies.  gal- 
through substantive t e s t l n g  a t  Argonm Natlonal Laboratory and 
reported t o  P o w r  SUES and t o  the ba t te ry  industry,  Showd tha t  
ba t te ry  capaci ty was dependent upon c e l l  or lentat ion.  Also, 
capaci ty degradation u i th  discharge/charge cycles was fwnd t o  
occur w l t h  ga l l ed  e l e c t r o l y t e  c e l l s .  O u r  research suag.sted ways 
that  low capaclty c w l d  be corrected. T h e  bat tery  Industry has 
taken up wr suggestions. Products being made avai lable f o r  RT 
(Remote Terminal) app l i ca t i on  today consequently o f f e r  these 
inprovements In  capaci ty over tha t  of c a l l s  in  service dur ing 
recent natura l  d isasters .  

The other p a r t  of the so lu t i on  t o  longer carryover tim 1s t o  
reduce tha ba t te ry  d r a i n  presented by the d i g i t a l  loop CarrICr 
(OLC) equipnmt load. our laboratory modi f icat lon of a Northern 
Telccom DMS-1 Urban Sh0vl.d that  emrgy  d i ss lpa t i on  c w l d  W r0dUc.d 
by tuo - th l rds  U h l l C ,  a t  the Sam tlm. maklng the Sy5t.m mrC 
r e l i a b l e  and less expensive t o  maufacture. The relevance of t h i s  
r e s u l t  t o  the Issue of  s u r v l v a b l l i t y  through natural dlSaStePS I s  
t h a t  i f  the same t e l e c o ~ m u n l ~ a t i o n ~  funct ion can be provided a t  
O m - t h l r d  tH onergy. then a given size ba t te ry  wuld carry  Over 
the systmm f o r  t h m  times the reserve ttm. I n  March. 1990. a 
rev ts ion  t o  TR-TSV-00057.  dmscribing m q u i r n n n t s  f o r  DLC r y s t m s .  
uas announcod based on these r e s u l t s .  A 55% pcwar reduct ion ls 
expcctod. Thls wrk was accarp l ishrd by a coo(nrative e f f o r t  ulth 
D i v i s i o n  27450 (F. Zupa. DvM) i n  conjunct ion u i th  D iv i s ion  27410 
I M .  SchYartz. D v M ) .  P 0 v . r  s ~ r v i v a b i l l t y  thrWgh natural  
d isasters  has bnn made the them of  the 1900 In ternat lonal  
T e l . ~ ~ n i c a t i o n s  Emrgy Conferonce. This conference program 
conmitt- I s  1.d by Bmllcore personnel. We p lan  t o  SH these 
L O l U t l O n L  through t o  f u l l  i n p l n n n t a t i o n .  

Fuel c e l l s  poy.md by natura l  gas may o f f e r  an ~ n u s ~ a l l y  m l i a b l e .  
. m t r o n n n t a l l y  clman. cont fnuws source of  pornr f o r  RTs. 
E l e c t r i c  u t i l i t y  pouer. the primary source today. would be usod 
uithwt battor ims on ly  f o r  nnrgoncy backup. o r  possibly not a t  
a l l .  O u r  p r o l i n t n a r y  esttmate is t ha t  the 20-year l i f o - c y c l e  
costs (tncluding present . q l i v a l e n t  emrgy costs) of appropr iately 

a m  r i g n i f t c a n t l y  l a rgo r  o r  smaller than appropriate f o r  pMring 
an RT.  h.nc0. one aspoet o f  wr planrmd e f f o r t . )  we p l a n  t o  
analyze t h m  smallest o f  tH largo fue l  c e l l s  (10 t o  20 kW range) 
f o r  developtng a mom accurate s y s t m  model. lnc lud lng r e l l a b i l l t y .  
and t n s t a l l  and test om o f  these a t  wr outside-plant f a c l l l t y  a t  

SlZed fuel C e l l s  and electric pouer supplies ulth 8-hour  ba t te ry  
bae*UP Ywld b. Colparabl.. (MOSt W r r o n t l y  BVallablm fuel  -11s 
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Powering of F l b e r  In  thc Loop ( F I T L )  
o The costs associated v l t h  prov id ing r e l i a b l e  unlnterruptad power 

f o r  an  Optlcal Network Un l t  IONLI) on thc c u s t m r  end of a flber 
were documented In TM-TSV-013583. These studlas show t h a t  any 
degree of r e l l a b l l i t y .  up t o  a n d  lnc lud lng that  o f  c e n t r a l - o f f l c e -  
provlded power, can be obtalned a t  a c o m n s u r a t e  cost .  A wlde- 
based study group v l th ln  Bel lcore vas convened t o  raach COnSansUs 
on some aspacts of pobmrlng fiber In thc loop. Unanlmlty was 
reached on two po ln ts :  the ONLI should accormcdate a povar-down 
mode and power f o r  the DNU should be sourced g e m r a l l y  as close 
t o  the O W  as the d l s t r l b u t l o n  a rch l tac tu re  permlts. Savlngs on 
t h l s  po int  are most pronounced on long loops. 

( C O N T .  ) 

The costs associated w l t h  povering each watt of consunptlon a t  the 
customer and of  a flber a t  the curb o r  h m  are shown t o  be hlgh. 
Al ternat lves considered are over M t v o r k  copper. f r o m  tha curb, 
from customer's AC supply, and over the fiber ( o p t l c a l  p o w r ) .  
The high cost provides mot ivat lon t o  r w c e  panr  consunptlon of  
tha OW. To t h l s  and. a consansus was reachad by the FITL Task 
Force that the ONU v l l l  accomodate a panr-down mod.. Thls 
decislon w l l l  laad t o  substant la l  savlngs In  f i r s t  cost and 
oparatlons cost .  I t  sats a good exanple f o r  broaOand ISDN t o  
fo l l ov .  Thls work VIS  presentad a t  F l b e r  ComForun, Natlonal Flber 
Optlcs Englmers Conference. and Suparcom. Ya p lan  t o  prassure 
manufacturers t o  devalop energy e f f l c l a n t  arch i tacturas and 
harmare. A t  the sama t lme. we w111 work the standards. 
roqulraments and tehno logy  Issues t o  s p d  i n p l ~ ~ m n t a t l o n  of FITL. 

T h l n  F i l m  Fuel Ca l l s  and Gas Sensors 
o A very broad devlca patant was issued S a p t a n b a r  5. 1989. on thc 

thln f l l m  fue l  Ce l l .  The s a l i e n t  po ln ts  of  t h l s  now anergy 
convarslon davice are t h a t  i t  is thln and om-s ided and can ba 
procklcad on lmxpanslva substrates such as capton; I t qmratas a t  
room tanperatura and pmssum w l t h  mlxed gas ( f u e l  and a l r ) ;  and 
that l t  operates on savaral hydrogen basad f ua l s .  A l l  of these 
a t t r l bu tas  have tha prospact o f  y l a l d l n g  a low cost In  volume 
procklctlon. Tha most i n t a m s t l n g  ECC app l l ca t l on  onvlsionod I s  
a conpact rasarva powmr supply for a rmnote tarmlnal  o r  con t ro l l ad  
env l ro rmn ta l  vau l t .  This Kwld  occupy approx lmta l y  20% of the 
V O l U l M  Of tha 8-hour ba t te ry  YhiCh It would raplaca. and i t  would 
run the load for tw1Ca tha msarve tlme. Paramount 1s tha f a c t  
that  l n d c f l n l t a  axtmndod msarve w i t h  tha pmsant  b a t t e r y  systam 
cannot ba achlavad when tko outage covors a broad araa t h a t  
Includes sarvaral s l t o s .  Bu t  v i t h  a fua l  c a l l .  l n d a f l n l t a  mserve 
1s contlngant on ly  on the re f i l l i ng  of  tha f u e l  ta*s. 

"Nature" thc ln tarnat lonal  Journal of sciance. publ lshad Bel lcore's 
o f f i c l a l  e l s c l o ~ ~ r e  In a l e t t e r  on Fabruary 7 .  1090. We ware 
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deluged by m d t a  coverage because “Nature” ed i to rs  leaked the 
r e s u l t s .  T h e  fuel  c e l l  has received more exposure than any other 
Be l l core  acconplishncnt. I t  was covered by BBC. C-SPAN, Buslmss 
w e e k  on two occasions. The Wall Street Journal. The N e w  York Times, 
The washtngton Post, The Los Angeles T l m s .  Japan T l m s  ( f r o n t  
page) and many more. We now have a l i cens ing  phtlosophy and a 
l i cens ing  package t o  o f f e r  In te res ted  conpantes. O u r  p l a n  
Is t o  form a 2-year research c o l l a b o r i t l o n  w t t h  another p a r t y  f o r  
purposes of brlnglng thm technology closer t o  telapphone 
application. 

F I T L  Plannlng Software 
0 Destgn. codtng, t e s t l n g  and documentation w r e  conpletmd on thr- 

key programs In the F 1 b . r  N c t w r k  Economics Software System 
(FINNEST). an tn te rac t t ve  software system Vhtch OvalUateS and 
optlrnlzes a l t e r n a t t v e  f l b e r  loop network a r c h t t K t u r e s .  TMS 
(Technical Llrtnoranda) wt l tn ing the s t tes .  servtces. and equtpment 
I n t e r a c t i v e  database e d i t o r s  W r e  C m l e t e d  (TU-ARH-015153, 
TM-ARH-016362. TY-ARH-016010). Co11abOrattons are c u r r e n t l y  being 
pursued w t t h  othmr BellCOre technical  areas and BCCs t o  turn 
F I N E S T  tn to Be l lcore  software package. 

Swltchtng and Swltch In te r faces  
0 Research contlrumd on th. app l tca t ton  of n e w  technologtar a t  the 

In te r face  of the d i s t r l b u t l o n  n e t w r k .  An  analysts of a s y m t r i c  
PaCket-SWltCh modules w l t h  chanrml grouping was carp1et.d. 
Performance analysts o f  a 3-stage modular packet sw l tch  
a rch i tec tu re  tha t  should b scalable t o  ware than ~0,OOO p o r t s  
was a l so  conpletmd. O n g o l n g  research on the loop M t w r k  and 
broamand swl tch  relattOnShtp has explormd the r e l a t t v e  m r l t s  of 
{-Ut and Wtpr t  +JWtng In  a hlgh-Smd packet S W l t C h .  and W 
have bwn ab le  t o  prove the Counter - tn tu t t i ve  r e s u l t  t h a t  lnput 
bu f fe r i ng  Is b . t t e r  than output b u f f e r i n g  under some t r a f f i c  and 
servtce mlxes (TU-ARH-017030; TM-ARH-017038). 

we have exp lomd r - f o r - N  p ro tec t ton  sch.nrs f o r  flMr loops 
(TU-ARH-0lB28.31, f o l l w l n g  up on l a s t  year’s successful w r k  
on thm Inpact of passlve loop arehltmeturur w l t h  rou te  d l v e r s t t y  
on lncrmmental cost  and access l i r& a v a t l a b t l l t y .  Rocmnt  r e s u l t s  
show t ha t  sonm r - f o r - N  protmetton arra-nts w t t h  dlversm 
f a c l l l t y  rWt lng m y  CUt aCCOSS 1Im Unava l l ab$ l f t y  by more than 
two orders of magnltudm belw thm unava( lab11tty providmd by 1 : 1  
p r o t e c t l o n  w l t h  d lverse f a c l l i t y  ruutlng. 

Related aceonpllshnonts tn a l l  * m a s  includc s l g n t f l c a n t  
p a r t t c t p a t l o n  (papors. conmtttomsl In major conferences tnc lud lng  
thm Optteal c m n t c a t l o n s  conference ( O F C ) .  Glob.eom. th. Nat ional  
Ftber OPttCs Eng tnn rs  Confmrence (NFOEC). thm I n te rna t l ona l  
Connuntcatlons Conference ( I C C ) .  the Eat to rn  and Natlonal 
C m n l e a t l o n s  Forums (ECF and N C F ) .  the Conference on Lasers and 
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E1ectro-Optles I C L E O ) .  the European Conference on Optic81 
Cormrmlcatlons I E C O C ) .  The In te rna t i ona l  Conference on ACWstlCs, 
S p m h  and Slgnal Processing ( I C A S S P I .  the Intmrnatlonal 
TelecOnrmnicatlons Energy Conference (INTELEC1. and the Workshop 
on Passive Optical NmtvOrks f o r  the Local Loop (PON). 

____- -______-______.~- - - .~ - - - -~~- - - . - - - - - - - - - - - - -~ - - - - - - - - - . - - -~~- -~~- - - -~ - -  
REASON FOR INFRASTRUCTURE CLASSIFlCATION: 

The wrk of t h l s  Applled Resmarch Pro ject  providos for  the OevelOPmOnt 
of a leading m d g e  knouledge base in  such key armas as netvork 
technologies and systmmr. Ewphasis i s  p l a c e d  on 8ppl lcat lons t o  
current and f u tu re  weds  In  netvorks.  servlcms and operattons. The 
substant ia l  bene f i t s  of t h i s  Project  accrue t o  a l l  Ovmr-C1ients and 
are un8ble t o  be prcvcntmd from accruing t o  an CNMr-Cllent who nlght 
m l e c t  not t o  p a r t l c l p a t e  lh  the Pro jec t .  

RESEARCH DIRECTIONS: 

Resmarch In  tha I n s t a l l 8 t i o n .  rapa i r  and r e l l a b l l i t y  o f  f i M r  o p t l c  
netvorks v i t h  .nphasis on f l be r - l n - the - loop .  Thls e f f o r t  requlrms 
con&ctirg nummpws laboratory and " rea l  vo r ld "  f i m l d  mxparl lnnts 

c o r m l a t e  their bahBvlor V l t h  our models and analysms. This e f f o r t  

Rmsmrch d1rOCt.d t o  the analysts of cost  ef fmct lve pouering and 
mnvlromuntal-control  archltecturms tha t  u t i l l z t  m tOChmlg1ms. 
n l n l n l z e  mmrgy +onsunptloh. and vh ich vi11 smrve futurm B ~ l l C O r C  
C l i en t  Carpany m d s .  Slgh i f l eah t  e f f o r t s  arm fOCYsM on tha 

t o  support flbar-ln-tha-loop. 

Research on s t ra tag l c  opt lons us ing nultivavmlmngth passlve o p t l c a l  
m t w r k s  f o r  lll~m88.d e 8 p a b l l i t i e s .  dmm8nd-drtvmn upgrading. 8nd/or 
r h e l n g  costs t n  Droada~nd  o p t l c a l  access m t w r k s .  

Teanlng 4 t h  othar Eel lcara am8s t o  l ~ l m n t .  t a r t  and d.monstratm 
so f t vam f o r  plannlng 8nd analysts of futum o p t i c a l  m t w r k s .  

t o  S t M S S  tha tOChl3Ologl.S t o  find their v a 8 k W S S ~ S .  and than t o  

1l lCIUd.S f 8 l l U r C - m  8n81ySOS f o r  thc ECCS. 

pouarlng 8 K h l t K t U m L  and taehnologlms which v l l l  M m m s s a r y  
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PROJECT OVERVIEW: 

The Bel lcore C l l en t  Canpanics have a need t o  evolve t h e t r  p r i m a r l l y  
volce w t v o r k s  of today t o  the In fo r rmt lon  Netvorks t h a t  their 
eustwnrs v l l l  demand In  the next century. Slnply stated. the 
In fo rna t i on  Notvorks of  the f u t u r e  v l l l  provlde any typ. of 
informatlon. votce. I m a g e .  v l d e o  o r  data. t o  anyone, a t  any time. in  
any place. and a t  reasonable cost .  Bel lcore has ar t lcu1at .d  t h l s  
v l s i o n  In a product called the I n f o m t l o n  Networking Archl tecture,  
or  INA. The Network Control Research p r o j e c t  v l l l  c o m e t  appl lod 
research t o  eStabl lsh one p o r t t o n  of the technologtcal foundations 
of the Informat ion Netvorking Archi tecture;  the portion of t h a t  
arch i tecture Vhich conslsts of tho und.r ly ing t ransport  wtvork. i t s  
cont ro l  s t ructure,  and the sof tvare sys tms  Vhlch 1 n p l . n m t  I t s  
cont ro l  s t ructure.  I t  i s  t k  goal of t h l s  research t o  learn hov t o  
bui ld and contro l  a t ransport  I n f ras t ruc tu re  tha t  supports g r e a t l y  
increased banbvldth and lncreased v a r i e t y  In t r a f f i c  cha rae te r l s t l cs .  
Vhilc a t  th. sam t lme cont lnutng t o  d e l i v e r  tho r e l l a b i l i t y  w have 
come t o  expect from the current  network. O u r  vork In 1991 v i11 
consfst of research on survivable wtvork 8rehi t .e tums and netwrk 
dcslgn. on th. nunagnnnt of t r a f f l c  and c o n m t t o n s  v l th ln  these 
netvorks. and on tho mod.llng of  large scale w t v o r k s  and tk l r  
*rat ing systems. A l l  t h l s  work i s  a l m d  a t  the eventual goal of 
achleving a p a n r f u l  and robust under lytng transport  and de l l ve ry  
network f o r  the future In fo rnu t ton  Netvorks of tho Bellcore C l i e n t  
Conpan1 es BCCs ) .  

We vi11 contlnue our vork t w a r d s  the concrpt lon of s ~ r v l v a b l e  and 
cos t -e f fec t l ve  flhr netvork archltmetures. O u r  vork ln  the past 
r e s U l t M  In  a software pr-ct c e l l e d  F l b e r  opt lons t h a t  has s n n  
wldespmad use v l th ln Bol lcore and by mtwrk p l a n w r s  tn tho BCCs 
as an a l d  t o  thelr s t r a t e g i c  planning. We w l l l  extend t h i s  wrk t o  
dmvelop a lgor l tk rm and eonputor programs t o  l d o n t l f y  8-81 In the 
local  e x c h a w  wtwrk vh8m flbor optic r tngs can bo cos t -e f foe t l ve l y  
d.ployM. These al90rfthrnr v l l l  a l so  Ind i ca te  I f  o ther  mans. such 
as diverse protmetion. e m  more su l tab le  t o  achieve protwtlon f o r  
COrtaln bu i ld ings.  Thls wrk v i11  d i r o c t l y  bomfit t h e  Bellcore 
NetWrk PlDt?nlng S y t t m .  D tv i s ton  24240 ( C .  Pack, D e )  and the SONET 
(Synchronous OPtlCal WtMrkJ  project. D i v t s i o n  27240 ( 0 .  Rl tch le .  
DVM ) . 
Work on wtvork t r a f f l e  con t ro l  VI11 bo directed a t  future b roaaand  
w t v o r k s .  and l n  p a r t l ~ l a r .  the po r t i ons  of those w t v o r k s  Vhlch 
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car ry  Asynchronous Transfer Mode ( A T M )  t r a f f l c .  We w i l l  Contlnue our 
close worklng m l a t l o n s h l p  w i t h  the Broadband Project  ln  the Network 
Technology Area, D l v f s l u n  27140 ( 5 .  Walters. OvM). We w i l l  study the 
p r o b l n  of call abnlsslon cont ro l  and t r a f f l c  rwt lng.  We u l l l  smmk 
t o  determlne the level  of s t a t l s t l c a l  w l t l p l e x i n p  galns tha t  are 
achievable f o r  such burs ty  servlces as packet vldeo and S u l t c h e d  
M l l t l m g a b l t  Data Servtces (sMOS) .  O u r  work In  the past sh0Y.d thc 
c r l t l c a l  connectlons between t r a f f l c  parameters, sw l tch  r e ~ w r c e s .  
and SMDS serv lce  q u a l l t y .  

One of the ob jec t lves  of the Ba l leorc  Informat lon N e t w r k l n g  
ArChItectUre v l s l o n  I s  the segregatlon of the f u t u r e  In fo rmat lon  
Network i n t o  a Services Segment and a De l lvery  S e w n t .  The Da l i vc ry  
Segment Conslsts of n e t w r k  elements and a cont ro l  s t ruc tu re  t h a t  w l l l  
support new servlces and new n e t w r k  op t ra t tons  app l tca t lons .  
Software funct ions vhlch are appropr iate t o  transmlsslon and s v f t c h l n g  
products are I n  the W l l v e r y  Segment. Software funct lons vh tch  should 
be under the d i r e c t  con t ro l  of the Local Exchange Car r i e r  o r  i t s  
customers are In the Servtces S . g n n t .  T h e  proposed smparatlon may 
be a t t r a c t t v e  from a BCC buslness persp tc t l ve .  but the achievment of 
admquate r e a l  t ime performance of a network mad. up o f  s q r e g a t e d  
swltches and services softwarm r o q i l r e s  research advances. Or). aspect 
of our work wlll be the lnves t l ga t l on  of methods t o  m l n t a f n  h l g h l y  
r e l l a b l e  c a l l  o r  Conmct lon M o r d s  l n  n e t w r k  m l m t s .  but S t l l l  

Network t r a f f l c  con t ro l ,  f a u l t  t so la t l on .  tKhn tca1  l l m l t s  on b i l l l n g  
p o l i c i e s .  and servlce response t im are a11 dependent on v l r t u a l  
c i r c u l t  ln fo rmr t ton  s to red  tn swl tch lng  elements. O u r  work tn the 
past years on real ttme c a l l  proeerslng. using p a r a l l e l  eonputerr. 
provtdes a base of kmwlodge upon vhlch t o  b u l l d .  
~011aborate c lose ly  w i t h  t h rn  E e l l c o m  Centers t o  develop tKhno logy  
tha t  U l l l  advance US t w a d  the INA gaal O f  mstabl lshlng a panrful 
and robust De l lvery  S . g n n t :  N e t w r k  Servtcms Research. Center 214 
( 5 .  Personlck. AVP):  N e t w r k  A r c h t t K t U m .  Center 271 ( D .  Loopar. AVP) 

Modellng and analysts v l l l  be Inpor tan t  In  developlng an understandlng 
of hov f u t u m  I n f o r r u t l o n  Ne twrks  brhavm under normal and adverse 
CondltlOnS. The s t m l a t l o n s  t h a t  arm t o  be c a r r i e d  wt w l l l  M alnnd 
a t  the broad-lmvel M h a v l o r  Of SyStOtM. and are not d e t a l l e d  
s tnu la t lons  o f  l n d l v l d r a l  n e t w r k  e l e m n t s .  O m  ama of major concmrn 
is quantifying hou the a r c h I t K t u r a 1  dmstgn of softwarm systmms 
detmrmtnms hou these +yst.nrs w l l l  pmrform. The objmetlve is t o  
analyze the performance of d l f f c r e n t  a r c h l t K t u r e s  M f o r e  dmta l led  
cod. w r l t l n g  Is w n .  We w l l l  a l so  co l l abo ra te  w i t h  Ee l l core  
S0ftW.M TKhno lWy  and Systms. DlvlSlOn 25910 ( C .  R i l ey .  DVM). In  
an analysls o f  the t w l s  t h a t  are c u r r e n t l y  ava l l ab le  from the 
Comerclal  m r k e t .  from the MCC ( M l c r o e l u t r o n l c s  and C o n p u t e r  
TKhnology Corporation) Software Technology Program. and from 
Doadanla. Tha o b j K t i v e  Is t o  i d e n t i f y  a Commn se t  of t w l s  t h a t  

make th.m aV8l lable t o  MtUOrk SmPVlCtS  8ppllCatiOnS l n  M a l  tlm. 

Thls p r o J K t  v l l l  

8M C a r p u t l n g  SyStOlnS and A r c h l t K t u m .  C e n t m r  259 ( D .  KeSS.11, AVP) .  
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could be used by Bellcore in nweeling dlfferent systems. 

Although the Network Control Research project I s  new, it represents 
a bringlng together of already exlsting individual research programs 
in thls area. with the intentlon of reinforcing and expandlng thls 
effort. 

PAST YEAR RESEARCH ACCOMPLISHMENTS 

The maln thwst of thls project 4s tne advancement and drmOnStration 
of eritlcal lntereonnectlon and packaging technology to be used in 
future broadband networks. Notable acc~llshnrnts durlng this 
reporting period lncludc the demonstration of an experlmsntal 
prototype optomletrontc integrated Circult reelver chip that works 
at speeds In excess of 1 Gblt/sec. the delivery of a E22 Llblt/sec 
SONET-llke transmlsslon system for an Advanced Televlslon 
demonstratton. a standard Cell Integrated Circuit destgn system 
developed in collaboratlon with Dlvlslon 2 t 3 4 0  ( J .  Bclllslo. DvM) and 
development of a novel method for gmneratlng wultlple pseudo-random 
nolse for  neural network appllcations. Four dlvlston -rs vera 
elevated to the Instttute of Electrical and Eloetronles Englmrs. 
IK. IIEEE) sentor -r grade last year. 

Broadband Network Switching Consultatlon 
o We contrlbuted r.g,larly to numerous Bellcore groups in the 
Broadband Network deflnltion and standards projects. We contlnued 
to wrk closely utth the me&ers of the Next O.neratlon Switch 
project under Dlvlslon 27140 I S .  Walters. DvM), as wll as thc TlSl 
and CCITT (Internattonal Consultatlve Canrnlttme on Telephone and 
Telegraph) mgotiatlng tmams msponsible for Broadband access 
Standards in the Sam dlvtston. Detailed Asynchronaus Transfer 
Mode (ATM) translatlon table tKhnology capabilttles and cost 
estimates wre provldmd to Dtvlrton 27270 ( R .  ~ a a m ,  D v Y )  ln 
support of Broadband network control stsndards developmnt. We 
provtded technlcal analyses of a1ternatlves tn protocol message 
processing and ea11 record access tlms tn dlstrlbuted swltchlnp 
s y s t m  and exchange twminatlons in *rural. We e o n t l w  to 
support the dmvelopnnt of documents such as the BroaOand Swltch 
Framework TA (Toehnlc81 Advisory). 

Packet Sw!tchlng Controls 
o Our tnvestlgattons lnto Broedband congestton control contlnued with 

the application of SUDS (Swltehed bb~ltinmgabit Data Servtce) 
trafflc -1s to rocent Brosaand Suitch architectures. In 
~011aboratlon ulth Dlvtclons 27120 f L .  Llnmll. D v M ) .  21490 
( W .  S l n o a k l e .  W) .  27140 ( 5 .  Walters. DvW). we analyzed writ 
Case -1s of ATY packet trafftc wlthln the llmits of SUDS Ouallty 
of Servlce constratnts. Thlf wrk s h o d  the Crlttcal ConI-mctlons 
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betveen t r a f f i c  parameters. w i t c h  resources, and SMDS Service 
q u a l i t y ,  espec ia l l y  the re la t i onsh ip  bctveen burs t  leng th .  Sv l t ch  
queue slze, and the q u a l i t y  of service delay pa ramte rs .  Fol low up 
work v i11 resolve S v i t C h  dynamics questions shovlng hov r a p i d l y  
congcstion occurs and abates. as v e l 1  as the t i m e  frame i n  vh i ch  a 
Broadband exchange terminat ion can be expactod t o  take ac t i ve  
measures t o  counter any such problem. We assigned a m0nb.r of t h l s  
D i v i s i o n  t o  vork in D iv is ions  27120 and 27140 as p a r t  of a 
technology teaming a c t l v i t y .  

N w  Research I n i t i a t i v e s  Task Force 
0 A task fo rce  vas formed t o  i d e n t i f y  MY research areas r e l a t M  t o  

software tha t  c w l d  be bu i l t  upon the e x p r i e n c e  of people 
cu r ren t l y  vorklng on ConpUter aidod design t o o l s  and o ther  hardvare 
re la ted  research. This group vorked p a r t  tim over a pariod o f  
about f o u r  months reviewing memos and ln te rv iev ing  technical  and 
management people l n  VarlOUs areas - ospee la l l y  Softvare Technology 
and Systmns. Technology Appl icat ions,  N.twrk Planning and Applied 
Research. They dovelopod an i n i t l a 1  l i s t  of research Issues. and 
dmrivod f rom pa r t  of the l i s t  a ru-r of projmct proposals. These 
proposals WC. r 0 V f W . d  by thc APp1l.d ReSOarch Lab 213. and a 
subset vas p r e s e n t d  t o  Softvare Technology and Sys tms n a n a g m n t .  
A research program on app l ica t ions  of Performance yocb l ing  t o o l s  
h 8 S  developed W t  Of the c0nc1usiOns of t h l S  task fOrCe. 

622 Mbit/SeC SONET-llke SyStNn f o r  AdvaKod Te lov is ion  and Datacycle 
Exper I rnn ts  
0 W i t h  D i v i s i o n  21340 ( d . B e l l i s l o ,  DvM). ve successful ly d.ngnstr8t.d 

a i g i t a l  transmisslon of ATV us ing  a SDNET-like 622 I+)it/sec 
transmission protocol  over 42 k l l o I m t e r s  of op t tea l  f l b o r  a t  1.3 
mlcrons us ing  p o t e n t i a l l y  lw  cost modi. t h a t  w u l d  ba s u i t a b l e  f o r  
the subccrlbor l o o p .  T h i s  systrm was modlf lad and C C W b t n d  ut th  a 
coherent mxporimnt ( i n  COllabOratlon v i th  D l v i s l o n  21310 P. 
Kaiser.  DvM) t o  dmonst ra te  d l g i t a l  ATV transmlssion of a coheront 
o p t i c a l  l l n k  f o r  SUbSCrlbCr netwrk d l s t r t b u t i o n .  D l v i s l o n  21450 
( 0 .  Homn. DvM) has ask& f o r  a copy o f  the transmission hardware 
t o  support an ongoing research e f f o r t  In database nunagment 
(Datacycle) and storage, using o p t i c a l  fibor as the storage modfa. 
Copies of t h i s  systmm have baen d e l i v e r r d .  

Terab i t  par Smcond S w i t c h  Fabr ic S t u d y  
0 During t h l s  year a nu jo r  i n i t i a t l v e  vas w n  t o  dmte rm ln  s u i t a b l e  

architectures for a t 8 r a b l t - p . r - m o n d  sultch and t o  analyze 
contending switch fabrlCS Which Varld bo r m q J 1 r . d  t o  VldOly 4.plOy 
EISDN. The pre l im lnary  conclusion I s  t h a t  tha s v t t c h  f a b r i c  I s  
fmaslble ut th s ta te -o f - the -a r t  tmchnology but would b. d i f f i c u l t .  
Control and so f tvare  v i11  bo e x t r m r l y  d i f f i cu l t  issues.  A spoc la l  
mport on the Conmi t tn ' s  activities v l l l  bo v r i t t e n .  B ~ a ~ s e  o f  
the c m i t t w ' s  w r k .  -search on fab r i cs  i n  Be l l co rn  nov 
includas examinatlon of sea l ing  issues. and has rosu1t.d i n  

PROPRIETARY - Bellcore and Authorized C l i en ts  Only 
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Standard Ce l l  IC Design System Using Schmat lc  Capture and Synbolic 
C e l l s  
o TO expodlte the deslgn of prototype very Large Scale 1nt.grat.d 

C i r C U l t  (VLSI) Ch lps  o f  hlgh conp lex l ty  (e .g . .  f i f t y  thousand 
t r a n s l s t o r s  or ware). a system o f  CAD (Conputor-Aldod Deslgn) t o o l s  
has boen 8ssrmbled and v r l t t e n  t h a t  takes the log l ca l  spec l f l ca t l on  

S y s t m  I s  a eo l l abo ra t l on  ulth O l v i r l o n  21340 ( J .  B e l l l s l o .  OVMI.  
M8ny exper lnmta l  Chlps f o r  a prototype Advanced Te lev ls lon  systom - 
experfment are c u r r e n t l y  belng gomrated using t h l s  t o o l .  

Of I Chlp and aUtOlNtiC8lly Creates the C l rcu l t  layout.  T h l S  

S lnu la t l on  and Analysis of In tegra ted  C l r c u l t  T i m f n g  
0 A n  i n te r face  t o  t t m l n g  s tnu la to rs  has been c0d.d t ha t  enables 

Be l lcore  c h l p  designers t o  run these Stnulators and e x a n l m  speed 
performance resul ts  on the sc r r rn .  A n w  t t m l n g  s fnu la to r .  c a l l e d  
CONGA. has bNn v r l t t e n  and tested. T h l s  s tnu la to r  has the 
e f f l c l e n c y  of a l o g l c  s l n u l a t o r .  but 4s able t o  de tormlm delay 
t l m s .  vkleh l S  not poss lb le  V l t h  standard l o g l c  Slnulat lon.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  

The vork of t h l s  nppllod Research Pro jec t  provldes f o r  the developrrnt  
of a 18adlng Odp knarlOdp base In  Such key ar.8~ aS notuork 
teehnologles 8nd SySt.m+. EmhaslS 15 placed on DppllCatlOnS t0  
current and f u t u r e  m d s  In  m t v o r k s ,  services and operations. The 
substantla1 b m m f l t s  of t h l s  P ro jec t  accrue t o  a11 Ovrur-Cllents and 
are  unable t o  bo provented from 8cerulng t o  an O m r - C l l e n t  uho m l g h t  
elect not t o  p 8 r t t c l p a t t  In  the P ro jec t .  

________________________________________---- . - - - -~--~-------- - - - - - -~~-~.--~- 

R E S E A R C H  D I R E C T I O N S :  

Carry out rmse8reh at& a t  the I n f o r t l u t i o n  Mtwrklng A K h i t - C t U r C  
obJ .c t l ve  of mchlevtng a smparatlon of t h  b l l v e r y  S-nt and the 
Servtces S o g m n t .  vklle tnsur lng  tho  h lghs t  18vels of r o l i a b l l i t y  
4n the Do l ivery  S o g m n t .  

Research mtwrk aI8napmOnt s t r a t o g l e r .  t r a f f l c  routtng s t ra tog les  
and mtwrk doslgn mothods for broncband n t w r k s .  v l t h  an .(lphasls 
on the Asynchronous Transfer Modo of packet transport.  

Rese8rch algori thms f o r  t h  design of S U r V l V 8 b l O  n o t w r k s .  ulth 8n 
.(lphasls on d e t e m l n t n g  .mas ulthln a notvork Yh.m SONET rlngs can 
be cost-.ff.ctively .mP1oyed. 
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RESEARCH DIRECTIONS: i CDNT . 1 

Research into mthods of modeling operations Systmr and networks 
made up of network elemnts with distributed control. 

Research lnto modeling of systems at the level of thelr software 
architecture. The purpose i s  to analyze the performance eff8cts of 
the choices made in program design and organization before the 
eatailed code i s  written. 
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A so f tware-de f lmd pub l l c  rmtvork. PrOvtding abundant. u b l q u l t w s  
connunlcattons servtces. supporting the r a p l d  1ntrOdllCtlon of MU 
featuros and servlces v t th  a M l t t t U d e  of conpcttng supp l ie rs  o f  
m t v o r k  conpomnts. Is a g o a l  shared by Bel lcore.  t he  Ba l lcore  C l l m n t  
Conpanies (BCCs). and m n y  In the te lecamuntca t tons  i nchs t r y .  Tha 
t ransntsslon and sv t t ch lng  technologios mded t o  provtde an 
integrated services B r o ~ m a n d  t ranspor t  Capab l l t t y  f o r  such a 
mtuork aro Becomtng ~ n c r e a t l n g l y  -11-underatood. HOveVer. tH 
archltmcture and a lgor t thns  f o r  the advanced m t v o r k  s y s t m s  tha t  
con t ro l  t ransport  resources and o f f e r  t h l s  func t lona l .  f l e x l b l e  
'*intelligent" n e t w r k  are M c h  less UM.rstoOd. Such a d v a m d  
architectures can W c e  BCC costs for  prov ls lon lng .  ~ l n t e n a n c e .  and 
data aQnln ls t ra t lon ,  and can a l low 0xpand.d volce/data/vldoo serv1cO 
capaB l l t t l es  su l tab le  for ba th  bustnss and res tdent la1  customers. 

Major research advances are  required t o  mD1lZe those b . M f 1 t s .  For 
exaaple. tha a p l o y n r n t  of U l t ra -h tgh  capacl ty t r a n s m t s s i ~ n  and 
sv t tch tng  systems creates a need f o r  cormspondlngly MU tmchnlqJes 
f o r  c o r p s t t o n  m n a w n t .  resource a l l oca t ton .  and f a t l u r e  m o v e r y  
f o r  the puBl ic  m t v o r k  envlronment. T h  dostrod features cannot be 
achteved v l t hou t  s l g n i f t c a n t  advances i n  SOftVare envlronnrnts for  
service spoc l f t ca t ton  and tn so f t va re  design and developnrnt 
tmchntques f o r  Iarg..  hlgh B v a l l a b l l t t y ,  m a l - t l n *  d t s t r l b u t o d  
sys tms .  S t n l l a r l y .  tha lncmastng demands placod by  the l n t e l l l g m t  
Mtvork 00 1 t S  S lgna l l t ng  M t v o r k  and on MtWrk d8tDBaSeS p.WPat* 
m u  r r q u l m n n t s  f o r  hlgh C.I)aClty d l s t r l bu tmd  databases and 
s tgna l l l ng  m t w r k s  t h a t  a m  f a r  b.yond tha wrmnt s ta te -o f - tha -a r t .  
The goal O f  t h l S  P r o J U t  1 S  t o  BCht*VO tha -SSary advancet l n  thaSe 
areas. 

Work on nmtuork s y s t m s  mnagmont  focuses on con t ro l  a lgo r l t tms  for  
mnagtng tha r e s ~ r c o s  o f  th evo lv tng  p m l t c  te1oconmunlcat$ons 
tVtWrk. W O S t l O n S  t o  b. addressed 1nClUd. thOSe p0S.d by rad1C.l 
chanps ln nmtwrk  sv l t ch tng  and tranxmlsston tochnologles. such as 
Asynchroncus Transfer Mode (ATM) t ranspor t .  as w 1 1  DS w a m r  term 
nmtvork cont ro l  and mnagmant  lssues g e w r a t o d  By th evolution 
t w a r d  Increasingly more t n t o l l t g m t  notuork elamonts and systmns. I n  
th area o f  future broamand netuorks. H am tnves t tga t tng  corqmstton 
and f l o w  control algorithm app l lcab lo  t o  BroaOand I n teg ra ted  
S * P V l m S  D t g t t a l  h t W r k S  (EISDNI. B.EaUSe thlf M t V O r k  V l l l  support a 
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greater v a r l e t y  of servlces and w i l l  operate a t  transmission and 
su l t ch ing  ra tes  orders of nagnltude fas te r  than today's packet 
netvorks, i t  w l l l  requ l re  new Stratmgles t o  cont ro l  network c0y)estlon 
and provlde the necessary parformrnce guarantees r m q u l r m d  by mach 
servlce c lass.  O u r  ana ly t t ca l  work I s  canp lasn ted  by r l w l a t l o n  
technlques t o  p rov lde  too l s  t o  b e t t e r  undcrStand the dynamics of 
conplsx systmns. T h e  resmarch on current network mvolut lon mphasizms 
techntques t o  a l low f o r  the rea l - t lme  reconf lgurat lon of O l g l t a l  
Cross-Conwct System (DCSI-based trunk Wtworks. Appl tcat lons under 
study include mtwork  recon f lg r ra t l on  Strateglms t o  deal w l t h  f a c l l l t y  
f a l l u r e s  l s u r v l v a b l l l t y  through autonut lc fault-rmcovmry). o r  
unant lc lpa ted  t r a f f l c  f l uc tua t l ons  (Improving tM mf f lc imrvy  of use o f  
network f a c l l l t t e s ) .  Ye focus on d l s t r l w t e d  a lgor l thns  and stochastic 
op t lm lza t lon  tmchniqums l n  our Studles of network rmconf lgurat lon.  

I n  the area o f  network r o f t v a r e  arch l toc tu re  and inplmIentat lan.  we 
sought l n l t i a l l y  t o  understand bhy tmlecofmnJnlcatlons softwarm 1s so 
much more canplmx and d l f f l c u l t  than software f o r  other la rge  
app l lca t lons .  For 1990. y. l n t m n d  t o  take the l ns lgh t  g a l w d  and 
apply i t  In t h r u  major armas. F l r s t .  w are tnvmstlgatlng 
spec l f l ca t l on  lanpagms and envlrordmnts tha t  f a c l l l t a t m  the 
spec l f l ca t l on  o f  the daslred bmhavior of m w t w r k  S m r V l C m S .  Ym 5-k 
too l s  tha t  a).. PrOClSm. Canpleta, and y l e l d  eX.ClltabIm Code ( f o r  
s l w l a t l o n  of the w w  r e r v t c c ) .  These too ls  nust a l so  a l low wasonlng 
about the behavlor of the fwu 5.rvIce l n  tM contmxt pwsmnted by a11 
other smrvlcms tha t  the systmn axecutas concurrmhtly (m.0.. can the 
nev smrvlce wsult In  a deadlock In the wtwrk: 60.5 the n e w  smrvlce 
c o n f l l c t  In  mx-tlon w l t h  o ther  rmrvlcms?). Um are l nves t l ga t l ng  
logic-based la-aps and the use Of S a  *xp.rt  s y s t m  t K h n O 1 O g l m S  
ln  t h l s  arma. Second. w are a t tanp t lng  t o  d a f l w  an mtt*nSlble 
software a r c h l t ~ t u r e  f o r  tmlmcOnrmnlcatlon con t ro l  software. Ye wlsh 
t o  amonst ra te .  through a rmsmarch prototype, the use of pa ra l lm l  and 
dlstrlbuted p rog raming  technlqJes t o  deal w l t h  software mvolut lon 
( l n t m c t l o n  o f  m fmaturos) and s c a l a b l l l t y  as fundamntal  
objecttvms of the systmn. We p lan  t o  a u w s s  a vida range of so f t va re  
Issums t ha t  arlsm l n  la rga  tmlecanunlcattons systems tncludlng 
network opmrattng systmns. p rog raming  paradlgns. p o r t a b l l l t y .  s y s t m  
mon l to r lng  and mlntmnancm. naming and addwsslng. as v e l 1  as the sa fe  
and co r rec t  ln tmrac t lon  of l o c a l  and P.(llOtm softwarm cobwownts. O u r  
th l rd  8-8 O f  .nphasls lS i n  SOftWaW fault-tolmrancm. Th. carp lmx l ty  
of tmleonmunlcatlons so f twaw.  cmbtmd w i t h  the mxtraordlnary 
a v a l l a b l l l t y  w lwnmnt r  f o r  notwr* mlomnts In the publtc mtwork .  
suggmst tha t  the a b l l l t y  of a systmn t o  tolmratm e r r o r s  o r l g l n a t l n g  l n  
s p c l f l c a t l o n  o r  doslgn 1s mssmntlal. Um wlsh t o  p.mral1Zm the 
t r a d l t l o n a l  approaches t o  softwarm f a u l t - t o l a r a m  and davmlop a more 
forma1 -1 t h a t  v w i d  IIIW faul t - to~mrancm eonstderatlons t o  be 
lncluded l n  a standard. m n  so f twaw mnvlrordmnt f o r  
te lecomunlca t tons  systmns. 

O u r  resmarch on w twork  con t ro l  a r c h i t o c t u w  aWrmrsms the databasm 
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PROJECT O V E R V I E W '  (CONT. 1 

technology and network contro l  arch l tecture Issues DSSoClatad ulth 
evolut ion of the exchange netuork t o  an l n t e l l l g a n t  n t u o r k  suppart lng 
U b i w l t o u s  access t o  servlce faaturas.  cus tm lzad  rou t l ng .  l og l ca l  
(person-spacl f lc)  addresslng. and Personal services. Such a n e t w r k  
gamrates database query volumes and s l g n r l l l n g  t r a f f l c  vo lums f e r  In  
excess of the Cap8bl l l ty  of today's teehnologlas. Tha prob1.m I S  
furthar cowpourdad by lncreased complexity o f  querlas a t  thase hlgh 
v01ums 

I n  addresslng thase problems, our resaarch .nphaslzas a x p l o l t a t l o n  of 

capable of  SuppOrtIng enormous transact lon volumas. Thls work has 
t h r n  conponents: 1 1 )  ana ly t l c  and s lwu la t l on  studlas t o  explore 
a l ta rna t l ve  contro l  archl tectures and d l s t r l b u t a d  database schamas; 
( 2 )  M f l n l t l o n  and extenslons t o  data models and w a r y  l ~ y l u ~ g c ~  t o  
support n e t w r k  sarvlces through s h a m  D C C ~ S S  t o  a na twrk - ras ldan t  
database system; and (3) tha prototypa l n p l w n t a t l o n  of 8 novel 

permlt understandlng and reso lu t l on  of  kay tachnlcal  Issuas. I n  1990. 
we are extandlng the prototype i n l t l a t a d  In 198s t o  axplore f a u l t -  
tolerance and tha d l s t r l b u t l o n  of  p ro to typ r  f u n e t l o n a l l t y ,  and t o  use 
the p ro to typ .  as an axpar lmn ta l  p la t fo rm for prototyp lng sa lac t l ve  
netUOrk SarV4c.S Ul th  d a t a  8cCeSt d.II).nds t h a t  a m  not mt w l t h  
today's tachnologles. 

the hlgh I n t e r o f f l c e  transmlsslon banbvldthS DVDllDble U l th  Single- 
mOde f1Wr t o  Craate h lgh ly  e f f l c l e n t  d l s t r l b u t a d  dDtDbDSa SyStmS' 

broamand data d l s t r l b u t l o n  8 rch l tec tu re  t o  DSSaSS f ~ a l l b l l l t y  and 

I n  thc p a r t  S l X  months, VC publ1Sh.d 7s t W 2 h n l C D l  nrmDr8nd.. gDV* 12 

D p p l l C D t l O n S .  
extarnal t a l k s .  prrbltshed 11 tachnlcal  papars and f l l a d  4 patant 

PAST Y E A R  R E S E A R C H  ACCOMPLISHMENTS:  

V L S I  Ralat lonal DDtD F l l t e r  
0 A c r l t l c a l  tachnology IsSue In  arChitKtUP.S t h a t  dapOfXl5 O n  tha 

brOadCDSt Of large amounts Of data I S  tha alOCtrOnlC SUbSyStm that  
* X D m l W S  tha d D t D  . w e r i n g  fn tha brODdCDSt  ChDnP41 t o  D n d  
copy (tams of loca l  I n t a r a s t .  I n  1989. H succassful ly lnp lwntad  
a 2 mlcron rasaareh p r o t o t y p I  of a r r l 8 t l o n a l  f l l t e r  t ha t  parforms 
~ 1 D t f O n D l  dDt8b.S. L * l O C t I O n  p P d c C D t * S  On d D t D  S t M D m  C O n t * n t S .  
I n  tM SOCOnd h a l f  Of 1989 W a X p l O P d  mxt*ndlng the C.p.bllftl*S 
Of th. Currant chlp t o  taka advantap. O f  tha on-chlp a r l t k t l C -  
l og tc -un i t  IALU) t o  parform mora c-lax on - tha - f l y  f l l t a r l n g  
namdad t o  mso lva  spa t la l  quer ias t o  l d a n t l f y  tha c losast  nalghbor. 

Imlamantat lon proeass usad t o  lnplanmnt tha chlp r q r a s a n t s  a 
nova1 c a b l n a t t o n  of PROLOG (D l o g l e  basad progr8mlng 1~ngu.p.) 
DrehItOCtUm s lwu la t l on  w l t h  a s l l l c o n  C-Ilar Conputar A i d  

end t o  SDtlSfy tmpor.1 dat8 W a S t S .  Tha O V O r D l l  dOSl#f7 and 
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Design (CAD) tool that contrlbuted significantly to the rapld 
design and ulttmate success of thls VLSI clrcult (Very Lar- Scale 
Integrated) IIlplementation. ThlS deslgn process 1s descrlbed in 
TY-ARH-014295. 

Performance Studies tn Broadband ATM NCtvOrkS 
o Tr8fflc management In Asynchronous Transfer Mode (ATMI packet 

mtvorks is an Inportant lssue to avold congestlon. and conshprent 
delays and packet losses. Ye have conpared mtwrk-level and User- 
level performance of thme aCCDSS control mmchanlsms for congestion 
managmnt: rate-based utndovs ( "le8ky wckets"), end-to-mnd 
acknowledpmnt. and congestlon f-ack acknovledgemnt. Ym . 
studled thalr porfornunce uslng a cell-level slnulatlon of an ATM 
network. Ye found that at the netvork-level. "leaky buckets'' 
perform -1 1 .  uhlle wither acknovlmdgcmnt based mechanlsn I s  
adequate. m w v e r .  assessed from the user's perspective. "leaky 
buckets" also fall to provlde satlsfactory SerVlCe. Our slnulatlon 
results lndlcate that further studles of lntramtuork CVmUelng and 
rwtlng are rueb.d to admquatmly control congestton and supply 
assurod ~ ~ l l t y  of servlce to eM-users. ThlS york 1s aocumnted in 
TY-ARH-013122, and a paper vas presented at GlOb.eom'80. ContlWlng 
VOrk tnc1ud.s tln nrarurmnent and analysls of Local Area Nmtwrk 
(LAN) trafflc over flm tlme scales l1.e.. mllllsmcond resolutlon) 
In order to Obtaln and characterize real-wrld traffic. 

Timed Logtc Programntng Paradtgm for Servlca Speerficatlons 
0 Presently. the W r m n t  servlce creatton process 1s lengthy and 
vendar-dmpndmnt. G.mra1ly. servlce creatton conslsts of four 
lntermdlate stag.s: bahavloral spoclflcation. mtvork dcslgn. 
softvarm deslg'~. and implmmnntatlon and testlng. The testlng and 
lnplmmmtatlon stage Is usually the most tlme-consumtng part of th. 
present process. fn most cases thls i s  c k ~  to  lncowletm and/or 
incorrect b.havtora1 spoclficatlons. Behavloral spKlflCatlons 
usually consist of cause-effect rugrirmnents. mal-tlm 
ruqu1r.mnts. and ttm lndmpednt lnvarlantr. Most mxlstlng 
servlce creatton tools and envlrorrnnts focus on thc rmpresentation 
of cause-effect rugrl-ts and mmchanlsms for dctwttng 
lnteractions in such mpmrentatlons. ny ch.e*lng caus8-eff.et 
palrs. slgnal .nbigultims can be maslly detected when th. same 
condltlonr (causes) lead to different offsets. Hov8ver. vk.n 
tntogratlng m u  featurns lnto an extsttng systm, Inconpatlblm 
t.npor.1 behaviors and/or vtolattons of invarlants c8n cause 
problmns. T H  p a l  of this project 1s to dmtermlm I f  th. 
expresslvelwss and built-tn control meh8nisn of logte programing 
could be useful tools tn facllltatlng th. verlflcatton of 
sp.elfteatlon and intogratlon of M services. llrch Offort has b w n  
dmvotmd to 1 )  selmctlng a prop.r formallsn for mpresentlng 
spoclflcatlon in  th. loglc programtng paradign: and i l l  
lncorporatlng th. t.npor.1 notion to res.(lble tln evol~tlon of 
servlce hhavlors over tlme. A paradign IS Mlng d.veloped to 
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al low service designers t o  s i n p l y  provide a set of tenQoral 
t r a n s l t i o n  r u l e s  and i nva r ian ts  as Spec i f i ca t ions .  and then t o  
a l l o v  the d e s l g ~ r  t o  query the service behaviors as deslred. 

I CONT . I 

Discrete-event Object-or lented S lnu la t l on  E n v l r o m n t  
o Telecomnmlcatlons Softuare systems are notoriously carplex and 

hard t o  change. The main ob jec t i ve  of t h i s  proJmct i s  to 
Invest igate vays t o  a l l o v  conplcx software systems t o  bm more 
eas l l y  deslgned t o  be ex tens ib le  and reusable. so t ha t  f*Mr 
person-years are needed t o  Uevelop and maintaln t M m .  
explores uays t o  de f ine  software systems v i a  m I m s  t h a t  can be 
eas i l y  extanded by conposlng reusable submodvles. The s y s t m  cam 
then be debugged uslng software monltors o r  p r o M s .  Softuare 
engtneering approaches such as Object-Orlented programing address 
some of the issues, In p a r t i c u l a r .  modular i ty and rmusab i l l t y .  
through the not ions of encapsulat lon and Inher i tance. Howver.  i t  
does no t  address thm issues of s t ruc tu red  conparition. systmm 
e x t e n s l b l l i t y  or system m n l t o r i n g .  
on the ob jec t -o r len ted  language c++ has been developed. A 
s l n u l a t l o n  environment. DOSE rDiserete-event Obleet-or iented 

This pro jec t  

A p rog raming  p a r a d i g  based 

S inu la t ton  E n v i r o m n t j  is-being bullt. 
DOSE I s  f unc t l ona l .  

A p re l im inary  vmrsion o f  

L.0 - -  A n  Exmcutable S p e c l f i c a t l o n  Language 
0 L.0 I S  8 m CXmCUtablC SpOCiffCatlOn S F f f t C I l l y  

designed t o  b e t t e r  f a c i l l t a t e  s p e c i f i c a t t o n  and r8pld p ro to typ ing  
of comrunicatlon systems. ConmJnicatlon s y s t m  are reac t i ve  
(event-drivmnJ rea l - t lme  systems uhich have nuny tn te rac t l ng  
CarpoMnts a t  any glvmn I n s t a n t .  To f a c i l i t a t e  tM dmscr ipt ion of 
tlme-basod rmlat ionships betbmmn mvmnts and data. L . 0  Incorporates 
an e x p l l e i t  no t i on  of l o g l c a l  tin* or program step. Comunlcat lon 
systmms are conposod o f  nuny subsystmts. home 1.0 provldms masy 
f lmx lb le  &le ca rpos l t l on  v l a  c o n s t r a l n t r .  TO mnablm usmrs t o  

hapwn. 1.0 I s  a rule basmd language. To more marily descr ibe the 
dynamic n a t u n  o f  tmlmcomrunications systmms. L.0 rulms can 
lnstanttatm andlor mmvm othmr 1.0 rulms. TM-515-014531 aiscussms 
using L . 0  t o  model te loeomunica t lons  smrvlcmf w i t h l n  thm contmxt 
of laymrmd a r c h l t e c t ~ r e s  such as X I n f o m t l o n  Syst.mt ( X I S )  or  
Opmratlons Systoms C o n p u t i n g  Architecture (OSCA).  An  I n v l t o d  t a l k  
on L.0 was givmn a t  t k  Untvmrsi ty of Arlzona. L . 0  vas a l s o  
prmsentod a t  SETSS ' 8 9 ,  "IC+: an Envlronnrnt  f o r  Doslgnfng 
C m n t c a t i o n s  Softuare."  L .0  I s  p n s m n t l y  belng used 
mxperlmmntally a t  two un lvmrs i t l es .  

s p r c l f y  " m a t "  should happen VithOut descr ib ing  "hou" I t  S M u l d  

O l s t r l w t m d  Resource Cwnto rs  
0 Y M n  rea l - t l nm cons t ra tn ts  must bm sa t l s f lmd  by l a rga  ryrtmms under 

heavy loads. mvmn sinplm p r o b l m  b m c a  d t f f l c u l t  t o  solvm. AS a 
m d e l  for nu in ta ln lng  a f i x o d  1 ~ x 1 -  nu-r of llms betummn t w o  
Customrs tn  a p r t v a t e  v i r t u a l  netuork.  tm lnvmctlgated onm such 
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problem whose s o l u t l o n  I s  COKQlicsted by a l l  three fac to rs .  We 
f o r w l a t e d  the problem as a r e a l - t l m  resource counter on a 
d i s t r i b u t e d  system. and developed a r e a l - t l m  correctness cond l t i on  
f o r  th, Counter. We then Invest lgated several approaches t o  
IKQlalncnt the counter, a d  conpared t h e i r  performame t o  account 
f o r  ncssrgc processing *lays. The r e s u l t s  of the pcrformance 
studies a r e  a l so  used t o  Wvelop h e u r i s t i c s  f o r  con f lgur ing  a 
resource counter on a d i s t r l b u t e d  system. 

Non-stop Software Updates 
o I n  the teleconnunlcatlons network. where servlce mft M 

continuously available. the cost of stopping a system t o  I n s t a l l .  
new software nuy be unacceptable. This is p a r t l c u l a r l y  l l k e l y  t o  
be t r ue  i f  smftware modif lcat ions occur f re twen t l y .  v h I C h  I s  
posslble In  the fu tu re  as lncreastng rylubers of new features are 
Introduced. I n  l B 8 8 ,  we analyzed our hon-stop update approach w i t h  
respect t o  the a v a i l a b i l l t y  and ma in ta lnab i l l t y  reqvirmmnts f o r  
swltchlng systems, as W f l n e d  In  Local Access Transport Area (LATA) 
Swltchlng Systems Gcnerlc R e q u l r m n t s .  and presented our f l nd lngs  
a t  the I n s t i t u t e  of E lec t r t ca l  and Electronlcs Englneers. Inc. 
( I E E E )  Software L n g l m r l n g  f o r  Teleconnrmlcatlons Systems 
Conference. We a l so  studied a method f o r  extending an e x l S t l n g  
updating system t o  a d i s t r l b u t e d  env l ro rnrn t .  These extenstons 
al low d l s t r i b u t e d  programs w r l t t e n .  uslng thc r m t e  procMure  c a l l  
paradigm. t o  be dynamlcally updatod. our approach Scales t o  a 
g s o g r a p h i c ~ l l y  d is t r lbu tmd conputlng e n v l r o r m n t  and supports 
conguter systams t h a t  contatn heterogcnems hardware and software. 
Programs tha t  execute on conputer systems oumd by w l t l p l e  
abn ln ts t ra t l ve  e n t l t l e s  can a lso  W UpdatM uslng t h i s  approach. We 
presented the r e s u l t s  of t h l s  extenston a t  the I E E E  Conference on 
Software Maintenance. 

Teleconnunicatlons Software Research Prototype 
0 The current 0 . n r a t l o n  of telocolmunlcatlons software i s  e r t r b m l y  

conplex (both In structur. ana op.rat Ion1. has l l m l t e d  
e x t e n s l b l l l t y ,  and is d l ~ f l c u l t  t o  nu tn ta in .  These fac to rs  l l m l t  
the growth po ten t la1  and the rang.  of n e w  servtcws tha t  m y  be 
reliably 0ffW.d. YIch of t h l s  I s  *a t o  unplanned software growth 
and the inh.rent lack of s c a l a b l l l t y  of the programtng techntques 
used In system onvelqnrmnt. We havm bogun an experimental 
prototype of a novel ccmuntcat lons systam IntandM as a v*hlcl. t o  
*XamIW those softuare anzh j toc tu ra l  Issues and t o  Inves t l ga te  tho 
use of modern programing tochntques t o  overcome some of t-se 
software probl-. we have s t a r t o d  tho assmdly  of VI-. audio and 
graphical S t J t ( 0 n  .qulpmt i n  each end User‘s o f f i c e .  and have 
b.wn to I n s t a l l  S w l t C h l r q  software and cont ro l  processors t o  
I n t e r c o n n e t  user s ta t ions .  Once the hardware 1s I n  p lace .  M p l a n  
t o  address a rangm of software issues t h a t  a r l s t  In la rge  
telocormNnicattons syst.ns tncludlng mtworl( o p r r a t i n g  system, 
programing parad igm.  p o r t a b l l l t y .  systam monltor ing and f a u l t  

P R O P R I E T A R Y  - Be l l core  ana Author?zeO c l i e n t s  Only 
See Propr ietary Res t r i c t i ons  on T ~ t l e  Page 



B E L L C D R E  Page: 7 
Applied Research Date Pr in ted :  l0/02/90 

1991 FINAL PROJECT OFFERING 

Project Name: 
NETUDRK SYSTEMS 

Project  No. : 
e21405 ............................................................................ 

P A S T  Y E A R  R E S E A R C H  A C C O M P L I S H M E N T S  I C O N T .  I 

recovery, namlng and addressing. as Well as the safe and cor rec t  
l n teg ra t l on  o f  loca l  and remote Software conponents. 

REASON FDR INFRASTRUCTURE C L A S S I F I C A T I D N  

The work of t h l s  Applled Research Project  provlder f o r  the development 
of a leadlng adgo knowledge base In such key areas as m a l - t l m  
systems, con t ro l  I n f ras t ruc tu re .  serv ice  reaet lon  and Ih te rac t lon .  and 
database nanagoment. Enphnsls I S  placed on appl lcat lons t o  current 
and fu tu re  weds in  networks, servlces and operatlons. The fubs tan t l a l  
b e m f l t s  of t h l s  Pro jec t  accrue t o  a11 Dwmr-Cllents and are unable t o  
be prevented from accrulng t o  an Owner-Client who m l g h t  elect t o  
p a r t l c l p a t e  In the p r o j e c t .  

not 

RESEARCH O I R E C T I O N S :  

Examlne the f e a s l b l l l t y  of open a rch l tec tu re  f o r  network software 
systems. conslstent w l t h  t r a d l t l o n a l  r e l l a b l l l t y  and performance 
standards. but f a c l l l t a t l n g  r a p l d  l n t roduc t l on  of n e w  network 

Study the a rch l tec tu re  f o r  network cont ro l  funct ions.  lnc lud lng  the 

Study software t o o l s  and technlques f o r  n e t w r k  serv lce  spec l f l ca t l ons  
tha t  w l 1 1  f a c l l l t a t e  th. r a p l d  l n t roduc t l on  of n e w  rutwork servlces 
by the Be l lcore  C l l e n t  Conpanles. 

Study con t ro l  a lgor l thms and develop eva lua t ion  techniques f o r  
managlng resources of the cur ren t  and futum p u b l i c  mtwrk. 

C8pab! l l t les.  

deslgn Of very hlgh capacl ty.  d l s t r l b u t e d  MtMrk database sys tms .  

P R O P R I E T A R Y  - Be l l co re  and AUthOr(2Cd C l i en ts  Only 
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PROJECT O V E R V I E W :  

Thls p r o j e c t  addresses human netvorks and technology-oriented Issues 
on vhlch the servlces o f fe r tngs  of the evo lv lng  l n t e l l l g m t ,  broadband 
rmtvork depend I t  advances a v l s i o n  of an tnformation soelety In 
vhlch Ind iv idua ls  comnunlcate v l t h  each other and w l t h  l n fo rna t lon  and 
eonputlng resources f o r  V O r k ,  learn ing .  soc ia l  re l8 t lonsh lps  and 
l e l s u r e  tlme a c t i v l t l e s  despl te b a r r i e r s  of distance. time and m d l u m  
I n  t h i s  v ts ton .  t nd fv ldua ls  and organlzat lons are able t o  use 
connuniert ion netvorks t o  share iaeas. In fo rnu t lon .  and e l o ~ t r o n i ~  
wrk spaces. t o  handle f loods  of in fo rna t lon .  and t o  re ln fo rce  
re la t l onsh ips  and soc ia l  values u h i l e  na tn ta in ing  cont ro l  over thelr 
p r l vacy  and personal comrunlcatlons envlrotwnents. T h e  p r o j e c t  f u r the rs  
understandlng of M l t i m e d f a  connunicattonr services.  and researches 
technologies f o r  r e a l l z i n g  them over the n t v o r k s  of Be l l core  C l l en t  
Conpanlas (BCCsj. 

S p e c i f i c a l l y .  the p r o j e c t  Invest igates m u l t i m e d i a  (and M l t t - p a r t y )  
rea l - t ime  confereneing and co l labora t ion .  m r l t l ~ f a  Informatton 
access and dlssemlnation. ~ l t l m e a l a  messaglng. too ls  and concepts f o r  
advancod user l n te r faccs .  and seeur l t y  and p r i vacy  lssues I t  studles 
the so f tvare .  m t v o r k  a rch i tec tu re  and too l s  t h a t  a l l o v  services t o  be 
provide3 e a s o y  and robus t l y .   he vork mmhaSi2.S u ~ x h r s t a n d i n g  of 
vhat nukes fu tu re  servicms usefu l .  usable, and s o c t a l l y  a m p t a b l e .  
The projmt creates exper imn ta l  research pr0totyp.s of l n m v a t i v e  
services t o  uIxhrstand users '  m r d s  and t o  s t ress  n t w r k  
Capab i l t t i es .  I t  investipmtes advaned User in te r faces  and the too l s  
f o r  c m a t i n g  such In te r faces  t o  make a r ichor  servlces e n v l r o m n t  
DCCaSSlble t o  ord inary  r e s i d e n t i a l  and busiwss users over the p u b l t c  
mtvork. A n d  f i n a l l y .  tho wrk o f  the p r o j e c t  analyzes toehnlques 
(such as serv lee  con t ro l  through h igh- leve l  so f tvare .  Informat ion 
b r w s i n g .  and cryptogr8phic security). and soc ia l  o r  behavioral Issues 
(such as p r l vacy .  collaborative w r k .  and organizat ional  acceptance) 
b a r i n g  on the SUCCOSS of f u t u r e  mtwrk servlcas . 
T h e  k m V l . d g a  gmmrated by t h i s  projmet has i f lpacts on BCC excharge 
buslmsses through sevsral routes.  I t  is passed t o  Infornutlon 
W t v o r k i n g  Servlces and o thor  areas of Be l l core .  Vhich work v l th  thm 
BCCs on w t v o r k  evolution. 
t h e i r  i n te rna l  o r  o ther  uses through d.nonstrat lons. t a l ks .  
pub l l ca t l ons .  and tochmlogy  t rans fers  o f  research prototypes, 
experimental servtces designs. and software A n d  i t  i s  parsed t o  

. 

I t  i s  passod d i r o c t l y  t o  the Ilccs f o r  

P R O P R l t l A R Y  - Be l l core  and Authorized C l ten ts  O n l y  
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research and vendor cannunlties. where it Stiwlates further research 
and development. 

The benefits to the BCCs include increased efficiency in their 
internal operations. greatar automation of subscriber-network 
lntaractlons. hlgher utlllzatlon of network faclllties. the 
development of new revawe streams as these and other services are 
providad over exchange carrier facilities. the ablllty to nmat 
security and privacy concerns. and a leading rola ln tha raalizatton 
of an lnfornatlon society accessible to a11 through the public 
swltehed network. 

The work has five thrusts: lnterpersonal cannunfeatlons. broadband 
services prototyping. lnformatlon access and dissmnlnatlon, netuork 
SaCUrity. and human interfaces. 

The work in lntarpersonal ~onmunications is focused on Comunlcation 
among indlvlduals to strengthen thelr existing work actlvltias and 
soclal relationshlps. Exanples tnelude distributed groups of 
Collaborative vorkers, and fanlly -err seaklng s a t h l n g  closer to 
"Wlng there". The projact wl11 investlgate Integrated multlmadla 
~~rm~nicatlon. both real-time and mssaglng. wlth .nphasls on vlsual 
elamants. The projact wlll furthar tnvertigrte broamand "unplannad" 
conrmnicatlons such as open or grwp-nunag.d ~ltimedla llnks. 
exmpltflad by a wlde-aspact "VldooYlndow" (augnntad by four-channel 
audio, documnt sharlng. and conputer application-Sharlng 
capabllittas). and a "Cruiser" systm for casual voice and v l d w  
intaractlon (auqnntm by docummnt and appllcatlon shartng) among the 
gaographlcally dlrtributod Hsldahts of a "vlrtual hallway". 

XnfoMtion natuorks resmarth. wlth strong .nphasas on Vls~al 
lnformation and delivary via BISON (Broamand Intogratad S8rvlc8s 
Dlgital Network). will lnvestlgate taehnlques for both casually 
vlwing lnfomtlon and mow actlvaly searchlng for It. In thase 
studlas. the intelllgant. broamand natwork wlll ba vlawed as a vttal 
CpnpoWnt. facllitatlng aCCaSS to 8 broad range Of datab8SaS and &la 
t w s .  Attantlon ut11 M focused on CustomiZaU. CoImtims adaptlve. 
lnfornutlon flltarlng to massive inform8tlan f l w s  OtMrwlsa 
placad on the m t w r k  to nunagaabla propartlons ( a  central qmstlon 
for tM avolvlng informatlon soclaty); but lt wlll also be dlrrcted 
toward tntarfaelng wlth Mterogarwous infornutton sourcas, 

and convarslons. and the study of "frlandly" samantic. hlerarehlcal. 
and advtsory user Interfaces facllltatlng usar aecars and dynamtC 
control. 

tDChnologles for nultimdla C ~ S l t l o n  and Mitlng, madla ad8ptatlOnS 

NiEtWrk S M r l t y  retaanh ( 5  broadly dl-ted *Ward the prlV8Cy D n d  
authenticatton of usar trafflc. tha control of aceass to sarvicas and 
databasas. and the protaetlon of network functional a l m n t s  tn tha 
more open natwork of t h  future. wlu afforts wlll ba IN& on 
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cryptographlc and biometric user au thent ica t ion  systems and seeur l ty  
architectures of an open network. and p r e v i w t  research continues on 
techniques f o r  the prDductlon and exchange of secure. authcntlcated. 
w l t l m c d i a  electronic transact ional  documents (u l th d l g i t a l  
s lgnatures) .  and on speaker v e r l f l c a t l o n .  

I n  g e n e r a l .  the p r o j e c t ' s  vork program recognlzes the buslness and 
research oppor tun l t les  presented by prov id ing  CoIwmInlCatlon SerVlCeS 
t h a t  b r l n g  poople t o p t h r  w i t h  a conp.lling sense o f  "belng there".  
The comlng p m r a l  a v a l l a b l l l t y  o f  n u l t l n m d i a  conputlng 14111 tncraase 
the p o t e n t l a l  range of such SerVlCes. D m  rOa&lOCk t o  the d c v e l o p s n t  
of a broad base o f  conputer-medlated t e l e e o m n i e a t l o n s  SerVlCeS 1s 
the lack of easy-to-use t o o l s  t o  construct  them. The p r o j e c t ' s  human 
in te r face  research program u l l l  take advantage of these opportunities 
by examlning and developlng techniqres t o  a l d  developers o f  M l t l - u s e r  
and ~ l t i m e d l a  In te r faces .  I n  t h l s  coneeptlon, developers r a w  from 
professional  " p r o g r a m r s "  t o  customers vho have tk a b i l i t y  t o  
personal lze thelr in te r faces  t o  connunlcatlon servlces.  Y h l l e  the 
focus of our " t o o l k l t s "  mseareh 1s t o  evolve so f tvare  e n v l r o m n t s  
tha t  f a c i l l t a t e  the c rea t l on  of M l t l - u s e r  app l l ca t lons .  l t  I s  Claar 
th8t techntcal problW lnp.dlng t he  doveloplnnt Of high-+Iality 
s ingle-user In te r faces  u l l l  be conslderod as p a r t  of the research 
program. T h e  uopk ut11 l l k e l y  drav on ob jec t -o r len ted  programing.  

Imtaphors. and desk-top I n t e r a c t i v e  vldoo technology. The overarchlng 
goal Is t o  und.rstand the too l s  and technlqres tha t  v l l l  a l l ow  
developers t o  bulld n u l t l - u s e r  app l l ca t lons  uhlch u l l l  g lve  p o p l e  a 
sense of f l d e l l t y  and presence thrwgh the use of media. 

behavioral Sclance mseareh, knovle+-basod SyStNTS. graphical 

P A S T  V E A R  R E S E A R C H  ACCOMPLISHMENTS:  

I n  the second h a l f  of 1988, th p r o j e c t  eontlnued research on the 
major t h W s  d.scr1b.d above. Inpor tan t  exanples of the D lv l s lon ' s  
l a s t  slx-month's aecap l l r twmnts  am glven below:  

M u l t l m d l a  Interp.rsona1 Connunlcatlons 
0 U . S .  patmnt (#4.190.314) cover lng the VidwYtndow Te lKonferenc lng  

systom was grantod on Dee. 26, 1909. Patent applications w r e  
f l l o d  f o r  the "Laser-Pen". and " V t d r o  VlmvGraph" in ta r faces  f o r  the 
V l d m o Y l n d o u .  and an anmndod app l l ca t ton  was f i l o d  f o r  a "Thrwgh- 
The-Scmn V l w l n g "  concept f o r  V l ~ - P h o m  tmrmlnals. 

-rs of t h  D i v t s l o n  eonttnuod evaluat'tng users' tn te rac t lons  

there  arm both u s a b l l l t y  (e.g.. m e l p r o e l t y  o f  s n l n g  and heartng) 
and grwp dynamic (e.9.. t r a n s l t l o n s  h t m n  pub l l c  and p r l v a t e  
speech) lssues t h a t  rmmd t o  be addressod. P re l l a lna ry  r a s u l t s  were 

W i t h  each O t h r  0V.r the V l d r o Y l n d o u .  RaSUltS I n d l C a t M  t h a t  

P R O P R I E T A R V  - Be l l core  and Authorrzee C l ien ts  O n l y  
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documented in a book Chapter that outlines our perspective on 
informal camrunlcat ions. 

system for casual tnteractton (Cruiserl. The appllcatlon softvare 
was conpletely redeslgned. reinplcmntation of the appllcatton vas 
Started. and the prototype vas ported to 8 palr of generic 
swltehes. These activltles resulted In: ( 1 )  a mm flexlble and 
extenslble appllcatton archttecture. ( 2 )  a potentially faster 
Cruiser appllcatlon, 131 Improved functionality of the appllcatlon. 
14) a platform that gtves us fine control over the khavior of the 
swltch and asso~lated peripherals. and (5) a system that wlll 
support up to 30 users. In place of the 15-user maximum avallable 
on the old platform. We published the Crulser VI- tape. deslgned 
privacy mechanlsms and new terminal equipment. and n o w  plan an 
Internal trlal deployment in 1990. Ftnally. w e  estmb1lsh.d a 
collaboratlon vlth the Dlviston 21450 ( 0 .  Herman. DvM) Tourlng 
Machine project to explore Issues In system softvare support for 
advanced wltimedla comnlcations servlees. 

investlgatc the feaslblllty and potential uses of enhancements to 
the n o m 1  mchanlsms of clectrontc mall. Thls research attmrpts 
to go beyond the current state of the art In nultlmdla mall 
Systrms by pormittlng conputatlonal algortthms to be o&eddad In 

pwrrful and gemral-purpose conputattonal engine for use tn mal1 
SOftWWe. a VhQle nev generatton of mail-based interactlve servtees 
vlll becwn possible. The current resmarch focuses on the key 
questions of portablllty and security. wlth the goal of producing a 
rObUSt. portable. and secure research prototype in 1990. 

0 The analysis of Vtdeo-on-hand systems vas begun. One TM. 

o Progress continued on Implemntlng an audio and vldeo c m n i c a t l o n  

0 A new research Initiative vas initfated In the Division to 

MI1 and bU11etln board mssages.  It I S  b p d  that by providlng a 

Ylltltmdla Connunlcatlons Systems 

"Analysls of the O.mral1LM Information Providlng System," 
provldes an analyttcal platform ana J second. "Models for Near-term 
Residentlal VI- Servlccs" (TM-TSV-OI485O) vrltten jotntly wlth 
Netvork Technology. desertbes near-term architectures for the 
dellvery of vId.0 servlces. Work was brgun In collaboratlon vlth 
Divfsion 21480 IC. Judlce. DvM) and Be11 Northern Refmarch on a 
novel "Store and Foward" vldco delfvery eorrept. 

vlsually-orlented Interfaces to the broarband network. Work on 
VI-0 dtsplays bated on ~ o l ~ m - s h u t t e r / r w - b a c k l i g h t  technlques Vas 
bWJn. ThlS research could lead to large, hlgh-resolution 
displays sultable for enhanced Vld.oWlndow and Hlgh Cuflnitlon TV 
(HOW) lmaglng. Rosearch on a customer controlled vlwlng concept 
e "SPHERE-0-VISION" was tntttated. Thls compt vlll allow 
future broarband mtvork subscrlWrs to expertonco a vlrtually 
Unlwedmd. full look-around v I w  of a remote loeatlon. Ftnally. 
Work on a three-dtnnslonml projectlon and Inugtng system was 
1nlttat.d. ThlS Sy5t.m should ultlnutely a 1 1 W  real-tlm, three- 

0 Nmd research was inltlated on several novel. harchrare-based. 
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dimensional (volumetric) Images to be transmltted and later vlewed 
wlthout specla1 glasses. 
allow rea1 depth dlsplay uslng conventional Conputer Alded 
Design/Content Addressable Mmory (CAD-CW) bforkstatlon 
technologles. 

Near-term spinoffs of the technology ulll 

Informatton Networks 
0 Project -rs conpleted a study of the vlsual quallty Of a 
verslon of a new 1 . 5  Mbltlsec full motlon vldeo eonprmsslon 
algorlthm devmlopmd by Dlvlslon 21480 IC. Judice. DvU). Praltminary 
results had shown that It Is posslble to producm full motlon 
entertalnnent v l d w  that can M transported at T I  rates Wlth 
quallty conparable to VHS (format used In 95% of home VCRs) 
recorded vldeo. Subswent work tnvolvlng J thorough statistical 
analysls of the laboratory tmst results was conpletmd and 
documented tn TM-ARH-014569. "A Subjectlvm VlSUal Wallty 
Conprrlron of NTSC (National Telovlston Standard Codt). VHS. and 
Conpressed DS1-Conpatlble VtdOO." ThlS Work Was ruportmd at the 
Flfth Internattonal Workshop on Tmlmnutlcs (n Omnver. Colorado, and 
has b n n  submitted for publtcatton tn a tmehnlcal Journal. 

o Phasm 1 of the CUstomlZmd Elmetrontc Infornutton Dellvery rmsmarch 
prototype was Cowplmtmd. A resmarch prototyp. nultlmdta formattmr 
basad on an mxtmtxhd SOML (Standard ~nera11Zmd Markup Language) 
was Wrlttmn and tmstmd as an Elmetronle UagaZlm on approxlmately 
00 8rticl.s. Sclmetion and dlsplay programs that taka wtprt from 
t M  formattmr and prmsmnt It as personaltrmd "magarlncs" on an 
lntmractlvm tmrmlnal w o r m  writtmn and dnnonstratmd. Uor* on this 
phase was docurnntmd In TU-ARH-0t4704. "An DvmrvIW Of the 
Elmctronlc M a g i r i m  ProJmet." and was pP.S.ntM at thm Eloctronlc 
Imaglng ' 89  Confmrmnee In Boston. Mass. Work began on phase 2. 
lneorporattng dlgltlzmd audlo. a mom graphteal user tntmrfacm. and 
a more SOphtstlCatmd wtwork deltvmry modml In the prototym. we 
also began looktng at thm use of the Custornlzmd Elmetrontc 
Infornutton Omllvmry tuhnology for In-housm corporate lnfornutton 
rbelrvmry systmms. 

0 A slgnlftcant mffort has b..n dmvotmd to undmrstandlng thm privacy 

TU prmsmnts rmsmareh supporting the prtnclple that callns' rlghts 
to knew vho I s  ustng thslr tlm and wipnmnt takas prrcodmm ovmr 
callers' rlghts to anonymlty. It ftnds that both tuhnology and 
privacy arm dynamic. rathmr than flxmd. concwts; slwly breausm a 
technology offmrlng convmnlmm ( t h  t m l q h o m )  usmd to favor the 
prlvacy prmfermcms of callmrs ovmr callns. d a s  not man that the 
St8tUf qU0 Sharld m l n  yh.n thm tuhmlogy b0C-S avallablm to 
rmducm the prlvacy IObalanem. Thm TU also delves Into soclal norms 
and practtcms to ascrrtaln prmvalllng W r l c a n  values VIS-a-vts 
placing phom calls and m x a m t w s  the a r g n m t  that Callmr-ID ulll 
take away prlvacy rlghts. T h  TU coneludes that Caller-ID 

M t w r k  Smcurlty 

lnplicattons Of Callmr-ID. uhiCh msu1t.d in TM ARM-015903. Thls 

PROPRIETARY - Bellcore and Authorized Clients Only 
See Proprietary Restrictions on Title Page 

F O  I 8 0 3 Z  0 0 0 5  I55  



B E L L C O R E  Page: 6 
Appl l e d  Research Date P r in ted :  10/02/90 

1991 FINAL PROJECT OFFERING 

PAST YEAR RESEARCH ACCOMPLISHMENTS. ( C O N T .  I 

acconplishes the apposite by removlng c a l l e r  anonymlty. something 
t h a t  vas a by-product of p r i o r  netvork design ra the r  than a secrecy 
tha t  our c u l t u r e  agreed should Inhere i n  phone c a l l s  In thm f i r s t  
p lace. There are a lso  reconrnendations t h a t  c e r t a l n  safeguards be 
present i n  Ca l le r - IO lnp lemnta t l ons .  

We also revlmmd research on psychology of nrrnory. v l t h  t h m  i n t e n t  
of understanding hov the l i m i t a t i o n s  Of human m m r y  a f f e c t  t he  
U t l l l t y  of the Ca l le r - IO SerVlCe. our COnCluslOn t h a t .  v l t h o u t  
mmehanical assfstance. people vlll o f t e n  not b m  able t o  ldmnt l fy  
thelr c a l l e r s  from the c a l l e r ' s  telephone nuher provldmd by 
Cal ler- IO. has l n p l l c a t i o n s  f o r  p r i vacy  p o l l c y  and m t v o r k  smrvlces 
planning. 

0 Fast, secure methods of encryp t lon  and message authmnt icat lon 
e x l s t .  provlded tha t  the p a r t i e s  f i r s t  share a smcret cryptographic 
key. Thus, key d l s t r l b u t l o n  ls o f t e n  the bott leneck of a smcure 
n u l t i - u s e r  c m n l c a t i o n s  system. We presmnted thm uork p r m v i w s l y  
reported on D mu. e f f l c l e n t  key d i s t r l b u t i o n  s y s t m  tha t  
authmnticates thm p a r t i e s  and Creates dynamic session keys a t  
Crypto'OS. and thmn w b u l l t  and dcnanstratmd D wrking prototype 
of t h i s  systmm. O u r  e f f o r t s  t o  make t h l s  p ro to typ .  run fastmr IM 
t o  the dlscovery o f  m algor i thms f o r  n u l t i p l e  p rac l s ion  Integer 
a r l t h 8 t l C  t h a t  are b e t t e r  t h a n  the  p r e v l w s l y  e x l s t l n g  O M S  f o r  
the 500-1000 b l t  nUd3mi-s m0d.d t o  8ChlmVe p o d  s.CUri ty (TU-ARH- 
015023). 

0 Biommtrlc methods o f  user i d c n t l f l c a t l o n  can prov lda  an Inportant 
secu r i t y  p r (m i t f ve .  espec ia l l y  vheo c d l r m d  vi th s u f f i c f e n t l y  
poumrful smart cards and passvords o r  pmrsonal idmntif lcat lon 
numbers. O u r  U . S .  patent #4,827.518. "Speaker Vmr l f i ca t i on  S y s t m  
using In tegra ted  C i r c u i t  Cards." generated numrous tnqutr ims I n t o  
t h l s  tmchnology: and w contlnued t o  support the e f f o r t s  of smvmral 
BCCs t o  apply e i t h e r  smart Card o r  speaker l dmnt l t y  v m r l f l c a t l o n  
methods. I n  collaboration w l t h  D l v l s l o n  241lO (J .  LaBanca. DVM). 
TU-TAP-105006. "Survey of Biometric fmcur l ty Systmws," and. tn 
Collaboration v i th  Olv ls lons  21360 (P. Shumte. OVM) and 21480 ( C .  
Judiem. DVM).  TM-ARH-014515, " f le ld -Access ib le  I n f o m u t l o n  end 
Spmakmr-Idmntlty V e r l f l c a t f o n :  A Resmarch Strategy" Y.IY issued. 

Wman-Corrputer Systmms 
o We conpletod verston 1.0 of the MEL t o o l k l t  for n u l t l - u s e r  

graphleal tntmrface dcveloprnnt. I n  a d d ~ t l o n .  sevmral snu l l  t e s t  
and drmonstrat lon interfaems have bmmn cmatod  t o  s t m s s  MEL's 
inplmmentatton of thm b a r l c  object-orlented and eons t ra tn t  
tOChnologles. 

0 We conplmted a robust and Usable vmrsion of SHADOWS. an app l t ca t l on  
{ndmpmndmnt shared X vindou syrtem. T h e  SHABOUS systmm has bmn 
t r a n s f m r r d  t o  O iv ts ion  27130 (H. R u b i n .  DVM) In Netuork 
Tuhnology. TU-ARH-015522 uas l s s u l d .  and an mxtmn0M. J w r n a l -  
length manuscript hDS bmmn d r a f t M  vhleh dCta{ iS thm InpllCmtlOns 
of shared u i M w s  a p p l l ~ a t i o n s  for  v i r t u a l  terminal  dmf in i t i ons .  
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o York vas l n l t l a t e d  on AMES (Ac t ive  Media E d i t i n g  SyStcmJ. AMES 1s 
lntended t o  be a M l t l m d i a  conposit ion t o o l .  T h e  goal 1s t o  bui ld 
e d l t i n g  too l s  tha t  gain informat ion from the s t ruc tu re  of the medla 
they manipulate. Text processlng too ls  have concepts of paragraph. 
chapter. l l s t .  e t c . .  voven ln  t o  the f a b r i c  Of the Sys tm.  Thls 1s 
not t r u e  of tlme-dopardent - l a  l i k e  video, *re the leve l  of 
con t ro l  stops a t  f as t  fo rvard  and freeze frame. The goal 1s t o  Use 
AMES as a p la t fo rm t o  understand comrunlcatlon-enabltng too l s  f o r  
t lm-based  medla. A t oo l  l l k e  AMES v l l l  make servlces l t k e  the 
Customlzed E lec t ron ic  Informat lon Del lvery easler t o  c rea te .  

R E A S O N  F O R  INFRASTRUCTURE C L A S S I F I C A T I O N  

The vork of t h l t  Applled Research Project  provides f o r  the development 
of a leadlng adge knovlMge base In such key areas as ~ ~ m r u n l c a t l o n s  
terminals in te r faces .  behavloral sclence. M l t i d l a  appllCatlOnS. and 
user in te r faces .  Enphasls I s  placed on app l tca t lons  t o  cur ren t  and 
fu tu re  needs In Mtbmrks. servlces and oparatlons. The subs tan t ia l  
beneflts o f  t h l s  ProJect accrue t o  a11 O m r - C l l e n t s  and are unable t o  
be prevented from accruing t o  an Ovner-Cllent uho might e l e c t  not t o  
p a r t l c i p a t a  In  the Pro jec t .  

R E S E A R C H  D I R E C T I O N S  

Research on novel. hardvare-bared. ~ 1 s ~ a l l y - o r i e n t e d  human Interfaces 
t o  broadband netuorks. Thls vi11 incluch uork on large-screen. hlgh- 
r e s o l u t i o n  vId.0 d lsp lays .  

Research and prototyplng of video-on-demand d e l i v a r y  serv lce  
architectures. 

Research t n t o  tochnlqms. c o n t r o l ,  p ro toco ls ,  supporting t.fhnolOglOS. 
and tntarfaces f o r  n u l t i n ~ 1 a .  nu i t i -person.  conputer-supported 
servlces and app l lca t lons .  

ReSearCh 1 h t O  M l t l m d l a  In fo rnu t l on  ConpoSltlon. .dltlyi. 
c l a r s l f l c a t l o n .  f i l t e r l n g .  and d lsp lay  for d l f f e n n t  modes of 
access, and t radeoffs among c ~ n l c a t l o n s .  storage and processlng 
resources. 

f nvas t l ga t l on  o f  tochnlquas and design of t o o l k l t s  for the 
St ra lgh t fo rvard  dmslgn of M l t l n M i a  and w l t l - u s e r  I n t e r f r c a s  
t o  connuntcatton and tn fo rnu t lon  syttmms. 

Cryptographlc and btomtr ic  research on socu r l t y  f o r  netvork 
systems and social sctencas research on connunicattons p r l vacy  
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T h > s  Project 1 %  a Component o f  the Bellcore Product: 
APPLIED RESEARCH 

Thls project eontlnues to explore speclflcally targeted research 
actlvltles In s p m h  rocognltton. SpcCCh synthesls. and the 
representatlon and eodlng of stlll and full-motion lmgef. 
Furthermore, the project has focused on a llmlted nuwbar of speech and 
Imp processtng ylpltcrtlons, vith the Objective of drlving the 
technology research by havlng a thorough understandlng of end-User 
rrqulrmnents For exanplc. the vork on bullding a prototype 
electronlc bulletin board for Images. called FAXBOARD. has 
dmmonstrated a need for documant processing toehnlques to optionally 
encoda and render mixed-mde lmges vlth text and gray toms. 
Although the vork ls primarlly aimed at advancing relevant 
technologies to the advantage of Bellcore Cllent Conpanles. a 
slgnifleant bemflt ls darlvmd from understandlng the tllnc frames 8nd 
rough costs of Inplmmntfng those technologler and their assocl8t.d 
servtees. 

It 1s. of Course. vel1 recognized by the Bellcore Cllent Conpanles 
that s p m h  technology could allov thmlr customerr to have dlrmet 
access to c-ters and lnfornutlon databases uslng thelr phones as 
slnple and lmxponslve lrputloutput davlces. Monver. speech 
mognltlon has fa11.d to achieve the perfornunee nccess8ry to N k e  
thfs vlslon practical. Thmmforr. t h l S  projet has f0CUS.d on 
telophon company oporatlons vlth spoelal nphasls on thelr dlmctory 
asslstanee servlce. For exanple. after recording and studylng hundmds 
of transaetlons betvwn dlmtory assistance oporators and thmlr 
customers, I t  b.Came clear that evmn a modost mgr- of speech 
conprertlon Could rlgnlflcantly m c e  the cost of this servlce to 
Bellcon Cllent Conpanles and thelr customers. Our goal ls to 
dmmonstrate lncreaslngly sophlstlcated spomzh rucognltlon and 
synthesls tmzhnology as It amlles to autom8ting the dimetory 
asststarre servfce. 

In addltton to foeusing on hou exlstlng servlces could bemflt from 
sp..ch tmzhnology, research has also b n n  d1mt.d tmards nuking MY 
servfees such as 1utonut.d Customor Name and Address pOSs1ble. Hlm, 
Duchlne prorunclatlon of surnames i s  a baste IYqrlmmnt. Over the 
years. thlS PPOjOCt ha5 mflW the CapabllltleS Of dalsyllable-bas.d 
r p m h  synthesls to thm point uh.m a mseareh prototype. called 
ORATOR. has boon c0nplet.d a M  dmonstrated tn the context of such a 
MV servlce. Behavtoral experlments shou this 8pproaeh to be superior 
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I n  both i n t e l l i g i b i l i t y  and naturalness when conpared w i t h  known 
a l te rna t l ves .  

I n  the image processing area we have packaged a Software p r O t O t y p + .  
c a l l e d  F I V E  (Format Independent VIsual Exchangel. and have made I t  
ava l lab le  t o  a11 Be l l core  C l i e n t  Conpanles. Thls image processlng 
software al lows non-experts t o  use the most sophlst icated conpresslon, 
sca l ing  and rend r r l ng  a lgo r l t hns  i n  achlevlng p r a c t i c a l  Inup. 
comrunications among d l s s i m l l a r  terminals.  As a r e s u l t .  an 
informatton gateway can be deslgned t o  provide conpat ib le nul t inmdia 
comrunlcatlons amng a w l d e r  v a r i e t y  o f  end user terminals. 

Responding t o  Be l lcore  c l i e n t  conpany i n t e r e s t  i n  p rov ld lng  po in t - to -  
p o i n t  H i g h  D e f l n l t l o n  TV (HDTV) transmission t o  their c u s t m r s .  t h l s  
p ro jec t  has been researchlng d l g i t a l  technlques tha t  d e l i v e r  f u l l  
q u a l i t y  HDTV below 150 Mbit/sec a t  reasonable cost .  U s l n g  a t.chnique 
vh ich  reduces Informat ion recUndancy on each frame o f  v l d w .  t h i s  
p ro jec t  has demonstrated the f e a s l b i l l t y  of such an ob jec t lve .  Thls 
work has had s i g n l f i c a n t  inpact on the research comrunlty. uhlch 
prev ious ly  d ld not be l i eve  such an accomplishment vas p O S S l b l C .  As 
laboratory prototypes a re  r o p l l c a t e d  by the vendor connunity. Be l l core  
C l l e n t  Conpanies w i l l  be able t o  wrk W i t h  thelr customers i n  
developing transmission services t h a t  s a t i s f y  t h e l r  needs. 

As the networks evolve t o  f u l l  deployment o f  f l b e r - t o - t h e - h a .  I t 
VI11 ba poss lb le  t o  extend the HDTV serv ice  prev ious ly  dmscr1b.d t o  
res idmnt ia l  customers. Hovaver. the Be l lcore  C l l en t  Conpanles are 
very lnterestmd i n  w a r  term opportunities i n  v l d w  tha t  nuke use o f  
their ex iS t l ng  p lan t .  Research has been SUcCeSSfUlly d l m t M  a t  
conpressing TV s i sna ls  a t  less than the D S i  ( D l g l t a l  Signal - Level 1 )  
transmission rp.M (1 .5  L b l t / s e c l .  Recently. t h l s  p r o j e c t  has 
cuceessful ly dNn0nr t ra t .d  i . 0  Mbit /sec v l d w  tha t  has been judged i n  
bmhavloral expor lmmts as being as good as o r  better than VHS (format 
used i n  95% of honm VCRs)/VCR ( V i -  Cassette Recorder) q u a l l t y .  I n  
add i t ion .  m a r  conpact d isk  (CDI -qua l i t y  audlo has been domonstratod 
a t  256 K b i t S / S e .  T h S C  tw m s u l t s ,  aCh1mv.d through 
conputer s l n u l a t l o n  o f  a lgo r i t lms .  a re  very encouraging. thoreby 
launching a Iyy rasearch d i m t l o n  Vhich has been namd DSi -TV .  
C r i t i c a l  t o  th. w e s t t o n  o f  whether HDTV and NTSC (National Te lev is lon  
Standard Cod. )  vId.0 s igna ls  can be t ransmi t ted  a t  ra tes  o f  i n t e r e s t  
t o  Be l l core  C l i e n t  Conpanies. I t  whether tho cost Is masonable. Thls 
p r o j e c t  addmsses t h i s  issue by s e l e c t i v e l y  examining tho f m a s i b l l i t y  
of inplwnonting the c r i t l c a l  conpotrnts In VLSI (Very Larp.  Scale 
I n t e g r a t e d )  circuits. Uslng hlgh l e v e l  dmsign too l s .  t h i s  p r o j e c t  has 
shoyn t h a t  v t l o n  e s t i n u t t o n  and conponsation. a c r l t l c a l  techniqw 
requ l l yd  t o  achlmve D S l - T V  c a p a b i l l t y .  can be Inp1.nnt.d on a s ing le  
s t l i e o n  C h l p .  

W l t h  a t r a l w d  s t a f f  of electrical e n g t m r s .  conputcr prograrmrrs. 
psychologlsts and I l n p u i s t s .  t h l s  p r o j e c t  continues t o  push the 

. 
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technologlcal boundaries of the network. Results in Image and speech 
processlng are openlng daors f o r  nev revenue pOSs lb i l l t lCS and cos t  
reductlons I n  current operations. 

In 2H89. Div l s lon  21480 de l lvered  13 conference papers. gave 15 
technical t a l k s .  had 2 patents pending, and had i patent granted 

PAST Y E A R  RESEARCH ACCOMPLISHMENTS: 

Most s i g n l f l c a n t l y .  resem-Chers I n  D i v l s l o n  21480 havo ShoVn tha t  f u l l  
q u a l l t y .  HDTV fu l l -mo t lon  lmages can be economically conprossed t o  
less than l2D Mblts/sec. Furthermore. an HDTV v i t h  q u a l l t y  Conparable 
t o  the curront 6-8  Mhz proposals belng made t o  the FCC can be coded 
a t  45 Mbits/sec. A t  the lov end of the d i g l t a l  spectrum. M have 
s h u n  t h a t  VCR q u a l l t y  TV can be conpressed t o  1.0 Wblt/SOc v l th  m a r  
CD-quallty sound a t  256 Kbi ts/soc.  Furthermoro. M have shovn tha t  a 
c r i t i c a l  conpomnt. 1 . e . .  motlon es t lmat lon  and conpmsatlon. can be 
lwlenmnted on a slngle VLSI chtp. F l n a l l y .  M cont lnue t o  support 
over 27 s l t e s  t h a t  have our lnug. processlng so f tvare  package Ca l led  
FIVE (Format Indopndant Vlsual Exchangel. 

I n  tho speech a m i .  M have conpleted the f l r s t  phase o f  packaglng our 
d m l s y l l a b l m  based syntheslzer c a l l e d  ORATOR. and have bogun t o  make 
i t  ava l lab le  t o  c l i o n t s .  

Professlonal A c t l v l t t e s  
0 Drganlzed 5 th  In te rna t i ona l  Workshop on Telmmatlcs; 70 w r l d  

experts ln  in fo rnu t l on  t.chnology m o t  In  Denver, Colorado (US WEST 
vas loca l  h o s t )  t o  dlscuss advaneor In t e l e t e x t ,  v1d.otex. 
teloconferenclng. and m u l t l m d l a  c~ l l l l l l n l ca t tons .  Thls m m t l n g  gave 
tho Cllont Conpanies an w r t u n l t y  t o  l o a m  about nw d.vel-nts 
tn lnformat lon technology and standards r e l a t o d  t o  tholr 
dlstr lbut lon over ovo lv lng  m t w r k s .  

V 1 d . c  C o d l n p  
o Submitted a proposal t o  tho In to rna t tona l  Standards 

Organlzatton/Movlng PlCtUrOs Exports G r w p  ( ISOIMPEGI standards 
grwp rogardlng tho cavpmsslon of v l d w  programing a t  i . 0  - 1 .3  
Wb1tls.c v l th  VHS/VCR q u a l l t y  f o r  on te r ta lnn rn t  s.quencos. Thls 
proposal ran*ed ln  tho top 4 out of 16, 1s CCITT XV ( I n t o r n a t l o n a l  
Consul tat lvo Co~nnlttoo on Telmphone .5 Telegraph) cavpat lb le .  can bo 
coded In m a l  t lme. and can bo lnp lwnted i n  feuor than four Very 
Large Sealo In tegra ted  (VLSII App l lca t lon  Spoe l f l c  I n tog ra ted  
C l r C U l t S  IASICs). W l t h  evo lv lng  AsyChronOUs D i g t t a l  Subscrtbor 
(ADSL) technology t h a t  cou ld  t r a n s a l t  t .5  Wbtt/s.c on 8 Ltnglo 
t w l t t e d  p a l r  along V l t h  POTS ( P l a l n  O l d  TO lOphOW Serv lco) .  t h l S  
vork opens up an w r t u n l t y  f o r  tho C l l e n t  Conpanlor t o  o f f e r  an 

PROPRIETARY - Bellcore and AuthoriztO Cllents Only 
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e a r l y  E-ISDN video serv ice  t o  residences. T h i s  work was 
dnnonstrated at the Naples, F lo r i da .  Network Planning Conference 
(TM ARH-015076) and (TU ARH-Ol498ll 

Video Codlng 
o Dcvelooed a n e w  Dre and Dost Droctssina techn lwe  f o r  D S I - T V  lnuocs 

0 

- ~~ ~~~ 

whlch o r l g i n a l l y ’ c o m  fkom~a 24 f r a m  $r seco& source such as 
movie f l l m .  The technique restores the o r l g i n a l  24 fps  l u g e  
enabllng proeerslng t o  occur on the o r i g t n a l  lnuge. not  t h w  der lved 
30 fps image ava i l ab le  on t a p s  and vldeo d lscs .  Thls technlqre 
s l g n l f i c a n t l y  lnproves the q u a l l t y  of r e a l i s t i c ,  e n t e r t a i ~ i ~ n t  
V i d e 0  SequeWeS t ha t  have bccn COdOd w i t h  the Be l lcore  0.51-TV 
a l g o r f t h m  . 
DcVClopad new techniques f o r  c o n t r o l l i n g  the r a t e  b u f f e r  of an HDTV 
subbmd/DCT (D iscre te  Cosine Transform1 d i g i t a l  v l d e o  coder. The 
technlque keeps the b i t  r a t e  w i t h i n  a predetermined r a n g .  a r w n d  
130 )Lblt/sec by vary lng  the a w n t  of p m f i l t e r l n g  (so f ten ing  the 
image when appropr iate) and subband coefficient q r a n t l r a t i o n  5t.p 
s i r e .  Havlng a workable r a t e  b u f f e r  technlque l s  necessary f o r  the 
operat ion of Codcrs on C i r c u l t  swltched n e t w r k s .  Thls w r k  was 
presented a t  the In te rna t tons1 Conferenco on Conm~nleations 
( ICC)/Superca 90. (TM ARH-019287) 

, 

Inuge Coimv~ntcatlons 
0 D.vCl0p.d and n o w  ready f o r  technology t r8ns fe r .  FAXBOARD 

m u l t i n m d i a  e lee t ron l c  b u l l e t i n  board. Th is  systmm al lows facs lm l le  
and o ther  images t o  be posted on p u b l i c  b u l l e t l n  boards inplNn0nt.d 
on graphic w r k s t a t l o n s  running X-u lndows and lnterconmeted over 

lnprove ln fo rnu l  eonnunlcations w l t h  Be11core msearchers. FAXBOARD 
was cknanstratwi  a t  the Naples. F lo r l da  M t u o r k  Planning 
Conference. (TU ARH-014707) 
o Tvo now c a p 8 b i l i t l e s  have been t o  Bel lcore’s F I V E  software 

package. F l r s t .  the m e n t l y  a g r m  upon s t f l l  (nugo 
carpression. 1 . 0 . .  I n te rna t i ona l  Standards Organlzat lon/Jolnt  
P l c tu re  C o d l n g  Experts Qroup ( I S D I J P E G ) .  h8s beon 1nclub.d 8s an 
Option. Snond ly .  B e l l e o ~ ’ S  M U r a l  Mt -ba5.d  Opt ical  ChDraCteP 
R.eognit lon (OCR) t n h n t w  has been incorporated. The FIVE 
software packagm has b.m nude ava i l ab le  t o  C l l e n t  Carpanles and 
~ n l v e r s i t l o s  as a rasearch tool f o r  oxper i fmnt ing w l t h  image 
eamunlca t lon  services. (TI1 ARM-015998) 

E t h e r n e t .  This f a e l l l t y  c w l d  be I n s t a l l e d  ln c l t e n t  RhD g ’wps t o  

video s y r t m s  
o Conp1et.d a study of a l t e m a t l v e  a rch i tec tu r r s  for d e l l v e r i n g  

DSl-TV q r a l l t y  video-on-dmnand serv lce  over e x t r t l n g  copp.r 
networks using Hlgh-B l t  r a t e  D l p i t a l  S i g n a l  - Level 1 (DSL) and 
f l bmr - to - th -cu r ia  tmehnologles. T h e  stuay emonst ra ted  the 
a o n s i t l v l t y  o f  cos ts  to the gradc of se rv i ce  o f fe red .  and 
r w w s t s  nurg lna l  p r o f i t a b l l l t y  i f  the vld.0 codec and 
S U b S C r l b W  l t n e  chanml  coders can ba bull t  for undar a C - i M d  

P R O P R I E T A R Y  - Be l l core  and Authorized C l ien ts  Only 
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Speech Proeesstng System 
0 Conpleted a Concept demonstratton of the technology to conpress 
Customer quertes to a dtrectory assistance operator. thereby 
r w c l n g  the operator holding time by 1 - 2 seconds. Thts 
dcmonstratlon forms the foundation of our Spnch Processlng 
System. a PC-based speech technology platform vhtch vlll be used 
as a vehlcle to move our speech technology Into operator servlee 
applieatlons. 

Speech synthasts 
o Conp1et.d Orator 1.0 Speech syntheslrer optlmized for name 
pronunctatlon. Bellcore’s demisyllable basod Synthestrer has 
been packaged and i s  avatlable for Cltent Company use. Orator 
has been tnproved over earlter verstons by havtng better 
duratton roles for consonants. MU mchanlsms for asstgntng 
phrasal stress and handltng hyphenated VOMS and names. and 
tnproved tnflrcttons. Orator I s  partlcul8rly vel1 Suited for 
appllcattons such as Calltng Party I D  announcement and Automated 
CustonNr Name DM Address Servtce (Inverse Otrectory Assistance) 
(TM ARH-012864. TM ARH-010405) 

Speaker Idmnttty Verlflcatfon 
0 Carpletod study of tmplato conpresston relevant for smart card 

appltc8tlon of Spaker tdmnttty vertftcatton. ThlS vork extends 
Bcllcom’s offort tn ustyi spoech B S  a tool for provtding s.cupc 
access to Cllont Conpany tutldlngs and services. (TM ARH-015505) 

Hlddm Markov Y0d.l (H4M) Based Sub-Yord Recognition 
a (kve1op.d H1dd.h Markov Llod.l-basod speech rrcognttion algorlthm 
and ilp1arnt.d It tn softvarm. Thls softvaro system recognizes 
tndtvtdual pholyms that an? part of any sp.8k.r’~ conttnuws 
s p m h .  Thls approach 4s a foundation for the dwolopmont of a 
Bellcore sp..ch rreogntrer. one of the first tntendod 
appltcatlons for thts technology I S  city name rrcognttlon as 
8noth.r lngrdlent in racing tha cost of dirrCtOFy assistance 
serv i cos , 

S p m h  Processlng 
0 We have dmvolopM a untfytng frarmmrk for vlovtng all forms of 
distortton moasums for s-h mcognltton. Thls has led to a 
I).V metric that gtvos bettor meognitton aceuractes than 
prevlwsly r0COPd.d. Thls I s  appltcable to all recognltton 
tmchnlqlos (TM ARH-01405) 

PPOPPIETIRV - Bellcore ana A~thor~zed Clients Only 
See Proprretary Restrict~ons on Title Page 

0 0 0 5  I63 



B E L L C O R E  Page: 6 
Applied Research Date Pr in ted :  1 0 / 0 2 / 9 0  

1991 FINAL PROJECT OFFERING 

............................................................................ 
Project  Name. Project  NO. 
SPEECH AN0 IMAGE PROCESSING 6 2 1 4 0 8  
............................................................................ 

REASON FOR I N F R A S T R U C T U R E  C L A S S I F I C I T I O N .  

The vork of t h l s  Applied Research Project  provides f o r  the development 
of a leadlng edge knovledge based i n  such key areas as v l s u a l l y  
o r ien ted  ~ ~ n l c a t l o n s ,  speech recogn i t ion ,  voice technologies. and 
video coding. Enphrsls i s  placed on appl lcat lons t o  cur ren t  and 
f u t u r e  needs l n  n-ztuorks. serv1CeS and ~ p e r a t l o n r .  T h e  substantla1 
benef l t s  of t h l s  Pro jec t  accrue t o  a l l  Ovner-Cllents and are unable t o  
be prevented f r o m  aecrutng t o  an Ovmr-C l len t  vho m i g h t  e l e c t  not t o  
p a r t l c l p a t t  In  the Pro jec t .  

____________________--------.---------. . .-- .--------------.- .--------------- 

RESEARCH D I R E C T I O N S :  

Work l n  speech recogn l t i an  v l l l  focus on the m u r a l  m tuo rk  and 
Hldden Markov yodcl (HIM) approaches f o r  so lv ing  large vocabulary. 
COnt lwWs speech. Advanced slgnal  processlng techn lq~~es  V I 1 1  be 
used t o  prepare the speech f o r  recogn i t lon .  A t ten t ion  v l l l  be 
d l r e c t c d  8 t  so l v ing  those problems i n  rp tech  recogn l t lon  v l t h  
parameters re levant  t o  automrtlng thc d i rec to ry  assistance serv lce  

The d.nIsyl1able-based speech synthesizer.  ORATOR. V I 1 1  be Inproved 
t o  a l l o v  f o r  a broader spectrum of Input t e x t  and more na tura l  
rounding output. Conslrbrable e f f o r t  u t 1 1  be directed a t  maklng 
ORATOR ava l l ab lo  t o  and usefu l  f o r  the Be l lcore  C l l e n t  Canpanles. 

A m u  e f o r t  on DSI-TV p ro to typ ing  v l l l  g lve  considerable a t t e n t i o n  
t o  technolopy t rans fe r  and a l l o u  Ideas. concepts. and algor l thms 
In lmage codlng t o  be r e a l l z e d  In  research prototype harduare f o r  
serv ice  experiments. S lnu la t l on  studles a t  j . 5  - IO Mblt lsec v l l l  
be conducted t o  d e t e m l m  optimal codlng methodologlor f o r  evo lv lng  
packet netwrkl .  

The FAXBOARD Xnagc B u l l e t l n  Board v l l l  be  de ava l lab le  t o  C l l a n t r  
t o  explore I t s  usefulness BS a technology t o  support " co l l abo ra t i ve  
vork a t  a dlStanCe". 

P R O P R I E T A R Y  - Be l l core  and Authorized C l i en ts  Only 
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This p r o j e c t  prcvides app l ied  research in  support of h i g h - s p d  
conputer network sys tms.  Work will concentrate on the research 
necessary t o  r e a l i z e  la rge  scale. hrgh-speed. packet switched 
networks. Work i n  t h i s  area includes research I n t o  MvICes necessary 
t o  b u i l d  high-speed packet switches. the archi tectures m e s s a r y  t o  
build l a r g e  networks f rom these devices, and the pro toco ls  mcc rsa ry  
t o  de r i ve  hIgh-s-d data CoINnuniCitions services from those MtwOrkS. 
This p ro jec t  con t inua l l y  evolves t o  k n p  abreast o f ,  and be one of the 
leaders in, these tmehnologlcal areas. 

Work in  t h i s  p r o j e c t  can be d iv ided i n t o  two focused th rus ts :  sw i tch  
a r c h l t e ~ t ~ r e  and data CoINnunicatIons. The switch a rch i tec tu re  th rus t  
has BS a long-term goal the demonstration o f  cruCi8l  switching 
conpomnts rwcessary t o  cons t ruc t  the broadband Mtwrk. Om of our 
e a r l y  a C C o w p l i s ~ n t s  w8s g e t t i n g  packet swltehing technology 
8cknowledgM as th. Imthod of choice f o r  lnp lmnt ing the broadband 
mtwrk. Thus. t h l s  wrk Concentrates on the tnvent ion and 
dnnanstrat lon of prototype s y s t m s  t o  perform packet sw i tch ing  a t  
ra tes  of 150 Mbit/sme and above. F u r t h o r n r e .  those s y s t m s  m s t  be 

services t o  hundrods of m l l l i o n s  of CustolllCrS. 
exp8nd8ble t o  tho scale WOSS8ry t o  provide broadbad n e t W O r k  

The data eonnunic8tions t h r u s t  I s  focused on the r e a l i z a t i o n  of high- 
spoW eonputer connunications using broadband m t w r k s  
on data connunIcations s t m  from the p.rc.ption tha t  dat8 t r a f f i c .  
bming poor ly  mmtclmd t o  the cur ren t  telmphow mtwrk 8rchitmeture. 
w i l l  be an inpor ten t  e a r l y  8pp l i ca t i on  of broadband mtwrk 
tmehnology. Our long term goal h r e  i s  t o  g8in 8n Und.rSt8ndIng Of 
tho tmehniques m e s s a r y  t o  i l r p lmn t  broamand data servlces on the 

advances i n  the des ign  and i l r p l m n t a t l o n  of conputer ~ o m w n i c 8 t i o n s  
pro toco ls .  

Om s i g n i f i c a n t  e f f o r t ,  #gun In  1980. is P r o j u t  DAWN. DAWN l S  a 
research ~0118bora t lon  w i t h  MI1 and tho Un ive rs l t y  o f  PennsylvanI8 t o  
explore the pro toco l  anh i tme tu res  rwcessary t o  achieve very-high- 
spmod computer eoINnunicatIons over broadband m t v o r k s  I t  is p a r t  of 
the data c a n u n i c a t i o n s  t h r u s t  o f  t h i s  p r o j u t  

This p r o j e c t  also serves BS the p r i n u r y  point of contact  bmtbmen 

Tho . rphas is  

brOadb8nd netWrk -1s W d.Slgn This -1-S fUndDMnt81 

P R O P R I E T A R Y  - Be l l co te  and buthor ized C l i en ts  Only 
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Bel lcore  and the Natlonal Research and Educatlon Netvork (NRENI. NREN 
4s best descrlbed as an informal c o l l e c t l o n  of researchers and funders 
of research In  conputer ne tvork ing  I t  Involves representat ives from 
Industry.  academia, and governmnt I t  is the goal of t h l s  group 
(vh lch  loosely lncludes hundreds of people. but as yet  has no formal 
o rgan l ra t lon)  t o  create a ns t l ona l  netvork t o  be used by researchers 
across the country The m t v o r k  would provide user access a t  s p d s  
of a t  l eas t  1 g lgab l t /sec .  

As p a r t  of the e a r l y  research phase of the NREN. a set  of g l g a b l t  
research testbeds have b n n  funded by the Nattonal SCIeMe Foundatlon 
(NSF) and the Lbpartment o f  Defense Advanced Rmseareh Pro jec t  Agency 
(DARPA) .  Thls p r o j e c t  I s  heav l l y  lnvolved v l th  the AURORA g l g a b l t  
testbed. vhose goal Is the cons t ruc t lon  o f  expertmental prototype 
broadband m t v o r k  connecting research labora tor les  In  the 
Phlladclphia-Boston c o r r l d o r  This p r o j e c t  i s  concerned v l th  the 
eonstruct lon o f  prototype broadband svl tches and hlgh-5-d computer 
protocols t o  bc used In  AURORA. and a lso  coordinates NREN work belng 
p c r f o r m d  by throe other Be l l co re  p ro jec ts .  

Thls p r o j e c t  a lso manages and operates an i n t m r n a l  Be l l core  CoIWuter 
Center vhich provldes prlmary conputlng serv lce  t o  about 200 InmbOrs 
of the A p p l l d  Research Area. We d c s l g n d  an l n te rna l  Bmlleore hlgh- 
5- conputer n o t w r k .  vhlch nov prov1d.s connunteatlons amng about 
I100 n ln lcarpu ters  and Vbrkstat ions i ns ide  Be l lcore ,  Wm operate the 
eonnoetlon brtwen Be l lcore 's  l n te rna l  conputer netvork and the 
NSFNET. a NSF-sponsorsd conputer network connecttng about l00,OOO 
earputerr  In the l n te rna t l ona l  research c o m u n i t y .  We a l s o  prov lde  
technlcal  support and consu l t lng  on conputor network s a c u r l t y .  

. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PAST Y E A R  RESEARCH ACCOMPLISHMENTS 

A ConSldmrable amount of work In  the d l v l s l o n  4s d l m t d  a t  t h  goal 
of prodletng a dmnonstratlon prototype broadband packet SvItchIng 
f a b r l c .  we d.c~omd. about tvo ymars ago. t ha t  t h  S O - C 8 l l s d  B a t c h r -  
banyan a r c h i t o c t u m  ywld a f f o r d  maxlnum porforcluncm and mlnlwml 
conplext ty.  This a rch i tac tu rn  Conslsts of a Batchcr mtvork. vh ieh  
sor ts  packets b a l d  upon thlr d . s t l n a t t o n  addmss. and a banyan 
rwtlng Wtwrk.  vhich expandt the s o r t d  1 lS t .  and d l m t S  thc 
packets t o  th proper output p o r t s  on the sv l teh .  AccOnpllshwmnts 
over the past several years have proven the v l m b l l l t y  of v a r l w s  sub- 
assmnbllms of our m x p e r l n n t a l  broadband packet svltchlng f a b r l c .  

A broalband packet Nl tchlng f a b r l c  can be thought of as the h a r t  of 
a broadband packmt s v l t c h .  n o w v e r .  In 0rd.r t o  cons t ruc t  a c o w l e t e  
Cultch. o m  w s t  a u g n n t  the s v l t e h  f a b r l c  v l th  conten t lon  m s o l u t l o n  
C l K U l t r y .  A packet s v l t c h l n g  f a b r i c  cannot a l l o v  mom than a sm11 

P R O P R I E T A R Y  - Be l l co re  and AUthorized C l i en ts  Only 
See Propr ie ta ry  Res t r i c t i ons  on T i t l e  Page 

r n  I n n ? 7  nnnc  I c~ 



B E L L C O R E  Paoe: 3 - - - - - . . 
nppl ied  Research Date Printed:-10/02/90 

(991 F I N A L  PROJECT OFFERING 

............................................................................ 
Project  Name: Project  No. : 
COMPUTER NETWORKING 6 2  (409 
............................................................................ 

P A S T  Y E A R  RESEPRCH ACCOMPLISHMENTS '  I C O N T .  1 

number of packets ( o f t e n  1 )  t o  be sinultaneously t ransmi t ted  t o  the 
same output.  Contention reso lu t l on  is the process o f  de tec t ing  Vhen 
too many packets are sinultaneously heading f o r  the same output.  The 
contentton reso lu t i on  circuitry selects the packets t h a t  are t o  be 
a l l o w d  t o  m x l t  the Sultch t ~ m ~ ~ d i a t e l y .  and then bu f fe rs  the r e s t  f o r  
l a t e r  output. 

We have Invented a novel Contention reso lu t l on  mechanism f o r  a 
broadband packet Sultch. Vhlch has the codcname "Sunshine".  T h e  
Sunshlm Sv l tch  experlmental prototype ( a c t u a l l y  i t  is a YhOle fami ly  
o f  r e l a t e d  designs) uses c&inations of kmun content ion r e s o l u t i o n  
mechanlsns (such as r e c i r c u l a t i o n .  ~ l t l p l e  banyans. o r  t runk 
grouping) t o  achleve extremely low packet loss ra tes .  TWO patents have . 
been issued on the Sunshine architecture. and a technical  t a l k  is 
cu r ren t l y  ava i lab le  upon request. 

A MU research e f f o r t  vas s ta r ted  dur lng 1989, d e a l i n g  u l th  high-speed 
transport  p ro toco ls .  A t ransport  protocol  is t y p l c a l l y  used t o  ensure 
Correctness i n  conputer-to-carputer CDrmUnlcations. but the t h r u s t  O f  
t h l s  work l s  t o  deslgn a pro toco l  t h a t  v l l l  Serve in tegra ted  (data.  

upon the r e s u l t s  of the broaOand sv i t ch lng  thrust. The long-term 
goal of the transport  protocol  vow i s  the cons t ruc t ion  of an 
experimmntal prototype transport  protocol  Vhlch v l l l  have throughput 
betwen (50 mlt lscc and loo0 Mblt/sme. Some marly acconplislunents 
a m  mntloned i n  t h l S  smetlon. and i t  l S  0xp.et.d t h a t  t h i s  t h r u s t  
v i11  prodlce subs tan t ia l  r e s u l t s  i n  the i990-9i  timeframe. 

During t h i s  pmriod I J u l y  108s through 0ec-r ( 9 8 9 ) .  n v ro te  1 1  TMS. 
publ ished 3 papers extmrnal ly.  presentmd 5 t a l k s  a t  tmehnlcal n M t l n g S  
and external  rmmlnars. and appl ied f o r  2 patents. 

Spmclflc proJmet a ~ ~ o m p l l s ~ n t s  include: 

DroaLband Sv i tch ing  Tmehmlgy 

VOlCe. VldmO) 8ppllCationS. I t  4s fntandOd tha t  t h i s  vork V l l l  bui ld 

o We conttrum t o  nuke progmss on t h m  cons t ruc t ion  o f  an e x p c r i m n t a l  
prototype Sunshlne packet svltch. Thm dosign has b n n  p a r t i t i o n e d .  
and about 9 c u s t a  tntmgratmd c l r c u i t s  havm b..n dmfined. Work on 
thmse C i m l t s  has w n .  and I s  mxp.etmd t o  conttnue f o r  18-24 
months. 5.. TY-ARH-014iW and TU-ARM-0i4132. 

rtqu1r.r only e of the abovm mmntlonmd custom tntmgratmd circuits. 
Sevmral tndivtdual  c i rcu i t  accomplishmnts f o l l a r .  

circuit chlps wrm tlrp1mment.d i n  1 . 2  nfc ron  O a S  ( C a r p l m m t a r y  
blmtal-Oxide Smtconc4Ictor. a conmen l n t q r a t m d  c i r c u i t  
mnufac tur tng  process).  T M s e  mxporimmntal prototypm s v l t c h l n g  
chlpt have 32 t np r t s  and 32 W t p l t s .  and have bnn  tes tad  a t  170 
Lb4t ls.e.  m x e n d i n g  our goal of (55 m i t / s . c .  Thmse Chips a m  
dOeummntmd In tw technical  n~meranda. TU-ARH-014508 and TM-ARH- 

0 A s imp l i f imd  Sunshinm svitch prototype has alto b n n  dmflmd. vhteh 

0 A n  lnprovmd gmnmration of broa-and packet w l t c h  l n t q r a t m d  

P R O P R I E T A R Y  - Be l l core  and Authorized C l i en ts  Only 
See Propr ie ta ry  Rest r i c t ions  on T i t l e  Page 
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ot5040.  Thls generatcon of Chlps incorporates lnproved Clocklng 
c l ~ u l t r y  and bounded l o g l c  delays vh lch  make the ehlps m r e  robust 
vhen used In  demns t ra t l on  prototype packet Sv l tch lng  SyStms. Such 
as Sunshine. Thls aceonp l lsmrn t  i s  a 170 Mbi t / rec  Batcher So r t l ng  
ch lp .  

o A research pro to typc  Bateher DIcrge chip.  O M  Of the above m n t l o n e d  
broadband packets Sv l tch  ch lps .  useful  In  bulldtng Swltchet l a rge r  
than 32 lnputs and outputs. vas deslgned. fabr1cat.d. and tes ted  a t  
170 w l t / s e c .  

0 A n  experlnmntal prototype banyan r o u t l n g  chlp. conpat ib le w l t h  t he  
prevlous t vo  chips.  vas deslgned. fabr1cat.d. and tes ted  a t  170 
Mbl t /sec. 

0 A p r l n t e d  e t r c u l t  board, cons l s t l ng  of the Bateher above refere&.d 
Sor t lng  chip.  banyan r w t l n g  c h l p  and sanr support C i r c u l t r y  vas 
constructad and t e S t M  a t  spoeds of over 155 Wblt/seC. Thls board 
vas del1ver.d t o  D tv l s lon  21410 IS. Welnsteln. DvM) f o r  
lncorporat lon l n t o  a l a r g e r  expertmental prototype s y s t m .  w h l c h  
v l l l  be de1lver.d t o  a Be l l core  C l i e n t  Conpany (OCC) f o r  further 
research and t e s t l n g .  

o I n  order t o  bulld packet sw1tCh.s l a rger  than the 32 lines vhich 
can be fabr lea ted  O n  a S i n g l .  C h l p  today, s p r c l a l  package Mlt be 
constructed. The packaglng of hlgh-5-d electronics i s  j u s t  as 
Inportant DS the elmetronlc deslgn I t s e l f .  and tn the case o f  
high-speed packet swltch f a b r l c s .  some r8th.r unlque w l m n t s  
Wre made on the package. S l m e  the s v l t c h  f a b r l c  i s  synchronous. 
v l t h  each packet movtng though the N l t c h  a t  exac t l y  the Sam spomd 
as the 0th.r packets. t t  wss Inpor tan t  t ha t  a packag. be Invented 
tha t  mlnlntzed thm varlance In the v l r e  lengths betmn adjacent 
Chlps. A lWS*DFCh p ro to typ .  3 -d lmns lona l  p~Ck~w for a 2 S O - l l n  
Batchmr-banyan swl tch  f a b r i c  vas 1nplmont.d. and vas shovn t o  be 
capable of t ransmi t t i ng  s lgna ls  ? e l l a b l y  a t  spnds up t o  200 
b l t l s e c .  v h l l e  kmoplng th. N X l m u m  v l re  l eng th  t o  approxtnutely 4 
inches. TO dnnonstrate the v l a b i l l t y  o f  t h l s  concopt. a p a r t l a l  
3-0 Batchmr-banyan N l t C h  f a b r l c  has b n n  Constructed. A rosearch 
pro to typ .  64-11- f a b r l c .  Op. ra t lng  a t  1 0 0  Ib l t /soc p m r  l t n c .  1s 
m u  operat ional  tn our lab ,  v l t h  dnnonstrattons available upon 
r w e s t .  This i s  an ongolng p r o j e c t  almmd a t  dnnonstrattng a 256- 
l l n e  p ro to typ .  unlt Opmratlng a t  150 b l t / s . e  p.r l t m .  Thls vork 
vas c a r r i e d  out j o t n t l y  w l t h  D t v l s l o n  21370 (J .  Berthold.  D v Y ) .  

m t v o r k s .  Tvo nov tochn lca l  -rands ln  t h l s   ma have bnn 

- 

o We have contlhumd our s l m l a t l o n  4nd ana lys ls  o f  broa-and 

o R e c l r c u l a t l o n  I s  a contentton m s o l u t l o n  lrthod vhorr onn connocts 
w r f t t e n  (TU-AM-014755 and TU-ARH-014841). 

SOlnt! Of t h  1 r p u t S  and Outputs Of a S W l t C h  t o  a Shared b u f f e r  pool. 
PDCkC.tS Which C D n M t  e x l t  the S w i t c h  l d l a t . l y ,  bre t o  t h t r  
d . S l g n D t M  Output being busy. D r C  d 1 W t . d  to the S h a r d  buffer 
pool through these m l r e u l a t t o n  l l m s .  Shared b u f f e r s  are 
theoretically the  b r s t  b u f f e r l n g  technique. but are expansive t o  
1 ~ 1 N l N n t  beC8US. S V l t C h  banbwldth M S t  be (M1Cat.d t o  thm. We 
1nvent.d D method of dirmetlng packets vh ich  are t o  M m 1 r c u l a t . d  

P R O P R I E T A R Y  - Be l l co re  and Authorized C l i e n t s  O n l y  
See Propr ie ta ry  Res t r i c t i ons  on T i t l e  Page 
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t o  the i d l e  lnput l i n e s ,  thus avoiding the dedleatlon of s v i t c h  
inputs t o  the shared bu f fe r  pool .  
lncreaslng c u l t c h  e f f l c l eney  conslderably a t  loads under 100%. A 
patent vas lssued on t h l s  technique, and a TU V 8 S  v r l t t e n  (TM-ARH- 
014891 ) .  

o A research prototype CAM (Content Addressable ktOlIIOry) ln tegra ted  
c l r c u l t  chip having on-chlp Se l f - t es t  and w p a l r  c a p a b l l l t l e s  Vas 
lnplcmcnted in  2 micron CMOS (Complcmcntary Metal Oxlde 
Semiconductor). Thls 1s a speclal purpose n a o r y  ch lp  vh lch  1s 
use fu l ,  amng other thlngs. f o r  routlng packets through a broadband 
packet s v l t c h  a t  very high rates.  Organlzed as 256 w r d s  of 84 
b i t s  each. t h l s  expertmental chlp.  containlng over 250 thousand. 
t rans l s to rs .  IS one of the largest devices ever bullt by Be l l co re .  
A TM vas 1SSued (TM-ARH-0149391. 

Thls has the e f f e c t  of 

Computer Comrunlcatlons 
0 We have set up a co l l abo ra t l on  v l t h  M I T  and the Un lve rs i t y  o f  

Pennsylvanla (Penn) t o  perform research exp.rlnwnts ln  high-speed 
conputer m t v o r k s .  Thls p ro jec t  1s nammd DAWN. and is 1ntendM t o  
be a 3-year co l labora t lve  research e f f o r t  t o  explore hlgh-speed 
computer cannunlcatlons lssues includlng: pro toco ls ,  host  conputer 
in te r+ac lng .  and high-speed sv l t ch lng .  Tvo 90 day SabbatIcaIs ( o m  
a t  M I T .  one a t  Penn) vere Completed by Appl1.d Research m n a g w s .  
A nuwr of d. ta l1.d d.slgn r e v l w  naatlngs w r e  he ld  b t m n  M I T  
and Bel lcore .  

o O n e  of the a n c l l l a r y  p r o b l m s  assoclatmd v l th  b u l l d i n g  e x p r l n n t a l  
t ransport  protocols a t  h igh-spwds is t ha t  m s t  reasonably p r l c e d  
eonputers ( 1 . .  . .  w r k s t a t l o n s  and p r s o n a l  computers) are 
Incapable of g ~ m r a t l n g  o r  absorblng data a t  ra tes  of 150 )rblt /sec 
and above. Ye have Studled the mrchl tocture Of these host 
conputerr. and have md. some mconmndatlons about th. bmst 
a rch i tec tu re  f o r  high-speed netvork In te r faces .  These msults  are 
d o c m n t e d  l n  tW tmchnical naoranda.  TM-ARH-015285 and TM-ARH- 
015630. 

0 O n e  of the p r l n c l p a l  tasks a t ransport  p ro toco l  w s t  acconpl lsh I s  
e r r o r  con t ro l  and c o r m t l o n .  A conpmh.ns1ve study of mthods  f o r  
e r r o r  con t ro l  has bmmn pmrfornmd and d0cumnt.d In TM-ARH-0t5146. 

o The Data Cmm~nlca t lons  Prototype (DCP). an e x p r r l m n t  w had b n n  
w r k l n g  on durln9 10.98-80 has beon canp1et.d. DCP vas an 
l l lplomentatlon of a Local Area wtwrk t o  ATM (Asynchronous 
Transfer yod.) c e l l - l l k e  ln te r face ,  b a s t c a l l y  a hlgh-5- sof tvare  
f r a g n n t e r / ~ a s s . n b l e r .  A f l n a l  rvport Is ava i l ab le  in  TM-ARH- 
OlS02.9. 

R E A S O N  FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  

The wpk of t h l s  A p p 1 I . d  Research Projmct p r 0 V I d . S  f o r  tha d.veloplcnt  
of a leadlng mdge knobfledge base In such key amas as hlgh-spoed data 

PROPRIETARY - Be l l core  and Authorized C l i en ts  Only 
See P r o p r ~ e t s r y  Res t r i c t i ons  on T i t l e  Page 
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comrunlcatlons. sv i t ch lng .  hlgh-speed pro toco ls ,  and protocol  
app l i ca t lons .  Enphasis 1s placed on appl lcat lons t o  current and 
f u tu re  needs In m t v o r k s .  StrvlCeS and operatlons. T h e  substant la l  
benef i t s  of t h l s  Pro jec t  accrue t o  a l l  Ovner-Cllents and are unable t o  
be prevented f r o m  accrulng t o  an Ovner-Client who m l g h t  e lec t  not t o  
p a r t l c i p a t e  l n  the Pro jec t .  

R E S E P R C H  D I R E C T I O N S :  

The work on broadband sv l t ch lng  u t 1 1  be focused upon tha construction 
of an experlmantal prototype broadband packet s v l t c h  f o r  use i n  the 
AURORA g i g a b l t  testbed conmct lng  U. Penn. M I T .  IBM and Bel lcore.  
T h l s  prototype s v l t c h  v l l l  bul ld upon the experimantal s v l t c h  
C O n p O m n t  vork ve have done over the l a s t  several years. 

The vork i n  co l l abo ra t l on  u l th  Pro jec t  82i307 (4. Berthold. DvM) on 
the 3-D packet s v l t e h  package v i11  eontlnue. v l th  the aim of 
dernns t ra t lng  tha t  a 256-1 lm packet sv t t ch ing  f a b r l c  can be 
constructed. Research prototypes and c r u c i a l  sub-assant~l les 
c w m * r c l a l l y  unavai lable u l l l  be constructad. Thls packaglng 
technology v l l l  be Incorporated l n t o  wr expar lmn ta l  prototypa 
broadband natvork. 

The vork on data cbnnunlcatlons app l i ca t i ons  of broadband n a t w r k s  
u t 1 1  be focused on the fundamental l i m l t a t l o n s  of hlgh-spaad 
computer connunlcatlons pro toco ls .  A n  a t tenpt  u t 1 1  ba nu- t o  
understand tha natura of spaad I i m i t a t l o n s  of current p ro toco ls .  
and than t o  deslgn and prototype axperlmantal p ro toco ls  tha t  can 
axacute a t  Speads a t  o r  8bOVe tha 150 m i t / s o c  ranga. 

A small rasaarch a f f o r t  on m t v o r k  managamant 14111 bc undartaken 
SO tha t  the managannt aspects of the broadband Mtwrk m i g h t  W 
bmtter undarstood. This rasaarch w i l l  s t a r t  ulth some axperimants 
on e x l s t l n g  cowputar natbforks. v f th  r e s u l t s  t o  be extonded t o  
broamand m t M r k S  and CarviCaS such as SV1tCh.d b h J l t l - ~ 8 b l t  
Data servtces (SMDS). 

A small raserch a f f o r t  on eonputer mtvork sacur i t y  has b n n  s tar tad .  

consu l t lng  servlcas t o  the r e s t  of Ba l l co rn  and the BCCs on 
carputer mtwrk s u u r l t y .  

and IS * X W C t a d  t o  *Xp8nd  S l i g h t l y .  V I  V i 1 1  COnt1We t0 Supply 

__---------_____________________________----------------~--.--------~------- 
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This p r o j e c t  explores the p o t e n t l a l  of Opt ical  and optoelectronic 
technology t o  inpact f u t u r e  lnformat ion netvork deslgn a M  con t ro l  by 
p rov id ing  nev c a p a b l l l t i e s  f o r  rw l t ch lng .  routing. ~ l t i p l e x i n g .  and 
signal-processing. 

This research has lmmd ia te  lopact In the i r p u t s  ve provide f o r  
generlc requirements (Technical Advisories ( T A r )  and T K h n l c a l  
References ( T R s ) ) ;  on planning: on l n f l uenc lng  the vendor c a u n l t y ;  
DM on assessing the s t a t e  of technology deve1c+mant. 

I n  the  longer term, our work v i11  inf luence DM provida gt idance f o r  
p lann ing  the evo lu t i on  o f  f u tu re  c a u n l c a t i o n s  M t v o r k s  tha t  v l l l  
w e d  g r a a t l y  anhanced c a p a b i l l t l e s  f o r  handling la rgc  amaunts of 
I n f o r m ~ t l o n  in f l e x i b l e  and economical ways In order t o  car ry  the vide 
v a r l e t y  of services vhlch are c u r r e n t l y  onvisiormd. Expmrtmntal high 
b i t  r a t e  l igh tvave CummJntcatIons s y s t n m  a m  c u r r e n t l y  being 
researched a t  Be l l core .  The l i m i t a t t o n s  t o  the capaci ty of these 

o p t i c a l  fiber used f o r  transmisston. The I i m I t a t i o n s  are Inposed by 
the e lec t ron i c  p a r t s  of t h e  system. I n  t h i s  p r o j e c t .  v. are exp lo r ing  
vays i n  vhich such I t m I t a t t o n s  may be o v e r e a  by the use of o p t l c a l  
and 0ptorl.ctronic elmmnts.  

To f u l f l l l  our m s p o n s l b l l l t y  for supporting 8e l l co re  resaarch on 
l igh tvave netvorks and s y s t m s .  H prov lee  bo th  informat ion and 
expar imn ta l  m s e a x h  pro to type devices t h a t  a m  not o therv ise  

l lgh tvave S y S t W  do Oot Colllc frOlll the CapDCity IlK6ltatlOnS Of thc 

DVaiIable. Our UOrk has four nrJOr th rus ts :  

0 Research On o p t i c a l  phySfCS. lnCluUIng resoarch on the grovth. 
f D b r l C D t l O n .  Dnd O P t t C D l  p r o p . r t I t S  O f  IDyOnd and SIN11 V O I U m  
smiconductor s t ruc tu res .  These s t ruc tu res  v i11  be i I p o r t a n t  
elements in f u t u r e  high parformnee o p t i c a l  and mlectronic devices 
t h a t  a m  ow of the keys t o  suceessfu1 t n p l w n t a t i o n  of photonic 
technology. O u r  recent a c c ~ l i s t m e n t r  i n  t h l s  a rea  Inelude: the 
invent ton  and f l r s t  dmnonstratlon of a l i f t o f f  f a b r i c a t i o n  
tochnlqw t h a t  wlll s l l w  lasers and other photonic devlc-s t o  be 
in t0gra t .d  v i t h  e l e c t r o n i c  ctrcul ts:  and the development o f  an 
Opt ica l  tnhnign t h a t  can be used t o  cont ro l  c r y s t a l  grovth for 
rcc*lced cos t  and mra r e l i a b l e  swntconbctor devfces. 

0 Research on o l t r s f a s t  Opt ics and o p t i c a l  s ignsl-processing. 

P R O P R I E T b R V  - Be l l core  and  buthOrlze8 CllentS Only 
This document Contains p r o ~ r i e t a r y  ~n fo rma t ron  t h a t  s h a l l  be 

d i s t r rbu ted  of routed only w ~ t h i n  Be l lcore  and I t s  authOr3Zed 
c l i e n t s  exc@pt w i t h  w r i t t e n  permssston of  Be l l core  
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lncludlng Optlcal svitching. nonlinear optical phenomna. OptlCal 
Inplamntations of neural networks. and the generatlon. handllng. 
and transmlssion of ultrashort tim duration pulses. Short OptfCal 
pulse technology 1s essmntlal for the efflclent utlllzatlon of the 
hlgh-speed Capabllltles of optlcs. Optlcal slgnal-processlng offers 
lnpressive Capabillties for flexible lnfomtlon handllng. Our 
rmcmnt accomp1isMLnts tn thls area lncludc: fabrlcatlon of the 
uorla’s largest Integrated laser array vith mlectwnlc 8ddMSstng; 
dnnonstratton of a cowpact. fast access tim holographlc nmmory; 
Invmntlon and dcmonstratlon of programable optlcal pulse shaplng 
and codlng for ultrahlgh capaclty nultluser notwrks; and 
generatlon of the hlghest pover ultrashort llght pulses from a 
smlconductor dlodc laser. 

0 Research on Optoelmctronlcs, lncludlng research on mthods of 
ereatlng the structures nwded for lw-cost. hlgh performance 
1aSCPS and anpllflers, and the lntegrrtlon of Optical and I 

0 

electronic cowponents on the s a m  chlp. I t  1s utdely bmlimvmd that 
one of the keys to succmssful appllcations of photonlc technology 
ulll be the ava11ablllty of meonomieal and mfflcimnt Optomlectronlc 
components. and the abillty to intmgrate optleal and mlectronlc 
comonents on the same chlp. Our rmcmnt aeeonpllshnts include: 
the Mslgn and fabrlcatlon of a novel angle-facet SNnlCOndllCtor 
anplifler; the fabrlcatlon of broadly-tunable narrow llnovldth 
smlconductor lasers; and the demonstration of a m o r d  high-Spmmd 
laser transmltter Optoelectronlc Intmgratmd c1rcult. A n u m r  of 
resmarch prototype laser and anpllfler devlcms that arm not 
available commrclally have been supplied to othor projmcts In 
Bellcore for llghtvave systems rmsmareh studlms. 
Resmarch on photonlc conponents. tneludlng msearch on the MSlgn 
and fabrlcatlon of mxpmrlmntal lntmgrated Optlcal Conpomnts. 
lntylratmd Optlcal conponants are mssentlal m l m n t s  In 811 current 
lnplementatlons of Optteal connunlcatlons s y s t m .  Our mcmnt 
accapllshnts lnelude: the lnventlon and fabrlcatlon of a novel 
lntqratmd Optteal svltch device Vlth dlglt.1 swltchlng 
Characteristics; and the Mmonstratlon of tunablm. polarlratlon- 
tnompmndent narrowband uavelmngth fllter for vavml-ngth 
wlttplexing mtuork applfcatlons. A n u d r  of msmarch prototype 
lntylratmd opttcal Mvtemr have beon rUppli.CI to Othmr proJocts at 
Bellcore for 11ghtuave sy5t.m rmrmarch studlms. 

The urderstandlng. dtseovmry. and lnvmntlon of photonlc conponmnts and 
technlcwes for the svitchlng. routing and procmsslng of hlgh blt ratm 
InfoMtlon ulll 1mad to a ne!d gmnmratlon of tmloeoimun~cation 
networks wlth gmatly mnhancmd CapabtlltlmS to handle I” hlgh 
bandvldth SWVlCeS ln flexlble. efflclmnt. mllahlm, and cost 
mffmctlve uays. 

I 
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Technology Transfers 
o We have continued t o  expand our device pro to typ lng  e f f o r t  and have 

establ ished r u m r w s  COllabOrJtlve l l n k s  w l t h  systems g r w p s  i n  
other pa r t s  of the ApplIed Research Area. Curlng t h l s  Per iod,  
D l v i s l o n  21110 (p ro jec t  8211011 has fabr ica ted  and supp1l.d f o r  
s y s t a s  research studies t o  other p ro jec ts  a t  Be l l core :  10 resoarch 
prototype lasers  and a w l i f t o r s  t o  several d l v l s lons ;  2 novel 
d l g l t a l  In tegra ted  wavelength f i l t e r s  t o  O iv i s lon  21360 ( P .  
Shunate. DvM). A l l  of these devices were experfmental research 
prototypes t h a t  a r e  no t  otherwise ava i lab le .  

I n  o r d m  t o  dmrlve maxinun b e m f l t s  f rom our rosearch programs. wr 
work has involved frequent outsida Contacts through s a  6 
industrial and 8 u n l v e r s l t y  research col laborat ions w l t h  
t n s t l t u t i o n s  such as Hc ln r l ch  Hcrtz I n s t l t u t e .  F u j l t s u ,  H i taeh i .  
AThT. Pr lnceton Un lvers l ty .  M I T .  Davjd Sarnoff Labs, and the 
C a l i f o r n l a  I n s t l t u t e  of Technology. These tn te rac t ions  lnclude one 
momor o f  t h l s  project as an Adjunct Professor a t  the Un lve rs t t y  of 
I l l i n o l s .  and o m  mnber as Adjunct Pmfossor a t  Stevens I n s t t t u t e  
of Technology. Thore w r e  8 v l s t t i n g  s c i e n t i s t s  f rom leadlng 
i n s t l t u t l o n s  and Universities Such as Prlnceton Un lve rs l t y .  the 
Un lve rs l t y  o f  I l l l n o l s .  the Un lve rs l t y  of Tokyo, Tel Avtv 
U n i v r r s i t y .  and the Technical Un ive rs l t y  of Wntch. O n e  mmer of 
t h l s  p r o j e c t  was a v t s l t o r  a t  F u j i t s u  i n  Japan under a 
~ o l l a b o r a t l v e  research agr-nt dur ing  t h l s  pmrtw. 

D u r t n g  the s ~ o n d  h a l f  o f  1089, our work msu1t.d i n  82 Tochnlcal 
M.norand.. 118 t a l k s  ( tnc lud lng  45 inv l tmd pmsentat tons a t  major 
techntcal eonforences such as the Dptcon Conferonce of th. Dp t l ca l  
Soelety of m m r l c a  and the I n s t t t u t e  o f  E lmct r l ca l  and Electronics 
Engineers. Inc. (IEEE). The *nrr lcan Physlcal Society. The Nat lonal  
C ~ n l ~ a t l o n s  Forum, T h e  Gordon Conferonce on NOnl lmar Opttcs. 
T h e  I n te rna t l ona l  Conferonce on Dpt tca l  Connunlcations ( I C O C ) .  and 
a t  major u n l v e r s i t l e s ) .  and 8 I).Y patent dfscIosUms. Flve patent 
app l l ca t lons  -re f l 1 . d .  and 8 patents nre  1ssy.d d r r t n g  t h l s  
pwtod.  

BK~LISC of space l l m l t a t i o n s .  n l l s t  below only a s a n p l t w  o f  the 
past S I X  m n t h s '  tachn1cal accarpl lshnents. 

Dp tw lmc t ron l c  1nt.grat.d C l r m l t  Carpomnts 
0 Dptw lmct ron tc  l n t w r a t m d  C l r e u l t s  (DEICs) which intmgrate o p t l e a l  

devices such as lasers and photodiodms w l t h  o lmctronle t rans ts to rs  
t o  e n h a m  ctrcuit e r p a b l l i t l e s  am k r y  colrporrnts f o r  futum 
vidaaand I fgh tuave systmns and optleal m t w r k s .  TW approaches 
were taken tn our studtes of DEIC  f e a s l b l l i t y :  om 4s t o  i n t y l r a t e  
GaAS FETS I n t r g r a t e  I&aAs ~ l a t l o n - D o p o d  F i o l d  Effect  
Transistors (MDDFETs) w l t h  I n P  lasers.  I n  the forimr case. n 
tn tcgra te  I~ODAS WDDFETs w i t h  I n P  lasers .  a~ we have 
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a l so  taken advantage of the mater ia l  growth c a p a b i l i t i e s  a t  
Bel lcore f o r  thc l a t t i c e  mismatched grov th  of GaAs-on-InP 
(co l l abo ra t i on  v l t h  D i v l s i o n  21130 ( V .  Kcramtdas. DvMli.  The good 
mater la l  q u a l i t y  and the mature GaAf technology a l l o v  us t o  make a 
conpier z : i  ~ l t i p l e x e r  ch ip  vhich contains 14 t r a n s i s t o r s .  6 
di-s and 8 r e s i s t o r s . . a n d  has a speed of 10 Gbit /sec 
(collaboration u l th  D i v i s i o n  21330 (N. Chwng. O V M i ) .  The m r  
consunption vas 60 mV. o n l y  20% of an equivalent s i l l c o n  chtp. 
Vhich cannot be d i r e c t l y  In tegra ted  v l t h  a l ase r .  ( S w  TM-ARH- 
013B45 and TM-ARH-0155511 

Our second approach i s  t o  make a modulatlon dopod FET (MOOFETI in 
InGaAslAlInAs m o n o l l t h i c a l l y  in tegra ted  v i th  a GaInAsP d l s t r i b u t e d  
feedback ( O F B i  l ase r .  The InGaAs MODFET provides htgh s p e d  
greater than t h a t  of GaAf FETs. and thc O F 8  l ase r  I s  mded a t  high 
b i t  rates t o  preserve thc s ing le  frequency spectrum. T h l S  1s the 
f i r s t  a t t e n p t  t o  i n teg ra te  the most advanced e lec t ron l c  devlce and 
the DFB laser .  T h e  l n l t i a l  r e s u l t  shaded tha t  t h i s  experimental 
prototype ch ip  can be Operated a t  S-S 8s hlgh as 11 ObltlSeC. 
the hlghest S p e d  DEIC  ever PmpOrted. ( S n  TM-ARH-015747. and TM- 
ARH-0145361 The htgh-SpHd t e s t  1s Mdc tn ~011abora t i on  V l t h  
O lv ls lon  21310 (P. Kalser.  DvMI. Thls O E I C  t ransmi t te r  chip v t l l  be 
made available f o r  high-speed transmtssfon expor tmn ts  In  D l v l s l o n  
21310 IP .  Kaiser,  O M ) .  

o Optoclectronles technology 1s aased on 111-v smieonduct lng mater i -  
a l s .  but they cannot tam groun to  the m e s s a r y  degrn of pe r fec t ton  
excmpt on high-cost 1 1 1 - V  semiconductlng substrates. Ye recen t l y  
invented a mthod. Cal led  l i f t o f f ,  t h a t  aI1OVS ex t rYnr l y  thin 
e l ~ t r o n l c - g r a d e  layers t o  be separated f rom the substrates on 
vhlch they vere grwn and re-mounted on other m t e r l a l s  such as 
s l l l c o n  chips and glass and l l t h i u m  n lobate  u a v . g u i ~ s .  Thts 
techn iwo  h ~ s  the potent181 t o  Subs tan t l a l l y  rwuce tH cost of 
those cDnpomnts. and g lves  mu f l e x l b l l i t y  i n  the &sign of 
Optfeat C i r c u i t s .  Ue have 5UCcHd.d  In mounting InP/InGaAs 
photodiodes on sapphire. i n teg ra ted  GLAS mtal-sem1conductor-mta1 
detectors on l l t h i u m  ntobate and glass vavegutdor. and CaAs 
translCtOrs on r i l l c o n  ua fers .  The InP/GaAs pMtodiocC exhibited a 
high r+Jantum eff lclency (90%) and a l a r g .  estlmmted b a n w i d t h  (13.5 
Wzl. T h l S  wrk has mce tved  p u b l t c l t y  In Sctmnce. The Nw Vork 
Tlmes. and T h e  Wall S t r w t  Journal ,  m m o h g  others.  T h e  technology 
has been 11Mns.d. and some royalties have baon received. Tuo 
patents have Issued. and two f u r t h e r  d lsc losures  are belng 
considered. ( S W  TM-ARH- 015124,  TU-ARH-014023. and TU-ARH-014686l 

Optfcal  Sv i tch ing  
0 TO e x p l o t t  the potentfa1 o f  o p t l e a l  emvlces f o r  u l t r a f a s t  s v i t c h l n g  

beyond tH range o f  e lec t ron lcs .  w need m Optleal  s v l t c h  
c o n f i p r a t l o n s .  Y e  have Invented so01 types of u l t r a f * s t  o p t i c a l  
SVttCMs based on a m type of n o n l l m a r  Iaser  beam propag8tton 
vhtch occurs In p lanar  uaveguide s t r u c t u m s .  Undmr appropriate 
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condltions, we are able to demonstrate that a specially shaped 
beam, called a spatial sollton. can propagate ln a glass planar 
wavegulde without signlflcant dtstortion. (Conventional laser 
beams. uhtch are not solltons. unavoldably spread out as t M y  
propagate In bulk media.) O u r  results constitute the flrbt 
observatton of spatlal solltons In a solld state materlal. This 
work w111 be presented as an lnvlted paper at the Conference on 
Lasers and Eloctro-Opttct In 1990. and a patent has beon issued 
(U.S. patent C4.85S.880). (See TM-ARH-015352, TM-ARH-015876. TM- 
ARH-015971) 

Smlconductor Lasers for Comnlcattons 
o Coherent lightwave systems are the optleal analog of 

superheterodyne radio and microwave systems. The mttrlbutes of 
such coherent llghtwave systems are presently belng researched by 
Dlvlston 21310 (P. Kalser. DvMl. Slngle frequency. narrow 
limwldth. and vavelength tunable lasers are essentlal sources for 
the coherent llghtwave system. Prevl~~sly. we have reported the 
quarter-wave shlftod dlstrlbuted feedback lasors nude by the 
llqutd-phase epltaxy at Bellcore. These lasors oxhlbtted stable 
stngle frequ01lCy wtth a ltmvldth of 3 W .  ( S n  TY-ARH-012347) We 
havm also mportod a IUltl-electrOd. dlstrlbutod Brrgg reflector 
(DER) laser whose stngle froquomy llght output could be tuned 
eIectronlcally over a range of 1 terahmrtz. IS- TY-ARH-013847. 
TM-ARH-014279, and TM-ARH-014808) In thts roportlng perlod. we 
have modlfled the wavelength tunlng condttlons by allwlng both 
forward and revorse btas voltages on the tunlng sectlon. and the 
tunlng range has almost doubled. (See TM-ARH-015529) Such 
wavelongth tunable lasors not only have useful applleatlons as the 
local os~lllator ln the coherent llghtwave recetvers, but also have 
potentlal appltcatlons In nultl-wavelength packet switching vklch 
have bean oxtenslvely nsoarched by Bellcore. ltn*age to Olvlslon 
2 l3SO (P. Shunute. DVM).  ( S n  TM-ARH-013592, TM-ARH-013874. TU- 
ARH-013930. TM-ARH-014W61 

D I  spl ay Resoarch 
o Progress tn efflclent large-area dlsplays wlll t~wact mv servtces 
uhlch a r e  ltkoly to create lncmaslng m n d s  for h1gh.r bandYldth 
lnfomutlon mtuorks. To galn soma lnslght tnto the ovolutton of 
this tOChnology, W have b w n  studylng a COlm-Shutter P O W -  
backlight display vklch hDS potontlal for provldtng 18rp-8-8. 
flat-panl dlSplays Cap8ble of displmylng full-motlon Vld.0. T h e  
llquld-Crystal technology messary for the colunn shuttors I s  
almost avatloble. TO obtmtn eff~clent. hlgh-bPlghtmSS row 
backlights. a mv type of poy backllght based on "leaky ltght 
gutd.5" exC1tM by htgh-offtcloncy. hlgh-brlghtness llght emlttlng 
d t d s  ( L E D s )  was devtsod and demonstrated. An exp.rtnnta1 
display ustng this backllght wms about 2 . 5 ~  more efftclont than 
comurctal dc-plasma dlsplays. A patent appltcatlon l s  In 
proparatton. ( s n  TY-ARH-0150471 
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U1 t r a f  as t  O p t  ICs 
o semtcondrctor dlode lasers are conpact. r e l t a b l e  sources of 

con t tnuws vave o r  m d u l a t e d  l t g h t  f o r  use In  Curmnt op t t ca l  
colnruntcatfons systems. Future htgh-speed systmms. houmver. m y  
r e q t i r e  short  o p t l c a l  pulses.  We have tnvest lgatsd the Use of 
semiconductor lasers and a n p l l f l e r s  t o  produce hlgh p a k  powr. 
u l t r a s h o r t  op t tea l  pulses; and ve havm succwdod tn gmneratlng 
plcosmcond pulsms w l t h  peak povers of Smvmral watts. The p a k  
powers pr-cmd by our system a re  a f a c t o r  of t en  hlgher than those 
produced by pF..CVlOUS semtconductor d t o d t  lasmr b a l d  SyStmS. 
(Thls work was done l n  co l l abo ra t ton  w i t h  SUI Davtd Sarnoff 
Research Center. ( S e e  TM-ARH-015456 and TM-ARH-015675) 

Opttcal S t g n a l  Processing 
o Dense surface-emtt t ing l ase r  arrays may f i n d  tnportant use tn a 

va r ie t y  o f  app l l ca t tons .  such as o p t l c a l  s ignal  processlng. op t t ca l  
Interconnectlon systems. and op t t ca l  data storage. We have 
demonstratmd a m mthod of  f a b r t c a t l r q  dansm. two-dlmensional 
arrays of surface-mmttttng smmlconductor lasmrs. O u r  method I s  
b a w d  on an Ion Inp lan ta t ton  process Vhtch Stnp l t f lms the furthmr 
procmsslng stmps r r q u t r o d  t o  t n p l w n t  tntmgratmd mlmctrontc 
aWrmssing o f  thm i n d t v t d r a l  lasmrs In thm array.  We have used 
t h i s  approach t o  fab r l ca te  a 32 x 32 ar ray  of lasmrs which U t t l t L e S  
an elmctronlc addrmsslng s c h r r  k m  as n u t r l x  addmsslng. Thls 
t s  the w r l d ’ s  largmst a r ray  of lasmrs v t th  lntmgratmd mlmctronlc 
ackIresslns. A patent a p p l l c a t l o n  has bmen f l l m d .  (Srm TM-ARH- 
015559. TM-ARH-015748. and TM-ARH-015749) 

We have dmmonstratod t h a t  surfacm-mmltting lasmrr can be usod t o  
rmad-out two-dimenstonal 1mag.s s tored  In holograms. By turnlng on 
dtf fmrent lasers w t t h t n  the ar ray .  d i f fmmnt  lmagms stored In the 
hologram. each corrmspondtng t o  a page of 1OO.OOO b l t s  of 
tnformatlon. can be retr levmd. Thts vork p o l n t s  the way t o  a 
Conpact. f a s t  BCCmSs t iW.  holographic mmnory. whlCh C o u l d  
po tmn t la l l y  bm usmd f o r  o p t i c a l  data proemsslng and d l s t r l b u t t o n  
sys tms.  A pa tmnt  a p p l l c a t l o n  on t h l s  work h8s LY.n f l lmd .  (S . t  
TM-ARH-0150831 

Optlcal  Phenonma and Spoctroscopy 
o The cont ro l  of thm growth of semicondlctor dmvtce mater ta ls  and 

StfXJCtU-S I S  CrWCt.1 f o r  N l l 8 b l t .  l W  Cost op t ic81  and *I.CtFOntC 
carpomnt tmehnology. Wm havm recen t l y  Invmntmd a doubt. - la t ion  
extmnslon of our nonlnvaslvm o p t t c a l  method of m n l t o r t n g  c r y s t a l  
growth tn r e a l  t ime, Vhlch glves Inpor tan t  m.l-tlm Informatton 
about a sm lcondrc to r  Surface arrlng growth. Thls  tnvmntlon a lso  
solvms a 20-ymar problmm of hou t o  o b t a l n  chmmtcal and s t r u c t u r a l  
l n f o m t l o n  about a sm4cond lc to r  surfsee without havlng t o  dastroy 

of sevmral GaAs growth surfacms of tntmmst f o r  molecular m a n  
thm surfacm. USlng t h t s  approach. YI have mStab1lSh.d the h h 8 V I O r  
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ep i taxy .  Theoretical ~ a l c u l a t i o n s  have a lso  been performed t o  
r e l a t e  the observed op t i ca l  s t ruc tu re  t o  s p e c i f i c  t r a n s l t l o n s  
i nvo l v lng  Ga and As chemlcal bonds on the grov th  surface. Thls 
comblnatton of experiment and theory a l l o v s  us t o  t rack the Ga and 
As concentrat ions on these surfaces. leading the vay t o  b e t t e r  
con t ro l  of grovth processes. A t  l a s t  count. t h l s  proJect has 
generated 8 i n v i t e d  t a l k s  a t  maJor conferences In  1989 and 1000. A 
patent app l i ca t i on  on the o r l g i n a l  m t h o d  has boon f i l e d .  ( S e e  TM- 
ARH-014071. TU-ARH-014745. and TU-ARH-015408) 

R E A S O N  FOR I N F R A S T R U C T U R E  C L A S S I F I C A T I O N :  

The vork of t h l s  Applled Research ProJect provldes f o r  tha doveloprant 
of a leadlng &ge knovledge base i n  such key areas as o p t l c a l  and 
s o l i d - s t a t e  sclence. Enphasis i s  placed on app l lca t lons  t o  cur ren t  
and fu tu re  needs i n  mtworks.  services and operat ions.  The s ~ n s t a n t i a l  
bene f i t s  o f  t h l s  Pro jec t  accrue t o  a11 Ovner-Cllents and are unable t o  
be prevented from accruing t o  an h r m r - C l l e n t  who  m l g h t  e l e c t  not t o  
p a r t i c l p a t c  In the Pro jec t .  

R E S E A R C H  D I R E C T I O N S '  

Research on Opt lcal  physlcs lnc lud lng  research on the growth, 
f ab r l ca t l on .  and o p t l c a l  p roper t ies  of layered and small Volume 
srmicondrctor s t ruc tu res .  O f  p a r t l c u l a r  I n te res t  are tho surface 
and In te r face  proper t ies .  These s t ruc tu res  a re  expmctmd t o  be key 
elmmnts In the next g e m r a t l o n  of telmconmJnlcations conponents. 

Research on u l t r a f a s t  Optics and op t l ea l  s igna l  processing Including 
research on o p t l c a l  svltchlng, n o n l l m a r  o p t i c a l  phenomena. Optteal 
and o p t w l e c t r o n l c  Inp lwmnta t lons  of m u r a l  notworks. and the 
gemrat ion .  handllng and t ran fn lss lon  of u l t r a s h o r t  tln) d u r a t i o n  
laser  pulses such as t h o l e  rrqulred f o r  very hlgh b l t  r a t e  o p t i c a l  
f l b e r  ConmJnicatIons. 

Research on Optmloet ron lcs  Including research on mothods o f  creat ing 
tha StrUCtUms nwedmd for lov-Cost. high perfornunce lasers and 
a n p l l f l e r s ,  s u r f a c e - m i t t t n g  l ase r  arrays. and the I n t r g r a t t o n  of 
Opt lcal  and e lec t ron l c  conpomnts on a slngle chlp. Research 
p r o t o t p  dovices vi11 be s w l l e d  f o r  a.dVamed rys t rmr  msearch 
e x p r i m n t s .  

Research on photonlc conportents lncludlng research on tho dmslgn 
and fab r l ca t l on  of lntegratmd o p t i c a l  conpomnts. Research 
p r o t o t p  c a p o m n t s  V I 1 1  be suppl led f o r  advanced systems research 

P R O P R I E T A R Y  - Bellcope and Autnorlzed Clrents Only 
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APPLIED RESEARCH 

T h e  con t r i bu t i ons  of e l e c t r o n l c  science and technology research t o  
device technologies C r l t l c a l  f o r  current telecOrmLlnications science 
are indisputable. Present research trends a re  tovard systems 
e x p l o l t l n g  hlgher speed, lover  power, greater f l e x i b l l i t y  i n  M t u o r k  
con t ro l ,  and Increased use of op t l ea l  eonpomnts t o  provlde f o r  the 
netvorks and Mtwrk servlces of the fu tu re ,  

Experfence has shorn t h a t  t o  Sustaln cont lnu lng  systems mvolutlon. a 
p a t t e r n  o f  component technology discovmry I s  rrqulred; dlseovory aimed 
a t  e x p l o l t l n g  more conplex and unlque app l lca t tons  of n u t e r l a l s  and a t  
the r e a l l z a t l o n  of snul lmr dmvlces. consunlng less powr and capable 
of Increased speed and more conplex functlon. Also, as the network 
evolves tovard greater use o f  Opt ical  technologles. v l t h  the 
advantages o f  h i g h - b l t - r a t e  op t t ca l  transmission m u  -11 ostabl lshed. 
advances In the performance of cDnpoMntr lntmgrat lng mloctronlc and 
Opt lcal  func t lons  hold promlse of an evo lu t l on  t w a r d  incrmasing use 
o f  Opt lcal  con t ro l  In the n e t w r k .  

Thus the chal iengc today. In  p lann ing  f o r  f u t u r e  netvork needs. 1s t o  
dmtermlne the cor rec t  n l x  of optics. e lec t ron i cs  and Integrated 
op tw lmc t ron l c  conponent technologles t o  take advantage of the broad 
banclvldth ava l l ab le  v l t h  o p t l c a l  flbor. v h l l e  achlmvlng e f f l c lmn t .  lov 
Cost. mf fae t lve  hlgh-spmmd l n f o m a t l o n  d l s t r l b u t l o n .  ThlS Challmngc I s  
addressed a t  a11 l e v e l s  in  A p p l l e d  Rosoarch (AR)  p r o j r c t s .  and the 
IneIberS of t h l s  projmet eontr lbutm by condrct lng resmarch covmrtng a 
v i d e  r a m  o f  t o p l e t  In e l e c t r o n l c  sclmncm and t u h m l o g y .  

T h t S  p P O ] U t ' S  p r l n c l p a l  8 l m  I S  t o  DdVanCIC. the Und.rStandlng Of th. 
ml rc t ron tc  proport lms o f  ma to r la l s  and dmvlcms vhlch dmflw and l ln l t  
t h e t r  po ten t la1  inpact on t m 1 u ~ n i ~ a t l o n s  scfmnee. A major p a l  I s  
t o  Contrlbutm t o  n u l n t a i n l n g  th. pacm of dlscovmry necessary t o  
sus ta ln  the mvolut lon o f  capownt i  required t o  achlmvm and an t l c lpa te  
advanced Mtvork C.pab l l l t lms .  Presmntly. o f  p a r t i c u l a r  t lportance 
a re  those canpownts eontrlbuttng to  the mvolut lon of o f f l c l m n t  
broad-banclvldth f l b o r  t ransn lss lon  and hlgh-Spmmd sv l t ch lng .  
I n  p u r s u i t  of thesm goals, the D lv l s lon ' s  rosmarch program has four 
n u j o r  t h rus ts ;  

3 .  high-speed OmVICe resmareh aimed a t  In f luenc ing  the evo lu t lon  of 
t u h n o l o g l e s  Inpor tan t  f o r  f u t u r e  te luonnun ica t l ons  
app l lca t lons .  such as l o v  potmr e l u t r i c a l  caponents  fab r l ca ted  

P R O P R I E T A R Y  - Be l l co re  ane Pu tno r~zed  C l i e n t s  Only 
T h l s  document Contarns p rop r ie ta ry  rnformatron t h a t  sha l l  be 

d i f t r i D u t e d  or routed only within Be l lcore  and ~ t s  authorlzed 
c l i e n t s  except w ~ t h  w r i t t e n  permission of Be l l core  
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using conpound semiconductor materials, hlgh-speed SvitCheS, lov 
noise optical receivers and integrated optoelectronlc devices; 
and. in collaboration vith Bellcore systems researchers. provide 
prototype research devices designed to meet the need of 
exprimnts aimd at clarifying network evolution. 

2. quantum structures research, investigating the sclence and 
fabrication of small structures aimed at contributing to the body 
of knovledge requlrmd to antlcipate the inpact on exchange 
networks of future generations of high performance devices. m i l e  
at the t a m  tlmc. provldlng a Bellcore material processing 
resource for investigatlng such state-of-the-art devices for 
advanced systems experiments as distributed faemack (DFBt lasers 
and submicron transistors. 

3. solid state physics research aimed at providing early access to a 
broad range of emerging research results. partlcularly In areas 
expected to Contribute to our understanding of the evolution of 
electronic devices potentially inportant to teluonmmications. 
and 

4. materlal and device Characterization research aimd at providing 
analytic support to a range of AR research programs by provldlng 
detailed Information on material, and materlal structures. 
Critical to understanding the (nfluence of fundamntal material 
Properties on useful applications. 

In DddltiOn to uork done In w r  oun laboratories. nmwbers of this 
project ergage In a range of collaborative research activities 
Involving unlvorslty centers, national laboratories and other 
corporate research organizations. 
to enhance and extend w r  cap8bllities and often involve other AR 
organlzatlons as wll. The c m i n e d  purpose I s  to secure a role in 
tha wrld of rclence and technology for Bellcore and our cllent 
carpanler that provides early access to, and influence on, a broad 
range of merging research results With inpact on telecomrunication 
sclencc. Soma major past aChiCvWntS of the Divirton’s research have 
boen: 

1 .  piomring research on the elutronlc d.vice applicattons of 

These Collaborations are designed 

Indium Phosphide based SmnIcoMuctor materials more typlcally 
usad for optical eonpanents In f i b r  systems. Thls research Is 
having significant lnpact on our und.rst8ndlng of hou 
optwloctronic d.vIce technologies VI11 i ~ a c t  future fiber 
syrtmnls , 

2. advances in microfabrication technologies that have permittmd the 
fabricatlon of some of the smallest englmrad structures ever 
rmportM. uor* that has contrtbutmd to the malization of 
msearch prototype laser devices currently flndlng appllcatlon in 
a nunb.r of AR advanced optical systmnls expwtments. 
tha wnstration of unlque techniques for investlgating charge 
transport in semiconductor structums that has provrded 
slpnificant Information on the design and understanding of the 
potent181 Iimlts of advancmd electronic devices for exchange and 

3. 
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exchange access networks. and 

superconductor mater ia ls  t h a t  are con t r i bu t i ng  s i g n i f i c a n t l y  t o  
our understandlng, and u l t i m a t e l y  t o  our a b i l i t y  t o  e x p l o i t ,  t h i s  
remarkable physical  phenomenon. 

4. n e w  l ns igh ts  I n t o  the mater ia l  s t ruc tu re  of hlgh tenpcraturc 

P A S T  Y E A R  R E S E A R C H  A C C O M P L I S H M E N T S :  

The f o l l o v l n g  provldes an update on work performmd In D l v i s i o n  21120 
I R .  Lehany. DvM). Thls and other vork have resu l ted  l n  109 Technical 
Memoranda issued during the per lod  2H89-1H90; also 5 patents vere 
issued and 1 a p p l i c a t l o n  vas f l lcd.  Thls p r o j e c t ' s  vork contlnues t o  
bene f i t  d i r e c t l y  f rom the materials and other support recelved frOm 
Dlv ls lons  21110 (P .  S m l t h .  DvM). 21130 ( V .  Keramldas. DvM) and 21140 
I S .  Reagor, J .  Wernlck. DvMs). I n  add l t ion ,  M beneflt from ongolng 
co l labora t lons / l inkagas  v l t h  Olv ls ions  21310 ( P .  Kalser. DvW and 
21330 IN. Chwng. DvM) In  the area o f  h lgh-swed o p t w l e c t r o n l c  
devlces and v l t h  D lv ls lons  21310 I P .  Kalser.  DvM) and 21370 ( J .  
Berthold.  DvM) i n  the area of high tcnp.rature superconducting 
mater ia ls .  These Ilnkages a r t  formlng the bas is  f o r  the deslgn and 
f a b r l c a t l o n  of s ta te -o f - tha  a r t  research prototype conpomnts f o r  use 
i n  systems experiments. 

HIgh Perfornunee Trans ls to rs  

The major t h r u s t  of our research In h lgh  performance t rans l s to rs  1s t o  
advance the app l l ca t ton  of Indlum Phosphide based mater la ls .  One 
p r l n c l p a l  lnpac t  of t h l s  w r k  v t l l  be t o  provIde research prototype 
devlces t o  systems researchers. T h l s  wrk r e l l e s  on eontlnued 
collaboration v l t h  D l v l s l o n  21130 ( V .  Keramldas. DvM). 
o Present b roaaand  flber o p t i c  systems mxperlmnts and fu tu re  

o p t l c a l  s igna l  processing systems research r . q u l r e  access t o  
t r a n s l s t o r  technO1ogIes Capable o f  p rov ld lng  high gain and f a s t  
sv l t ch lng  speeds. We are researchlng the performance tnprovements 
poss lb le  by cl.creaslng the con t ro l  e lectrode eimensions on 
InAlAs/InCaAs F l e l d  E f f e c t  Tranststors (FET). Thls wrk  has 
y ie lded t r a n s l s t o r s  e x h l b i t i n g  rmcord hlgh transcondrctance I1150 
mIll i-Siemens/mn of gate l m n g t h )  and vmry hlgh output current d r l v e  
l t n  excess o f  1.0 mp.res/nm gate  length)  v l t h  cu t -o f f  f-ncles 
approachtng 200 Qlgaher tz .  

0 We are l nves t l ga t l ng  d e l t a  doplng techn lwes as a means t o  lncrease 
charge l n  F l e l d  E f fec t  T rnn r l s to r  (FET) eonductlng channels t o  
lncraase t ransConb lc t~nea of these devices. T h l s  wrk has 
demonstrated tha t  t r a n s l s t o r s  lneorpora t lng  d e l t a  doplng e x h l b l t  
enhanced C h a r a ~ t e r i s t l c s .  

In tegra ted  Optoelectronlc Devlces 
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A major focus f o r  t h i s  Work I 5  aimed a t  the i n teg ra t i on  of electronic 
conponents. such as FETs and Heterojunct lon Elpo lar  Transistors 
( H E I S ) .  ul th  op t i ca l  coIwYonents. such a5 photodetectors, lasars and 
vaveguides. Mater ia l  support provided by D i v l s l o n  21130 ( V .  
Keramldas, DvM) I s  c r l t i c a l  t o  t h l s  work. 
o I n  March. 1989 the I E E E  Laser and Electro-Opt ic Soclety ( L E O S ) .  and 

a nu-r of governnrnt agencies sponsored a Workshop f o r  the 
purpose of  de f i n lng  the current status and futum prospacts f o r  
O E I C  technologles. Eel lcore Researchers uere major cont r ibutors  t o  
t h i s  conference. 

0 In teg ra t l on  of detaetor-waveguide COniYinatIons I s  expactrd t o  a l l o v  
anhaneed on chip Opt lcal  slgnal processlng such as Wavelength 
Div ls lon Mul t ip lex lng ( W D M I .  We are lnvest lgat ing photodetectors 
Integrated u l th  e l t h e r  F i e l d  E f fec t  Tranststors o r  wavaguide 
structures.  

0 For many appl lcat lons.  f u l l y  tntegratad photorecelvers are expected 
t o  provide a lov-cost a l t e r n a t i v e  t o  hybrid CIrCUlts and uhan 
i n t a g r a t a d  I n t o  arrays also vi11 pemlt enhanced slgnal  processing 
funetlons. f o r  axanple W D M .  We have damonstratad tha monollthic 
In tagrat lon of a conplete hlgh p e r f o m n e e  translnprdanee 
p reanp l i f l a r .  This research prototype C h l p  is cu r ran t l y  being 
lnvest igatad w i t h  mmtmrs of D l v l s l o n  21310 ( P .  Kaiser. DvM) f o r  
Use i n  h igh -spnd  SUbsyStm appllCatlonS. 

0 Manol l th lc In tag ra t i on  of  ac t l ve  o p t w l e c t r o n l c  conpomnts and 
wmvaguldes o f f a r s  a numbtr of  advantages but an a l t a r n a t i v e  
approach saparatas the problam of O p t i m l r l n g  p e r f o m m a  of 
dlsparate davtees by tak lng advantage of the tDchnlqre f o r  ateh 
ramoval o f  thin f l l m s  ( I l f t - o f f )  damnstrated by D tv i s lon  21110 ( P .  
S m l t h .  DvM) t o  t ransfer  dCvicas from tha substrate.  

0 A nova1 8pproach t o  laser  diode dasign is basad on Ver t i ca l  
rasonators that  a n l t  thelr output beam from the SUrfaC. of the 
lasar ch ip which maka tham I n t e r a s t i n g  f o r  In tagrat ton w i t h  
a laet ron ic  conponnts.  These pre l lmtnary davlce r e s u l t s  ara alraady 
f tnd ing appl lcat lons tn D iv l s lon  2 1 1 1 0 ' 5  ( P .  S m i t h .  DVM) OptICal 

. 

W r . 1  t7OtUOrkS tYSa8PCh. 

Yater la l  and Davlce Processing Research 

A broad rang.  of device rasaarch programs v l th ln Lab 2 1 1 .  allrrd a t  
making aval lab la expar lmn ta l  prototypa davlcos such as d l f t r l b u t e d  
f..Oack (DFB) lasars and hlgh parfornunce t r a n s l r t o r s  wire accass 
t o  advancad matar la l  processtng. Much of  t h i s  vork I s  dona i n  
collaboration w i t h  D lv ls lons 21110 ( P .  S m l t h .  DvM). 2 1 1 3 0  ( V .  
Keramldas. DvM) and D l v l s l o n  21140 ( 0 .  Raagor. DvM). 
0 In a u ida ly  PUblIcizad co l l abo ra t i on  W l t h  D i v i s l o n  21130 ( V .  

Karamldas. DvM) and AT&T B a l l  Labs parsonnal. H hava cont l ruad t o  
mrearch the m t a r i a l  growth and procerslng mlrad t o  achieve low 
threshold currant opmratton of novel v a r t l c a l  a m l t t l n g  laser  
structures.  

0 For op t i ca l  s lgnal  processlng and in tagratad o p t w l a c t r o n i c  
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0 

applications, low threshold current lasers provide a particular 
advantage. Thresholds as low as 0.35 mllllanp have been 
demonstrated and further reductions to as low as 0.1 milllanp are 
predlcted. 

o Even further reductlon of laser threshold requirements to the 
rnlcroanpere level fhwld be possible. We danonstratcd 30% 
reductlon In threshold current from 3.5 to 2.4 mlllianps. 

0 The fabrlcatton of structures tn vhlch electrons are conflmd In 
three dlmnsions I s  posslble. We have demonstrated the smallest 
englmered three-dlmenslonal structures; vertlcal smlconductor 
columns less than 30 atoms across. 

slgniflcant lnpllcatlons for telecmnlcatlons. One such advance 
exploits an anomaly of Silicon oxldation In regions of hlgh 

0 Advancms In semlconductor material processing could have 

curvature to rmallze a technlque for formlng atornlcally sharp 
slllcon medles. 
Flne llrn pattmrnlng of hlgh Tc superconducting rnaterlal I s  
Crltlcal for many of the antlclpated appllcatlons of these 
materlals. We have dmmonstrated a MV etchant for theso materlals 
vhlch permlts etchlng In a m r e  controllmd manner than Is posslble 
Wlth altcrnatlve mthods. A patent has bmmn ObtalMd on thls 
process. 

Electron Transport In Smleonductor Mterostrueturas 

Spaclally prmpared smlconductor hetmrostructures will form the bas16 
for the next gmmratfon of translstor devtcas that are mxpmctmd to 
contrfbute to malntalnlng the mvolutlon of high perfornunem mlmetronlc 
systems for telmconmunlcattons appllcatlons. We Conduct ros8arch on 
elxtron transport In thmsm materlal structures wlth the 90.1 of 
establlshtng a knoulmdge basm for potent181 future dcvlce technologles 
antlclpatmd to be tnportant In mettng these system m d s .  Thls work 
Is done In co11aboratlon Wlth Dlvlrton 21130 I V .  Kmramldas. DVM). 
0 Elmctron transport In vory narrow SmlconQrctlng w l r e  rtructurms I s  
expmctmd to bo Ilportant for the ckslgn of futur8 tranrlstor 
devlcms. Our rtudI8r arm currmntly a l m d  at lnvastlgatlng the 
Influmnce of the wave Character of elmctrons In small structurms. 

0 Invmrtlgattons a l d  at undmrrtandlng and mxplolttng thm potmntlal 
for lnfra-rod llght mnlsslon due to 8lectrontc transltlons bet-n 
wantun statmr fornM In the conduetlon band of rupmrlattlem 
structures haV8 shown that COnQrCtlon band to Valmncm band 
reconblnatlon plays an Inportant role. It has bmmn found that as a 
rosult of mfflclmnt Iwpact lonlzatlon. mlmctrons can gemrate 
holes; and thls proemss modlfl8s the 8ffmctlve 8lmctrlc fleld In 
the ~~per1attI~o. Further. thls process glves rlse to band-to-band 
light mmlsslon In an othmrulsm unt-polar structure. 1.e.. ulthout a 
p-n Junet I on, 

Hlgh T.np.ratur8 Superconductors 
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The major focus of thls work I S  on elucidating the electronic 
properties of thls n u  class of superconductlng materlals. At thls 
time It would appear that they hold the potentlal for such Uses as low 
loss power distrlbutton within buildlngs. hlgh-s-d swltchlng. hlgh- 
speed lnterconnectlons on and between CirCUlt boards.  and novel 
elmctronlc devtces based on the unlque properties of suparconductivlty 
In these matertal+. 

thelr low resistance for low loss, passlve mlcrowave dovlces such 
as hlgh 9 fllters and conpact delay llnes. Bellcore lnvertlgatlons 
of the mlcrowave properties of Yttrlum Barrlum Coppmr D x t d e  
(YBaCuO) materlals are generally recognized at leadlng the world 
effort In thls area. Work almed at realizing praettcal hlgh Q 
filters has begun. 

0 Some appllcatlons of hlgh Tc materlals to high-speed swltchlng ulth 
low power reqlllrnrrnts awrlt the demonstratlon of a Junctlon 
technology. Further effort 1s reqlllred kfore practlcal prototype 
devlces can be denmnstrated. 

materlals in hlgh magnetic flelds. or at high current dmnrity. are 
centered on understandlng the nature of the motlon of elnmtary 
unlts of magnetic flux called fluxons. Thls work 1s expectsd to 
contrlbute to the devmlopmnt of 8 conprehmslve thmory for 
sup.rconductivfty In thls class of materlals. 

0 O n  appllcatlon of hlgh Tc superconducting matmrlals exploits 

0 Invmrtlgatlons of thm superconductlng prop.rtles of hlgh Te 

Eletro-Optlc Properties of Conductlng Polymers 

We arm lnvestlgatlng a class of organlc smlconductorc wlth 
lntmrestlng mlectro-optleal properties. lncludlng vrry largc non- 
llmar Optlcal nsponse. known as conjugatod polyncrs. Thelr 
potentla1 practtcal applications for tel.eO(lMnlcatIons lnclude all- 
optleal switchlng and 1w cost electro-optlcal caponents. Thls  work 
l o  h l n g  done In eollaboratlon wlth Olvtrlonr 21110 (P. Smlth, OVM) 

o Revlwr of m m n t  Bellcore work relatod to t k  nonlinear optlcal 
and 21140 ( 6 .  Reagor. DvM). 

prqurttes of conductlng polymers and rmartzlng practical optical 
Lwltchlng dovtcer utfllzlng polymer nutertals w o r e  publlrhd. 

Matertals Characterlzatton 

Yaterlal charactmrlzatlon llnks mmterlal prrparatlon and appllcatlon 
by provldlng dotallod Infornution. oftmn on an atantc rcalm. of 
struetun and carpotitton. AccOnpl1rtmmntr In thlr area a m  often 
Charactarlzod by the lnslght they provlde lnto proprtles crttical to 
achlevlng t k  engtmmmd mater181 structures lrportant to 
opt-lmctronlc dovlcms. Most of the accDllpllstmmnts rrportod k m  a m  
the mtult of C011aborat10ns wlth Dlvlrton 21130 ( V .  Keramldas. DvY). 

marly atanfc reso1utton a~lowryl dmtaiiod StudleS of dmfects and 
relatod a m l l e s  of grwth pattern. Ylth -rs of Olvlslons 

0 El-tron mlcroscopy provldos a m a n s  to e x a m l m  mterlals wlth 
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21130 and 21140 ( V .  Keramlaas. and B Reagor. D V M S ) .  i n  a ser ies  of 
inves t iga t ions  of h l g h  temperature superconducting mater la ls  
prepared i n  a v a r i e t y  of of ways we have reported on v a r l w s  
s t ruc tu ra l  properties of hlgh TC mater ia ls .  This work I s  c r i t i c a l  
t o  p rov ld lng  informat ion necessary t o  Improve the q u a l i t y  o f  f i l m s  
f o r  f u tu re  d rv l ce  app l lca t lons .  

o The k i n d  of i n f o m t l o n  Obtalnable by de ta l l e0  e lec t ron  microscopy 
1s C r i t l c a l  t o  achtevlng hlgh y ie ld .  and COnseqJently lw  cost ,  f o r  
hlgh p e r f o m n e e  electronic CIrCui ts.  Worklng In  ~ ~ l l a b o r a t i o n  
w i t h  O lv i s lon  21310 (P .  Kaiser, DvM). and as p a r t  of a research 
co l l abo ra t i on  w l t h  Avant&, yc have provided lnformat lon Impor tan t  
t o  d e w n s t r a t l n g  process problems I n  r e a l l r l n g  S i - IC 's  operating a t  
m u l t i - g l g a b l t  r a t e s .  

REASON FOR I N F R A S T R U C T U R E  C L A S S I F I C A T I O N '  

The work of t h l s  r p p l l e d  Research Project  provldes f o r  the development 
o f  a leading edge knowledge base I n  such key areas a5 op t lea l  and 
s o l i d  s t a t e  science and mater ia ls research. Enphasis is placed on 
app l iea t lons  t o  cur ren t  and f u t u r e  needs l n  netVOrkS. services and 
operations. The subs tan t ia l  bene f l t s  of t h l s  Pro joc t  accrue t o  a l l  
Owner-Cllents and are unable t o  bc prevented from accruing t o  an 
Owner-Client vho m i g h t  e l e c t  not t o  p a r t i c i p a t e  in  the P ro jec t .  

R E S E A R C H  D I R E C T I O N S  

Contlnue research on the deslgn and f a b r l c a t l o n  of research prototype 
high porfomunce t rans l s to rs  based on conpound smnlconductor m t e r l a l  
such as InP/InGaAs and GaAr/AIGaAs and havlng p o t e n t l a 1  f o r  hlgh 
capael ty l lgh tuave SySt.m+. Research on the CapabI l l t leS Of I C  
( I n teg ra ted  C l r c u i t )  technologies based on InP/GaAs t r a n s i s t o r  
technologies f o r  lw  power. hlgh-speed o p t w l e c t r o n l c  app l i ca t ions .  

Cont l ruc research on the l n t e g r a t l o n  of e lec t ron i cs  w l t h  o p t l c a l  
dev l c t s  (optoelectronic l n t e g r a t l o n ) .  In particular the c h l n a t l o n  
of o p t i c a l  m o ~ k ~ l a t o r s  and d r i v e  e lec t ron tes ,  photodetectors w l t h  
rece iver  e lec t ron i cs .  8nd other  c m l n a t i o n s  a t &  a t  pertormlng 
e f f i c i e n t  generation. detectlon and switching o f  h l g h - b l t - r a t e  
op t l ea l  s lgna ls .  

Research tH a p p l l c s t l o n  of ragrwth technlques. Ineorpora t lng  
nu l t ip le  grwth steps In  a manner comonly used In s l l l c o n  devlce 
fab r l ca t l on .  t o  the f 8 b r l c a t l o n  o f  experimental ln tegra ted  
o p t w l e c t r o n l c  C-nents uslng e~npwnd SmnIconduetors. vh i ch  
c w l d  g r e a t l y  f a e l l l t a t e  the f a b r l c a t l o n  of eonp1.x d r v i c e  s t ruc tu res .  

P R O P R I E T A R Y  - Be l l core  ana AUthOr1Zea C l i en ts  Only 
See Propr le ta ry  Rest r i c t ions  on T i t l e  Page 
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Research t o  advance the technology of e lec t ron  beam l l thography  and 
re la ted  mater la l  processlng techniques. such as reaCtlVC i o n  e tch ing  
f o r  the f a b r l c a t l o n  of mlcrostructures c r i t i c a l  t o  the perfornuncc 
of forward looklng electronic and  op t i ca l  devices. 

Research the techniques f o r  very h lgh - reso lu t i on  pa t te rn ing  of 
semlconductors and other ma te r ia l s  almed a t  es tab l l sh lng  the l i m i t s  
f o r  englneerlng mater111 s t ruc tu res  on a scale where the quantum 
nature of matter becomes lnpor tan t  t o  dctermlnlng o p t l c a l  and 
e l e c t r l c a l  p roper t i es ,  

Research the e l e c t r l c a l  p roper t l es  of microstructures a t  very low 
tenpcratures and very hlgh magnetic f l e l d s  t o  l d e n t i f y  the physical  
p roper t ies  governing charge t ranspor t  i n  the l l m l t  where tho quantum 
nature of matter s l g n i f i c a n t l y  inf luences c l a s ~ l c a l  Behavior. 

Research the app l i ca t i on  o f  a n a l y t i c a l  techniques such as T r a n s m l ~ ~ l o n  
Electron Microscopy. Secondary Ion Mass Spectroscopy; X-ray Scat te r ing  
and Neutron Scat te r ing  t o  the i nves t i ga t i on  o f  n u t e r l a l  and devlce 
s t ruc tu res  o f  I n te res t  f o r  advancod t e 1 e ~ ~ m ~ n l c a t 1 o n s  conponents 
such as novel t r a n s i s t o r s .  lasers  and o ther  op toc lec t ron lc  devlces. 
englneortng mater ia l  s t ruc tu res ,  and n e w  mater la ls  such as the hlgh 
tenperaturc superconductors. 

Research the physlcal  r e l a t l o n s h l p  betveen mater la l  s t ruc tu re  and 
e I e c t r o n 1 ~  performance. In  p a r t i c u l a r  the r o l a t l o n s h i p  bctbiWn 
the d e t a i l e d  s t ruc tu re  o f  layered mater ia ls  and vol tage-current 
re la t i onsh ips  governing the passage of charge through them. Theso 
mater ia l  structures are p lay ing  an increasingly more Inportant r o l e  
ln modern op toe lec t ron ic  6evlces. 

Research the p roper t i os  o f  non-standard mater la ls  such as OrpanlC 
semiconarctors and the  new hlgh t e w e r a t u r e  supercondrctors. w l t h  
the a i m  t o  i d e n t l f y  physlcal  p roper t i es  lnpor tan t  f o r  p o t e n t i a l  
t ~ l ~ o m r u n i c a t l o n s  app l l ca t l ons  such as e f f i c i e n t  n o n - l i m a r  o p t l c a l  
p roper t ies  o r  e f f l c l o n t  hlgh-sp.rcl s ignal  transmission. 

Research the use o f  sU(XIIl1111r~tor-wave spectroscopy l h  conJunetion 
w l t h  ln tenre  nugnetlc f l o l d s  t o  de te rm lm the p roper t i es  of e lec t rons  
ln  s t r u e t u r d  sem1condLIctor ma to r ia l s  vh l ch  a r e  expected t o  bo 
Inportant f o r  f u tu re  t e l e c ~ n l ~ a t l o n s  devicos. 

P R O P P I E T A R v  - Bellcore and Authorized Clients O n l y  
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PROJECT O V E R V I E W :  

This Project Profile detalls the vork performed ln proJut 821103, 
aurlng thls reportlng period. As before. thc research is alnrd 
prlnclpally towards providing projects 821101 (P.W. Smith, DvM) and 
821102 1 R . F .  Leheny. DvLO. Photontc and Electronic Sclence and 
Technology Research respectively. wlth the materials they n w d .  
materials not comerelally avallablc but requlred for thelr research 
and for creation of experlmntal rcsc8rch prototypes to be 
lncorporated In Bellcore's systems research proJects. Optleal 
conpomnts (lasers. detectors), electronic deV1Ces at hlgher speed 
oprratlng vlth lower power (translstors. drlvers) and opt~lectronlc 
tntegrated Clrcults are playlng an tncreastngly lnportant r010 in the 
*VOlVlng exchange m t w r k .  All such devices are Mdm wlth conplex 
"manmacIc" materials. To understand the potentla1 lnpact of these 
devlces on notwork evolutlon. we strlve to understand these materlals 
and to continue to inprovc our ablllty to control thclr physlcal and 
optical prop.rtles dovn to atontc layer dlmnslons. The un6mrstandlng 
obtatnd thrwgh systems exporinrnts utlltztng these mu. hlgh 
performance devices provides the fundamental knowledge base m d . d  for 
the COSt effKtlve plannlng Of exchange MtVOrks vlth enhanced network 
capabllltles. 

............................................................................ 
PAST Y E A R  RESEARCH ACCOMPLISHMENTS 

SmicoWetor Matcrlals Research 

Surface Enlttlng Mlcrolasers and W1croIaser Arrays 
o Vertlcally mfttlng lasers have great potentlal for 

tel~omunicatlons appllcations. They can ba c w p l d  nuch more 
efflelently tnto optlcal flbmrs than conventional slde mlttlng 
lasers currently usrd. Yaterlals made by th. process of Molmeular 
Bean Epitaxy (MBE) as a ConpoSlte Of Over 600 lndlVlChJ8lly 
Controlld. ultrathln layers have state-of-the-art thlckmss 
control of 1% and materlals COnpOsltlon tolerance of 0.5%. They 
are u s d  to fabrlcate extremely small lasers and groups of lasers 
callrd laser arrays. These materlals aCh1ev.mnts lead to lasers 
vlth extrmly lw threshold current (1.SmAnA) ( t M  nlnlnum curront 
at Vhlch the laser can aprratc). ulth hlgh ylelds and hlgh 

PROPRIETARY - Bellcore and Authorized Clients Only 
T h i s  document Contalns proprietary informat7on that shall be 
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r e p r o d u c i b i l i t y .  Low threshold currents are Inportant because they 
reduce the overa l l  operat ing power requ i remnts .  T h e  experimental 
prototype arrays have about 2 m i l l l o n  lasers on a square c e n t l m t e r  
size ch lp .  w i t h  each laser only 5 micromters  In  diameter. the 
smallest lasers made I n  the wor ld.  Fabr lca t lon  of the devices 
requlres specla1 pa t te rn lng  and e tch ing  processes which are c a r r l e d  
out i n  co l l abo ra t i on  u l th D i v i s i o n  27120 1 R . F .  Leheny. DvMl. 
Testing i s  Carrled out In  co l l abo ra t i on  u i th  D l v l s l o n  21110 1P.W. 
S m t t h .  DVM). (TM-ARH-Oi5083. TM-ARH-015084. TM-ARH-015ii8. TM- 
ARH-015130. TM-ARH-0i5220. TM-ARH-015435, TM-ARH-5581 

U l t r a - T h l n  Layers f o r  E lec t ron ic  and Dptoclectronlc DevIces Lasers' . 
0 Lasers vhose tu rn  on ( th resho ld)  current is low r d c e  the pouer 

requirmmnts f o r  operat ing the f l b e r  network. By us ing  Molecular 
Beam Epltaxy (MBEI t o  grow very t h l n  layers lquantum w e l l s )  on 
substrates from which pa r t s  have been p r e f e r e n t i a l l y  removed t o  
gemrate  grooves, record low threshold mxperimental p ro to type 
lasers w r e  made which operate a t  Currents of as low as 0.35 
mil l lamp. the lowest value ever reported. ( co l l abo ra t i on  w l t h  
D i v l s i o n  21110, P . U .  S m i t h .  DvMI.  Achievmmnt o f  such low cur ren t  
operation I s  essent ia l  f o r  e f f i c i e n t  i n t e g r a t l o n  of e loe t ron tc  
devlces and op t l ca l  devices. an inpor tan t  resmarch d l r e c t i o n  f o r  
f u tu re  lou-cost r e l i 8 b l e  devices f o r  f l b e r  teleconmunlcations. 
(TM-ARH-013422. TM-ARH-013988. TM-ARH-14843, TM-ARH-015459). 

Tr8nsl s to rs  
o Transistors are u b l q u l t w s  devlces In every aspect of 

tel.eonnunlcatlons. The higher thelr perfornume. the f a s t e r  are 
the processes they perform. Research prototypes of high 
per fo rMnee F l e l d  E f fec t  Trans ls to rs  (FETs) have bmen prapared by 
thc c r y s t a l  grwth process Of Y O l m l a r  Bmam Epltaxy ( M B E I  by  
including sp.el.1 atomic s-ts o f  l w u r l t l e s  ( d e l t a  doped) i n  the 
conducting chanmls of the FETs t o  p rov ld .  l n p r o v d  p r f o r n u n e e  
(co l l abo ra t i on  uith D i v l s l o n  21120. R . F .  Leheny. DvM). (TM-ARH- 
013692, TM-ARH-014716). 

B u r l d  Metal Layers 
o M e t a l l l c  layers  a n  aluays u r d  f o r  contacts and as conponn ts  of 

many devices. Stable me ta l l t c  layers  fnprove the n l l 8 b l l i t y  of 

grouth by molmcular beam q i t a x y  (YBEI  o f  - t a l  layers  vh l ch  can be 
b u r i d  b.tv..n ga l l ium arsenide semlcon&ctor l a y e r r .  Work In 
progress u t i l i z i n g  the metal n t cke l  aluminum has IYW h n  extend& 
t o  the metal cobal t  aluminum. uhlch has I t s  atoms mor. Closmly 
s p a c d  and marmr t o  the spacing in  pallium arsenide (the mlsmatch 
i n  8 tmlc spacing i s  2.1% f o r  th. n icke l  conpound. but on ly  1.2% 
f o r  the coba l t  earparnd). The ln t lmate  coupling of t h e  g m t h  o f  
both m t a l s  and semiconductors has e x t m n l y  Inpor tan t  p o t e n t i a l .  
since a l l  present semIcondLletor optoeloetronlc d.vle+s r r q l l r e  t h a t  
metals be Includod f o r  e l o e t r l c a l  contact ing.  This i n - s i t u  method 

deVlCeS and S y S t W .  Research has C O n t I W  On tM OPlt8Xlal  

P R O P R I E T A R Y  - Be l l core  and biuthoT1zed ClrentS Only 
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P A S T  Y E A R  R E S E A R C H  ACCOMPLISHMENTS:  I C O N 1  . I 

of m e t a l l l s a t l o n  has the added advantage t h a t  the i n te r face  be tmen  
metal and semlconductor I s  oxide f r ee  s ince the process I s  c a r r l e d  
out tn high vacuum. Thls leads t o  e l e c t r i c a l  contacts u l th  lover 
resistances. Ye have contlnued studies of the electrical 
proper t ies  of the metal-semiconductor In te r faces  and have found 
t h a t  the metal-semlconductor Interfaces make exce l len t  diodes. 
vhlch can tn f a c t  be enhanced by inc lud ing  thin layers of alumlnum 
arsenlde betveen the metal and ga l l lum arsenide. (TM-ARH-014730, 
TM-ARH-014977, TM-ARH-015425. TM-ARH-014922J 

Growth on Non-Planar Substrates 
Lasers 
0 Lasers are very expenslve ( ,500 each) because of very low 

f a b r l c a t l o n  y le lds  and very conpl lcated processing steps. Crovth on 
non-planar ga l l lum arsenlde and lndlum phosphide substrates. uhere 
mater la l  vas removed p r e f e r e n t l a l l y  t o  create V-shaped grooves. vas 
studled In  order t o  reduce the processlng st-s and lnprove the 
y l e l d  In  f a b r i c a t i n g  novel devices. By exploiting the dependence of 
the dopant ( I n p u r l t y )  1ncorpOratIon on tho type o f  face t  of the 
mater la l  on vhlch It i s  doposlted. exper lmn ta l  prototype long 
vavelength lasers of the type meded f o r  f i b e r  o p t l c  c m n t c a t l o n s  
uere grovn In  a single step, instead of three. T h l s  i s  poss lb le  
because the I n p u r l t l e s  a l l g n  themselves e n t l r e l y  d l f f e r e n t  lnrlde a 
V-groove than wtrlb. of I t  (co l l abo ra t l on  v i th  D iv .  21110. P . Y .  
S m l t h .  OvM). Thls achlevament I s  expected t o  lanr conslderably the 
cost of 1as.r~ and Improve the y le lds  (TM-ARH-015372). 

wavegu I des 
0 Uaveguldes vh.n tapomd l n  three dlwmnslons nuke poss lb le  f a r  

b o t t e r  cwpllng botrmn photodetectors or op t lea l  f lbmrs and vf11 
have s l g n l f t c a n t  Inpact In lncorpora t lng  o p t m l e c t r o n l c  c l r e u l t s  
f o r  f t bo r - i n - tho - loop .  QrOvth o f  such vaveguldes on non-planar 
g a l l l u n  arsenlde (GaAs) substrates *re p a r t  VDS pre fe rmn t la l l y  
r.(DDved t o  gomra te  spoclal  d l m n s l o n  trenches. vas studled and a 

wro NO. (COIlabOratlon v l t h  D l v .  2 l l l O .  P . Y .  S n l t h .  DvM) (TM- 
technique V8S eStab11Sh.d by v h I C h  prototype tape- VaV.grib.S 

ARH-Dl487e). 

AlXnOaAS Lasers f o r  E r b l u m  dopod F l b o r  P u n p i n g  
0 The o n m r g m e  of flbor a n p l l f l o r s  f o r  use In the f lkr- ln- the- loop 

creates a md f o r  s o l l d  s t a t e  lasers  t o  "punp" the flbor 
a n p l l f l e r s .  Hlgh q u a l l t y  alumtnum lndlum ga111um arrontde 
(AIInOaAs) layers wre grovn by o rgammeta l l l c  chmnical vapor 
depos l t lon  and usmd t o  f a b r l c a t e  expor tmn ta l  p ro to type lasort 
operating a t  0.811 n lc rons .  S t r l p e  lasers  25 microns uld. m m l t t d  
as Mch as 370 IIU of powr. T h e l r  turn on ( th resho ld)  Wrronts. are 
carparable t o  tha t  o f  conventtonal 1.3 mlcron lndlum galltun, 
arsenlb.  phosphlde (InOaAsP) l r s e r r  l c o l l 8 b o r a t l o n  u l th  Dlv.  21110. 
P.U. S m t t h .  O W ) .  Tho layers  from Yhich the l lght  o r lg lna tes  are 
grovn I n t e n t t o n a l l y  t o  bo under S t ra ln .  Thls bullt l n  t m t e r i a l r  
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PAST Y E A R  RESEARCH AtCOMPLiSHMENTS: 

property allows adjustment of the lasing vavelength between 0.95 
and 1.65 microns. a very desirable flexibility for flberoptic 
cmnicatlons (TU-ARH-0157041. 

Ffber Optlcal Materials Research 
Flber -1 If lers 
o Fiber anpliflers are rapldly evolvlng as vlable conponents for the 

Inplemntation of fiber COrmLlnications. We have Investigated the 
effect of glass conposttion and punp wavelength on anplificatlon 
gain of slllca glass optical flbers wlth the fntentionally 
introduced lnpurlty. erblum. We have observed over 3 d0/mw gatn at 
the Punplng wavelength of 0 . 0 8  mlerons ln a flber deslgned for vi& 
(1525 to 1560 nm) Optlcal bandvldth. These flMr anpllfiers have 
been used to demnstrate simultaneous galn of over 20 dB per 
channel. for a high denslty wavelength dtvislon multlplexed system 
IUD-WMI) uslng 16 lasers. wlth 2 m  spaclng and an overall span of 
34 nm. This system experiment demonstrated the use of fiber 
anpllfiers In the dlstrlbutlon netvork. The system provleed 
siwltaneous dlstributlon of 1 0 0  FM TV channels wlth subcarrier 
multlplexlng wlth 12 dtstrlbuted feedback (DFB) lasers and six 622 
Wlts/sec dlgltal Channels for data and/or HDTV channels. 
(Collaboratlon Divisions: 21110. P. W .  Smlth. DVM; 2 1 3 t O .  P. 
KaIser. DvM; 21410, 5 .  Weinstein. DVM and 21360, P.U.Shumrte. DvM.) 
(TU-ARH-015847, TU-ARH-014814. TM-ARH-014686. TM-ARH-016056) 

Long-term Flber Reliability 
0 Our work through the Electronics Industries Assoelatton (EIA)/ 
Teleeo,munlcations Industrles Assoclatlon (TIA) COmnlttee has 
resulted ln the adoptlon of a flber dynamtc strength measummmnt 
test proemre as an lndustry w l d e  standard. Thts Wlll impact on 
the assurance of long-term ftber retlabflity In the exchange 
network. Thls test proe.atre Wlll now be submltted to the 
Internattonal standards bodles such as The Consultative Conmlttee 
of Internatlonal Telephone and Telegraph ICCITT) and the 
Internatlonal Electro Technical COmnlsslon (IEC) by the TIA for 
adeption. 

I CONT. I 

RE4SON FOR INFR4STRUCTURE CLASSIFICATION. 

The work of thls Applled Research Project provides for the development 

research. Emphasis IS  placed on spplfcatlons to curmnt and futum 
w e d s  In networks, servlces and operations. The substmtial beneflts 
of thls Project accrue to a11 owner-Cllents and am unable to be 
prevented from accruing to an owner-Client w t m  mlpht eleet not to 
partlclpate rn the Project. 

Of Ieadlng Odge knwl.dp. base In Such key 8MaS 8 5  materials 
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R E S E A R C H  D I R E C T I O N S  

Research w i l l  continue on the growth. by organometall ic chemical 
vapor depos i t ion  techniques. of u l t r a  thin layers of mater ia ls w i t h  
abrupt in te r faces  and c o n t r o l l e d  phys ica l .  Opt ical  and electrical 
p roper t i es  and of the utmost p u r i t y  f o r  devices and Integrated 
C i r c u i t s  t o  be used i n  experimental system prototypes f o r  
f i be r - In - the - loop .  

Research ut11 contlnue on the growth, by molecular beam cp l taxy .  of 
device s t ruc tu res  on planar and non-planar substrates f o r  SUPfaCe 
e m i t t i n g  lasers .  t r a n s i s t o r s .  waveguides and other MVlCeS w i t h  
techniques t h a t  w i l l  u l t i m a t e l y  r e s u l t  i n  low cost devlces f o r  
f i be r - l n - the - loop .  

Research w l l l  continue on the growth of i n d i v i d u a l l y  designed 
semlconductor s t ruc tu res  having a tomica l l y  th in Crystal  layers.  
t o  m e t  the Mods of research programs w i t h i n  Be l lcore  tha t  are 
exp lo r i ng  the mvolut ion of new components technologles f o r  tha 
exchange network. 

Laser evaporation t tchnlques w l l l  be used t o  roproducibly deposit 
hlgh ta rpora turc  supereonarcttng thin f l l m s .  

Research i n  processing high t cnp t ra tu re  suporconducting thin f i l m s  
has been i n l t l a t e d .  The enphasis here w l l l  be on low t .np.ratur0 
Processtng of app l i ca t l on  i n  high-speed olmctronic C i r c u i t s .  

Research w i l l  contlnue on n e w  and m0difi.d flber ca rpo r i t i ons  f o r  
o p t i c a l l y  a c t i v e  flber amplifiers and lasers.  The i n ten t i ona l .  
c o n t r o l l a b l e  incorpora t ion  of i n p u r i t i e s  t h a t  enhance amp l l f i ca t i on  
and l as ing  performance i n  f l b e r s  w l l l  be r tud iod .  

P a r t l c l p a t i o n  In  the E loc t ron l c  Indus t r i es  Assoclat ion ( E I A )  flber 
coat ing  Consnittoe w i l l  cont inue i n  order t o  p rov ide  input and 
leadership f o r  the establ ls lm~ent of na t iona l  o p t i c a l  f i b e r  and 
cable standards. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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PROJECT OVERVIEW. 

Thls profect VI11 prodrce generlc rmqulremnts to support real-tlm. 
publtc clrcult sultchd DSl and fraetlonal OS1 (SWIFT-DSO smrvlce 
Capabllltlcs. The proJut ulll also explore prellmlnary generlc 
roglllremcnts for hlgher rate sultehod scrvlce Capabllltles (e.g.. 
DS3.  SDNET). 

Technology adVancNmnts In the areas of low blt rate vtdco CODECs. 
low cost Synchronous Optical NETuork (SDNET) transmlsslon N(Ulpnnt, 
and Inemaslng data trafflc has rmsu1t.d In I groulng market md for 
publlc Su1tch.d. uldmband smrvlems. A publlc SuItCMd DSl/fractlonal 
DSl SerVlCC capablllty alloulng custon*rs to set up and tmar down 
1.544 Mblt/s and fraetlonal DSl conmctlons ln real-tlm should bm 
cost-effutlve. mar-term solution that satlsflms part of thls market 
M o d .  ThlS tmrvlc~ Capabllfty allows use of exlsttng DSl Customr 
prrmlsms mqulpmnt ulthout modlftcatlon. SWIFT-DSl ulll also be 
s w r t o d  over ISDN Prlmary Rata Interfaces. (Note: that the 
ISDN and non-ISDN tntmrfaee uIl1 be conpatlble.) 

The fomlatlon of gomrlc rmqLltrments for sultchod OS1 servlcm 
capabllltlms ulll promot. a wltl-vmndor mnvlronnant and allou 
S W W a l  supportlng tUhnology platfOIm5 (c.9.. n x 6 4  kblt/s sultch 
fabrlcs. dtgltal cross-conmet bas& solutlons. asynchronous transfer 
nOa basmd solutions) to bm used. Smvmral vondors a m  wrrrntly 
Mvoloplng ro*l-tlm sultehd DSI sorvlce eapabllltlms for th.lr 
prOducts but ulthout 6m11corm gonorlc rrqul-nts. thelr lwplanntr- 
tlons ulll bm tnconpatlblm. Initla1 vmndor trlals for th. swltehmd 
DSl and fraetlonal DSl smrvtce eapabllltles a m  mxputmd In lata 
1001. 

OESCRIPTION OF (991 WORK 

The focus of thls profut ln 1001 ulll be to Issum TR-TSY-WlDW on 
the pUbllC 5 w l t C h . d  DSl/fractlonal DSl SmrVlCm Capablllty 

0 Pro&cm hlgh lmvml sorvlcm dmscrlptlons dlswsslng th. 
archltut~ral and 0th.r planning Issums assOC1at.d ulth 
uldmband. publlc SultchM servlcms. 

0 S w o r t  lntmractlons ulth th. vmndor COnMnlty ln the 
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I CON1 . I DESCRIPTION OF 1991 WORK:  

development of appropriate generic requirements 

o Support appropriate standards 1 i . e . .  T1SO work 

o Define the user and interoffice Interface sp.cifieattons to 
support these services. This includes spoclficatlon of 
approprfate Signalllng System 7 ( 5 5 7 )  mmssagms for 
Intoroffice applications and the spoctficatton of 
appropriate Plaln Old Telephone Servtce (POTS) and 
1ntograt.d Servlces Digital Network (ISON) rignallyl 
at the customer tnterface. 

0 Develop appropriate generic switchlng reqJituments. Thls will 
lncluae appropriate bllling and operations rwirements. 

________________________________________~~..~----------~~.-----------.----~- 

DELIVERABLES: 

No: FSO 
Original : Commitment Date: 3991 
TR-TSV-WlOB8 on rea1 time suitehod DSllfractional DSl servlce capability 
will be mailod to the Industry from Bellcore by 0/30/01. 

No: FS1 
Orrglnal: Commitment Date: 3901 
The project plan for tht Swttched DSl/Fracttonal DSl projut wlll be 
d.1tvor.d to designated cllent rmpresentatlves from Bellcom by 0/30/01. 

N o :  F52 
O r ?  gi “ a  I : Commrtment Date: 4991 
Status roports on standards actlvlties mlevant to switchd DSl/fractlonal 
OS1 will be 6.livOr.d to d.slgn8t.d cllent rq)msentatives by 0/30/@1 and 
12/31/01. 
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PROJECT O V E R V I E W  

Advanced In te l l l gmn t  Network Release 1 ( A I N  R 1 )  1s oeflnea as the 
set of W t w r k  ch8ng.s ta rgmted  f o r  1994 t h a t  mvolva the Bellcore 
C l ien t  Conpanlor' (BCCs'l networks tovard nMtlng AIN goals of 
prOgramab1ll ty. nul t l -vendor e n v l r o m n t .  and standard lnterfaces. 
The R 1  arch l tec tu re  v l l l  Incorporate the a t t r i bu tes  of the varlous 
A I N  Release 0 archl teetures d.ployed I n  1891 and 1992. lncreasc 
t h e i r  f unc t l ona l l t y ,  and brlng the network a 5 t . p  closer t o  the 
In fo rmr t lon  Networkfng Archltmeture ( I N A I  t a r g e t .  

The major b m f l t  of t h i s  Project  1s t h a t  I t prov1d.s the mcessary 
planntng and rcqulremmnts f o r  a rervlce-lnd.p.ndent. vendor- 
trdmpmndant p la t fo rm uhlch V I 1 1  f a c l l l t a t e  the dmploynmt of 
MY revenum-gmneratlng services In  your eonpany's w t v o r k .  

Key assuwpt1ons a m  t h a t :  

- Vendor products based on AIN R 1  requirements md t o  be avai lable In 
the 1994 t1 fm f r a m ;  

- AIN R I  m q u l m n t s  V I 1 1  be based on the AIN R 1  Base l lm  
Arch l tec tum and the A I N  R 1  Network and Oplrat lons Plan: 

SCP Node. S*rvtCa Lople Executlon Envlronrnnt (SLEE). 
and the *pp l l ca t lon  Layer Protocol w l l l  be m1eas.d 
a t  the mnd of 1990 DM w l l l  serve as the basls 
f o r  th wrk on the TOchnlcal Refmreneer covered 

- Technlcal Advlsorlmf f o r  AIN Swltchlng Capab l l l t les .  

by t h l s  Project .  

D E S C R I P T I O N  OF 1991 WORK 

Bel lcore ~ 1 1 1  contlnuc I t s  wrk t o  d.vmlop gmmrlc r r q . l l r n n n t s  f o r  
A I N  Matwrk El-nts (NESI and Opmrattons. 1nelud.d In  t h l s  Project  
1s genertc v l r r n r n t s  work t o  producm t h  fo l lov tng :  

- Oa f ln l t l on  of t h  AIN Svl teh Capabll l t1es uhtch a m  the featums 
m e s s a r y  f o r  a swltchlng s y s t m  t o  recognlre and hmndle calls t ha t  
POqJlm AIN processing. These AIN S w l t C h  Capabll l t lms include 
descr lp t ton  of th. A I N  R 1  Ca l l  m0d.l. b l l l t n g  C8p8bl l l t leS. as Wll 
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Project Name' 
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Pro)eCt NO. 
i R 4 i 1 1  

D E S C R I P T I O N  OF (991 WOPU ( C O N 1  ) 

as inpacts on Svitching system operations. performance. reliability 
fault recovery, and trafflc englneerlng. 

the signaling and tnteractlons betueen a sultch and a Servtce 
Control Point (SCP) or adjunct. 

to adjunct and SCP appllcattons for the support of AIN smrvice 
logic Bllltng. performance. fault recovery. and rellablllty 
Inpacts ulll also be considered. 

- Fornulation of sultchlng system requiremnts uhlch are SpCClflC to 

- Dcflnitlon of the service Loglc Executlon Envlronncnt (SLEE) c m n  

- Fornulatlon of Adjunct systm requfrements supportlng AIN R i  
fumtlons and operatlons Interfaces. Bllllng. performance. fault 
recovery. and rmllablllty Inpacts VI11 also ba consldermd. 

- Fornulatlon of SCP Nodc requlremnts sUpport1ng AIN R 1  functlons and 
MtUOrk. billing, and operattons Interfaces. Performance. 
fault recovery. and rellablllty inpacts ~ 1 1 1  also ba consId.rad. 

- Fornulation of the sultchlng systm. Intelligsnt Perlpheral 
(IP). and Resource Control Exuutlon Envlrommnt (RCEE) 
r.quirmants which arm necessary to spmclfy t h  sfgnaling 
and Intmractlons b a t m n  a sultch and an IP. 

- Furthar deflnitlon of the Smrvlce Loglc Program (SLP) archltuture 
uhlch Includes Ablllnlstratlvc SLPs (ASLPs). Feature SLPS (FSLPS). 
and Operations SLPs (OSLPs). and refinement of the SLP Programer 
Refmremm Yarual. 

- Fornulatlon of methodology for nunaglng AIN feature Intmractlons 
(partfcuiar q h a s l s  will be givmn to the crmatlon and populatlon 
of Feature Intmractlon Tables). 

In addition. thls ProJoet provldes th. pi-mric r.qllrYI)).nts d.flnltion 
for: 

- Operations C8pabllities In NEs rrqulmd by AIN Rl and for 
arsoelatM Operations Appllcatlons (m.9.. nrnrory adnlnlstratlon. 
SUrVelllame. testing. data colloetlon. trafflc M n a g w n t l .  

- R i  spcific NE/Operatlons Syrtm tntmrfaces (e.9.. SCP/M.mory 
Aminlstratlon). 

- Rl spaclflc Oparations Systm/Op.rationr System tntmrfaces 

Note that thls uork d0.r not tnelude T l m n t s  for the Smrvlce 
Mmgotlatlon and Managwnt (SN6M) 8pplicatlon-lnd.p.nd.nt ({.e., 
platform) capabllltlos whlch are 0ffer.d In Projets 923457 6 lR4iZB. 

(c.9.. Servicm ICgotlatlon and Yanapwnt/M.nary Aminlstratton). 
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DESCRIPTION OF 1991 WORK: CONT . I 

I t  does, however. include work t o  incorporate SN&M data requirments 
i n t o  the Release 1 information model. 

Addlt lonal AIN Rl planning a c t l v i t i e s  in  t h i s  Project Include: 

- V e r l f i c a t l o n  of the A I N  R 1  archi tecture across archi tectural  
e l .mn ts  so as t o  insure t h a t  services can be SUCCeSSfUlly 
bullt and supportad. 

of A I N  R i  prOdUCts. Thls w i l l  Include responding t o  w r i t t e n  . 
C W r r r n t S  prov1d.d by vendors i n  reac t ion  t o  A I N  R 1  Technical 
Advisories o r  Spacial Reports repor t ing  t o  the BCCs on vendor 
cormnts .  and on proposals f o r  addressing those comments. 

Accounting Technical Support Group. 

Included In  t h i s  e f f o r t  w i l l  be: 

* The crea t jon  of an analytical model and siwulator t o  study the 

- Dngolng reqr l rments-focused in te rac t lons  w l t h  potentla1 vendors . 

- Support f o r  the AIN 8 l l l i n g  Team and AutoMt lc  Messago 

- The exanlnatlon of the performance of tht AIN Rl archl tacture 

delay and capaclty of the switch/Adjunct interface in  a 
t yp ica l  deployment scenario. 

f Switch capaclty lssues (including the invest igat lon of the e f f e c t  
of the c a l l  model. t r i m r s .  and signal ing in te r faees) .  

* The enhancmmnt of the AIN Service Performance Analyzer (ASPA) 
whlch Is a SLEE SIwuIator twl develop& t o  assist the AIN 
service des lgmrs  l n  evaluat lng the parformanee inpact of a 
m servlce on the SCP and Aajunct i n  terms of *lay and 
througlvvt. 

I n  addi t ion.  t h i s  P r o j m e t  contalns buslnoss support a c t l v i t i e s  
which w i l l  provldm the BCCs wl th  economic. rmgulatory. a M  busimss 
informatlon support f o r  AIN Rl. 

- Perform 8uslmss Managanent func t lon  f o r  AIN. 

- S u p p o r t  the 8CCs In  thir b u ~ t m s s  analysis of A I N  dmploynmnt. 
Exanples of such support lneludt? p c m r i c  economtc and M r k e t  
analysis. r k v e l o p l m t  of t w l s  for use by thr BCCs In the 
performance of thelr on, economic and buslmss m a l y s l s  of 
AIN SerViCRs. l d a n t i f i c a t i o n  of possible m services. and 
*ValUatlOn Of aSSOClJt*d n g u l a t o r y  and stakeholder ISSUCS. 

- Assess c ross-e las t i c  e f fec ts  of AIN services on each other. 
on e x i s t l n g  servtees. and w i t h  respoct t o  services o f f e d  
by lnt*rexChanga c a r r i e r s  and enhamad servlce provldmrs and 
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AIN RELEASE 1 PLANNING & REQUIREMENTS 1R4111 ............................................................................ 
DESCRIPTION OF 1991 WORK I C O N 1  I 

customr prcmlses equipment offered by equipmnt vendors. 

- Analyze dlffereht deploymnt options under conslderatlon by the 
Bccs to provlde AIN servlccs to 1A ESS customers. 

- Dbtaln an understanding of various stakeholder and regulatory issues 
for reprmsentatlve AIN services. Seek Issues reso1utl0n by uorklng 
ulth appropriate cllent and stakeholder bodles. 

- 
DELIVERABLES: 

N O .  0 0 1  
o r ,  g ,  " a  I : C o m m i t m e n t  D a r e :  2Q91 
AdJunct System Technlcal Advlsory (TAI: These reqUlrements for AIN Rl ulll 
Include Identlftcatlons of adJuKt funetlonallty and adjunct Intmrfaces to 
other M t w r k  and operations systems. This TA will be rmaay for order 
and s h l p n t  by June 30. 1991. 

No: 002 
Origrnal: C o m m i t m e n t  D a t e :  3QSl 
Svltch/Adjunet Intmrfacc Tmehntcal Advlsory (TA): These 9.nrlc 
requIranents ulll f o w s  on the deflnltlon of the lower layer protocols to 
be usmd for the Interfacm b e t m n  the AIN R1 Adjunct and sultchlng systms. 
This TA ul11 be ready for order and shlpment by Sapt.nb.r 30. 1991. 

No! 003 
or I gv n a  r : C o m m t r m e n t  D a t e :  4091 
AIN Relmase 1 R.port: Provldes 8n ~ s s e s s ~ m n t  of changes frolll the Tmehnlcal 
Advlsorles ITAS) planned to M Inc1ud.d In thc TmehnIcal Refwwtcef ( T R s )  
as a result of Inbrstry f m a c k .  Covers the suitchlng systm: Smrvlce 
Loglc E x m t l o n  Envlrornrht (SLEE); sultch/SLEE appllcatlon layer protocol 
and Smrvlce Control Polnt (SCP) Nod.. The rvport ul11 be w a l l a b l e  by D.c. 
31. 1991: the TRs ulll be ready for order and shlpment by June 30. 1992. 

PROPRIETARY - Bellcore and Authorized Clients Only 
See ProPPietary Pestrlctions on Title Page 
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O E L I V E P A B L E S :  I CON1 . I 

NO: 004 
D r i  97 na  I : Commrtrnent D b t e :  3991 
AIN RI In tml l lgen t  Peripheral ( I P )  and Swltch In te r face  OCmrlc 
Requlrumnts Tachnlcal Advisory ( T A ) :  M f l n e s  the s lgna l lng  and in te r face  
b.twNn an I P  and an AIN R l  swltchlng system. M s c r l p t i o n s  of Resource 
Control Execution Envirommnt IRCEE)  f unc t l ona l l t y  tmedod t o  deflne 
the interface w i l l  a lso be lmludmd. Thls TA w i l l  be ready f o r  
Order and rhlpmont by S.ptan&aer 30. (991. 

N o :  005 
o r . g r n a 1 :  Commitment D a t e :  (091 
AIN R1 Operatlons m l i c a t i o n s  Generic Requiremmnts Special R . p o r t  ( S R )  
Issue 1: Provldes F m r i c  functional r m q u l r m n t s  f o r  op.rat lons 
c a p a b i l i t i e s  t h a t  are rm f o r  A I N  R i .  Thls BCC-proprletary SR V I 1 1  bt 
ready f o r  order and shlpmant by February 28 .  1991. 

NO: 006 
o r i p  i "* I : Commitment D a t e :  3991 
A I N  R i  Spec l f l ca t lon  of Massages a t  the Operatlons Sys tm (0S)INmtMrk 
Element (NE) In te r face  Tachnlcal Advlrory I T A ) :  Presents gwmr lc  
roqu1rumnts for messages M t m n  NEs and OSs t o  fncorporate IYV 
operations Capab l l l t les  mqulred f o r  A I N  R l .  Thls TA V I 1 1  be raady 
f o r  order and thlpment by Septmwber 30, 1981. 

NO: 007 
O r i g  i na I : Commitment D a t e :  3Q91 
A I N  R l  Spoc l f l ca t lon  of Massages a t  the Opmratlons Sys tm (OS)/Opmrations 
Sys tm In te r face  Spocial R m p o r t  (SR)  Issum 1: C m S C r t M S  p m r i c  
r .4 . l i rmnts  f o r  messages M t m n  05.1 r-1r.d by new AIN R 1  
CaPabl l l t las.  These rmqulr.(l*nts w i l l  M ready f o r  O e r  and rh lp rn t  
by S e p t M . r  30. 1991. 

NO' 0 0 8  
O r ,  9 ,  "a1 : Commitment D a t e :  4981 
ALIN R l  Operatlons bppl tcat ions GoTyrlc R.4.lir-ntS R e r t :  V I 1 1  pwsent 
a p r m l i l l n a r y  VIN of Issue a of t h  A I N  Operations rpp l l ca t i ons  0 . m r i C  
R e w i r m n t s  S p o c l a l  Rmport ( S R ) .  The rmpor t  ut11 be ava i lab le  by 
Dumwber 3 i .  1001; t h  m r i c  r e q u l m n t s  SR V I 1 1  ba ava l lab la  f o r  
order and S h i p n n t  by dum 30, 1092. 

P R O P R I E T A R Y  - Bellcore and AuthOrlZed ClyentS Only 
See PropPYetary Restrictions on Title Page 
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I C O N T .  1 OELIVERABLES 

No: 0 0 9  
or 7 Q ' n d l :  Commirment D a t e :  2Q9l 
Performance AnDlysls of switch to Adjunct Interface: Presents results of 
a detDllrd study of thc delay and throughput aSsOC1ated ulth the Sultch/ 
Adjunct lnterface. This dellvmrable ulll be ready for order and shlpmant 
by dum 30.  1901 

No: 010 
O r ?  (I' na I : Commi tment D a t e :  4Q91 
Capaetty Planning and Analysls of the AIN R1 Archltecture: Reports on 
s lz lng  and capaclty lssues rmlated to sultchcs. Slgnaling Transfer Points 
(STPs). and Slgnaling llnks due to AIN R1 trafflc. This dellverable ulll 
be ready for order and shipment by Deeedr  31, 1991. 

No: 011 
O r i g i n a l :  Commitmenr D a t e :  4Q91 
Enhrncmmnts to the AIN Servlce Performance Analyzer IASPA): Ut11 a 1 1 W  
the Smrvlee Logle Executlon EnviroNnent (SLEE)  slnulator t w l  Ithat 
was d w e l o p d  In 1990) to support analyses of a w4d.r range of Smrvlces. 
This dtllverable ulll also provlde for thc nulntmnance of the slnulator 
COdc. Thls d8llverable ulll b. ready for order and Shlprmt by 
De2.nb.r 31 .  1991. 

No: 012 
O r i g i n s ! :  Commitment D a r e :  4Q91 
AIN Rl Smrvlcm Loglc Program (SLPJ Report: Provld.5 a prellnlnary vlmu 
of the gwmrtc r.qllrCmnts eoverlng SLP softwarm mrchltoeture. SLP 
progranmlyl. and proe.c*rres for resolvlng Featurm Intmracttons vhtch 
~ 1 1 1  be 1nclud.d tn the AIN R1 SLP Qemrlc Reqlllrmmntt Toehntcal Advlsory 

reaay for order and shlpment by March 31. 1992. 
(TA). The  report Wlll b. DVDll.bl* by D.emnbmr 31. 19Bl: the TA Will b. 

No: 013 
O r i g i n a l :  Commitmenr Dare :  3091 
Oollver docunrnt on the rosults of prrllnlnary laboratory testlng efforts 
for Data Comunlcatlons Servlcm Concepts. Thls actlvlty vlll support 
(AIN via) hands-on analysls of ServlCe OppOrtUnltlms. 

PROPRIETARY ~ Bellcore and AUthoriZed Clients Only 
See Pro~rletary Restrictions on Title Page 
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PROJECT FUNDING DEPENDENCIES: 

1091 

 receive^ F P O ~ :  

lONS2X 

Provides T O :  

1R4121 923457 1R4127 lR4128  

REASON FOR INFRASTRUCTURE CLASSIFICATION: 

Thtf Project provldes the forwla t ton  and p r w l g a t l o n  of gemric  
rewtrements for  m t w r k  equlpmcnt and software m t c h  are nude 
aval l rblc through an open cornruntcatton and lnteractlon proeeff 
to a l l  potentla1 vendors of n e w  Industry-wtde network capabi l l t ief  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A 
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N/A 
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(000l 000-0000 

Bellcore Program Manager Tel. No 
N/A (N/A)  - 
Bellcore Subject Matter Expert: 
N/A 

Tel. No.: 
(OOO) 00o-oooo 

Counc t 1 : ' Committee: i Forum: 
RESEARCH 8 NETWORK ! NETWORK STAND, 8 ARCH, , NOT APPLICABLE 

BA Y R. ALBERS 

BS Y 0 .  KETTLER 

NX Y R .  HELQESEN 

PB Y R.  IRELAND 

SW Y J .  CARPENTER 

us Y J .  CZAK 

AVP - T E M .  P L M I f f i  703-974-0005 

D I R .  - SCIENCE h TECH. 404-529-2002 

WYG. OIR. - NTWK. P L f f i .  914-183-2034 

AVP - TECH. P L M I f f i  415-823-7600 

AVP - TECH. PLNG. 6 DEV. 314-235-1550 

DIR. - N T W .  ARCH. 6 STDS 303-889-6409 
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Project Name: Project N o . :  
SONET RELEASE 1.0 INFRASTRUCTURE lVO111 
............................................................................ 

PROJECT OVERVIEW 

The Synchronous Optical NETuork (SONET) Release 1.0 In f ras t ruc tu re  
p ro jec t  provldws f o r  the baslc fwnda t ton  and conmen work m d . d  t o  
support and move the SONET Release 1.0 ProCLtCt forward. P r l n a r l l y .  
the work In t h l s  p ro jec t  1s essentlal t o  develop the Generlc 
Requlrmmnts and Standards t h a t  u l l l  mnable po ten t la l  vendors t o  
develop and produce .qulpl.nt and systems that u l l l  m e t  the Be l lsore  
C l len t  Conpanles IBCCS) m d s  f o r  SONET Release 1.0 conpatlble 
equipment. and t o  provlde f o r  the Emllcore capab l l l t y  t o  analyze 
these vendor proCLtcts on bmhalf of the BCCs. The p ro jec t  a lso  
provides th. Conmen support elmwnts such as ~ o n o m l c  analyses and 
ProCLtctlProject management e f f o r t s  waded t o  support both th ls work.  
and further. mom vendor product s - l f l c  wrk c o n t a l w d  ulthln the 
e lec t l ve  proJ.cts lN0171 through lN0177. 

SONET 4s a coneapt that  extends the concept of a standardlzod d l g l t a l  
hierarchy bmyond the t rad l t l ona l  DSO-DS3 electrical hterarchy l n  use 
throughout telecO(llllmlCat1ons. l n t o  the nul t l -nrgabl t /second d l g l t a l  
world of f lbmr op t l c  t ransnlsr lon.  

SONET was o r l g l n a l l y  ~oneelvmd fn rosponse t o  the p r o l l f e r a t t o n  of 
vendor spee l f l c .  proprietary. f l b e r  opt te systnnr tha t  bogan t o  enter 
the teluOIIIILmlcatlons networks of tH BCCs in  th. nld-1980s. The 

protocols. ~ n d  V r a t l n g  features tha t  u l l l  eventual ly enable th. 
BCCs t o  lIlpl.l*nt tN. ml t l - vendor .  lntoll lgmnt. flbmr Dpttc 
t ransslsslon c8pab l l l t y  ln tHlr w h r o r k s .  T h t s  1s expeetod t o  
provlde substantial cost savlngs to th. BCCs by e l l n l n a t l o n  of M n y  
eurront ly meplrad “back-to-back” network elmwnts.  the establ l shmnt  
o f  a t rue  m i t l - v e n d o r  mnvl rornrnt  ulth f t s  n s u l t l n g  cQlp . t t t lon .  

$6.. Of SONET 1S t o  deflW and l n p l n n t  8 set O f  Stand8rdS. 

and eventual ly by p rov ld lng  f o r  f l e x l b l e  network C.pab l l l t l *S  and 
s e r v l c ~ r  not pOSsib1e ulth current 8SynChrOnwS SyStNllS. 

BellCore. ulth th. concurrence of the ECCs. l n l t l a t o d  standards 
a c t l v l t i e s  l n  1985. leading t o  tw M I  standards. o w  on ra t8s  and 
formats. and thc 0th.r on the opt lca l  Interfa-. h l n g  8pprovd tn 
1988. The c o m p t  was also accoptmd tn the ln te rna t lona l  comunt ty .  
u l t h  thrmm CCITT RecOII.nndatlons. consistent ulth t h  ANSI S t D n d a W S .  
k i n g  approvmd In  1088. 

Bel lcore has also wrkod extenslvely w i t h  the BCCs and the vendor 
ConmJnlty t o  dwvolop a m r  of gmwrlc Nr+Ilremmnts f o r  s p . c l f l c  

P a O P R I E T A R I  1 Bellcore and Authorized Clients Only 
This document Contains proprletavy informatron that Snall be 

distributed or routed only YIthin Bellcore and its autnorized 
cllents except w i t h  urltten perm?ss?on of Bellcore. 
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Prajec? Name: Project NO. : 
SONET RELEASE 7.0 INFRASTRUCTURE i W O I 1 1  
............................................................................ 

DROJECT O V E R V I E W :  ( C O N 1  I 

Network Elements. Many vendors have announced their lntcntlons Of 
provldlng SONET conpatlble equlpmnt starting in the 1989-1991 tfm 
frame. wlth tw major vendors announcing full SONET conpattble 
product llnes. Ltmltod fleld trials of stnple SONET SyStWDS are also 
either in process. or planned for  1990-91 by the BCCS. 

Two Bellcore Products. SONET Release 1.0 and SONET Release ' 2 . 0 .  are 
dcslgned t o  take the promlse of SONET from the world of concept and 
deslgn Into the real world of operating networks. The SONET 
Release 1.0  PrOdllCt concentrates on the short-term goal of lnplanmnt- 
Ing a baslc wltl-vendor SynchrOnWS~optlcal transport capabillty in 
the form of potnt-to-polnt systems and slnple trea networks. as J 
replacement for the current vendor speclflc aSyKhrOnoUs transport 
llnks tn the BCC mtworks. This wlll enable the BCCs to procure 
SONET conpatible systems that can later be enhancod to PrOvldC 
addltional. more sophlstlcated network capablllties. rather than 
continuing to purchase current asynchronous e w l p m n t .  YhlCh t s  
inconpat(b1e wlth these future Capablllties. 

Wlth thls tn mlnd. + o m  of the major guldlng prlnclples of the 
Release 1.0 prOdrct are as follovs: 

Major Coal : 

TO drlve the tnplamontatlon of  a basfc. synchronous. optlcal transport 
backbow Into tha BCC networks in a cost-efficient and effKtive 
manner , 

Archltuture: 

The SONET Release 1.0 proWct will support the lnpl.nantatlon of 
S W E T  transport systems i n  potnt-to-point and slnple tree ( v i a  tho 
use of Add-Drop Multiplexer ~ l p r n n t l  architectures. 

Equlpnmnt Conpatlblllty: 

The SONET Release 1.0 product wlll work to defiw a11 foresmmable 
"hardware affmct$ng" e l m n t s  of W i p m o n t  so that future upgrade to 
enhancod SONET capablllties can p r o m d  wlth minimal retroflt 
ponalties. ( M w  addltlons and software upgrador to W i p n m n t  would be 
r W l r o d .  but chengwut or Obsolescenee of e x i s t l n g  plant would bo 
mininul. i f  any. ) 

Multl-VOndor -8tlblllty: 

SONET Release 1 . 0  r-lmnmnts will allow for basic transport of 
SONET payload between W l p m o n t  of diffmring vendors. and provtde 
for basic op.ratlona1 Capabllltles such as Protmctlon Switchlng and 
Malntenance Signallng across vendor boundarles. (Wnmver. single 
ended oprrattons and nulntenance of a nultl-vendor link I s  not 

PROPRIETIPV - Bellcore ana A~thorizea C1)ents Only 
See Proprletary Restr>ctrons on Title Page 
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SONET RELEASE 1.0 INFRASTRUCTURE t u 0 1  11 ............................................................................ 

P R O J E C T  O V E R V I E W  (CONT I 

posslble under Release 1 0 )  

(NOTE: Addlt lonal costs f o r  c l l e n t  spec l f i c  t r a i n l n g  (e .9 .  Be l l core  
T E C ) .  and m y  assoclatmd costs f o r  planntng or devmlopimnt of Bel leore 
Opmratlons Systems t h a t  nay bc requlrmd t o  f u l l y  e x p l o l t  the poten- 
t l a l s  of SONET are not Included l n  t h l s  p ro jec t .  but r8 ther  vould b. 
contained w l t h l n  t h e I r  rmspectlve programs.) 

D E S C R I P T I O N  OF I991 WORK’ 

1991  vork In  t h l s  p ro jec t  Includes: 

Prodrct /Proj .ct  Yanagwnt:  

Thls p ro jec t  Includes the -d Pr&ct/Project wanagmmnt mf for t  
needmd t o  p lan  the SONET Release 1 . 0  e f f o r t .  and ensure tha t  resources 
deVOtM t o  the t o t a l  product are us& i n  the most e f f t c l e n t  and 
e f fec t l ve  manner posslblc. 

Gonerlc Requlmments: 

O n e  of the major a m a s  of concmntratlon f o r  t h I s  proJect ln (901 
I S  the dwe lopmnt  and matntenance of Generlc R o q J l r n n t s  ln the 
.quipment. npmratlons t r h n o l o g y .  and q u a l l t y  and m l l a b l l l t y  amas.  
These d-nts a m  usmd by equipment and OSS supp1Iers as a basis 
on uhlch t o  a s l g n  p r a c t s  t h a t  -t the BCC’S t r h n i c a i  and 
buslness m d s .  Bel leom par t l e ipa t ton  In. and coordtnatlon 
vlth. Standards bodles Is a lso  an in tegra l  and mssentlml elemmnt 
of t h i s  wrk. These Gonerlc R w l r r n r n t s  a m  then used tn the 
Tmchnlcal Analysls o f  vmndor . q u t p n t  as the standards apalnst 
uhlch the .qulpmnt b . 1 ~  Consldwod by the BCCs 1s analyzmd. 

The major th rus t  In  1991 vl11 be the updatlng of establlshmd 
r r q u l m n t s  t o  ref lect the resu l t s  of ma1 wrld use and tes t fng ,  
t o  mnsum tha t  these doewmnts aewratmly m f l m e t  the actual 
tmehnlcal and npmratlonal aspmcts of equipment mlng ~ i ~ r c h 8 s . d  by 
the BCCS. 

Laboratory Capab i l l t les :  

Th.  s r o n d  major ama of concentratton In 1991 v l l l  b. the 
d.velomNnt o f  18boratory e8pab I l l t l es  f o r  the tmst lng of vendor 

n m s s a r y  knoul.ap. base. t e s t  .quip.nt. so f tvam,  and p-res 
M s t  be provld8d to enablm ana ly r l s  t o  b. p. r f0m.d  ( l n  the e l r t l v e  
p ro jec ts  - 1U0171 through 1U0177)  t o  ensum tha t  t h m  vendor 
.qulpment belng consldemd f o r  purchase by the BCCs In f a c t  -ts 
the r .qu I r rn rn ts  they have Spaelf1.d. Spaelftc WrC In t h l s  * m a  

PrOVldM SONET Release 1.0 conpatIb18 Wlpht and OS%. The 

P R O P R I E T A R Y  - Bel lcore ane AUthOrlZee C l ien ts  O n l y  
See Proprietary Restr!ctionS on T i t l e  Page 
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DESCRIPTION O F  199f  WORK ICON? I 

~nc ludes  the dcvelopmnt of a Soph!StiCated tes t  setup t h a t  can 
analyze the SONET transmisston paramtcrs  of vendor equlpmnt t o  
ensure t h a t  t M y  m e t  the necessary requ!remnts t o  assure i n t e r -  
worklng w l t h  Other equlpmnt.  Another area I s  the development of 
mthods/8qu1pment t o  s l rmla te  s igna l fng  and OS mssaps t o  v e r i f y  
equipment function. 

NOTE: R.qulrmncnts development work re la ted  t o  Quali ty Survel l lancc 
are not provlded under tM SONET Release 1.0 p r d c t .  but rather are 
provldmd as an element of the Bel lcore Qua l l t y  Survell lancc PrOCLICt.  
as these requ1reuents are g e m r l c  t o  a l l  suppl lers i n  g o m r a l .  and 
are not SpeClflC t o  SONET equlpmnt.  

DELIVERIBLES: 

N o :  J50 
Orig! na I : Commitment Date' ONGO 
Provlde quar te r ly  Product Progress Report on Product and ProJect Manage- 
mnt e f f o r t s  I n  Support of SONET Release 1.0. R - r t  t o  Include status 
of major del lverables,  p o t e n t l r l  Jmopardles. and ac t lon  plans. RaPort t o  
be nu l l ed  t o  HTAOS PSG h other deslgnated c l l e n t  rwresenta t lvcs  on 
4/30/91. 7/31/01, 10/31/91 h 1/30/92. 

N O :  JSl 
om, g ' n a l :  Commitment Dare' 1291 
Publish Tuhn lca l  Memorandum concerning possible SONET Release 1.0 
appl tcat lons a r c h i t u t u r e f  h the uonomlcs lnvolvmd in  each. Provlde 
tn fo rnu t lon  on tnteract lons w i t h .  h uonomIes of intmgratlon w l t h  e x l s t l n g  
asynchronws transport sys tms .  M a l l  t o  n c c / I 4 ~ l l c o n  SONET Plannlng Team 
by 12/31/91 

N O '  J52 
Orlplnal' Cmmrrmcnt D a t e :  1291 
Revlse and Rmfssum TR-TSV-000253 (SONET Transport Systmms - C w n  
R . q u i r . n m t s )  basmd on results of f l r s t  round of Tuhn lea l  Analyr l r  and 
BelIcom/BCC/VmndOr Intmracttons and standards a c t i v l t l e s .  AvaI18ble f o r  
order 8nd shlpfmnt t o  tno*rrtry 12:31/91. Mall Status R-rts t o  des1gnat.d 
c l i e n t  rmpresentattves on 7/31/91 and 1 /31 /02 .  

PROPRIETARY - Bellcore and Author1zea Clients Only 
See Proprfetsry R e s t r i c t i o n s  on Title Page 
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N o :  J53 
o r i g  I "a I : Commttmenf D a t e :  ONGO 
Revise and Reissue as required. enhanced versions of TR-233 ISONET OCS). 
TR-496 (SONET A M ) .  TR-872 (SONET Olgital Swltch Trunk InterfaceJ and 
TR-917 ISONET Regenerator). based on results of Technlcal Analysls and 
Bellcore/BCC/Vendor interaction. Mall Status Reports on progress to 
deslgnated cllent repre~entatlves on 7/31/91 and 1/31/92. 

N O '  J54 
O r r p l  " a  I : Comm I f men t D a t  e ' 079 1 
Publlsh Technlcal Memorandrm concernlng optlon/feature set conp8tlbllitleS 
of SONET N8tuork Elements (NEsJ IRelemse 1.0 capabllitler) to ald BCCS 
ln determlnlng SONET options selection for nultl-vendor llnks of SONET 
NEs. Mall to Tr8nsport Panel and BCC/Bellcore SONET Plannlng Team by 
7/31/91. 

N o :  J55 
o r i g i n a l  : Commitment D a t e :  O W  
Prowids Bellcore partlclpation in Standards actlvltles on SONET transport 
and -rattons Interface ISONET Release 1.0 capabllitles) l~suef to 
contrlbute to and lnfluence standards that suppart BCC buslness needs. 
Ma11 Status Roports on progress to des1gnat.d cllent representatlvm~ 
on 7/3i/ei and 1/31/92, 

No: J57 
o r ,  9 '  " a  I : Commitment D a t e :  1291 
Publlsh Tochnlcal LIMlOrandrm on mnglnarlng deslgn c~nsld.ratlons. 
lncludlng addltional araft mq.11rem~nts for optical parameters. to 
address dynamlc laser effects and dlsparslon ln SONET transmlsslon 
systmms opcratlng above OC-12. Mall to Transport Panel (L BCC/Bellcore 
SONET Plannlng Team for cO(lllhnts by 12/3l/Sl. 

N o :  J58 
Original: Commrfment D a t e :  0591 
Publlsh TR-TSY-001042. providlng Dperatlons Syrtnn/N.twork Elemmnt and 
Netvork Element/N.tuork Elemmnt lnterface generlc r o w i m n t s  f A S N . 1 /  
WISE nrssaps )  for a core set of operations functions (alarm rurvell- 
lancm. pertornurn monltorlng. protutlon swltchlng. and provlslonlng 
drlven m r y  aenlntstratlon.) Avallable for O m c r  6 shipment to lndlstry 
and nu1l.d to M O A  and NTAQS PSGs by 5/3l/Sl. 

PROPRIETARY - Bellcore and Authorized Clients Only 
See Proorietary ReStT1ctions on Title Page 
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No: J59 
or 7 g > "a 1 : 
Publlsh enhanced versions of TU-TSV-000832 8nd TR-TSY-000833, provldlng 
Opcr8tions Systm/Netvork E l w n t  Interface gcnertc r w l r ~ n t s  (TL1 
messages) for mslnory sdntnlstrstlon and network MlntenaMe. AVai18ble 
for order and ShIpmnt to lndustry and mailed to N8OA and NTAPS PSGS by 
1 2 / 3 1 / 9 1 .  

Commitment D a t e :  1291 

N o :  J60 
orlgrnar' Commitment D a t e :  1291 
Publish Technlcsl M-randum on "Devlse Characterlz8tlon of Opto-e1.ctronlc 
conpomnts. and effects on Physical Oeslgn & Reliablllty Issues. 8s pre- 
cursor to lneorporatlon of rev4s.d requlrwnts tn the approprl8te 
doeumnts. Mall to Transport P8nel 8 BCC/BellCore SONET Plannlng Team 
by 1 2 / 3 1 / 9 1 .  

N o :  dB1 
O - > g ' " " :  Commitment Date: omio 
Develop Technlc.1 Analysls Lab capablllty for testlng of SONET Release 
1.0 capabll4ty equipnrnt. l ~ l u d l n g  drvelopment of 'SONET Test Bod" to 
analyze SONET slgnals, Oper8tlons Technology capabllltles f o r  an8lysls of 
NE/OS h NE/OS Interfaces. and requ1r.d Wallty h Reliability lab capablll- 
ties. Mall Status Ramort to Transport Pam1 8 BCC/Bellcorc SONET Plannlng 
Team by 12 /31 /91  

PROPRIETARY - Bellcore and Authorized Clients Only 
See ~roprietacy Restrictions on Title Page 
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R E A S O N  FOR I N F R A S T R U C T U R E  C L A S S I F I C A T I O N :  

balance of the uork in the SONET Release 1.0 Product. O m  of the 
primary outputs. Gemric Requiremcnts. are placed in the publlc 
domaln in the form of Technical Advisories (TAs). Technical 
References I T R s I .  and Technical RequirCmntS Industry Forums (TRIFs) 
These documents and forums are open to all -rr of fnbrstry. 
The laboratory Capabllltles are for developnmnt and malntenance of 
test Rqulpent. procedures. and the knovledge base and skills mded 
to conbrct product SpRcifIc product analyses. These capabllitles 
are then Used by a11 cllentr uiw have any typa of analysis Conducted 
in the future. Nctvork ArchltecturR and E c o m l c  Analysis uork m s t  
also bR Shared to achieve I t s  full value. The Product/Project 
manapwent actlvlties provi& an overall structure to the product. 
and ensure the proper coordinatlon of the diverse elements and 
organlzations. 

The subrtantfrl benefits of this project accrue to all Ouner-Cllents 
and are unable to be prevented from accruing to an Omr-Client 
uiw might elect mt t o  participate In this project. 

1 CONT . 1 

P R O P P I E T I R Y  - B e l l c o r e  and Puthor?zeO C11ents O n l y  
S e e  P r o p r i e t a r y  R e S t r i c t ? o n s  on T ~ t l e  Page 
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Bellcore Product Manager 
J. M .  CLARK 

Tel. N O . :  
(008) 758-4585 

____________________----...--------.--.-..-.----..-.-.-.---.-------.----..-- 
T h > s  Project I S  a Component of the Eellcore Product: 
SONET REL. 2.0 

PROJECT OVERVIEW' 

The Synchronous Optlcal NETvork (SONET) Releasm 2 . 0  In f ras t ruc tu re  
proJect provldes f o r  the baslc foundation and commn wrk rmeded 
t o  support and move the SONET Release 2 . 0  Prodlct foruard. Pr imar i l y .  
thm work In t h l s  p ro jec t  i s  essential t o  develop tha Q e n e r l C  Reqrrlre- 
m n t s  and Standards that w l l l  enable po ten t ia l  vendors t o  develop and 
produce equipment and systems t h a t  w i l l  m m t  the Be l l com Cl len t  
Cowantes (Bees) neods f o r  SONET Release 2.0 conpatlble wlpmont. 
and t o  provide f o r  the Bel lcore Capab l l l t y  t o  analyze these 
vendor products on M h a l f  of the BCCs. T h e  proJect a lso  providms 
the corrmon support elmuants such as economic analyses and 
Product/Projeet managam~nt e f f o r t s  needed t o  support t h i s  vork. 

SONET. I s  a COncmpt t h a t  extends the C O n c . p t  Of thm St8ndardlL.d 
d i g l t a l  hlerarchy beyond the t r a d i t i o n a l  DSO - DS3 e l o c t r l c a l  
hierarchy l n  use throughout telaeonnunieatlons. I n t o  the 
Mlt l-mDgablt/second d l g l t a l  w r l d  of flber o p t i c  transmlssfon. 

SONET vas o r l g l n a l l y  Concelved l n  response t o  the p r o l l f e r a t l o n  
of vendor spmelfie. propr ie ta ry .  f l M r  o p t i c  systems tha t  bogan 
t o  enter the tmlaeonnunications netvorks o f  the Bccs In the mid-198Os. 
The Idea of SONET i s  t o  de f ine  and t m p l n n t  a se t  of standards. 
protosols. and o p r a t l n g  fmatures tha t  w l l l  eventual ly enable the 
BCCs t o  i m p l n n t  a t rue  m l t l - v e n d o r .  1n te l l l p .n t .  f l M r  o p t l c  
transmlssion capab l l t t y  in  their m t w r * s .  Thls i s  exprcted t o  
providm substantla1 cost savings t o  thm BCCs by e l lm ina t ion  of luny  
cu r ren t l y  rrqulrmd "back-to-back" n e t w r k  elmmmnts. tha e s t a b l l s ~ n t  
of a t rue  w l t i - v e n d o r  env i ro rmn t  V l t h  i t s  n s u l t i n g  conpet i t ton.  and 
eventual ly by p rov ld ing  f o r  f l e x i b l e  n e t w r k  eapab i l l t l es  and servlces 
not poSSlble w i t h  CYrmnt asynchronous Systmms. 

8 e l l c o n .  V l t h  thm C o m r r e K e  of the BCCs. I n l t I 8 t . d  standards 
activities In 1985. leadlng t o  tw ANSI standards. one on ra tes  and 
formats. and the othmr en the mt(c.1 1nt-rI.e- - 4 -  rmravm 4n - -rr.---- ... ._ . . . ___. .. ~ ~ ~ ~~~ 

1988. 
V l t h  t h m  CCITT RaeOIIII*ndatIons. COnsIstMt w i t h  the ANSI Standards, 
belng 8pprov.d In  1988. 

The concmpt WBS also accmptd In tha Internattonal  commnlty. 

Be l leom has a l so  wrk.d e x t e n s l v l l y  w i t h  the BCCs and thm vendor 
Comunity t o  dmvelop a -r of p.nerlc r r q u l m n t s  f o r  sp .h l f l c  
Ne twrk  E l e n N n t r .  Many vendors havm announcmd their Intenttons of 
provldlng SONET carpa t lb le  .quiprnt s t a r t l n g  i n  the 1989-1991 t im 

P R O P R I E T A R Y  - Eellcore ana Authorized C1,ents Only 
Th1s document contains Droprletary informat~on that S h a l l  be 

aistrfbuted or routed only wrthln Bellcore and its authortzed 
c11ents except with written permissjon of  Eellcore 
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P R O J E C T  O V E R V I E W :  ( CON1 . I 

f r a m .  w i t h  two major vendors announcing f u l l  SONET c o w a t i b l e  
product l i nes .  
e l t h e r  {n  proecss. o r  planned f o r  1990-91 by the BCCS. 

Two ae l l core  Products, SONET Release i . 0  and SONET Release 2 . 0 ,  are 
deslgned t o  take the promise of SONET from the world of conc.pt and 
deslgn i n t o  the rea l  world of operating networks. The SONET 
Release 2.0 Product is  deslgned t o  develop the po ten t la l  t o  mvolve 
the po in t - to -po in t  and r l n p l e  t ree  transport network provided by 
SONET Release 1.0 i n t o  a f lmx lb le  op t lcu l  transport network i n  which. 
network re-conf igurat ion and services can be provlded qu ick ly  and 
remotely v i a  Opmrational Support Systems ( O S S ) .  This can be accom- 
plishmd v i a  exp lo i ta t i on  of the Cupabi l i t ies of the SONET E- 
Operations Channel ( E O C ) .  The EOC takes advantagm of the hUg0 band- 
width f i b e r  op t i c  l tnks  t o  b u l l d  i n t o  the SONET cornapt and protoCO1s 
the a b i l i t y  t o  car ry  large qUantit les of standardizmd Oporattonal 
information i n  order t o  provtde the po ten t ia l  f o r  r.motc provls loning. 
ac t i ve  pmrformance monitoring. and refrat. network re-Conf iSIrat ion 

I n  9990 and (991. the SONET Release 2.0 Product w i l l  concentrmte on 
the developnnt of standards and Generlc R C q U i r m r n t s .  as the 
m s s a g e s ,  protocols. and 055 linkages prov4d.d by the EOC are defined 
and Incorporated i n t o  ae l l corc  equlpmnt and system Generlc Require- 
ments. Also, ble t o  the major itrpact on Operations. Malntenance. 
Adminlstrat ion and Provisioning (OMAhP) systems, the .nphasls on 
Oporations Technology requil..olnts work w i l l  be a 1arg.r e l m n t  of 
the wrk i n  Release 2.0 than i t  was f o r  Release 1.0. 

I n  the 1992 and 1993 t im f rame as vendor m q u i p n t  deployment OCCUrS. 
the carplmxion of the Release 2 . 0  Product w i l l  change. Tho e f f o r t  
on stmdards and rl.qllltY(OLnts w i l l  level  out o r  decl ine, and the 
work w i l l  t r a n s i t i o n  t o  a stronger .nphasis on Technical Analysis 
of vendor promct and systems. 

W i t h  t h l s  In  mind. thc scope. and some of the nu jo r  guiding pr lnciplms 
of tho Rmlease 2.0 product are as fol lows: 

Major Coal : 

T o  d r i ve  the lnpleuantation of a sophist icated. f lmx ib le .  
flber op t t c  transport in f ras t ruc tu re  i n t o  the BCC netvorks In 
a cost e f f i c i e n t  and mf fec t ive  manner. 

Archl tecture:  

T h e  SONET Rmlmasm 2.0 Produc t  w i l l  support the t r a n s i t l o n  f r o m  
the slnplm po in t - to -po in t  and t reo  archi tectures prov ld rd  by 
Release 1 . 0  I n to  flmxiblm and survtvable ring and mesh 
topa1 og1.S. 

SONET RELEASE 2 . 0  INFRASTRUCTURE iW02il 

Limited f i e l d  t r l a l s  of s inp le  SONET systms are also 

P R O P R l E T A P Y  ~ Bellcore ana AUthortzed Clients Only 
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P R O J E C T  O V E R V I E W .  I C O N T .  I 

Multi-vendor Conpa t lb l l i t y :  

SONET Release 2 . 0  w i l l  d r i ve  the c rea t lon  of standards/ 
requirements f o r  both equlpnant and operational aspscts of 
SONET SO t h a t  the BCCS can achieve a t rue  M l t l - v e n d o r  
environment on both the transmlsslon and operational support planes. 

Enhanced Transport Network Capabt l l t ies :  

The SONET Relase 2.0 w l 1 1  examine the poten t ia l  f o r  enhanced 
network capab l l l t l es  Such as s u r v l v a b l l l t y .  dynamlc bandvldth 
a l loca t ion .  and remote network conf igurat lon.  and then dof ine and 
dPlVe f o r  these c a p a b l l l t l e s  t o  be standardized and Incorporated 
In such a manner so as t o  preserve in te rchangab l l l t y  between 
d l f f e r l n g  vendors' equipment and systems. 

---______.-.-_._.__.----------~.-----.-..---.--.----..-------~---------..-.- 

O E S C R I P T I O N  OF 1991 W O R K :  

1801 Work In t h l s  p ro jec t  Includes: 

Prohrct/ProJcct Management: 

Thls p ro jec t  1nclud.s the neodod Product/Project Manag.nant 
e f f o r t  needed t o  p l a n  the SONET Release 2.0 e f f o r t ,  and ensure 
t h a t  resources devotui  t o  the t o t a l  product are ussd In tho 
most e f f t c l e n t  and e f f e c t l v e  manner  posslble.  

Network Archit.etura/Economlc Analysls: 

Thls p ro jec t  lnc1ud .S  Notwork/Economlc analysts of tho 
po ten t ia l  archl tsctures posslble under SONET Release 2 . 0 ,  
and how these a rch l tec tu t r s  can Contr lbute t o  tho Informatlon 
Ne twrk lng  Vlslon, and p rov ld .  ow capab i l l t l es  such as rap ld  
provls ionlng. Inprovmd s u r v i v a b l l l t y  and the a b l l l t y  t o  support 
Tuy serv 1 ces . 

Gemrlc R w l r r n r n t s :  

T h l s  area I s  the primary eIlphmsls o f  tho proJ.ct In 1991. 
I t  Inc1ud.s the deve lopnnt  and rmlntenance of G.nerlc 
Rw l ronmnts  In the .quIpant. oporatlons tochmlogy. and 
T a l l t y  and P O l l a b f l l t y  a n a s .  
+ W l W n t  and OSS S U p p l I t r S  8s baS1S On m l c h  t o  design 
Products that  meet th. BCCs' technlcal  and b u s l m S S  n o d s .  
B e l l c o n  p a r t l c l p a t l o n  i n .  and c o o r d l n a t l m  w i t h .  Standards 
bodles I s  also an In tegra l  and e s s m t l a l  elOm8nt of t h l s  
work. Establlsimont o f  appropriate standards e n s u n  tha t  the 
BCCS' r.qU1r.mnts and M s u l t i n g  networks are In  stop w l t h  

Th8se O c u m n t s  a n  u S d  by 
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DESCRIPTION OF 1991 WORK: i CONT . I 

n a t l o n a l  and lnternatlonal.dtrcctions. a n d  enable t h e m  t o  reap 
the b e n e f i t s  of g l o b a l  economics r e a l i z e d  b y  vendors.  These 
requlremants VI11 a l s o  be used In l a t e r  ( p o s t  18811 Technical  
Analys ls  o f  veneor q i p m n t  as the standards aga lns t  uhlch t h e  
equtpmnt belng considered by the ECCs i s  analyzed. 

Laboratory  C a p a b l l l t l e s :  

T h e  p r o j e c t  a l s o  p rov ides  f o r  the 6evelopmant o f  l a b o r a t o r y  
C a p a b l l l t l e s  f o r  the t m s t l n g  of vendor p rov lded  SONET 
Release 2.0 c w a t l b l c  .qulpmnt and OSSs. T h e  necessary 
knowledge base. t e s t  wlpmnt. sof tware.  and proceebres n u s t  
be p r o v l d c d  t o  enable a n a l y s l s  t o  be performed (equipment 
r e q u l r l n g  a n a l y s l r  1s expected t o  be a v a i l a b l e  S t a r t l n g  
l n  e a r l y  1992) t o  ensure t h a t  the vmndor equtpmnt be lng  
considered f o r  purchase b y  t k  BCCx tn f a c t  meets t h e  
requirements they have s p e c i f l e d .  

NOTE: Requlrmnentr d e v e l q n c n t  work r e l a t e d  t o  O u a l i t y  
S u r v e l l l a n c e  a r e  not prov ld.0 under the SONET Rclmase 2 . 0  
product. but r a t h e r  a r e  prov ldDd as an element of the B e l l c o r e  
C u a l l t y  S u r v e l l l a n c e  P r h c t .  as these reqCI i r .nmts a r e  g c n e r l c  
t o  a11 s u p p l l e r s  In genera l .  and are not s p e c l f l c  t o  SONET 
equlpmnt. 

DELIVERABLES: 

No: K50 
OF t Q >  I : Comrr~tmenr D a t e :  O N M  
Provlde quar tmr l y  P r h c t  Progress Report on Product and P r o j e c t  
Management e f fo r ts  In S u p p o r t  of SONET Rmlease 2.0. Report  t o  Include 
s t a t u s  o f  major dml lverables.  p o t e n t l a 1  J w p a r d l e s .  and a c t t o n  p l a n s .  
R e p o r t  t o  be ~ l l M  t o  NTAOS PSG 6 o t h e r  des lgnated c l l e n t  represmntat lves 
on 4/30/9l. 7/31/91 6 1/30/92. 

N O :  K S I  
OPiQlnai: Commitment Dare: 1291 
Develop a Network and Opmratlons Plan. Th ls  p l a n  u l l l  p r o v l d e  the outllne 
f o r  e v o l u t l o n  of the BCC t r a n s p o r t  c a p a b l l l t y  t o  a f l e x i b l e .  SONET based 
n e t w o r k  ulth subs tan t l a1  m t w o r k / o p e r a t t o n t  synmrgy. Economic a n a l y s l s  of 
va r lous  o p t l o n s  u l l l  also be lncluad. F i n a l  P i a n  t o  be m a i l e d  t o  MOA PSG 
and o t h e r  des lgnated c l l m n t  r e p r e s e n t a t l v e t  b y  12/31/81. I n t m r l n  S ta tus  
Report - 7/31/91. 

PROPRIETARY - B e l l c o r e  and Author ized C l r e n t s  Only 
See P r o p r i e t a r y  Res t r r c t ,ons  on T ~ t l e  Page 
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D E L I V E R P B L E S :  I C O N 1  . 1 

N O :  K52 
O r i g i n a l :  Commitment D a t e :  
Conduct a major study and analysls of S u r v i v l a b i l l t y  opt lonr and archf-  
tec tu re t  available w t t h  SONET. The  analysts W i l l  I f U l U d t :  probability 
r i s k  an8lysls of roo t  causes. Netuork/Econcmlc analyslr  of a r c h i t u t u r e  
options, and r c s u l t l n g  technical l np l l ca t i ons .  Publlsh as Tuhn lca l  
W n m r r n d u m  and mall  t o  NaOA PSG. NTAQS PSG and BCC/Bmllcore SONET Plannl 
Team by 1 2 / 3 1 / 9 1 .  I n te r lm  Status R m p o r t  - 7 / 3 1 / 0 1 .  

1291 

ns 

No: K53 
O r i g i n a l  : Comnitment D a t e :  0 6 9 1  
Condllct ana ly r l r  of e o n p a t i b l l l t y  issues a f f c c t l n g  plannlng f o r  Car r ie r - to -  
Car r lc r  tnterface. Publ lsh as Technleal Memorandum (TU1 8nd mall t o  NBOA 
PSG. NTAQS PSG. and BCC/9ellcore SONET Plannlng Tmam by 6/81 .  

NO: K55 
O r i g i n a l :  Commitment D a t e :  1291 
Devmlop wcmrsary rmqulrmmnts and e r l t m r l a  t o  p rov ld .  both .qulprnt  and 
operations r.qulminents such as softurnre dwnload. LbJd l n te rconnut lons .  
enhaneeded DCC s .eu r t t y .  mtc. f o r  SONET Relmate 2 .0 .  Xncluda thmre re- 
qulmmsnts i n  T).V mlmasmr o f  appropriate Techntcal Refmrmncms. M811 
S t a t u s  Reports on progress and r e s u l t s  t o  d8sipnat.d c l lmnt repmsmntatlves 
on 7 / 3 1 / 9 1  6 1 / 3 1 / 9 2 .  

NO: K57 
O r l g l n a l :  Commitment D a t e :  1291  
Provldc status W r t  on 0 . w r l c  and Nmtwrk El-nt  rp.clfic dosumnts 
updrntmd as mqulrd t o  spmclfy rellablllty/avalllblllty rrquimImntr f o r  
SONET Nmtwrk E l n m t s .  Issum st8tus repor t  t o  lrrnntport P a w l .  W a l l t y  
6 Rml lab l l l t y  P a w l .  and BCC/Bmllcore SONET Planning Team on 7/3l/Bi 
i 1 3 0 / 9 2 .  

NO: K58 
Or l g t n a l  : Commitment D a t e :  ON00 
Provtda on-going Be l lcorn  p a r t l c i p a t i o n  In  standards a c t l v l t l o s  on SONET 
transport and o p r a t i o n s  l n t w f a m  (SONET Rm1m.s~ 2 . 0  capab l l t t tmr )  tssuer 
t o  Contrlbutm to .  and l n f l u m n c m  stand8rdr tha t  support BCC b u s l w s s  n n d s .  
Mail  status reports on progmsr  t o  des1gnat.d c l lmnt  mpmsentat lves on 
7 / 3 1 / 0 1  and 1 / 3 1 / 9 2 .  

P R O P R I E T A R Y  - Bel lcore and AUthOPiZed C l ien ts  Only 
See Propr ietary Rest r i c t ions  on T t t l e  Page 
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N O :  K59 
Or,g'"al: C o m m i t m e n t  D a t e :  1291 
Publish Technical Advisory (TA) on OpCratlOnS SystaS/Nstvork El.mnt & 
Network El-nt/Netuork Element interface generic roquiraInmnts (ASN.1 
mssagcs) for an enhanced set of operations functtons. 
to industry and NAOA PSG by 12/31/91. 

TA to M mailed 

N o :  KSl . 
O r  i g  i na I : C o m m i t m e n t  D a r e :  0791 
Publish a Technical Memrandrm I T M )  on "SONET Nested Protution Switching 
Criterla". This i s  a pre-cursor to standarization and documntation in a 
Tochnical Advisory in 1992. Mail TM to N&OA PSG. Transport Panel. b BCC/ 
Bellcore SONET Planning Team by 7/31/91. 

N o :  KO2 
D r i p i n a  1 : C o m m i t m e n t  D a t e :  0991 
Issue Supplmmnt 1 to TR-TSV-000496 (SONET ADMI to provide critoria for 
uni-directional. path protection svitched. ring applicatlons. This TR vi11 
be avallablo for order and shlpm8nt to Industry from Bollcore. and vi11 be 
milod to t M  NbOA PSG by D/30/01. 

N O :  K63 
Original: C o m m i t m e n t  D a t e :  ONGO 
D.volop Tnhntcal Analysts lab Capability for analysis of SONET R~loaso 
2.0 Capabllity qlpment. Mail Status R.port to Transport Pam1 and BCC/ 
Bollcore SONET Planning loam by 12/31/91. 

NO: KO4 
O r  '9'"d I : C o m m i t m e n t  D d t e '  0391 
Condrct a study of t M  m c o m i c s  and applications of Uni-dirutional vs. 
01-dlnetional rtngs. as a tool for rotting priorltios for  dovolopnnt of 
standards and rmqufrmmnts. Publish as rechnical Y.morardJm ( T M I .  and 
null to M O A  PSG. NTAQS PSG. ~ n d  BCC/Bollcorm SONET Planning loam by 
3/31/91. 

PROPRIETARY - Bellcore ana Authorizes Clients Only 
See Proprletary Restrictions on TTtle Page 
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D E L I V E R A B L E S :  ( C O N T . )  

No: K65 
orig,na1: Commrtment Dare:  0891 
Pubilsh I Technlcal Memorandum (TMI documenting SONET features and 
capab i l l t l es  f o r  use and reference by new services planners and th. BCCS 
and Bel lcore.  M m l 1  t o  NBOA PSG. M A P S  PSG. Transport P 8 m l .  and BCC/ 
Bel lcore SONET Plannlng Team by 6/30 /91 .  

PROJECT FUNDING DEPENDENCIES '  

109 1 

R e c e i v e s  F r o m :  

1YO111 loNS2X 

PPOvideS T O :  

!W0111  

R E A S O N  FOR INFRASTRUCTURE C L A S S I F I C A T I O N .  

The vork elements In t h l s  p ro jec t  serve as th. fwndat lon  f o r  
the balance of th. work  i n  the SONET Release 2.0 PrOdUCt. 
O m  of the p r l m r y  outputs. 0 . m r l c  Rrquir tnrnts.  are 
placmd ln  the pub l le  donuin i n  tM form of Tmchnlcal Advlsorles 
( T A S ) .  Tmchnlcal References ( T R S ) .  and Technlcal Rrqulr tnrnts 
I n d l s t r y  Forums (TRIFS). Th.se documents and forums a r e  w n  
t o  a11 111(o.rs of i n d l s t r y .  The laboratory capab l l l t l es  are  
f o r  dwvelopnnt and malntename o f  tes t  rqulpnnt. p r o c d r e s .  
and the knowladgo base and s k l l l s  md.d t o  COndlet p r a c t  
S p o c l f l C  p r a c t  analyses. These ~ a p a b i l l t i e s  are t h n  us& 
by 811 c l l e n t s  who have any typa of analysts Condlctmd In th. 
future.  Network Arehltmcture 8nd Ecommlc Analysls vork mrst 

nunagenNnt a c t i v l t l e s  provldw an over811 s t ruc tu re  t o  the 
PrOdUCt. and ensure th. propor coordtnatlon of th. dlverse 
c l m n t s  and orpanlzatlons. 

The SYbSt8ntlal b a m f l t s  of t h l s  projmct accure t o  a11 Oumw-ClIents 
8M are unable t o  ba preventmd f r m  8ccruing t o  an D m r - C l l e n t  
who m i g h t  e lec t  not t o  pa r t i e lpa te  In t h l s  p ro jec t .  

a180 M S h 8 r . d  t o  SChleVe l t S  f u l l  Value. The PrOdUCtlPrOjKt 

P R O P R I E T A R Y  - Bel lcore an0 Authorize0 Cl jents O n l y  
See P r o p r ~ e t a r y  R e s t r l c t ~ o n s  O n  Title Page 
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~rolecr Name: PrOJeCt NO. : 
SONET RELEASE 2 . 0  INFRASTRUCTURE 1wo211 
............................................................................ 
Bellcore Project Manager' Tel. N o . :  
P E WHITE ( 2 0 1  1 829-4757 
_____________.__________________________.~..-.-~.--.~.~....~~.-.--.-~.~-..-. 

Tel. No.: 
( 9 0 8 )  758-4585 

This Project S V D ~ O T ~ S  the following Ma107 PfoaUct(sl. 
SONET REL. 2.0 

Non Affiliate Participants' 
SUET C B I  

BA Y R .  ALBERS 

1s Y D. A .  KETTLER 

NX Y R. H. HELOENSEN 

PB Y R. K .  IRELAND 

SW V J. CARPENTER 

AVP - TECHNDLWY P L W I N G  703-974-3148  

AVP - SCIENCE h TECH 404-S29-2102 

MANAGING DIRECTOR 914-287-2034  

AVP - TECHaLOGV P L W I N G  415-823-7100  

APV - TECHaLOGV P L N I N G  314-235-1550  
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PrOJeCt Nam@ ' PPoject No. 
FITL REOUIREMENTS 6 ARCHITECTURE PLNG lWiSi1 

T e l .  N o . :  
( 2 0 0  829-4188 

S7gnificant Change Date 
08/3 1/90 

PROJECT O V E R V I E W  

This p ro jec t  provldor Generic Requlremnts. Standards Support. and 
Technical Analysls Capabll l t t*S In support of provlding baslc 
t e l e c m n i c a t l o n s  servlces (ex l s t tng  tw r l f f ed  servlces. such as POTS, 
voice f rquw8cy specials. basic r a t e  ISON. c t c . )  over f ibmr In the 
d i s t r t b u t i o n  p lan t  I n  addl t lon,  It provides f o r  the O v e l o p n n t  of a 
prospectus and corresponding assessmnt of the technology Inpact t o  
support v ld.0 transport and transport of fu tu re  brow&~and servlces. 
T h l s  p ro jec t  consolidates and aupents current 1090 mffor ts  t o  address 
M a r  term deployment of F1b.r  t o  the Curb ( F T T C ) / F I b . r  t o  the Horn 
(FTTH) and I s  foeused on aceelerwttng the development of t .chntcal 
c r l t e r i a  mcmssary f o r  successful BCC deploymmnts of vendor procbcts 
t o  mt both r e s ~ d e n t l a l  w n d  tnull bus~ness nmus uslng F 1 b . r  i n  the 
Loop iFITL) 

Volume dsploymnt i s  v i m d  as racplring avai lable tmhantzod f l o v -  
through operations support ( w i t h  m i n t n u l  work around). and an 
evo lu t ion  p a t h  t o  support thc transport of vidoo and broaeband 
SCPviCes. A l t h o u g h  the Operations Systems i O S )  work e f f o r t  t o  assure 
OS support uithtn th. dmployment tim f r a m  I s  not fund.d under t h i s  
Network S-nt p ro joc t .  the Ova lopmnt  of netvork elmmnt gemrie 
Pq.JlmmOnt5 and gmmrtc OS/NE Intmrface roqulrmmnts f o r  q w r a t l o n s  
a n  included. 

D E S C R I P T I O N  OF 1991 WORK 

Bel lcore u l l l  eont r lbu te  t o  nat lonal  and intmrnatlonal standards 
rupporttng 8cc 1nt r ros ts  tn flber CablWcwpomnts, s y s t a  
appl ieat Ionr.  and q u a l l t y  and n l l a b i l l t y  Centrtbutlons v l l l  foeus on 
tes t  mthods. conpomnt and s y s t m  paramter  O f l n i t l o n s ,  and 
tochnology inplmmmntat~ons. Qermrlc r . q u c m n t s  doeutnnts v l l l  bm 
Ovelopod o r  d 1 f i . d  t o  roflwt corpormnt and s y s t m  level  
wlrmmmntr f o r  the use of f1b.r i n  the loop. Part1clpat ion In th. 
Standamls organtzat1ons and C 0 n t I r u . d  d i a l w e  w i t h  th. vrndor 
cannml ty  u l l l  expdcte tk W l r a n n t s  Ovelopnunt process and k.lp 
ensure the a v a l l a b l l l t y  of .qrtpmnt consistent uIth BCC dmploywant 
m d s .  Work u l l l  cont l rue on awelop1ng and dOeulnntIng local  and 
e rn t ra l1 r .d  pouwlng options assoelatw u1th FTTC and FTTH dmployrnnt. 
8 S  -11 8 5  ba t te ry  back-up tmChnology and MqJlmmOnts. Nmtuork 
elmmnt g.Mrle MqJImmOnts and gm-mrtc OS/NE Interfaem r.qulmnmnts 

P R O P R I E T A R Y  - Bel lcore an0 Puthorized C l len ts  O n l y  
T h i s  document contains propr ietary informatron t h a t  sha l l  be 

d i s t r i b u t e e  or rctiteo only wttntn Bellcore and t t s  aUthOr1zed 
c l t e n t s  except w ~ t h  w r i t t en  pe r rn j ss ron  of Bel lcore 
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NO' 001 
o r > g >  ".a 1 C o m m i t m e n t  D a t e  ONGO 
Quarterly status reports 14/Di. 7/91, 10/91, 1/02) wlll be nullM to the 
Network and Oporatlons Architecture P r d c t  Support Group (NhOA PSG) 
sumartzing ongotng actlvlties and contributions to National and 
Intornational Standards in the a m a s  of FITL rystoms. optteal media and 
Conponmnts for loop o~llcatlons. and transport syrtm and device quallty 
and rellablllty. 

No: 002 
orrgr " a  1 : Commitment  D a t e :  ONGO 
Quarterly status t-mports ( 4 / S i .  7 / @ i .  10/91. and 1/92) wlll be nulled to 
the M O A  PSG sumnarlzlng ongoing activltlms in Issuing m and revised 
generlc rmqJlraments dosuantr on dirtributlon fiber DM cable. 
diftrlbutlon and rorvlee termlnal c1osupts. optical branching devleet. DM 
swrce/eatector mdulos rupportlng baSlC tmloconnrtnlcatlons servfcms on 
fiber. 

P R O P R I E T A R Y  - Bellcore and Authorizea Cllcnts Only 
See P ~ o p r 1 e f a ~ y  R e s t r i c t i o n s  on Title Page 
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............................................................................ 

DESCRIPTION OF I991 WORK: I CONT. I 

for surveillance. testing, memory administration. network data 
collection. and network traffic management VI11 bc fornulrted for 
dcllvertng exlstlng telecomnlcations servlces on Fiber In the Loop. 

Oeploymnt guidelines to support the Initial delivery of basic 
teleconnunlcatlons services vi11 be released and will <KlUde 
information on ways to upgrade the inltlal dW1oymnt to provlde vldeo 
transport and future broadband servlces. In addltlon, a PrOsP.CtUs 
will be developed assmsstng restdentla1 vld.0 transport opportunltles. 
To support future mlgration of mar-term deployed FITL to a target 
broadband network that nuy enploy SONET/ATM. studies Will Ln Conblcted 
to assess both network technologies and signaling Capablllties 
necessary to support future servlces. 

Loop transport system rcllability and availabillty -1s ut11 be 
developed to determln appropriate systm/conponent downtime 
alloCations to ensure that custonrr servlce avallabfllty objectives 
are met. These models and lnformatlon on other rellablllty issums will 
be used to update or lssue new generic reqJ1ranents for 
systems/conpomnts. and the Rollability and Quillty Crlterla speclflc 
to FITL systems. 

Test mthods and procedures vi11 be developed to support contrlbutlons 
to Standards orgmlzatlons and to support technical analysis of FITL 
ruppller products. 

. 

D E L I V E R A B L E S :  
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D E L I V E R A B L E S  (CONI.) 

L 

L 

N o :  003 
O r  > g i n 8  I : C o m m i t m e n t  D a t e :  129j 
Technical Reference TR-909 on FITL systems for delivery of basic 
teleconmunications servlccs on fiber will be mailed to NdOA PSG ana will be 
avall8ble for ordcrlng by clients and industry by 12/91. The TR ulll 
include IYqulrrnrnts for powertng for the O W  and reliability and quality 
requlrewmnts. The TR will also include requirements for gemrlc werations 
functlons and for the generic OS/NE interface. 

N o :  004 
o r ,  g r " a  I : C o m m i t m e n t  D a t e :  129t 
A Technical Advisory covering mthodologics for optical and electrical in- 
service performance monitoring and maintenance of wltichannel NTSC vldeo 
transport wlll be malled to the N60A PSG and to Industry by 1 2 / 9 1 ,  

N o '  005 
o r ,  g ,  "a I : C o m m i t m e n t  D a t e :  1291 
A T.chnlc.1 Ynnorandum will be nailed to the NdOA PSG by 12/91 providing 
deploymnt guldalims for the delivery of bastc telecomwnicatlons servlccs 
Over flbmr In the loop, lncludlng upgrade conslderatlons for vld.0 
transport and future broaeband servlcc delivary. These guidallnes wl11 
recwnnnd the mconomleally optlmm m a n s  of deploylng f l M r  in the loop in 
urban. suburban. and rural envlrowants. 

No: Ow 
O r i g i n a l  : C o m m i t m e n t  D a t e :  0991 
A prospectus wlll be mallad to the M O A  PSG by 9/91 sumarizlng rcrldential 
vldeo transport opportunfties. 

No: 007 
Original : Commi t r n e n t  D a t e :  0 8 9 1  
A Tuhnlcal Ynnorandum wlll be mailed to the M O A  PSG by 8/91 assassing 
network t.chnologles and r+qr(irad slgnaling capabilities to support th. 
avolutlon of FITL systmms to SONET/ATM. future broDrBand sarvicms. and 
switchad digltal v l d m  smrvlces. 

PROPRIETAPV - Bellcore and Autho?.zed C l ~ e n t s  Only 
See Proprietary Restrrctions on Title Page 
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OELJVEPABLES. I CONT . 

N O :  008 
o r  I Q’ “ a  1 : C o m m i t m e n t  D a t e :  129 
A Status report wlll be mallcd to the NBOA PSG by 12/91 SunmarlZlng 
actlvltle~ leadlng to a T ~ ~ h n l c a l  Advlsory on slgnallng capabllltles to 
support the evolution of FITL systems to SONET/ATM. futum broadband 
services. and sw1tch.d dlgltal vldeo servlces. 

N o :  009 
O r i ~ i  n a !  : C o m m i t m e n t  D a t e :  ONCO 
Status reports wlll be malled to the N8OA PSC on 4 /91 .  7 /91 .  10191. and 
1/92 sunmarlrlng the development of new and enhancmd requlrrrnnts mlated 
to the rellablllty and quallty of FITL systems and conponents. lncludlng 
equlpmnt avallablllty objectives. system quallflcatlon tests. and v1-0 
transport. 

N o :  010 
O r ,  Q l  “ a !  : C o m m i t m e n t  D a t e :  ONGO 
Status reports wlll bc nulled to the NhOA PSG on 4 / 9 1 .  7/91. 10/91. and 
1/92 sumnrrtslng the developnmt of test mthods and equlpnmt m e s s r r y  to 
support the teehnlcal analysls of FITL systems. Optleal flber and cables. 
and passlve and acttve optical carponents. 

N O :  011 
o r ,  gr ”a!  : C o m m r t m e n t  D a t e :  ONGO 
Status reports wlll be ~ 1 1 . d  to the M O A  PSG on 4 /91 .  7 /91 ,  10/91. and 
1/92 surnnrrlslng Prodlct and Project U a n a g w n t  actlvltles. 1d.ntlfylng 
coordlnatlon of vork efforts among BCC PrOdlet Tealm/Prodlct Support 
GratpS. Belleom 1nterr.gnnt work  coordlnatlon. and overall project 
StJtUS. 

PROJECT FUNDING DEPENDENCIES: 

1991 

Receives F r o m :  

lONS2X 

PROPRIETARY - Bellcore and Puthorized Clients Only 
See Proprietary Restrictions on TItlC Page 
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PROJECT FUNDING DEPENDENCIES: i CONT . I 
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lW1571 lW1572 1W1573 lW1574 1W1575 lW1576 1W1577 

REASON F O R  INFRASTRUCTURE CLASSIFICAllON: 

This project produces and supports deliverables called Gemrtc 
Requtrements that are placed tn the public domatn In the form of 
Technical Advlsortes. Technical References. and Tlchnlcal Requlrcments 
Inbstry Forums. These documents and forums are available and are 
Dpcn to all manbers of t w s t r y .  All O v m r -  Cltmts substanttally 
benefit from the netwrk capabilltles and Cost avotdancer resulting 
frcm the n w  features and functlons vendors of netvork equipment 
provide based on these deltverables. 

The Substantlal beneffts of thts project accrue to a11 
Ovner-Clients and are unable to be prevented from accrulng 
to an Ovner-Cltent uho mtght elect not to partlclpate In thts project. 

- - - . . - _ _ _ _ _ _ _ _ _ _ _ _ _ - . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . - - - ~ ~ . . ~ - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

PROPRIETARY - Bellcore and AVthOrlZee cl?ents only 
See Proprletsry L ? e s t r ? c t ? o n s  on Title Page 
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Project  Name: 
SMDS PHASE 2 PLNC 8 REQUIREMENTS 

Project  No.: 
1R2 112 

________________________________________-----.----. .- .------.---~--------~~~ 
T e l .  No.: Be l l core  Product Manager: 

( 9 0 8 )  758-2181 J. S H M Z  ____________________- . - - -~- - - - - - -~- - - - . - - - - . - - . - - - - - - - - - .~~~-- - - - - -~. . . - - - - -  
T h i s  Project  i s  a Component of the Be l lcore  Product: 
SMOS PHASE 2 ________________________________________.----.-~-.-------.--~-----------.--- 

- .. 

Sign i f i can t  Change Date: 
08/3 1 /90 ________________________________________---~--~-- . - - - - - - - -~~--------- - - . -~~- 

PROJECT O V E R V I E W :  

As a market-drlven fo l lov - th rough t o  the i n l t l a l  h igh  
speed data sarv lce  l n l t l a t l v e  undertaken In  SMDS Phase 1 .  l t  ls 
necessary t h a t  SMOS w e x p a n w  t o  becom a more unlform. conslsten't 
na t lona l  ra rv t ce  v l t h  M C h  br08d.r. more Ublqu1toUr doploymnt than 
t h a t  of Phase 1 .  The pr lmary goal f o r  Phase 2 I s  t o  Increase market 
presence and prov lde  na t lona l  c o n m t l v l t y .  T h l s  1s tha tim f r a m  In  
vh leh  the BCCs can e s t a b l l s h  themselves as maJor players ln the high 
S p . d  data servlces market. SMOS Phase 2 ls deslgmd t o  support a 
broader serv lce  dep loymnt  and na t lona l  serv ice  c a p a b l l l t l e s .  

T h a  M J o r  objectives of SMDS Phase 2 are:  
0 A M l t l - v e n d o r  Sv l t ch  a n v l r o m n t :  
0 Interexchange Car r l e r  access sarvlee: 
0 F u l l y  mehan1z.d o p w i t l o n s :  
o Customer Netvork Managmmt (CHI ) .  

For a11 of these ObJeetlves. 1991 1s a key year f o r  developing Cenerlc 
Rtqulrements so tha t  vendors v l11  have adequate tlme t o  bui ld 
Cqulpmnt f o r  the targeted 4992 deployment date. 

D E S C R I P T I O N  OF 1991 WORK 

T M  1991 vork e f f o r t  t o  support Phase 1 SMDS v l l l  focus on the four  
major ob j .c t l ves  o f  p rov ld lng  a M l t l - v e n d o r  s v l t c h  e n v l r o n n n t :  
lntarexehanga c a r r l e r  access service f o r  a nat lonal  serv lce  
c a p a b l l l t y ;  mchan4z.d opr ra t lons ;  and CHI. 

T h e  M l t l - v e n d o r  s v l t c h l n g  envlronment vi11 be aCconp1ish.d through 
t h m  s p o c l f i c a t l o n  of an I n t e r s v l t c h l n g  S y s t m  In te r face  IISSI). AreaS 
raqulrlng vork lnclud. netvork and pro toco l  a r c h l t w t u r e  and in te r face  
and operattons technology m q i f r . m n t s .  These e f f o r t s  v l l l  r w l r e  
vorklng c l o s e l y  v l t h  netwrk equ lpmnt  vendors. 

Th. e f f o r t  tovard a na t l ona l  se rv l ca  c a p a b l l l t y  v l l l  lnclud. servlee 
plannlng. oconomlc and market analysis. opr ra t lons  technology 
T l r m n n t s .  b l l l i n g  r r q l l l m n t s  and the  spee t f l ca t l on  of th. 
Interaxchang. C a r r l e r  I n t a r f n c e  ( I C I ) .  T h .  nat lonal  servle. c a p a b l l l t y  
v l l l  r w l r a  extensive ln te rae t tons  b e t m n  th. BCCs and t H  industry, 
In p a r t l ~ ~ l a r  Interaxehang. e a r r l e r s .  

P R O P R I E T A R Y  - Be l l core  and bUthOr?Z+d C l i en ts  Only 
This document contains p rop r te ta ry  Information t h a t  sha l l  be 

d r s t r i b u t e d  o r  routed only w i t h l n  Be l lcore  and i t s  authorlzed 
c11ents except w i t h  w ~ i t t e n  permlsslon o f  Bel lcore.  

F 3  18032  0 0 0 5 2 9 0  
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Machantzed operations ut11 be speclfied and developed based upon the 
expertences of the Phase 1 trials. CUStotmr studies on addttional 
servtces, marketlng and operattons plannlng. 

The developmnt of CHI features requires market. smrvlce and 
operattons planntng In addttlon to thelr spmciflcatton In Gmnertc 
Requirements. T h s e  efforts ut11 requlre uorktng closely ulth the 
BCCS. their Cuftofmrs ana CPE vendors. 

OELIVEPABLES: 

NO: 001 
Orrginal : C o m m r t m e n t  Date: 1991 
As part of tM NSTP Process. a Nmtuork and Operattons Plan ut11 bm 
dmveloped for Phasm 2 SMDS and tssued to destpnat.d cllent rmpmsmntattvms. 

No: 002 
Original: Commitment Oste: l Q S I  
Issum to tha I m s t r y  TA-1081 specifytng tha Operattons Tschnology gmnortc 
requlrmments for the Intmrmxchangm Carrier Intmrface (IC11 for Phasm 2 
SMDS. These requirements supplament the 4900 mlmase of the IC1 
rmqufremonts. 

NO: 003 
Or! Q r  nd l  : Commrtment Date: 2981 
Issue to d8slgnat.d cllmnt rmprmsmntattvms a SR on Revmnum Accounttng 
OfflCm IRAO) InpaCtS Of Exchang. ACCOSS SUDS for PhaSm 2 SMDS. 

PROPRIETARY - Bellcore and Authorized Clients Only 
See Proprietary Restrictions on Title Page 
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N O :  004 
or I Q '  * a  I : 
Issum to daslgnated cltent representattves 1 SR on the NSCG Feaslblltty 
Analysls on SMDS Phase 2 as a nattonal servlce. to support a BCC N8tlonal 
Planntng Letter. Set gutdmlines to pranote and lntroduce tM service 
on a natlonal basis. Th.  analysls v111 address the Issues ld.ntlf1.d 
ln th. SUDS Nattonal Servtce PrOSpeCtus: etthar resolvlng tM Issues 
or statlng tha posltlon taken on thm Issue. 

Commitment Date: 2991 

N O :  005 
D r r g ,  nal : Commitment Date: 3991 
Issue TA-1062 to the Industry speclfytng the tnttlal set of CustonNr 
Nctwrk Managomant features. to be offered In conjunctton vlth Phase 2 
SMDS . 

N o :  008 
Original : Commitment Date: 3901 
Issue TA-(OS0 (Issue 2) to tha Industry of the InterSvltchIng Interf8ee 
(ISSI) genertc P.qllirwnts for Phase 2 SMDS. Thls issue ut11 tncorporate 
tndlstry eonmnts recelvod on TA-$059 Issue 1.  

N o :  007 
O r  I gins1 : Commitment Date: 4901 
Issue TA-1060 (Issue 2) to the Industry of the Exchangr Acc8ss SUDS 
rcqulrwnts for Phase 2 SMDS. 

N o :  0 0 8  
O r ?  gtna1: Commitment Date: 3991 
Doltver a mcuDlnt on t H  msults of pmltnlnary laboratory testlng 
efforts for Data COIIIIILln$Catlons Servtce C o m p t s .  Thts activity ut11 
support SMDS via hands-on 8nalysts of servlca opportunities 

PROPRIETARY - Bellcore ana AUthOrtZed Clients Only 
See P~oprtetary Restrictions on Title Page 

F O  I f i O 3 Z  0 0 0 5 2 9 2  



REASON FOR INFRASTRUCTURE CLASSIFICATION 

The substantla1 beneflts of thls project accrue to all Owner-Clients 
and are unable to be prevented from sccrulng to an OWMP-CIlent who - 
might elect not to partlclpate ln thls project. 

PROPRIETARY - i3ellcore and Authorized Clrentr Only 
See Proprietary Restrictions on Title Page 
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Tel. No.: 
(oool Ooo-oooo 

Bellcore Subject Matter Expert: 
NA 

Tel. No.: 
(Mx)) Ooo-0000 

Counci 1 : ' Committee: I Forum: 
RESEARCH 6 NETWORK ! NETWORK STAND. 6 ARCH. ! NOT APPLICABLE 

' start Date: 01/81 
I completion Date: 12/82 i ProJect Type: ' Work Category: I 

INFRASTRUCTURE I NEYLV ESTABLISH I MJLTI-VEAR Revised Comp Date: / 

BA V R. ALDERS 

BS Y D. KETTLER 

NX Y R.  HELOESEN 

PB Y R. IRELAND 

SY V J. CARPENTER 

us Y J. C L M  

AVP - TECH. PLNG 703-874-0005 

AVP - S C I .  6 TECH. 404-528-2002 

YIG. DIR.  NTUK. PLNG. 814-013-2034 

AVP - TECH. PLNG. 415-823-7000 

AVP - TECH. PLNG. h DEV. 314-235-1550 

D1R. -  WW. ARCH. & STDS. 303-118-0408 
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Bellcore Product Manager: 
J .  S H M Z  

Tel. No.: 
(900)  750-2181 

Significant Change Date: 
08/3 1 190 

PROJECT O V E R V I E W :  

Broadband Integrated Svltched Dlgttal Nctvork (BISON) ls 
a long term netwrk dellvery sector target that can provlde 
Integrated transport and svltchlng for nuny dlfferent informatlon 
servlees vlth varying trafflc ~haracterlstlcs. a.9.. voica servtces. 
VldeO SerVlCeS. hlgh speed data SerVlCeS. nultl-lmdla servlces. 
Currently vendors and standards bodles are naklng rapld progress 
twards developlng tnittal BISON qtpnmnt and definlng BISON 
standards vhlch vlll have long tern lwpllcatlons for Bellcore 
Cllant Conpany (BCC) BISONs. In order to move tovarcls a standard 
long term BISON In a cost effective nunmr lavoldlng the 
costs of moving f r m  lnltial vendor proprietary .qulpment 
deployment to a standard BISON envlrorrnnt). tnltlal BISDN 
deployment should Be based on standards and/or r0qIIlmments. 

BISON Phase 1 vlll provlde integrated access for a core Sat of 
inltlal eapabllltles. These Capabllltles lK1Ude: htgh S p e e d  
IDSl. DS3, 155 &ps SDNLT) connecttonless data 8ppliCatlOnS 
(e.g., CADICN. wedleal lmaglng) vla SUDS. Varlable Eft Rate (VBR) 
connection ortented data servlcos. SVitChed point to polnt Vld.0. 
vldeoteleconferenclng. svltched and sml-pomumnt constant 
blt rate 8ppllcatlons (e.4.. DS1. OS3,  fractlonal DS1 and fractlonal 
D S 3 ) .  Longer term BISDN plannlng wrk vi11 be Contalmd in the 
BISON Phasa 2 Plannlng project I1N.t). and addltlonal Broadband 
servlces w r k  vlll be v o r k d  In the Prodrtct CoKmpts and Opportunity 
Analysls product. 

The 1991 BISDN Phase 1 product vlll be in the early portion of the 
Requirements, Development and Deployment stage of the Nntwrk Service 

of Bellcore resources. tn conjunctton vlth standards bod(-s and 
vendors. to support a standard lnltlal BISDN deployment In the 1994 
-1995 tlm frame, In addltlon thls proJeet vlll provld. mtwrk 
planning. operatlons technology and operatlons systems analys-s needed 
to support an lnltlal BISON deployment. 

and Technology PrOCOSS. 1- project Vi11 fOCUS On M k l n g  K O M l C  US. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DESCRIPTION OF (991 WORK: 

The 1991 wrk for BISON Phase 1 has tvo nuln conpomnts. The flrst 
conpomnt Is m t w r k  and ~~.ratlons planning wrk for Phase 1 BISON. 

PROPRIETARY - Bellcore and Authorized Clients Only 
This document contains proprietary information that shall be 
diStribUted O r  routed only within ECllCOrC and its aVthOrfzOd 

clients except with written permission of Ecllcor~. 
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OESCRIPTION OF 1991 W O R K :  I CON1 . ) 

The second cwrpomnt I s  generlc requirements. standards contrlbutlons 
and industry lnteractlon which lnvolves worktng wlth vendors and 
industry standards bodles to ensure that inltlal BISDN equlpmnt i s  
standards based. to the extent POSSlblC. Included In this w r k  IS 
ongolng Interaction ulth vendors. c . g . .  industry forums, BZSDN RFIs. 
imottngs wlth indlvlcual vendors. 

The network architecture and op.ratlons plannlng work wlll be focused 
on analyzing the key architectural. operations, market. and regulatory 
aspects of BISDN Phase 1. An inportant part of thls work ulll be the 
1d.ntlfiCatlOn of Phase t BISDN users and the mods of these users, 
whlch wlll b. usod to deflne the network and o(nratlons functlonallty 
required to m t  these needs. Thls work will lay the framework for 
subsequent 9.mrlc requlremnts, and standards contributions. 

The outputs of the 9.mrlc r.qu1rements and standards work will be 
Technlcal Advlsorles and spoclal r v r t s  on certain key asprcts of 
DISDN protocol. DISDN fnterfaees. and BISDN network element opmratlons 
functtonallty. as -11 as ongolng contrlbutlons to thc CCITT and 11 
standards groups. Thmse tw activltles a m  eonplmentary since 
Standards body meonmndatlons can provide the fwndatlon for gomric 
roqu 1 rnnnt s . 

OELIVERAELES: 

No: O O i  
O r i g i n a l :  Commitment D a t e :  ZQ91 
InduStrY Forum on BISDN Wl11 be held by Bellcore. Thls TRIF llke forum 
wlll provide an opportunlty for dlrect lndustry Intoraction on lnltlal 
BISDN dmploymnt. e . 8 . .  1000 BISDN Framework TIS. lnltial D I S D N  services. 

N O :  002 
O r i p i n a l  : Commitment D a t e :  2901 
Framwork TA (FA-TSY-001112) on ATM Protocol speclftcatlon wlll bm mallod 
to the indrstry from Bellcorn on B/30/01. lhls docunrnt wlll d.flm 
functlons and prochrrs for the ATY Layer wlthln thm BISNO Protocol 
R e f m m n c e  -1. Along wlth tndrstry f-ack. and standards progmss 
on ATM thls FTA wl11 provldm lnprt to a 1902 TI. 

PROPRIETARY - Bellcore and Authorized Clients Only 
Sce Proprietary Restricttons On Title Pape 
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D E L I V E R A B L E S :  I C D N T . )  

N O :  003 
originar : Commitment Date: 3991 
BISON Netvork and Operattons Plan SR v l l l  be malled t o  deslgnated C l i en t  
representat lves by 9 /20 /9 l .  Thls SR v l l l  provlda a mtU0t-k a rch l tec tu re  
f o r  BISON Phase 1 (and Phase 1 serv lces) .  t d e n t l f y  Operatlons l fwacts o f  
BISON on OSs and NEs. and p rov lda  an a l l o c a t l o n  o f  operations f u n c t l o n a l l t y  
b e t m n  OS+ and NEs. 

No: 004 
orrgt "a I : commrtment Date: 3991 
Protocol Arch i tec tu re  f o r  SMOS Over BISDN UNI SR V I 1 1  be malled t o  
designat- c l i e n t  representat lves by 9/30/01. Thls SR v l l l  M f I n e  a 
pre l im inary  p ro toco l  a rch i tec tu re  f o r  p rov id lng  SMOS over a BISON 
access line. 

No: 005 
orlplnal: Commitment Dare: 4991 
Issue t BISON User-NCtVork Access Signal tng TA (TA-TSY-001111) v l l l  
be malied t o  the Indus t ry  from Be l l co re  by 12/31/91. Thts TA v i 1 1  d a f l w  
use r -mtvo rk  s l g n a l l n g  l v h t c h  Is expected t o  bul ld on the 9.931 
reeonmndatlon f o r  narromand ISON) f o r  BISON. 

No: 006 
origina I : Commitment Date: 4901 
Issue 1 BISON I n t e r f a c e  F r a m o r k  TA (FA-TSV-001113) V I 1 1  be n u l l e d  t o  
the indus t ry  f rom Be l leore  by 12/31/91, Thls douement v i 1 1  p rov ld .  
p re l lm lnary  i n t e r f a c e  r .4U l r .nmts  fo r  the User-N.tVot-k In te r faca  IUNI). 
and the NetVOrk Node I n t e r f a c e  ( W I ) .  and In te rvo rk tng  u n i t s  (IWU). 

No: 007 
o r ,  g'nal: Commitment Date: 4991 
Operattons T ~ h n o l o g y  Strategy f o r  BISDN SR V I 1 1  be mlled t o  deslgnated 
C l l m t  r e p r o s e n t a t t ~ e s  by 12/31/91. Thls SR v l l l  pmv tde  an analysis o f  
NE opmrations f u n c t t o n a l t t y  f o r  BISON. t o  be used as lnput t o  f u t u r e  
Oporatlons TKhnology, Svltchlng, and Transport TAs. 

P R O P R I E T A R Y  - Be l l co re  and Authorized C l i en ts  O n l y  
See Propr ie ta ry  Res t r i c t i ons  on T l t l e  Page 
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No: 008 
Drlglnal: Commitment Date: ONGO 
Ongolng contrlbutlons to key standards bodles - w111 provide ongolng 
participation In and contrlbutlons to CCITT and Tl work on BISON. 
Status rmports on Standards activities related to BISON ulll be milled 
to deslgnated Client representatlver By 6/30/91 and 12/31/91. 

N o .  009 
Drtgl " a  I Commi tment Date 4991 
An update to  the BISDN Phase 1 prospectus wlll be mailed to designated 
BCC representativos by 12/31/91 This update will ineorporatm additional 
meonomlc, markmt. and Stakmholder analyrls relevant to inltial BISON 
dop1oymnt. 

No:  010 
O r i g i n a l :  Commitment Date: 3931 
Cimllver a document on the rmsults of preliminary 18boratory testing 
mfforts for Data ConnunIcations Servicm Concepts. This acitvity ulll 
support BISON via hands-on analysls of servlce opportunities. 

PROPRIETARY - Bellcore and Avtnorized Clients Only 
See Proprietary RcstrJctions on Title Page 
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The substantla1 b e m f i t s  of t h t s  p ro jec t  w i l l  accrue t o  a l l  Ovnr- 
C l ien ts  and can no t  be prevented from accruing t o  an O w n m r - C l ~ e n t  
uha might e l e c t  not t o  p a r t i c i p a t e  In  t h i s  p ro jec t .  

P R O P R I E T A R Y  - Be l l core  ana Authorized C l i en ts  Only 
See Propr ie ta ry  Res t r i c t i ons  on T i t l e  Page 
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Bellcore Project Manager: 
NA 

Eellcore subject Matter Expert: 
NA 

Tel. No.: 
(OOO) OOO-oooo 

Counci 1 : ' committee: ' Forum: 
RESEARCH k NETWORK I NETWORK STANO. & ARCH. j NOT APPLICABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Owner-Client Representatives: 

Fund 
Telephone I Owner Flag Name Title 

BAI Y 0. LATTNER AVP - TECH. SVCS. 312-905-2500 

8A Y R. ALIERS AVP - TEEH. PLNG. 7 0 3 - 0 7 4 - 8 0 0 5  

BS Y 0. KETTLER AVP - SCI. h TECH 404-529-2802  

NX Y R. HLLQESEN yk. OIR.  NTW. PLNG. 0 1 4 - 0 8 3 - 2 0 3 4  

PB Y R. IREL IND AVP - TECH. P L f f i .  415-823-7800 

SW Y J. CARPENTER AVP - TECH, PLNG. h DEV. 3 1 4 - 2 3 5 - 1 5 5 0  

us Y J. CZIK 0 1 R . -  NTW. ARCH. h STOS. 3 0 3 - 8 8 0 - 8 4 0 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.................*..lIii..111....1..*~.~~~ ~~*~*~...==*..-..**-.~--..****~..-.--..~ 
Research Tax Credit AppliCat(0n: ..............-... /.....=......~=~~~~=,..~~~...~....~---*~*....-.....-...... 
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Project Name : 
SCAI AND INTELLIGENT NETWORK STANDARDS 

This P~oject 25 a Component of  the Bellcore Product 
AIN RELEASE 1 

New Oate 
________________________________________-----~---~--~-.-~-.~-----~-------~-- 

oa oe so . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PROJECT O V E R V I E W  

Advancmd Intelllgent NmtWOrk Release 1 (AIN R O  1s defined DS the 
sat of network chaI7g.s targetmd for 1994 that avolve the Bellcore . 
Client Conpanla+' (BCCs') networks toward m t l n g  AIN goals of 
progrannubilfty. wultf-vandor environment. and standard interfaces. 
The Rl archltecture wlll incorporate the attributes of thm various 
AIN Release 0 aPChit.CtUrCS dmployed In 1991 and 1902. increase 
their functionallty. and brlng the network a step closer to the 
Infornution Natworking Archltecture (INA) target. 

Thm nujor bemflt of this Project i s  that it provides for Bellcore 
partlclpatlon tn Switch Conputer @licatfons Interface (SCAI) and 
Intelligent Mtuork Standards actfvltles in CCITT and TlSl. Thls 
parttcipatlon wlll h.lp support the forwulation of lvqulrnrntr for 
a srrvlco-lmndmnt. vendor-+rxhpondent platform vhleh will 
facllitate t k  6mployment of rm revenue-gemratlng sarvlces ln your 
emany's mtvork. Thmre i s  a MW for consistency. as mJCh as 
posslbla. m t m n  Bellcora's p m r i c  requirannts for AIN Rl and 
anrglng standards. Such conslstemy wlth natfonal and lnternatlonal 
standards will allow a BP0ad.r r a w  of suppliers to be av~ll8ble and 
providc ID- assurance that prodrcts from different suppliers will 
interoparrte satlsfactorlly. 

This  Projmct will hmlp Bellcorm and the BCCs rnalntain thelr tmchnlC.1 
leadwshlp posltlon in t h  Intelllgent Network ( I N )  arena. 

~ e y  assunptions are that: 

- VeMOr products bas- on AIN R1 requirenNntS need to be avallable tn 
thm 1904 tlnm franm; 

- Th.  rrquirmmnts will b. based on the AIN Rl Baselim Architeture 
and thm A I N  R 1  Mtwork and Operations Plan. 

DESCRIPTION OF 1991 WORK: 

Bellcorn vlll be active In nattonal and lnternatlonal StDnd8rdS bodles 
mlevant to I N  and SCAI. In particular. activities will b. focusmd on 
TlS1 and CCITT. 

PROPRIETARY - Bellcore and Authorized Clients Only 
This document contains propPietary information that shall be 
distributed or routed only within Bellcore and its authorized 
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SCAI AND INTELLIGENT NETWORK STANDARDS 1114127 
________________________________________-------- . - - - - . - -~~-~~-~~-~--------- -  

DESCRIPTION OF 199i WORK: (CONT. ) 

Bcllcore will: 

- Provide contributions consistent vlth our views of AIN and INA and 
with the M a d s  Of the BCCS. 

- Provide service analysms where t M y  a m  wedd to support standards 
off orts . 

- Take organizational and technical leadership roles where possible. 

- Support BCC Conmitmnts to standards and coordinate BCC positions. 
- Review and C o m n t  on other organizations’ contributions to 

Areas in which contributions could be ma- for SCAI Standards include: 
SCAI requirmnts (applications. Servlcm descriptlons). SCAI transport 
(9.031, x.2S. S S 7 ) .  and SCAI protocol (layer 7 ) .  

Areas in  which contributions c w l d  be mad. for IN Standards include: 
physical architmcturm optlons. functional interface specifications 
Iincluding intermtvorking). scrviem analysis. and protocol 
fpociflcatlons. 

- 

standards bodies. 

OELIVERABLES: 

No: 001 
Original: 
Support for Switch Conputmr Applications Interface 
activitims. Including participation in TlS1. 

Commitment Date: ONGO 
(SCAI ) standards 

No: 002 
Original: Commitment D a t e :  ON00 
Support for IntmlliFnt Nmtvork (IN) standards activities. iKlUding 
participation in and contributlons to TlSl and CCITT. 

PROPRIETARY - Bellcora and Autnorlzed Clients Only 
See Proprletary Restrictions on Title Page 
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No: 003 
Originai : Commitment Date: ONGO 
Continuatjon of the analysfs of the relatfonshfp of Sultch Coeputcr 
nppllcationt Interface (SCAI) to AIN Rl. 
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Project Name: 
SCAI AN0 INTELLIGENT NETWORK STANDARDS 

Project No. : 
1R4127 

T h ? s  P ~ ~ j e c t  supports the following Major ProduCt(s): 
A I N  RELEASE 1 

j comoletlon Date: 12/91 I I 

W L T I  CLIENT ! NEWLY ESTABLISH ! SINGLE-YEAR , RevTsed tom0 Date: / 

Non affiliate Participants: 
SNET C B I  

BA Y R .  ALDERS 

BS Y 0. KETTLER 
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AVP - TECH. PLANNING 703-974-8- 

DIR. - SCIENCE a TECH. 404-529-2002 

M(G. DIR.  - NTUK. P L f f i .  914-683-2034 
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PROJECT OVERVIEW: 

Bel lcore C l l en t  Conpanles (BCCsl need Informat lon Networklng 
Archl teeture (INAI t o  d r l v e  mtwork  and system products in  
conr ls ten t .  covergent d l rec t i ons :  t o  achleve r a p i d  and effective 
development of lnformat lon n t u o r k l n g  exchange and exchange access 
Services: and t o  achleve the modular i ty t ha t  f a c l l l t a t a s  nu l t l -vendor  
solutions. 

T o  moot these c l t c n t  m d s  th. I n f o m t l o n  Nctuorking Arch l tec tu re  
ProJoet dmf lms a ta rge t  a rch l toe ture  capable of achtevlng dmslraB1e 
netuork/operatIons a t t r i b u t e s  and gufding the  lncorpora t lon  of 
INA concapts tn to  m t w r k  preductr  and operattons s y s t m .  T h e  
ta rge t  arChlt.CtUrc ut11 bulld on nat lona l  and In te rna t i ona l  
Standards. Industry G r o u p  d l r .C t lons .  and e x l s t i n g  Bellcorm/BCC 
arch l tec tu re  e f f o r t s  such as the OSCA (TM)  Archl teeture.  

OSCA is a t radmurk  of Be l l co re  

DESCRIPTION OF 9991 WORK 

Thls p ro jec t  I m o t S  BCC m d s  by deflnlng INA: th. p r f n c i p l e s  and 
spec l f l ca t lons  f o r  an In tegra ted  s t ruc tu re  tha t  d r l ves  th. dmvelapmnt 
of l n fo rnu t l on  technologies t o  f a c i l l t a t t  r a p l d  l n p l o m n t a t l o n  of 
I n fo rnu t l on  Netuorklng exchang. and exehanga ~CCOSS services. 
Testbods are usod t o  v a l i d a t e  a reh l tec tu re  concmpts. 

I n  1091. t h l s  p ro jec t  prodrcos an ove ra l l  INA F r a m o r k  (dmltverable 
001). T h .  INA F ran rwrk  u l l l  conta in  In fo rnu t ton  on tw of th. 
conpomnt a r c h l t n t u r o s .  Th. application dovel-nt and 
l n t e r o p . r a b l l l t y  a reh l toe turo  dmscrlbes th. cons t ra ln t s  on th. 
protocols and spmelf lcat lons t h a t  are meersary  f o r  dmvelopmont 
of moc*11ar. tncup.ndont o n t l t l e s  t h a t  are ab18 t o  l n t e r q n r a t e  
ulthln a dlrtrtbutod procmsslng envlrormmnt. 
p l d m l l W S .  and pr t l l c lp lOS p r 0 V l d . d  by t h l S  Conpornnt 8 r C h l t K t U M  
p r t a l n  t o  hob# m t l t t e s  w l t h l n  th. mtwrk l n t e r a c t  among thmmselves 
and ulth o n t i t l e s  Outstdm of th. mtwrk. The employmont 
amzhltectum i s  tk  se t  of gu ldml tms on hou objects a m  
mppod I n t o  app l l ca t lons  and hou those app l l ca t l ons  a m  
ruployod In n a * s .  

Th.  eonempts. 

P R O P R I E T A R Y  - Bellcore and Authorized Cllents Only 
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Pro jec t  Name: Project  No. : 
INFORMATION NETWORKING ARCHITEC (INA) 1R501N 
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D E S C R I P T I O N  OF 1991 WORK: 

Thm projmet vorks j o l n t l y  v l th  Projmet lR502X t o  provlde d e t a i l e d  
d e f i n l t l o n  of thm INA Entmrprise Archl tecture (dallvmrablm 003). 
and the Object Architecture. T M  Enterpr lsc APCh l tCCtUrC daserlbas 
what tM bu~lnmss d m s .  lncludlng ldmnt l f l ea t i on  and d m f l n l t i o n  
o f  thm b u s i m s s ’  processes. lnformatlon. and in te r re la t i onsh ips  
requ1r.d t o  opmratm the business. T M  Object Archltmcture groups 
lnformat lon and funct ions i n t o  obdeets. and spmclf les the semantics 
o f  their lntmrfacms. 

h l r t n g  thm wult l -ymar perlod In  Vhlch INA Is dmflned. a key r o l e  
of t h i s  p r o j o c t  is t o  inf luence thm planners and e n g i m r s  
( I n  Bellcorm. In  tM EiCCs. and l n  the vendor e ~ m u n l t y l  vho a r e  
dmflnlng r e q u l r r m n t s  f o r  prOdUCt5 that BCCs vi11 i n p l w n t  
during the 90s and beyond. Thus.  INA v l l l  grlw a progresslvm 
ser les  of nmtwork and systmin ehanws convmrglng on a conrnan 
set of a t t r i t u t m s  and a targmt arehltmeture In  support of buslmss 
m d s .  For t h i s  purpOsm. th. INA Framwork (dmllvmrable 001) w l l l  
be dol ivermd t o  BCC and Oelleore S u b j e t  Mattmr Expmrts in  l e s t .  
and wl11 be rmimasmd t o  I n d r s t r y  In lQ92. To lnsure tha t  thm 
appropriatm 1Irkag.s are achlmvmd bmtmn INA and the INet Product 
Sat ( s n  p r o j e c t s  lR4211 - A I N  Relmase 2 .  lR3111 - BISDN Phase 2. 
lR1311 - ISON Phasm 2 )  thm INA Projmet vl11 a l so  prOdUce tochnlcal  
mxposltlons t h a t  s u p p l w n t  thm INA F r a w o r k  on top ics  c r l t l c a l  
t o  plannmrs and mnginmmrs f o r  tM IMet Product Sat. T h e  a v a i l a b i l i  
of t h s m  mxpos$t$ons V I 1 1  bm synchron1z.d w i t h  the 1N.t schoaJ1m. 
Tho top lcs  f o r  the exposl t ions v l l l  be selmcted and r e v t m d  v i t h  
BCCs t o  mmmt s p . C i f l c  m d s  of Bellcorm and BCC plannmrs. 

i t y  

Thm INA Work Program Plan provldmr an ovmrall road mp of the 
archltmetur. mvolut lon t h a t  proviams lmadmrshlp f o r  hou w w i l l  
movm t w a r d s  tM targmt. Thm ovmral l  goal I s  t o  have an “INA 
conslstmnt m n t i t y ”  I n  tM f l m l d  tn 1998 ( f l r s t  off lcm a w l i ~ a t l o n l  
HOV.vmr. major l n t m r l m  mllmstoms w l l l  bm achlovmd. PrOdUcts t h a t  
havm already bmmn l n f 1 u m n c . d  by INA a t t r lbu tms w i l l  s t a r t  t o  be 
8vai lablm f r o m  vmndors In thm marly 90s (e.g.. A I N  Rmleasm 1, 
SMSDS Phasm 21 .  PrOdlcts t h a t  are s t rong ly  lnflumnemd by INA VI11 
s t a r t  t o  be aval lablm from V m n d O r f  In thm m l d  t o  l a t e  90s ( 1 . e . .  
thm INot PrOdLlct Sa t ) .  

INA I n l t l a t l v m s  a m  m f f o r t s  tha t  accelerate thm t r a n s i t l o n  t o  INA. 
An l n i t i a t l v m  ls intmdmd t o  foeus thm targmt amfinition york t o  
m m t  thm w d s  of a spmelf lc. nmasurablm buslr~ss opportunl ty.  Thm 
rolm of INA I n l t l a t l v m a  arm sUIIIur1z.d In  thm I N A  Work Program 
Plan (dmllv=rablm 002). Thm rmsul ts of thm vork on I n l t l a t l v e s  and 
plmns f o r  futurm t n l t i a t t v m s  are tunmarlzed i n  thm INA Status R m p o r t  
(dmllvmrablm -1. Expmrlmm v l t h  thm INA Data R.c*mndancy 
Manapnmt  I n l t l a t l v m  blrlng 1990 v l l l  dmtmrmin thm approach t o  
f u t u r e  INA ln l t lm t l vms .  

PROPRIETARY - Bellcore ana Autnorizea C l i en ts  Only 
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The expected bene f i t s  t ha t  motivate the development of INA are:  

- BCCs v i11  be able t o  develop and deploy services tha t  use m t u o r k  

- data w i l l  be shared more e f f e c t i v e l y  

- the modular. layered s t ruc tu re  v i 1 1  encourage Cor rp . t l t ion  among 
an increased nudr  o f  vendors vh lch  v f l l  inprovm Vendor of fmrings. 

- due t o  modul lzat ion and soparatton of modules through In te r faces  
tha t  support i n t e r o p e r a b i l l t y  a t t r i b u t e s .  BCC assets v i 1 1  b m  able 
t o  be managed i n  smaller u n f t s .  thus decreasing the inpact of 
changes 

revenum strmams. 

and operations Capab i l i t i es  more r a p i d l y  and a t  lover cost ,  

- opportunit lms w f l l  be created f o r  rm# types o f  servicas and 

INA dol ivmrablas v i11  be d ls t r ibu tmd t o  a11 re levant  SUE groups and 
governanca bOdlas by thm CDnmitmmnt date t o  help assure t h a t  
a rch i tec tu re  and planning a e t i v l t i e s  w i t h i n  t h m  BCCs are Coordinated 
w i t h  the evo lu t l on  of t he  INA d e f i n i t l o n .  

__________________._____________________--------- - - - - -~-------~---~-~~~-.~--  
D E L I V E P A B L E S  

N O :  0 0 1  
O r t g ! n a l  ' Commitment D a t e :  i2Si 
I N A  Framwork. Issue 1 provides the h igh- leve l  concepts. p r inc ip lms and 
g u l d e l i m s  f o r  INA w i t h  mphasls on app l i ca t i on  devmlOpmnt. 
i n t e r o p o r a b i l i t y  and dmploymmnt. This documnt w i l l  bm dmltvmrmd t o  
approprlatm ~vmrnanem bodlms and SUES (vithln thm BCCs and Be l l co re )  
f o r  f l n a l  approval so t h a t  the docummnt can be aval lablm f o r  ordmrlng 
by l nb rs t r y  by 3/31/92. 

No: 002 
D r i p i n a l :  Commitment D a t e :  0601 
The INA Work Program Plan. Issue 2 provldms d o t a i l  on t h m  stmps i n  thm 
d o f i n i t i o n  of thm a r c h i t u t u r e .  and h o w  intmrnal and ax terna l  
cormmicat ion goals v i 1 1  bm achimvmd. 

P R O P R I E T A R Y  - Be l l core  and Authorized C l l e n t s  Only 
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NO: 003 
O r  i g i  na  I : Commitment D a t e :  1291 
The Enterprlse Arehltecture, 
iR502X. It provides the next level of detall from ISSUC 1 by bringlng 
the deconpositlon down to the level of applicatlons and allwing obJect 
dafinltlon to proceed. 

Issue 2 1s a joint deliverable ulth project 

~ 

N o :  004 
D r r g r n a l '  Commitment D a t e '  ONGO 
INA expositlons supplwnt the INA Framework with detallad toplcs 
Crltical to planners and engineers for the INet PrOdUCt Set. The 
speci f lc  toplcs and schedule ulll be determined and r e v l m d  by BCCS by 
the end of igeo. 

N o :  005 
O r ?  g ~ n a  I : 
Parttclpation in relevant Natlonal and International direction rettlng 
wrk such as TINA. ANSA, TRON and other projects to be determlnd as 
a follow-up to 1990 of StandardslIndrstry ASSessmnt. 

Commitment D a t e :  ONGO 

N O :  006 
O r i g i n a l :  c o m m ~ t m c n t  D a t e :  1201 
The INA Status Report ulll revleu the progress that INA ~ d .  in leer. 
includtng participatlon in natlonal and internatlonal industry groups 
and standards bOdles. the status of the Architecture Revlw Board ln 
Belleore. and progress on INA lnltlatlves. 

PROJECT FUNDING DEPENDENCIES: 

1991 

Rece ives  F P O ~ :  

625551 
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REASON FOR INFRASTRUCTURE CLASSIFICATION: 

T h e  vork i n  t h i s  p r o j e c t  provides 8 COrrmOn base f o r  mrny O t h e r  
Be l l core  p r o j e c t s  f o r  evo lv ing  standards. a rch i tec tu re  and 
spec i f i c8 t i ons  f o r  corm~lnic8t lons.  opcr8 t lonr .  and l n fo rnu t i on  8ccess. 

T h e  s u b s t 8 n t i i l  bene f i t s  o f  t h i s  p r o j e c t  accrue t o  811 Owmr-Clients 
8nd 8re unanle t o  be prevented from accruing t o  8n Ovmr-Cl ient  who 
m i g h t  elnet not t o  p 8 r t i c i p a t e  In  t h i s  p r o j e c t .  

PROPRIETARY - Bellcore and Authorized Clients Only 
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Project Name: 
INTEGRATED OPERATIONS SUPPORT OF INA 

This project provldes leadership In the plannlng. analysts. and 
definitlon of th. Information WtMrking Architecture (INA) 
Enterprise Archttecture and thm INA Object Archltecture. 
and contlnues th. developwant of thm StrDtmglC Data Archltecture 
(SDA) and th. Corporate Logical Data Model (CLW). 

Developwant of reqJtrmmnts for INA-conststent products Is 
dopondont on tM undorstandlng and documentation of an agrrod upon, 
clearly doffnod Entm-prise Archlt.fture. Th. Enterprlse 
Archtt.eture 1s th. smt of functlons, lnfornutlon. and t h t r  
tntermlatlonshtps that defim what a Bellcore Cltent Conpany (BCC) 
telmeonnunlcattons b u s l ~ ~ s s  dous to provtdm it5 products and sarvlces 
to Its customrs. It lncludos a dwmnporttton of tndlvtr*ral 
bustmss functlons and an tntegratod model of functlons. 
informatlon, and tktr interactlons for th. BCCs. The 
Enterprtsm Archlt.eturr provldms a htgh level V I W  Of thm 
infornutton m d s .  Its s c q w  I s  enterprise-uldm. coverlng a11 
aspnts that dellver and support services and prodlcts. Th.  
Enterprlse Archttmetum t s  a prer.qulsite for deflntng th. INA 
0bJ.et Archltmeturc. uhtch ulll group infornutton and functlons 
tnto obj.etr. and spoelfy th. smunttcs of thlr tnterfaces. 

Thls projwt ulll also Cwrdlnate togleal data modeling wrk In 
B*llCOm. yielding a C L W .  Th. toehnlques. 8ppWaCh.S and 
structures developad for th. CLDY a r e  expeted to ba used ln 
dmv*loplng th. Object ArehltmCtUr.. T H  CLDM lt a consolldated 
v1.v. across t H  ~orporation. of data. th. qwrBtIons that are 
8llW.d agalnst that data. and th. results Of aPplytllg thOL* 
qwratlonr. Th.  CLDM i s  developad by tntogratlng t k  various 
Logic81 Data -1s (LDYS) that describa V I W S  Of corporate 
Infornutton. A LDY 4s a StruCtUPM and systmuttc mpmsentatlon 
of th. lnforrrvtton and functtons ~ 1 1 0 ~ ~  on that Informatton. 
m q ~ l m d  for a prOdlct. Thls rapr*sentatlon It tnb.p.ndent of th. 
technologtes unarlytng t k  prodrct. ThlS modmltng ut11 result tn 

lncludod as part of a rrqulrmmts docunwnt for a speiflc proQIct 
or Interface. 

Th. projet u t 1 1  also nunap changes to th. Subjmzt data amas 
and o b j ~ t s  of th. SOA suggmstod by th. lnfomtlon m d s  
IdmntlflM by t H  Enterprise Archltrstum. by Infornutton nmdmltng. 

TAS D n d  TRS that RUY ba Itturd to th. tnr*lStry *Ith.P SOpDr8t*ly. O r  

PROPRIETARY - Bellcore and Authorized Clfents Only 
Thls document Contalns proDr4etary lnformation that shall De 
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cllents except ulth wrltten permlsslon of Bellcore. 
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PROJECT OVERVIEW: ( C O N T .  I 

and by the BCCs. 
m v l e u  servlces f o r  ongolng ln fornut lon modellng vork v l t h l n  
Be l l com.  Thls p ro jec t  v l l l  lmzlude the coordlnat lon and support 
of j o l n t  BCC plannfng groups v l t h  an In te res t  In  the Enterpr lse 
Archl tecture.  the SDA I vh l ch  v l l l  be Incorporated i n t o  the 
Enterprlse Arch l t .c ture) .  and the CLW. p r l m a r l l y  the Data 
Archl tecture Resource Team ( D A R T ) .  

T h e  p ro jec t  v i11 also provldc consul ta t lon and 

DESCRIPTION OF (991 WORK 

Thls vork u l l l ,  

- Lead cont lnulng vork on the Enterprlsm Archl tecture.  Thls vork 
Includes the further dacOnposltIon of the funct ions and lnformat lon 
of the Enterpr lse Archltecture. Issue I ,  that  v l l l  b. usod as 
Input t o  thr Corporate Logical Data Hod01 and the INA D b j . c t  
Archl tecture.  The Enterprlse Arch1t.ctUre. Issue 2 
(dmllverable 0 0 1 )  v i 1 1  provldm enough dmtal ls o f  BCCs’ business 
that spmclf le appl lcat lons and techntcal m q u l r a n t s  can b. 
dovelopod. Thls vl11 r .qut re consul ta t lon v l th  those w h o  
develop rYqLI1ramnts t o  ensure tha t  thelr needs are mt. 

- Spmclfy hov the functtons and ln fo rnu t l on  doveloped In  the 
Enterpr lse ArChlteCtUm are nu- I n t o  l og l ca l  groups of funct ions 
and groups of  lnformrt lon.  based on a nuwr of CPlteVla. such as 
performance and I n f o m t l o n  rmads. 

Archl tecture.  vhlch v l l l  ba Incorporated I n t o  the Enterpr lse 
A r C h I t . c t u m .  The work u l l l  dmtermlnm the Inpact on tha SDA of 
m data e l a n t s  dlscovemd In the Enterpr lse Archl t .eture wrk .  

t h l s  wrk analyzes the Inpact o f  these data e lamnts  on thr SDA 
and updates the SDA aceordlngly. I t  promotes the a l t g m m t  of 

- S u p p o r t  the cont lnulng dmvelopmnt of the Strateg lc  Data 

durlng 1 o g t C J l  data nod.llng, and aS Sugg.Stod by BCCS V I 8  DART: 

Bel lcore’s SDA v l t h  s t r a t ~ g l c  8rCh l t .c tUPOS Of 

- Coordlnate l o g l C 8 l  data m l l n g  aCtlVl t leS and the OngOlng  

the BCCS. 

ln tegrat lon of Logleal Data Y o a l s  u l th  the m r g l n g  Corporate 
Loglcal Data Ll0d.l. Prlmrry data m l l n g  a c t l v l t l e s  rYqLItrlng 
coordlnat lon are those assoc1at.d v l t h  LWS dmvelopod f o r  Ntwrk 
and Dpmratlons prOduct r o w l r m n t s .  such as A ~ V D K ~  I n t e l l l g m n t  
Ntwrk (AIN) o r  Data Col l .c t lon D p r a t l o n s  S y s t m  ( O M S )  and the 
Managd Informatton Base (an os1 standard). A l t h o u g h  thr 
d.vmlopmnt of LOMs I s  v f d . l y  dtstrlbutod among organlzat lons 

centralizes the Coordlnatlon. ad l l ln ls t ra t lon.  standards. and too l s  
usmd f o r  lnformat lon m o d w l l n g .  

d m V * l o p l n g  - 1 m n t S  and S U W O r t l n g  data base Wrk. t h l S  Wrk 
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DESCRIPTION O F  1991 WORK: (CONT.) 

T h e  Enterpr ise Arch l tec tu re  and the Object Archl tecture descr ib .  
long-term ta rge ts  f o r  the BCCS from a global  p r s p c c t l v c .  
SOA and CLDM bul ld towards these long-term ta rge ts .  The beno f i t  
of t h i s  work I s  t h a t  I t  provldos an ove ra l l  context f o r  p lanning 
fu tu re  systems. r e s u l t l n g  In systems t h a t  avoid unnecessary 
rcarndancy i n  func t lon .  manage data e f f i c l e n t l y .  are 1CSS 
e x p n s l v e  t o  wild, and r c q u i r e  fewer resWrCeS t o  maintaln. 

INA do l i verab les  w i l l  be d i s t r i b u t e d  t o  a l l  re levant SME groups 
and governance bodles by the comnltmnt date t o  hmlp assure tha t  
a rch i tec tu re  and plannlng a c t l v l t i e s  w l t h l n  the BCCS are 
coordlnated w l t h  the evo lu t i on  o f  the INA d e f l n i t l o n .  

The 

OELIVERABLES: 

No: 0 0 1  
Origi na I : Commitment D a t e :  1201 
Enterpr ise Arch i tec tu re .  Issue 2. I s  a j o i n t  de l i verab le  w i t h  projwt 
1R501N. I t  provides tM next l eve l  o f  d e t a i l  from Issue 1 by brlnging 
thm docarposi t ion down t o  the love1 o f  app l l ca t ions  and a l l w i n g  
ob jec t  def in i t lon t o  proc-d. 

No: 002 
Original: Commitment D a t e :  l2Sl  
This S t ra teg ic  Data Arch i toc tu re  Issue 4 i s  a n  update t o  tM B e l l c o m  
St ra tag lc  Data Arch i tec tu re .  I t  r e f l e c t s  Informat ion m d s  l d e n t i f l o d  by 
the Enterprise Archi tecture.  in fo rmat ion  modeling e f f o r t s .  and the BCCS. 

No: 003 
Original : Commitment D a t e :  ONGO 
Corporate Loglcal  Data M & e l  Coordination - I n s p m t  PrOdrct Data 
Archl tectures (m.9.. AIN.  DCOS) and prov ide  Data A r c h i t m t u r e  
Review rmadOUts t o  doslgnatod c l l e n t  r .pmsenta t ives  as t H y  arm 
-. Intmgrate prodrct Logical Data -1s w i t h  tM mmorglng CLDM. 
Provide consu l t tng  on Data Modollng and LDM issues to  Bo l lcorn  SWEs. 
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REASON F O R  INFRASTRUCTURE CLASSIFICATION: 

 he work I n  t h i s  projaet  provldes a comon base fo r  many othar 
Ballcore projects for  avolving standards, archltaetura and 
spociflcations for  connunlcrtlons. operations. and Infornut lon 
aceass. 

Tha sUbstantIa1 benef i ts  of th ls  projact  accrue t o  a l l  O m r - C l t a n t r  
and are unable to be pravented from accrulng to an O w w r - C l l e n t  
who night elaet not t o  par t ic ipa te  I n  tha project .  
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PROJECT O V E R V I E W  

Tho BCCs are evolvtng f r o m  being promler provldmrs of  mxchangm and 
mxchangm access telmphony t o  M i n g  prmmler provldmrs of aeemss t o  
l n f o r m t l o n  In  any form. Thls mvolutlon I s  bmlng dr lven by thm 
grovlng demands of  the teleconwunlcatlons marketplace and thm 
md f o r  thm BCCS t O  lrrnt those demands by o f f e r i n g  a u<dmnlng Set 
of smrvlcms t o  their customers. 

As l n l t l a l  stmps In  thm mvolut lon touard Informatton mtuorkIng. 
Bmllcom I s  uorktng on a set  o f  m u  mtvork plat forms and 
technologlms (ISON Phases 1.1 and 1.1. AIN Relmasm 1. BISON Phasm 1 .  
SONET Rmlmasms 1 and 2 ,  e t c . )  t ha t  are targmtmd f o r  d.ploylnnt 
by thm nmiico- ~ 1 t m n t  Conpanlms (nccs) throughout thm f t r s t  ha l f  
of thm 1990s. I n  addl t lon.  nmiicore IS  vorklng 4 t h  the nccs t o  
d.fIn a targot  a r c h l t w t u r *  for thm mtuork ( q H r a t l o n s  systmms 
arm lrrc1ud.d 1n thm t m r m  "mtvork" In  t h l s  project p r o f l l m )  In  
thm In fo rnu t ton  Nmtvorklng A r c h l t w t u r e  (INA) p-ct. B m l l c o m  
and thm BCCS mxpmct t h a t  tM M t W r k  of the mid-1980s Ut11 bm an 
mvolut lon and tntmgratlon of tho marly/mld-199Os platforms and 
tmchnologlms. and a t r a n s l t l o n  stop toward thm INA targmt. 
t ha t  v l l l  msul t  In  thm BCCs a b l l l t y  t o  offmr a ranp.  of 
I n f o m u t l o n  nmtuorklng servlcms in  a cost-mffmctlve nunmr. 

T h .  uork I n  1091 t o  dmflm thm m t v o r k  of thm mId-lS90S v l l l  taka 
placm In a sat  of p rWuc ts  cal lmd thm In fo rnu t l on  Nmtuorklng (INET) 

p r l n c l p a l l y  f o r  a&ln ls t ra t lvm purposes and t h m  probuct sat  v l l l .  
tn fac t .  bm nunagmd as a single  noiicom product h w t n g  a stnglm smt 
of outputs In l 9 9 l .  Thm p r o j e t  dmscrlbmd horn (lR1311) I s  OM of  
t h m  proJmcts tha t  I s  c o n t a l m d  In t h i s  p r m e t  set .  thm o t k r s  bmlng 
thm I n f o r n u t l o n  Nmtuorklng BISON Plannlng ( l R 3 l l 1 )  and In fo rnu t l on  
Nmtuorktng A I N  ~ 1 a m t n g  (1R4211)  proJects. I n  addtt ton t o  thmse 
p r o J e t s .  a portlon of  ProJmet 1ONS1x. Opmratlons Planning f o r  
Nmtvork Probucts. u l l l  bm appllmd t o  thm e f f o r t s  In t h l s  and thm 
othmr proJ.cts tn thlr smt t o  pmrform thm opmratlons plannlng 
f unet Ions. 

proJmct) I s  t o  mablm thm BCCr t o  deploy products bmg1nnlng In thm 
ntd-lO9Os tha t  8 I l w  thmm t o  provldm. v l a  a smrvlcm-cmatlon 
mnvlrolnrnt .  cost-mffoctlvm dta-Indmpmndmnt (Includtng mlxmd-mdta) 

probuct Set tha t  COnSlSts Of t h  AIN RmlmaSm 2. BISON PhaSm 2 and 
ISON PhaSm 1 probucts. This probuct S t P U C t U m  U8S m S t 8 b l l S h d  

Thm p r l n c l p a l  goal O f  t h l s  product set (and thus thm uor* In t h t S  

PROPRIETARY - Bellcore and huthorlzed Cl lents  Only 
This document contalns proprietary information that shall be 

distributed or  routed only within Bellcore and its authorlzcd 
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PROJECT O V E R V I E W :  I CONT . ) 

sv l t ch ing  and t ransport  servlces a t  a range of informat lon ra tes .  
These servlees nust conplwnmnt the f u n c t t o n a l i t y  In CPE and o ther  
m t v o r k s  t o  f a c i l i t a t e  end-to-end c u s t o m r  app l lca t ions .  T h e  wrk 
l n  t h l s  p r o j e c t  and the Others In  t h i s  se t  V I 1 1  take a mtvork-wldm 
VIN of th. V 8 r l O O S  f u n c t l o n a l l t y  ( t ransa lss lon .  sv l tch lng .  c o n t r o l ,  
Opmratlons. access. s lgna l lng ,  s t c . )  t ha t  u l l l  br r e w i r e d  t o  achleve 
t h l s  goal and v l l l  u l t i m a t e l y  r e s u l t  In tM product lon of roqulrenmnts 
f o r  PrOdUcts havlng the nooded f u n c t l o n a l l t y  t h a t  can be dy)loyed 
In  the mld-fS90s. 

Th. planning and s y s t m  eng lmer lng  w o r k  In  t h i s  proJect.  
along ulth the other p ro jec ts  noted above, w i l l  incorporate 
the upfront wrk mcessary t o  dwnonstrate the bus imss .  
technlcal .  and market v l a b l l l t y  of Informat ion networklng in  the m i d -  
1990s. Thls vi11 Includm pre l lm lnary  a rch i tec tu re  planning. 
market. stakeholdor. and eeonomlc analysis.  technleal 
f e a s l b l l i t y  analysls.  and t r a n s l t t o n  planntng. Thls l n fo r rmt lon  V I 1 1  
enable th. DCCs t o  de termlm vh.ther t o  pursue the dmv~lopIrant of 
an 1n t .g ra t .d  Mtwrk and Opmratlons Plan IN(L0P). follobmd by gener ic 
r w l m m n t s  f o r  l n fo rnu t l on  m t w r k l n g  products and u l t t m a t e l y  t h e t r  
dmploymmnt In tha m I d - l S S O r .  Omploymnt o f  p rodrc ts  based on th. 
1nt.grat.d Netvork and Dporatlons Plan v w l d  provldm the DCCs w i t h  mu 
roverue OppOrtunltles by onabl lng them t o  providm a d iverse  smt of 
in fo rnu t lon  mtwrklng servlces targmted t o  their Spoc l f l c  m8rkets and 
would provtdm thm w l t h  cost  r d u c t l o n  oppor tun l t les  through tM 
I n t q r a t l o n  of s i m l l a r  functions in  a l o g i c a l  ntwrklng environment. 

________________________________________-----~----------.-----------------~- 

D E S C R I P T I O N  OF 1991 WORK.  

I n  $991.  the INET product set VI11 be In  tM ConcW't D.velOpll.nt 

purpose of the Concopt D.ve1oplnnt Stag. t s  t o  * f i rm more 
conprehns lve ly  tM OppOrtunlty bring addrossad by th. prodrct and t o  
w i n  t o  ldmnt l fy a s o l u t l o n  tha t  i s  t echn tca l l y  sound and 
economically v lab le .  

To rmet theso obJ.et ives In  1991. Bel lcore  u l l l  develop and provldm 
tho DCCs w l t h  technlcal  and bus lmss  l n f o r n u t l o n  enabllng t h N n  
t o  e l d m  WtMr t o  pursw mld-1990s a p l o y n r n t  of I n f o r n u t l o n  
mtuo rk lng .  Thts l n f o r n u t l o n  vI11.b. contained In  an Opporutunity 
Analysis f o r  th. m1d-lOSOs mtwrk, fol lobmd by  a prospoetus. as 
dmser lbd  b . 1 ~ .  Thts york v l l l  be based on archi t .eturm. 
tmehnology and services wrk dona In 1SSO In sevmral p roJec t r  
t ha t  have b..n tmppOd t o  INET. 

T M  m r t u n l t y  Analysls I O A )  I s  e s r e n t l a l l y  a f t r s t  cut a t  tH 
prosp.etus and yould Consist of the f o l l w t n g  In fo rnu t ton :  

Stag. Of tM MtWrk Servlce and Technology PrOCeSS (NSTP). Tha 
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DESCRIPTION OF 1991 W O R K :  (CONT. 

0 An initial cut at a functlonal descrlptlon of the network of the 
mid-1990s. 

o Identification of a set of services. some of Which vwld be of the 
intmgrated volce/data variety. that curtonars may m d  in the 
mid-i90Os. as wll as ballpark estimates of demand and revenue. 
These services wwld likely be based on past and current (1.0.. 
1090) market research and service concept efforts at Bellcore. as 
wll as on input from the BCCs. 

0 A high-level archltectural vlev of the network (including the 
operatlonr) and rough estimates of the cost of the elmnmnts. 
Analyses of how the above-mentioned services would be provfdd on 
the architecture wwld bm inCludCd. as vel1 as 5- of the 
teehnfcal issues 8ssociat.d with transition and evolutlon from 
ear1 i er pl atf oms, 

0 Utilizlng a11 of the above information. a preliminary economic 
analyrls of the mld-90s mtwrk would bm c0nduet.d and used by 
BCCs to docid. wh.ther work should Continue toward the m x t  stap. 
Of the N5TP. 

Following the Opportunity Analysis. and assuming a go-ahead doclslon 
by the BCCS (mort likely. by the NmtWOrk (L Operations Archltectum 
(NaOA) Product Support Proup (PSG)). work on a prosp.ctus wlll 
bogin. This prospctus will Incorporate Bellcore market. stakmho1d.r. 
technical. and economic analyrls to provlda the BCCs with infornutton 
enabling ttwn to docid. vMther further support for mid-1000s 
dmploymnt of Information Networking i s  JuStiflM. Thfs prOSp.ctUS 
Will include: 

o Market analysis for a ret of Information mtworking core servtces. 
lncludlng revenue potential and customer willingmss to pay; 

o Idantification of relevant stakeholders and mcamrmndations f o r  
influencing those stakeholders; 

o A reconrmnd.d standards strategy; 

o Economic analysis of infornutton mtwrking and information 
mtworklng core smrvices tncluding projection of total lifecycle 
costs, revenuer and cost P.C*Ictton opportunities. 

Also includd in th. prospmctus wlll be preliminary 1nt.grat.d 
Nmtwrk and Operations Plan that vlll consist of the following: 

0 A description of tha functtonality proposed for the tmtwrk 
of tha mid-1090s. 

0 Pmlimtnary partitioning of this functionality and infOPlUtlon 
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I n t o  netvork and operations elmments. as ve l1  as s l c r n n t s  
external  t o  tM M t v o r k  (such as CPE).  

o I n l t i a l  dcsc r fp t fon  o f  th. tnterfaces b e t w e n  elements fn the 
mtwrk and b e t w o n  th. m t u o r k  and external  e n t l t l e s .  and 
Idmnt I f I ca t l on  of r t r a t e g I e s  f o r  managtng rmdmdant data. 

I n te rac t  v l t h  the l n fo rnu t fon  networking p la t fo rm and Informatton 
netvorklng services: 

t o  meet user needs: 

p rev ious ly -dmf lwd plat forms. 

o Overvfmv dmscr ipt lon o f  tM vay In te rna l  and external  users vi11 

0 Overvfev dmscrIptIon o f  t h  service c rea t l on  Capabfl I t lms required - 

0 General stratmgy t o  enable tha t r a n s i t t o n  f r o m  W d d e d  s y s t m s  and 

ThIs pr0rp.etus Is a major m l l e s t o w  and d.ClsIon polnt f o r  th. BCCs 
In t h a t  I t proporms vhat th. wtuork o f  th. mia-1eeOs VI11 look 1Ike 
and vhat functionality I t  v I l l  provIde (and t h y ) .  Assuming BCC 
eoncurmrre v l th  tM recomnndatIons p r o v t d d  In th. p r o s p e t u s .  
B e l I c o ~  vi11 b q t n  th. detaI1.d uork on th. Integratmd NCtuork and 
Dperatlons Plan vhich 1s t a r g m t d  f o r  conp le t lon  In  1992. 

I n  sunnury. t h f s  p r o J ~ t .  In  conjunctcon v i t h  the 0th.r PrOjmets In  
th  INET p r d c t  se t .  pr0vld.s b m m f l t s  to  th. BCCs by  PrOVldtng 
them v I th  th. basIC systmns e n g l m r I n g  and p lann ing  t o  
enable thm t o  p u r s w  a consistent evolution towards a s i n g l e  
I n t e g r a t M  mtuork encapassfng both "wtuork" and "operations" 
eapab l l t t l es .  Thls s i n g l e  tntmgratmd netwrk vI11  provIdm th. BCCs 
v i t h  m u  revenue opportunities f o r  t ransport  services. value-add.d 
servfces. and unbUnd1.d capab i l I t Ims.  and ut11 pmsent  t h  BCCs w i t h  
oppor tun l t Ies  f o r  cos t  r.QICtIon through th  I n t q r a t t o n  of S lml la r  
functions In a s lng le  log tea l  mtuorkIng s t ruc tu re .  

NO: 001 
O r  rgi n a l  : Commf t m e n t  Date :  0391 
opportunity Analysls - Pr0vId.s an ana lys is  of th s e w t e a  and cost 
roductfon m r t u n I t I . s  t h a t  may var ran t  evo lv lng  th. rmtuork. a h lgh- leve l  
architectural v t w  of th. mtuork and p m l l n I n a r y  .conomIc and stakeholder 
analyses. Thts d.1Iv.rabl. ut11 b. m a i 1 . d  t o  tha M O A  PSG ln  March 1991 
and should bm usmd by M O A  t o  d e t e m 4 m  vhrthar any ch8np.S In assunptions. 
d l m t l m s .  otc.. a m  r r q r I m d  In devmloplng th. Prospoetus. 

PROPRIETARY - B e l l c o r e  and Authorized C l l e n t S  Only 
See Proprletary Restrictions on T l t l e  P a ~ e  
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OELIVERAELES: ( CONT . 1 

N O :  002 
orrgr na 1 : Commitment D a t e :  1091 
Prospectus - Provtdms conprehensive Wstness analysis f o r  thm Informat ion 
networking p l a t f o r n  of the mid-1990‘s and a p m l i n i n a r y  I n t a g r a t M  Wtwork 
and O p r a t l o n s  Plan provtd ing technology. archttecture 8nd t r a n s t t t o n  
In fornut ton.  This dml iverrb le  w i l l  br m i l l e d  t o  the NaOA PSG In October 
1991 and should be used by NaOA In  f o m l n t i n g  a decision t o  brgtn dmtal led 
w o r k  on the NaOP. 

PROJECT FUNDING DEPENDENCIES: 

1991 

Receives From: 

lR4211 1R3111 loNS2X 

P r o v i d e s  T O :  

lR31ll lR4211 

REPSON FOR INFRPSTRUCTURE CLPSSIFICATION: 

Thts p r o j r c t  provldms the C O M ~ t U a l i z a t t O n .  planntng. analysls.  and 
r e l a t o d  t e s t t n g  of fundamntal conpat lb le m t w r k  and  rations 

use of  thm p o t e n t i a l  inpacts on standards and archttrctum. and thm 
sewtees supportmd by thm mtwrk. of industry Issues. 

Thm substantla1 b o m f l t s  of t h t s  p r o j r c t  accrue t o  a l l  OwNr-Climnts 
and a m  unable t o  M p m v a n t M  from accrulng t o  an OVIYr-Cltent uho 
m l g h t  m l r c t  not t o  p a r t t c l p a t e  tn t h i s  p ro jec t .  

a rch i t .C tums .  C B p I b l l l t l ~ S .  and SyStNlK. and analySlS f o r  B.11COm’S 

________________________________________-.---~~--~--~-----.---~------------- 

PROPRIETARY - Eellcore and AUthOrized Clients Only 
See Proprlctary Restrlctiona on Tltle Page 
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PROJECT OYERVIEW: 

Thm BCCs are evo lv ing  from being premier provlders o f  exchange and 
axehang. access tclmphony t o  being premier providers of access t o .  
informat ion i n  any form. This mvolut ion i s  being dr iven  by thm 
groving demands o f  the teleconmunications marketplace and the nmod 
m a x i  f o r  thm BCCs t o  m e t  these m n d s  by o f f e r i n g  a vidmnlng so t  
of services t o  thmi r  custofnmrs. 

As i n i t i a l  steps in  the mvolut lon toward informat ion netvorking, 
Be l leore  is worklng on a set of n w  network plat forms and 
techno1ogl.S (ISDN Phases 1.1 and 1.2. AIN Rmlease 1. BISDN PhaS. 1 .  
SONET Releases 1 and 2 .  e t c . )  t ha t  are t a r g m t d  f o r  dmploynrnt 
by the B a l l c o m  C l i e n t  Conpanims (BCCs) throughcut thm f i r s t  h a l f  
o f  thm 1990s. I n  add i t i on .  Be l l core  ts vorking v i t h  th. BCCs t o  
dmfine a targmt archl tmeture f o r  thm nmtuork (&r8t ions systnns 
a m  inc1ud.d in  thm term " m t M r k "  in t h i s  projmet p r o f l l o )  i n  
thm In fo rmat ion  Nmtvorklng Arehitmeturm (INA) product. Bmllcom 
and thm BCCs expmct t h a t  thm netvork of the mid-iB9Os vi11 ba an 
evo lu t i on  and i n t e g r a t i o n  of the aar ly/mid- i#90s platforms and 
technologies, and a t r a n s i t i o n  step t w a r d  the INA ta rge t .  
t h a t  vi11 result In thm BCCs a b l l l t y  t o  o f f o r  a rang.  of 
informat lon nmtvorking services i n  a cos t -e f fec t i ve  mnner. 

Thm vork i n  1991 t o  dmfine thm netvork of thm mid-1990s w l l l  take 
p lace  i n  a se t  o f  products c a l l e d  thm Informat ion Nmtvorklng (INET) 
product se t  t ha t  Conslsts o f  thm AIN Rolmase 2. BISDN Phase 2 and 
ISDN Phase 2 products. This p r o a c t  S t l W C t u W  WaS mstab1lsh.d 
p r l n e i p a l l y  f o r  a b n t n i s t r a t i v e  purposes and the product smt v i l l .  
i n  f a c t .  bm managmd as a s lng le  Bcl lcorm product having a s lng le  se t  
of outputs ih  1991. Thm projmet dmscribmd hmre (1R3110 i s  o m  of 
thm p r o j e c t s  t h a t  is c o n t a l w d  i n  t h i s  product set .  the othmrs bming 
thm I n f o r n u t i o n  Nmtuorklng ISDN Planning ( lR i311 l  and I n f o r m t i o n  
Nmtvorklng AIN Planning (1R4211) p ro jec ts .  I n  add i t i on  t o  thmso 
p ro jec ts .  p o r t i o n  o f  Pro jec t  10NS2X. Opmrations Planning f o r  
Mmtuork Products. v l l l  bm app1i.d t o  t h m  mf fo r t s  in t h i s  and thm 
othmr pmJmets in th is s e t  t o  pmrform thm opmrations planning 
funct ions.  

Thm p r i n c i p a l  goal o f  t h l s  product set  (and thus thm vow i n  t h i s  
profmet) is t o  enable th. DCCs t o  deploy pror*rets beginnlng In thm 
mid-1990s t h a t  a l low thnr t o  provide, v i a  a servicm-cmat ion 
mnvirornrnt .  Cost-ef fmet lve India-lnd.pmd.nt ( Inc lud ing  nixmd-nrc(i8) 

PROPRIETARY - Bellcore and Authorized Cltentr O n l y  
This document contains proprietary informatlon that shall be 

distributed or routed only withln Bellcore and its authorized 
clients except with written permls61on O f  Bellcore. 
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switching and transport services at J range of Information rates. 
These services M s t  caplnrnt the functlonality in CPE and other 
networks to facilitate end-to-end CUstonNr applications. The vork 
in this proJect and the Others in this set will take a network-vim 
v i w  of the various functionality (transmission. svitchirg. Control, 
operations. access. signallng. etc.) that will ba rvqu1r.d to achieve 
this goal and will ultimately result in the p-uction of rvquirnrnts 
for products having the md.d functlonality that can ba deployed 
In the mld-1990s. 

The planning and system enginmmring wrk in thls proJect. 
along with the other projects noted above. VI11 incor~~ratrn 
the upfront work  nmssary to Mmonstrate the Business. 
tachnlcal. and market vlabllity of information networking in the mid- 
1990s. This vi11 Include preliminary architecture planning. 
market. stakeholder. and economic analyslr. technical 
f.aslbility analysis. and transition planning. Thls Information will 
enable the DCCs to determine whether to to pursu. the developnrnt of 
an Integrated Notwork and Operations Plan INBOP). followed by generic 
rvquirmnts for information networking prOaCICts and ultimately their 
deployrant in the mid-1990s. Dop1oynrnt of products based on tk. 
Integrated Nmtwrk and Operations Plan uould provide the BCCs with m 
revenue opportunities by enabling thnn to provld. a diverse Set of 
infomtlon mtwrking services targeted to thelr sp.clfic markets and 
would provide them vith cost PIQlCtion DppOrtUnitles t h m g h  the 
integration of similar funtions in a logical netwrking envirorrrnt. 

DESCRIPTION OF 1991 WORK- 

In 1991. the INET product set wlll ba in the Coneopt Dwelopnmnt 
Stag. Of the M t w r k  Service and Tachnology PPM.SS INSTP). The 
purpose of the Concept Dwelopnmnt Stag. i s  to Mf (ne more 
conprnhensively the opportunlty baing addressed by the Product and to 
bagin to identify a solutlon that i s  tachnlcally swnd and 
ac0nemic.11y Vf8nl.. 

T O  maat these objectives in 1991, Dellcorn wlll d.velop and provide 
the BCCs with tachnlcal and business information .nabling them 
to dmeide VHther to pursu. mid-19905 deployrant of tnformation 
netuorklng. This lnformatton will be contatned in an OppOwtunlty 
Analysis for the mid-193os m t w r k .  followed by a PrOsp.ctUs. as 
d.scr ibd  MlW. Thts wrk will M based on arChitKtUm. 
tachnology and s e r v i ~ . s  wrk done in 1990 in several proJ.cts 
that have Boon nrpp.d to INET. 

The Opportunity Analysfs (OA) i s  essentially a first cut at the 
Prospactus and vwld consist of the following information: 

PROPRIETARY - B o l l c o r e  and Auth0rlZ.d C l t o n t ¶  O n l y  
5.. PPOpr letary  Pe6trlFtlo"l on T l t l .  P.p. 
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Project NO.' 

INFORMATION NETWORKING BISON P L M I N G  1R3111 
pro, ect Name ' 

____________________- - - - - - - - - -~ -~ . - - . - - . - - - - - - - - - - . - - -~ . - - - - - -~ - - - - - - - - - - - - -  
DESCRIPTION OF 1931 WORK ( C O N T . )  

o An  l n l t l a l  cut a t  a funct ional  description of the netvork of  the 

o I d e n t l f l c a t l o n  of a set  of services,  some of uhleh vw ld  M of the 

mid-19SOS. 

Integrated voice/data v a r l e t y .  that  custmors may mod i n  the 
mid-1900s. as -11 as ba l l pa rk  estlmates of dmnnnd and revenue. 
T M = -  t - r v l ~ ~ s  vould 1lkelv.b. based on past and current 1 i . e . .  

PROJECT OVERVIEW: ICONT. 1 

sv l t ch lng  and t ransport  services a t  a range of lnformat lon ra tes .  
These services must c o n p l m n t  the f u n e t l o n a l l t y  In CPE and other 
MtVorkS t o  f a e l l i t a t e  end-to-end eustonmr appl lcat lons.  T h e  vork 
in  t h l s  p ro jec t  and the others in  t h i s  set w l l l  take a n e t w r k - v i d e  
v l w  of the varlous functionality (transmisslon. sv l t ch lng .  c o n t r o l ,  
operations. ac~ess. s lgnal ing.  a t e . )  that  w i l l  M r e w l r e d  t o  achleve 
t h l s  goal and v i11 u l t l m a t e l y  r e s u l t  In  the product lon of  rewlrements 
f o r  p r m c t s  having the needed f u n e t I o n a l l t y  that  can be deployed 
In  tho mld-19BOs. 

The planning and system cng lmr lng  w o r k  In  t h l s  p r o l e c t .  
along v l t h  the other p ro jec ts  noted above. vi11 Incorporate 
the upfront vork mcessary t o  dmmnstrate the business. 
technical .  and market v l a b l l i t y  of lnformatlon netvorking i n  the m i d -  
1990s. Thls v i11 Include pre l lmlnary architecture plannlng. 
market. stakeholder. and economic analysls.  technical  
f e a s i b i l l t y  analysis. and t r a n s l t i o n  plannlng. This lnformat lon v l l l  
enable the Bccs t o  determlm m o t h e r  t o  t o  pursue the dovelopnrnt of 
an I n t . g r a t M  N e t w r k  and O p r a t l o n s  Plan INLLOP). f o l l o w d  by g . m r i c  
r e q u l r n n n t s  f o r  Information mtwork lng products and u l t l m a t e l y  their 
dmploymnt In  the mld-1900s. m p l o y m n t  of  p rod lc t s  bas& on the 
Integrated Ne twrk  and O p r a t l o n s  Plan v w l d  provlde th. BCCs w i t h  MV 
revenue OPPortunities by enabling thorn t o  provlde a dlverse set of 
Information mtwork ing  services targ. ted t o  their s p e c i f l c  markmts and 
vould provide thmm w i t h  cost reduction oppor tun i t ies through the 
Integrat lon of s l m l l a r  funetlons In  a logteal  m twork lng  envlronrnnt.  

DESCRIPTION O F  1991 WORK: 

I n  1991, the INET product set  u l l l  bm In  the Concept Oevclopment 
Stag. of the th t vo rk  Servlce and Technology Process INSTPI. T h e  
purpose of the Concqt  Dmvelopment Staga 1s t o  def ine more 
conprchenstvely the Opportunlty b l n g  addressed by the Product and t o  
b r g l n  t o  l d o n t l f y  a Solut lon that  I s  techn lca l l y  sound and 
uomrmlcal ly  v lable.  

T o  mt these objeet lves in  1991. Bel lcore w i l l  develop 8nd provide 
the BCCs v i t h  t.chnica1 and business lnformat lon enabl ing them 
t o  &Ida whether t o  pursue mld-1SSOs deploymnt of lnformat lon 
mtwrklng. Thts lnformatlon w i l l  be c o n t a i m d  in  an Oppowtunl ty 
Analysis f o r  the nId-1SSOs mtwrk. f o l l m m d  by a Proswctus.  as . .  . . . . .  . . 

~~ 
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Project Name: Project No. : 
INFORMATION NETWORKING BISDN PLAHYINC 1R3111 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DESCRIPTION OF 1991 WORK: (CONT. I 

into network and operations elements. as vel1 as elements 
mxtmmal to the netvork (such as CPE) .  

o Inltial description of the intmrfacms W t w m n  m l e n t s  in thm 
network and M t w m n  thm Mtwork and extmrnal mntitims. and 
idmntification of stratmpims for nunaglng reCkIndant data. 

interact wlth the infornmtlon networking platform and information 
networking services; 

to meet user weds; 

prmviously-deftMd platforms. 

. e  Overvlev descrlptlon of the vay Internal and mxternal usmrs will 

0 Overviw description of the service creation Capabilit(es required 

o Ocmral strategy to enable thm transition from mtbmddad systems and 

Thls Prospectus i s  a major mllmstonm and dmctsion polnt for the BCCs 
in that it proposes h a t  thm w t w r k  of thm mid-1990s will look likm 
and what functionallty it vi11 provide (and why). A s s u m i n g  BCC 
eencurrmncm wlth thm reeomnndations provided In thm Prospmctus. 
Bmllcora vi11 bogin thm detaiimd wrk on thm IntmgratM b t w r k  and 
Oporatlons Plan which i s  targmtmd for conplmtion In 1992. 

In sunnury. this projmct. in conjunction with thm othmr projmcts in 
the I N E T  product set, provider benefits to thm BCCS by providing 
thmm with the basle systmms mngimring and planning to 
mntblm thmm to pursum a eonslstmnt mvolution towards a singlm 
intylratmd wtvork mnconpassing both "netvork" and 'opmrations" 

with w w  rmvenum opportunitims for transport smrvicms. valum-aW.d 

opportunltlmf for cost r.drction through the intogration of simllar 
functions tn a single logical ntwrklng structurm. 

CapabIlltlmS. Thtf single Intmgratmd wtWOrk Will prOVldm thm BCCS 

S0rVlC.S. and UnbUnd1.d C8pabllltlmS. and V(11 pmS*llt thm 6CCS With 

OELIVERABLESi 

N O :  0 0 1  
Ortginal: Commrtmcnt D a t e :  0 3 S t  
Opportunlty Analysls - Provides an analysls of thm smrvicm and cost 
mduction opportunltims tnat MY warrant mvolving thm w t w r k ,  a nigh-lmvel 
arehit.ctura1 v i w  of thm m t w r k  and pmliainary economie and st8kmhold.r 
analysms. Th(s dmlivmrablm vlll M mild to thm M O A  PSG in March 1991 
and should be U5.d by M O A  to dmtmrmlw vhmthmr any eh8ng.s in asfunpt1onf. 
dimctions, mte., am r e i -  In 08vmloping tho Prospmctus. 

PROPRlETARY - Bellcore and Avthortzea Clients Only 
See Proprtetary Restrictions on Title Page 
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Project Name: 
INFORMATION NETWORKING BISON PLANNING 

Project NO.: 
lR3111 

No: 002 
O r  i g i  na I : Commitment Date: 1091 
Prospectus - Provides conprehansivc business analysis for the tnformation 
wtvorking platform of the mtd-1990's and a preliminary Inteqratod Mtvork 
and Operations Plan providlng technology. architecturn and transition 
information. This deliverable vi11 be mailed to the NaOA PSG in October 
1991 and should bo used by NaOA in fornulrtlng a decision to bogtn dotailed 
vork on tho NaOP. 

PROJECT FUNDING DEPENDENCIES. 

1991 

R e c e i v e s  From: 

1R4211 1R1311 IONSZX 

P r o v i d e s  To: 

1R1311 lR4211 

REASON FOR INFRASTRUCTURE CLASSIFICATION: 

Thfs Project pr0vld.s the conceptualization. planning, analysis. and 
ralatmd testing of fundamental conpatible MtvOrk and operattons 
archttecturor. capabllittos. and syftmns. and analysis for Bellcorn's 
use of tho potenttal inpacts on standards and archltocture. and the 
services supportod by the wtvork. of tnchstry issues. 

Tho subrtantial bonofits of this Project accruo to a11 Omer-Cllonts 
and a n  unable to M proventad from accrulng to an Owwr-CIi-nt vho 
might cloct not to participate in this Project. 

PROPRIETARY - Bellcore and Authorized Clients Only 
See Proprietary Restrictions on Title Page 
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PROJECT O V E R V I E W  

The BCCs are evo lv ing  from bmlng premier provldmrs of exchange and 
exchange access tmlephony t o  being p r n i e r  providers of accmss t o .  
informat ion i n  any form. This evo lu t i on  1s being d r l ven  by the 
growing dmands o f  the telecDrmLlnicattons marketplace and the 
rind f o r  the ECCs t o  meet these demands by o f f e r i n g  a w i d m n t n g  set 
of smrvices t o  their cus tomrs .  

As i n i t i a l  stmps i n  the evo lu t lon  toward fnformat4on networklng. 
Emllcore i s  vorklng on a set of n e w  network p l a t f o r n s  and 
tmchnologins (ISDN PhaSms 1 .1  and 1 . 2 .  AIN Relmase 1, BISDN Phasm 1 .  
SONET Rmlmasms 1 and 2 .  e t e . )  t ha t  arm targeted f o r  dmploynrnt 
by the Bmllcore C l i en t  Conpanims IBCCsI throughout the f l r s t  h a l f  
of the 1900s. I n  add l t ion .  Bmllcorm i s  working w i t h  the BCCs t o  
dmflne J targmt a r c h l t e t u r e  f o r  the network (opmrations systWIIS 
arm Included i n  the term "network" i n  t h i s  p r o j o c t  p r o f i l m )  i n  
the Informat ion Nmtwrking Architmeture IINA) P r o d u C t .  B ~ l l C O r ~  
and the BCCS mxprct t h a t  thm network of the mid-1090s W i l l  b. an 
evo lu t i on  and i n t e g r a t i o n  of thm marly/mld-l990s plat forms and 
tehno log lms.  and a t r a n s i t l o n  S t m p  toward the INA ta rge t .  
t h a t  w l l l  r e s u l t  In the BCCs a b i l i t y  t o  offmr a r a y y  of 
Informat lon networking smrvices i n  a Cos t -mf fe t i ve  manmr. 

T h e  work In  1991 t o  d m f l m  thm network of the mid-1990s w l l l  take 
p lace  i n  a smt of products c a l l e d  the In fo rnu t l on  Networking (INET) 
proouct set  t ha t  cons is ts  of the AIN Rmlmase 2 .  BISDN Phasm 2 and 

p r i n c l p a l l y  f o r  admin is t ra t tvn  purposms and thm product smt w l l l .  
i n  f a c t ,  bm nunagmd as a singlm Emlleorm product havlng a s l r g l n  smt 
of outputs i n  1001. Thm p r o j e t  describmd hem (1R4210 1s om of 
the p ro jec ts  t h a t  l s  c o n t a i m d  In  t h i s  product se t ,  the Others bming 
the Informat lon Nmtworking ISDN Planning ( lR1310  and Informat ion 
Nmtworklng BISON Planntng (1R3111) projmcts. I n  add l t l on  t o  t b s m  
p r o j e t s .  a p o r t t o n  of P r o j e t  IONS2X. Operations Planning f o r  
Network Products. w l l l  bm appl ied t o  th. mf fo r t s  in  t h i s  and the 
o ther  p r o j e t s  in  t h i s  smt t o  pmrform the operations plannlng 
f unct ions. 

The p r t n c l p a l  goal of t h i s  product smt (and t h r s  thm work tn t h i s  
p r o j e c t )  i s  t o  mnablm thm Bccs t o  dcploy products boginnlng i n  the 
mld-lOSOs t h a t  a l low thm t o  provide. v i a  a smrvicm-creation 
mnvlrorwmnt. c o s t - m f f e t l v m  mdla-indepmndmnt llncludtng mixmd-mdia)  

ISDN PhaSO 2 products. This p rodre t  S t P U C t U r C  WaS m S t 8 b l i S h d  
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swltchlng ana transport services at a range of InformatIan rates. 
These services M s t  COnplemnt the functionallty in CPE and other 
networks to facilitate end-to-end custornr appllcatlons. T h e  work 
In this project and the others in this sot wlll take a nctwrk-wide 
vlow of the various functionality (transmlsslon. switching. control. 
operations. access. signallng. etc.) that will ba required to achieve 
thls goal and will ultimately result in the production of requlranents 
for products havlng the m d e d  functional(ty that can be deployed 
in the mid-1990s. 

The planning and system engtneerlng work in thls project, 
along with the other proJects noted above. wlll Incorporate 
the upfront work necessary to demonstrate the busirmss. 
technical, and market vlablllty of information networklng In the mld- 
1990s. This wlll include prellmlnary architecture plannlng. 
market. stakeholder. and economic analysls. technical 
feasiblllty analysis, and transltion plannlng. This Information will 
enable the BCCs to dotermln whether to pursue the dovelopnmnt of 
an Intagratad NetWOPk and Oprations Plan (NbOP). follow& by gepmrlc 
requirements for information ntworklng products and ultimately thelr 
d8ploymnt in the mid-iS90s. omployrnnt of products basmd on the 
Intmgrated Notwork and Opratlons Plan would provld. t h  BCCS with M u  
revenue opportunities by enabling them to provida a divorse set of 
information mtworking servlces targeted to their spcific markets and 
would provld. them with cost reduction opportunities through the 
integration of similar functions In a logical networklng mnvironnnt. 

DESCRIPTION OF i 9 9 i  WORK: 

In (991.  the INET product set w111 be In the Concapt Developnmnt 
Stage of the Network Service and Technology Process (NSTP). The 
purpose of the Concapt Dmvelopnmnt Stagm is to doflrm more 
conprehensively th. OppQrtunity bming aWmssmd by th. prodret and to 
bogln to idmntlfy a solutlon that Is tachnically sound and 
economlcally viable. 

To meet these objectives in i 8 9 1 .  Bellcore wlll dovelop and provlde 
the BCCs with technical and buslnes~ infornution enabling them 
to declda whether to pursue mid-iS90s dmploynrnt of infornution 
networklng. This informatlon wlll bm contained in an Opporutunity 
Analysls for the mld-iOSOs mtwork. follouod by a prosp.etus. as 
dmscrlbod bmlou. Thls work will bm basad on arChit.CtUm. 
technology and services work dorm in 1990 in several projocts 

The Opportunfty Analysls (01) Is essentially a first cut at the 
Prospectus and would consist of the folloulnq infornutlon: 

that have beon mapped to INET. 
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Project Name- 
INFORMATION NETWORKING AIN PLANNING 

Project No. 
lR42 l l  

OESCRIPTION OF 1991 WORK: (CONT.) 

o A n  i n l t l a l  c u t  a t  a funct lonal  &sc r ip t Ion  of the network of  the 

o I d e n t l f i c r t l o n  of a set  of servlces. some of which would be of the 

mid-1990s. 

Integrated volceldata va r le t y ,  that  customers may need In the 
mld-19OOs. as wel l  as ba l lpark estimates of demand and revenue. 
Thesr services would l i k e l y  be based on past and current ( i . 0 , .  
l O 9 0 )  nurket research a d  servIce concept e f f o r t s  a t  Bel lcore.  as 
h e 1 1  as on input from the BCCs. 

0 A. h lgh- level  arch l tectura l  view of the network (Includlng the 
operations) and rwgh estimates of thc cost of the elements. 
Analyses of how the above-mentioned services would be provided on 
the archl twcture would be Included. as wel l  as s w  of the 
technical issues associated w l t h  t r a n s i t l o n  and avolut lon from 
e a r l l e r  p lat forms. 

0 U t l l i z l n g  a11 of  the above tnformatlon. a prel lmlnary economic 
analysls of tH mla-00s network w o u l d  be condc(ct.d and Used by 
BCCs t o  dncide vh.thmr work should contlnue toward the next stage 
Of the NSTP. 

Fol lowing tk. Opportunlty Analysis. and assuming a go-ahead dac is lon 
by th. 8CCs (most l lkmly.  by the Network 6 Oporrtlons A r c h l t m e t u r m  
(NdOAl PrOduct S u p p o r t  G r w p  ( P S G ) ) .  work on a p rospu tus  w l l l  
bmgln. This prospectus w l l l  iKOrPOrate Bel lcore Wrke t .  stakeholder. 
technical .  and oeonomlc analysls to  provide the E!: w l t h  Informat ion 
enabling thmn t o  decide uhcther fu r the r  support for mld-1900s 
daploymnt of  Infarmat lon Networklng I s  j u s t l f i o d .  Thls prosp.ctuS 
V I 1 1  include: 

o Market analysls f o r  a set of informatlon networking core fe rv l ces .  
Includlng wvmnue po ten t i a l  and customer wi1I tngmsr t o  pay: 

o I d a n t l f l c a t i o n  of w l e v a n t  stakeholders and recomnndations for 
tnf lurnclng those stakeholders: 

o A r.ccimnbnd.d standards strategy: 

0 Economic analysls o f  Information networklng and informatton 
mtwrklng corn serv lcrs  Includlng p ro jec t i on  of t o t a l  l l f e e y c l e  
costs,  p.vmnurs and cost r h c t l o n  opportunities. 

Also incluOod In tH pros-tus w l l l  be a pml lm lna ry  Intmgrated 
Metwrtc and O p . r 8 t I o n f  Plan that  w l l l  consist  o f  t h m  f o l l w l n g :  

0 A descr lp t lon of the f u n c t i o n a l i t y  proposed for  the fmtwrk 
of the mid-1000s; 

o Pml lminary p a r t i t l o n l n g  of t h i s  f u n c t l o n a l l t y  and Informat ion 
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________ . - - - -___________________________~- - - - - - .~~~~~~~~~~~ .~ . . - - - - - - - -~ - - - -  
Project Name Project No 
INFORMATION NETWORKING AIN PLANNING 1R4211 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DESCRIPTION O F  1991 WORK (CONT. 1 

Into netvbrk and operatlons elements. as vel1 as elements 
external to the netvork (such as CPE). 

o Inltlal descrIptIon of the Interfaces betveen elements In the 
rntvork and betvoen the M t w r k  and external entltles. and 
ldmntiflcatlon of strategles for managlng redundant data: 

Interact vIth tM lnformatlon netvorklng platform and lnformatlon 
netvorkIng services: 

to mwt user needs: 

prevIWsly-oeflmd platforms 

o Overvtcv descrlptlon of the vay lnternal and external users vlll 
. 

0 Overvlev descrlptlon of the service creatlon eapabllltles requlred 

o General strategy to enable the transItlon from WIbmddOd systems and 

Thls prospactus 1s a maJor mIlestom and declsIon poInt for the BCCs 
In that lt proposes vhat tM MtVOrk of tM mId-1900s ulll look 11ke 
and vhat functIonallty It vlll provldm (and why). Assumlng BCC 
concurrence vlth tM rxonnmndatlons provldmd In tM prospactus. 
Belleon vlll begln tM do t a l 1 4  vork on tM Integrated Notwrk and 
Opratlons Plan vhlch i s  t8rg.t.d for conpletIon ln 1992. 

In sumury. thIs pro].ct. In ConJunctIon ulth thm Other projrets tn 
the INET product set. provldms bemflts to tM BCCs by provldlng 
them vlth tM baste systms englnwrlng and plannlng to 
enable them to pursue a consistent evolutlon tovards a slngle 
Integrated m t w r k  enconpasslng both "mtvork" and "op.ratIons" 
CapabIlltIes. ThIt slngle 1ntegrat.d mtvork vlll provlde tM BCCs 
vlth m revenue opportunltIes for transport SerVleeS. value-addd 
services. and unbUnd1.d capabIlItIes. and ulll present tM BCCS vlth 
opportunttles for cost r.duct1on through tM Intqratlon of slmilar 
functlons In a slngle logtcal mtvorklng structure. 
_________.______________________________--. - - -~~~-------~-~-~~--------- - - - - -  

OELIVERABLES 

N O :  0 0 1  
O r 1 9  t na I : C o m r n ~ t m c n t  D a t e :  0391 
Opportunlty Analysts - ProvIdms an analysls of tM servtee and cost 
rmmctlon OpportunItIes that nuy warrant evolvlng thm wtvork. a hlgh-level 
8rChlt~tUral V I W  Of t h  M t M P C  and pmllmlnary O C O M I C  and St8k*hOldmr 
analyses. Thls d.1Iverable ulll ba m8ll.d to tM NkOA PSG tn March lOS1 
and should ba  US.^ by M O A  to dmtermlm " N t M r  any shang.5 In aSSUllptlon5. 
dllYCtlonS. etc.. are requtmd In dmvelopIng tM Prosputus. 
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