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BEFQRE THE
FLORIDA PUBLIC SERVICE COMMISSION
PREPARED TESTIMCNY
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 regulatoery
clients, including rate case reviews, cost of service
analyses, dJurisdictional 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 held a CPA

T50SBMB.82 1
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Certificate in the State of Misscuri 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
sexved 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, wateg, steam,
transit, and telephone utilities operating in Missouri.
My responsibilities in Missouri utility rate case
proceedings included analysis and testimony on virtually
all facets o©f 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
presentatioﬁ of a wide range of rate case issues aﬁd
various other utility management advisory functions for

both utility company and regulatory agency clients.

T50SEMB. 82 2




L

o

(Y]

10

12
13
14
15
16
17
18
13
20
21
22
23
24

25

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 aﬁélysis 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 Chio electric

utilities.

In June of 1985, Dittmer, Brosch and Associates, Inc. was
organized. The firm specializes in public utility
regulatory and management c¢onsulting 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

varicus regulatory projects currently in process.

I have testified before utility regulatory agencies in

Arizona, Arkansas, Florida, Hawaii, Illinois, Indiana,

T50SBMB. 82 3
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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.

wWhat experience have you had in analyzing and quantifying
revenue requirements for telephone utilities in general,
and Bell operating companies in particular? :

I have been involved in many telephone rate cases

involving Bell operating companies, major independent

telephone companies and small investor owned and

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, Washingteon, Wyoming and
saveral cases in Missouri. Moreover, I have analyzed and
addressed BELLCORE and regional helding company
affiliated relaticnships with regulated Bell telephone
subsidiaries several times in certain of these
jurisdictions over the past decade.

What functional areas of the Florida Office of the Public

Counsel (OPC) case are you directly responsible for?

TS50SBMB. 82 4
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A.

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. §ince
Southern Bell made certain affiliate disallowanéés 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 reguirements.

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 (S5&T) organization.

BellSouth Corporation headquarters (BSC-HQ), Southern
Bell’'s parent corporation, has a large centralized

corporate staff which is crganized into discrete

T50SBMB. 82 5
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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 c¢osts to eliminate
certain parent-ownership costs not properly recovered
from ratepayers, as well as to disallow certain
proprietary types of costs which should be disgilowgd if

incurred directly by Southern Bell.

In general, why must regulators™ be concerned with
affiliated interest transactions of requlated utilities,
such as Southern.Bellé

Utilities which have transactions with affiliates
introduce new complexity and responsibility inte the
requlatory process. Complexity is obvious throughout the
diverse departments and activities ¢of numerous affiliates
individually and collectively transacting with the
requlated 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.

T50SBMB.82 6
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Q. What potential forms of abuse are existent within the
affiliated interest relationships of regulated telephone
companies?

A. Examples of generic requlatory concerns with affiliated

transactions of rate-requlated utilities include:

1}

2)

3)

4)

5)

T50SBMB. 82

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

Improper allocation or assignment methodologies for
affiliate costs which may subsidize unrequlated
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 1less than the
higher of the utility’s costs or market values.

Uncompensated sharing of utility intangible assets
such as perscnnel expertise, intellectual
properties, credit worthiness and purchasing power.
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6) Charging the requlated 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.

7y 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 pelicy manipulation.

Do you mean to imply by this list of potential abuses and
requlatory concerns that all affiliated arrangements of
regulated utilities are unreasonable?

No. Many of the utility-affiliate arrangements I have
studied are advantageous to the utility and make good.
hbusiness sense as the most efficient means to provide
necessary goods and services. However, all significant

utility transactions with affiliates must be reviewed

T50SBMB. 82 8



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

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 inclusicn 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 discuséés ceétain
issues arising from Southern Bell’s +transactions with
affiliates which, -in my opinion, merit consideration by
the Commission in this Docket. Since my responsibilities
were limited to Southern Bell’s transacticns with BSC-HQ,
the parent company, and BELLCORE, I have no conclusions
with respect to Southern Bell transactions with other

affiliates.

How have vyour efforts been coordinated with the
presentation of Mr. Randy Allen, OPC’'s primary revenue
requirements witness?

I have discussed my propesed 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 perieds other

T50SBMB.82 S
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A, My testimony is arranged by topical section. The
following table serves to index the testimony sections .
with reference to the related schedules at the end of
this volume which I sponsor: ) 5

Testimony
opic Page Exhibit
BSC-HQ {Parent) Ownership Costs . . . . 11 MLB-1
BSC-HQ Proprietary Disallowances. . . . 35 MLB-1
BELLCORE/BellSouth Services-
Science & Technology 6 o © 0 0o 0 o0 g 48 MLB-2
T50SBMB. 82 10

than 1991, I recommended that my adjustments be restated
in proportion to any escalation of gross BSC-HQ or

BELLCORE jurisdictional expenses.

How is the remainder of your testimony organized?
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BELLSOUTH CORPORATION PARENT OWNERSHIP COSTS

What is the overall form of organization of BellSouth
Corporation and how does Southern Bell fit within the
organization?

BellSouth Corporation was one of seven Regional Bell

_Operating Companies (RBOC’s) created at divestiture to

own and operate the previously integrated AT&T Bell
operating companies. Southern Bell and So&ﬁh 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 19%1, Southern Bell’'s name was
changed to BellScuth Telecommunications, Inc. and at that
time South Central Bell, as well as BellSouth Services
Incorporated (a Jjointly 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 reguiated
telephone operations of BellSouth Corporation, subject to

FPSC jurisdiction. I have attached as Attachment MLB-1 a

T505BEMB. 82 11
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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.

Does BSC-HQ incur labor and non-labor departmen£al costs
for centralized corporate services which it charges to
various subsidiaries including Southern Bell?

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 sexrvices related to labor relations,
relocation, wages, salaries and assessment.

. Legal assistance on taxes, antitrust and federal
matters.

T50SBMB.8B2 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

What level of BSC-HQ costs are included within" Southern
Bell's Florida Intrastate expenses in its minimum filing
requirements?

Exhibit ___ (MLB~1l) 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

T50SBMB. B2 13
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Company's adjustment, the remaining Florida Intrastate
share of BSC-BEQ corporate services expense the Company
seeks to recover total $17.8 million. In addition to
corporate services, BSC-HQ also bills Southern Bell for 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 Dbusinesses, The duality of

purpose comes into play where BellScuth acts as more than

T50SBMB. 82 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 simultanecusly 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

T30SEMB.82 15
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management framework of BellSouth Corporation. BSC, as
parent corporation, contains departmental management
resources to control and direct its portfolic of
investments in its subsidiary company business segments,
including the regulated telecommunications segment, as

well as the diversified BellSouth Enterprises segment.

Each RC accumulates its expenses for assignment or
allocation to designated affiliate beneficiagies. ‘ The
basis of allocation is prescribed by BSC-HQ management
with the intent being to causally and systematically
assign costs toc 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.

Doés 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

TSO0SBMB.B2 16
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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 expeﬂ&ituré 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

T50SBMB. 82 17
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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-H{Q corporate secretary, corporate
treasury, corporate planning and certain corporate
counsel RC's which are primarily responsible for
maintenance of the parent company legal entit; and the
administration of its corporate responsibilities and
external legal affairs, such as Board of Directors of the
parent company 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

T50SBMB.B2 18
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ratepayers, if the FPSC fails to approve the ownership

cost disallowance I propose.

If Southern Bell were owned by individual investors,
rather than a holding company parent, would such
investors be able to recover their ownership costs from
regulated ratgpayers?

No. It is only by virtue of the telephone subsidiary
billing mechanism that the problem arises. i BSC-ﬁQ 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-1l) 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

*

T50SBMB. 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
Qfficer, its Vice Chairman and other BSC Executive Vice
President responsibility codes within your‘yawnership
cost" disallowance category?

Senior executive management at BSC-HQ is, at best, only
indirectly invoived 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 community and other

public forums.

I believe that the value of the parent’s senior most
management is realized primarily by the parent, rather
than Socuthern Bell ratepayers, and should not be so
heavily allocated to regulated telco ratepayers.

Therefore, at column G, 1line 1 of Exhibit __ MLE-1, I

T50SBME. 82 20
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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 for
BSC’s Chairman, President, and Chief Executive bfficér {1
position), the focus of management attention extends far
beyond the telephone company’s interests:

Accountability Objective {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

T50SBMB. 82 21
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markets and new business lines, while
maintaining compliance with applicable
requlatory guidelines, Board policy standards,
and maintenance of a viable existence within
the competitive marketplace.
{2nd Interrogatory, Item No. 34)
Reporting directly to the CEQO of the parent Company is
BellSouth’'s Vice Chairman-Finance & Administration, its
Executive Vice President-Govermmental Affairs, and its
Executive Vice President and General Counsel. Other
direct reporting positions to the CEO include BellSouth
Telecommunications’ Chairman, and the President of
BellSouth Enterprises. This parent Company reporting
structure is illustrated in Attachment MLB-2, a BellScuth
Corporation management organization chart received in
response to 3rd POD, Item No. 39. Attachment MLB-3
contains written position descriptions £for the four

senior-most BellSouth executives I propose be treated as

parent/ownership costs.

How do the responsibilities of the telephone Company’s
Chairman and CEO compare with the responsibilities of the
parent Company’s CEQ, Vice-Chairman and Executive VP's?

The telephone subsidiary’s Chairman and CEQO also has

TS50SBMB. 82 22
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overall leadershiyp, planning and management
responsibilities comparable to the responsibilities of
the BellSouth CEQ, except that his focus is upon
telephone company operations, rather than glcbal holding
company portfolio performance. A written position
description for the telephone Company’s CEQC was provided
in response to 2nd Interrogatory, Item No. 35, describing

the position as follows:

Title: Chairman and Chief Executive
Officer
Reports To: Chairman, CEQ and President of

BellSouth Corporation

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

functicnal 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

TS0SBME. 82 23
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to the overall strategic direction of
BellSouth, 'and representation within BellSouth
on behalf of BellSouth Telecommunications.

In your opinion, does the allocation of BSC-HQ senior
executive management Ccosts 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 éompenéated
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: .

Top 5 _Executive Compensation

High Low Average
Southern Bell Executives 771,170 396,373 566,814
BellSouth Services Executives 1,788,689 336,392 744,614
Bellsouth (parent) Executives 1,355,500 418,500 684,833

T50SBMB. 82 24
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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 CEQ, Mr. John
Clendenin, the direction and scope of the parent
Company’'s strategic planning and to illustrate one of the

functions of the CEOQ 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

T50SBMB.82 25
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Company's CEQ, 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 Socuthern Bell's adjustment to disallow
certain affiliate lobbying costs excludes a ﬁortioh of
costs for the BSC-HQ EVP-Government Affairs. My

adjustment is additive to Southern Bell’'s adjustment.

For what reasons do you propose disallowance of 50

percent of BSC-HQ‘'s Corporate Planning Department as
representing "ownership costs"?

This BSC department is involved with strategic planning,
strategic issues analysis and the identification and
ahalysis of parent Company Dbusiness 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

TS0SEMB. 82 26
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telecommunications industry products and services 1is an
investor function, properly recovered out of the dividend

income stream realized by the parent.

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?

Yes. In addition, Corporate Planning develops
mathematical simulation models of Bellsouth financial
performance for use in the Corporatien’s financial
planning and financial strateqy 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)

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?

T50SBMB.B2 27



'S

N

10
11
12
13
14
15
16
17
18
18
20
21
22
23
24

25

A. In re
the C

two e

T50SEMB.82

sponse to Citizen’'s 9th Interrogatory, Item No. 231,
ompany contrasted the mission and planning of the

ntities as:

BelliSouth Corpeoration (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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Wwhat internal capabilities exist within Scuthern Bell to
conduct Corporate and Financial Planning without
dependence upon BSC-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 for
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."
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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 allocation 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 conscolidated 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.

T30SBMB. 82 30




10
11
12
13
14
15
18
17
18
19
20
21
22
23
24
25

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 6nly 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. 373:

*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
locally. For information purposes, BST

provides BSC-HQ with estimated external
financing requirements.”
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What internal capabilities exist within Southern Bell to
coordinate banking relations without dependence upon
BSC~HQ for technical or administrative
assistance/service?

According to the Company’s response to 15th Interrogatory

Item No. 380:

"BST coordinates its own banking relations
without dependence upon BSC-HQ. T -
BST develops and maintains its own banking
relationships, determines services regquired,
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, toc 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 for 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 50 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:

Total

Chargad FProposad

1991 Total to Florida Disallowed

BSC- Department Title BSC-BQ $ Intrastatas Ownarship
Executive Mgmt. + CEQ 516,960, 449 51,415,300 $ 429,012
Corporate Planning 4,559,009 893,200 446,650

Corporate Treasury, Cash Mgmt. & -

Othar 14,879,176 2,107,700 £90, 148
Corporate Secretary/Corp. Counse) 5,196,259 130,600 110,609
Total Amounta 41,594,893 $5,146,500 $1,576,419
Public Counsel Proposad Disallowance $1,576,419

S e ——

The §1,576,419 of BSC-HQ allocated cost I 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-1), columns G and D.
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BELLSOUTH CORPORATION PROPRIETARY DISAT.LOWANCES

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 23, to disallow
$1.7 million of BSC-HQ charges for contributiens,
advertising, lobbying/liaison, memberships/dues and the
Bellsouth Golf Classic. These costs represent typical
costs the proprietor ¢of 2 business might choose to incur,
which are not of a nature that is necessary or essential
to provide regqulated services or of direct tangible
benefit to ratepayexrs. For this reason, 1 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 Socuthern 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 disallowgd 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 HE61300 and a pro-rata share of legal support staff
(RC 61170) to be antitrust and MFJ legal costs (1lth 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.

T50SBMB. 82 36




10

11

12
13
14
15
16
17
18
19
20
21
22
23
24

25

Q. Why

Review, analyze and interpret court orders and
decisions.

Review and analyze pleadings filed by others before
the Court.

Represent the subsidiaries before the Court of
Appeals on MFJ and antitrust matters.

Provide legal advice to BellSouth management and the
subsidiaries regarding the MFJ.

Provide antitrust advice to BellSouth management and
the subsidiaries.

Represent BellScouth in antitrust cases.

Develop and conduct antitrust compliance seminars.

should the parent Company’'s legal representation in

antitrust cases not be funded by ratepayers?

A. I have disallowed antitrust defense costs and damage

awards because such costs do not generally arise from the

TS0SBEMB. 82
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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 Scuthern Bell

as respondent. However, in response to 13th

" Interrogatory Number 330, The Company respondé&, "BéC-HQ

did not bill any costs to Southern Bell during 1891 in
connection with any of the antitrust cases listed in
response to Item No. 241." Tb 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, for which test period Fleorida

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 for such

costs.
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Do you recommend similar treatment for the parent
Company’s MFJ legal charges to Southern Bell?

Yes. MFJ waivers sought by the parent are likely to be
associated with non-regulated operations because the MFJ
explicitly authorized regulated exchange and exchange
access telephone services to be provided by Southern
Bell. Similarly, MFJ compliance matters would relate
primarily to Bellsouth’s non-regqulated buginess conduct .
To what extent is Southern Bell dependent upon BSC-HQ for
legal services? } | |
According to the response toc 1lth Interrcgatory, Number
284, BellSouth Telecommunications (Southern Bell and
South Central Bell-post merger) has 78 lawyers throughout
its operations, 1including 35 lawyers within the state
organizations, 10 labor lawyers, 26 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 for any of

these telephone subsidiary lawyers.

BSC-HQ has 29 attorneys responsible for Federal
regqulatory, 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
Socuthern 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 —'fherefore
allowable. FCC Part 32 distinguishes between "product”
and “"corporate image" advertising, as follows:
Account 6613 Product Advertising;
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 corperate 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 1is 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 whieh 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 vyour 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)

TS50SBMB.82 42




10
11
12
13
14
15
16
17
i8
19
20
21
22
23
24

25

Has the Company disallowed some of the allocated costs
from BSC-HQ in its own adjustment?

Yes. Southern Bell'’'s MFR Schedule A-~6b, at page 23,
disallows the allocated direct costs of BSC-H(Q corporate
contributions, Social/Service c¢lub 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.

Why do you propose to disallow the remaining BSC-HQ
Corporate Affairs costs, after reflecting Southern Bell’'s
own disallowance adjustment?

It 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.

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?

T505SBMB.82 43
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A. According to the Company‘s response to the

Interrogatory, Item No. 286:

Q. Does

“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 f{for
education programs and providing other

1llth

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.

BSC-HQ also maintain a Washington D.C.

Relations organization?

A, Yes.

T50SBMB. 82
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Public Relations cost center responsible for Media
Relations (11 INT, ©No. 275). 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 Washingtoﬁ; In the
test period, the Florida Intrastate Jjurisdiction was

charged $233,300 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 functicons described
above. Media Relations 1s 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 2A-6b, page 23 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 ‘Southérn 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 teotal amcunt 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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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
Legal-Antitrust/MFJ §10,372,321 $1,432,900 $ 117,322
hdvertiaing 7,072,581 831,900 831,900 A
Corporate Affairs 6,208,450 844,600 844,600 A
BellSouth DC-~-Public Relations 1,419,315 233,300 233,300
VP-Public Relations 462,831 70,206 70,206
Total Amounts 25,535,498 3,412,908 2,097,428

Less: Bmount Excluded by Southern Bell’'s Adjustment (853,000}

Total Public Counsel Proposed Disallowance §1}244,428
A - Includes amounts also disallowed by Southern Bell. ===
This total Public Counsel proposed  proprietary
disallowance amcunt ties to Exhibit (MLB~1) at line

25 and should be added to the Company’s own proprietary

exclusion of §1,665,000 of BSC-HQ costs.
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RESEARCH AND DEVELOPMENT (R&D

what is the purpose of this section of your testimeony?

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 dé#elobment
services from affiliated companies for which costs are
included in test year expenses? '

Yes. The primary affiliate providing R&D services to
Southern Bell is Bell Communications Research, 1Inc.
(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 R&D and support
services through a series of programs and detailed
projects. A r"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 naticnal basis, sharing the costs of
supporting common automated systems, centralized National
Security/Emergency Preparedness (NSEP) and
teleccmmunications R&p. However, the nature of the
services provided by BELLCORE in the R&D domain raises

significant regulatory peolicy issues.

A second, much smaller source of R&D services to Southern
Bell is the Science and Technology (S&T) 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 (1llth Interrogatory, Item No. 269). BellSouth
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Services S&T expense to Florida Intrastate were $797,575
{13th Interrogatory, Item No. 333).

What are the BELLCORE program areas which are used to
group the numerous specific projects funded by Southern
Bell?

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
PLLANNING & ENGINEERING
OPERATIONS & PROVISIONING
PROCUREMENT SUPPORT
TECHNICAL ANALYSIS
TECHNICAL TRAINING
COMPUTING STANDARDS &
ARCHITECTURE

SUPPORT SERVICES

MARKETING SERVICES

TS50SBMB. 82 50

FEDERAL REGULATORY
REGULATORY SUPPORT
ACCOUNTING & FINANCIAL
STANDARDS

BILLING SYSTEMS

COST SYSTEMS

PRICING

DIRECTORY SERVICES
SUPPORT

PUBLIC RELATIONS
CORPORATE MEASUREMENTS
GOVERNMENTAL AFFAIRS

PLANNING RESEARCH
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Do other Bell telephone companies across the country
incur R&D costs comparable to Southern Bell's
expenditures for R&D?

All 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.

What ratemaking issues are raised by the existence of
substantial R&D activities and costs incurred by Southern
Bell?

The fundamental issue with respect to R&D expenditures of

regulated telephone companies is whether current

ratepavers should bear the costs_of such R&D, given _the

degree to which_ they benefit from such expenditures.

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)

d)

e)

The benefits of successful Southern

Bell-funded R&D may Dbe realized by
non-regulated affiliates of the telephone
company . (Subsidization of Southern Bell

affiliates.)

The benefits of successful Southern
Bell-funded R&D 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.)

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

BellSouth new business risks.)

Southern Bell funded R&D may be unsuccessful,
resulting in no benefits to ratepayers.
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Have you examined the research and development
expenditures of Southern Bell, mindful of these concerns
and potential issues?

Yes. I have reviewed the voluminous BELLCORE project
profiles and a number of other documents associated with
Southern PBell’'s BELLCORE expenditures. These documents
include BELLCORE'’s Business Plan, wvarious NARUC and
NARUC-FCC Audit Reports on BELLCORE, BellSouth Services
cost/benefit studies, as well as example worih pro&ucts
and explanations of Ra&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 pericdic 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

1891 (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 II 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 1is 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 Regicnal 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 1388 NARUC project review group, "The
four groupings were wutilized since they pose different
types of concerns for regulators". (3rd POD, - Item- No.

689, NARUC 1988 Audit, p. 174)

How did the NARUC BELLCORE auditors describe the
ratemaking concerns with these categories of projects in
the 1988 audit report?

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:

T508BMB. 82

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

The Existing Technology 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 Emerging Technology 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 alsc coming into plans.
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- The Financial Projects which are not as directly
tied to network technology as other projects can be
more readily offered by third parties; and gquestions
arise as to the wisdom of having Bellcore perform
these functions.

With these concerns in 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
requlated and nonregulated acccunts. The Regicnal 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 30-32).

With respect to the Existing Techneology 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
innocucus of the four sections reviewed" (NARUC 1988

Audit Report at p. 33)

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 Techneology, 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 asscciated with shared

economies of scale. (NARUC Audit Report, page 34)

To what extent did you zrely upon the NARUC audit of
Bellcore that was conducted in 1987 and reported in 19887
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 apprecach 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 opinieons, 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.

Before explaining your approach to Southern Bell’s R&D
payments to BELLCORE and BellSouth Services S&T
organization, what is the status of the more recent
1991-1992 NARUC investigation of BELLCORE?

A joint NARUC-FCC audit report was recently completed and
a Phase I report was issued October 30, 1991 tco 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 Scuthern Bell
or BELLCORE and are not addressed further in my

testimony.
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A Phase II report may be issued by year-end by the
NARUC-FCC Accounting Task Force Audit Team which will
once again address the technical work efforts of
Bellcore. This "next" audit report is aligned with the
issues addressed in my testimony and may be of
significant interest to the Commission as a more
contemporary overview of Bellcore by NARUC and the FCC.
What specific documents did you rely upen to-ﬁndefstand
the activities of Bellcore?

The principal documents I relied upon are the Fipal

Proiect Offering 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 proufiles 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 1lilth Interrogatory, Item No. 2§69. Other
documents I reviewed include the BELLCORE Service

Agreement with the RBOC'S (13th POD, Item No. 164), a
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series of specific interrogatories (2nd Interrogatory),
the BELLCORE 1991 1991 Annual Report to Shareholders and
Accounting Instructions (3rd POD, Item No. 65) and
BellSouth Service’s "cost/benefit analyses" of individual

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

Does your R&D adjustment also include the BellSouth
Services Science & Technology (S&T) activities previously
referenced? ( "

Yes. Beyond its BELLCORE funding, Southexrn 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 Scuthern Bell’s currently offered requlated
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services. Additionally, these projects create
significant zrisk to  ratepayers because of the
"sub~issues" listed at page 51 which justify
disallowance, with possible future recovery of these

project coOsts.

These listed projects represent a modest portion of
Southern Bell's overall BELLCORE and S&T test period
expenses which, arguably, should be disallowedvaf, iﬁ the
alternative, deferred to future periods and matched with

demonstrated above-the-line ratepayer benefits when such

matching is possible.

What are the BELLCORE projects you would disallow or
defer for future recovery consideration?

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 deocument and support each project, I have attached as
Appendix MILB-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
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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.

What specific recommendation do you offer with respect to
these Bellcore projects and the S&T activity costs?

The costs of these projects, which represent the more
forward-looking advanced network technqlogy endeavors,
should not be included in current revenue reéﬁireménts.
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
egquivalent successor projects) so that, in future rate
proceedings, rate recovery of such costs (including
reascnable interest thereon) may be reconsidered if
telephone ratepayer above~the-~line benefits are

demonstrated.

How did you determine the projects you would disallow are
the more futuristic "network of the future" activities at
Bellcore?

I relied primarily upon the project profiles which
describe each project in terms of its reseaxch direction,

deliverables, past accomplishments and a common language
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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 1IR3011 relate to development of a “next generation”
communications network based upon fiber optic‘-broéﬁband
transport of wvoice, 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 FPRSC. However, it is possible that
the future services this technology may enable Scuthern
Bell to deploy, such as packet video, multimedia
teleconferencing, maltimedia 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,
1W0111{ w0211, and 1R212Z. 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 (projecf 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 full 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 1%90'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 Dbenefits. However, if new AIN

provisioned services are eventually offered on a
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derequlated 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 pf broadband ISDN
deployment is uncertain, which in my opinion_Jdoeé 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
technelogy trials are known and analyzed.
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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
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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 Analysis
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
techneological future of telecommunications.
Today‘s public narrow-band networks are
already proving inadequate to meet the growing
high-speed needs o¢f 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.
Thegse broadband intelligent networks must be
able to support, at will, information
networking services involving any or all of
the complete gamut of communications media --
voice, data, facsimile, image, and video.

These Applied Research Goals/Cbjectives then carry over

into

shoert-term goal, according to the same source, _is tos:

These

curre

the network areas of BELLCORE activity where

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

the

statements, in my opinion, clearly indicate that

nt period BELLCORE R&D in the project areas

I

propose to adjust, are aimed at a boldly redefined future

T50SEMEB.B2
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communications network incorporating many new products
and services bearing little resemblance to basic

telephone services provided today.

Has Southern Bell studied the cost/benefit justification
for the work done by BELLCORE?

In response to 3rd POD, Item No. 62, the Company produced
a voluminous document labeled as "Cost/Benefit Analysis"
for the 1992 BELLCORE Projects. Howevéf, ‘these
"analysés" 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 technolegies 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.

Does your testimony challenge the cost effectiveness or
efficiency of BELLCORE?
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 requlated 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.

Turning tc BellSouth Services Science and Technology

(S&T), the affiliate responsible for BellSouth
proprietary research, do the same types of issues apply?
Yes. According to Southern Bell's response to 15th. PCD,
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 develcopment 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 include advanced services
for BOC networks in more timely and custom
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design manneér than previocusly possible. These
will exploit the evolving Advanced Intelligent
Network (AIN) 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 Ss&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-regqulated)
services which clearly do not benefit current regulated

SWBT products and services.
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Has Southern Bell deployed any AIN or SMDS/BISDN 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, requlatory, and economic
characteristics of the regions that they
sexrve. These differences cause the regional

operating companies to make different choices
in many fundamental technical areas such as
S87, digital switching deployment, AIN, etc.,
particularly in the timing of deployment of
these capabilities. Internal R&D is necessary
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Q. What

tc support the transfer of Bellcore and vendor
technology teo 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 toc enjoy an
improved standard of living over time if the
communications infrastructure in the region in
which they live continue to improve and is
capable of supporting even more scophisticated
services. Many of the new services being -
envisioned, e.g., Call Name Delivery, improve
both the personal and economic security of the
citizens. (BEmphasis added)

accounts are used by Southern BRBell to record the

BELLCCRE and S&T expenditures you would disallow?

A. Most

are charged tc Southern RBell’s Account 6727 Research and

T50SBMB. 82
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Development . FCC Part 32 rules define this account as

follows:

9§ 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, Ch. 1, 8 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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Is it possible for BellSocuth 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 technologiesg
developed by BELLCCORE or S&T outside of regulation. For
this reason, the R&D adjustment I propose should bhe
viewed as not punitive to the Company. The Company can
either deploy technological innovations in ifs fﬁture
requlated operations and seek rate recovery of previously
disallowed R&D costs, or it can elect to deploy new

technology in Southern Bell or another affiliate on a

non-requiated 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,
"...Scuthern Bell will be filing MMFR’s no later than
March 31, 1892. 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
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purposes that have not come to our attention in this

docket."

Is it your testimony that the BELLCORE and S&T projects
within your proposed adjustment should be capitalized for
regulatory purposes?

I reccommend these costs be deferred for possible future
consideration as an above-the-line regulated expense,
subject to a reasonable demonstration of n'rateﬁayer
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

Accounting for the Effects of Certain Types of

Requlation, 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 technoclogies that may

ultimately be part of the network of the future.

Do Generally Accepted Accounting Principles (GAAP)
preclude the disallowance or regqulatory deferral of R&D
costs?

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, GAAP does not 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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SOUTHERN BELL TELEPHONE & TELEPGRAPH COMPANY

EXHIBIT ___ (MLB-1)

BELLSOUTH CORPORATE SERVICES CHARGES

TEST YEAR 12/31/91
PUBLIC
SBT . OWNERSHIP PROPRETARY COUNSEL
BILL  FLORIDA FLORIDA DISALLOWED ADJUSTED DISALLOWED DISALLOWED ADJUSTED
DEPAHTMENTAL DESCRIPTION: CODE ALLOCATED INTRASTATE  BYSBT  INTRASTATE  BY OPC BY OPC  INTRASTATE
A) (B) (€ ) (3] F) G) H )]

EXECUTIVE EXEC 1,977,300 1,415,300 0 1,415,300 (420,012) © (70,206 916,082
CORP. SECRETARY H110 943,300 675,100 0 675,100 {62,850} 0 592,241
TREASURY H112 3020500 2,107,700 0 2,107,700 (580,148) 0 1517552
SECURITY Hi20 372,300 250,500 0 250,500 o 250,500
COMPTROLLERS H131 1,688,800 1,174,900 0 1,174,900 0 0 1,174,900
TAX H18X 1,312,500 913,200 0 913,200 0 0 913,200
INTERNAL AUDIT H17X 444,100 309,000 0 309,000 0 0 300,000
FINANCIAL MANAGEMENT H22X 702,200 488,600 0 488,600 0 0 483,600
CORPORATE PLANNING H23X 1,235,500 893,300 0 853,300 {446,650) 0 446 650
BS HR INC ~ OTHER H5A2 821,800 547,400 0 547,400 0 0 547,400
BS H/R INC — BENEFIT H5A9 3086400 2,085,700 0 2,055,700 0 0 2,055,700
HUMAN FESOURCES H5XX 4,690,400 3,124,100 0 3,124,100 0 0 3,124,100
ASST SEC/CORP COUNSEL HE16 88,800 55,500 0 55,500 {27,750) 0 27,750
LEGAL HB1X 2,291,600 1,432,900 0 1,432,900 0 (117,422) 1,315,478
FEDERAL RELATIONS H71X 1,731,700 1,221,300 {812,000} 409,300 0 0 409,300
ADVERTISING Haaz 1,179,500 831,900 {501,000) 330,900 0 (330,900) 0
PUBLIC RELATIONS Hg10 330,800 233,300 0 233,300 ] (233,300) 0
EXTERNAL. RELATIONS He20 1,293,300 912,100 0 912,100 0 0 912,100
ASST SEC | CORP AFFAIRS Hg40 1,180,000 844,600 {352,000) 492,600 0 (492,600) 0
FED PAC H112/ 30,500 0 0 0 0 0 0

TOTAL 28,430,300 19,486,400 (1,665,000} 17,821,400 15,000,552
SOUTHERN BELL BELLCORE ADJUSTMENT {190,000}
COMPANY MFR SCH A—8b PAGE 23 OF 38 (1,855,000)

OPC PROPOSED OWNERSHIP DISALLOWANCE BSC—HQ EXPENSE
OPC PROPCSED FROPRIETARY DISALLOWANCE BSC—HQ EXPENSE )
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32
33
34

35

36

SOUTHERN BELL TELEPHONE AND TELEGRAPH COMPANY
FLORIDA DOCKET NO, 820260-TL
SUMMARY OF BELL CORE AND S&T PROJECTS DISALLOWED

DESCRIPTION

TEST YEAR 1991

EXHIBIT (MLB-2)

FLORIDA

BELLCORE ADJJSTMENT ELEMENTS (PROJECTS):

Systems Integration

Lightwave Systems Technology

Radio Research

Transwltching Technology

Video Syslems Technology

Systems Principles

Distribution Network Technology
Network Control

Network Systens

Multimedia Comrmunications

Speech and Image Processing
Computer Networking

Photonic Sclence and Technology
Electronc Sclence and Technology
Photonic and Electronic Matertals
Switched Fraclional DS1 and Switched DS1
AIN Release 1 Planning & Requirements
SONET Release 1.0 Infrastructure
SONET Release 2.0 Infrasbruchire

FITL Requirements & Architechure Planning
SMDS Phase 2 Planning & Requiremenis
BISDN Phase 1 Planmning & Requirements
SCAI and Intelligent Network Standards
information Networking Architectures
Integrated Operations Support of INA
Information Networking ISDN Planmning
Information Networking BISDN Planning
Information Networlking AIN Planning

TOTAL BELLCORE ADJUSTMENT AMOUNT

BELLSOUTH SERVICES SCIENCE & TECHNOLOGY PROJECTS:

Advanced Intelfigent Network (AIN)

Switched Mulimegablt Data Senvice/ Broadband ISDN

Olther

PROJECT
REFERENCE NO. INTRASTATE
aPoObL #70 021411 $151,743
" 421301 177,855
C 421302 122,520
* 421303 129,355
" 421306 196,865
" 621204 119,711
" 621306 164,399
" 621307 129,274
" 621405 162,050
" 621406 195,400
* 621408 130,828
" 621409 167,876
" 821101 333,389
" 821102 206,659
" 821103 232,338
- 1RaB21 48,997
o 1R411% 335,595
. 1WD1 11 80,457
" 1Wo211 93,268
" IW1B14 157,174
" 1R2112 218,027
" . tR3a011 197,361
" 1R4127 40,983
" 1REOIN 133,033
. 1R502X 53,864
" 1R1311 39,094
" 1R3111 38,326
" 1R4211 36,276
$4,182,717
13 INT #333 $566,284
" 135,591
" 95700
$797,575

TOTAL SCIENCE AND TECHNOLOGY ADJISTMENT AMOUNT

TOTAL PUBLIC COUNSEL RESEARCH AND DEVELOPMENT ADJUSTMENT Lines 30 + 35)
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BeilSouth Corporate Fage 1o
Structure
BellSouth Corporation
BellSouth
Capital BellSouth BellSouth BellSouth
Fundi itee, Telecommunications, inc.
Cormora Enterprisse D.C.lnc
[ J
Ball S
Ressurch Inc. %&ua gm"”
(14.3%) Systems, inc.
1
1 1 1 1
BeliSouth BallSouth
co,::"mmu Detaserv, inc. Communication Firancial
Inc. . & aifiliates Systems, inc. Services
& affitiates Corpormtion
{ ]
Advertising and Corporate Enterprises Moblie
Publishing Group Group Systeins Group l
BeliSouth Advertising & BellSouth Resources, fnc. BeliSouth Celiutar
Pubiishing Corporation . . and affifiates
Stevens Moblle Communications
G s, Inc. BeliSouth Information
anc sfciates Syvtams, . (B1S) Sl T
L M. Berry and Company Oateserv Financial BeliSouth Mobile
and afiiates Services, Dats, inc.
South Dataserv international, inc.
Tech s and sffilintes
BeliSouth Marketing
Programs (80.8%) l
Inteliigent Marketing, internstionat
Madia Sanvices &Chwnékbmnmmmm
Group
BeliSouth Australia, Lid. and sffiliates
BellSouth intermartional, Inc. and affilistes
BellSouth Inversora, S_A. (98%)
BeliSouth Venezusia, S A
BeliSouth Shanghal Centre, Lid.
Rou Callutar inversora, S.A_ {76.08%)
BeliSouth Mexicn, Inc.
BallSowth: Ventures Corporation snd affiliates
BeliSouth Advanced Networks
BeltSouth information Networks
BeliSouth Chils, Inc.
BailSouth Austraiian Comvnunications Enterprises, inc.
Arcall
BaliSouth New Zsadand Limited
BeliSouth Brazil. inc. and affillates
BallSouth Malaysia, inc.
BLS Denmark, Inc. and sffiliates
Sclentific Softwars, Inc.
- NV
BELLSOUTH CORPQORATION SECTION:
. 1/92
CHANGE FILED:  03/31/ Page 1
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John L. Clendenin
Chairmen of the Board
President L CEO

Narvey R, Holding
¥ice Chairmen
Finence & Adwinfatretion

Walter W, Alford
Executive Vice President
General Counsel

R.L. Mickey McGuire
Executive Vice Prasident
Goverrmental Affairs

David Markey
Vice President
Feceral Regulatory

William Jorden Maury Talbot, Jr. Karen Possner Dany Rattoon
Director Director Pirector Director
Federsl Regulstory Federal Regulatory Legislative Policy Congressiornal Affairs
R — " ]
Vacant francis Urbeny Dan Murray David Wi{{{amn
Director Directory Director Directer
Fecleral Regulatory Int’/Agency Relations Congressionel Affairs Federal Relations
e —— T E— e ——
Robert Blay Don Hethcock Scott Matthews
Director Director Director
Regulstory Policy Analys. Staff Relations Legislative Affairs

Peppar English
Director -
Steff Relations

As of Mey 1, 1992
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Generat Attorney
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Vies President
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-1 Ganeral Attorney

Legal
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=3 Gonveral Attorney
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Gereral Attorney
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BELLSOUTH CORPORATION
POSITION DESCRZZ710N /144,4 # z¢

) /‘?{’944 [men‘fL’é

Position Title: Chairman, President, and Code:
Chief Executive Officer

Date: June, 1990
Urganizational Unit: BellSouth Corporation Analyst: Hay/
Location: Atlanta, Georgia

Reports To: Board of Directors
of BellSouth Corporation

Accountability DObjective (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
Bell1South Corporation.

To strategically plan, organize, manage and control the total operations of
BellSouth Corporation and its subsidiaries in ways that result in the optimunm
in cost effective service, the required growth 1in revenues and earnings, and
expansion 1into new international markets and new business lipes, while
maintaining compliance with applicable regulatory guidelines, Board policy
standards, and maintenance of a viable existence within the competitive
marketplace.

Dimensions

Empioyees; 101,230

Total Revenues $1a4.28

Operating Expenses 3$12.58

Net Income $1.78 -
Capital Expenditures £3.28

Total Assets $30.18

Service Area S Southeastern States




Attachment MLB-3
Page 2 of 19

Page Two

Nature and Scope

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

BellSouth Corporation is the 1largest of seven telecommunications holding
companies and related enterprises created as a result of the AT&T divestiture.
Bel1South Corporation’'s principal subsidiaries include:

South  Central Bell - a regulated operating telephone company
servicing customers in the states of Ajabama, Kentucky, Louisiana,
Mississipp!, and Tennessee. : . 2

Southern Bell - a regulated 'operating telephone company serving
customers in Florida, Georgia, North Carolina, and South Carolina.
BellSouth Services - a company jointly owned by South Central Bell
and Southern B8ell "providing strategic support services to these
reguiated companies. -

Rel1South Enterprises - a holding company established 1in 1986 to
pursue three primary lines of telecommunications-related businesses:
directory advertising and publishing; the sale and service of
telecommunications and computer systems; and worid-wide wmobile
communications operations. )

The current environment of the telecommunications industry is characterized by
increasingly ~aggressive and dynamic national and global competition, as well
as rapid technological change. 1In the past corporate decisions focused on the
ability to maintain earnings levels and to improve the efficiency of services
provided. By contrast, today's corporate decisions entail greater risk due to
the required early commitment of corporate financial and technological
resources towards projects/business 1lines which may or may not provide an
adequate return on investment. Issues that significantly {mpact BeliSouth's
ability to compete include: the reguiatory restrictions which currentiy limft
the business market segments in which BellSouth can expand; the financial
success of alternate forms of regulation (f.e., "incentive regulation®), both
for the company and the shareholder; the ability to remain at the technical
forefront and compete internationally in an industry whose innovative products
of today are technologically obsclete tomorrow; competing under a regulatory
process against others not so constrained; the widely varying regulatory
environments 1in the various states in the BellSouth region; and being
precluded by the terms of the divestiture agreement from manufacturing
equipment or forming strategic alliances with pessibte suppliers,

The incumbent is accountable to the Board of Directors, shareholders, and
ultimately the general public for the efficient and effective management of
BellSouth Corporation and its subsidiaries. Specifically, this involves cost
effectively providing, through the three operating companies, the highest
guality telecommunications services and related businesses, utilizing the
Yatest in available technology. To accomplish this ob jective, 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 1in ocrder to provide effective coordination and integration of
the varied and diverse functional elements that coabine to wmake up
company operations and to produce the required levels of growth in
revenues and earnings. South Central Bell —employs approximately 32,000
personnel with revenues of $5.18 and assets of $11.1B and provides
telecommunications services to a five state service ares. )

President - Southern Bell -- Accountable for overall direction, planning,
management and control of all elements of Southern Beli’'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 8ell employs spproximately 46,000 personnel with
revenuyes of $7.18B and assets of approximately $15.1B. 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 1n the non-regulated portions of
the telecommunications industry through f{innovative technology and
marketing of the company’s mobile communications, telecommunications and
computer systems, and directory advertising and publishing services both
domestically and abroad.

Executive Yice President and General Counsel -- Provides to the
management of BeillSouth and 1ts subsidiaries legal counsel and advice
through direction of the corporate 1legal department and functionail
direction and coordination of subsidiary legal departments.

Executive Vice President - Governmental Affairs -- Accountable for
overall strategy planning and impiementation before federal regulatory
agencies, and for direction of BellSouth's overall congressional

relations program.
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Vice Chairman of the Board -~ finance and Administration -- Accountabie
- for directing corporate level strategic and financial planning efforts

for BellSouth Corporation. Additionally, the incumbent directs corporate
level activities in the areas of external communications, corporate human
resources and provides coordination between the company's non-regulated
businesses and the remainder of the enterprise.

A significant challenge currently facing the incumbent 1is the planning for
= succession of key managerial positions. Due to the long service of many
senior executives, a major replacement of key managerial talent will be
required over the next five to six years. These replacements will be made
through internal sourcing and, in some instances, external recruiting. As the
telecommunications {ndustry becomes more complex, the requirements for the
managerial positions and their incumbents have npecessarily become more
specialized. A critical role of the Chairman is to build and develop a top
management team that will be prepared to achieve the strategic plans and goals
of the organization. .

= Another significant challenge facing the Chairman relates to the conditions of
the divestiture which mandate separation of the corporation’s reguiated and
non-regulated businesses. The company must continue to operate on a basls
which insures there will be no cross-subsidizing of the non-regulated
businesses by the regulated ones. This requires very careful pltanning and
control in order to defend the company’s position in the event of charges from
competitors and others. ’

The Cheirman operates within broad policy guidelines established by the Board
of Directors and applicable regulatory authorities. Within those guidelines

— the incumbent exercises final authority on all matters requiring major
organizational, policy or budgetary decisions.

The incumbent and al} direct reports serve on the BellSouth Corporation
Corporate Policy Council, with the incumbent serving as Chairman of the

Council. The Council meets on a regular basis to establish and review
operational and financial gqoals, develop corporate policies and deal with
— major decisions. Because of the increasingly competitive environment,

particularly from the non-regulated sectors, the thinking of the Corporate
Policy Council must take on a mare entrepreneurial style. This represents a

L major cultural change for the organization and a key challenge for the
Chairman and the Council 1{n the development and implementaticn of policies
that support this culture.

The Corporate Policy Council typifies the incumbent’'s approach to management
style.  That is, the incumbent chooses to utilize a2 team approach in managing
overall operations, which at the same time facilitates an orderly and

T formalized system of strategic planning and tracking. Such a forum 3lso
facilitates the internal communications required to ensure a well coordinated
and integrated approach toward effective company management and direction.
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As Chairman and Chief Executive Qfficer, the incumbent serves as the chief
spokesman on behalf of the company to the various constituents with which the
company must deal, idincluding regulators, stockholders, customers, and the
general public. The Chairman must relate to these various groups in a manner
that puts forth a positive and aggressive image of the company and ensures
effective communication.

To perform this job, the incumbent must have some business management
education, as well as many years of experience managing a sizable, technical
and diverse organization. The 1incumbent must be able to assimilate a wide
variety of technical and business-related information and then formulate
strategic plans, goals and objectives based on that information. This
position requires the highest level of decision making in an env1ronment that
demands a high tolerance for ambiguity and great degree of risk,

Principal Accountabilities

1. Assure that BellSouth Corporation and its subsidiaries are operated in
a fiscally sound and prudent manner in order to provide the best
possible telecommunications and related services at a reasonable cost
while simultaneously achieving required Jevels of growth 1in earnings
and revenues,

2. Organize and structure the top 1level management team both for the
corporation and its major subsidiaries in order to assure the
achieverent of strategic goals and objectives.

3. Select, ~develop, evaluate and reward key executive management
throughout the corporation to assure a high 1level of management
productivity and continuity.

4. Guide and advise top management within the organization in the
resolution of significant problems that may affect the achievement of
overall goals and objectives. -

5. Assure the attainment of required financing for overall corporate
operations,

6. Serve as Chairman of the Board and chief spokesperson to the Board on
all matters requiring its attention in order to ensure effective, tep
level commynications and facilitate the Board's decision making
process.

7. Serve as the chief spokesperson on behalf of the corporation to the
various constituents with which it must deal, including government,
industry, the financial community, media, and the general public in
order . to effectively communicate the corporation s position on key
issues and the services that BellSouth provides.
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BELLSOUTH CORPORATION
POSITION DESCRIPTION

TITLE: Vice Chairman - Finance & Administration

DATE: December 16, 1991
ORGANIZATIONAL UNIT: BellSouth Corporation
LOCATION: Atlanta, Georgia

REPORTS TO: Chairman, CEQ 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 vays that assure the
company a competitive and profitable posture in the marketplace.

DIMENSIONS:
Total Assets i 530B
Total Revenue S14B
Pension Fund and Savings Plan Investments $12.6B
Long Term Capital Debt Outstanding 57.8B
Equity Outstanding - Book $12.7B
Equity Outstanding - Market S23B
{among top 20 U. S. corporations)

Capital Expenditures 5$3.2B
Corporate Income Tax Liability $778H
Operating Budget Administered S248H
Rumber of Personnel Supervised 522

Number of Shareholders 1.3B
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NATURE AND SCOPE

This position reports to the Chairman, CE0 and President of BellSouth
Corporation as do the Chairman of BellSouth Telecommunications, the President
of BellSouth Enterprises, the Executive Vice President and General Counsel, the
Executive Vice President - Government Affairs and the Vice President -
Corporate Responsibility and Compliance. Reporting Fo this incumbent are the
Vice President — Secretary & Treasurer, 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 cowmplex since divestiture. Internally, there have been nevw
functions added in the fipance 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 community, the
rapid changes in technology, the incresed involvement of government in the
operations of the business and increased competition, combine to add unexpected
and changing considerations to planning and the development of policies.

'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 & 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
svurveillance 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 wvith the Nev York Stock Exchange and other
exchanges wupon vhich the corporation’s stock is traded, managing shareholder
services and communications, and maintaining contact vith rating agencies.

Vice President & Comptroller (83 employees)

Whose overall accountability relates to protection of corporate assets and the
proper recording and reporting of <transactions wvithin a system of sound
internal controls. Other areas of responsibility for the Compiroller include
generation and maintenance of Executive Instructions, interfacing wvith 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 provisioning of all corporate
support services for the BellSouth corporate headquarters building.
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Vice President - Corporate Planning & Budget (54 employees)

Accountable for formulition, communication and reviev of the corporate and
strategic planning process for 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 Human Resources (124 employees)

Accountable for overall management direction in the corporate-vide design of
human resources policies, procedures and practices that vill assist BellSouth
Corporation _and subsidiaries. Functional areas include industrial relations
and benefits, employment, wage and salary administration, employee assessment
programs, Equal Employment Opportunity compliance, executive compensation and
benefits and executive continuity. This incumbent negotiates the wunion
contract every three years. T ’

Vice President - Public Relations (48 employees)

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

Assistant Vice President - Tax (135 employees)

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

* * % *x k * %k *k % * "

The Vice Chairman directs the activities of these subordinates using both
formal and informal methods. Each of these subordinates has their ovn
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 mpeetings once a month to update these
subordinates on corporate activities and to coordinate their efforts on major
issuves.
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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 betveen the regulat?d. gnd unregula;ed
segments of the business. Next, this incumbent has FeSpon51b%11ty for assuring
that BellSouth Corporation meets its . financial commltment. and that
developmental iniatives are consist?nt vith corporate strategies. _ Kajor
challenges also exist in the Vice Chairman's suborqxnate areas. ?hese include
ensuring the successful operation of th? plapnxng and bquetlng process;
providing oversight of company-union relatlonsb1ps; developing programs for
succession planning, particularly at the officer level, to provide wupvard
mobility for employees; and, being an effective communicator with the external

financial communicty.

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

Vithin the framewvork 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 which 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 Chairwan, usuaslly
meeting in one-on-cne situations. Strategic objectives are gstablished 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 Corpeoration 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 wvays 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 will
assist the corporation in achieving its financial commitments.

4. Participate in resolution of issues betveen regulated and unregulated
segments of 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 for the corporation and the presence of

sufficient internal controls.

6 Provide overall direction to the formylation of corporate and strategic

plans so that the corporation's direction and purpose is properly defined and

communicated.

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 wvays that result in the generation of
consistent and effective wmessages and - feedback, and, in general, create a
positive and favorable image for the corporation. - ;

-
9. Be 2 good communicator and listener with subordinates and coordinate in a
way that contributes to the smooth operation of BellSouth Corporation.
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BELLSOUTH D.C.
POSITION DESCRIPTION

Position Title: Executive Vice President - Code:
Governmental Affairs

Date: October, 1987

Organizational Unit: BellSouth D.C. Analyst: P. B. Saszi

Locatiop: Vashington, D.C.

Reports To: Chairman, CEO, and President Approvals:
BellSouth Corporation Executive Vice President
' Governmental Affalrs

Chairman, CEO and President
BellSouth Corporation

Accountabiiity Objective (Basic FPunction)

Accountable for developing and 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; for directing corporate
actions to influence the course of these developments; and for enhancing the
corporate image in Vashington in order to assist in the attainment of corporate
goals  vhile enhancing the stature of the company as the leader in the
telecommunications industry.

Dimensions
Total BellSouth Revenues: $11.4B
Department Expense Budget: $7.38MK -

Employees: 34
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Nature and Scope

The Executive Vice President - Governmental Affalrs reports to the Chairman, CEOQ,

President - BellSouth Corporation as do the Presidents of 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 the Vice President - Federal Relations and the Vice President - Regulatory
Affairs. Reporting on a functional basis is the Governmental Affairs Support

organization in BellSouth Services. )

and

Prior to Divestiture all relations at the national level wvith Congress, the
Executive Branch, and the Federal Communications Commission vere handled by AT&T
for all of the Bell system companies. Each of the operating companies was
responsible for the Members of Congress from the states in their respective areas.
Since Divestiture not only has AT&T been removed, but also the relationship betveen
the Regional Companies and the Federal Government has undergone some dramatic
changes. For example, BellSouth’s involvement with Members 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 vhich have operations in other states and countries; to BellSouth’'s efforts
to market products and/or services to the Federal 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. Also affecting the company’s situvation in WVashington is the necessity
of operating vithin the regulations and restrictions of the Federal Communications
Commission (PCC). This situastion 1s peculiar to BellSouth and some other
telecommunications companies, and it poses a distinct set of political probless.
Therefore, the objectives of this position and the Vashington office include
expanding the relationships vith Members 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 a2 financially
healthy, all-service provider to the customer.

The Executive Vice President - Governmental Affairs accomplishes these ¢bjectives
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 1s the early identification of emerging concepts in the Pederal
public poliey 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 what impact, i1f 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 with such
policies and directs vhatever actions are necessary to lmplement that strategy. If
there 1is no existing corporate policy, the Executive Vice President consults vith
top management (usuvally the Presidents of Southern Bell, South Central Bell,
BellSouth Services and BellSouth Enterprises; the Executive Vice President and
General Counsel of BellSouth; and, of course, the Chairman of the Board, CEO, and
President of BellSouth) in the formulation of appropriate nev corporate policy and
develops strategy to implement the new policy. In addition to impact azssessment,
it is the responsibility of this incumbent either to advocate personally, or to
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direct the advocacy by others of the corporate positfon with the appropriate
body or official(s), or other private seclor groups and organizations
This 1includes leadership positions 1in the
in the independent agencles, particularly

government
determined to have an Interest.
legislative and executive branches and
vith the FCC, the Congress and the Vhite House.

The third major area of accountability .is the political assessment of the
feasibility of obtaining public policy decisions that are consistent vith corporate
goals, objectives, plans, and policies. This is critical in determining the extent
te which corporate resources and expenditures are committed to influence the
outcome of a public issue. Sometimes it Iis 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
informed judgments in matters of major significance to the corporstion.

Fourth 1is 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 mctivity in Washington. Professlonal competence in government
relations is the foundation for leadership of the department and is essential to
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, howvever, 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 it 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 with all Vashington based stakeholders both vithin
and outside the government. As the principal political resource, this position
also directs the activities of all corporate-sponsored Federal political action
committees for the corporation’s employvees.

In accomplishing these functions, the Incumben! must coordinate vith various
contacts both external and internal to BellSouth. The contacts external te the
company include essentlally all Vashington-based stakehcolders. Internal contacts
include the top management employees already listed plus the 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 - Marketing, Netvork and Planning (BellSouth Services);
the Executive Vice President - Corporate Buman Resources (BellSouth Corporation);
the Vice President - Corporate Affairs and Secretary (BellSouth Corporation): the
Executive Vice President and Senior Financial 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. PFirst, the incumbent must communicate vith any or all
of these contacts concerning telecommunications issues as vell as generic issues
such as tax bills or bills relating to employee benefits. Secondly, the Executive
Vice President wust position the Chalrman and CEO of BellSouth and these other key
Executives in the national scene by plugging them in vith Vashington leaders vhere
sppropriate.
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The Executive Vice President has structured an organization as follovs:

Vice President - Federal Relations {14 employees)

tion is accountable for achieving favorable public policy decisions by the U.sS.

Posi .
Czigress and independent Federal agencies (excluding FCC) including the Executive
Department and the Vhite Bouse on matters that affect corporate goals, objectives,

plans and policies. Shaping and implementation of corporate pollcles are integral
parts of the job. Organization is responsible for development and maintenance of
professional relationships vith staffs of all members of Senate and Bouse of
Representatives and vith those members whose constituency is outside BellSouth
territory. Provides direction and leadership for advecacy by other BellSouth
entities vho handle member contacts for our nine state areas. Staff members also
have direct contact responsibility for numerous agencies and executlive departments;
including State, Commerce and U.S. Trade Representatives that are essentlal parts
of our international strategy as vell as strategies of unregulated subsidiaries.

Vice President - Regulatory Affairs (18 employees)

Position is accountable for ‘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 1liaison wvith other Iindustry relsted non-governmental
organizations based in Vashington such as the National Association of Regulatory
and Utility Commissioners (NARUC) and United States Telephone Association (USTA).
Shaping and implementation of corporate policies are integral parts of the job.
Organization 1is responsible for development and wmaintenance of professional
relationships with FCC commissioners and their staffs, vith key mewbers of the
Compon Carrier Bureau, Office of Plans and Policy at the PCC and vith mewbers of
the staffs of key NARUC and Joint Board committees and USTA. Provides leadership
and direction for advocaecy with members of NARUC and Joint Boards vho reside in
BellSouth territory. Bas direct contact responsibility for all others.

* * %k % *

The complexity and diversity of issues monitored and forums in vhich influence is
exerted require that each subordinate organization operate wvith considerable
laritude. The Executive Vice President dravs on expertise and knovledge of
individuals as appropriate to fulfill particular requiresents. 1In addition, the
incumbent provides broad directions and specific focus vhere necessary. The
incumbent coordinates the operations of the staff by conducting monthly staff -
weetings. The Executive Vice President also spends an average of twvo days a veek
in Atlanta primarily to coordinate the activities of the Governmental Affairs
Support organization vith the Vashington office and to interface vith others in the
Senior Management of BellSouth Corporation and its entities. '

The major - challenge of this position is tvofold. First, the incumbent must
leverage the functions related to the 535 Hembers of Congress from the small base
of nine states and 100 members. This involves creating relationships vith members
from states in vhich BellSouth is either not a constitvent or has just recently
become a constituent. Secondly, this position wust endeavor to remove the
regulations and restrictions of the FCC and the Federal District Court to allow
BellSouth to operate and compete effectively in arees of established business as
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vell as In those areas represented by the nev ventures. Another significant
challenge is to bring all of the companies that are nov part of BellSouth
Corporation into one political stream. This requires blending of disparste

political cultures.

The incumbent is granted broad authority to operate vithin the functions of his
position. Major pelicy parameters vithin vhich to operate must be approved by the
Chairman; hovever, the methods related to operating within those parameters are all
left to this BExecutive Vice President. The incumbent meets with the Chairman or
communicates in wvriting on an as-needed basis to provide updates and status

reports.

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

Principal Accountabilities

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

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

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 legislatien and regulatory rulings by federal
entities are recognized and addressed by the corporation.

5. Provides publiec 2ffairs leadership, advice and assistance to the BellSouth
entities.

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

7. 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.

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

9. Provides leadership and direction to ensure the corporation is recognized
for 1ts professional expertise as vell as for its position as a major factor
in the social and cultural communities in Washington.
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BELLSOUTE CORPORATION
POSITION DESCRIFPTION

Position Title: Executive Vice President Code:
and General Counsel

Date: April, 1990
Organizational Unit: BellSouth Corporation Analyst: P. H. Saszi

Location: Atlanta, Georgia

Reports To: Chairman, Chief Executive
0fficer, and President -
BellSouth Corporation

Accountability Objective (Basic Punction)

To provide the management of BellSouth Corporation and its subsidiaries with
effective legal <counsel, advice and representation through direction of the
Corporation’s Legal Department, functional direction and coordination of subsidiary
legal departments, and supervisioen of all outside counsel employed by BellScuth
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 for all companies.

Dimensions

Total Operating Revenues =
BellSouth and Subsidiaries: $14.2B (1989)

Legal Department Operating Budget: S40.3 HM (1990 Budget)
Outside Counsel Fees: $10.4 MH (1990 Budgert)

Personnel Supervised: 138 attorneys (Total System)
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Nature and Scope

The Executive Vice President and General Counsel reports to the Chairman, Chief
Executive Officer, and President as do the Vice Chairman - 'Finance and
Administration; the Executive Vice President - §overnmental Affairs; and the
Presidents of BellSouth Enterprises, BellSouth Services, .Southgrn.Bell, and South
Central Bell. This position serves as the top legal officer v?th1n Fhe BellSouth
Corporation, a role vhich encompasses management ?f the'Corporatlon's inhouse legal
function, including direction of the legal functions in each of t?e corporation’s
subsidiaries, management and/or coordination of outside legal services retained on
behalf of the Corporation or its subsidigries. 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:

Viece 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 works closely
vith 1legal staff and other management vithin the subsidiaries to ensure consistent
interpretation and coordinated efforts in dealing vith 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 vell 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
Corpeoration and its subsidiaries, providing guidance, 4Anterpretation 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 1lav 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 vith them to discuss regional
direction and objectives. As needed, he vill provide assistance ‘and support to the
subsidiary General Counsels in dezling vith their management.

Kuch of the incumbent’s time is spent interacting vith others, both vithin and
outside the legal organization. He 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 to date and
advise on work being conducted in their specialty areas. He meets regularly vith
the Legal Hanagement Committee, which consists of the General Counsels of all major
entities, and with which 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. Additionzlly, personal time
is spent revieving court and commission decisions, revieving and folloving up on
correspondence from management requesting advice and concurrence on legal
guestions, and wmaking himself available to management to provide advice and counsel
on legal questions they may have. He will make personal appearances before the
Justice Department and the Courts (though wusually 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 finmancial strategies. The incumbent
provides input to fellov Council members from a legal perspective, as wvell 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 to corporate needs while at the same time ensuring the safeguarding of
Company interest,. This includes coordinating all 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 wupon 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 strategy formulation of corporate policy.
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Principal Accountabillities

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

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

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

4. Maintain an up-to-date avareness of legal precedences and rulings to ensure
that the company is equipped wvith the most competent and effective legal
advice available. -

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

6. Ensure that the Company's ventures into nev pon-regulated businesses are
proper vith regard to the Federal Court’s decree and that such ventures are
sound from a legal standpoint.

7. 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.
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Speech to NY, Financial Community

February 4, 1992

Good morning.

We in the southeastern part of the country have seen some dramatic

events in the last couple of years.

Atlanta getting the 1996 Olympics surprised a iot of people around

the world. But that wasn’t the biggest surprise -- at least not for

baseball fans like me.

I thought the Braves had taken out a mortgage on the celiar. But
they came out of there with a vengeance and, along with the

Minnesota Twins, treated us to 2 ciassic World Series in 1991.

BellSouth had a solid year, too -- admittedly, not a spectacular one
like the Braves. But then, thankfully, we didn’t have as far to go

as the Braves, either.
Like a professional team that uses its draflt picks to build for the

future instead of trading them for a quick fix, we're committed to

managing BeilSouth for the long term.

FO1AO3Z000745
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We're playing to our strengths in technology and peoplie.

We're investing aggressively in evolving opportunities domestically

and around the world.

We're streamlining and realigning every structure in our corporation

for greater efficiency.

And we're working diligently to influence ncw 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 iong term goals, we

have expected and are experiencing a period of f{lat-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 tefl you about what we're doing to develop and
strengthen what we believe is as good a mix of wireline and wireless
capabilities as anyone can offer. In the world we see developing,
this flexibility is what it will take to capitalize on the exploding

demands for telecommunications around the globe.

FO1AO3ZO00746
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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 offer the customer almost anything on the wireless continuum
-- from tone-only paging, to fast-handoff, to fully featured
celiular. 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 the U.S.
-- some 36 million in nine countrics -- as we do 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 driver of BellSouth’s growth.

Our domestic mobile - that includes ceilular and paging businesses -
became solidly profitable in 1990. In 1991, mobile revenue

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

recession, net income improved 50 percent, to $57 miltion.

FOL1AQ3Z000747




The number of our cellular subscribers grew 49 percent. Even without

acquisitions, it was still a strong 46 percent growth rate.

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

wireless fits into BellSouth’s overall strategy, beginning with
first quarter 1992 numbers, we are providing additional information

about our cellular and paging operations both domestically and

internationally.

As you know, we were active in 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 I'll talk more
about later, we have a deal pending that will give us a majority of

the non-wireline license in Honolulu.

All told, we are in 13 of the top 50 U.S. cellular markets. These
include such major markets as Los Angeles, Houston, Miami, and

Atlanta,

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

good growth potential and acceptable political risk.
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In Latin America, we saw the potential early and teamed with

excellent partners.

In less than two years we have built systems from the ground up in
Argentina, Mexico, Venezuela and Uruguay, and have purchased an

operation in Chile. And we are exploring additional locations.

Because of the condition of some of the landline systems, cellular

is highly demanded in Latin America, especially at the upper end of

the market.

In the U.S., three out of five cellular phones are car-mounted, but

in Latin America, four out of five are portable.

As a result, there is a landline substitution effect, and average

air time in Latin America is considerably higher than it is here.
Usage approaches 400 minutcs per month in Argentina, for example,
and although the other countries are not quite that high, they do

exceed U.S. levels.

Due to this higher usage, our company in Argentina became net income
positive in only its second full year of operation, something you

don’t see in the U.S.
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And this growth is not limited to Argentina. In Veneczuela, our new
system, at year end, had added 16,000 customers since being turned
up one month earlier. At this ratc -- which is more than 500 per

business day -- we are a year ahead of plan.

In 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 fully compatible with the nctworks

we’il soon be building in Australia.

In Europe, we own 29 percent of a consortium selected by the Danish
government to build and operate Deamark’s first state-of-the-art
digital mobile phone network. Service will be initiated in

Copenhagen during the second quarter.

Dispite our emphasis on wireless, our plans to grow carnings through
strategic cross-border investments include the right wireline
opportunities, too, and Australia is our biggest international deal

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

calied Optus Communications, is unique in many ways.

Due largely to its relative isolation, Australia is communications
intensive. The telecommunications sector of an otherwise so-so

economy has been expanding just under {0 percent annually.

Fol ARO32000 780
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Starting on Day One in fourth quarter *92, customers will be able to
access the Optus network by dialing only one additional digit.
Interconnection wiil be provided to Optus by Telecom Australia

initially, at direct costs.

And we were granted a waiver rom the long distance restrictions of
the MFJ for the trans-pacific portion of the traffic between the

U.S. and Australia.

This is the first general carrier’s license in the world issued to
build a competitive nationwide telecommunications system {rom

scratch. .

We can integrate the latest digital technologies across wireless and
wireline services, We can develop our own operating systems to

support our marketing efforts in a coordinated fashion.

We won't be burdened with an investment that's obsolete, or a
structure that's hidebound. That's one way this project differs
from a privatization.

Optus will offer a full'range of network services, including
domestic and international long distance, mobile, personal

communications services, private line and private network.

But this is more than just a wireline opportunity.

FO1AG3Z000751




The Australian ceifular market has one of the highest growth rates
in the world, with 2 percent penetration of the population since
starting in 1987. The U.S. cellular penctration 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 quarter by reselling capacity on the existing monopoly

analog network.

By early next year, Optus plans to start marketing its own cecllular
services. We’ll have the only GSM digital network in the South
Pacific, and we’ll be able to provide international roaming between

Australia and our system in New Zcaland.

Over the next five years, Optus will invest approximately 3.1
billion U.S. dollars. About half of that will be internally

generated.

BellSouth expects to put in capital of up to $300 million over the

next four years.

BellSouth first became involved in Australia five years ago. We are
the largest provider of paging services on that continent, so we arc

no strangers to the market.
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But 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 future

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 data networks will be to computers what celluiar
is to phones. Qur research, and that of others, identifies 10
million potential wireless data users in the increasingly service

oriented U.S. economy.

RAM uses an 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 and retrieval, ﬁnd

automatic vehicie focation.

You're probably familiar with at least one mobile data network here
in the US. -- that’s the one Federal Express uses to keep track of

where a package is at any given instant. That’s a private system.
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The system we will operate with RAM will be public. The only thing

like it in this country is IBM's and Motorola's venture calied

ARDIS.

A big difference between the two is that customers on the
BeliSouth/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 for our customers is integral to our strategy. We
think the joint venture company can become the platform for a
sof tware driven, nationwide, packet switched data network that end

users access through a vast array of wireless terminals.

It will be a public network. But as far as the customer is
concerned, it will behave like a very cost-effective virtual private

network.

The shared network aspect opens up important markets for us. We
will be abie to price the services so smaller companies will be on a
more equal footing with their larger competitors for wireless data

solutions.

We think Mobitex has the potential to become a worldwide standard,
and we are already aggressively going after opportunities in markets

around the globe.

10
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The new BellSouth/RAM entity already has paying customers in the
U.S. and U.K. Some firms are deploying the services throughout

their operations. Most are doing more limited field tests.

We are in the construction stage of our RAM network in the UK, and
we are in various stages of business development in Europe and other
countries. To develop RAM’s networks in the U.S. and the United
Kingdom, we will provide more than $300 million in equity funding to

the joint venture.

Establishing beachheads in emerging wircless and wireline markets
around the world doesn’t come without short-term costs. For
BellSouth, those costs will cause oﬁcrall dilution of about 40 cents
per share in 1992, and there will be dilution next year, as well.

But like a sacrifice bunt in baseball, these investments advance our

team’s strategic position.

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

is not, How do they work? ... but, What do they do?

We firmly believe that services are more important than the

technology itself.

Customers care about applications. For example, in Orlando, we are

currently testing what people want by simulating a PCS environment.

11
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Working with Motorola, we modified portable MicroTac phone e¢quipment
to provide PCS-type services to operate on our existing ceilular
band. In effect, we are trialing PCS under actual selling and

marketing conditions.

We are of fering flexibility in pricing and customized calling
options with "DriveAround,” "WalkAround,” and "OutBound” service to
roughly 750 customers over about a 10-month time frame. It's the

first and only test of its kind.

Our commitment to providing the full continuum of wireless services
for voice and data has put BellSouth in the forefront of PCS
development. And Wé're concentrating on what customers need, not on

what engineers can do.

Our confidence in the long-term carnings potential of BellSouth’s
businesses extends to our regulated operations. We are impiementing
strategies to grow and market our sophisticated network, even as

local exchange services become more competitive.
Underlying our cfforts is a pragmatic regulatory strategy.
We recognize the political reality that regulatory change is a

gradual, evolutionary process. It seildom 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 our
nine states, representing about 80 percent of our access lines, have
implemented aiternative reguiatory plans that feature sharing of

profits above specified ranges between customers and sharchoiders.

We have shared in Alabama, Kentucky and Mississippi.

But this progrcss 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 traditional

rate-of-return regulation.

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

us upside potential.
At the federal level, we have booked $16 million for our portion of
sharing the benefits of price caps with our customers, the long

distance carriers.

This win-win scenario is precisely what the FCC intended when it

instituted price caps at the beginning of iast year.

13
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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 Hiil, because, as
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-calied Video Dial Tone,
suggest that artificial barriers to market entry will tend to erode

over time, as they should.

The FCC’s decision last month to allow BellSouth Telecommunications
in Georgia to resume sales of MemoryCall, our voice mail product,

was another significant step.

As these barriers do come down, our track record should give our
sharcholders some assurance that BellSouth will not swing for the

fences at every pitch that comes near the plate.

We listen to what customers are telling us, and that helps keep our
focus on market opportunities that will build long-term value. Our
investments at the margin will continue to be well reasoned and wili

focus around our experience and capabilities.

14
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But as you are 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 streamiine our organization and

generate new revenues from our core business come into parallei with

our regulatory strategy.

Last vear, we reduced management ranks by more than 4,000 through-
voluntary programs. The incremental savings from that should be

about $160 million this year.

Overall, our telephone employees per 10,000 access lines went down
to 45.5 in 1991 from 49.1 in 1990, our largest annual percentage

decrease since divestiture,

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

unified management structure now headed by Frank Skinner as CEQO and
Duane Ackerman as president and chief operating officer. We legally
merged the three former entities into BellSouth Telecommunications,

effective January 1.
The reasons for restructuring and cost reduction are simple -- to

serve our customers more efficiently, and to price our

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

15
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On the volume side, the local exchange region we serve continues to
be a plus for us, and following the lingering effects of the
recession, we expect access linc growth in the Southeast to continue
to outpace the rest of the country. Our 3.2 percent gain in 1991

set the pace for the BHCs.

BellSouth continues to be a pacesetter in deploying new network
technaologies, enabling us to get more out of the backbone of our
business. We gain effjciencies, and we continue to bring new

Infoermation 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

are digital.

About 57% of our access lines now have digital transmission

capability and over 75% are equipped for CCS7.

With fiber optics now the most economical choice for much of our
network, we have more than 765 thousand miles of {iber in place. We
are committed to the full scale volume deployment and

commercialization of ISDN.
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And we're developing creative new approaches to marketing the power
of our network. In South Florida, for example, we are working with
McCaw to interconnect our network with their wireless switches using
Signaling System 7. This is only a technical trial at this stage,

but it may turn out to be a glimpse into the future of this

industry.

The BellSouth network is a platform of operating leverage for
services like MemoryCall, our voice mail product, and TouchStar, a ~
feature package that gives customers convenience, security and

flexibility at a great price.

We market Caller ID as part of the TouchStar package, and it has
been deployed in 30 major markets. it has limited approval in all

nine of our states.

Through December, we had soid some 1.9 miflion TouchStar features,
more than any other Bell holding company by far. We are learning a
lot about marketing from seiling products like Caller ID, even as we

add vertical revenues on existing lines.
We belicve that in the future information services shoujd enhance

the growth opportunities in our core business, as well, and we are

moving forward rapidly to trial them.
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At this early stage of development, we do not view information
services as a stand-alone business. Rather, we see the ability to

deal in content as a critical enhancement to our current of ferings.

Again, we're not going for the home run when all we need right now
is a base hit. To find out what the market wants, we will be
conducting limited market trials of specific information service
offerings. If the test markets prove out, we'll proceed with

limited deployment later this year, and methodically build up 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; and both are heavily dependent on networks.

Second -- we'll provide services that evolve primarily from our core

businesses.

Third -- we’ll develop strategic alliances with providers whose
skills in applications dévelopment match our own expertise in
network management. We just acquired Scientific Software, for

example, to bolster our capabilitics in systems integration.
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Ladies and gentlemen, iast month we observed the 10th anniversary of

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

System.

| 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
it to the World Series, we could not anticipate in 1982, nor can we
foresce today, all the monumental changes that lie ahead in

teiecommunications.

Is this business more competitive than it was at divestiture? You

bet it is.

But the other edge of that sword is future growth potential, and we
are excited about the way we're managing these changes at BellSouth

looking toward that furture,

We're investing in evolving opportunities in mobile data and other
wircless opportunities around the world, just like we did in

cellular in the US.

We're going to streamline further.

We're looking at every job, and asking if it’s really necessary in
this new environment. We're looking at every new technology, and

asking if it will really create solutions for our customers.

19
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We're proving the case for regulatory pricing plans that reflect the

immutable forces of technology, economics and 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 our 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 financial 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

Attachment MLB-4
Page 20 of 20

FOLAQIZOMQO764




I9T04

L

WIZE

L3TE

e S E

escaping from a Boer prison camp in
South Alrica andl crossing 300 niiles
of enemy temitory. As an outspoken
Cabinet Minister, he championed
the development of the military tank.

As a historian, he won
thw first Nobel prive for
Litcrature ever avanded lor
the quality ol the spoken
word as well as the
written word.

As a politician, he
personificed the will of 8

nation, leading Britain

tor her linest hour,

The ability to do more
than one thing well is olten
the dillerence beeween
competence and excellence.
I the case of Winston
“r-'

w

Churchill, it was the
ditference between
excellence and
brilliance.

As awar
correspondent,
he won renown
lor his courage,

{7 £
Information Services Mobile Communications

Telecommunications

o s

i<iv §
Ilsi

He wrote 156 ‘boé)ks‘, W(i)Il the lNo‘bel‘ p%, and
saved his country. Not bad foran amateur painter.

]

Arxl at his truest love — painting —
his talent surprised the critics and his

Jandscapes were hung in
the prestigious Royal
Academy of Arts.

Yet it wasn't any one
of those abilities, but all
of them brought together,
that made Churchill
the stulf of which legends
are bom.,

And if you unclerstand
how that combination of

truly remarkable talents can lead to
excellence, you'll understand the vision

of BeliSouth.

Indiviclually, the companies of
BellSouth are counted amony the best
in their fickl. And when brought
together to help you, they can provide

O T N T T

Adveriising Services

HERE'S HOW THE COMPUNTES OF
RELLSOVFTH INTEGRATED MANY TALINTY TO
HELF MULTHLOCATION BANKS.
Drveloped 2 resh mancgement wevice vaikring

public rickosear rervord copubiley

R N
mutineerance of advanced Jor ol
delrery gyitem i beanch beodors.

Invegrond awmmaic number denfetion
rexhnokgy alwring # rumDmer ® acren s dow-
softwore rused on inbound ckmeseing.
s servicy and echnind mpport

remarkable

lar away,

T

After all, when
you can surrour|
a poblem with

talent, successtul
solutions can't be

-.t-“rvv':';.é‘ A RO e integrated solutions to
\ 5 ' # a surprising varicty of

w B -l . ‘4d problems.
4 4 Senior industry

executives named BellSouth the most
admired telecommunications company

in America for the past
three vears in an annual
Fortune magayine survey.
Which means il you're
looking at your own
business and personal
communications needs,
the companies of
BellSouth may be just
the kind of partner
you're looking lor.

Everything you expect froma leader™

L 3o 1 abrg

S-FTH JIUBWYOEITY



BBIEDDZEDvIOd

— — b

Addl up the parts
of Albert Schweitzer's

N 7, YOU were talking
/- about an army
of men.

As a Protestant
theologian, he saw
W medicine as one

Sa he studied medicine
and went to work in French
Equatorial Alrica.

As aclassically trained organist
renownet for his interpretations
ol ].S. Bach, he raised money
for his hospital by giving
concerts.

As a philosopher and
writer he was renowned
for his pradigious work,
The Philosophy of Civilization,

£ 10 Pl mash Ciwp

R A R ) TR ty
LS AR TR (3 SR L

Telecommunications

his music an
country doctor.

way to revere life.

Information Services Mobile Communications

medical supplies.

Peace Prize in 1952, he
took the award money
and built a villape lor
leprosy paticnts.

1t you understarul
how that combination
of remarkable talents
joined to serve one
greater purpose, you'll
understand the vision

of BellSouth.

Advertising Services

and used the royaltics to purchase

Andl alter winning the Nobel

Take away}his] wntﬁlg, his p'hikl)solphly, and
he was justanother
his case, awhole country:

Senior industry executives

named BellSouth the most admired

HERES HOW THE COMPANIES
OF BELLSOUTH INTEGRATED MANY
DIFFERENT TALENTS TO HELP ONEOF
THE WORLD'S LARGEST RETAILERS.

Desqred mriemt w mdua actwerk mefhgence w
mx:lnibwnn cosomnet 10l
ond agent sibuucon '

A awdir w sweevel chowsand
nk;h‘::‘ e n’::tn throughewt che (15,

Implemented vn anset trwch
proiree W by memmenonct s mn.:!J
o

vd mebile servate w furld
o noprdyvoinlll

Utohvrd dawe commwnmotons @ beorer seeriead
ot covdn tand puechax tremaciim b SUR

Individually, the companies ol
. BellSouth are counted among
.« thebest in their field. And
. whenbrought together to help
you, they can provide integrated

solutions to a surprising
variety of tclecommunications and
information problems.

talent,
successiul

After all, when @
youcansurround  + -
a problem with v
remarkable

solutions can't |
. v
be far away.

telecommunications company

in America for the past
three years in an annual
Fortune magazine survey.
Which means if you're
looking at your own
business or personal
communications needs,
the companies of
BellSouth may be just
the kind ol partner
you're looking for.

o

¢ 30 7 @bud

s-aTH uauyoul I



1 1 I } I ! } | I ! | ] I ! 1 |

She became the first woman aviator to Cross
the Atlantic,an author, entrepreneur and nurse.
Justwhat youd expect from afashion designer.

S ome say things can’t be done. Others do founded two successful airlines. An admired aptly called Prefrenind P B N
them, proving that with the right poet, she Inspired two popular songs and the Earhart Hop. .\0 T B
combination of bravado and talent, there'sno  even a foxtrot g e Her adventurous

telling what you can accomplish. . ‘,‘_: : Jeo - lifestyle so enthralled the American people that
Nicknamed “Lady Lindy," Amelia Earhart S NS

i In fact, for the last three years
ey she created fashions for top department stores

in an annual Fortune magazine survey,

was not only the first woman to fly solo across like Macy'sand Marshall Fields. ERES HOW senior industry executives
the Adantic, she held women's speed [ you understand how | INTEGRATED MANY DIFFERENT | have chosen BellSouth as the
and distance records that earned her place Amelia Earhart combined megm;m telecommunications
as the first woman to receive the ., many talents in her pursuit of TS COMMUNICATIONS NEEDS. | company they most admired
Distinguished Flying Cross. excellence, you'll understand | ’M:."::gw unking on | i the United States.

As anurse during World the commitment of "‘*‘"""m """'":m’“*"'ﬁ‘ Which means if you're
War |, Earhart developed an o BellSouth. S looking at your awn business
early concern for her fellow man Individually, | mplovwg nenvork ond cedube erviess | or personal communications

\\\&n that helped her champion B the companies of '"hb;'”d”mx needs, it's quite
. human rights around the ; BellSouth are i compunis ademplnenro | likely you'll find .
-~ world, Her memorable ¥ Pad . Ky B considered to be fmw%ﬂm the companies
accomplishments in the B w - ! (M some of the of BellSouth to **

air moved her topen

best in their field. Brought together  be exactly the kind of partner

three best-selling boaks. toserve your needs, they can provide you're looking for. ;,a::.“ﬂl* Y [
She served y technologically advanced solutions te Because after ail, when 4k
asaviation editor for _dedl” NN . SR I, 2 variety of problems in healthcare,  you surround a problem

Cosmapolitan. She designed 1 "% L ) . ‘. ., e with remarkable talent. there’s

no telling how far you can go. - 4} ‘\j '

manufacturing, retailing,

and marketed a line of luggage and ey P % S g . . \\ " banking, government and others.

e R b SRR NTE Ao b R A ) e SB1 T AW T e W1 R LS v .

- - . » y - . e 5. K '. . - .$‘
SR ! : s o TERENSETRIREEAY D § OOTH® RN
Telecommunications Information Services Mobile Communications Advertising Services Ewryvihing vou cxpect fromaleader”

G104

EIIEQQIE

L Fo g abug

S-HTH JusumoRlay



o = b = =

After being

and

awarded the Nobel Peace Prize and, in 1961,
the Presidental Medal of Freedom. In addition,
he received more than fifty honorary degrees

ome people have a wlent for helping those

S whose lives they touch. But few have a

weaith of talents that can help the entire world.
Ralph Bunche always wanted to teach. So

he became a professor at Harvard, and fater, the

chairman of the political science department at

. (324

rd
ot

Balie Cortear
Wampiove

R

fficConlerem
RAMPIONY

v [376

)
mateContere
TAMPION

from colleges and universities around the workd.

i) Howard Universicy, He once said that ks most
Al HERES HOW THE COMMMIES
| He authored two books prized possessions were three Of BELLSOATTH INTEGRATED
& % | MANY DIFFERENT TALENTS TO
2 ¥ that look at race relatons gold baskedn!ls, u-ophk:s which HMELP STATE GOVERNMENTS.
throughout the U.S. and he received at UCLA where he D"""""'J'.'i#
the world. was a startng guard on three symerms hwon wkiemg ckphone
) (e, corpustery, gyt and rokor
In the 1340s, Bunche cotwecutive Pacific Conference | mal i wpport ¢ sone boamy iymem.
became recognized as an oo champlonship teams. mmmr
expert in international affairs, As a noted SRR If you understand how """"""J:’:‘"”“""!m
statesman ane negoator, he helped establish ‘, 3 A Ralph Bunche used his unique """""fv"’"";‘
the United Nations’ role as a peacekeeper ' ) ; combination of abilitles | cmmemintons guem b;m
by leading the commission that cased the (o 1o meet and excel at e
Arab-tsraeli conflict in 1949,

many challenges, you'll understand
how BellSouth is committed to
using its many different
talents to meet the reeds
of its custormers.

Throughout his life, Ralph Bunche earned ‘
many honors. [n 1950, he was

s
HAL

Telecommunications Information Services Mobile Communications Advertising Services

|

NZEOYTl

QLTEM

BELLSOUTH’

Everything you expeci frumu leader”

an author, a professor
championship athlete,he was finally
in a position tO change the world.

Individually, the companies of BellSouth
are considered some of the best in their
field. When brought together, they can provide
technologically advanced solutions to a variety
of problems In government, banking, retailing,
health care, manufacturing and many others.

In fact, for the past
three years in an annual Forrune
magarine survey, BellSouth was
chesen by senior industry
execudves as the most sdmired
telecommunications company
in the United States.

Which means if you're
looking at your own business or
peronal communications needs,
the companies of BellSouth may

be just the kind of parmer you're locking for.

After all, whenyou can surround a problem
with more than one remarkable talent, there's
no telling what kind of solution

you'll negotiaze,

!r’;-

\'

" -

L

L 3o p abwg

S=gTH JuUsSUORlY



Attachment MLB-5
Page 5 of 7

- BELLSOUTH

"CHURCHILL”
LENGTH 60 SECONDS

(MUSIC UNDER THROUGHOUT FIRST 1Al Crurg™ wac one o Iihe =6 worie s eve” had SECOND 148%) He g2+~ MzDe

- GrEalEt 1A08 S Prre s 0rats, ang ot A

<
A
L,
He was a greal slatesman THIRD MAN O Choohi lovec 10 He aways $3 0 1hal he o hs best
par: ir.rk ng wilt @ D'us™ N one nand and
- arczamInecmer The mp—e-! m¢ reaizes "=

IMDETANtE 2 INe 37D ATE TE LA

pior & een~se Typca o' me ~a-

ANNCR (v0O) The sum o Winston Because seal greainess s domng To nelp manulaciurers. slate BeltSouth
Churehdl was much greater than the mose [han one Thing well That's the goveramenis ang others go what
pans wisipn o' BeltSouth To be a network they do even belter
- o! cormpares aomng a ot of 1hengs
well

{MUSICY IMUISIC) TMUSIC) Everything you espect o~ a leace’

Fol (—\CKBZQOS‘Y?E.




COMML NO.: YOBB 0611

(MUSIC UNDER THRIUSHDUT:

SECOND WOLAN Ay 1a1he wanled
1C be 1n COMmMana o 1™:ngs

SECOND WONMAN 1} comes all

togelher 1through tus phwlosophy of
reverance lor ie

HAUSIC)

BELLSOUTH

“SCHWEITZER"

FIRST WOHAAN Amer Schwetrer
was agem™an

¢ he was ine docio’ » chatge ol the
nosDEa’ He was also the bulger of
1ne hospial

ANNCR (VO} So many shills
wrapped nside one man {ogeihe!
they made Alben Schweitzer's
greainess That's the wsion of
BehSouth To be a network of
companies doing 2 1ot ol thwngs well

Mobile Communications

MUSIC) g

FOIST AAI, He was i weane
LT OGRITTHT TUSLOTAT AN
LR S

FIRST WOLAN He a'sh gave
concens a over Europe as an
crganms!

To nelp reiaters heahh care banks
and others go what they do even
beter

Attachment MLB~-5
page 6 of 7

LENGTH: 60 SECONDS

Anghe wasr attata ol tme

He coulo oiav a Bazr oga fugue
wem™ SuCH DOWE”

BetSouth

Everylhing you espect hom a 18308

FOlAO3Z003177




Attachment MLB-5
Page 7 of 7

_ BELLSOUTH

“AMELIA EARHART"

TCOMM'L NO.: YOBB 16071 LENGTH: 60 SECONDS

FIRST WOMAN Amela Earhan FIRST MAN As Ameha’s { knew when she set oul to do
and | both set records flying mechanic, something she was gonna do i
airplanes. But, she flew a Intle - .

further into history

—She thought everyone should SECOND WOMAN" My sister she was an author and a FIRST WOMAN: And she

fly, so she heliped starl an was a gi'led speaker, magazne edior. designed luggage which 1s still
arhre. being sold,

and she even designed ANNCR: (VO} i you underslanz‘i To be a network of companies BeilSouth.
== clothing. And most people just how Amelia Earhart combined doing 2 lot of things well. To
thought she flew airplanes. many talents in her pursuit of help heatth care. state
excellence, you'lt understand governments and others do
the commitment of BellSouth. what they do even better.

'_ gdnformation Services

(MUSIC) o (MUSIC) {MUSIC) Everything you expect from a
leader.

FO1A03Z003178




Attachment MLB~6
Page 1 of 202

BELLCORE Project Profiles
Public Counsel Proposed Disallowance
Project Numbers Included:

021411
421301
421302
421303
421306
621204
621306
621307
621405
621406
621408
621409
821101
821102
821103
1R3521
1R4111
1wg1l1il
1W0211
1wl511
1R2112
1R3011
1R4127
1R501N
1R502X
1R1311
1R3111
1R4211




BELLCORE fage:

1

Applied Research Date Printed: 10/02/80

1891 FINAL PROJECT OFFERING

Project No.:

Project Name:

SYSTEMS INTEGRATION 021411
Belicore Proauct Manager: Tel. No.:
A. BERGH (201) B29-4938

This Project 1s a Component of tne Belicore Product:
APPLIED RESEARCH

Significant Change Date:
08/30/90

PROJECT OVERVIEW:

This project addresses the integration of services and network
technologies for the future communications snvironment in which an
intelligent, broatband exchange network will be the hesart of an
infrastructure supporting a wide range of user needs and equipments,
Beginning from the pramise that a hetsrogsneous collection of
networks, terminals and applications must work togethar as one
information networking infrastructure for the Information Age, this
project furthers understanding of the capabiltities required in the
sxchangs network for its role as the foundation and intermediary of a
public communications system that truly meets personal,
organizational, and social needs. Tha networking systems and
technologies expliored by this project ars stressed, along with
services and applications to investigate new ard more effective ways
of dealing with the challenges of a multi-services, multimedia,
multi-network, muiti-terminal, and multi-user communications
snvironment .

Specifically, the project investigates and constructs sxparimental
ressarch prototypes of l1ocal exchange systems, signaling, and sof tware
supporting multi-services, multimedia, multi-point user applications
of the future Broadband Integration Services Digital Network {(BISDN).
It further investigates and prototypes local distribution networks
that would be used to extend the public network interface to multipie
subscriber squipments, and internetwork of local and metropolitan area
networks with the Jocal sxchange. Particular attention is directed to
the systems-level applications of emarging high-speed elesctronic and
optical technologies. It further studies the performance of
expsrimental prototypes of advanced services, such as packet video,
miltimedia telsconfersncing, and high-speed connactionless data
transport, in its testbeds. 1t explores network opsrations issues such
as monitoring, traffic contro! and billing. And it offers other
research groups sxpsrimsntal testbeds for services, applications, user
interfaces, and network control concepts and technologies.

The knowledge gensrated by this project has impacts on Client Company
exchange businesses through several mechanisms. Coordinated
prototyping is carried ocut with Information Networking Services and
othar aresas of Besllcors that work with the Client Companies on new
services, network svolution, and opsrations. Harcwars and sof twars
research prototypes are transferrsd directly to the Client Companiaes,
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and information is transferred through demonstrations, talks and
publications. Finally, this project encourages, through
collaborations with industrial and other research laboratories,
research and development important to the future information
networking snvironment.

The benefits to the Client Companies include knowledge of issues and
technologies for network evolution, identification of services and
applications that might generate new ravenus strsams in a broadband
environment, and creation of technologies for critical services
integration, call processing, and network management nesds. Trends in
technology and their impact on the embedded base of network equipment
provide insight into strategic planning, business directions, and
capita) management of the Client Companies.

The work of the project has four principal thrusts: the broadband
local exchange axperimenta) prototype, the local distribution network
experimental prototype, internstworking and terminal adaptors, and
network opsrations and services management.

The broadband local sxchange experimental prototype, Experimental ATM
Network Services Environment (EXPANSE), is a hybrid analog/digital
axperimental testbed smphasizing the use of ATM/SONET-1ike formats.
Issues of call processing, signaling, resources management, and
application program interfaces are sxplored; and research
collaborations with vendors will provide multimedia terminal
equipment to be used in end-to-end services and applications
sxperiments. The applications will include information Proadcasting,

multimedia messaging and video on cemand,

The local distribution network exparimental prototype, H-BUS, is an
ATM (Asynchronous Transfer Mooe)/SONET (Synchronous Optical Network)
LAN (Local Area Network) sxteanding, via optical technologiss, the
exchange access network interface to user squipments in a local
environment. lssuss of a standard interface, an efficient media access
preotocol, and signaling are being explored in the prototype. Methods
of Uutilizing alternative muitiplaxing techniques for broadcast
services are also baing explored.

The internetworking research, based in METROCORE teschnology.
invastigates issues associated with internetworking gateways such as
SMDS (Switched Multimegabit Data Service)/ATM, Ethernet/SMDS, and
Fiber Distributed Data Interface (FDDIj/ATM. The itssues include
routing, signaling, and packet fragmentation and reassembly. Network
interfaces to the 800 Megabit/sec High Performance Peripheral
Interface (HPPl) bus will aiso be explored.

The ressarch on network operations and services processing concerns

network performance monitoring, access control, oparations functions
SuUCh as service msasurement, provision and performance of services
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such as packet videco, and the applicability of standard operations
models.

This is a multi-year project, with interim publications,
gemonstrations, and experimental designs, and hardware and software
elements to be produced throughout the next three years and continuing
thereafter if funded.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

This project did not exist until mid-November of 1888. Prior to that,
two of the three Districts constituting the present Division existed
in other Divisions, and the third Ristrict, responsible for the
EXPANSE prototype, wWas drawn from two Districts in stiil another
Division:

LOCAL DISTRIBUTIDN NETWORKS (previousiy OPTICAL NETWORK TECHNOLOGIES
RESEARCH)

The H-BUS ATM/SONET LAN, optical technologies for 1ocal distribution,
subcarrier multipiexing, and ATM video interfaces.

BROADBAND INTERNETWORKING RESEARCH (previousty METROPOLITAN AREA
NETWORK RESEARCH)

The METROCORE network, network services processing and management,
services inte- gration in a high-speed network.

BROADBAND SYSTEMS RESEARCH (drawn from MULTIMEDIA COMMUNICATIONS
SYSTEMS RESEARCH and INFORMATION NETWORKS RESEARCH)

The EXPANSE sxchange access network prototype; ressarch on call
processing, network signaling, and network resource allocation.

Important sxamples of accomplishments are given below:
Broadband Systems Research

© HMHaraware prototyping work for the EXPANSE experimental testbed
inciuded debugging, fabrication, and integration of the timing-
generator and interface boards for the EXPANSE cell switch. This
inciuded collaboration with District 21483 which made available the
Batcher-banyan switch board. The result is an experimental 32x32
switch, with input buffering and output port reservation, 140
Mbit/sec access ports, and 100 Mbit/sec Batcher-banyan internal
speed. Ancther sxperimental board completed was the cell interface
to a microprocessor; the work in second half 1889 {ncluded design,
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debugging, and fabrication of the becard, which can suppori
transmission at about 70 Mbits/sec, given a suitably fast processor
to driva it. A draft technical memorandum (TM) documanting this
cell {nterface hoard was completed.

¢ Sevaral sxparimental EXPANSE boards were transferred to Network
Technology (Division 27130, H. Rubin, DvM], ailong with consulting
sxpartise, in support of that Division’s planned Switched
Multimegabit Data Service (SMDS) demonstration at thae March, 1990
Tachnology Seminar.

© Work continued on refining a broadband call model, defining the
appropriate signaling protocel syntax, and implamenting parsing and
output modules for the signaling language. These modules are:
necessary to implemantation of the EXPANSE call processing system,
and will support multiparty, multimedia services and applications.
wWork began on defining the software architecture and identifying
the software prototyping environment (languages and toolkits) for
EXPANSE call processing. Discussions were held with Division 27110
(W. Barr, DvM) to keep that organization, responsible for broadband
signaling standards, informed about research in this area.

o District 21411, Broadband Systems Ressarch, was created and
chartered with construction angt integration of a Broadband ISDN
local exchange laboratery prototype, and interconnections with
other division and rasearch prototypes.

Broadband Internetworking Research

© Demonstratad a three node experimental METROCORE network working at
140 Mbits/sec with packet video, data and packet voice. The packat
video can be programmed for different rates (TM-ARM-011316, T™-
ARM-013398). A paper was presented at EFOC/LAN 90 (European Fiber
Optic Communications/Local Arsa Network).

© Transferrad the three node experimental METROCORE testbed to one
Client Company for their sxpsrimentation and toc the Software
Technology & Systems (ST&S) area of Belicors (Division 25810, C.
Riley, DvM), whare it is being used to sxpliore technical questions
of service measursment for SMDS billing. The squipment transferred
inclucdes experimental LAN service processors (for Ethernet
interconnection}) and VME (Versa Mooul Europe) interfaces (TM-ARH-
011318).

© Transferred a three-node experimental METROCORE testbed to the
Naval! Ressarch Laboratory under Bellcore’'s NAVSEA contract. The
equipment includes LAN service processors and a 1.7 Gigabit/sec
backbone. -

¢ Demonstrated 280 Moit/sec access to the METROCORE Hus usinhg two
paraliesl 140 Mbit/sec Chanpeis. Formiiated a modular architacture
for a Paralie! Media Access Controller, allowing 8 paralilel
channels at 150 Mbits/sec sach to access a 1.2 Gigabits/sec packet

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page

FOIRO3Z

4
/02/90

Tt No.:
021411

00050689

l\




BELLCORE Page: 5
Applied Research Date Printed: 10/02/80
1921 FINAL PRDJECT OFFERING

Project Name:
SYSTEMS INTEGRATION Q21411

PAST YEAR RESEARCH ACCOMPLISHMENTS: (CONT.)
data communication system (TM-ARH-014687).

© Brought up an experimental capability for programming the
parameters of the LAN interconnection service processor in the
METROCORE expesrimental testbed. Prototyped presentation layers for
the network manager, customer network manager, and user services
menu on a multi-window color workstation.

Local Distribution Networks

¢ The H-BUS experimeantal hybrid optical network was studied and
reported in TM-ARH~014226 and two published papers. Members of the _
District investigated protocels for intra-premises traffic and
multi-terminal arrangements. Results of the analysis, indicating
the size of buffers needed to support intra-premises communication,
were documented in TM-ARH-015356. An experimental System was
demonstrated for a passive loop architecture using SONET/ATM
transport of multiple services to a subscriber interface, and
reported in TM-ARH-015188. Completing the H-BUS media access
protocol simutation, members of the District incorporated the
protocol into an experimental design for a custom Complementary
Metal Oxicde Semicomauctor (CMOS) chip, of about 20,000 transistors,
for the media access functions. The chip design includes cel)
assembly and disassembiy, VME interface modules, and media access
coentrol functions. The logical and functional aspacts of the chip
design were tested with computier aidsd design tools, and ths layout
for fabrication was compiated.

o Studied call control, signaling, and routing of intra-premises
calls for the experimental H-BUS premises network interfaced to
BISDN. Results wers gocumented in TM-ARH-015383.

o Members of the District engaged in system-lsvel studies of the
applications of optical amplifiers in multi-wavelength natworks.
System experiments wars performed to examirhe the crosstalk problems
and reported in TM~ARH-013738. Research on system applications of
doped-fiber optical amplifiers resulted in a 100 channael experiment
reported in TM-ARH-018056.

o A study of the feasibility of using subcarrier multiplexing
technigues for the celivery of multiple channels of broadcast video
was reported in TM-ARM-015541. Anslog video distribution
technologies suitable for loop applications wers examined and
reported in TM-ARH~015127.

¢ A study of the sffects on the ssbedded network cof emerging
tachnoclogies such as fiber optics and VLSI produced adoption
scenarios for broadband technology (primarily fibar-in-the-loop)
reported in TM-ARH-0149828. A study of the effects of new circuit
eQuipmant, based on SONET transport stancards, was completed arnd
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reported in TM-ARM-014325.

o Work in the area of radio alternatives for the local l1oop was
summarized in an article for the Bellcore EXCHANGE magazine and
reported in TM-TSY-014835.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Project provides for the davelopment
of 3 leacding edge knowledge base in sSuch key areas as integration of
broadband terminal models, multimedia applications, and user
interfaces. Emphasis is placed on applications to current and future
nesds in networks, services and operations. The substantial berefits
of this Project accrue tc all Owner-Clients and are unable to be
preventsd from accruing to an Owner-Client who might siect not to
participate in this Project.

RESEARCH DIRECTIONS:

Research on an integrated infrastructure for the future intelligent,
broadband exchange network, emphasizing experimental prototyping,
research collaboration with broadband terminal manufacturers, and
research on signaling, call processing and services control.

Ressarch on tha integration of services and media in the intelligent,
breadband exchange network, smphasizing experimental prototyping

and the stressing of network technologies with services and
applications invoked by a population of Tocal users.

Resesarch on services processing, adaptors, and gateways for
internetworking and Switched Multimegabit Data Service (SMDS)
access in an environment including exchange network, metropolitan
network, and local network axparimental prototypes.

Investigation of network requirsments and performance for advanced
services such as miltimedia messaging, packet video, and video on
demand, through prototyping {n sxperimental broadband rmtwork
testbeds.

Invastigation of premises networks and technologies sxtending the
features and interfaces of the broadband sxchange network to local
squipment and the implication of such networks on the public network.

Research on services coordinaticon and network operations in a multi-
network environment, ifn the context of sxperimental network testbeds.
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Investigation of very-high-speed (800 Mbits/sec) subscriber access
to broadband networks,

Technology forecasting and impact analysis research.
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PROJECT OVERVIEW:

The technical areas addrassed in this project are intsnded to enhance
the capability and functionality, reduce the costs, and optimize the

performance of single-mode lightwave Systems which are deployed by the.

Bellcors Client Companies (BCCs) in their exchange and exchange accass
networks. Emphasis is being placed on advanced lightwave systems
technologies, including wavelength-division multiplexing, coherent
transmission, opticatl amplification and optical signal processing,
which will allow more fiexible broadband service delivery in
conjunction with higher reliability and reduced maintenance ("passive
photonic loop"). Alsc considersd are the Synchronous Opticatl
Network/Asynchronous Transfer Mode (SONET/ATM) networking aspects of
high-speed transmission systems. The future broadband networks will
permit the low-cost provisioning of conventional voice and data
services, as well as a variety of new analog and digital video and
high-speec data services esssntial for the healthy growth and long-
term economic viability of the BCCs. Applied reasearch performed under
this project can ba divided into four major areas:

1. High-Speed Lightwave Systems Technologies.

Ressarch in low-noise, high-spead lightwave
transmitter/receiver/regensrator technologies is pursusd to ensure
that the Belicore Client Companies (BCCs} have access to the most
advanced technology at tha sarliest possible time, can plan the
orderly growth and upgrade of future networks, and can provide special
services in the multi-gigabit-psr-second range in responss to growing
customer demand. A recent accomplishment was the record transmission
expariment at 11 Gbit/sec over a span of 260 km using two optical
fiber amplifters. Our prototype state-of-the-art hybrid multiplexers,
receivers, and regeneration circuits contributed to the success of
this expariment. We are also exploring advanced tntegrated and
optoslectronic integrated circuit (0EIC) technologies for loop and
exchangs applications which have the potential for high functionality,
small size, low power consumption, high reltability, and low cost.
System axpsriments at the SONET rates of 2.5 and 10 Gbit/sec are being
performed to characterize Belicore’s own experimental research
prototype OEIC transmitters and receivers and advanced silicon
Integrated Circuits (ICs) (using commercial foundry services for the
fabrication of the silicon 1Cs.) We continue inputs into the lightwave
transmission standardization process by providing consultation to
Bellcore’s Technelogy Systems Area on performance aspacts of lightwave
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systems, andd contributions on SONET and Broadband Network systems
standardization in the U.S. T1 Committee and in the International
Consultative Committee on Telephone & Telegraph (CCITT). As a
noteworthy sxample, we sstablished a itheorstical and experimental
foundation for the systems degradations incuced by multiple
reflections which formed the basis for new standards on reflectances
of connectors and splices. This research was recently sxpanded to
inciude the sffects of optical amplifiers, which will be important for
future broadband networks. Finally, we are exploring esarly
applications of SONET 2.5 Gbit/sec systems by Collaborating with
Bellcore’s Transwitching Technology Ressarch Division and Carnegie
Mellon University to implament a SONET/ATM 1ink betwsen suparcomputers .
for the Nationa! Gigabit Network Project. To ensure reliable
performance, wa are studying 2.5 Gbit/sec SONET/ATM optical
transmission and halping to establish advanced research testing
capabilitias for thase systems.

2. Lightwave Technoclogy Applications.

Research is pursued to expliore the potential use of innovative
lightwave technoiogiss in more functional and cost-sffective systems
designs which are compatibie with the svolving digital broadband
network. In particular, we study the performance strength and
limitations of both digital and analog systems for tha transport of
multi-channel vicdeo signals In the broadband subscriber loop. We
continue to explors the use of optical amplifiers, including boeth
Semiconguctor Optical Ampiifiers (S50A) and erbium-dopsd Fiber Optical
Amplifiers (FOA), for applications in vicdeo distribution to a large
number of subscribears. For sxample, we have demonstrated the first use
of an FOA a5 optical powsr amplifier for multichannel Amplitude
Modulated (AM) television signals distribution. We have alsco
demonstrated, through technology tsaming with Network Technology, the
first axpsrimental system for the simultanecus transmission of 10 High
Definition TV (HDTV) channels over 30 km of single-mode fiber, by
using the SCM (Subcarrisr-muitiplexing} techniqgue for combining 10 FM
(Freguency-Modulated) HDTV channels to mockilate a high-bancwidth
semiconductor dioge laser. We have demonstrated a lightwave system
capable of distributing 160 channels of FM television Sighals, using a
combination of OFDM (Optical Fregquency-Division-Multiplexing) and SCM:
t6 Distributed Fesdback (DFE) lasars at different optical freguencies
(with 10 GHMz freqguency spacing) ware modulated with 10 FM tetlevision
signals each, for a total of 160 telsvision channels being
transported.

3. Fiber and Interconnect Technologies

Research (s pursuesd in differsnt types of Single-Mode Fibers (SMFs)
and fiber-based component technologies, inctuding measuring
technigues. This healps to ensurs that the BCCs have direct and
impartial accass to lsading-edge knowledge in fiber technology for the
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planning, procurement, installation, maintenance, and evclutionary use
of optica)l networks. Work in this Division has demenstrated that in
cases whers optical connectors with low reflectances are required,
simple changes in endface polishing techniques achieve the desired
performance without reguiring major design changes. Togather with
other Bellicore organizations, we are addressing fntermatability and
reliability issues associated wWith optical connectors. In related
research, a record 4dB/mW gain efficiency was achieved Wwith an optical
fiber amplifier using 2 unique fiber endface configuration for maximum
power coupling to a dicde pump Jaser. The packaging of optical
amplifiers for practical applications by the BCCS is also being
addressed. Our work provides substantial contributions to standards -
bodies such as the IEC (International Electrotechnical Commission} and
CCITT (Internationa) Consultative Committes on Tealegraph and
Telephone) where mambers of this Division are active participants in
leadership positions.

4. Coherent MUlti-Channe) Transmission Techriclogies

Coherent transmission technologies are investigated because of their
potential for high receiver sensitivity, high signal channe)
seiectivity and large-channel-count transmission. This technology may
sventually snable tha BCCs to take ful) advantage of the enormous
information-carrying capability of single moce fiber, once it has
advanced to such a2 cegree that its potential sconomic acvantages ovar
direct-cdetection systems can be determined. Emphasis is placed on
multi-channel coherent networks for exchange and subscriber
applications, although thess same technologies may also prove useful
for the routing and switching of signals in future photonic Networks.
AsS a noteworthy accomplishment, we recentiy demonstrated a 16-channel
gouble-star network at the 155 Mbits/sec SONET rate using
commercially-supplied distributed-feedback laser packages and
prototyps rack-mounted terminal equipment. By using doped-fiber
ampliifiers in this network, we wers able to expand the cCapabilities of
the network to simulate the distribution of 16 digital TV signals to
more than 10,000 subscribars. We ars also moving rapidly to improve
this network demonstration to be suitable for field operation and to
oparste at 622 Mbits/sec for the transmission of high-definition
telavision signais. In ancther accompiishment aimed at sxchange trunk
applications, we wers able to demonstrate experimentat techniques for
transmission at the 10 Gbit/sec SONET rate, using &ither frequency-
shift keying or phase-shift keying modulation formats.

Many of the remaining problems yet to be addressed are associated with
our smphasis on the practical application of this technology. Thase
involve sinple schemes for stabilizing the optical frequency of the
transmitter lasers, design of highly-integrated and compact receiver
sleactronics, methods for very fast tuning of the local escillator
lasers to achisve rapid channel acguisition, and studies to establish
the practical l1imits to the technology that may be caused by optical
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reflections, fiber four-wave mixing, or other impairments.

5. Technology Impact

The output of our research is being made available to other parts of
the Applied Research Area through technical publications, consultatton
and prototype subsystems; to the regquirements and anzlysis process of
Network Technology through consultations and research collaborations,
and collaborations in the standards area; to the ratwork architecture
planning and standards process of Information Networking Services
through sctive standards participation; to the BCCs directly through
consultations and collaborations, licensing agreements, and ressarch
collaborations with the telecommunication industry; and to the
Telecommunication Community and the World of Science through research
collaborations and technical publications. In summary, our research
contributions {n above arsas have been very effective and beneficial
to the BCCs and the telscommunications community at large. Our
ressarch has strongly influsnced introduction strategies for single-
mods fiber technciogtes in the subscriber loop networks of the BCCs,
and has influenced the work of other teslscommunication organizations
and standards bodies.

Tha following represents a summary of accomplishments performed undaer
Project 421307 from July, 198§ through December, 1988 in support of
the optical fiber systems and future broadband loop and exchange
networks of the BCCs. Our research for the above reporting period has
been described in 23 Journal Papers, 28 Conference Talks, and 15
additional Technical Memoranda. In adgdition, 1 patent has besn issued
and 2 patents have besn filed during this period.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

Optical Fibers, Interconnmection Devices and Passive Components

© iLow-Reflectance Connectors
Multiple reflections between connectors and/or splices may cause
degradations in high-spsed analog and digita)l lightwave systems.
Reflectances as low as -&7cdB with 0.43 average insertion 10ss have
bean achieved with conventional cylindrical-ferruls Connectors
through obligque fiber sndfaces without reguiring cesign changes.
Early applications of low-reflectance connectoers could inciuce AM
video distribution systems on singls-mode fiber.

o Low-Reflectance Variable Optical Attenuator
Low-refisctance, variable attenustors ars important components for
testing multi-gigabit-per-second lightwave systems. Prototypss
have been successfully built and used for a varisty of optical
systems expariments. Attshuator reflectances as low as -60 dB
could be achieved, which is nacessary in systems Wwith optical
ampliifiers.
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© Optical Minishop
An Optical Minishop for connecting and joining different types of
fipers (including fiber amplifiers), and for terminating and -
packaging various optical devices, provides important hardware
support for systems sxperiments and technical analysis work within
and outside Applied Research.

Standards Activities

o International Standards Activities
We continued to participate in lsadership positions in both CCITT
(International Consultative Committee on Telephorne & Telegraph) (P.
Kaiser, Coordinator and Spokesman for the US delegation in Study -
Group XV, Working Party 5, Optical Transmission} and IEC
{International Electrotechnical Commission) (W, C. Young, Chairman
of Standards Committee 868, Fiberoptic lnterconnection Deviceas and
Passive Compeonents). Several Contributions for CCITT SGXV/WPS
addressed the international standardization of SONET {(Question
28/Xy) -- whoss Recommendation G.857 was approved at the July 1980
Pienary Mesting of SGXYV. Ancther Division 21310 Contribution for
Question 18/XV en Local Networks (submitted for information)
described the Fiber-to-tha-Home trials in the United States.

As Chairman of 1EC SC86B, W. C. Young leads the internationa)
standardization of optical connectors, which concentrated on
preparing documents for the next Plenary Meeting in October, 1§80.
He atso formed an Advisory Group for planning and managing
standards activities related to optical connector reliability,

among others.

Optical Amplifiers, Applications and Systems Simulations

o Fibar Optical Amplifiers (FOA)
FOAs and Semiconductor Optica) Amplifiers (S0As) are expscted to
find applications in the loop and exchange plant of the BCCs. In
collaboration with the SRI David Sarncff Lab and the University of
Southampton, a high coupliing efficiency of 47% was achieved with a
record 4dB/mW gain efficiency for a 830 narnometer laser-pumpad FOA.
A patentability study of this coupling technique is underway.

© Semiconductor Optical Amplifier (SOA) Performance Limitations in
High-Spesd Systems
To better understand the limitations of SOAS, we have perfarmed
computar similations of their parformance in high-speed lightwave
systems. We found that gain saturation effects in 10 Gidbit/sec
systems caussd sys closurs and systems penalties. Consegquently,
SOAs should ba postiticned along a fiber link such that the optical
signa! input power is sufficiently low, 1.e., below approximately
-20dBm.

© Fibar Qptical Amplifisrs (FDA) for Amplitude-MoGulated (AM) Videeo
Distribution.
We have successfully demonsirated the use of an Erkhium-doped FOA
for the distribution of multi-channel, Amplitude-Modulated,
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Vestigial-Sideband-Modutation (AM-VSB) television signals. The
gain of the FOA was 13dB, and no systems degradations were observed
dus to nonlinear crosstalk. FDA power amplifiers in such systems
could have early practical applications in Fiber-in-the-Loop (FITL)

installations,

Video Transport Over Fiber

o 180-FM Chanrnal Broadcast Experiment
We have successfully cemonstrated the transmission of a record
number of 180 FM TV channels to 16 users using a3 combination of
Optical Frequency-Division Multiplexing (OFDM] and Electrical
Subcarrier Multiplexing (S5CM). An etaton was usad both as an .
optical channel filter and an FM demcdulator (i.e., optica)
freguency discriminator). This is the first demonstration of such a
high spectral efficiency of a ohe-video-channel par one GHz Radio
Frequency (RF) signa)l banawidth.

© 10-Channel HDTV Transport Over 30km of Single-Moda Fiber (SWF)
Using Subcarrier-Multiplexing
As part of Technology Teaming with Network Technology (Division
27210, D. Burpee, DvM), we have demonstrated the transmission of 10
HDTV channels over 30km of Single Mode Fiber (SMF) using
commercially-available Pulsa Freguancy Modulated (PFM)} transmission
equipment. The 10 HDTV channels were then subcarrier-multiplexed
in the 2 to 6 GHz fregquency range. An expsrimental system using
this technology could ba used for the early provisioning of
miltiple HOTV channels.

High-Spsed Lightwave Systems Rassarch

o 2.5 Gbits-per-Second Systems Technology and High-Speed Integrated
Circuits (ICs)
To cemonstrate the potsntial of low-cost implementations of 2.5
Gbit/sec and othar next-generation SONET systems, hybrid circuit
packages basad on high-speed Bellicors/Avantek research pretotype
ICs were mace for systems studies Up to SONET STM-64 (i.e., 0C-182
or 10 Gbit/sec) signal rates. There were no observahle
degradations resulting from high-speed measursments on the wafer.

o Optoslectronic Integrated Circuits (OEIC) for Gbit/sec Systems
In collaboration with Lab 211, novael OEIC transmitters comprised of
quarter-wavslength-shifted distributed feedback (DFB) lasers and @
quaternary Modulation-Doped Field Effect Transistor (MODFET) dri{ver
have been empioyed in 2.5 and 5 Ghit/sec system axperiments. We
have 3150 tested research prototyps rceivars based upon the novel
combination of a Matal-Semiconauctor-Metal (MSM) photodetector and
a MODFET preamplifier, and characterized its performance up to 5
gigaherz. . .

o High-Speed Dirsct-Detection Systems with Optical Amplifiers.
In studying the effect of miltipis Rayleigh-scattering on high-
speed systems employing optical amplifisrs, wve determined that
Rayleigh scattering can be simply modeled as a "mirror® which acts
similarly to discrete reflections in producing muitipls refliaction
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noise. The {interferometric noise due to multiple Rayleigh
scattering increases with amplifier gain, and restricts the
allowable gain to less than about 20 dB for high-speed systems
unless optical isolators are amployed.

o High-Speed frequency-$hift Keying (FSK) and Differential-Phase-
Shift-Keying (DPSK) Madulation/Direct Detaction Transmission
Systams.
wWe have investigated high-speed direct-detection transmission using
both FSK and, for the first time, direct DPSK mooulation formats.
Thesa techniques represent low-dispersion altarnatives to
conventional high-spsed intensity-modulated systems.

¢ Optical Signal Processing
We developed a theory of Distributed Bragg Reflector (DBR) lasers
employed as optical filters for use in multiple wavelength opticat
communication systems. We confirmed our theory by experimental
measursmants of DBR fraguency response and neise proparties, in
collaboration with Division 21110 (P. W. Smith, DvM). Based on this
theory, a new DBR filter structure is proposed which is optimized
for multichanne] applications.

o Picosecond Pulse Transmission and Dispersion Compensation
Ultra-short optical pulses may find applications in future very-
high-speed 1ightwave systems (10 Gbits/sec and beyond) ard in
optical switching. They also facilitate an understanding of the
limitations of non-linear pulse transmission in Single-Mode Fibers
(SHfs). In coillaboration with Division 21110 (P. W. Smith, DvM}, a
new expearimental ultra-short optical puise gensration system has
been DUilt. Together with a grating-telescope disparsion
compsnsator, we wers able to transmit 500 fsec optical pulses over
a 3.2 km long dispsrsion-shifted SMF,

Multi~Channe! Coherent Systems
© 16-Channeal Heterodyns Expesriment at 622 Megabits/sec.

We are increasing the capacity of our 16-channel experiment by a
factor of four by increasing the modulation speed to 622 Mbits/sec.
At prasent, we have achisved this with only one of the 18 lasers
using the A)lternate Mark Inversion (AMI) modulation format.

© Packaged Laser Freguancy Stability Measurements
We have measured the absclute optical freguency of a distributed-
feadback laser package to vary by less than 300 MMz over a period
of more than a» moenth. Periodic checks (once par month or Tess) may
be sufficient to realign the transmitters to account for minor
frequency drifts due to laser aging.

© Active Damocdulation Circuits
We have invastigated the use of active mixers for use as
frequency-shift-keying demcdulators because they provide better
than 25 dB suppression of intermodulation distortions relative to
the signal, even at very low input powers. The active mixers used
have sufficient banciwidth to increase the modulation speed from 155
to 622 Mbits/sec, have improved our receiver sensitivity by 7 dB,
and have reduced the variaticon in recsiver seansitivity due to
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pelarization fluctuations from 3 dB to ltess than 1 dB.

© Phase-Shift-Keyed (PSK) Homodyne Receiver
We have demonstrated an Optical Phase-Locked-Loop (OPLL) using
miniature Nd:YAG solid state lasers which achieved a phase arror as
small as two degrees. Using this high performance OPLL, we
demonstrated homodyne FPSK transmission with a record recseiver
sensitivity of -62.8 dBm at 140 Mbits/sec (25 photons per bit).

High-Speed Coherent Transmission Systems
© 10 Gigabits/sec Differential Phase-Shift-Keyed (OPSK) Lassr

Modulation anc Reception : e N
We have demonstrated a satisfactory bipolar drive signal for DPSK .
mocdulation at 10 Gbit/sec. Using this modulation signal, we have
achieved DPSK transmission using a distributed-fesdback laser with
10 MHZ lirewidth. Work to demonstrate a 10 Gbit/sec hsterodyne
receiver for this modulation format is in progress.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Reswarch Projact provides for tha development
of a leading edge knowledge bhase in Such key arsas as network
technologies and systems. Emphasis is placed on applications to
currant and future needs in networks, services and operations. The
substantial benefits of this Project accrue to all Owner-Clients and
are unable to be prevented form accruing to an Owner-Client who might
elact not to participate in the Projact.

RESEARCH DIRECTIDNS:

Psmonstration of the viability of Single-Mode Fiber (SMF), component
and systems technologies and concepts, including measurenent
techniguas, through laboatory demonstrations and fisld experimants
(if appropriate, in collaboration with other divisions, and/or with
ona Oor more BCCs)}. Modeling of parformance of SMF systems to
facilitate analysis of practica)l systems using standard components,
and making simulation tools available to the BCCs.

Theoratical and experimental investigation of advanced SMF
transmission charactertstics with particular emphasis on loop
applications of SMFs. Participation in the standardization of
single-mode fibers, SONET (Synchronous Dptical Network) systems
and fiber-based local broadband systems in the International
Consultative Committes on Telephone & Telegraph (CCITT). Studies
of fibar-based components, intecrconmection devices, and optical
facility switches, as well as standards leadership in the
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International Electrotechnical Commission (IEC).

ldentification of optical connector reliability issues and
participation - together With other Bellcecre organizations -

in the implementation of relijiability evaluation programs leading
to future Bellcore requirements and standards positions.

Investigation of SONET/ATM (Asynchronous Transfer Mode) optical
transmission and performance issues and participation in establishing
standards for the various SONET hierarchy levels, including the future
Synchronous Transfer Mode (STM-64) (10 Gbit/sec) rate. Exploration of
the esarly application of prototype STM-16 (2.5 Gbit/sec) squipment as -
part of a ressarch collaboration with Carnegie Mellon University’s
Gigabit-par-second Network Project.

Research in systems technologies and applications of High-Density
Wavelength-Division-Multiplexing (HO-WDM), based on 10 to 20 high-
bandwidth optical channals, incliuding multi-wavelength lasers and
laser arrays, cdstector arrays, WOM devices, fixed and tunable etalon
filters, etc., for high-channel-count video cistribution in the local

networ .

Continuation of experimental and thecretical studies of capabilities
ang limitations of optical amplifiers (both doped-fiber and semi-
conductor amplifiers) in high-capacity, multi-channae)l applications
such as in HD-WDM and their impact on optical network and broadband
services evelution,

Continue theorstical and sxperimental investigation of multi-channe)
heterodyns and homodyne transmission systems, with emphasis on
channel assignment, laser frequency stability, laser modulation
techniques, local oscillator tuning and channal acquisition, and
integration of receiver alectronics. The goal 15 tc establish
technologies useful for transmission in the range of 155 to 622
Mhit/sec.

Demonstration of a 16-channel coherent double-star network operating
at 822 Mbit/sec, with emphasis on establishing practical field
operation and understanding the limitations imposed by optical
reflections, fiber- and componant non-linsarities, slectronic
component bDandwidths, and optical amplifiers. Also emphasized

will be the integration of the transmitter and receiver opto-
slectronics to demonstrate the practical feasibility of coherent
multichannel distribution.

Together with Lab 211, perform ressarch in Optoslectronic Integrated
Circuit (OEIC) technology for Toop and sexchange applications.
Continues study of OEIC transmitters and receivers, as well as more
complex cptoslectronic integrated circuits with snhanced systems
functionality and potential for low-cost Toop applications.
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Exploration of advanced siticon Heterojunction Bi-polar Transistor
(HBT) and High-Elactron Mobility Transistor (HEMT) integrated circuit
technologies for implementation of 2.5 Gbit/sec and high-speed
lightwave systems. We have established research collaborations with
both Rockwsll and Avantek to have access to foundry services and for
expsrimental low-cost, high-speed Larges/Very Large Scale Integrated
(LSI/VLSI) prototype circuits. This helps to accelerate the
introduction of low-cost BISDN in the 1oop and exchangs plant of the
Bellcore Client Companies.
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PROJECT OVERVIEW:

This project emphasizes appliad research on innovative radio
technologies and systems that exploit the unigque capabilities of radio
for providing (1) economical alternative distribution means, and (2)
new integrated voice and data services that are highly flexible and
portable. A major objective is to provide these new digital radio
communications services via small tetherless portable voice handsets
anc data terminals as a part of local sxchanges networks. A key
component of this work is to investigate integrating the capabilities
of racio with the capabilities of the local sxchange network
infrastructure. Emerging Radic Local Arsa Networks (RLANsS) and their
implications on wireless central-office-based packet data access
services sre a growing area of project interest.

An snormous demand for portabls communications has bsen demonstrated
by the wicespread popularity of currently available tachnologies
(i.e«., cordless telephones) that provide only very limited portable
communications. New innovative services to portable handsets and data
terminails could be proviced as exchange nmnetwork searvices by a system
using demand-assigned radio Tinks for the last thousand feet or so of
local telephone 100ps. This radio system could provice tetherless
portabie communications services whila making use of integrated
operations and billing, network intelligence and futurs high-spesd
optical fiber distribution. Such a new portable radic system may
enable Ragional Companies to offer highly flexible tetharless digital
data and voice services that cannot be offared now. Radic is the only
means for providing such rmew innovative integrated portable
comunications services. Specialized central office based wirsless
packet tata access services could reduce the cost of rearranging cdata
access facilities as customers movs.

Advanced digital radio system and radic link architecturss, control
strategies, techniques and technologies must provide economical, high
quality services despite the complex and hostile radic snvironment
arcuhd and within buildings. Experimental investigation of radie link

/02/90

t No,
421302

NG .
§-4938

technigues in appropriate radio snvironments is assential to determine

technical and economic feasibility.
This project includes applied ressarch on the following topics:

1. Synthesis, computer simulation, and {mpliementation of radic
system architectures and control strategies including radio
channal access, alerting, active call transfer, and protocols
that will mitigate affects of radic propagation and customer
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motion. Comparison of proposed architectures and control
techniques in appropriate environments is needed in order to
selact those providing the best characteristics for sxchange
network voice and data applications.

2. Synthesis and implementation of innovative radio link digital
sighal processing, channel coding, speech coding, and privacy
techniques that are readily implementable in esconomical l1ow-powar
very-large-scate integrated circuits (VLSI). Digita) signal
processing techniques continue to provide significant
improvements in radio 1ink performance in the mulitipath radio
environment, to improve spectrum efficiency by parmitting new
radic Tink architactures. ) _

3. Building and testing of laboratory models of radic equipment
subassemblies and intsgration of subassemblies intc & laboratory
concept prototype system to show experimentally the feasibility
of innovative demand-assigned time division multiple access radio
link and system control techniques, and to insure that the
individual signal processing and control techniques and radio
technolcogies will function as an integrated radic system.

4. Building of experimental radio frequency and baseband
subassemblies in advanced jow-power hybrid and integrated circuit
technologies to insure the feasibility of economical fabrication
in large quantities.

5. Fiald measuremants and mogeling of radio propagation in
appropriate anvironments within and around buildings. Earlier
propagation experiments provided information nesded for
estaplishing transmission rates and for inputs to computer
simulations of system architecture ard control strategies for
frequencies around 1 GHz. Furthar measurements are nesded at
higher fregquancies and in cther environments in which low-power
pertabls communication systems and centra)l office based Wwireless
data acCcess Systems may De used.

6. Insuring compatibla services and network interfaces with digital
distribution networks {(both fibar and copper}, with current
switched wireline and wirelass networks, and with evoiving
network intelligence, including participation in the first stages
of fimld axperiments using commercially available products.

7. lnvestigating alternative metwork infrastructures for providing
voice and dats services that employ wirsless access, including e
"high-tevel" view of the associated economics, To maximize the
barmfit of this applied ressarch to the Belicors Client
Companies, Technology Transfer and Licensing efforts are
baginning to transfer the radio link technology and system
architecture and control strategies formulated in this project to
the industry.

Applied resesarch will be continued on axpsrimentally verifying new
modals cevelopad sarlier that predict interfersnce in point-to-peint
microwave radic routes due to sScattering from builidings in urban
arsas. Current interferences prediction medels used in frequancy
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coordination do not adequately take into account the effect of
building characteristics and orientation.

In the Bellcore Client Companies, radio has the potential for
replacing labor intensive installation and maintenance with ltarge
scale integrated slectronics. Knowledge of the radio concepts
consicgered in this project is needed for evaluating both new revenue
opportunities and bypass potentiails.

PAST YEAR RESEARCH ACCOMPLISHMENTS: ' -

During the period of July 1, 1888 to December 31, 1989: a) extensive
consultation and review {including a one-year internship for a
Division MTS)} were provided toc Division 27240 (G. R. Ritchie, DvM) for
the purpose of preparing a region-specific framework Technicat
Advisory concerning generic requirements for a portable
telecommunications service; b) extensive consuliation was provided on
radio interference from urban scattering to Divisien 22370 (F. Zupa,
DvM), Division 27240 (G. R. Ritchie, DvM), and Pivision 82350 (J. N.
Norris, OvM) working on improving frequency coordination of point-to-
poitnt microwave radio; c) extensive consultation was provicded to BCCs
on worldwice activity in portabie communications and its relationship
te exchangs networks; d) pooling of knowledge on digital speech coding
for digital portable radio occurred with Division 21340 (J. A.
Bellisio, DvM); m) extensive consultation was begun with Diviston
268220 (W, Gifford, DvM) on wireline/wirealess network integration; f)
information and comments were gtven to Division 82350 (J. N. Norris,
DvM) regarding a National Telecommunications & Information
Administration (NTIA} Notice of Inquiry (NOI) on frasguency management
and petitions (1) by Cellular 21 to hold a trial of British CT-2
tachnology and (2) by Millicom to inttiate experiments leading to a
Personal Communications Network. ODuring this pariod, we wrote 10
technical memorancda, published 2 technical papers, presented § talks
at technical meetings, conferences, and symposia, wers issusd one
patent, filed 3 patents, wrote & other Technical and Enginesrs Notas
and jetters, and published a Compendium of papers on Terrestrial
Microwave Radio tn collaboration with Division 23190 (G. R. Ritchie,

DvM ) .

Portable Digital Radio

© Rapid progress continued toward implementation of an expsrimental
concept prototype of a twe-way digital portable radio link. This
link uses digital signal processing technigues for demoduiation and
symbol timing of independent signal bursts. The )ink now supports
two simultaneocus portable users with 2 GHz Radic Freguency (RF)
circuits toc permit on-the-air testing and interfaces to POTS (Plain
Old Telsphone Service)} loops to permit call origination. The 2 GHZ
RF, intarmediate frequency, bassband, spssch and POTS loop
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interface processing portions of this 1ink are working in the
laboratery. Two expsrimental “portable" units have been
constructed. The portable prototype units incorporate a novel burst
mocutl stor coordinated with a switching power RF amplifier which
together permit on-the-air rapid burst turn-on/turnoff with no
acditional adjacent-frequency interfersnce. The slectronics for the
"fixed" unit have been separated intoc remote and central-office
portions. Completed integration of baseband, Intermediate
Frequancy (IF) and RF sections of the experimental prototypes to
permit on-the-air testing. This included a single receiver
selection diversity circuwit which provides optimal antenna
selaction based on signal quality. Performed on-the-air tests of 2 -
portables on adjacent time slots under near-far conditions.
Constructed axperimental lcop interfaces and integrated them with
the central office circuits. Completed the cdesign of saxperimental
electrically-programmable logic devicas to show the feasibility of
low power operation and integrated these circuits into the portable
units. Complieted the design of 2 experimental Very Large Scale
Integrated (VLSI) chips to perform burst modulation and
demodulation. These designs cemonstrate the low complexity of novel
burst demodulation techniques which are bandwicdth efficient. These
chip designs were submitted for fabrication in December. Proposed
and documented a modulator structure for efficient VLSI
implementation (Sollenberger, TM-ARH-015813). Reported results on
selection diversity for Time Division Miltiple Access (TDMA)
portable radio 1inks {Chuang and Scllsnberger, Institute of
Elsctrical and Electronics Enginesers, Inc. (IEEE) GLOBECOM ’88).
Reported results on the performance of joint error detection and
burst demoduiation {Chang and Sollenberger, IEEE GLOBECOM '88).

o Continued 3 study of low-complexity adaptive egualizatioen
tachniques with very low transmission overhead. Such technigues
could further mitigate the effects of time delay spread and
recativer channel filter imperfections. Demonstrated that a very
low-complaxity technique using burst storage ancd “time reversal"
that operates on a2 hard-limited received signal can provide
significant performance improvement (Ariyavisttakul, TM-ARH-
015241). Extendecd this “time-reversal” technigue to conventional
tinear squalizers, whare even more improvement was obtained.

© Began further analysis of multipath time delay spread data,
collected in offices and an urban arsa, showing that selsction of
the radic port with the strongest signal also gave the path with
the 1sast time delay spread in most cases. This would minimize the
effects of time delay spread in widely-geploysd portable
communications systems. Began plans for measurements 1n an urban
area at sven higher frequencies in collaboration with a Bellcore
Ciient Company. Began a comprehensive attenuation measursment
program at four widely-spaced freguencies in office and resicential
environments.

o Continued to model spectrum utilization characteristics. (Bernhardt
and Chuang, Engineers’ Notes, August 4, 1988) In one thrust, time-
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slot management (assigning calls to Time-Division Multiplex time
slots) was studied by a new simuiation (MULTICALL} which simulates
thousands of calls spread over hundreds of fixed-radio coverage
arsas; system occupancy, reuse factor, propagation parameters, etc.
were varied for three test algorithms. It was found that one
algorithm (saving the best slots for users with low signal}
significantly outperformed the others and yielded up to 13 OB
improvement (Bernhardt, TM-ARH-015554). A talk on earlier moceling
work was also presented (Barnhardt, I£EE GLOBECOM, November 30,
1989 }. In the other thrust, methods for autonomously cetermining
fregquency assignments for fixed radic equipment ware studied, along
with the use of sscond-choice routing when traffic blocking occurs,
Both of these techniques give significant operational advantages -
and yield performance improvements as well. The autonomous
assignment algorithm yields a stable configuration with only a few
iterations. Earlier work was reported (Chuang, TM-ARH-014878, and
IEEE GLOBECOM, November 30, 188%). In addition, computer simutation
programs were created to analyze the access performance of portable
communications systems deployed in groups of multi-story office
buiidings. This computer model will be used to assess the spectrum
requirement in high-use business snvironments. Early results
indicate that variability of wall attenuation characteristics may
be the dominant effect.

o Continued work on data throughput estimation for the two-way
Raylsigh-fading channel with diversity. Showed how throughput is a
function of Carrier/Interference, for various automatic repsat
request (ARQ) protocols; orne TM was issued (Chang, TM-ARH-O145089).

e The basic investigation of data services was also completed; it was
concluded that two basic data services are needed:. (1) a protected
ssrvice in which the portable system snhances data integrity via
ARQ, and {2) a non-protected service in which tha user’s snho-to-end
protocol protects the data integrity (Chang and Porter, TM-ARH-
015782, December 5, 1989). Earlier work on synchronization was also
reported (Chang and Sollenberger, IEEE GLOBECOM, November 1989).

o Synthesized a configuration for a combined low-noise receiver front
end ampliifier and antenna diversity switch which offers lower
noise, power dissipation, and complexity than conventional
approaches (Liu, TM-ARH-015387). The combined amplifier-switch
could be implementad in Tow-complexity integrated form for a
digital portable radico. Continued a search for an appropriate
integrated-circuit technology to implemant a previously documsnted
high-efficiency RF power amplifier (Ariyavisitakul and Liu, IEEE
GLOBECOM, November 1988). Continued a survey and sxperimental study
of commercially available low-power RF technology (Krain,
Engineer s Notes, August 1889).

o Continued to participate in CCIR (International Radio Consultative
Committew) work toward future portable radio telecommunications
standards, with attendance at the fina)l mesting of the 1986-§0
cycls. Mace technical presentations and published papers
concerning local exchange applications of digital portable radio
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telecommunications to Bellcore Client Company groups, and to
outside conferences (Cox, JEEE Communications Magazine, Juty, 1889,
seminar at Virginia Polytechnic Institute, October 1989; Porter,
Information Networking Institute at Carnegie Mallon University,
Decembar 1889; Arnold, FCC Personal Communications Seminar, July
1988, TIA Microcell Technology Symposium, October 1989, seminar at
Columbia University Center for Telecommunications Ressarch, October
1889). Wrote a paper concerning the need for interface standards
batween cellular systems and the wireline network (Cox et al.,
TM-ARH-014545, July, 1889).

Foint-~tc-Point Microwave Radio -

© Tested on the Bellcore antenna range a sscond varsion of an
experimental multi-aperture mode-diversity coupler for a standard
microwave horn-reflector antenna (see 3F32-11}. The analytica)
procedure was improved to incluode the effect of several higher
order modes. The test results are in good agreement with the design
objective. This coupler provides angle diversity protection against
miltipath fading for existing point-to-point microwave radio
systems for both polarizations simultaneously (Nosrpal, TM-ARH-
014750). A patent has besn filed on a diversity-protection system
with the multi-aperture coupler. Documentation is being assembled
for licensing of the technelogy.

¢ Completed an interference-prediction model which incorporates
affects of scattering from building structures and thus provides a
better estimates of the effect of building erientation than the
methods currently used for frequency coordination of microwave
radic routes. An expsrimental setup was completed for a field
experiment to verify the directional nature of the reflected
interfersence from building surfaces and to obtain depolarization
data. (Noerpel and Ranade, talk at JEEE GLOBECOM'B9, November 1988)

Wideband Analog Optical Fiber Distribution

o Continued a study of wideband FM technigues for fibsr-optic
distribution of multiple RF National Television Standard Code
(NTSC) television signals. Completed implementation of a concept
prototype demonstrating the technigque and employing low-index FM
modulation, sevaral modulation index doublers, and Ssimple
discriminator detection. Besgan measureaments and investigations
atmed at reducing crosstalk distortion levels in the prototype to
acceptable levels.

REASON FDR INFRASTRUCTURE CLASSIFICATION:
The work of this Applied Ressarch Project provides for the developmant
cf a leading edge knowlisdge base in such key areas as network

technologies and systems and communication theory. Emphasis is placed
on applications te current and future needs in networks, services and
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cperations. The substantial benefits of this Project accrue to all
Owner-Clisnts and are unable to be prevented from accruing to an
Owner-Client who might elect not to participate in the Project.

RESEARCH DIRECTIONS:

Determine characteristics and parameters for radic propagation in
and around buiidings. These are required for determining system
configurations, limitations on radic links, and suitability of a
broad range of frequencies for portableé communications systems. °

Explore innovative frequency reuse radioc system concepts, including
system configurations, radio channel access strategiss, alerting
techniques, and contrcl strategies, for providing naw, sconomical,
high gquality, spectrally efficient portable communications services.

Explore the effect of wall and floor attenuation on the performance
of digital portable radic systems deploysd in large milti-storied
of fice buildings.

Further investigate radic 1ink parameters that will provide exchange-
network-quality portable communications. These parameters include
digital channel rates, frequency channel spacing, privacy methods,
digital spesch coding approaches, channel coding techniques for
arror detection, and protocels for data services.

Explore innovative digital radic link architecturas, techniques and
subassemblies for use in multipath radio snvironments. This includes
investigating and constructing subassemblies, using low-power,
very-large-scale integrated or hybrid circuit technologies for radioc
frequency circuits, radic 1ink contrel, speech coding, channel ceding,
data protocols, and privacy.

Expand the capabilities of an initial expsrimental concept prototype
of a digital radio }ink, using innovative radic 1ink technigques, for
providing untethered voice and cata communications, including
approaches to network integration.

Initiate sffort to produce a Technology Transfer and Licensing
package incorporating previous applied rassarch on radio 1ink
technology and radio system architecturs, radic link control and

access strategies.

Determine approaches for the intsgration of portable radio
communications inte the svolving inteliigent network. This inciudes:
(1) identification of the regquirements that user mobility places on
dynamic network data bases and on transfer of active calls betwesn
network switches, and (2) an initial view of overall economic issues.
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Perform assessment of existing or planned radic systams and
technologies for providing personal communications.

Complete the research on diversity techniques for improving the
performance of point-to-peint digital microwave systems and validate
by experimenta) measurements the new models developed earlier that
predict interfersnce due to scattering from buildings.

Determine the performance of hard-ltimited signalling techniques for
fiber optic distribution of multicarrier RF (radio fregusncy) signals.

Provide technical inputs based on applied ressarch to obtain fraquency“"
allocations and to support formulation of national and international
standards applicable to portable communications systems.

Provide consulting to Bellcore Client Companies as requested on radio
topics, ®.g., worlawide activity in portable communications and its
relationship to exchange networks, participation in field experiments
on portable radic services and radio technolegy, point-to-point
microwave radic, IMTS (Improved Mobile Telephone Service), radio
paging, and the use of radic for rural distribution.
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PROJECT OVERVIEW:

This ressarch supports the Transport Critical Area defined by the
Applied Research Advisory Committee, through the pursuit of
technotogies required for the cost-effective transmission and =
switching of breoadband services. It is the pursuit of technologies
that leads to network transport systems wheare the needs of
transmission and switching are studied, and solutions jointly
optimized, that gives rise to the project name. There is a great
ceal of effort in Ballcore, in U.S. Standards bodies, and
interpationally in the International Consultative Committee on
Telephone & Telagraph (CCITT) aimed at formulating standards for a
broadband network. Work done on this project in the past has halped
to place Besllcors in a leadership position in the definition of this
network. The switching and multiplexing concepts advocated for
broadband ars radically diffsrent from those in use in current
telecommunications networks in their use of a new packet-like
technology called the asynchronous transfer mode (ATM). ATM
muitiplexing within SONET (the Synchronous Optical Network

standards adopted internaticnally in CCITT) transport systems
promises to offer the Bellcore Client Companies (BCCs) a means to
deliver a wide variety of new services at low, medium, and high bit
rates simultaneousty, and in a cost-effective manner.

This project sesks to explioit a number of technological opportunities
that will appear in the near future, and will allow our clients to
cdepioy broadband services to a wide base of residential and business
subscribers in a cost-effective way. One opportunity is the result of
the increasing circuit speed performance of advanced silicon CMOS
(Complemantary Metal Dxice Ssmiconductor)} and galiium arsenide
integrated circuit technologies. The application of such technologies
will increase the spesed pessible with low cost and low power
dissipation technologies for broadbancd subscriber interfaces. These
two technologies allow increasing functionality to be included in
network interfaces without a substantial cost penalty. Similarly,
acdvances in packaging and interconnection technologias allow high-
spesd and highly functional integrated circuits to be assembled

into compact., reliable interfaces and subsystems. This is

important to our ciients since it will alitow more sophisticated
advances in packaging and interconnection technologies allow high-
speed and highly functional integrated circuits to be assembled

inte compact, reliable interfaces and subsystems. This is

control and management function capabilities to ba implementsd in
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hardware, vielding improved performance. An objective of this research
is to demonstrate that SONET/ATM interfaces, with all their power for
allowing sophisticated network control functions, can be considered
for the very cost-sansitive broadoand user-network interface. We will
work jointly with Bellcore Network Technelogy to consider candidate
functions for the broadband user-network interface, and determine the
feasibility, performance and cost impact of these functions. In
carefully sslected situations, where sufficient detailed knowledge can
be gained in no other way, we will participate in tha design and
fabrication of experimental laboratory prototypes. One sxample
prototype project currently under way is a2 broadbandd/advanced
television ressarch project jointly supported with Divisions 21340,
Video Systems & Signal Processing Research, (J. Bellisic, DvM) and
21370, Network Control Research, (J. Berthold, DvM).

Our pioneering work on breoadband circuit switching of several years
ago, and our recent work on integrated regeneration functions pointed
out the capabilitias of CMOS technology. We now pursue one micron
sized technologies, (our sarlier work was done in two micron sized
technologies), to obtain adequate speed margin for the more complex
processing functions and higher complexity required for ATM
interfaces. Our recent work on SONET multiplexer/framer chips

showed the potential for ail complex, high-speed (2.5 Gbit/sec)
muitiptexer functions to be included within a single chip, in a
technoliogy capable of low manufacturing cost. Wwe will pursue this
line of research, both pushing higher spest and higher functionality,
in integrated microslsectronics. The result of this work will be to
remove the cost penalty of higher system speed. Bellcore Network
Technology, lnformation Netwerking Services, and the Bellcore Client
Companies nesd to know the ultimate costs to be expacted of high-speed
digital subscriber access systems as they consicer other alternatives
for the provision of broadband services, whather switched or
broadcast.

A number of Gigabit Network Testbecds have been identifisd by the
Corporation for National Ressarch [nitiatives. These testbeds

have hsavy participation by leading universities, whose
participation is Goverrnment funcded. Bellcore and Bellcors

Cliant Company partigipation in these projects will encourage the
aghersnce to emerging broadband standards which will be the basis of
future BCC Networks. It is expected that ressarch from the Gigabit
Network Testbeds will strongly influence the direction of a Natiohal
Rasesarch and Education Network under consideration now by the
Government. W. Sincoskie (Division 21480, Computer Networking
Research) has been Bellicore’'s represeritative in this area. This
project will provide support to Sincoskie in the Aurora project, and
to Carnegie Mellon University in the Nectar Project, primarily in
the arsa of transport. Our participation in these projects will
provide sarly research prototypes of SONET/ATM accass subsystems.
Only by providing such sarly prototypes can we infliuence the

PROPRIETARY - Bellcore ang Authorized Clients Only
See Proprtetary Restrictions on Title Page

sl gNA7

nNNNS10?2



BELLCORE Page: 3
Applied Research Date Printed: 10/02/90

1891 FINAL PROJECT OFFERING
Procject Name: Project No. .
TRANSWITCHING TECHNOLOGY 421303
PROJECT OVERVIEW: (CONT .}

university participants to adopt SONET/ATM standards, since ho such
prototypes are currently available from vendors. Adoption of these
standards Wwill help to assure that the cost and performance benefits
of a uniform system will be available to subscribers by preventing
the Balkanization caused by the creation of dissimilar networks.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

There was a great deal of progress in broadband standards in this
period. SONET was acceptad as a physical tayer to support ATM cell = |
transmission, and the basic ATM cell parameters were agreed to Iin
CCITT. We complested the design, fabrication and testing of a CMOS
SONET access integrated circuit which supports the transmission of
ATM cells within SONET. We alsc completed the architecture of a
2.488 Gbit/sec SONET multiplexer subsystem that consists of three
sxperimental prototype chip types. The most demanding chip, a 2.488
Gobit/sec miltiplexer and demultiplexer, was completed, tested and
found to oparate satisfactorily to 3 Gbit/sec in initial laboratory
testing. The sxistence of this feasibiltty demonstration, aleng with
our willingnass tc make experimental research prototyps components
available to collaborating universities, resulted in the acceptance
of SONET and ATM as the technologies tc be used in four out of five
testbeds in the Gigabit Network Tesibeds planned by the Corporation
for National Research Initiatives. An important result came from

our explorations of the feasibility of a Targe ATM switch, a switch
with aggregate throughput of one Terabit/sec. A switch architecture
was cdevelopad which convenisntly supports very high spesd port rates
(1 Gbit/sec or more) and has a compact physical size. An experimental
prototype integrated circuit chip which contained an integrated
digital signal regenerator was fabricated and tested. It was
functional to 250 Mbit/sec, which provides adequate margin to be
confident of operation in an application with a spsed of 155 Mbit/sec.
Such components are critical for eventual application in broatband
subscriber loop systems. This project continues toc support hardware
feasibility, performance, and cost analyses of functions and
technological alternatives consicdersd in the broadband user-network
interface. Along with other Divisions in Organization 21300, Network
Systems, and with collaborators from Bellcore’s Network Teachnology
Area, we continue work on a Broadband Transport Prototyps project
aimed at the simultaneous transmission of a digitally coded and
compressed Advanced Television and other signals using ATM

within a SONET broadband channel. Our components ars planned for
incorporation in the Datacycle, DAWN, EXPANSE and Home-bus prototypes
of Organization 21400, Network Services Research.

We continued to play an important role in appropriate 1EEE standards

and professional bodies. We served on the editorial boards of the
IEEE Journal on Ssiected Arsas in Communications (JSAC) and the IEEE

PROPRIETARY - Bellccre and authorized Clients Only
See Proprietary Restrictions cn Title Page

FOIAO3Z

0005103



BELLCORE Page: 4
Applied Research Date Printed: 10/02/90
1991 FINAL PROJECT OFFERING

Project Name: Project No.
TRANSWITCHING TECHNOLOGY 421303
PAST YEAR RESEARCH ACCOMPLISHMENTS: ({CONT _ )

Lightwave Communication Systems Magazine, and as guest editors in
three forthcoming JSAC special issues. We were a key player in the
formation of an IEEE Technical Committee on Interconnections within
High-Speed Digital Systems. We have provided a great deal of
expertise and leadership to the IEEE Combus standard activity which
seaks to define a SONET-compatible backplane.

Multiplex and Multiaccess Technology:

High-Speed Interface and Multiplexing Circuits for SONET Add/Drop =,
Multipliexsr
o The application of high-speed VLSI technology to multiplexing

offers the potential of greatly reducing the cost of broadband
network access. In the first half of 1980, we complieted the
testing and experimentation of our prototype SONET STS-48 (2.488
Ghit/sec) interface circuits. The two-chip set is implemented in
GaAs tschhology, ard performs the Key interface functions for
SONET. These include 8:1 multiplexing, 1:8 demultiplexing, byte
alignment, and SONET frame detection functions. Our test results
indicated that the circuits can operate at data rates up to 2.5
Gbit/sec with a bit error rate less than 1x10E13. In aadition,
we studied the functional requirements of a SONET STS5-3c to STS-48
multiplaxer/demultipliexer system. This prototype system is
required in our participation in a number of broadband network
expariments, including the Gigabit Network Testbeds sponsorsd by
tha Defense Advanced Ressarch Project Agency (DARPA)} and the
National Science Foundation (NSF).

SONET OC-12 Multiplexer/Demultiplexer Test Set

o In the first half of 1980, we constructed an experimental SONET
0C-12 multipiexer/demultiplexer test set using our SONET ICs.
This test set has been delivered to Division 27220 (L. Scerbo, DvM)
for use in their SONET product analysis program. This unit is
under heavy uttlization in their SONET standard compliance tasts

of the 622 Mbit/sec vendor equipment.
Broadband Switching Technology:

Large, Synchronous CMOS Switching Chips

© Dur research into broadband switching technology concentrates on
scalable technology prototyping for high-speed packet switching
and SONET crossconnect appltcations. One goal s the demonstration
of a single board 256 x 256 switch interconnection fabric capable
of self-routing ATM (Asynchronous Transfer Mode) cells at a rate of
155.52 Mbit/sec. During this pericd, we optimized the integrated
circuit design for both greater noise margin and diagnostics
suppert. The relationship batween fabric, interfaces and control
functions was analyzed in cdetail; the results had significant
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impact on the Terabit Switch effort at Beilcore. OQur research has
demonstrated that today’s commedity integrated circuit processes
are fully capable of meeting the fabric technology needs in such

a terabit switch. We are using this insight to focus attentien

on the problems of switch monitoring and control in a broadband
environment .

Architectures for A Terabit/sec Switch Fabric
© While commodity integrated circuit technologies appsar able to

Support the bit rates required for Terabit/sec ATM switch fabric,
a problem that remains as a roadblock to a Terabit/sec switch {s
the high-speed interconnects needed between integrated circuit
#lements on different circuit boards and equipment frames. Workers
tn the Terabit/sec switch project continue to see breakthrougns in
interconnact technology. Another path around this roadblock may be
architectural solutions that minimize the required interconnects.
In this period, we extended work on self-routing crossbar
fabrics. The resuiting new architectures maks maximum use of the
componant densities expectad to be available in the future with
Very Large Scale Intagrated (VLSI} technology, and recquire fewer
interconnects than other alternatives. Another advantage of this
new architecture lies in its ability to easily support port rates
much higher than 155 Mbit/sec.

Interconnection and Access Technology:

Optomlectronic Integrated Circuits (0FEICs) Subsystems Research

© The goal of this work is to reduce the size and power consumption
(and potantially the cost) of the optoslectronic components that
would comprise an advanced broadoand optical network.

Severa! advanced prototype laser drivers and 4x4 analog crossbar
switches were designed and laid out using the Plessey (.6 micro-
metar Bipolar process {n the beginning of 1989, The first wafers
were delivered in December, 1888. Preliminary testing was
performed on individual transisters and on an al1 NPN (negative-
positive-negative) bandgap voltage regulator. Yhe transistors
and the voltage regulator were found to operate in a satisfactory
manner.

A proposal for a high current efficiency Opto-Electronic Integrated
Circuit laser driver was evaluated anc reported (TM-ARM-013750,
Banwell). This circuit concept is being used in collaboration
with Division 21120 (R. Leheny, DvM) tc ressarch an eaxperimental
monclithic INP Heterostructure Bipolar Transistor (HBY) laser
driver. ;

In coliaboration with Division 21110 (P.W. Smith, DvM}, we are

prototyping an axperimental two-dimensional array laser driver
to drive the surface emitting lasers recently fabricated at
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Bellcore. A VLS! integrated circuit for the laser array drivers
was designed using a 1.2 micrometar CMOS process. It will drive
an Bx8 array of laser diodes at dats rates up to 155 Mbit/sec.
This important experiment could illustrate new methods for making
massive interconnections for subscriber access and intra-machine
interconnections. It could open up new switching and subscriber
access architectures. We plan tc receive the complieted ICs from
the foundry in the fourth quarter of 1880.

Simplified Laser-Fiber Coupling Technigue

¢ We completed a proof-of-concept demcnstiration of a new method for
coupling lasers to single-mode fibers at room temperature, using
an electroplating technique. Using 2 simple butt-coupling
approach, we achiaved coupting efficiency as high as 14%; and
further investigation indicates that we could achieve much higher
efficiency using lensed fibers. We expect to file a patent on
this technique during the second half of 1890. This method holds
the potential for reducing the cost of optical transmitters, since
it greatly simplifies the fiber-to-laser alignment process.

IEEE Combus Standard Activities

o We continue to play a major rele in the formuilation of the Combus
(IEEE P1396) standard for a SONET-compatible packpiarne. Our
contributions include heading the subcommittes writing the
mechanical/physical spscification, developing criteria for
selection of a backplane connector, and coordinating the
organization of the documentation., We also initiated a backplane
prototyping activity to characterize the slectrical performance
of the Backplane and to examine various architecture and logic
issues. We designed an expsrimental prototype of the backplane
and ordersed many of the required parts. We began to involve other
Belicore organizations in this activity, .g., Division 27810
(D. Shelton, DvM) in the area of connector reliability.

Cable Tracking:

Cable Tracking
o A novel method for tracking buried all dislectric cables in
lightning prone areas was proposed and tested in the laboratory.
An axperiment was performed at Belicore’s outdoor Chester site,
and the results agreed with our theorstical predications
(TM-ARH-014138, Banwell).

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Froject provides for the development
of a leading edge knowledge base in such Kkey areas a5 network
technologies. Emphasis is placed on applications to current and
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future needs in networks, services and operations. The substantiail
benefits of this Project accrue to al) Owner-Clients ang are unable to
be prevented from accruing to an Owner-Client who might etsct not to
participate {n the Project,

RESEARCH DIRECTIONS:

Explore key technology areas in broadband access, multiplexing and
switching. Acdvance technologies neacessary to allow cost effactive
subscriber access, with an emphasis on high-spsed, very large scale
integration (VLSI) digital circuits. :

Ressarch on technology issues assoCiated with fiber-based SONET/ATM
networks. Provide technology foundation for Bellcore work projects
en broadband standards, requirsments and product analysis.

Fabricate experimental prototype systems and subsystems for use in
(a) Bellicore Network Technology Area proouct analysis (for example,
SONET tast sets); (b) Bellcore testbeds in broadband and INA networks
{for example, advanced television transport); (c) Gigabit Network
Testbads with Bellcors and BCC participation.

Resesarch on high-speed optical and electrical interconmection ‘
technologies which are critical to the implementation of future

broadband transmission and switching systems. This will also include
SONET-compatible backplanes to support the IEEE Combus standards.
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PROJVECT OVERVIEW:

Telecommunications systems become useful only when there is a good
coupling between network capabilities and the needs of information-
based services. Signal processing is the enabling technology for
matching network transport capabilities to service-driven needs.

This project smphasizes several specific areas of signal processing
ressarch. High cdefinition television (HDTY) and digital optical

fibar are two emerging technologies which could form ideal complements
for naw image-based communications services. Research to realize

this promise addresses all of the key snd-to-snd technical issues

that might arise if a Bellicore Client Company (BCC) broadband digital
fiber system was used to transport HDTV. In another research
initiative, the technclogies nesded for the transport of video signals
on existing wire pairs are sxplored. Here, the ressarch follows two
directions: the digital compression of telsvision signals to low

bit rates; and the signal precassing technoliogy nesded to operata
axisting subscriber lines at significantly higher bit rates than is
now possible. In yet another dimension of signal processing, ressarch
inte implemantable neural networks may lead to practical solutions to
problems of pattern recognition and artificial intelligence which are
difficult to solve using conventionally programmed computers.

In order to perform this ressarch, we need to be expart in image
coding theory, computsr simulation, high-speed digital processing,
very large scals integrated (VLSI) circuit technoliogy, computer aided
cgesign (CAD) and the associated areas of network transport protocols
and control. Work typically results in technology ready to bs
integrated into Bellcore’s overall system plans and in advocacy of
standards positions. To do this work in a credible and expeditious
way, we frequently need to build sxperimental ressarch prototypes
which often contain uniqus VLSI circuits. The construction of
research prototypas and the assembly of the necessary CAD snvironment
to facilitate this work are, therefors, necessary componants of the
research procass. The V.SI methodology developed in this project is
also extensively used eisewhers in Bellcors Applied Research, and our
VLS! implementation sxperiments improve our technology transfer
opportunities.

High Definition Television for Broadband Networks

Ressarch on Advanced Television (ATV) has bsan an ongoing effort in
this project from its inception. Conssquently, we are very well

PROPRIETARY - Bellcore and Authorized Clients Only
This document contains proprietary information that shall be
distributed or routed only within Bellcore and its authorized
clients except with written permission of Bellceore,
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positioned in this area now that interest in HOTV, the highest quality
form of ATV thus far defired, is peaking. Much ressarch in the U.S.
is focused on methods for the analog transmission of ATV via the
airwaves. We, however, anticipate that the evolution of the exchange
network into a digital fiber optic system will offer an unparalled
opportunity to provide an economical, high quality, robust and
flexible transport system for ATV services. Ws have extensivaly
ressarched, using computer simJlation, algorithms for the comprassion
of HDTV inte the proposed SONET {Synchronous Optical Network)/
Broadband Network 155 Mbit/sec channel {(gross rate). We are confident
of our theorstical results, but at least two key ressarch guestions

remain: the picture quality under actual conditions, and the -

practical feasiblity of the all-digital fiber approach with respect

to more near-term, less capable alternatives. Construction of a
reseaarch prototype is the most straightforward, reliable, and cost-
effactive way of resclving these issues. Work, therefore, is
continuing on a Broadband Network/MDTV ressarch prototype system that
will demonstrate the transport of HDTV on a single SONET 5T7S5-3¢
(Synchronous Transmission Signal at 3rd Leve) Hisrarchy) channel. The
work builds on video comprassion and Broadband Network standards
research that has been ongoing. The ressarch will be generically
applicable to a wide range of ATV standards and broadband distribution
architectures including point-to-point, broadband/bus and multi-
wavelsngth lightwave-based natworks.

Simulation work has been concluded. The resulting algorithm produces
high quality images, is robust, and permits relatively low complexity
realization. Detailed analytical work on the architecturs and the
creation of VLSI parts for a ressarch prototyps ars continuing.

Concurrsntly with this research, we prepared and presssnted a highly
successful technical seminar (March 19-20, 1880) with extensive
supporting documsntation to advise cthers of our findings. A second
such technical seminar will take place on October 16-17, 1980. In
this way, thoss interssted in planning and ceveloping ATV transport
systems for the BCCs, based on our technotogy, will have sarly access
toc the information. Thase seminars help achiesve our objective of
afficiently and rapidly transferring our research results to other
laboratories 50 thay can start building on our ideas.

In acgdition to the HOTV system research described above, we are also
axploring ATV technology for specialized applications which would make
even greater uss of the packat-transport attributes of the proposed
Broadband Networks. Such a system, now in the simulation state, would
aliow customers the option of balancing quality against transport cost
to optimize performance for servicas ranging from teleconfersncing to
medical imaging.
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ISDN (Integrated Services Digital Network) Video

With about 1000:1 digita) bandwidth compresssion, moticn video can be
transmitted through the ISDN Basic Access (“B") channels. Feasibility
has already bHeen demonstrated with some proprietary video coding
squipment. However, major business opportunities for the BCCs may
smerge only when the picture quality is improvad, the algorithms are
standardized, and the coder/decoder (codec) complexity can be reduced.
We have already cevised and patsnted new aligorithms with the potential
of quality superior to existing codecs. Some of our algorithms have
now been adopted in international standards. Bellcore has also
demonsirated that some key functiconal blocks with a codec can be
efficiantly implemented using VLSI. With the large market potential -
of ISDN, a low-cost acceptable-quality video conference system now
seems feasible with today’'s technology. Ressarchers around the world
recognize this fact and are working intensely on this subject. Many
vendors, however, are holding their coding expertise propristary ang
are not expected to make it available to standards bodies. CCITT
(International Consultative Committee on Telephone & Telegraph), an
fnternational standards organization, has recently (with our
participation) approved a draft recommendation on video coding for
ISDN. Research sffort has now been shifted towards stimulation of

the VLSl implementation of such a codec for service demonstrations.

The successful introduction of a new video conference service would
not onlty gernmarate revenuss for the 8CCs, but may also stimulate the
cdesire for new Broadband Network services in the future. The ISDN-
rate "videophone" will helip preserve some of the value of the existing
copper-based plant during the period that new optical fibers are being
extanded directly to customers by allowing both sets of customers to
intercommunicate via ISON/videophone.

Because of the significant effort required for the proposed work, much
of the research is done under research collaboration agreements. This
gives us consicderable leverage with respsct to the construction of
ressarch prototypss in support of CCITT standards activities as well
as BCC fimld experimeants.

High-Bit-Rate Digital Subscriber Lines and Asymmetrical Digital
Subscriber Lines .

Although optical fiber may dominate loop transmission in the future,
high-speed digital services are already emerging, and a near-term
solution is needed until fiber access is widely available.
Fortunately, recent advances in digital signal processing and VLSI
technology may make the transmission of digital data over nonloaded
subscriber 1oops at bit rates significantly above the 1ISDN Basic
Access rate feasible. In particular, our ressarch has focused on
High-Bit-Rate Digital Subscriber Lines (HDSL) and Asymmetric Digital
Subscriber Lines (ADSL) signal processing techniquaes. HDSL is a
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scheme that uses two pairs for providing repeateriess DS-1 rate
(1.544 Mbit/sec, full duplex) capability in the Carrier Serving Area
(CSA) up to 12 kft with no pair selection required. ADSL is a
scheme that uses ohe pair to provide DS-1 rate transport in ons
direction above a standard telephone (or poss:b1y ISDN Basic Access)
channal over 1B kft loop length.

Both HDSL and ADSL schemes build on our knowledge of the
characteristics of existing foop plant, and upon rapidly advancing
technoliogies in both signal processing algorithms and VLSI
implementations. Our ressarch program is now concentrating on HDSL,
with ADSL as a new thrust. HDSL research includes adaptive wire-pair
equalization, adaptive echo cancellation, line coding, timing
recovery, and ressearch prototyping. A near-term rasult is expected
to be information to support repeateriess D5-1 Service up to 12 kft
over eaxisting metallic loops. This effort is a natural folliow-up to
our very successful efforts on ISDN Digital Subscriber Lines. For
ADSL, we anticipate that recent dramatic advances in videc comprassion
could present a hew service opportunity for the BCCs. In addition to
the video opportunity, the ADSL could be important for high-speed
communciations services.

Very Large Scala Integrated Circuit Expsriments

It is mistakenly thought by some that VLSI implementation is useful
only as the last step before volume preoduction. Experimental VLSI,
is, in fact, a central part of signal processing research for two
basic reasons: many high bit-rate functions can only be demonstrated
by using circuitry with the microscopic dimensions and consequent high
frequency performance of VLSI; and the usefulness of a resarch
prototyps is often apparent only when it has besn shown that certain
immensely difficult computations and signal processing functions are
reducibie to a potentially lTow-cost microcircuit. As part of the
proof -of -concept, which ts an intimate part of this project, we
construct experimental VLSI, using commercial computer aids whars
applicable, or tools of our own design when these addreass our

unique needs better.

Computer-aided cdesign (CAD) tools for sxperimental integrated circuits
continue to be improved. Ressarch on CAD for VLSI at the symbolic
system ievel results in spacialized tools that can achieve high
performance and quick turnaround in designing the VLSI sxperimental
ressarch prototypes nesded for numerous network systems arnd service
expariments. There is a large base of customers across Applied
Research who continue to depend on these tools, and we use these tools
ourselvaes to create sxpsrimental circuits needec for video coding,
neural network ressarch and othar network technology demonstrations.
New, more powerful tools have been prepared for relsase to the
Bsllcore user community, and they play an important role in the timely
creation of the experimentaz! integrated circuits for the ATV project.
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Neura)l Network Research

The long term goal for neural network research is to solve problems

in pattern recognition and artificial intelligence that are sasy for
humans but difficult when using conventional computer based
techniques. Within neural sytems, knowledge is encoded by training
rather than by programming so that powerful learning algorithms

for neural style networks are needed. We believe, that to be useful,
algorithms must be implamentable in parallei hardware because
training takes too long using searial computer simulations. Therefore,
the algorithms should take into account the constraints imposed by
VLSI. We propose to sxtend our study of elsctronic implementation
tssues to large scale systems using the following approaches:

1} further research oh learning algorithms and architectures suitable -
for modutar VLSI implementation; 2) functional simulation of large
scale hardware systems using benchmark test problems; 3) creation

of prototype chips suitable for inclusion in such sustems;

4) exparimental prototypes of board-level elsctronic systems using
neural network chips; and, 5) telecommunications applications
demonstrations using the hardware and softwars we create.

PAST YEAR RESEARCH ACCOMPL]ISHMENTS:

The effictient technology transfer of ressarch concepts to standard
applications is an activity shared betwesn tre Applied Resesarch Aresa
and the other parts of Bellcors. As research projects reach maturity,
ideas gersrated mist be svaluated, filtered, and integrated into a
coherant standards position. The effectiveness of the advocacy of
these positions (poth naticnally and internationally) is snhanced if
the original investigators participate in the standards process. A
greszt deal of our researchers’ time and sffort is dedicated to making
this type of technology transfer work smoothly.

Beacause of our intsrnally dgeveloped knowledge base, we are key
participants in the FCC Systems Sub-Committes studying ATV, have a
major impact on North American plans for Broadband Networks, and are
CCITT Specialists on low-bit rate vioso. Our CAD is an interhal
deliverable used in Ballcore Applied Ressarch. Our seminar and

and gocumentation on Advanced Talevision for Broadband/ISDN
heiped disseminate ressarch results to the worlid at large. As a
research by-proguct, certain VLSI chips are licensabla. During the
$irst half of 1990, we published 27 papers sxternally, prssented 27
talks at technical meetings and confereances, filed two U.S. patents

and wers granted one patent.

Coding Algorithms for Digital Transmission of ATV
o Computer studies of algorithms for compressing very high quality
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video signals with virtually imperceptible visual degradation have
continued. Tha prime aim of these studies was to achieve the
compression of HDTV (High Definition TV te the roughly 130 Mbit/sec
net payload of the proposed SONET/Broadband $TS-3c channel. HDTY
has roughly doubled the horizontal and vertical resclution of the
current 525 limne display standard, and uncompressed HOTY requires
800 to 1200 Mbit/sec. Thus, compression ih the range of 6:1 to 9:1
is required. Some emphasis is also placed on "embedded" or
"laysrsd" compressicon, whare a separable portion of the compressed
HDTY signal is used to represent an smbedded EDTV (Enhancea
Definition TV, another classification within ADTV) signal; i.e.,

an image substantially better than ordinary TV. The additional
bits in the signal then serve to improve the resolution to full
HOTV quality. The compression algorithms studied ars carefully
chosen so that they can take full advantage of tha economies of - -
VLS1 circuit realizations. After a thorough investigation of
several compression algorithms, we have chosen and continue to
refine one that produces excellent visual quality, is robust, and
requires minimal complexity for impiementation. We are also
continuing to obtain and upgrade the highty specialized storage
display and computer sgquipmant required for the full analysis and
evaluation of the image quality resulting from our compression
simulations.

High-Bit Rate Digital Subscriber Lines and Asymmetrical Digital

Subscribsr Lines

@ In collaboration With Divisions 21240 (J. McKenna, DvM) and 23310
(R. Laane, DvM), we sxplored digita) signal processing (DSP)
techniques for the High-Bit-Rate Digital Subscriber Lines (HDSL)
using the embedded base of copper lcop plant. Qur research effort
included thaoretical analyses and the sslective prototyping of
high-speed electronics to explore the feasibility of transmitting
in both directions at 1.544 Mhit/sec through metallic locops without
any repeaters, pair selsction, or conditioning. Many critical
issues including timing recovery, echo cancellation, line coding
and sgualization, and crosstalk cancellation wers proposed,
analyzed and demonstrated for this application.

Based oh our patentsd timing recovery method, a commercially
available DSP chip, and 2 cecision fesdback equalizer prototyping
system, we have cemonstrated a high-speed timing recovery
techniqus. In collaboration with Division 23310 (R. Laane, DvM},
we have jointly prototyped a real-time linear echo cancelier
oparating at the 1.544 Moit/sec rate for the HDSL application.
Both the timing recovary system and the real-time linear scho
cancelsr were demonstrated successfully at the Belicore Technology
Seminar in Del Lago, Texas, in March, 1990. In order to reiieve
the stringent requirement for timing recovery, we are now
investigating and implementing another HDSL receiver with a
cdecision fesdback equalizer (DFE) and fractionally-spaced
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equalizer (FSE) as part of its architecture. System and circuit
level work has been completed. The preliminary analysis of an
FSE-based HDSL receiver was completed and documented. A pseudo
real-time DSP implementation of a 21-tap FSE and 40-tap DFE which
can train itself to adjust for wire-pair variations is now working.
The cesign of an enhanced version of a quasi-real time, DSP-based
loop emulator to evaluate ocur FSE-based HOSL receiver was
completed.

Our research effort had previously concentrated on HDSL, and
Asymmetrical DSL (ADSL) is now a new thrust. A preliminary
analysis of baseband mulitilevel transmission schemes for the

ADSL was completed and documented. As a means of stimulating
sarly industry involvemsnt, and of combining our research efforts -
on HDSL with ideas generated from industry, universities and
vendors, we organized an IEEE-sponsored HDSL Workshop which was
haid in New Jersey this March. We are in the process of preparing
a Research Compendium on High-Bit-Rate Digital Transport
Technology for the Copper Loop. (This work was psrformed under
Project 621306). -

Study of Learning Algorithms for Neural Networks

© Unlike conventional computers, neural network computers have the
the proparty of coding information by lsarning rather than by
programming. We have shown that our learning algorithm using
noise leads to stable final states, even if the connections in
the neural network are not the same strength in both directions.
Wa hava investigated a deterministic version of our algorithm
which is more computaticnally efficient anc may have advantages
for temporal sequence learning, since stochastic averages over
time are not involived. We have studiad the scaling properties
of these algerithms as the problem siZe is incrsasad tc the lave!l
nesded for real-worid problems. (This work was performed under
Project 621307).

X-windows Based Graphical Simulator for Neural Network Learning

© A graphical software simulator was written which displiays the
state of tha neural! network as it learns. By using X-windows and
a modular software styls, the simulations can be run remotely on
a fast computer while bDeing displaysd locally. This serves as a
tool to test lsarning aigorithms, incorporate hardwars constraints,
study applications, and, in the future, serve as a graphical front
end for testing neural! network chips and hardwars systems. {(This
work was parformed under Project 821307).

Low Bit-Rate Video Standardization

o We continued to support the standardization of a video coding
algorithm at 84 Kbit/sec (kilobits/second) and miltiples of B4
Kbit/sec to 2 Mbit/sec sponsored by the CCITT Study Group XV
Working Party XV/1. CCITT approved the final version of the
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recommendation in July, 1890. In collaboration with ATAT Bell Labs
PictureTel, and VideoTelecom, fiexible hardware axpariments of
video codecs based on CCITT proposals were completed and testad for
compatibility. These codecs have been successfully connectad
through and ISDN switch in Red Bank, NJ, early this year.

VLSI Experiments for Low Bit-Rate Video

© In a ressarch collaboration with Graphics Communications
Technologies (GCT), layouts of three experimental VLSI chips and
logic design of a fourth chip for Tow bit-rate video wers
completed. The first chip incorporates an 8x8 two-dimensional
Discrete Cosine Transform (DCT) and Inverse DCT (IDCYT) processor
with input/output scan converters., The second is a flexible
full search bBlock-matching motion estimation processor. The _— -
third and fourth are a programmable variable-word length coder
anc decoder, respectively. All four chips represent key
technologies necessary for future ubigquitous video services, and
are useful as benchmarks in understanding the performance/
compiexity tracdeoffs nesded to drive the standards process.

High-Speed CMOS (Compliementary Metal Oxide Semiconductor) Feasibility
Studies .

o Feasibility studies ware begun for very-high-speed exparimantal
integrated circuits using the commercialily available "CMOS"
integrated circuit technology for use {n SONET interfaces
and laser drivers at the 822 Mbit/sec SONET (§T5-12) rate,
and to investigate the possibie application of low-cost, high
density CMOS technology to areas whars more sxpansive Gallium
Arsenide integrated circuit technology might have to be employed
otherwiss. A test chip using a 1.2 micron CMOS process and
incorporating important functions that will aid in
demcnstrating high-speed capabilities was fabricated and tested.
Synchronous functions of a logical compleaxity similar to that
required to build multiplexars were demonstrted at a speed of
688 MHzZ. In » second test chip, alse in a 1.2 micron CMOS
process, we are exparimenting with clock rascovery anc data
regeneration at 822 MHz. This chip will provide a calibration
on some of the potential difficulties of providing high-bit rate
access to resicential customers with low-cost technology.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Ressarch Project provides for the development
of a lsading edge knowliedge base (n such key areas a5 network
technologies and systems ancd information age service capabilities.
Emphasis is placed on applications to current and future needs in
networks, services and opsrations. The substantial benefits of this
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Project accrue to all Owner-Cliients and are unable to be prevented
from accruing to an Qwner-Client who might elect not to participate in
the Project.

RESEARCH DIRECTIONS:

Research will continue on the axperimental prototype system that will
demonstrate the compression and digital transmission of High
Definition TV in the proposec Broadband Network snvironment, A
particular focus of this ressarch will be to choose algorithms that
will provide maximal compatibiiity with the over-the-air broadcast
ATV stancdard that will be chosen under FCC auspices. We will also
continue our strong interaction with standards organizations on
issues related to the digital transmission of video,

We will continue to conduct ressarch on a broad range of vicdeo
compression algorithms, hardware architectures, and systems for video
based services of al) kinds. :

We sxpect to provide visual telsphony through an ISDN switch using
vigeo codecs based on the proposed CCITT specifications. We will also
contine work on VLSI sxperiments of several key signal procsessing
mocduies in the low bit-rate videc codec to demonstrate the feasibility
of widespread affordabie video services.

We will investigate the benefits of using statistically variable
packet transmission for ATY. Other significant research issues

that will be acgdressed include the difficult probiem of interfacing
the variable bit rate viceo generated with the transmission channel,
the srror detaction and mitigation proklem at the receiver, as well
as video timing and synchronization rscovery at the receiver.

Resesarch will continue on the enginesring, layout, and fabrication

of the sxpsrimental VLSI chips required to implement the BISDN/SONET
HDTY rasesarch prototype sysiem. These chips will affictently realize
critical functions and will lesac to a demonstration of the transport
of HDTVY on a single STS5-3C (synchronous transmission signal at third
level hisrarchy) 155 MDit/sec channel. This work builds on video
comprassion and Broacdband Network standards ressarch that has been
ongoing. This work is being done in collaboration with Division
21330 (N. Cheung, DvM).

We will continue the integration of Bellcore VLSI CAD (Computer
Aicded Design) tools with other available tools, as appropriate,
with particular emphasis on providing a CAD environment that is
best matchad to increassed ressarch productivity, circuit speed
and circuit oensity for specific ressarch projects in our appiied
research. Extensions of the toels to higher lesvals of automation
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and to technologies beyond digital CMOS (Compliementary Metal Oxide
Semiconauctor) will also be pursued.

Ressarch will continue on algorithms for learning in modular neural
networks. We will perform simulations of these algorithms using
extensions of our modular similator on test problems. We Will build
a cascadable neural network learning chip that incorporates lessons
from the study of learning algorithms and can form a multi-chip
system. We axpect to creats a board-level system sxperiment using
available chips or those to be created in order to demonstrate the
power of a paralisl gilectronic implementation. We will explore
practical application of an elactronic neural network system in lmage
or spesech processing or reai-time network control.

Resesarch will continue in the application of digital signal processing
technigues and VLSI technolegy to increase the transmission
capabitities of the copper loop plant. Significant sfforts, both

HDSL anc ADSL, are now focused on demonstrating the feasibility of
high bit-rate digital transport technology that can support
“repeateriess DS-t rate services in the loop and drop connections for
fiber-to-the-curb.

We will continue to team with other Bellicore aresas to implement and
demonstrate a new HDSL transceiver and necessary signal processing
techniquaes for HDSL applications.

Research will continue on the application of low-cost CMOS VLSI at
very high speeds, with emphasis on BISDN and optical interconnect
functions.

We will continue to conduct ressarch in sslected areas of digital
signal processing for telecommunications applications. Thess include
system studies, algorithm research, simulation, VLSI architectures,
real-time implementation, and research prototyping. Specific topics
would depand on the need, impact, and degres of challengs.
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PROUECT OVERVIEW:

Systems Principles Research is involved in work aimed at increasing
our uncderstanding of, and our ability to explors design principles for
systems of importance to the telephone business. Some of this work is_ =
focused on enhancing the utility of the existing network in order to
provide new revenue opportunities. An sxample of this is the
continuing work on the High-Speed Digital Subscriber Loop project.
Other work is focused on understanding new systems with revenue
potential such as our performance analysis of packet switched network
architectures and our studies of optical communication network
architectures. Still other work is aimed at providing more cost
sffective ways of pursuing the tslecommunications business. For
example, becauss we believe that parallel processing computers will be
most cost effective for many applications in the telephone business,
we have an effort in exploring new uses for paralisl computing.

During the 6 month period under review, members of Division 21240
performed ressarch on a witde varisty of topics which can be roughly
diviged intc 7 categories.

1. We continued t¢ work on improving both the performance and our
understanding of the L.O programming language. This included
Joint work with Division 25830 (P. Desring, DvM) in aading new
features to the language, and fundamental studies on the relation
between L.O and temporal logic. An L.O compiler for the Y
machine was written, and wa continued to invastigate the use of
the Y machine as a fast switch.

2. We sxpanded our ressarch effort in parallel processing.

3. We continued our ressarch on the mathematical foundations of
Tsarning theory.

4. We continued to work on communication theory. Gf particular
importance is the work done on the Migh-speed Digital Subscriber
Loop project. In addition, we have conducted research in optical
comnuntcation and data compression.

5. We have concluded work on aids for use of tha telephons network
by the handicapped and disabled. We continue as consultants in
this area.

6. Wa have continusd our research on probabilistic modeling,
including the parformance analysis of packst switched natworks
and informatton technologies, and wa have continued to do
fundamental ressarch on stochastic processes. )

7. Ve have begun to construct sxperimental ressarch prototypes of
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Neural Network Research

The long term goal for neural network research {s to solve problems

in pattern recognition and artificial intelligence that are easy for
humans but difficult when using conventional computer based
techniques., Within neural sytems, knowledge is encoded by training
rather than by programming so that powerful learning algorithms

for nsural style networks are needed. We believe, that to be useful,
algorithms must be Iimplementable in parallel hardware because
training takes too long using seris)l computer simtlations. Therefore,
the a2lgorithms should take into account the constraints imposed by
VLSI. We propose to extend our study of electronic implementation
issues to large scale systems using the following approaches: :

i) further research on learning algerithms and architectures suitable
for modular VLSI implementation; 2} functional simulation of large
scale hardware systems using benchmark test problems; 3) creation

of prototype chips suitable for inclusion in such sustems;

4) experimental prototypes of board-lieve]l electronic systems using
neural network chips; and, 5) telecommunications applications
damonstrations using the hardware and sof tware we create.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

The efficient tschnology transfer of research concepts to standard
applications is an activity shared between the Applied Research Area
and the other parts of Bellcore. As reasearch projects reach maturity,
ideas generated must be evaluated, filtered, and integrated into a
coherent standards position. The effectivensess of the advocacy of
these positions (both nationally and internationally) is enhanced if
the original investigators participate in the standards process. A
great dea) of our researchers’ time and effort is dedicated to making
this type of technology transfer work smoothly.

Because of our internally developed knowledge base, we are key
participants in the FCC Systems Sub-Committes studying ATV, have a
major impact on North American plans for Broadband Networks, and are
CCITT Speciaiists on low-bit rate video. Our CAD is an interna)l
deliverable used in Bellicors Applied Research, Our seminar and

and documentation on Advanced Television for Broadband/ISDN

helped disseminate research rasults to the world at large. As a
research by-product, certatn VLSI chips are licensable. During the
first hatf of 1890, we published 27 papers externally, presented 27
talks at technical meetings and conferencas, filed two U.5. patents
and were grantsd one patent.

Coding Algorithms for Digital Transmission of ATV
o Computer studies of algorithms for compressing very high quality
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video signals with virtually imperceptible visual degradation have
continued. The prime aim of these studies was to achieve the
compression of HDTV (High Definition TV to the roughly 130 Mbit/sec
net paylead of the proposed SONET/Broadband 5TS-3c channel. HDTV
has roughily doubled the herizontal and vertical resolution of the
current 525 Jine display standard, and uncompressed HDTY requires
800 to 1200 Mbit/sec. Thus, compression in the range of 6:1 to 9:1
is required. Some emphasis is also placed on “"embedded" or
"layered" compression, where a separable portion of the compressed
HDTV signal is used to represent an embedded EDTV (Enhanced
Definition TV, another classification within ADTV) sighal; t.e.,
an image substantially better than ordinary TV. The additional
bits tn the signal then serve to improve the resolution to full
HDTV quatlity. The compression algeorithms studied are carefully
chosen so that they can take full advantage of the economies of
VLSI circuit realizations. After a thorough investigation of
several compression algorithms, we have chosen and continue to
refine one that produces excellent visual quality, is robust, and
requires minimal complexity for implementation. We are aise
continuing to obtain and upgrade the highly specialized storage
display and computer squipment required for the full! analysis and
evaluation of the image quality resulting from our compression
simulations.

High-Bit Rate Digital Subscriber Lines and Asymmetrical Digttal

Subscriber Lines

o In coliaboration with Divisions 21240 (J. McKenna, DvM) and 23310
(R. Laane, DvM}, we expiored digital signal processing (DSP)
techniques for the High-Bit-Rate Digital Subscriber Lines (HDSL)
using the embedded base of copper loop plant, Our research effort
included theoretical analyses and the selective prototyping of
high-speed electronics tc explore the feasibility of transmitting
in both directions at 1.544 Mbit/sec through metallic loops without
any repsaters, pair selaction, or conditioning. Many critical
issues including timing recovery, echo cancellation, line coding
and egqualization, and crosstalk cancellation were propessd,
analyzed and demonstrated for this application.

2ased on our patented timing recovary method, z commercially
availablie DSP chip, and a decision fesdback equalizer prototyping
system, we have cdemonstrated a high-spesd timing recovery
technique. In collaboration with Division 23310 (R. Laane, DvM),
we have jointly prototyped a real-time linear echo canceisr
oparating at the 1.544 Mbit/sec rate for the HOSL application.
Both the timing recovery system and the real-time 1inear echo
canceler wvare damonstrated successfully at the Bellcorse T.chnology
Seminar I{n Del Lago, Texas, in March, 1990. In order to relieve
the stringent requirsment for timing recovery, we are now
investigating and implementing another HOSL receiver with a
decision fesdback equalizer (DFE) and fractionalily-spaced
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egualizer (FSE) as part of its architecture. System and circuit
level work has been completed. The preliminary analysis of an
FSE-based HDSL receiver was compietec and documented. A pseudo
real-time DSP implementation of a 21-tap FSE and 40-tap DFE which
can train itself to adjust for wire-pair variations is now working.
The design of an enhanced version of a quasi-real time, D5P-based
loop smulator to svaluate our FSE-based HOSL receiver was
completed.

Qur research effort had previously concentrated on HDSL, and
Asymmetrical DSL (ADSL) is now a new thrust. A prelimtnary

analysis of haseband multilevel transmission schemes for the

ADSL was completed and documented. As a2 means of stimulating :
early industry involvement, and of combining our resesrch efforts -
on HDSL with ideas generated from industry, universities and

vendors, we organized an lEEE-sponsored HDSL Workshop which was

held in New Jersey this March. We are in the process of preparing

a Research Compendium on High-Bit-Rate Digital Transpert

Tachnology for the Copper Loop. (This work was performed under

Project 621306).

Study of Learning Algorithms for Neural Networks

© Uniike conventional computers, neural retwork computers have the
the property of coding information by learning rather than by
programming. We have shown that our learning algorithm using
noise 1sads to stable final states, even if the connections in
the neural network are not the same strength in both directions.
We have investigated a deterministic version of our algerithm
which is more computationally efficiant and may have advantages
for temporal seguence learning, since stochastic averages ovaer
time are not involved, We have studied the scaling propertiss
of these alger{thms as the problem size is increased to the level
needecd for real-world probiems. (This work was parformed under
Project 821307).

X-windows Based Graphical Simulator for Neural Network Learning

o A graphical softuare simulator was written which displays the
state of the neural network as it learns, By using X-windows and
a modular software styie, the simulations can be run remotely on
a fast computer while being displayed locally. This serves as a
tool to test learning algorithms, incorporate hardware constraints,
study applications, and, in the future, serve as a graphica)l front
end for testing neural! network chips and harcwars systems. (This
work was performed under Project 821307).

Low Bit-Rate Video Standarcization

o We continued to support the standardizstion of a videco coding
algorithm at 84 Kbit/sec {kilobits/second) arnd miltiples of 54
Kbit/sec to 2 Mbit/sec sponsored by the CCITT Study Group XV
Working Party XV/1. CCITT approved the final version of the
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recommendation tn July, 1990. In collaboration with AT&T Bell Labs
PictureTel, and VideoTelecom, flexible hardware experimants of
video codecs based on CCITT proposals were completed and testec for
compatibility. These codecs have been successfully connected
through and ISDN switch in Red Bank, NJ, early this year,

VLSI Experiments for Low Bit-Rate Video

o In a research ceollaboration with Graphics Communications
Technologies (GCT), layouts of three experimsntal VLSI chips and
logic design of a fourth chip for low bit-rate video were
completed. The first chip incorporates an BEx8 two-dimensional
Discrete Cosine Transform (DCT) and Inverse DCT (IDCT) processor
with input/output scan converters, The second is a flexible
full search block-matching motion estimation processor. The
third and fourth are a programmable variable-word length coder
and decoder, respectively. Al]l four chips represent key
technoiogies necessary for future ubigquitous video services, and
are useful as benchmarks in understanding the performance/
complexity tradeoffs needed to drive the standarcs process.

High-Speed CMOS (Complementary Metal Oxide Semiconductor) Feasibility

Studies

o Feasibility studies were begun for very-high-speed experimental
integrated circuits using the commercially available "CMOS"
integrated circuit technology for use in SONET interfaces
and laser drivers at the 822 Mbit/sec SONET (STS5-12) rate,
and to investigate the possible application of low-cest, high
density CMOS technology to areas where more expensive Gallium
Arsenide integrated circuit technoiogy might have to be employed
otherwise. A test chip using a 1.2 micron CMDS process and
incorporating important functions that will aid in
demonstrating high-spesd capabilities was fabricated and tested.
Synchronous functions of a logical complaxity similar to that
required to build multiplexers were demonstrtecd at a speed of
GAE MHz. In a second test chip, also in a 1.2 micron CMOS
process, we are sxparimenting with clock recovery and dats
regeneration at 822 MHz. This chip will provige a caltibration
on some of tha potential difficulties of providing high-bit rate
access to residential customers with low-cest technology.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Project provides for the development
of a Jeading edge knowledge base in such keay areas as network
technologies and systems and information age service capabilities.
Emphasis is placed on applications to current and future needs in
networks, services and operations. The substantial beneftits of this
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RESEARCH DIRECTIONS:

Resgarch will continue on the experimental prototype system that wii)
demonstrate the compression and digital transmission of High

Definition TV in the proposed Broadband Network environment. A

particular focus of this research will be to choose algorithms that

will provide maximal compatibility with the over-the-air broadcast ]

ATV standard that will be chosen under FCC auspices. We will also - <
continue our strong interaction with standards organizations on

issues related to the digital transmission of video.

We will contirnue to conduct research on a broad range of video
compression algorithms, hardware architectures, and systems for video
based services of all kinds.

We expect to provide visual telephony through an ISDN switch using
video codecs based on the proposed CCITT specifications. We will also
continue work on VLSI experiments of sevaral key signal processing
mociiles in the low bit-rate video codec to demonstrate the feasibilfty
of widespread affordable video services,

We will investigate the benefits of using statistically variable
packet transmission for ATV. Other significant ressarch issues

that will be addressed include the difficult problem of interfacing
the variable bit rate videc generated with the transmission channel,
the arrcr detection and mitigation problem at the receiver, as well
as video timing and synchronization recovery at the receiver.

Research will continue on the engineering, layout, and fabrication

of the sxperimenta] VLSI chips required to implement the BISDN/SONET
HOTV research prototype stystem. Thaese chips will efficiently realize
critical functions and will lead to a demonstration of the transport
of HDTV on a single STS-3C (synchronous transmission signal at third
level hierarchy) 185 Mpit/sec channel. This work builds on video
compression and Broachand Network standards ressarch that has been
ongoing. This work is being done in coliaboration with Division
21330 (N. Chaung, DvM).

We will continue the tntegraticn of Bellcore VLSI CAD (Computer
Aided Design) toels with other available tools, as appropriate,
with particular emphasis on providing a CAD snvironment that is
bast matched to increased research productivity, circuit speed
and circuit density for specific research projects in our applied
research. Extensions of thw tocls to higher lavels of automation
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and to technologies beyond digital CMOS (Compiementary Metal Oxide
Semiconductor) will also be pursued.

Research will continue on algorithms for learning in modular neural
networks. We will perform simulations of these algorithms using
extensions of our modular simulator on test problems. We will build

a2 cascadable neura! network learning chip that incorporatess lessons

from the study of learning algorithms and can form a muliti-chip

system., We expect to create a board-leve] system experiment using
available chips or those to be created in order to demonstrate the

power of a parallel electronic implementation, We will explore

practical application of an electronic neura)l network system in image

or speech processing or real-time network control. =

Research will continue in the application of digital signal processing
techniques and VLSI technology to increase the transmission
capabilities of the copper loop plant. Significant efforts, both

HDSL and ADSL, are now focused on demonstrating the feasibility of
high bit-rate digital transport technology that can support
repesterliess DS-1 rate services in the Joop and drop connections for
fiber-to-the-curb.

We will continue to team with other Bellcore areas to implement and
demonstrate a new HDSL transceiver and necessary signal processing
techniques for HDSL applications.

Research will continue on the application of Tow-cost CMOS VLSI at
very high speeds, with emphasis on BISDN and optical interconnect
functions.

We will continue to conduct research in selected areas of digital
signal procexsing for telecommunications applications. These include
system studies, algorithm ressarch, simulation, VLSI srchitectures,
reat-time implementation, and research prototyping. Specific topics
would depend on the need, impact, and degree of Challenge.
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PROJECT DVERVIEW:

Systems Principles Research is involved tn work aimed at increasing
our understanding of, and our ability to explore design principies for .
systems of importance to the telephone business. Some of this work is
focused on enhancing the utility of the existing metwork in order teo
provide new revenue opportunities. An example of this is the
continuing werk on the High-Speed Digital Subscriber Loop project.
Other work is focused on understanding new systems with revenue
potential such as our psrformance analysis of packet switched network .
architectures and our studies of optical communication network
architectures. Stil]l other work is aimed at providing more cost
effective ways of pursuing the telecommunications business. For
example, because we believe that parallel precessing computers will be
most cost effective for many applications in the telephone business,
we have an effort in exploring new uses for parallel computing.

During the 6 month period under revisw, members of Division 21240
performed research on a wide variety of topics which can be roughly
divided tnto 7 categories.

1. We continued to work on improving both the performance and our
understanding of the L.0O programming tanguage. This {ncluded
joint work with Division 25830 (P. Deering, DvM) in adding new
features to the language, and fundamental studies on the relation
between L.0 and temporal logic. An L.O compiler for the Y
machine was written, and we continued to investigate the use of
the Y machine as a fast switch.

2. We sxpanded our research effort in parallel processing.

3. Wwes contirnued our research on the mathematical foundations of
learning theory.

4. Ve continued to work on communication theory. Of particular
tmportance s the work done on the High-spesd Digital Subscriber
Loop project. In addition, wa have conducted research in optical
communication ardd cdata compression,

5. We have concluded work on aids for use of the telsphone network
by tha handicapped and disabled. We continue as consultants in
this area.

&. We have continued our research on probabilistic modeling,
including the performance analysis of packet switched networks
and information technologies, and we have continued to do
funcamental ressarch on stochastic processes. )

7. We have begun to construct experimental research prototypes of
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actual! neural! network devices, and we have continued to improve
speech synthesis egquipment.

During this period we wrote 27 technical memoranda, published 8 papers
externally, and presented 14 talks at technical meetings and
conferences .

PAST YEAR RESEARCH ACCOMPLISHMENTS:

Y Machine : :

© An L.O compiler has been written for the Y machine., This yielded = =
much valuable information on desirable changes to the L.0 language.
Work continues on studying the high-speed (600 Mhit/sec) switching
capabilities of the Y Machine.

Integrated Communication, Computation and Ceordination Environment

(ICx) Mooel of Computation and the L.O Language

© The IC* Model of Computation is a new, precise model of parallel
computation being developed by Belicore and is the basis of the ICx
project. We made a number of changes, and are in the process of
making other changes to the environment of the L.C programming
fanguage to improve its speed and make it mors object oriented. In
particular we are making changes to allow encapsulation and
parameter passing compatible with the parallel paradigm. Some of
this is joint work with 25830 (P. Deering, DvM). In addition, new
theorstical work has shoun the relation between L.O and temporal
logic. Some of this is joint work with 21454 (J. E. Camaron).

Parallel Computing

© We continue to write coce for the Connection Machine (CM-2) to gain
experience in paraliel programming. The CM-2 is a new, massively
paraliel machina. At present, we are writing code to simulate
decompression algorithms for 1.5 Mbit/sec TV transmission. We have
also found new routing atgorithms for paralle) computers using the
hyparcube architecture (such as the CM-2).

Learning and Complexity Theory

© This is ressarch on the mathematical foundations of learning and
knowledge acquisition meeded to support Bellcore’'s extensive
involvement in machine learning, intelligent control and related
fields. We have obtained new results which demonstrate how the
quantity of information required to lsarn logical sxpressions from
examples is related to formila complaxity. Additionally, we have
been preparing lectures on mathematical thesory of learning (which
inciudes rigorous trsatment of neural networks) for presentation at
Bellcore. We have also been studying an abstract model of
computation meant to mode! » situation in which one party, which
has difficulty computing secret or some extra computational power,
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tries to convince a second party of some fact which is beyond the
second party’s power to compute itself.

Light Pulse Encoding

© We have made theoretical studies on the limits of light pulse
encoding. These have yielded simple bounds on the performance of
code-division muitiple access (CDMA) systems, 1n addition, two
level optical sncoding schemes have been studied which point toward
the improvement of system performance.

High-Speed Digital Subscriber Loop (HDSL)

o We have studied numerical optimization technigues to construct
codes for channels with intersymbol interference., This is part of
our study of new, multi-channel signal designs that substantially
reduce the effects of crosstalk between twisted pairs. Preliminary
results indicate that transmission rates of 1 Mbit/sec can be
achieved on most subscriber loop chanmels, and aven higher rates
are possible by incorperating advanced equaiization technigues.
This is part of Belilcore’'s HDSL effort involving organizations
21247 (DsM V. Wei), 21360 (DvM P. Shumate), 27270 (DvM R. Laane),
28530 (DvM T. Scheursr) and several consultants.

Data Compresstion

o The locally adaptive schame of Wei, et al. has been recognized as
one of the fundamental data compression algorithms by the
scientific community. Its performance rivals that of Lempel-Ziv
for arithmetic coding. Fast Very Large Scale Integrated (VLSI)
implamentation has appeared in the literature. We are currently
using the aigorithm for video and speech compression, and for
cluster analysis. This represents a drastic cdeparture from
traditional methods and opens new avenues of possibilities. Early
results compare favorably with established methods,

Aids to Communication

© We provided an axperimenta] hardware/sof tware computer prototype
which has veice recognition, speech synthesis and telephone
functions to help the disabled communicate over the telephone
network., This includes the parformance analysis of alternative and
augmentative input/output devices to assist the human interface
problems of the handicapped.

We provided consulting services on the latest availabie technology
for the disablied to the Ball Operating Companies and to the NJ arasa
through our "Disability-Oriented Communication systems" group and
the Telephone Pioneers of America.

The Internal Structure of Packet Streams

© We developed a traffic model for the internal structure of packet
streams in a single virtual circuit. This model has baen used by
mambers of District 21332 (DsM R, Carawell) in a simulation study
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of output buffer contention cccurring in an (almost) blocking free
switch, where the main source of congestion is the occurrence of
multiple packets aimed at the same output buffer., Tha relationship
betweer internal characteristics (such as almost periodicity) and
congestion is of great importance and not well understood, For
example, this relationship largely determines what traffic
measurements must be collected, and what types of customar behavior
are harmful to the network.

Simulation Models of Packet Streams

o (This is a contimiation of both the previous i{tem and our previous
work on "lockstep' in packet streams). We worked out a method to
translate descriptive statistics (for exampie measurements) of a
packet stream in coefficients in & model which describes how the
stream may have been generated. This method was incorporated in a
simulation model built in District 21332 (DsM R. Cardwell), K see
also the previous item, Currently, we are investigating whether
this model! can be used to study “"Jjockstep" (i.e. strong almost
periodicity) in packet streams.

Periodicity and Persistence in Packet Streams

© We have come to the conclusion that there are two main sources of
congestion in packetized communication: "periodicity" (see
"lockstep"” in previous progress reports) and "persistence”, the
phenomenon that onte we reach the situation where too many virtual
circuits are simultanecusly in a send mode, this situation tends to
persist. We designed models for the study of those phenomena and
solved the one modeling periodicity., The one modelling persistence
is sti1] under study.

Information Technologies

© We have aralyzed the vatue of {nformation on customer behavior in
optimal or near optima)l scheduling of generalized Information
Froviding Service, such as video movies on demand. We calculated
measures for the reduction in number of "servers” (e.g. disks with
copies of the movie) needed if we have knowledge of how long
customers are willing to wait after requesting service.

The Study of Various Stochastic Processes

© We continued our investigations of various aspects of stochastic
processes such as queues, buffers {n pecketized communication,
arrival processes in telephone traffic theory, Brownian Moticon, and
Martingales. We macde fundamental contributions to obtaining
numericatl selutions for stationary distributions in Queueing
Systems and Markov Chains. We proved nev and numerically useful
results about the relationships between studying a queue in
continuous time and studying tts behavior at special times (arrival
epochs, departure sepochs). We are continuing our study of the use
of Non Standard Analysis in investigations of various stochastic
processes such as Martingales and Fractionatl Brownian Motion, and
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on the retationships between Martingaie Theory and Control Theory
problems such as optimal trading of financial securities.

Neural Networks

© We have been iearning how to impiement an experimental hardware
prototype using neural network integrated circuits (ICs). We will
explore connecting these neural chips to 2z computer in a way to
study the theoretical bounds of the learning algorithms,

Speech Synthesis

o We continue to improve the hardware/sof tware experimental models of
demi-syllable speech synthesis to provide real time spsech
synthesis over the phone network. Joint with 21480 (C. Judice,
DvM) .

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Project provides for the development
ef a Jeading edge knowledge base in such key areas as communication
theory, software services language, parallel processing, and human
factors. Emphasis is placed on applications to current and future
needs in networks, services and operations. The substantial benefits
of this Preoject accrue to all Owner-Clients and are unable to be
prevented from accruing to an Owner-Client who might elect net to
participate in the Project.

RESEARCH DIRECTIONS:

IC* (Integrated Communication, Computation and Coordination
Environment): We plan to continue studying the performance of
L.O compilers for the Y machine. We will continue studying the
use of the Y machine as a broadband switch.

Neura!l Networks: We plan to build experimenta! prototypes of a
complex set of neural-network chips that may be remotely accessed
by the theoretical meural-network group through their workstations
over the Local Area Network (LAN).

Speech Synthesis: We plan to buld and program a ressarch prototype
demi-syliable spesch synthesiser that can be remotely accessed over
a LAN, i

Aids to Communication: We will continue to act as consultants to
tha Bellcore Client Companies. The Americans with Disabilities
Act (ADA) passed the House and the Ssnate and was signed by
President Bush on July 28, 1990,
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Probabilistic Modeling: We will! ceontinue to do research on
probabilistic aspects of problems from operations research,
telephony, and performance analysis of computer and communications
systems. We will study the basic propertiss of the processes
invelved, numerical problems arising in these arsas, and specific
problems such as the behavior of packet streams in packetized
communications.

Communication Theory: We plan to continue cur ressarch on the fast
implementation of locally adaptive data compression algorithms and
on numerical technigues for signal gdesign in data communications.

We pian to continue our research on light pulse sncoding for optical
communications systems. We plan to resume our research on the
general theory of coding communication signals.

Learning and Compliexity Theory: We plan to continue our work on
the mathematical foundations of learning and knowledge acquisition.

Parallel Computing: We plan to continue our efforts in studying
paraltel algorithms and parallisl programming.
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PROJECT DVERVIEW:

During 1990, exchange-access "fiber in the loop” (FITL) reached

cost parity with copper when installed as "fiber to the curb" (FTTC)
in selected new-build applications. This benchmark, along with ’
studies showing that FTTC will continue to fall in cost relative to
copper, was accompanied by coordination of Bellicore activities to
resolve known FITL issues, {dentify future bottlenecks, and support
FITL generic requirements. This project addresses all three areas
through research on fiber installation and reliability, powering of
the optical network unit (ONU) and remote terminat (RT), and
exploration of alternative FITL architectures and sirategies for
upgrading FTTC in response to demand for high-bandwidth services.
The results of this work impact ingustry through publications and
standards contributions, the Bellcore Client Companies (BCCs) through
field support and collaborations including a field trial, and
numarous Bellcore organizations through two-way collaborations. The
time frames for these impacts to be demonstrated through improved or
naw products becoming available to the BCCs are 0-3 years for the
fiber and power research, and 2-5 years for the FITL architecture
research,

The project identifies and explores opportunities for applying new
optical technologies such as wavelength-division multipliexing and
emarging energy technoliogies to reduce costs. At the same time, the
project continues to address technical {ssues with existing
technologies such as fiber and batteries te improve reliability,
efficiencies and craft parformance. By constructing ressarch
prototypes, conducting both laberatory and field expsriments,
influencing industry standards, and analyzing (n detati the
anticipated cost savings, this project assures that these benafits
will be realized and made available to the BCCs at the sarliest time
and from multiple vendors. This project halps establish a leading-
edge knowlaedge base at poth Ballicore and the BCCs, and it contributes
to numerous other Bellcore projects. The three resesarch programs --
fiber, power and FITL architectures -- consistently result in
technology transfer through publications and talks {(both internal and
external), patents and standards propassls. During 1HEO, sxamples
included 25 papers, 39 external presentations, 5 standards proposals,
4 patents tssued, fited or openaed, 20 technical memoranda and 2
special studies., (During 1HRO, this project alsc included research
on high-speed digital signal processing for (a) provisioning
repsateriess DS5-1 service over existing copper loops up to 12 kft,
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{b) provisioning t-way D5-1 service plus 2-way voice telephony over
residential loops up to 18kft, and (c) transporting multimegabit/sec
services over copper drops < 300 ft in FTTC systems. We view these as
key options for evolving to broadband. As of August 1, 1990, this
work, known as High-Bit-Rate Digital Subscriber Line or HDSL., has been
transferrad to Project 421306.)

Fiber distribution and reiiability research includes low-cost mathods
for deployment of fiber in the loop and ongoing applied research in
fiber reliability. Mathematical models and supporting computer
software for analyzing the mechanical behavior of fiber-optic cables
and splices in fielg-stressed conditions are produced. Bench-top and
full-scale in-situ testing is conducted to verify modeling technigues
and the integrity of fiber cabies and splices under joad. Extensive
analysis snd laboratory testing of optical fibers and fiber coatings
are parformed to determine their mechanical strength and fatigue
resistance in various environments. These results are presented to
nationa) and tnternational standards committees for incorportion into
fiber optic test procedures. FPost-mortem analyses are carried out on
fibsr-optic-cable field failures in collaboration with members of
Network Technology to correlate laboratory tests with actual field
conditions. These analyses provide our clients with significant
technical input for compensation claims against manufacturers. This
work has numerous two-way linkages to projects tn Divisions 21130

(V. Keramidas, DvM), 21140 (B. Rmagor, OvM), 21310 (P. Kaiser, DvM)
27210 (D, Burpee, DvM), 27510 (D. Shelton, DvM) and 24230

(E. Gould, DvMm).

Energy systems technology research includes applied ressarch on
systems for powering both FITL and Integrated Systems Digftal Network
(ISDN), and is centered on our continuing theme of Minimum Energy
Design for Telecommunications (MEDTEL)}. Due to the documented high
costs associsted with powering each watt in ONUs and ISDN retwork
terminations (NT1s), our focus Is on demonstrating snergy-efficient
dasigns, incorporating power 1imits into Bellcore requirements and
shaping standards that will accommodate the powering down of inactive
circuits. This is 2 natural extension of our modified digital-loop-
carrier program that demonstrated greater than 50% energy and power
savings for narrowband services, ieading to the revision of
TR-TSY-00057. Anticipated inflation in energy costs, combined with
the present emphasis on increasing battery reserve time at RTs (remote
terminals) adds to the cost of powsring outsicde-piant slectronics.
Therefore, rasearch will address altsrnative powering architectures
and technoliogies. Fuel cells are being investigated for powering an
RT contirnuously from piped natural gas, relsgating the electric grid
10 a2 backup facility. New technology low-pressure nicke!-hydrogen
batteries and improved nickel-cadmium batteries are being investigated
for FITL applications such as OMUS. The Chester Outsicde Piant
Laboratory long-term field trial of 10 ONUs wil) continue to gain
tnsights into battery longevity and temperature extremes for FITL
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applications. Enclosure energy-management schemes requiring less
energy will continue to be studied at our Chester Laboratory. We plan
to focus on relfable and sconomical space conditioning for Passive
Photonic Loop (PPL) nodes in 1891, Narrowband ISON Tine-protection
work on sealing current will be continued in the New Jersey Passaic
trial, and sxtended tc a central office in Fiorids., Further research
on Bellcore’s thin-fiim fuel cell will be pursued through a ressarch
collaboration with an outside facility. The energy systems research
has strong two-way linkages to projects in Divisions 27270 (R. Laane,
DvM), 27410 (M. Schwartz, DvM) and 27450 (F, Zupa, DOvm).

Cptical metwork architecture research includes exploration of bath
near-term and long-term options for upgrading FITL capabilities from
narrowband to broadband at lowest cost, with minimal disruption in

the distribution plant and as service demands warrant. Near-term FITL
options being investigated for providing videband (< 45 Mbit/sec) and
perhaps early broadband (> 45 Mbit/sec) services include copper-plus-
coax or copper-plus-fiber drops. Long-term options for broadband
center about evolving from FTTC to a passive “fi{ber-to-the-home"
{(FITH) architecture (such as the Passive Photonic Loop). To ensure
that this maets the objectives above (lowest cost, minimal disruptton
and demand driven), then technology, power, space and environmsntsa!
requiremaents muist be explored for each of the key steps (n the
evolution. The implications of increased bandwidth per subscriber
and the Tower implied pair-gain on the future central office are also
being considered. The objective of this work is to conceive a3 new
means of applying optoslectronic technologies near the switch for
providing maximum service flexibility at Jowest cost. Research is
carrisd out from a service-needs perspective through laberatory
axperimants, analytical modeling and detailed cost studias. Advanced
software toois such as FINESST have heen dasigned for accurate jayout
of serving aress with the architectura) options. Planning for & fleld
trial of the Passive Photonic Loop is underway with one of the BCCs
for t982. This ressarch has had major impact at Bellicore through
stimylation of many succassful collaborations both inside and outside
of Applied Rasesarch., 1t maintains strong two-way linksges teo Divisions
21310 (P. Kaiser, DvM), 28530 (T. Scheuerer, Dvm), 27210 (D. Burpee,
DvM) and 24230 (E. Gould, DvMj,

PAST YEAR RESEARCH ACCOMPLISHMENTS:

This projmct‘s accomplishments during the past six months continue to
demonstrate how new technologies can be employed to reduce BCC costs
and provide opportunities for rnev services or network evolution. The
following examples iTjustrate the velue of this work in the areas of
fiber reliability, Tow-cost single-mote connectors, instaliation of
FITL, sfficient, extended powsring of loop electronics including FITL,
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powering of ISON, high-bit-rate DSL (Digital Subscriber Line) for
existing loops, new architectures for FITL that require power only
at the end terminations (‘'passive loops"), and software tocols for
analyzing FITL options.

Fiber Madia Reliability Research

© Substantial progress has been made in fiber media retiabitity
research including optical fiber testing programs in the areas of
stress-free aging, static and dynamic fatigue, and the influence
of fiber coatings and environmental contaminants. Bellcore now
leads the field in fiber reliability research, and was first to
measure the corrosion of optical fiber surface in water and
correlate the resulting surface roughening with reductions in ’ -
fiber strength. Research is continuing on the long-term
reliability of optical fibers and measursments of the mechanical
properties of fiber coatings that will {nfluence the strength of
fatigue resistance of fiber. Investigations have also continued
on the long-term reliability of fiber splices and field failures
of fiber splices and distribution cable sheaths.

We are continuing to plasy a very active role in the Fiber
Reliability Working Group €.8.8 and Fiber Coatings Committee 6.6.7
within the Telecommunications Industry Association (TIA)., We
developed five Fiber Optic Test Procedures (FOTP) for tasting of
optical fibers by vendors prior to cabling, and presented them to
the Electronics Industry Association (EIA) FD6.8.8, and are
providing comments on the rewrite of five FOTPs within B8.8.7.

There is continuing interest in the support of post-mortem analyses
in collaborations with Network Technology, Division 27210,

(D. Burpee, DvM) of fibers that have failed in the field.

Instances of large surface flaws on fibers and poorly coated fi{bers
have been sean. LID (Local Injection/Detection) devices which use
microbands to couple 1ight energy inte fibers have been the subject
of increased attention and investigation. Substantial coating
damage has been observed and quantified relative to the fiber
strength reduction from LIDs.

Additional attention is being brought to determining the reductions
tn fiber strength that occur due to cabling, fnstallation and
subsequent field aging. We have designed and begun to construct a
new long-gauge-length fiber test lab to investigate the propagation
anf failure of the larger flaws that exist in opticsl fibers, which
is sxpected to datermine their actual strength and useful life
under typical field conditions. This lab is essential {n
detarmining the correlation between tests and reality.

Powasr Flant Survivability of Natural Disasters

© This topic became very current through 1888 with the loss of
telephone services that accompanied hurricane Hugo and the San
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Francisco earthquake., Two recently completed projects addressed
the cry for more reliable, longer lasting emergency carryover for
outside plant remote terminals. This issue hastenad our hand-off
of these results both within and outside Bellcore.

Our recent experience with sealed lead acid batteries, gained
through substantive testing at Argonne National Laboratory and
reported to Power SMEs and to the battery tndustry, showed that
battery capacity was dependent upon cell orientation. Also,
capacity degradation with discharge/charge cyclies was found to
occur with gelled slsctrolyte cells. Our research suggested ways
that low capacity could be corrected. The battery industry has
taken up our suggestions. Products being made available for RT
{Remote Terminal) application today consequently offer these
improvements in capacity over that of cells in service during
recent natural disasters.

The octher part of the soiution to longer carryover time is to
reduce the battery drain presented by the digital loop carrier
{DLC) esquipment load. Our laboratory modification of a Noerthern
Telecom DMS-1 Urban showed that energy dissipation could be reduced
by two-thirds while, at the same time, making the systam more
reliable and tess sxpensive to maufacture. The relsvance of this
result to the issue of survivability through natural disasters is
that if the same telecommunications function can be provided at
one-third the energy, then a2 given sire battery would carry over
the system for three times the reserve time. In March, 1890, a
revision to TR-TSY-00057, describing requirements for DLC systems,
was announced based on these results. A 55% power recuction is
expected., This work was accomplished by a coopersative effort with
Division 27450 (F. Zupa, DvM) in conjunction with Division 27410
(M. Schwartz, DvM). Power survivability through natural

disasters has besn made the theme of the 1990 International
Telscommunications Energy Conference. This conference program
committese is led by Bellcore personnal. We plan toc ses these
sclutions through to full implementation.

Fuel cells powersd by natural gas may offer an unusually reliable,
environmentaslly clean, continuous source of power for RTS.
Electric utility power, the primary source today, would be used
without batteries only for emergency backup, or possibly not at
all, QOur preliminary estimate is that the 20-year life-cycle
costs (including present squivalent energy costs) of appropriately
sized fuel cells and electric power supplies with 8-hour battery
backup would be comparable. (Most currently available fue) cells
are stgnificantly larger or smaller than appropriaste for powering
an RT, hence, one aspect of our planned effort.)} We plan to
analyze tha smallest of the large fuel callis (10 to 20 kW range)
for developing a mere accurate system model, including reliability,
and instal]l ancd test one of these at our ocutside-plant facility at
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Chester, NJ.

Powering of Fiber in the Loop (FITL)

© The costs associated with providing reliable uninterrupted power
for an Dptical Network Unit (ONU) on the customer end of a fiber
were documanted in TM-TSY-013583. These studies show that any
degree of relfability, up te and including that of central-office-
provided power, can be obtained at a commensurate cost. A wide-
based study group within Bellcere was convened to reach consensus
on some aspects of powering fiber in the loop. Unanimity was
reached on two points: the ONU should accommodate a power-down
mode, and power for the ONU should be sourced generally as close
to the ONU as the distribution architecture permits. Savings on
this point are most pronocunced on long loops.

The costs associated with powering each watt of consumption at the
customer end of a fiber at the curk or home are shown to be high.
Alternatives considered are over network copper, from the curb,
from customer’‘s AC supply, and over the fiber (optical power).

Tha high cost provides motivation to reduce power consumption of
the ONU. To this end, a consensus was reached by the FITL Task
Force that the ONU will accommodate a powsr-town mode. This
decision will lead to substantial savings in first cost and
operations cost. It sets a good examplie for broadband ISDN to
follow. This work was presented at Fiber ComForum, National Fiber
Optics Engineers Conference, and Supercomm. We plan to pressure
manufacturers to develop energy efficient architectures and
hardwvare, At the same time, we will work the standards,
requirements and technelogy issues to speed implementation of FITL.

Thin Film Fuel Cealls and Gas Sensors

© A very broad device patent was issued September 5, 1889, on the
thin f11m fuel cell. The satient points of this new snergy
conversion device are that it {s thin and one-sided and can be
procduced on inexpensive substrates such as capton; it operates at
room temperature and pressure with mixed gas (fuel and air}; and
that it operates on several hydrogen based fusls. ATl of these
attributes have the prospect of yielding a low cost in volume
production. The most interesting BCC application snvisioned is
a compact raserve power supply for a remote terminal or controlled
environmental vault. This would occupy approximately 20% of the
volume of the &-hour battery which it would replsce, and it would
run the load for twice the reserve time. Paramount is the fact
that indefinite extended reserve with the present battery system
cannct be achieved whan the cutage covers a brcad area that
includes serveral sites. But with a fusl cell, indefinite reserve
is contingent only on the refilling of the fuel tanks.

"Nature" the international journal of scisnce, published Bellcore’s
cfficial disclosure in a letter on February 7, 1980. We were

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page

FGIAO3Z

\‘\

0005132



/3 G

BELLCORE Page: 7
Applied Research Date Printed: 10/02/80
1991 FINAL PROJECT OFFERING

Project Name: :
DISTRIBUTION NETWOKK TECHNOLOGY 621306

PAST YEAR RESEARCH ACCOMPLISHMENTS: (CONT . )

deluged by media coverage because "Nature" editors jeaked the
results. The fuel cell has received more exposure than any other
Bellcore accomplishment. It was covered by BBC, C-SPAN, Business
Week on twe occasions, The Wall Street Journal, The New York Times,
The Washington Post, The Los Angeles Times, Japan Times (front
page) and many more. We now have a licensing philosophy and a
licensing package to offer interested compantes. Our plan

is to form a 2-year research collaboration with another party for
purposes of bringing the technology closer to telephone
application,

FITL Planning Software “ -
© Design, coding, testing and documentation wers completed on three
key programs in the Fiber Network Economics Software System
{FINNEST), an interactive software system which evaluates and
optimizes alternative fiber loop network architectures. TMs
(Technical Memoranda) outitning the sites, services, and squipment
interactive database editors were completed (TM-ARH-015153,
TM-ARH-018362, TM-ARH-018018). Collaboraticons are currently being
pursued with other Bellcore technical areas and BCCs to turn
FINNEST into a Belicore software package,

Switching and Switch Interfaces

© Research continued on the application e¢f new technologies at the
interface of the distribution network. An analysis of asymmetric
packet-switch modules with channel grouping was compieted.
Performance analysis of a 3-stage modular packet switch
architecture that should be scalable to more than 10,000 ports
was also complated. Ongoing research on the loop network and
broadband switch relationship has explored the relative marits of
input and output queutng in a high-speed packet switch, and we
have been able to prove the counter-intuitive result that input
buffering is better than output buffering under some traffic and
service mixes (TM-ARH-01703%; TM-ARH-017038).

We have explored r-for-N protection scheames for fibar loops
(TM-ARH-018288), fellowing up on last yeaar’'s successful work

on the impact of passive loop architectures with route diversity
en incremental cost and access 1ink availability. Recent results
show that some r-for-N protection arrangemsnts with diverse
facility routing msy cut access 1i(nk unaveilability by more than
two orders of magnitude below the unavailability provided by 1:1
protection with diverse facility routing.

Related accomplishments in a1l sareas i{nclude significant
participation (papers, committess) in major conferences including
the Optical Communications Conference {OFC), Globscom, the National
Fiber Optics Engineers Conference (NFOEC), the International
Communications Conference (ICC), the Eastern and National
Communications Forums (ECF and NCF), the Conference on Lasers and
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Electro-Optics (CLED), the European Conference on Optical
Communications (ECOC), The International Conference on Acoustics,
Speech and Signal Processing (ICASSP1, the International
Telecommunications Energy Conference (INTELEC), and the Workshop
on Passive Dptical Networks for the Local Loop (PON),

.........................................................................

REASON FOR INFRASTRUCTURE CLASSIFICATIDN;

The work of this Applied Research Project provides for the development
of a leading edge knovwledge base in such key areas as hetwork
technologies and systems. Emphasis is placed on applications to
current and future reeds 1N networks, services and operations. The
substantial berefits of this Project accrue to all Owner-Clients and
are unable to be prevented from accruing t¢ an Owner-Cliient who might
elect not to participate in the Project.

RESEARCH DIRECTIDONS:

Resesarch in the installation, repair and reliabiliity of fiber optic
networks with emphasis on fiber-in-the-loop. This effort requires
conducting numerous laboratory and “real world" field experiments
to stress the technologies to fingd their weaknesses, and then to
corratate their behavior with our models andd analyses. This effort
includes failure-mode analyses for the BCCs.

Ressarch directed to the analysis of cost effective powering and
environmental -control architectures that utiiize new technoigies,
minimize snergy consumption, and which will serve future Be)icore
Client Company meetds. Significant efforts are focused on the
powering architectures and technologies which will be necassary
to support fiber-in-the-1oop.

Ressarch on strateagic options using miltiwavelength passive optical
networks for increased capabilities, demand-driven upgrading, and/or
reducing cests Iin brosdband optica) access hetworks.

Teaming with other Bellicore arsas to impiement, test and demonstirate
software for planning and analysis of future optical networks.
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PROJECT OVERVIEW:

The Bellcore Client Companies have a need to evolve their primarily
voice networks of today te the Information Networks that their
customers will demand in the next century. Simply stated, the
Information Networks of the future will provide any type of
information, veoice, image, video or data, to anyone, at any time, in
any place, and at reasonable cost. Bellcore has articuliated this
vision in a product called the Information Networking Architecture,
or INA. The Network Control Research project will conduct applied
~research to establish one portion of the technological foundations
of the Information Networking Architecture; the portion of that
architecture which consists of the underlying transport network, its
control structure, and the software systems which implement its
control structure. It is the goal eof this research te learn how to
buiid and control a transpert infrastructure that supports greatly
increased bandwidth and increased variety in traffic characteristics,
while at the same time continuing to deliver the reliability we have
come to expect from the current network. Our work in 1881 will
consist of research on survivabie network archftectures and network
design, on the management of traffic and connections within these
networks, and on the modeling of large scale networks and their
operating systems. All this work is aimed at the sventual goal of
achieving a powerful and robust underiying transport and delivery
network for the future Information Netwerks of the Belicore Client
Companies (BCCs).

We will continue our work towards the conception of survivabie and
cost-effective fiber network architectures. Our work in the past
resuited in a software product called Fiber Options that has seen
widespread use within Bellcore and by network planners in the BCCs
as an aid to their strategic planning. Wa will axtend this work teo
davelop algorithms and computer programs te identify areas in the
local sxchange network where fiber optic rings can be cost-effectively
deployed. These aligorithms will alse indicate {f other mesans, such
as diverse protection, are mors suitabla te achieva protection for
certzin buildings. This work will directly benafit the Ballcorse
Network Planning System, Division 24240 (C. Pack, DvM) and the SONET
(Synchronous Optical Network) project, Division 27240 (G. Ritchte,
DvM) .

Work on retwork traffic control will be cdirected at future broadband
netvorks, and in particular, the portions of those networks which
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carry Asynchronous Transfer Mode (ATM) traffic. We will continue our
close working relationship with the Broadband Project in the Network
Technology Area, Division %7140 (5. Walters, DvM). wWe will study the
problem of call admission control and traffic routing. We will seek
tc determine the level of statistical multipiexing gains that are
achievapie for such bursty services as packet video and Switched
Multimegabit Data Services (SMDS). ODur work in the past showed the
critical connections between traffic parameters, switch resources,
and SMDS service quality.

One of the objectives of the Bellcore Information Networking
Architecture vision is the segregation of the future Information N
Network into a Services Segment and a Delivery Segment. The Delivery
Segment consists of network elements and a control structure that will
support new services and new network operations applications.

Scoftware functions which are appropriate to transmission and switehing
products are in the Delivery Segment, Software functions which should
be under the direct control of the Local Exchange Carrier or its
customers are in the Services Segment. The proposed separation may

be attractive from a BCC businass perspective, but the achievement of
adequate rea) time performance of a network made up of segregated
switchas and services software regquires ressarch advances. One aspact
of our work will be the investigation of methods to maintain highly
reliable call or connection records in network eiements, but still
make them available to network sarvices applications in real time.
Network tratfic control, fault tselation, technical limits on billing
poiicies, and service response time are all cdepandant on virtual
circuit information stored in switching elements. Our werk in the
past years on real time call processing, using paraliel computers,
proviges a base of knowledge upon which to build. This preject will
coltlaborate cliosely with three Belicors Centers to develop technology
that will advance us toward the INA goal of astablishing a powerful
and robust Delivery Segment: Network Services Research, Center 214§

(S. Personick, AVP); Network Architecture, Center 271 (D. Leeper, AVP)
and Computing Systems and Architecture, Center 259 (D. Kessell, AVP).

Mode!ling and analysis will be important in developing an undarstanding
of how future Information Networks behave under normal and adverse
conditions. The simulatieons that are to be carried out will be aimed
&t the broad-lsvel bshavior of systems, and are not detailed
simulations of individual network alements. One area of major concern
is quantifying how the architectural design of softwars systems
determines how these systems will perform. The objective is to

analyze the performance of differant architectures before detailed
code writing is begun. We will alsc collaborate with Balicore

Sof tware Technology and Systems, Division 25810 (C. Riley, DvM), in
an analysis of the tools that are turrently available from the
commarcial market, from the MCC (Microslectrontcs and Computer
Technology Corporation) Software Technology Program, and from
academia, The objective is to identify a common set of tools that

PROPRIETARY - Belicore and Authorized Clients Only
See Proprietary Restrictions on Title Page

SN

6é

Fnian3>z nnnst37




//7 “7

BELLCDRE Page: 3
Applied Research Date Printed: 10/02/90

1891 FINAL PROJECT OFFERING

Project Name: Project No.:
NETWORK CONTROL 821307

PROJECT OVERVIEW:
could be used by Bellcore in modaling different systems.

Although the Network Control Research project is new, it represents
s bringing together of already existing individual research programs
in this area, with the intention of reinforcing and expanding this

effort.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

The main thrust of this project (s the advancement and demonstration
of eritical interconnection and packaging technology to be used in
future broadband networks, Notable accompl ishments during this
reporting period include the demonstratien of an experimantal
prototype optoalectronic integrated circuit receiver chip that works
at speeds in excess of 1 Gbit/sec, the delivery of a 822 Mhit/sec
SONET-11ke transmission system for an Advanced Television
demeonstration, a standsrd ¢ell integrated circuit design system
developad in collaborstion with Division 21340 (J. Bellisio, DvM) and
cevelopment of a novel method for generating multiple pseudo-random
neise for neural network applications. Four division membars were
elevated to the Institute of Electrical and Electronics Engineers,
Inc. (1EEE) senior member grade last year.

Broadband Network Switching Consultation

¢ We contributed regularly te numerous Bellcore groups in the
Broadband Network definition and standards projects. We continued
to work closely with the membaers of the Next Generation Switch
project under Division 27140 (S. Walters, DvM), as well as the T151
angd CCITT {(Internaticnal Consultative Committee on Telephone and
Telegraph) negotiating teams responsible for Broadband access
standards in the same division. Detailed Asynchronous Transfer
Mode (ATM) transiation table technology capabilities and cost
estimates were proviced to Division 27270 (R. Laane, DVM) in
support of Broadband network contrel standards development. We
provicded technical analyses of alternatives in protocol message
processing and call record access times in distributed switching
systems and sxchange terminations in generzl. We continue to
support the development of documents such as the Broadband Switch
Framework TA (Technical Advisory).

Packet Switching Controls

© Our investigations into Broadband congestion control continued with
the application of SMDS (Switched Mulitimegabit Data Service)
tra¢fic modeis to recent Broadband Switch architectures. In
collaboratton with Divisions 27120 (L. Linnell, DvM), 21490
(W. Sincoskie, DvM), 27140 (S. Walters, DvM), we analyzed worst
case modals of ATM packet traffic within the 1imits of SMDS Quality
of Service constraints. This work showed the critical connections
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between traffic parameters, switch resources, and SMDS service
quality, especially the relationship between burst length, switch
gueue size, and the quality of service delay parameters. Follow up
work will resclve switch dynamics questions showing how rapidly
congestion occurs and abates, as well as the time frame in which a
Brosdband exchange termination can be expected to take active
measures to counter any such problem. We assigned a member of this
Division to work in Divisions 27120 and 27140 as part of a

technology teaming activity.

New Research Initiatives Task Force

o A task force was formed to identify new research aress related to
software that could He built upon the exparience of people
currently working on computer aided design tools and other hardware
related research. This group worked part time over a period of
about four months reviewing memos and interviewing technical and
management peopie {n varifous areas - especially Software Technology
and Systems, Technology Applications, Network Planning and Applied
Research. They developet an initial 1ist of research issues, and
garived from part of the list a number of project proposals. These
proposals were reviewsed by the Applisd Ressarch Lab 213, and a
subset was presented to Software Technology and Systems management.
A research program on applications of Performance Modeling tools
has developed out of the conclusions of this task force.

522 Mbit/sec SONET-1i{ke System for Advanced Television and Datacycle

Experiments

© With Division 21340 (J.Bellisio, DvM}, we successfully demonstrated
digital transmission of ATV using & SONET-like 822 Mbit/sec
transmission protocol over 42 kilometers of optical fiber at 1.3
microns using potentially low cost media that would be suitable for
the subscriber ioop. This system was modifisd and combined with a
coherent experiment (in collsgboration with Division 21310 P,
Kaigser, DvM) to cemonstrate digital ATV transmission of a coherent
optical limk for subscriber network distribution. Divisien 21450
(G, Herman, DvM) has asked for a copy of the transmission hardware
to support an ongoing research affort in database management
(Datacycle) and storage, using optical fiber as the storage media.
Copies of this system have been delivered.

Terabit per Second Switch Fabric Study

o During this year a major initiative was begun to datermine suitable

architectures for a terasbit-per-sscond switch and to analyze
contending switch fabrics which would ba required to widely deploy
BISDN, The praliminary conclusion is that the switch fabric is
feasible with state-of-the-art technology but would be difficult.
Control and software will be extremely difficult issues. A special
report on the committes’'s activities will be written., Because of
the committee’'s work, resesarch on fabrics in Sellcore now

includas sxamination of scaling issues, and has resulted in
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several! novel new architectures that will be reported in 1880,

Standard Cell IC Design System Using Schematic Capture and Symbolic

Celils

¢ To expedite the design of prototype Very Large 5cale Integrated
Circuit (VLSI) chips of high complexity (e.g., fifty thousand
transistors or mere), a system of CAD (Computer-Aided Design) tools
has been assembled and written that takes the logical specification
cof a chip and automatically creates the circuit layout., This
system is a collaboration with Division 21340 (J. Bellisio, DVM). -
Many experimental chips for a prototype Advanced Television systam - .
experiment are currently being generated using this tool. '

Simulation and Analysis of Integrated Circuit Timing

o An interface to timing simulators has been coded that enables
Belicore chip designers to run these simulators and examine speed
performance results on the screen. A new timing simulator, called
GONGA, has been written and tested. This simulator has the
efficiency of a logic simulator, but is able to cdetermine delay
times, which is not possiblie with standard logic simulation.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Appliec Research Project provides for the development
of a leacing edge knowledge base in such key areas as network
technoliogies and systems. Emphasis is placed on applications to
current and future needs in networks, services and operations. The
substantial benefits of this Project sccrue to all Owner-Clients and
are unable to be prevented from accruing to an Owner-Client who might
eject not to participate in the Project.

RESEARCH DIRECTIONS:

Carry out research aimed st the Infermation Networking Architecture
ocbjective of achieving a separation of the Delivery Segmant and the
Services Segmant, while insuring the highest Tevels of reliability
in the Delivery Ssgment.

Research network management strategies, traffic routing strategies
and network design methods for broathband networks, with an emphasis

on the Asynchronous Transfer Mode of packet transport.

Research algorithms for the design of survivable retworks, with an
emphasis on determining areas within a network whare SONET rings can
be cost-effectively employed.
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Research into methods of modeling operations systems and networks
made up of network elements with distributed control.

Research into modeling of systems at the level of their software
architecture. The purpose ig& to analyze the performance affects of
the choices made in program design and organization before the
detailed code is written,
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PROJECT OVERVIEW:

A software-defined public network, providing abundant, ubiquitous
communications services, supporting the rapid introduction of new '
features and services with a3 muttituce of competing suppliers of
network components, is a gcal shared by Bellcore, the Belicore Client
Companies (BCCs), and many in the telecommunications industry, The
transmission and switching technologiss nesded to provide an
intagrated services broadband transport capabiliity for such a
retwork are becoming increasingly well-undersztood. However, the
architecture and algorithms for the advanced network systems that
control transport resources and offer this functional, flexible
“intelligent" retwork are much less understood. Such advanced
architectures can recduce BCC costs for provisioning, maintenance, and
data acdministration, and can allow expanded veoice/datsa/video service
capabilities suitable for both business and residential customers.

Major research acvances are required to realize these benefits, For
example, the deployment of uitra-high capacity transmission and
switching systems creates a need for correspondingly new techniques
for congestion management, resource allocatien, and failure recovery
for the public network snvirorment. The desired features cannot be
achieved without significant advances in software environments for
service specification and in softwvare design and development
technigues for large high availability, real-time distriduted
systems, Similarly, the increasing demands pliaced by the intelligent
network on its sigralling network and on network databases generate
new recuirements for high capacity distributed databasss and
signalling networks that are far beyond the current state-of-the-art,
The goal of this project is to achieve the necessary advances in these
areas.

Work on retwork systems management focuses on control algorithms for
managing the resources of the evoliving public telecommunications
network. GQuestions to ba addressed include those posed by radical
changes in network switehing and tranzmisston technologies, such as
Asynchronous Trantfer Moce (ATM) transport, as well as nearer term
network contre) and management issuss gensrated by the evolution
toward increasingly more intelligent network eiements and systems. In
the area of future broadband networks, we are investigating congestion
and flow control algorithms applicable to Broadband Integrated
Services Digital Networks (BISDN). Because this retwork will support a
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greater variety of services and will operate at transmission and
switching rates orders of magnitude faster than today’s packet
networks, it will require new strategies to control network congestion
and provide the necessary parformance guarantees required by each
service class. Qur analytical work is compliemanted by simulattion
techniques to provide tools to better understand the dynamics of
complex systems. The research on current network evolution emphasizes
techniques to alliow for the real-time reconfiguration of Digftal
Cross-Connect System (DCS)-based trunk networks. Applications under
study include network reconfiguration strategies to deal with facility
failures (survivabiltity through automatic fault-recovery), or
unanticipated traffic fluctuations (improving the efficiency of use of
network facilities). We focus on distributed algorithms and stochastic =
optimization techniques in our studies of network reconfiguration.

In the area of network software architecture and implementation, we
sought {nitially to understand why telecommunications software is so
much more complex and difficult than software for other large
applications. For 1990, we intend to take the insight gained and
apply it in three major areas. First, we are investigating
spacification 1anguages and environments that facilitate the
specification of the desired behavior of new network services., We seek
tools that are precise, complete, and yield executable code {for
similation of the new service). These tools must also allow reasoning
about the behavior of the naw service {n the context presented by all
cther services that the system axecutes concurrently (e.g.. can the
new service result {n s deadlock in the network; does the new service
confiict in execution with other services?). We are investigating
togic-based 1anguages and the use of some experi: systems technologies
in this area. Second, we are attempting to define an axtensible

sof tware architecture for telescommunication control software. We wish
to gemonstrate, through a rasearch prototype, the use of paratlel and
distributed programming technicues to deal with software evelution
(introduction of new features) and scalability az fundamenta)
objectives of the system. We plan to address a wide range of softwvare
issuss that arise tn large telecommunications systems including
network operating systems, programming paradigms, portability, system
monitering and maintenance, naming and addressing, as well as the safe
and correct interaction of local and remote sof tware componants. Our
third area of emphasis is in softuare fault-tolerance. The complexity
of tslecommunications software, combined with the sxtraordinary
availability regquiremants for network sliements in the public network,
suggest that the ability of a2 system to tolerate errors originating in
specification aor design {5 essential. wWe wish to generalize the
traditional approaches to software fault-tolerance and develop a more
formal mode! that would allow fault-tolerance considerations to be
included in a standard, open software snvironment for
tejiecommunications systems.

Our research on metwork control architecture addresses tha database
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techrology and network control architecture issues associated with
evoiution of the exchange network to an intelligent network supporting
ubiquitous access to service features, customized routing, logical
{person-specific) addressing, and perschal services. Such a network
generates database query volumes and signalling traffic volumes far in
excess of the capability of today’s technologies. The problem is
further compounded by increased complexity of gqueries at these high
volumes .

In addressing these problems, Sur research emphasizes exploitation of
the high interoffice transmission bantwidths available with single-
mode fiber to creste highly efficient distributed database systems:
capable of supporting enormous transaction volumes. This work has
three components: (1) analytic and simulation studies to sxpliore
alternative control architectures and distributed database schemes:
(2) definition and extensions to data models and query languages to
support network services through shared access to a network-resident
database system; and (3) the protetyps impismantation of 2 novel
broadband data distribution architecture to assess feasidfiity and
permit understanding and resolution of kay technical issues. In 1980,
we are extending the prototype initiated in 1989 to expiore fault-
tolerance ang the distribution of prototype functionality, and to use
the prototype as an experimental piatform for prototyping selective
network services with data access demands that are not met with
today’'s technologies.

In the past six menths, we published 19 technical memoranda, gave 12
external talks, published 11 technical papers and filed 4 patent
appiications.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

VLSI Relational Data Filter

o A critical technology issue in architectures that depends on the
broadcast of large amounts of data is the electronic subsystem that
examinas the data appearing in the broadcast channel to detect and
copy jtems of 1ocal interest. In 1988, we successfully implemanted
2 2 micron research prototype of a relationsl filter that performs
relational database sslection predicates on data stream contents.
In the second half of 1989 we expliorsd extending the capabilities
of the current chip tc take advantage of the on-chip arithmetic-
logic-unit (ALU) to perform more complex on-the-fly fiitering
nesded to resclve spatial queries to identify the closest neighbeor,
and to satisfy temporal data requests. The overall design and
impiemantation process used to implemsent the chip represents a
novel combination of PROLOG (s logic based prograsmming language)
architecture simulstion with a silicon compiler Computer Aided
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Design (CAD) tool that contributed significantly to the rapid
design and ultimate success of this VLSI circuit (Very Large Scale
Integrated) implementation. This design process is described in
THM-ARH-014285 .

performance Studies in Broadband ATM Networks

o Traffic management in Asynchronous Transfer Mode (ATM) packet
networks is an tmportant issue to aveid congestion, and consesquent
delays and packet losses. We have compared network-leavel and user-
level performance of thrse access control mechanisms for congestion
management: rate-bssed windows ("leaky buckets"), end-to-end
ackrowledgemant, and congestion festback acknowledgament. We .
studied their psrformance using a cell-lavel simulation of an ATM
network, We found that at the network-level, "leaky buckets"
perform well, while neithar acknowisdgement based mechanism is
adequate. However, assessad from the user’s perspective, "leaky
buckets" also fail to provide satisfactory service. Dur simuiation
results indicate that further studies of intranetwork gqueueing and
routing are nesded to adequately control congestion and supply
assured quality of service to end-users. This work is documented in
TM-ARH-013122, and a paper was presented at Globecom’89. Continuing
work includes the measurement and analysis of Local Area Network
(LAN) traffic over fine time scales (i.e., millisecond resolution)
in order to obtain and characterize real-world traffic,

Timed Logic Programming Paradigm for Service Specifications
o Pressently, the current service creation process is lengthy and

vendor-depsndent. Generaily, service creztion consists of four
intermediste stages: bshavioral specification, network design,
software design, and impiementation and testing. The testing anc
tmplementation stage is usually the most time-consuming part of the
present process. In most cases this is oue to incomplete and/or
incorrect bshavioral specifications., Behaviora)l specifications
usualiy consist of cause-effect requirements, real-time
reguirements, and time incdependent invariants. Most existing
service crestion tools and snviropmants focus on the repressntation
of cause-sffect requirements and mechanisms for cetecting
{nteractions in such representations. By chacking causs-sffect
pairs, signal ambiguities can be easily detected when the same
conditions (causes) lead to different effects. However, when
integrating new features into an existing system, {ncompatible
temporal behaviors and/or violations of i(nvariants can cause
problems. The goal of this project is to determina {f the
expressivenass and built-in control mechanism of logic programming
could be useful tools in facilitating the verification of
specification and integration of new services. Much effort has been
devoted to {) selecting a proper formalism for representing
specification in the logic programming paradigm; and i1}
incorporating the temporal notion to resemble the evolution of
service bshaviors over time. A paradigm is being developed to
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allow service designers to simply provide a set of temporal
transition rules and invariants as specifications, and then to
21low the designer to query the service behaviors as desired.

Discrete-event Object-ortented Simulation Environment

o Telecommunications sof tware systems are notoriously complex and
hard to change. The main objective of this project is te
investigate ways to allow complex software systems to be more
easily designed to be extensible and reusable, so thst fewer
person-years are nesded to develop and maintain them. This project
explores ways to define software systems via modules that can be
easily extended by composing reusable submodules. The system can
then be debugged using scof tware monitors or probas. Software
engineering approaches such as object-oriented programming address
some of the issues, in particular, modularity and reusability,
through the notions of encapsulation and inheritance. However, it
does not address the issues of structured composition, system
extensibility or system monftoring. A programming paradigm based
on the object-orientad language C++ has been developed, A
similation environment, DOSE (Discrete-event Object-or{ented
Simulation Environment) is baing built., A preliminary version of
DOSE 1s functional.

L.O -~ An Executable Specification Langusge

© L.O is a new executable specification ianguage specifically
designed to better facilitate specification and rapid prototyping
of communication systems. Communication systems are resctive
(event-driven) real-time systems which have many interacting
components at any given instant. To facilitate the description of
time-pased relationships batween events and data, L.O incorporates
an axplicit notion of logical time or program step. Communication
systems are composed of many subsystems, hence L.O provides easy
filexible moduie composition via constraints. To snable users to
spacify "what" should happen without dascribing "how" it should
happen, L.0 is a rule based language. To more easily describe the
dynamic nature of telecommunications systems, L.C rules can
instantiate ang/or remove other L.O rules. TH-STS-014831 ciscusses
using L.0 to mode] telscommunications services within the context
of laysred architectures such as X Infoermation Systems (XIS) or
Operations Systems Computing Architecture (0SCA). An invited talk
on L.O was given at tha University of Arizona. L.O was also
presented at SETSS ‘89, "IC+: an Environment for Desighing
Communications Software." L.O is presently being used
experimentally at two universities.

Distributed Resource Counters

o When real-time constraints must be satisfied by large systems under
heavy leads, even simple problems become difficult to solve. As a
mode] for maintaining a fixed maximum number of 1ines between two
customers {in a private virtual network, we investigated one such
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problem whose solution is complicated by all three facteors, We
formulated the problem as a reai-time resource counter on a
distributed system, and developed a real-time correctness condition
for the counter. We then investigated several approaches to
implement the counter, and compared their performance to account
for message processing oeiays. The results of the performance
studies are 2150 ussd to develop heuristics for configuring a
resource counter on a distributed system,

Non-stop Software Lpdates
o In the telecommunications network, where service must be

continuously available, the cost of stopping a2 system to install
new sof tware may be unacceptable., This is particularly likely te
pe true If software modifications occur fregquently, which is
possible in the future as increasing numbers of new features are
introduced. In 1989, we analyzed our non-stop update approach with
respect to the availability and maintainability regquirements for
switching systems, as defined in Local Access Transport Area (LATA)
Switehing Systems Generic Requirements, and presented our findings
at the Institute of Electrics! and Electronics Engineers, Inc.
(IEEE) Software Engineering for Telscommunications Systems
Confereance. We also studied a method for extending an existing
updating system to a distributed environment. These sxtensions
allow distributed programs written, using the remote procadure call
paradigm, to be dynamically updated. pur approach scales 1o a
geographically distributed computing environment and supports
computer systems that contsin heterogeneous hardware snd sof tware.
Programs that exacute on computer sSystems owned by muitiple
aoministrative eantities can also be updated using this approach. We
presented the results of this extension at the IEEE Conference on
Sof tware Maintenance,

Tejecommunications Sof tware Research Prototype

o The currant genaration of telecommunications software is extremely
complex (both tn structure and operation), has limited
extensibility, and is difficult to matntain. These factors Timft
the growth potential and the range of new services that may be
reltably offered. Much of this 15 due to unplanned software growth
and the inherent lack of scalability of the programming techniques
ussd in system development. We have begun an expearimental
prototype of a novel communications system intended as a vehicie to
axamine these software architectural {ssues and to investigate the
use of modern programming techniques to cvercome some cof these
softvare problems. We have started the assembly of viceo, sudic and
graphical station equipment in each end user’'s office, and have
begun to instal)l switching software and control processors to
interconnect user stations. Once the harcdware is in place, we plan
to address 3 rangs of software issues that arise in large
telecommunications systems including retwork operating system,
programming paradigms, portability, system monitoring and fault
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recovery, naming and addressing, as well as the safe and correct
integration of local and remote sof tware components.

REASON FOR INFRASTRUCTUBE CLASSIFICATION:

The work of this Applied Research Project provides for the development
of a Jeading edge knowledge base In such key areas as real-time
systems, control infrastructure, service reaction and interaction, and
database management. Emphasis is placed on applications to current
and future needs in networks, services and operstions. The substant{al
benefits of this Project accrue to all Owner-Clients and are unable to
be prevented from accruing to an Owner-Client who might elect not to
participate in the project.

RESEARCH DIRECTIONS:

Examine the feasibility of open architecture for network software
systems, consistent with traditional reliability and performance
standards, but facilitating rapid introduction of new network
capabilities.

Study the architecture for mnetwork control functions, including the
design of very high capacity, distributed network database systems,

Study software tocls and techniques for network service spscifications
that will facilitate the rapid introduction of new network services
by the Bellcore Client Companies.

Study control algorithms and develop evaluation techniques for
managing resocurces of the current and future public network.
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PROJECT OVERVIEW:

This project addresses human networks and technology-oriented issues
on which the services offerings of the evelving intelligent, broadband
network depend. It advances a vision of an information socjety in
which individuals communicate with each other and with information and
computing resources for work, learning, social relationships and
leisure time activities despite barriers of distance, time and medium.
In this visfon, fndividuais and organizations are able to use
communication networks to share ideas, (nformation, and electronic
work spaces, to handle floods of information, and to reinforce
relationships and social values while maintaining control over their
privacy and persohnal communications snvironments. The project furthers
understanding of muitimedia communications services, and ressarches
technologies for realizing them over the networks of Bellcore Client
Companries (BCCs).

Specifically, the project investigates multimedia (and multi-party)
rezt-time conferencing and collaboration, multimedia information
access and dissemination, multimedia messaging, tools and concepts for
advanced user interfaces, and security and privacy issues. It studies
the software, network architecture and tools that allow services to be
provicded easily and robustly. The work smphasizes understanding of
what makes future services useful, usable, and socially acceptable.
The project creates sxperimental research prototypes of inmovative
services to understand users’ neesds and to stress network
Capabilities. It investigates advanced user interfaces and the tools
for creating such interfaces to make a richer services anvironment
accessible to ordinary residential and business users over the public
network. And finally, the work of the project snalyzes technigues
(such as service contrel through high-level software, information
browsing, and cryptographic security), and sotial or behsvioral issues
(such as privacy, collaberative work, and organizational acceptance)
bearing on the success of future network services, o

The knowledge generated by this project has impacts on BCC exchange
businesses through severa) routes., It is passed to Information
Networking Services and other sreas of Bellcore, vhich work with the
BCCs on natwork avelution. It is passed cdirectly to the BCCs for
their internal or other uses through cemonstrations, talks,
publications, and technology transfers of research protetypes,
experimenta) services designs, and software. And it is passed to
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research and vendor communities, where it stimulates further research
and cevelopment.

The benefits to the BCCs inciude increased efficiency tn their
internal operations, greater automation of subscriber-network
interactions, higher utilization of network facilities, the
development of new revenue streams as these and other services are
provided over exchange carrier facilities, the ability to meet
security and privacy concerns, and a leading role in the realization
of an informatton society accessible to all through the public
switehed network. ‘

The work has five thrusts: interpersonal communications, broadband
services prototyping, information access and dissemination, network
security, and human interfaces.

The work in interpersonal communications is focused on communication
among individuals to strengthen thair existing work activities and
sociat relationships. Examples inciude distributed groups of
collaborative workers, and family members sseking something clioser to
"being there", The project will i{nvestigate integrated multimedis
communication, both real-time and messaging, with emphasis on visual
elemants. The project will further investigate broadband "unplanned"
communications such as open or group-managed multimedia 1inks,
exemplified by a wide-aspect "VideoWindow” (augmented by four-channel
audio, document sharing. ant computer application-sharing
capabilities), and a "Cruiser" system for casual voice and video
tntersction {sugmented by document and spplication sharing} among the
geographically distributed residents of a "virtual hallway".

Information networks ressarch, with strong emphases on visual
information and delivery via BISDN (Broadband Integrated Servicss
Digttal Network), will itnvestigate techniques for Both casually
viewing information and more actively searching for it. In these
studies, the inte)ligent, broadband network will ba viewed a5 a vital
component, facilitating sccess to a broad range of databases and media
typas. Attention will be focused on customized, sometimes adaptive,
information f{ltering to reduce massive information flows otherwise
placed on the matwork to manageabile proportions (a centra) question
for the evolving information society); but it will also be directed
toward interfacing with heterogensous information Sources,
technologies for muitimedia composition and editing, media adaptations
and conversions, and the study of "frisndiy" semantic, hierarchical,
and advisory user interfaces facilitating ussr access and dynamic
control.

Network security research itz broadiy dirscted toward the privacy and
authentication of user traffic, the control of access t0 services and
cdatabases, and the protection of petwork fumnctional alements in the
more opan network of thae future. New sfforts wvill be made on
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cryptographic and biometric user authentication systems and security
architectures of an open network, and previous research continues on
techniques for the procuction and exchange of secure, authenticated,
multimedia electronic transactional documents (with digftal
signatures), and on speaker verification.

In general, the project’s work program recognizes the business and
research opportunities presented by providing communication services
that bring people together with a compeiling sense of "being there".
The coming general availability of multimedis computing will incraase
the potential range of such services. One roadblock to the development
of a broad base of computer-mediated telecommunications services is
the lack of easy-to-use tools to construct them. The project’s human
interface research program will take advantage of these opportunities
by examining and developing technigques to aid developars of multi-user
and multimedia interfaces. In this conception, developers range from
professional "programmers" to customers who have the ability to
personalize their interfaces to communication services. While the
focus of our "toolkits" research is to evolve software snvironments
that facilitate the creation of multi-user applications, it is clear
that technical problems impeding the davelopment of high-quality
single-user interfaces will be consicersd as part of the research
program. The work will likely draw on object-oriented programming,
behavioral scisnce research, knowledge-based systems, graphical
metaphors, and desk-top interactive video technology. The overarching
goal is to undarstand the toois and techniques that will allow
davelopers to build multi-user applications which will give psople a
sense of fidelity and presence through the use of media.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

In the second half of 1988, the project continued research on the
major themes described above. Important exampias of the Division’s
last six-month’s accomplishments are given below:

Multimedia Interpersonal Communications

o U.S. patent (#4,880,314) covering the VideoWindow Telsconferencing
system was granted on Dec. 26, 1888. Patent applications were
filed for the "Laser-Pen", and "Video ViewGraph" intarfaces for the
VideoWindow, and an amended application was filed for & "Through-
The-Screen Viewing" concept for Video-Phona terminals.

Members of the Division continued evaluating users’ interactions
with sach other over the VideowWindow. Results indicated that
there are both usability (e.g., reciprocity of seeing and hearing)
and group dynamic (e.g., transitions between public and private
speech) issuss that need to be addressed. Preliminary results were
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documented in a book chapter that outlines our perspective on
informal communications.

o Progress continued on implementing an audio and video communication
system for casual interaction (Cruiser). The application software
was completely redesigned, reimplementation of the application was
started, and the prototype was ported to a pair of generic
switches. These activities resuited in: (1) a more flexible and
extansible application architecture, (2) a potentially faster
Crutser application, (3) improved functionality of the application,
(4) a2 platform that gives us fine control over the behavior of the
switch and associated peripherals, and (5) a system that will
support up to 30 users, {n place of the 15-user maximum available
on the old platform, We published the Cruiser video tape, designed
privacy mechanisms and new terminal equipment, and now plan an
internal trial deployment in 1890. Finally, we established a
collaboration with the Division 21450 (G. Herman, DvM) Touring
Machine project to explore issues in system sof tware support for
advanced mulitimedia communications services.

© A new ressarch initiattve was initiated in the Division to
investigate the feasibility and potential uses of enhancements to
the normal mechanisms of electronic mail. This research attempts
to go beyond the current state of the art in miltimedia mai)
systams by parmitting computational algorithms tc be embedded in
mail and bulletin bosrd messages. It is hoped that by providing a
powerful and general-purpose computationa) engine for use in mail
software, a whole new generation of mail-based interactive services
will become possible. The current research focuses on the key
questions of portability and security, with the gos)l of producing a
robust, portable, and secure ressarch prototype in 1890.

Multimedia Communications Systems

¢ The analysis of Video-on-Demand systems was begun. One TM,
"Analysis of the Generalized Information Proviging System *
provides an analytical platform and a second, "Models for Near-term
Residential Video Services" (TM-TSV-014850) written jointly with
Network Technology, describes near-term architectures for the
delivery of video services. Work was begun in collaboration with
Division 21480 (C. Judice, DvM) and Ball Northern Research on a
novel "Store and Forward" video dalivery concept.

© New research was initiated on several! novel, hardusre-based,
visually-oriented interfaces to the broathand network. Work on
video displays based on column-shutter/row-backlight techniques was
begun. This ressarch could laad to large, high-resolution
displays suitable for enhanced VideoWindow and High Definition TV
(HOTV} {maging. Research on a customar controlled viewing concept
dubbed "SPHERE-D-VISION" was initiated. This concept will allow
future broadband retwork subscribers to sxperience a virtualily
unimpeded, full look-around view of a remote location. Finally,
work on a three-dimensional projection and {maging system was
initiated, This system should LUltimately allow real-time, three-
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dimensional {volumetric) images to be transmitted and later viewed
without special glasses. Near-term spinocffs of the technology will
2llow real depth displsy using conventional Computer Aided
Design/Content Addressable Memory (CAD-CAM) workstation
technologties.

Information Natworks

¢ Project members completed a study of the visual quality of a
varsion of a new 1.5 Mbit/sec full motion video compression
aigorithm developad by Division 21480 (C. Judice, DvM}. Preliminary
results had shown that it is possible to produce full motion
entertaipment video that can be transported at T1 rates with
quality comparable to VHS (format used in 95% of home VCRS)
recorded video. Subsequent work involving a thorough statistical
analysis of the laboratory test resuits was completed and
documented tn TM-ARH-014589, "A Subjective Visual Quality
Comparison of NTSC (National Television Standard Code), VHS, and
Comprassed DS1-Compatible Video." This work was reported at the
Fifth International Workshop on Telematics in Denver, Colorade, and
has been submitted for publication {n a technical journal.

o Phase 1 of the Customized Electronic Information Delivery ressarch
prototype was completed. A ressarch prototype multimedia formatter
based on an extendad SGML (Standard Generalized Markup Language)
wvas written and tasted as an Electronic Magazine on approximately
80 articies. Selection and display programs that take output from
the formattar and present it as personalized "magazines” on an
interactive terminal were written and demonstrated. Work on this
phase was documented in TM-ARH-014704, "An Overview of the
Electronic Magazine Project.” and was presented at the Electronic
Imaging ‘89 Conference in Boston, Mass. Work began oh phase 2,
incorporating digitized audico, & more graphical user interface, and
2 more sophisticated network delivery model in the prototype. Ve
also began Tooking at the use of the Customired Eiectrenic
Information Delivery technelogy for in-house corporate information
delivery systems.

Network Security

o A significant effort has been devoted to understanding the privacy
implications of Caller-ID, which resulted in TM ARH-01590%. This
T™M presents research supporting the principle that czlleas’ rights
to know who is using their time and equipment takes precedence over
calliers’ rights to aronymity. It finds that both technology and
privacy are dynamic, rather than fixed, concepts; simply because a
technology offering convenience (the telephohe) used te favor the
privacy preferences of callars over callees, toes not mean that the
status quo should remain when the technoliogy becomss available to
recuce the privacy \mbalance. The TM also delves intc social norms
and practices tc ascertain prevailing American values vis-a-vis
piacing phone calls and examines the argument that Caller-ID will
take away privacy rights. The TM concludes that Caller-ID

PROPRIETARY - Bellcore and Authorized Clients Onily
See Proprietary Restrictions on Title Page

FOIRO3YZ

621408

/2 ¢4

0005155



BELLCORE Page: &
Applied Research Date Printed: 10/02/90

1981 FINAL PROJECT OFFERING

Project Name: Project No.:
MULTIMEDIA COMMUNICATIONS 621406

PAST YEAR RESEARCH ACCOMPLISHMENTS: {CONT .}

accomplishes the opposite by removing caller anonymity, something
that was a by-procduct of prior network design rather than a secrecy
that our tulture agreead should inhere in phone calls in the first
place. There are also recommendations that certain safeguards be
present in Caller-ID implementations.

We also reviswed research on psychology of memory, with the intent
of understanding how the limitations of human memory affect the
utility of the Caller-ID service. Qur conclusion that, without
mechanical assistance, psople will often not be able to identify
their callers from the caller’s telephone number provided by
Calier-ID, has implications for privacy pelicy and network services
planning.

o Fast, secure methods of encryption and message authentication
exist, provided that the parties first share a secret cryptographic
key, Thwus, key distribution is often the bottleneck of a sscure
multi-user communications system. We presented the work previously
reported on a new, efficient key distribution system that
authenticates the parties and creates dynamic session keys at
Crypto’89, and then we built and demonstrated a working prototype
of this system. Qur efforts to make this prototypa run faster fed
to the discovery of new algorithms for multiple precision integer
arithmetic that are better than the previousiy existing ones for
the 500-1000 bit numbers nesded to achieve good security (TM-ARH-
015023).

¢ Biometric methods of user identification can provide an important
security primitive, espacially whern combined with sufficiently
powerful smart cards and passwords or personal identification
numbers. Our U.S. patent #4 827 518, "Speaker Verification System
using Integrated Circuit Cards," generated numerous inquiries into
this technoleogy; and we continued to support the efforts of severa)
BCCs to apply either smart card or speaker identity verification
methods. In collaboration with Diviston 24110 (J. LaBanca, DvM),
TM-TAP-105088, "Survey of Biometric Security Systems," and, in
collaboration with Divisions 21380 (P. Shumate, DvM) and 21480 (C.
Judice, DvM), TM-ARH-014515, "Field-Accessible Information and
Speaker-Identity verification: A Raesearch Strategy" were issued.

Human-Computer Systems

o We completed version 1.0 of the MEL toolkit for muiti-user
graphical interface development. In addition, several small test
and demonstration interfaces have been createcd to stress MEL‘s
implementation of the basic object-oriented and constraint
technoiogies.

o We completed a robust and usable version of SHADOWS, an application
indepandent shared X window system. The SHADOWS system has been
transferred to Division 27130 (H. Rubin, DvM) in Network
Technology. TM-ARH-0185522 was {sSued, and an extended, journal-
tength manuscript has besn drafted which details the implications
of shared windows appliications for virtual terminal definitions.
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o Work was initiated on AMES (Active Media Editing System). AMES is
intended to be a miltimedia compasition tool. The goal is to build
editing tools that gain information from the structure of the media
they manipulate. Text processing tocls have concepts of paragraph,
chapter, list, etc., woven in to the fabric of the system. This is
not true of time-dependant media Jike video, where the level of
control stops at fast forward and freeze frame. Thae goal s to use
AMES as a platform to understand communication-enabling tools for
time-based media. A tool like AMES will make services like the
Customized Electronic Information Delivery easiar to create.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Project provides feor the development
of a leading sdge knowiedge base in such key arsas as communications
terminals interfaces, behavioral science, multimedia applications, and
user interfaces. Emphasis 1{s placed on applications to current and
future needs in networks, services and oparations. The substantial
benefits of this Project accrue to all Owner-Cliients and are unable to
be preventad from accruing to an Owner-Client who might elect not to
participate in the Project.

RESEARCH DIRECTIONS:

Research on novel, hardware-based, visuslly-oriented human interfaces
to broadband networks. This wil)l include work on large-screen, high-
resolution video displays.

Research and prototyping of video-on-demand delivery service
architectures.

Research fnto techniques, contreol, pretoceols, supporting technologies,
and interfaces for multimedcia, multi-parson, computer-supported
services and applications.

Research into multimedia information composition, editing,
ctassification, filtering, and display for different modes of
access, and tradeoffs amohg communications, storage anc processing
resources.

Investigation of techniques and design of toolkits for the
straightforward design of multimedia and multj-user interfaces
to communication and information systems,

Cryptographic and biometric research on security for networik
systems and social sciences research on communications privacy.
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PROJECT OVERVIEW:

This project continues to explore specifically targeted research
activities in speech recognition, speech synthessis. and the
representation and coding of still and full-motion images,
Furthermore, the project has focused on a limited number of speech and
image processing applications, with the objective of driving the
technology research by having a thorough understanding of end-user
reguirements. For sxample, the work on building a prototype
electronic Bulletin board for images, called FAXBOARD, has
demonstrated a need for document processing techniquas to optionally
sncode and rander mixsd-mode images with text and gray tonaes,
Although the work ts primarily simed at advancing relsvant
technologies to the advantage of Bellcore C)lient Companies, a
significant benafit s derived from understanding the time frames anc
rough costs of implementing those technologies and their associated
services.

It is, of course, wel) recognized by the Belicore Client Companies
that spesch technology could allow their customers 1o have direct
access to computers and information databases using their phones as
simple and inexpensive input/output devices. However,K speech
recognition has failed to achieve tha performance necessary to make
this vision practical. Therefore, this project has focused on
telephone company operations with special smphasis on their directory
asgsistance service. For example, after recording and studying hundreds
of trangactions betwsan girsctory assistance operators and thair
customers, it became clsar that evan a modest degree of speech
compression could significantly reduce the cost of this service to
Beilcore Client Companies and their customers. Our goal is to
demonstrate increasingly sophisticated speech recognition and
synthesis technology as it applies to automating the cirectory
assistance service.

Irn addition to focusing on how existing services could benefit from
spesech technology, ressarch has alto been directed towards making new
services such as Automsted Customer Name and Addrsss possible. Here,
machine pronunciation of surnames is a basic requirement. Over the
years, this project has refined the capabilities of demisyllabie-based
speech synthesis to tha point whers a research prototype, called
ORATOR, has been complated and demonstrated in the context of such a
new service. Behavioral experiments show this approach to be superior
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in both intelligibility and naturalness when compared with known
alternatives.

In the image processing area we have packaged a software prototype,
called FIVE {Format Independent Visual Exchange), and have made it
available to al) Bellcore Client Companies. This image processing
software alliows non-experts to use the most sophisticated compression,
scaling and rendering algorithms in achieving practical image
communications among dissimilar terminals. As a result, an
information gateway can be designed to provide compatible multimedia
communications among a wider variety of end user terminals.

Responding to Bellcore Client Company interest in providing point-te- =
point High Definition TV (HDTV) transmission to their customers, this
project has been researching digital techniques that deliver ful)l
quality HDTV below 150 Mbit/sec at reasonable cost. Using a technique
which reduces information redundancy on each frame of video, this -
project has cdemonstrated the feasibility of such an objective. This
wark has had significant impact on the research community, which
previoustly did not believe such an accomplishment was possible. As
laboratory prototypes are replicated by the vendor community, Bellcore
Client Companies will be able to work with their customers in
developing transmission services that satisfy their needs.

As the networks evolve to full deployment of fiber-to-the-home, {t
will be possible to extend the HDTV service previously described to
residential customers. Howaver, the Bellcore Client Companies are
very interested in near term opportunities in video that make use of
their existing plant. Resesarch has been successfully directed at
compressing TV signals at less than the DS1 (Digital Signatl - Level 1)
transmission speed (1.5 Mbit/sec). Recently, this project has
successful ly demonstrated 1.0 Mbit/sec video that has been judged in
behavioral experiments as being as good as or better than VHS (format
used in 95% of home VCRs)/VCR (Video Cassette Recorder) guality. 1In
addition, near compact disk (CD)-quaitty audio has been demonstrated
at 256 Kbits/sec. These twe resulits, schieved through

computer simulation of algorithms, are very encouraging, thereby
launching & naw ressarch direction which hags been ramed DS1-TV,
Critical to the question of whether HDTV and NTSC (Naticonal Television
Standard Code)} video signals can be transmitted at rates of interest
tc Bellicore Cliant Companies, is whather the cost is reasonable. This
project addresses this issue by selectively sxamining the feasibiltty
of implamenting the critical components in VLSI (Very Large Scale
Integrated) circuits. Using high level design tools, this project has
shown that motion estimatton and compensation, a critical technigue
required to achisve DS1-TV capability, can be implemented on a single
silicon chip.

With a trained staff of electrical sngineers, computer programmers,
psychologists and linguists, this project continuas to push the
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technological boundaries of the network. Results in image and speech
processing are opening doors for new revenue possibilities and cost
reductions in current operations.

In 2H89, Division 21480 delivered 13 conference papers, gave 15
technical talks, had 2 patents pending, and had 1 patent granted.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

Most significantly, researchers in Division 21480 have shown that full
quality, HDTV full-motion images can be economically compressed to
less than 120 Mbits/sec. Furthermore, an HDTV with quality comparable
to the current 6-8 Mhz proposals being made to the FCC can be coded
at 45 Mbits/sec. At the low end of the digital spectrum, we have
shown that VCR quality TV can be compressad to 1.0 Mbit/sec with near
Ch-quality sound at 256 Kbits/sec. Furthermore, we have shown that a
critical component, i.e., motion estimation ancd compansation, can be
implemented on a singlie VLSI chip. finally, we continue to support
over 27 sites that have our image processing sof tware package called
FIVE (Format Indepancent Visual Exchange).

In the speech area, we have completed the first phase of packaging our
demisyllable based synthesi{zer called ORATOR, and have begun to make
it avaiiable to clients.

Professional Activities

© Organized S5th International Workshop on Telematics; 70 world
experts in information technology met in Denver, Colorado (US WEST
was local host) to discuss advances in teletext, videotex,
teleconferencing, and multimedia communications. This mesting gave
the Clisnt Compantiss an opportunity to learn about naw developments
in fnformation technclogy and standards related to their
distribution over evelving networks.

Video Coding

o Submitted a proposal to the International Standards
Organtization/Moving Pictures Experts Group (ISO/MPEG) standards
group regarding the compression of video programming at 1.0 - 1,3
Mbit/sec with VHS/VCR qualtty for entertainment sequences. This
proposal ranked in the top 4 out of 16, is CCITT XV (International
Consultative Committes on Telsphone & Telegraph) compatible, can be
cocded in real time, and can be implsmented in fewer than four Very
Large Scale Integrated (VLS]) Application Specific Integrated
Circuits (ASICs). With avolving Asychronous Digital Subscriber
(ADSL) technology that could transmit 1.5 Mbit/sec on a single
twisted pair atong with POTS (Plain 0O1d Telephona Service), this
work opens up an opportunity for the Client Companies to offer an
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eariy B-ISDN video service to residences. This work was
demonstrated at the Naples, Florida, Network Planning Conference.
(TM ARH-015076) and (TM ARH-014881)

Video Coding
o Developed a new pre and post processing technigue fer DS1-TV {mages

which originally come from a 24 frame per sscond source such as
movie film. The technique restorez the original 24 fps image
anabling processing to occur on the original image, not the derived
30 fps image avajlable on tapes and video discs. This technique
significantly improves the quality of realistic, entertairnment
video sequences that have been coded with the Belicore DS1-TV
algorithm.

¢ Developed new techniques for controlling the rate buffer of an HDTV
subband/DCT (Discrete Cosine Transform) digital video coder. The
tectnigue keeps the bit rate within a predetermined ranges around
130 Mbit/sec by varying the amount of prefiltering (softening the
image when appropriate) and subband coefficient quantizZation step
size. Having a workable rate buffer technique is necessary for the
operation of coders on circuit switched networks. This work was
presanted at the International Conference on Communications
(ICC)/Supercom $0. (TM ARH-015267)

Image Communications
o Developed and now ready for technology transfer, FAXBOARD
multimedia electronic bulietin board, This system allows facsimile
and other images to be posted on public bulletin boards implemented
on graphic workstations rumning X-windows and {nterconnacted over
Ethernet. This facility could be installed in client RAD groups to
improve informal communications with Belicore ressarchers. FAXBOARD
was gemonstrated at the Naples, Florica Network Planning
Conference. (TM ARH-014787)
¢ Two new capabilities have been acded to Bellcore’s FIVE software
package. First, the recently agreed upon still {mage
compression, i.e., International Standards Organization/Joint
Picture Coding Experts Group (ISO/JPEG), has been included as an
option. Secondly, Bellcore’s neural net-based Optical Character
Recognition (OCR) technigue has been incorporated. The FIVE
sof tware package has been made available to Client Companies and
universities as a research tool for experimenting with image
communication services., (TM ARM-015968)

Video Systems

o Compieted a study of alternative architectures for dalivering
D$1-TV quality video-on-cdemand service over existing copper
networks using Migh-Bitt rate Digital Signal - Level 1 (DSL) and
fibar-to-the-curb technologtes. The study demonstrated the
sensitivity of costs to the grade of service offered, and
suggests marginal profitability {f the video codec ard
subscriber line channel coders can be built for under a combined
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cost of $BOO - $1000 per subscriber. (TM T5V-014850)

Speech Processing System
o Completed a concept demonstration of the technology to compress

customer queries to a directory assistance operator, thereby
reducing the operateor holding time by 1 - 2 seconds. This
demonstration forms the foundation of our Speech Processing
System, a PC-based speech technology platform which will be used
as a vehicle to move our speech technology into operator service
applications.

Speech Synthesis

o Completed Qrator 1.0 speech synthesizer optimized for name
pronunciation. Belicore’'s demisyllable based synthes{zer has
been packaged and is available for Client Company use. Orator
has been improved over sarlier versions by having better
duration roles for consconants, new mechanisms for assigning
phrasal stress and hand!ing hyphenated words and names, and
improved tnflections. Orator s particularly well suited for
applications such as Calling Party ID announcement and Automated
Customar Name and Address Service (inverse Dirsctory Assistance)
(TM ARH-012884, TM ARH-010405)

Spesker Identity Verification

¢ Completed study of template comprassion rejevant for smart card
application of spaaker identity verification. This work extends
Belicore’'s sffert {n using speech as a tool for providing secure
access to Client Company buildings and services. {TM ARH-015505)

Higden Markov Mode! (HMM) Based Sub-Word Recognition

¢ Developed Hidden Markov Mode!-based spsech recognttion algorithm
and impiesmented it in software. This software system recognizes
individual phonames that are part of any speaker’'s continuous
spesch. This approach is a foundation for the developmant of a
Bellcore spsech recognizer. One of the first intended
applications for this technology is city name recognition as
anothar ingredient in reducing the cost of directory assistance
services.

Speech Processing

o We have developad a unifying framework for viewing 211 forms of
distortion measures for spesch recognition. This has led to a
new metric that gives better recognition accuracies than
previously recorded. This is spplicable to all recognition
techniques (TM ARH-01405)
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REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Project provides for the development
of a leading edge knowledge based in such key areas as visually
oriented communications, speech recognition, voice technologies, and
video coding. Emphasis is placed on applications to current and
future reads in networks, services and operations. The substantial
benefits of this Project acetrue to all Owner-Ciients and are unable to
be prevented from accruing to an Owner-Client who might elect not to
participate in the Project.

RESEARCH DIRECTIONS:

Work in speech recognition will focus on the neural network and
Hidden Markow Mode)l (HMM) approaches for scolving large vocabulary,
continuous speech. Advanced signal processing techniques will be
used to prepare the speech for recognition. Attention will be
directed at solving those problems in speech recognition with
parameters relevant to automating the directory assistance service,

The demisyllablie-based speesch synthesizer, CRATOR, will be improved
to allow for a breoacer spectrum of input text amd more natural
sounding output. Considerable effort will be directec at making
ORATOR available to and useful for the Bellcore Client Companies.

A new efort on DS1-TV pretotyping will give considerable attention
to technology transfer and allow ideas, concepts, and algorithms

in image coding tc be realized in research prototyps hardware for
sarvice axperiments. Simulation studies at 1.5 - 10 Mbit/sec will
be concucted to determine optimal coding methodologies for svolving
packet networks.

The FAXBOARD Ilmage Bulletin Board will be made available to clients
to explore its usefulness as a technoleogy te support “collaborative
work at a distance",
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PROJECT OVERVIEW:

This project prevides applied research in support of high-spesd
computer natwork systems. Work will concentrate on the research
necessary to realize large scale, high-speed, packet switched
networks. Work in this area includes research intc devices necessary
to build high-speed packet switches, the architactures necessary to
build iarge networks from these devices, and the protocols necessary
to derive high-speed data communications services from these networks.
This project continually evolves to keep abreast of, and be one of the
leaders in, these technological areas.

Work in this project can be divided tnto two focused thrusts: switch
architecture and data communications. The switch architecture thrust
has s a long-term goa! the demonstration of crucial switching
components necassary to construct the broadband network. One of our
early accomplishments was getting packet switching technology
acknowledged as the method of choice for implementing the broadband
retwork, Thus, this work concentrates on the invention and
demonstration of prototype systems to perform packet switching at
rates of 150 Mbit/sec and above. Furthermore, thess systams must be
expandable to the scale necessary to provide broadband network
services to hundreds of millions of customers.

The data communications thrust is focused on the realization of high-
speed computer communications using broadband networks. The emphasis
on data communications stems from the perceptton that dasta traffic,
besing poorly matched to the current telephons network architecturs,
will be an important early application of broagband network
technoiogy. Our long term goal here is to gain an understanding of
the techniquss necsssary to implemant broadband data services on the
broadband network models we design. This requires fundasmental
advances in the design and implementation of computer communications
protocels.

One significant effort, begun in 1888, is Project DAWN. DAWN is a2
resaarch collzboration with MIT and tha University of Pannsylvania to
axpiore the protocol architectures recessary to achieve very-high-
speed computer communications over broadband networks. It is part of
tha data communications thrust of this project.

This project also serves as the primary point of contact between
PROPRIETARY - Belicore and Authorized Clients Only
This document contains proprietary information that shall be
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PROJECT OVERVIEW: (CONT .)

Bellcore and the National Research and Education Network (NREN). NREN
is best described as an informal collection of researchers and funders
of research in computer networking. It involves representatives from
ingustry, academia, and goverrment. It is the goal of this group
(which loosely includes hundreds of pecple, but as yet has no formal
organizatton) to create a national network to be used by researchers
across the country. The network would provide user access at speads
of at Teast 1 gligabit/sec.

As part of the sarly research phase of the NREN, a set of gigabit
research testbheds have been funded by the National Science Foundation
(NSF) and the Department of Defense Advanced Research Project Agency
(DARPA). This project is heavily involved with the AURCRA gigabit
testbed, whose goal is the construction of experimenta)l prototype
broadband network connecting research labsratories in the
Phitadelphia-Boston corridor. This project is concerned with the
construction of prototype broadband switches and high-speed computer
protocols to be used tn AURCRA, and also coordinates NREN work being
performed by three other Bellcore projects.

This project also manages and operates an internal Bellcore computer
center which provides primary computing service to about 200 members
of the Applied Ressarch Area. We designed sn internal Belicore high-
spesd computer network, which now provides communications among about
1100 minicomputers and workstations inside Bellcore. We operate the
connection between Bellcore’'s internal computer network and the
NSFNET, a NSF-sponsored computer network connecting adbout 100,000
computers in the {nternational research commmity. We also provide
technical support and tonsulting on computer network security.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

A consigerable amount of work in the division t{s directsd at the goal
of producing a demonstration prototype broadband packet switching
fabric. We cdecided, about two years ago, that the sc-called Batcher-
banyan architecture would afford maximum performance and minimsl
complexity. This architecture consists of a Batcher network, which
sorts packets based upon their destination address, and & banyan
routing netwerk, which axpands the sorted tist, and directs the
packets to the proper output ports on the switch. Accomplishments
over the past several years have proven the viability of various sub-
assemblies of cur sxperimental broacband packet switching fabric,

A broadband patket switching fabric can be thought of as the heart of
a broadband packet switch. However, in order to construct a complete
switch, one must augment the switch fabric with contention resolution
circuitry. A packet switching fabric cannot allow more than a small
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PAST YEAR RESEARCH ACCOMPLISHMENTS: (CONT . )

number of packets (often 1) to be simultaneously transmitted to the
same output. Contention resoclution is the process of detecting when
too many packets are simultaneously heading for the same output. The
contention resolution circuitry selects the packets that are to be
allowed to exit the switch immediately, and then buffers the rest for

later output.

we have {nvented a novel contenticn resolution mechanism for a

broadband packet switch, which has the codename "Sunshine". The

- Sunshine switch experimental prototype (actually tt is a whole family

of related designs) uses combinations of known contention resolution
mechanisms (such as recirculation, muttiplie banyans, or trunk

grouping) to achieve extremely low packet T1oss rates. Two patents have R
been issued on the Sunshine architecture, and a technical talk is
currently available upon recquest.

A new research effort was started during 1988, dealing with high-speed
transport protocols. A transport protocol is typically used toc ensure
correctness in computer-to-computer communications, but the thrust of
this work is to cdesign a protocol that will serve integrated (data,
voicea, vicdeo) applications. It is intended that this work will build
upon the results of the brosdband switching thrust. The long-term
goal of the transport protoco)l work is the construction of an
experimental prototype transport protoco) which will have throughput
betweesn 150 Mbit/sec and 1000 Mbit/sec. Some early accomplishments
are mentionaed in this section, and it {s expected that this thrust
will produce substantial results in the 1990-81 timeframe.

buring this period (July 1988 through December 1989), we wrote 11 TMs,
published 3 papers extarnally, presented 5 talks at technical meetings
and external seminars, and applied for 2 patents.

Specific project accomplishments include:

Broadband Switching Technolgy

o We continue to make progress on the construction of an experimsntal
prototype Sunshirne packet switch. The design has been partitioned,
and about 8 custom integrated circuits have been defined. Work on
these circuits has begun, and is expected to continue for 18-24
months. See TM-ARH-O14108 and TM-ARH-014132.

o A simplified Sunshine switch prototype has alsc been defined, which
requires only 6 of the above mentioned custom integrated circuits.
Several individual circuit accomplishments follow,

o An improved generation of broadband packet switch integrated
circuit chips werse implemented in 1.2 micron CMOS (Complementary
Metal-Oxite Semiconductor, = common i{ntegrated circuit
manufacturing process). These experimental prototype switching
chips have 22 inputs and 32 outputs, and have been tested at 170
Mbit/sec, exceeding our goal of 155 Mbit/sec. These chips are
documented in two technical memoranda, TM-ARH-014508 and TM-ARH-
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PAST YEAR RESEARCH ACCOMPLISHMENTS (CONT . )

015040. This generation of chips incorporates improved clocking
circuitry and bounded logic delays which make the chips more robust
when used in cemonstration prototype packet switching systems, such
as Sunshine. This accomplishment is a 170 Mbit/sec Batcher sorting
chip.

© A research prototype Batcher merge chip, one of the above mentioned
broadband packets switeh chips, useful tn building switches larger
than 32 inputs and outputs, was designed, fabricated, and tested at
170 Mbit/sec.

© An experimental prototype banyan routing chip, compatible with the
previous two chips, was cdesigned, fabricated, and tested at 170
Mbit/sec, .

o A printed circuit board, consisting of the Batcher above refersnced -
sorting chip, banyan routing chip and some support circuitry was
constructed and tested at speeds of over 155 Mbit/sec. This board
was delivered to Division 21410 (5. Weinstein, DvM) for
tncorporation into a larger experimental prototype system, which
will be delivered to a Bellcore Client Company (8BCC) for further
research and testing.

o In order to build packet switches Jarger than the 32 tines which
can be fabricated on a2 single chip today, e special package must be
constructed. The packaging of high-spesed elactronics is just as
important as the slectronic design itself, and {n the case of
high-speed packet switch fabrics, some rather unique requirements
ware made on the package, Since the switch fabric is synchronous,
with esach packet moving though the switch at exactly the same speec
as the other packets, 1t was important that a package be invented
that minimized the variance in the wire lengths between adjacent
chips. A resesarch prototype 3-dimensiona! package for a 258-1ine
Batcher-banyan switch fabric was implemented, and was shown to be
capable of transmitting signals reliably at speeds up to 200
Mpit/sec, while keeping the maximum wire length to approximately 4
itnches. To demonstrate the viabitity of this concept, a parttal
3-D Batcher-banyan switch fabric has besn constructed. A research
prototype 84-1ine fabric, operating at 100 Mbit/sec per Tine, s
now operational in our 1ab, with demonstrations available upon
recquest. This is an ongoing project aimed at demonstrating a 256-
line prototype unit opsrating at 150 Mbit/sec per line, This work
was carried out jointly with Division 21370 (J. Berthold, DvM).

c We have continuaed our simuilation and analysis of broadband
natworks. Two new technical memoranda in this area have been
written (TM-ARH-O14755 and TM-ARH-014841),

© Recirculation is a contention reseclution method whare one connects
some of the inputs and outputs of a switch to a shared bufter poel.
Packets which cannot exit the switeh immediately, due to their
dasignated output being busy, are directed to the shared buffer
pool through these recirculation lines. Shared buffers are
thecretically the best buffering technique, but are axpensive to
implement because switch bandwidth must be dedicated to them. We
invented a method of directing packets which are to be recirculated
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PAST YEAR RESEARCH ACCOMPLISHMENTS: (CONT )

to the idle imput lines, thus avoiding the dedication of switch
inputs te the shared buffer pocl. This has the effect of
increasing switch efficiency considerably at loads under 100%. A
patent was issued on this technique, and a TM was written (TM-ARH-
014891 .

o A research prototype CAM (Content Addressable Memory) integrated
circutt chip having on-chip self-tast and repair capabilities was
implemented in 2 micron CMOS (Compliementary Metal Oxide
Semiconductor). This is a special purpose memory chip which is
useful, among other thitngs, for routing packets through a broadband
packet switch at very high rates. Organized as 256 words of B4
bits each, this experimental chip, containing over 250 thousand .
transistors, is ore of the largest devices ever built by Bellcore.
A TM was {(ssued (TM-ARH-014939),

Computer Communications

o We have set up a collaboration with MIT and the University of
Pennsylivania (Pennj to perform research sxperiments in high-speed
computer netwerks. This project is named DAWN, and is intended to
be a 3-year collsborative research effort to axpliore high-speecd
computer communications issues including: protocols, host computer
interfacing, and high-speed switching. Two 90 day sabbaticals (one
at MIT, one at Penn) were compieted by Applied Research managers.

A number of detalled design review meetings were hald betwesn MIT
and Bellcore,

o One of the amncillary problems associated with building experimental
transport protocels at high-speeds is that most reasonably priced
computers ({.e., workstations and personal computers) are
incapable of generating or absorbing data at rates of 150 Mhit/sec
and above. We have studied the architecture of these host
computers, and have made some recommendaticns about the bast
architecture for high-speed network interfaces. These resulits are
cgocumented in twe technical memoranda, TM-ARH-015285 and TM-ARH-
015830,

o One of the principal tasks a transport protocol must accomplish is
error contrel and correction. A comprehensive study of methods for
error control has been performed and documented in TM-ARH-O15146.

¢ The Data Communications Prototype (DCP), an experiment we had been
working on during 1988-88 has besn completed. DCP was an
impismantation of a3 Local Area Network to ATM (Asynchronous
Transfer Mode) cell-like interfsce, basically a high-spaed software
fragmenter/reassembler. A final report is available in TM-ARH-
015028.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Ressarch Project provides for the development
of a leading edge knowledge base in such key areas as high-speed data
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REASON FDR INFRASTRUCTURE CLASSIFICATION: {
communications, switching, high-speed protocois, and protoecol
appliications. Emphasis s placed on applicatiens to current and

future needs in networks, services and operations. The substantial
benefits of this Project accrue to all Dwner-Clients antd are unable to
be prevented from accruing to an Dwner-Client who might elect not to
participate in the Project.

RESEARCH DIRECTIONS:

The work on broadband switching will be focused upon the construction
of an experimental prototype broadband packet switch for use {n the
AURORA gigabtt testbed connecting U. Penn, MIT, IBM and Bellcore.
This prototype switch will build upon the experimental switch
component work we have done over the last several years.

The work in collaboration with Project 621307 {(J. Berthold, DvM) on
the 3-D packet switch package will continue, with the aim of
demonstrating that a 256-1line packet switching fabric can be
constructed. Ressarch protoctypes and crucial sub-assemblies
commercially unavailable will be constructed. This packaging
technology will be incorporated into our experimental prototype
broadband network.

The work on data communications applications of broadband networks
will be focused on the fundamental limitations of high-speed
computer communications protoceis. An attempt Wwill be made to
understand the nature of speed limitations of current protocols,
and then to destgn and prototype experimental protocels that can
execute at speeds at or above tha 150 Mbit/sec range.

A small ressarch sffert on network management will be undertaken
so that the management aspects of the broadband network might be
batter understood. This research will start with some experiments
on axisting computer networks, with results to be axtended to
broadband networks and services such as Switched Multi-megabit
Data Services (SMDS).

A small reserch effort on computer network security has been started,
and is expected to expand slightiy. We will continue to supply
consulting services to the rest of Bellicore and the BCCs on

computer netwvork securfty,
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PROJECT OVERVIEW:

This projact explores the potential of optical and optoelectronic
technology to impact future information network design and control by
providing new capabilities for switching, routing, multiplexing, and

signal-processing.

This research has immediate impact in the inputs we provide for
generic requirements (Technica)l Advisories (TAs)} and Technical
Referances (TRs)); on planning: on influencing the vender community;
and on assessing the state of technology develeopment.

In the longer term, our work will infiuence and provide guitdance for
planning the avelution of future communications networks that will
rneaed greatly snhanced capabilities for handiing large amounts of
information in flexiPle and sconomical ways in order to carry the wvide
variety of services which are currently snvisioned. Experimental high
bit rate lightwave communications systems zre currently being
researched a2t Belicora. The limitations to the capacity of these
lightwave systems do not come from the capacity limitations of the

_ optical fiber used for transmission. The limitations are imposec by
the electronic parts of the system. In this project, we are exploring
ways in which such Yimitations may be overcome by the use of optica)

and optoslectronic sisments.

To fulftl) our responsibiliity for supperting Bel)lcore resesarch on
lightwave networks and systems, we provide both information and
exparimental ressarch prototype devices that are not otherwise
available. Our work has four major thrusts:

o Resesarch on optical physies, including resesrch on the growth,
fabrication, and optical properties of layersd and small volume
semiconductor structures. These structures will be important
elements in future high performance optical and slsctronic devices
that are ohe of the keys to successful tmpismentation of photonic
teachnology. OQur recent accomplishments in this ares fnclude: the
invention snd first demonsiration of s 1iftoff fabrication
technigue that will allow lasers and other photonic devices to be
integrated with slectronic circuits; and the development of an
optical technigue that canh be used to control crystal growth for
reduced cost and more reliable semiconductor devices.

¢ Research on ultrafast optics and optical signal-processing,
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PROJECT OVERVIEW:

including optical switching. nonlinear optical phencmena, optical
implementations of neural networks, and the generation, handling,
anc transmission of ultrashort time duration puises. Short optical
pulse technology is essential for the efficient utilization of the
high-speed capabilities of optics. Optical signal-processing offers
impressive capabilities for flexible information handling. Our
recent accomplistwrents { this area include: fabrication of the
worlid’s largest integrated laser array with slectronic addressing;
demonstration of a compact, fast access time holographic memory;
invention and demonstration of programmable optical pulse shaping
and coding for ultrahigh capacity multiuser networks; and
generation of the highest power ultrashort light pulses from a )
semiconductor diode Jaser. : -

© Research on optoelectronics, including research on methods of
creating the structures needed for low-cost, high pearformance
lasers and amplifiers, and the integration of optical and
electronic components on the same chip. It is widely balieved that
one of the keys to successful applications of photonic technology
will be the availability of economical and sfficient optosiectronic
componants, and the ability to integrate optical and electronic
components on the same chip. Our recent accomplishmants include:
the desigh and fabrication of a novel angle-facet semiconductor
amplifier; the fabrication of broadly-tunable narrow !inewidth
semiconductor lasers; and the demonstration of a reGord high-speed
laser transmitter optoelectrenic integrated ctrcuit. A number of
reseaarch prototype l1aser and amplifier devices that are not
available commercially have bsen supplied to other projects in
Bellcore for lightwave systems research studies.

o Ressarch on photonic components, including rasearch on the design
and fabrication of experimental integrated optical componants,
Integrated optical components are sssential slements in all current
implementations of optical comunications systems. Our recent
accomplishments include: the invention and fabrication of a novel
tntegrated optical switch device with digital switching
characteristics; and the demonstration of a tunable, polarization-
tnoependent narrowband wavelength filter for wavelasngth
multiplexing network applications. A number of research prototype
integrated optical devices have bean supplied to other projects at
Bellcore for lightwave systems research studies.

The understanding, discovery, and invention of photonic components and
technigques for the switching, routing and processing of high bit rate
tnformation will lead to a hew generation of telecommunication
networks with greatiy enhanced capabilities te handle new high
bandwidth services in flexihle, efficient, relianle, and cost
effective ways.
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Technology Transfers
o We have continued to expand our devi:e protetyping effort and have

establiished rumerous collaborative Vinks with systems groups in
other parts of the Applied Research Area. During this period,
Division 21110 {project 821101) has fabricated and supplied for
systems research studies to other projstts at Bellcore: 10 research
prototype lasers and amplifiers to several divisions; 2 novel
digital integrated wavelength filters te Division 21380 (P.
Shumate, DvM). All of these devices were sxperimental research
prototypes that are not otherwise available.

In order to derive maximum benefits from our research programs, our
work has itnvoived freguent outside contacts through some &
tndustrial and B university research collaborations with
tnstitutions such as Meinrich Hertz Institute, Fujitsu, Hitachi,
AT&T, Princeton University, MIT, David Sarnoff Labs, and the
Cajifornia Institute of Technology. These interactions include cone
membar of this project as an Adjunct Professor st the University of
I1Vimois, and one member as Adjunct Professor at Stevens Institute
of Technology. There were 8 visiting scientists from leading
institutions and universities such as Princeton University, the
University of Illinois, the University of Tokyo, Tel Aviv
University, and the Technical University of Munich. One member of
this project was a visitor at Fujitsu in Japan under 2
coliaborative research agreemant during this period.

During the second half of 1988, our work resulted in B2 Technicsl
Memoranda, BE talks {(including 45 invited presentations at major
technical conferences such as the Optcon Conference of the Optical
Society of America and the Institute of Electrical and Electronics
Engineers, Inc. (IEEE), The American Physica) Society, The National
Communications Ferum, The Gordon Conterence on Nonlimear Optics,
The International Conference on Optical Communicatiens (ICOC), and
at major universities), and 8 new patent disclosures. Five patent
applications were filed, and 8 patents were issued during this
period.

Because of space limitations, we 1ist below only a sampiing of the
past six months’ technical accomplishments.

Dptoslectronic Integrated Circuit Components

o Dptoeliectronic integrated circuits (DEICS) which integrate optical
devices such as lasers and photociodes with slectronic transistors
to enhance circuit capabilities are key components for future
wideband lightwave systems and optica! networks. Twoc approaches
vere taken in our studies of OEIC feasibility: oma is toe integrate
GaAs FETs integrate InGaAs Modulation-Doped Field Effect
Transistors (MCDFETs) with InP lasers. 1In the former case, we
integrate InGaAs MODFETs with InP lasers, and we have
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alsp taken advantage of the material growth capabitities at
Belicore for the lattice mismatched growth of GaAs-on-InP
(coliaboration with Division 21130 (V. Keramidas, DvM}). The good
material quality and the mature GaAs technology allow us to make a
compliex 2:1 multiplexer chip which contains 14 transistors, )
diodes and B resistors, and has a speed cof 10 Gbit/sec
{collaboration with Division 21330 (N. Cheung, DvM)}. The power
consumption was 80 mW, only 20% of an equivalient silicon chip,
which cannct be directly integrated with a laser. (See TM-ARH-
013845 and TM-ARH-015557)

Our second approach (S to make a modulation doped FET (MODFET! in
InGaAs/ATInAs monolithically integrated with a GalnAsP distributed
feedback (DFB) laser. The InGaAs MODFET provides high spesd
greater than that of GaAs FETs, and the OFE taser is nesded at high
bit rates to preserve the single frequency spectrum. This is the
first attempt to integrate the most advanced eisctronic device and
the DFB l1aser. The fnitial result showed that this experimental
prototype chip can be operated at speeds as high as 11 Gbit/sec,
the highest speed CEIC ever reported. (See TM-ARH-015747, snd TM-
ARH-014538) The high-speed test is made in collaboration with
Division 21310 (P. Kaiser, DvM). This OEIC transmitter chip will be
made available for high-speed transmission experiments in Division
21310 (P. Kaiser, DvM),

o Optoelectrenics technology is based on 111-V semiconducting materi-
als, but they cannot be grown toc the mecessary daegree of parfection
except on high-cost I1I-V semiconducting substrates. We recently
inventetd a method, called liftoff, that allows extremaly thin
electronic-grade layers to be ssparated from the substrates on
which they were grown and re-mounted on other materials such as
silicon chips and glass and 1ithium niobate waveguides. This
technique has the potential te substantially reduce the cost of
these components, and gives new flexibility {n the design of
optical circuits. We have succeeded in mounting InP/InGaAs
photodiodes on sapphire, integratsd GaAs metal-semiconductor-matal
detectors on 1ithium niobate and glass waveguides, and GaAs
transistors on silicon wafers. The InP/GaAs photodiode axhibited a
high quantum efficiency (80%) and a large estimated bangwidth (13.5
GMz). This work has received publicity in Sciance, The New York
Times, and The Wall Straet Journal, smong others. The technelogy
has been licensad, and some royalties have bsen received., Two
patents have issued, and two further disclosures ars being
considered. (Ses TM-ARM- 015124, TM-ARN-014023, and TM-ARH-O014886)

Optical Switching

o To exploit the potential of optical cevices for ultrafast switching
beyond the range of electronics, we need new optical switch
conf igurations. wWe have invented some types of ultrafast optica)
switches based on a new type of nonlinear laser beam propagatien
which occurs in planar wvaveguide structures. Under appropriate
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conditions, we are able to demonstrate that a2 specially shaped
beam, called a spatial soliton, can propagate in a glass planar
waveguide Wwithout significant distortion. (Conventional laser
beams, which are not solitons, unavoidably spread out as they
propagate in bulk media.) Our resuits constitute the first
observation of spatia) solitons in a solid state material. This
work will be presented as an invited paper at the Conference on
Lasers and Electro-Optics in 1390, and a patent has been issued
(U.S. patent #4 858 880). (See TM-ARH-015352, TM-ARMH-015875, TM-

ARH-015971)}

Semiconductor Lasers for Communications - :
o Coherent lightwave systems are the optical anatog of T )
superhetercdyne radic and microwave systems. The attributes of
such coherent lightwave systems are presently being researched by
Division 21310 (P. Katiser, DvM). Single frequency, narrow
tinewidth, and wavelength tunabie laters are essential sources for
the coherent )ightwave system. Previously, we have reported the
quarter-wave shifted distributed feedback lasears made by the
1{gquid-phase epitaxy at Bellicore. Thase lasers axhibited stable
single frequency with a 1inewidth of 3 MHz., (See TM-ARH-012347)
have also reported a2 multi-slectrode distributed Bragg reflector
(DBR) laser whose single frequancy light output could be tuned
electronically over & range of 1 terahertz. (See TM-ARH-013847,
TM-ARH-014279, and TM-ARH-014808) In this reporting period, we
have modified the wavelsngth tuning conditions by allowing both
forwvard and reverse bias voltages on the tuning section, and the
tuning range has aimost doubled. (See TM-ARH-015528) Such
wavelength tunable lasers not only have useful applications as the
local osciliator in the coherent !ightwave receivers, but alsc have
potantial spplicstions in multi-wavelength packet switching which
have peen axtensively rasearched by Bellcore, linkage to Division
21380 (P, Shumate, DvM). (See TM-ARH-013582, TM-ARH-013874, TM-

ARH-013830, TM-ARH-014896)

We

Display Research
o Progress in sfficient large-sras displays will {mpact new services

which are likely to create increasing demands for higher bandwidth
information networks. To gain some insight into the evolution of
this technology, we have baen studying a column-shutter row-
back)ight display which has potential for providing large-arsa,
fiat-panel displays capable of displaying full-motion video. The
liguid-crystal technology necessary for the column shutters is
almost available., To obtain efficient, high-brightness row
backlights, a new type of row backlight based on "leaky light
guides” axcited by high-efficiency, high-brightness 1ight emitting
diodes (LEDs) was devised and demonstrated. An experimental
display using this bBacklight was about 2.5x more efficient than
commercial dc-plasma displays. A patent application is in
preparation. (See TM-ARH-015047)
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Uttrafast Optics

o Semiconductor diode lasers are compact, reliable sources of
continuous wave or modulated light for use in current optical
communications systems. Future high-speed systems, however, may
require short optical pulises. We have investigated the use of
semiconductor lasers and ampliifiers to produce high peak power,
ultrashort optical pulses; and we have succeeded in generating
picosecond pulses with peak powers of saveral watts. The pesk
powers producec by our system are a factor of ten highar than those
produced by previous semiconductor diode laser based systems.
(This work was done in collaboration with SRI David Sarnoff
Research Center. (See TM-ARH-015456 and TM-ARH-015875)

Optical Signal Processing

o Dense surface-emitting laser arrays may find important use {n a
variety of applications, such as optical signal processing, optical
interconnection systams, and optical data storage. We have
cemonstrated a new method of fabricating cense, two-dimensional
arrays of surface-emitting semiconductor lasers. Our method is
based on an fon implantation process which simplifies the further
procassing steps required to implemant integratecd electronic
acddrassing of the individual tasers in the array. We have used
this approach to fabricate a 32 x 32 array of lasers which utiltzes
an alectronic addressing scheme known as matrix addressing. This
is the world’s targest array of lasers with integrated eiectronic
adoressing. A patent application has been filed, (See TM-ARM-
015559, TM-ARH-015748, and TM-ARH-015748)

We have demonstrated that surface-emitting lasers can be used to
read-out two-dimensionsl images stored in holograms. By turning on
dtfferent iasers within the array, diffsrent images stored in the
hologram, each corresponding to a page of 100,000 bits of
information, can be retrieved., This work points the way to a
compact, fast access time, holographic memory, which could
potentially be used for optical data processing and distribution
systems. A patent application on this work has baen filed. (See

TM-ARH-015083)

Optical! Phanomana and Spectroscopy

o The control of the growth of semiconductor device materials and
structures is crucial for reliable, low cost optical and slectronic
componant technology. We have recsntly inventsd a double modulation
extension of our noninvasive optical method of monitoring crystal
growth in real time, which gives important resl-time information
about a semiconductor surface during growth. This invention alse
solves a 20-year problem of how to obtain chemical and structural
information about a semiconductor surface without having to destroy
the surface. Using this approach, we have sstablished the behavior
of several GaAs growth surfaces of interest for molecular baam
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epitaxy. Theoretica) calculations have also been performed to
retate the observed optical structure to specific transitions
invoiving Ga and As chemical bonds on the growth surface. This
combination of experiment and theory allows us to track the Ga and
As concentrations on these surfaces, leading the way to better
contro! of growth processes., At last count, this project has
generated 8 invited talks at major conferences in 1889 and 1980. A
patent application on the original method has been filed. (See TM-
ARH-014071, TM-ARH-014745, and TM-ARH-015408)

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Preject provides for the development
of a leading edge knowledge base in such key areas as optical and
solid-state science. Emphasis is placed on applications te current
and future needs in neatworks, services and operations. The substantial
benefits of this Project accrue to all Owner-Clients and are unable to
be prevented from accruing to an Owner-Client who might elect not to
participate in the Project.

RESEARCH DIRECTIONS:

Research on optical physics including research on the growth,
fabrication, and optical proparties of layered and small volume
semiconductor structures. Of particular interest are the surface
and interface properties., These structures are expescted to be key
elemants in the next generation of telscommunications components.

Research on ultrafast optics and optical signal processing incliuding
ressarch on optical switching, nonlinear optical phenomena, optical
and optoelectronic impliemantations of neural networks, and the
generation, handling and transmission of ultrashort time duration
laser pulses such as those required for very high bit rate cptical
fiber communications.

Research on optoelsctronics inciuding research on methods of creating
the structures needed for low-cost, high performance lasars and
amplifiers, surface-amitting laser arrays, and the integration of
optical and electronic componants on a singlte chip. Research
prototypa devices will be supplied for acvanced systems ressarch
axperiments.

Research on photonic components including research on the design
and fabrication of integrated optical components. Research
prototype components will be supplied for advanced systems research
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experiments.
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PROJECT OVERVIEW:

The contributions of electronic science and techrology research to
device technologies critical for current telecommunications science
are indisputable. Present research trends are toward systems
exploiting higher speed, lower power, greater flexibility in network
control, and increased use of optical components to provide for the
networks and network services of the future,

Experience has shown that to sustain contimuing systems evolution, a
pattern of component technology discovery is required; discovery aimed
at exploiting more complex and unique applications of materials and at
the realization of smailer devices, consuming less power and capable
of increased speed and more complex function. Also, as the retwork
evolives toward greater use of optical technologies, with the
advantages of high-bit-rate optical transmission now well established,
advances in the performance of comporents integrating electronic and
optical functions hold promise of an evelution toward increasing use
of optical control in the network.

Thus the challienge today, in planning for future network needs, is to
determine the correct mix of optics, electronics and integrated
optosiectronic component technologies to take acvantage of the broad
bandwidth availablie with optical fiber, while achieving efficient, low
cost, effective high-speed infermation distribution. This challenge is
acdressed at all levels in Applied Research (AR) projects, and the
members of this project contribute by conducting ressarch covering a
wide range of topics in electronic science and technology.

This project’s principal aim is te acvance the understanding of the
siectronic properties of materials anc devices which define and limit
their potential impact on telecommunications science. A major goal is
to contribute to maintaining the pace of discovery necessary to
sustain the evolution of components required to achieve and anticipate
advanced network capabilities. Presently, of particular importance
are those components contributing to the avotution of effictent
broad-bandwidth fiber transmission and high-speed switching.
In pursuit of these goals, the Division’s research program has four
major thrusts;
1. high-speed device research aimed at influsncing the evolution of
technologies important for future telecommunications
spplications, such as low power slectrical components fabricated
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using compound semiconductor materials, high-speed switches, low
noise optical receivers and integrated optoeiectronic devices;
and, in cellaberation with Bellcore systems researchers, provide
prototype research devices designed to meet the need of
experiments aimed at clarifying network evolution,

2. quantum structures research, investigating the science and
fabrication of small structures aimed at contributing to the body
of knowledge required to anticipate the impact on exchange
networks of future generations of high performance devices, while
at the same time, providing a Bellcore material processing
resource for tnvestigating such state-of-the-art devices for
advanced systems experiments as distributed fesdback (DFB) lasers
and submicron transistors,

3. solid state physics ressarch aimed at providing early access to a
broad range of emerging research results, particularly {n areas
expected to contribute to our understanding of the evolution of
electronic devices potentially important to telecommunications,
and

4. material and device characterization research aimed at providing
anatytic support to a range of AR research programs by providing
cdetatled information on material, and material structures,
critical to understanding the influence of fundamental materia)
properties on useful applications.

In addition t6 work done in our own laboratories, members of this
project engage in a range of collaborative research activities
involving university centers, national laboratories and other
corporate research organizations. These collaborations are designed
te enhance and extend our capabilities and often involve other AR
organizations as well. The combined purpose is to secure a role in
the worla of sc¢isnce and technology for Bellcore and our client
companies that provides sarly access to, and influance on, a broad
range of emerging research results with impact on telecommunication
science. Some major past achievements of the Division’s ressarch have
been:

1. pioneering research on the electronic device applications of
Indium Phosphide based semiconductor materials more typically
used for optica) components in fibar systems. This research is
having significant impact on our understanding of how
optoslectronic device technologies will {mpact future fiber
systems,

2. advances in microfabrication technologies that have permittsd the
fabrication of some of the smallest enginesred structures ever
reported, work that has contributed te the realization of
ressarch prototype laser devices currently finding application in
& number of AR advanced optical systems experiments,

3. the demonstration of unigue techniques for investigating charge
transport in semiconductor structures that has provided
significant information on the design and understanding of the
potential 1imits of advanced electronic devices for exchange and
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exthange access networks, and

4., new insights into the material structure of high temperature
superconductor materials that are contributing significantly to
our understanding, and uitimately to our ability to exploit, this
remarkable physical phenomenon.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

The following provides an update on work performed in Division 21120
(R. Leheny, DvM)}. This and other work have resulted in 109 Technical
Memoranda issued during the period 2HB9-1H90; also 5 patents were
issued and 1 application was filed. This project’s work continues to
benefit directly from the materials and other suppert received from
Divisions 21110 (P. Smith, DvM), 21130 (V. Keramidas, DvM) and 21140
(B. Reagor, J. Wernick, DvMs). In additioen, we banefit from ongoing
collaborations/linkages with Divisions 21310 (P. Katser, DvM} and
21330 (N. Cheung, DvM) in the area of high-speed optoslectronic
devices and with Divisions 21310 (P. Kaiser, DvM) and 21370 (J.
Berthold, DvM) in the area of high temperature superconducting
materials. These linkages are forming the basis for the design and
fabrication of state-cf-the art research prototype components for use
in systems expariments.

High Performance Transistors

The major thrust of our resesarch in high performance transistors is to
acdvance the application of Indium Phosphice based materials. One
principal impact of this work will bs to provide research prototype
devices to systems researchers. This work reliies on continued
collaboration with Division 21130 (V. Keramicdas, DvM}.

© Present broadband fiber cptic systems sxpsriments and future
optical signal processing systems research require sccess to
transistor technologies capabie of providing high gain anc fast
switching spasds. We are ressarching the performance {mprovemants
possible by decreasing the control slectrode cimensions on
INATAS/INnGaAs Field Effect Transistors (FET). This work has
yielded transistors exhibiting record high transconductance (1150
milli-Siemens/mm of gate length) and very high output current drive
(in excess of 1.0 Amperes/mm gate length) with cut-off frequencies
approaching 200 Gigahertz.

o We are investigating delta doping technigues as a means to increase
charge in Field Effect Transistor (FET) conducting channels to
increase transconductance cof these davices. This work has
demonstrated that transistors incorporating delta doping axhibit
enhanced characteristics.

Integrated Optoelactronic Devices
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A major focus for this work is aimed at the integration of electronic
components, such as FETs and Heterojunction Bipolar Transistors
(HBTs), with optical components, such as photodetectors, lasers and
waveguides., Material support provided by Division 21130 (V.
Keramidas, DvM) is critical to this work.

o In March, 198% the 1EEE Laser and Electro-0Optic Society (LEDS), and
a number of government agencies sponsored z Workshop for the
purpose of defining the current status and future prospects for
OEIC technologies. Bellcore Researchers weare major contributors to
this conference.

o Integration of detector-waveguide combinations (s expscted to allow
enhanced on chip optical signal processing such as Wavelength -
Division Multiplexing (WOM), We are investigating photodetectors T .
integrated with either Field Effect Transistors or waveguide
structures.

o For many applications, fully integrated photoreceivers are axpected
to provide a low-cost alternative to hybrid circuits and when
integrated into arrays alse will permit enhanced signal processing
functions, for example WDM. We have demonstrated the monolithic
integration of a complete high performance transimpsdance
preamplifiar. This research prototype chip {s currently being
investigated with membars of Division 21310 (P. Kaiser, DvM) for
use in high-speed subsystem applications.

o Monolithic integration of active optoelectronic components and
waveguides offers a number of advantages but an alternative
approach separates the problem of optimizing performance of
disparate devices by taking sdvantage of the technique for etch
removal of thin $iims (11ft-off) demonstrated by Division 21110 (P.
Smith, DvM} to transfer devices from the substrate.

o A novel approach to laser diode design is based on vertical
resonators that emit their output beam from the surface of the
lasar chip which make them intsrasting for (ntegration with
electronic components. These preliminary device results are already
finding applications in Division 21110's (P. Smith, DvM) optical
neural networks ressarch.

Material and Device Processing Research

A broad range of device research programs within Lab 211, aimed at
making availabie experimental prototype devices such as distributed
fesdback (DFB) Tasers and high performance transistors require access
to sdvanced material processing. Much of this work is done in
collaboration with Divisions 21110 (P. Smith, DvM), 21130 (V.
Ksramidas, DvM) and Division 21140 (B. Raagor, DvM).

o In a wigely publicized collaboration with Division 21130 (V.
Keramidas, DvM) and ATAT Bel)l Labs personnel, we have continued to
research the matarial growth and processing required to achieve low
threshold current oparation of novel vertical emitting laser
structures.

o For optical signal processing and i{ntegrated optoelecironic
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applications, low threshold current lasers provide a particular
advantage. Thresholds as Jow as 0.35 milliamp have been
demonsirated and further reductions to as low as 0.1 milliamp are
predicted.

o Even further reduction of laser threshold requirements to the
microampere level should be possible. We demonstrated 30%
reduction in threshold current from 3.5 to 2.4 milliamps.

o The fabrication of structures in which electrons are confined in
three dimensions is pessible. We have demonstrated the smallest
engineered three-dimensional structures; vertical semiconductor
columns less than 30 atoms across.

© Advances in semiconductor material processing could have
significant implications for telecommunicaticns. One such advance
exploits an anomaly of silicon oxidation in regions of high
curvature to realize a technique for forming atomically sharp
silicon needles. '

o Fine 1ine patterning of high Tc supercenducting material is
critical for many of the anticipated applications of these
materials. We have demonstrated a new etchant for these materials
which permits etching in a more controlled manner than is possible
with alternative methods. A patent has been obtained on this
process.

Etectron Transport in Semiconductor Heterostructures

Specially prepared semiconductor heterestructures will form the basis
for the next generation of transistor devices that are expectad to
contribute to matntaining the svelution of high performance electronic
systems for telecommunications applications. We contuct research on
electron transport in thase material structures with the goal of
establishing a knowledge base for potential future device technologies
anticipated to be important in meeting thase system rneeds. This work
is cdone in collaboration with Division 21130 (V. Keramidas, DvM),

o Electron transport in very narrow semiconducting wire structures is
expected to be important for the design of future transistor
devices. Qur studies are currently aimed a2t investigating the
influence of the wave character of electrons in small structures,

o Investigations aimed at understanding and axplotting the potential
for infra-red light emission due to slectronic transitions batween
quantum states formed In the conduction band of superiattice
structures have shown that conduction band to valence band
recombination plays an important role. It has been found that as a
result of efficient impact ionization, electrons can germerate
holes; and this process mogifies the effective electric field in
the superlattice. Further, this process gives rise to band-to-bang
light emizssion in an othervise uni-polar structure, {.e.. without a
p-n junction,

High Temperature Superconductors
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The major focus of this work is on elucidating the electronic
properties of this new class of superconducting materials. At this
time 1t would appear that they hold the potential for such uses as iow
loss power distribution within buildings, high-speed switching, high-
speed {nterconnections on and between circuit beoards, and novel
slectronic devices based on the unigque properties of supsrconductivity
in these materials.

o One application of high Tc superconducting materials axpleits
their low resistance for Tow less, passive microwave devices such
as high Q filters and compact delay tines. Belicore investigations
of the microwave properties of Yttrium Barrium Copper Oxide
(YBaCuO) materials are generally recognized as leading the world .
effort tn this area. Work aimed at realizing practtcal high Q
filters has begun.

o Some applicatiens of high Tec materfals to high-speed switching with
low power requirements await the demonstration of a junctien
technology. Further effort is required before practical prototype
devices can be demonstrated.

o Investigations of the superconducting proparties of high Te
materials in high magnetic fields, or at high current density, are
centered on understanding the nature of the motion cof elementary
units of magnetic flux called fluxons. This work is expected to
contribute to the devaiopment of a comprshensive theory for
supsrconductivity in this class of materials.

Electro-Optic Properties of Conducting Polymers

We are investigating a class of organic semiconductors with
interesting electro-optical properties, including very large non-
linear optical response, known as conjugated polymers. Thetr
potential practical applications for telecommunications include all-
optical switching and low cost electro-optical components. This work
ts being done in collaboration with Divisions 21110 (P. Smith, DvM)
and 21140 (B. Reagor, DvM).
© Reviews of recent Bellcore work related to the nonlinear optica?
properties of conducting polymers and realizing practical optical
switching devices utilizing polymer materials were published.

Materials Characterization

Material characterization 1inks material preparation and application
by providing detailed information, often on an atomic scale, of
structure and composition. Accomplishments in this area are often
Characterized by the tnsight they provide intoc properties critical te
achieving the engirsered material structures important to
optoelectronic devices. Most of the accomplishments reported here are
the result of collaborations with Division 21130 (V. Keramidas, DvM).
o Electron microscopy provides a means to examine materials with
nearly atomic resolution allowing cetailed studies of defects and
related anomalies of growth pattern. With members of Divisions
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21130 and 21140 (V. Keramidas, and B. Reagor, DvMs}, in a series of
investigations of high temperature superconducting materials
prepared in a variety of of ways we have reported on various
structural properties of high Tc materials. This work is critical
to providing information necessary to improve the quality of films
for future device applications.

© The kind of information obtainable by detatled electron microscopy
ts critical to achieving high yield, and consegquently low cost, for
high performance electronic circuits. Working in coliaboration
with Division 21310 (P, Kaiser, DvM), and as part of a research
col taboration with Avantek, we have provided infermation important
te demonstrating process preblems in reatizing 5i-IC‘s operating at
mutti-gigabit rates.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Project provides for the development
of a leading ecge knowledge base i{n such key aress as optical and
solid state science and materials research. Emphasis 1{s placed on
applications to current and future needs in networks, services and
operations. The substantia) benefits of this Project accrue to all
Ownar-Clients and are unable to be prevented from acecruing to an
Owner-Client who might elect not to participate in the Project,

RESEARCH DIRECTIONS:

Continue ressarch on the design and fabrication of research prototype
high performance transistors based on compound semiconductor material
such as InP/InGaAs and GaAs/AlGaAs and having potential for high
capacity lightwave systems. Research on the capabilities of 1C
{Integrated Circuit) technologies based on InP/GaAs transistor
technologies for low power, high-spesed optoslectronic applications.

Continue research on the integration of sisctronics with optical
devices (optoslectronic integration), in particular the combination
of optical modulators and drive slectronics, photodetectors with
receiver slsctronics, and other combinations simed at performing
efficient germration, detection and switching of high-bit-rate
optical signals.

Research the application of regrowth technigues, incorperating
muitiple growth steps in . a manner commonly used in s{licon device
fabrication, to the fabrication of experimental integrated
optosliectronic compornents using compound semiconducters, which

could greatly facilitate the fabrication of complex device structures.
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RESEARCH DIRECTIONS:

Research to advance the technology of electron beam 11ithography and
related material processing techniques, such as reactive ion etching
for the fabrication of microstructures critical to the performance
of forward looking electronic and optical devices.

Research the techniques for very high-resolution patterning of
semiconductors and cther materials aimed at establishing the limits
for engineering material structures on a scale where the guantum
nature of matter becomes important to determining optical and
electrical properties.

Research the electrical properties of microstructures at very low s
temperatures and very high magnetic fields to igentify the physical
properties governing charge transport in the limit vhere the quantum
nature of matter significantly influences classical behavior.

Resaarch the application of analytical techniques such as Transmission
Electron Microscopy. Secondary lon Mass Spectroscopy, X-ray Scattering
and Neutron Scattering to the investigation of material and device
structures of interest for advanced telecommunications components

such as novel transistors, lasers ang cther optoelectronic devices,
engineering matertal structures, and new materials such as the high
temperature supesrconductors.

Research the physical relationship between material structure and
electronic performance, in particular the relationship between

the detailed structure of layered materials and voltage-current
relationships governing the passage of charge through them, These
material structures are playing an increasingly more important role
in modern optoelectronic devices.

Research the properties of non-standard materials such as organic
semiconductors and the new high temperature superconductors, with
the aim to identify physical properties important for potential
telscommunications applications such as efficient non-linear optical
properties or efficient high-speed signal transmission.

Research the use of submillimeter-wave spectroscopy in conjunction
with intense magnetic fields to determine the properties of electrons
in structured semiconductor materials which are expectsd to be
important for future telecommunications devices.
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PHOTONIC AND ELECTRONIC MATERIALS 821103
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This Project is a Component of the Bellcore Product:
APPLIED RESEARCH

Significant Change Date:
08/30/90

PROJECT OVERVIEW:

This Project Profile details the work performed in project 821103
during this reporting period. As before, the research is aimed )
principally towards providing projects 821101 (P.W. Smith, DvM) and
821102 (R.F. Leheny, DvM), Photenic and Electronic Science and
Technology Research respectively, with the materials they nesd,
materials not commercially avaltable but required for their research
and for creation of experimental research prototypes to be
incorporated in Bellcore’'s systems research projects. Optical
componants (lasers, detectors), electronic devices at higher speed
opersting with lower power (transistors, drivers) and optoelectronic
integrated circuits are playing an increasingly important role in the
evolving axchange netwerk. Al)l such devices are made with comptlex
"marnmacie” materials. To understand the potential impact of these
devices en network svolution, we strive to understand these materials
and to continue to improve our ability to contrel their physical and
optical properties down to atomic layer dimensions. The understanding
obtained through systems experiments utilizing these new, high
performance devices provides the fundamental knowledge base needed for
the cost effective planning of exchange networks with enhanced network

capabititiaes.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

Semiconckictor Materials Ressarch

Surface Emitting Microlasers and Microlaser Arrays

© Vertically emitting lasers have great potential for
telecommunications applications. They can be coupled much more
efficiently into optical fibars than conventional side emitting
lasers currentliy used. Materials made by the process of Molscular
Beam Epftaxy (MBE) as a2 composite of over 800 individually
controlied, ultrathin layers have state-of-the-art thickness
control of % and materials composition tolerance of 0.5%. They
are used to fabricate extremely small lasers and groups of lasers
czlled laser arrays. These materials achievements lead to lasers
with sxtremealy tow threshold current (1.5mA) (the minimum current
at which the laser can operate), with high yields and high
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reproducibiiity. Low threshold currents are important because they
reduce the overall operating power requirements. The experimenta)
prototype arrays have about 2 million lasers on a sgquare centimeter
size chip, with each laser only § micrometers in diameter, the
smaliest lasers made in the world. Fabrication ¢f the devices
requires spetial patterning and etching processes which are carried
out in collaboration with Division 21120 (R.F. Lehany, DvM).
Testing ts carried out in coltlaboration with Division 21110 (P.W.
Smith, DvM)., (TM-ARH-0Q15083, TM-ARH-015084, TM-ARK-015118, TM-
ARH-015130, TM-ARHM-015220, TM-ARH-0158435, TM-ARH-558)

Ultra-Thin Layers for Electronic and Optoelectronic Devices Lasers’ ~

¢ Lasers whose turn on (threshold) current is low reduce the power
requirements for operating the fiber network, B8y using Molecular
Beam Epitaxy (MBE) to grow very thin layers {(quantum wells) on
substrates from which parts have been preferentially removed to
generate grooves, record low threshold expsrimental prototype
lasers ware made which operate at currents of as Jow as 0.35
mitliamp, the lowest value ever reported, (collabeoration with
Division 21110, P.W. Smith, DvM). Achievement of such low current
operation is essential for effictient integration of electronic
devices and optical devices, an important research direction for
future low-cost reliable devices for fiber telecommunications,
(TM-~ARH-013422, TM-ARH-013888, TM-ARH-14843, TM-ARH-015459}.

Transistors
o Transistors are ubiquitous devices in every aspect of

telecommunications. The higher their performance, the faster are
the processes they perform. Ressarch prototypes of high
performance Field £ffect Transistors (FETs) have been prepared by
the crystal growth process of Molecular Beam Epitaxy (MBE) by
including special atomic sheets of impurities (delta doped) in the
conducting channels of the FETs to provide improved parformance
(collaboration with Division 21120, R.F. Leheny, DvM). (TM-ARH-
013692, TM-ARH-014718).

Buried Metal Lavers
o Matallic layers are always used for contacts and as components of

many devices. Stablie metallic layers improve the reliability of
dgevices ancd systems. Research has continued on the epitaxial
growth by moleculiar beam epitaxy (MBE) of metal layers which can be
buried bestween gallium arsenicde semiconductor layers. Work in
progress utilizing the metsa) nickel! aluminum has now besn sxtended
to the meta) cobalt aluminum, which has {ts atoms more closely
spaced and nearer to the spacing in gallium arsenide (the mismatch
in atomic spacing is 2.1% for the nickel compound, but only 1.2%
for the cobalt compound). The intimate coupling of the growth of
both metals and semiconductors has extremely important potential,
since all present semiconductor optoelisctronic devices reguire that
metals be included for slectrical contacting. This in-situ method
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of metallization has the added advantage that the interface between
metal and semiconductor is oxide free since the process is carried
out in high vacuum. This leads to electrical contacts with lower
resistances., We have continued studies of the electrical
properties of the metal-semiconducter interfaces and have found
that the metal-semiconductor interfaces make excellent diodes,
which can in fact be enhanced by including thin layers of aluminum
arsenide between the meta)l and galiium arsenide. {TM-ARH-014738,
TM-ARH-014977, TM-ARH-015425, TM-ARH-014822)

Growth on Nen-Planar Substrates

Lasers

o Lasers are very expensive ( ,500 each) because of very low
fabrication yields and very complicated processing steps. Growth on
non-planar galliium arsenide and indium phosphide substrates, where
material! was removed preferentially to create V-Shaped grooves, was
studied in order to reduce the processing steps and improve the
yield in fabricating novel devices. By exploiting the dapendence of
the dopant (impurity) incorporation on the type of facet of the
materia)l on which it is deposi{ted, experimental prototype long
wavelength lasers of the type needed for fiber optic communications
were grown in a single step, instead of three. This {s possiblie
because the impurities align themselves entirely different inside a
V-groove than outside of it (collaboration with Div. 21110, P.W.
Smith, DvM). This achievement is expected to lower considerably the
cost of lasers and improve the yields (TM-ARM-018372),

Waveguides

© Waveguides when tapared in three dimensions make possible far
better coupling betwaen photodetectors or optical fibars and will
have significant impact in incorporating optoslectronic circuits
for fiber-in-the-100p. Growth of such waveguides on non-planar
gallium arsenide (GaAs) substrates where part was preferentially
remocved to generate special dimension trenches, was studied anc a
technique was established by which prototype tapersd waveguides
wvare made (Collaboration with Div. 21110, P.W. Smith, DvM) (TM-
ARH-014B78).

AlinGaAs Lasers for Erbium dopad Fiber Pumping

o Thea emargence of fiber amplifiers for use in the fiber-tn-the-loop
creates a need for solid state lasers to "pump" the fiber
amplifiers, High qualtty a2luminum indium gallium arsenide
(ATInGaAs) layers were grown by organometallic chemical vapor
deposition and used to fabricate experimental prototype lasers
operating at 0.98 microns, Stripe lasers 258 microns wide emitted
as much as 370 mv of power. Their turn on (threshold) currents, are
comparable to that of conventional 1.3 micron indium gallium
arsenide phosphide (InGaAsP) lasers {collaboration with Div. 21110,
P.W. Smith, DvM}. The tayars from which the light originates are
grown intentionally to be under strain. This built in materials
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property atlows adjustment of the lasing wavelength between O©.85
and 1.65 microns, a very desirable flexibility for fiberoptic
communications (TM-ARH-015704).

Fiber Optical Materials Research

Fiber Ampiifiers

o Fiber amplifiers are rapidly evolving as viable components for the
implementation of fiber communications. We have investigated the
effect of glass composition and pump wavelength on amplification
gain of s{lica gliass optical fibers with the fntentionally
introduced impurity, erbium. We have cbserved over 3 dB/mw gatin at
the pumping wavelength of 0.98 microns in a fiber designed for wide
(1525 to 1560 nm) optical bandwidth. These fiber amplifiers have
been used to demonstrate simultaneous gain of over 20 dB per
channel, for a high density wavelength division multiplexed system
{HD-WDM) using 16 lasers, with 2nm spacing and an overal) span of
34 nm. This system experiment demonstrated the use of fiber
amplifiers in the distribution network. The system provided
simultaneous distribution of 100 FM TV channels with subcarrier
miltipiexing with 12 distributed fesdback (DFB) lasers and six 822
Mbits/sec digital channels for cata and/or HDTV chanmels.
(Coilaboration Divisions: 21110, P, W. Smith, DvM; 21310, P,
Kaiser, DvM; 21410, S. Weinstein, DvM and 21380, P.W, Shumate, DvM. )
(TM-ARH-015847, TM-ARM-014B14, TM-ARH-014686, TM-ARH-018056)

Long-term Fiber Reliability
e Our work through the Electronics Industries Association (EIA)/

Telecommunications Inadustries Association (TIA) committea has
resulted in the adoptien of a fiber dynamic strength measurement
test procedure as an industry wide standard. This will impact on
the assurance cof long-term fiber reliabtlity in the exchange
network. This test procecure will now be submitted to the
international standards bodies such as The Consultative Committee
of International Telephone and Telegraph (CCITT) and the
Internaticnal Electro Technical Commission (IEC) by the TIA for

adoption.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Project provides for the development
of § leading edge knowiedge base in such key aress as materials
research. Emphasis 1s placed on applications to current and future
needs in networks, services and operations. The substantia)l benefits
of this Project accrue to all Owner-Clients and are unable to be
prevented from accruing to an Owner-Client who might elect not to
participate in the Project.
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RESEARCH DIRECTIONS:

Research will continue on the growth, by organometallic chemica)
vapor deposition techniques, of ultra thin layers of materials with
abrupt interfaces and controlled physical, optical and electrical
properties and of the utmost purity for devices and integrated
circuits to be used in experimental system prototypes for
fiber-in-the-loop.

Resmarch will continue on the growth, by molecular beam epitaxy, of
device structures on planar and non-planar substrates. for surface
emitting lasers, transistors, waveguides and other devices with
techniques that wiil ulitimately result in low cost devices for
fiber-in-the-loop.

Research wil) continue on the growth of individually designed
semiconductor structures having atomically thim crystal isyers,
to meat the needs of research programs within Bellcore that are
exploring the evolution of new components technologies for the
exchange network.

Laser evaporation techniques will be used to reproducibly deposit
high temperature superconducting thin films.

Research in processing high temperature superconducting thin fiims
has been initiated. The emphasis here will be on low temperature
processing of application in high-speed electronic circuits.

Research will continue on new and modified fiber compositions for
optically active fiber amplifiers and lasers. The intentionat,
controllable incorporation of impurities that enhance ampiification
and lasing performance in fibers will be studied.

Participation in the Electronic Industries Association (EIA) fiber
coating committee will continue in order tc provide imnput and
leadership for the establishment of national optical fiber and
cable standards.
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This Project is a Component of the Bellcore Product:
SWITCHED DS1

Significant Charnge Date:
08/20/90

PROJECT OVERVIEW:

This project will produce generic requirements to suppert real-time, °
publtc circuit switched DSt and fractional DS1 (SWIFT-DSY) service
capabtlities. The project will alsc expliore preliminary generic
requirements for higher rate switched service capabilities (e.g.,
DS3, SONET).

Technology advancements in the areas of iow bit rate video CODECs,
low rost Synchronous Optical NETwork (SONET) transmission squipment,
and increasing dats traffic has resulted (n a growing market need for
public switched, wideband services. A public switched DS1/fractional
DSt service capabfltty allowing customers to set up and tear down
1.544 Mbit/s and fractional D51 connections in real-time should be
cost-effective, near-term solution that satisfies part of this market
need. This service capabiifty allows use of existing DS1 customer
premises aquipment without modification. SWIFT-DS1 will also be
supported over ISDN Primary Rate Interfaces. (Note: that the

ISON and non-1SDN {nterface will be compatible.)

The formulation of generic requirements for switched DS1 service
capabilities will promote a multi-vendor snvirornment and alliow
several supporting technology platforms (e.g., n x 84 kbit/s switch
fabrics, digital cross-connect based solutions, asynchronous transfer
moca based solutions) to ba used, Several vendors are currently
cgaveloping real-time switched DS1 service capabilitieas for thetr
products but without Bellcore generic requirements, their implemanta-
tions will be incompatible. Initial vendor trials for the switched
DS1 and fratctional DS1 service capabilities are expacted in late
1991,

DESCRIPTION OF 1991 WORK;

The focus of this project in 1901 will be to issue TR-TSY-001088 on
the public switched DS1/fractional DSt service capability.

© Preduce high jevel service descriptions discussing the
architectural and other plamning issues associated with
wideband, public switched services,

o Support interactions with tha vendor community in the
PROPRIETARY - Bellcore and Authorized Clients Only
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DESCRIPTION OF 1991 WORK: (CONT . )

development of appropriazte generic requirements.
¢ Support appropriate standards (i.e., T151) work.

o Define the user and interoffice interface specifications to
support these services. This includes specification of
appropriate Signalling System 7 (S57) messages for
interoffice applications and the specification of
appropriate Plain 01d Telephone Service (POTS) and
Integrated Services Digita)l Network (ISDN) signaling .
at the customer interface. -

© Develop appropriate generic switching requirements. This wil)
incluge appropriate btiling and operations requirements.

DELIVERABLES:

No: F50
Original: Commitment Date: 3Q91

TR-TSY-001088 on real time switched DS1/fractional DS1 service capability
will be mailed to the industry from Bellcore by $/30/91.

No: FS1

Original: Commitment Date: 3091
The project plan for the Switched DS1/Fractional! DSt project will be
delivered to designated client representatives from Bellcors by 9/30/81.

No: FS52

Origfinal: Commitment Date: 4Q91
Status reports on standards activities relevant to switched DSi1/fractional
Dg;awi11 be deliversd to designated client representatives by 8/30/%1 and

1 1/91.
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:
AIN RELEASE 1 PLANNING B REQUIREMENTS 1R4111

Bellcore Product Manager: Tel. No.:
C. WILLCOCK (908) 758-2321

e,

This Project is a Component of the Bellcore Product:
AIN RELEASE 1

51gﬁ§ﬁicant Change Date:
08/31/80

PROJECT OVERVIEW:

Advanced Intelligent Network Release 1 (AIN R1} {s defined as the .

set of network changes targeted for 1004 that svolve the Bellcore -
Client Companies’ (BCCs’') networks toward meeting AIN goals of

programmabi fity, multi-vendor snvironment, and standard {nterfaces.

The R1 architecture will incorporate the attributes of the various

AIN Release O architectures deployed in 1981 and 1882, increase

their functionality, and bring the network a step closer to the

Information Networking Architecture (INA) target.

The major benefit of this Project is that it provides the necessary
planning and reguiremants for a service-independent, vendor-
independent platform which will facilitate the deployment of

new revenus-generating services in your company’'s network.

Key assumptions are that:

- Vendor protkicts based on AIN Ri requirements need to be available in
the 1984 time frame;

- AIN R1 requirements will be based on the AIN R1 Baseline
Architecture and the AIN R1 Network and Operations Plan;

- Technical Advisories for AIN Switching Capabilities,
SCP Node, Service Logic Execution Envirorment (SLEE),
anc the Apptlication Layer Protocol will be released
at the end of 1980 and will serve as the basis
for the work on the Technical Refesrences covered
by this Project.

DESCRIPTION OF 1981 WORK:

8sllicore will continue its work to develop generic requirements for
AIN Natwork Elements (NEs) and Operations. Included in this Preoject
is generic requirements work to produce the following:

- Definition of the AIN Switch Capabilities which are the faatures
necessary for a switching system to recognize and handle calls that
require AIN processing. These AIN Switch Capabilities tnclude
description of the AIN R1 call modal, Billing capabilities, as well

PROPRIETARY - Belicore and 2uthorized Clients Only
This document contains proprietary information that shal) be
distributed or routed only within Bellcore ang its authorized
tlients except with written permission of Bellcore.

FOIRO03Z pooLBL8




/é /30

BELLCORE Page: 2
Date Printed: 10/04/90

1991 FINAL PROJECT OFFERING

Project Name: Project No.:
AIN RELEASE 1 PLANNING & REQUIREMENTS 1R4111

DESCRIPTION OF 1991 WORK:

as impacts on switching system operations, performance, reliability,
fault recovery, and traffic engineering.

- Formulation of switching system requirements which are specific to
the signaling and interactions between a switch and a Service
Control Point (SCP) or adjunct.

- Definition of the Service Logic Execution Environment (SLEE) common
to adjunct and SCP applications for the support of AIN service
logic. Billing, performance, fault recovery, and reliability
impacts will also be considered.

- Formulation of Adjunct system requirements supporting AIN R1
functions and operations interfaces, Billing, performance, fault
recovery, and raliability impacts will salso be considerad,

-~ Formulation of SCP Node regquirements supporting AIN R1 functions and
retwork, billing, and operations interfaces. Performance,
fault recovery, and reliability impacts will also be considered,

-~ Formulation of the switching system, Intelligent Peripheral
{IP), and Resource Control Execution Environment (RCEE)
requirsments which are necessary to specify the signaling
and intaractions between a switch and an IP.

- Further definition of the Service Logic Program (SLP) architecture
which {ncludes Aoministrative SLPs (ASLPs), Feature SLPS (FSLPS),
and Operations SLPs (OSLPs), and refinement of the SLP Programmer
Reference Manual.

- Formulation of methodology for managing AIN festure interactions
(particular smphasis wil) be given to the creation and population
of Feature Interaction Tables).

In agdition, this Preject provldcs tha gnncr'ic requirements definition
for;

- Oparations capabilities in NEs requirsd by AIN R1 and for
associated Operations Applications (e.g.., memory agministration,
surveillance, testing, data collection, traffic management).

-~ R1 specific NE/Operations System interfaces (e.g., SCP/Memory
Administration).

- R1 specific Operations System/Operations System interfaces
(e.g., Service Negotiation and Management/Memory Administration).

Mote that this work does not include requirements for the Service

Negotiation and Management (SN&M} application-independent ({.=.,
platform) capabilities which are offered (n Projects 923457 & {R4126.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1981 FINAL PROJECT DFFERING

Project Name:
AIN RELEASE 1 PLANNING & REQUIREMENTS tRa111

DESCRIPTION OF 1981 WORK: {CONT . )

1t does, however, include work to incorporate SN&M datz requirements
inte the Release 1 information model.

Additional AIN Rf planning activities in this Project incilude:

- Verification of the AIN R1 architecture acress architectural
elements so as to insure that services can be successfully
built and supported.

- Ongoing requirements-focused interactions with potentia) vendors
of AIN Rt products. This will inciude responding to written - “
comments provided by vendors in reaction to AIN Ri1 Technical
Advisories or Special Reports reporting to the BCCs on vendor
comments, and on proposals for addressing those comments.

= Support for the AIN 8illing Team and Autcmatic Message
Accounting Technical Support Group.

- The examination of the performance of the AIN R1 architecture.
Included in this effort will be:

* The craztion of an analytical model and simulator to study the
delay and capacity of the Switch/Adjunct interface in a
typical deployment scenario.

* Switch capacity issues (including the investigation of the effect
of the cal) mooel, triggers, and signalting interfaces;,

* The anhancement of the AIN Service Performance AnalyZer (ASPA)
which is a SLEE simutator tool deveioped to assist the AIN
service designers in evaluating the performance impact of a
new service on the SCP and Adjunct in terms of delay and

throughput.

In acdition, this Project contains businass support activities
which will provice the BCCs with economic, regulatory, and business
information support for AIN R1.

- Perform Business Management function for AIN.

- Support tha BCCs in their business analysis of AIN deployment.
Exampies of such support include generic sconomic and market
analysis, developmeant of tools for use by tha BCCs in the
performance of their own aconomic and business analysis of
AIN ssrvices, identification of pessible new services, and
evaluation of associated regulatory and stakehclder issues.

-~ Asgess cross-elastic effects of AIN services on sach other,

on existing services, and with respect te services offered
by interexchange carriers and enhanced service providers and

PROPRIETARY - Beilcore and Authorized Clients Dnly
See Proprietary Restrictions on Title Page
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Project Name: Froject No.:
AIN RELEASE 1 PLANNING 8 REQUIREMENTS 1R4111

DESCRIPTION DF 1991 WORK: (CONT . )
customer premises equipment offered by equipment vendors.

- Analyze different deployment options under consideration by the
BCCs to provide AIN services to 1A ESS customers.

- Obtain an understanding of various stakeholder and regulatory issues
for representative AIN services. Seek issues resolution by working
with appropriate client and stakeholder bodies.

............................................................................

DELIVERABLES:

Noa: 001

Criginal: Commitment Date: 2Q81
Adjunct System Technica) Advisory {TA): These requirements for AIN Rt will
tnclude identifications of adjunct funetionality and adjunct interfaces to
other network and cperations systems. This TA will be ready for order

and shipment by June 30, 1881,

No: 002

Original: Commitment Date: 3Q81
Switch/Adjunct Interface Technical Advisory (TA): These generic
regquirements will focus on the definition of the lower laysr protocols to
be used for the interface between tha AIN R1 Adjunct and switching systems.
This TA will be ready for order and shipment by September 30, 1891,

No: 003

Originai; Commitment Date: A4Q91
AIN Release 1 Report: Provides an assessmant of changes from the Technical
Advisories (TAs) planned to be inciuded in the Technical References (Ths)

as a2 result of industry fesdback. Covers the switching system; Service
Logic Execution Environment (SLEE); switch/SLEE application layer protocol
and Service Contrel! Peint (SCP} Node. The report will be available by Dec.
31, 1881; the TRs will be ready for order and shipment by June 30, 1082.

PROPRIETARY - Bellicore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:

AIN RELEASE t PLANNING & REQUIREMENTS 1R4111
DELIVERABLES: ({CONT )
No: 004

Original: Commitment Datre: 3Q91

AIN R1 Intelligent Peripheral (IP) and Switch Interface Genaric
Requiremants Technica) Advisory (TA): Defines the sighaling and interface
between an IP and an AIN Rt switching system. ODescriptions of Resource
Control Execution Environmant (RCEE) functionality needed to define

the interface Wwill also be included. This TA will be reacty for

order and shipment by September 30, 1981.

No: 005

Criginal: Commitment Date: 1Q81%
AIN R1 Opsrations Applications Generic Requirements Special Report (SR)
Issue t: Provicdes generic functiona) requiremants for operations
capabilities that are new for AIN Ri. This BCC-proprietary SR will be
ready for order and shipment by February 28, 1981

No: 006

Original: Commitment Date: 3Q91
AIN R1 Specification of Massages at the Operations System (0S)/Netwerk
Element (NE) Interface Technical Advisory (TA)}: Presants generic
requirements for messages betwean NEs and 0Ss to {ncorporate new

cperations capabilities reguired for AIN R1., This TA will be ready

for order and shipment by September 30, 1991,

No: 007

Original: Commitment Date: 3Q91
AIN R1 Specification of Messages at the Dperations System (0S)/Oparations
System Interface Special Report (SR) Issue 1: Describas ganeric
requirements for messages batwesnh 05s required by new AIN Rt

capabilities. These reguirements will be ready for order and shipment

by September 30, 1981.

No: 008

Original: Commitment Date: 4Q91
AIN R1 Operations Applications Generic Reguirements Report: Will present

a preliminary view ef Issue 2 of thae AIN Operations Applications Ganeric
Regquirements Special Report (SRi. The report will be available by

December 31, 1991; the generic requirements SR will be avaiiable for

order and shipment by June 30, 1982,

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name:

AIN RELEASE 1 PLANNING & REQUIREMENTS 1R4111
DELIVERABLES: {CONT .}
No: 009

original; Commitment Date: 2Q91

Performance Analysis of Switch to Adjunct Interface: Presents resuits of
a cetailed study of the delay and throughput associated with the Switch/
Adjunct interface. This deliverable will be ready for order and shipment
by June 30, 1881.

No: 010

Original: Commitment Date: 4Q91
Capacity Planning and Analysis of the AIN R1 Architecture: Reports on
sizing and capacity issues related to switches, Signaling Transfer Points
(STPs), and Signaling 1inks due to AIN Rt traffic. This deliverable wil)

be ready for order and shipment by December 31, 1991.

No: 011
Original: Commitment Date: 4Q91
Enhancements to the AIN Service Performance Analyzer (ASPA): Will allow

the Service Logic Exscution Environmant (SLEE) simulator tool (that

was developed in 1880) to support analyses of a wider range of services.
This deliverable will also provide for the maintenance of the simulater
code, This oaliversble will be ready for order and shipmeant by
December 31, 1891,

No: 012

Original: Commitment Date: 4Q91
AIN R1 Sarvice Logic Program (SLP) Report: Preovides a preliminary view

of the genarit requirements covering SLP software architecture, SLP
programming, and procedures for resolving Feature Interactions which

will be included in the AIN R1 SLP Gerwric Requiremants Technical Advisory
{TA). The report wilil be available by December 231, 1991; the TA will be
ready for order and shipment by March 31, 1992,

No: 013

Original; Commitment Date: 3Q9%
Deliver document on the resuits of preliminary laboratory testing efforts
for Data Communications Service Concepts. This activity will support

(AIN via) hands-on analysis of service opportunities.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No. :
AIN RELEASE 1 PLANNING & REQUIREMENTS 1RA1t1

PROJECT FUNDING DEPENDENCIES:
1897
Receives From:
1ONS2ZX
Provides To:
1R4121 923457 tR4127 1R4128
REASON FOR INFRASTRUCTURE CLASSIFICATION:
This Project provides the formulation and promuigation of generic
requirements for network equipment and software which are made

available through an open communication and tnteraction process
to all potential vendors of new industry-wide network capabilities.

PROPRIETARY - Belicore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:

AIN RELEASE 1 PLANNING 3 REQUIREMENTS 1Rat11
Bellcore Project Marmager: Tel. No.:
N/A {000 000-0000
Bellcore Program Manager: Tel., No.:
N/A (N/B) >

Bellcore Subject Matter Expert: Tel. No.:
N/A (000} 000-0000

Bellcore Product Name:
"AIN RELEASE 1

This Project supports the following Major Product(s):

AIN RELEASE 1 | -

Council: i Committee: i Forum:

RESEARCH & NETWORK | NETWORK STAND. 8 ARCH. | NOT APPLICABLE
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Project Type: i wWork Category: i i Start Date: o0t/91
| i | Completion Date: 12/92

INFRASTRUCTURE | PREVIOUSLY FUND | MULTI-YEAR | Revised Comp Date: /
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Non Affiliate Participation in this Project allowed: YES

Nom Affiltiate Participants:
SNET CBl

Fund

Owner Flag Name Title Telaphone ¥

Y D, LATTNER AVP - TECH. SERVICES 312-805-2500
BA Y R. ALBERS AVP - TECH. PLANNING 703-874-8005
.33 Y D. KETTLER DIR. - SCIENCE & TECH. 404-529-2802
NX Y R. HELGESEN MMNG. DIR, - NTWK. PLNG. 814-883-2034
P8 Y R. IRELAND AVP - TECH. PLANNING 415-823-7800
5w Y J. CARPEﬁTER AYP - TECH. PLNG. & DEV, 314-235-1550
us Y J. CZAK DIR. - NTWK. ARCH. & STDS 303-88%9-08409
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1991 FINAL PROJECT OFFERING

Project No.:

Project Name:
SONET RELEASE 1.0 INFRASTRUCTURE

Tel. No.:

Bellicore Product Manager:

1WOo141

J. M, CLARK (9081 75B-4585

Ths Project is a Compeonent of the Bellcore Product:
SONET REL. 1.0

Significant Change Date:
0B/31/90

PROJECT OVERVIEW:

The Synchronous Optical NETwerk {SONET) Release 1.0 Infrastructure
project provicdes for the basic foundation and common work needed to
support and move the SONET Release 1.0 Product forward. Primarily,
the work in this project is essential to develop the Generic
Requirements and Standards that will snable potential venders to
develop and procuce equipment and systems that will meet the Belicore
Ciisnt Companies (BCCs) needs for SONET Relsase 1.0 compatible
equipment, and to provide for the Bellcore capability to analyze
these vendor procducts on behalf of the BCCs. The project also
provicdes the common support elements such as economic analyses and
Product/Project management efforts needed to support both this work,
and further more vendor product spectfic work contained within the
elective projects 1W0171 through tWO177,

SONET is a concept that extends the concept of a standardized digital
hierarchy beyond the traditional DSO-DS3 elsctrical hisrarchy in use
throughout telscommunications, into the muiti-megabit/second digital
world of fiber optic transmission.

SONET was originally conceived in response to the proliferation of
vencor specific, proprietary, fiber optic systems that began to enter
the telecommunications networks of the BCCs in the mid-1980s. The
idea of SONET is to define and implement a set of standards,
protocols, and opersting festures that will eventually snable the
BCCs to implament a true multi-vendor, intelligent, fiber optic
transmission capabiiity in their networks. This is expacted to
provide substantial cost savings to the BCCs by elimination of many
currently required "back-to-back' network slemsnts, the establishment
of a true multi-vendor enviromment with its resulting competttion,
and sventually by providing for flexibie network capabilities and
services not possible with current asynchronous systems.

Bellcore, with tha concurrence of the BCCs, in{tiated standards
activitiss in 1085, leading to two ANSI standards, one on rates and
formats, and the other orn the optical interface, being approved in
1988. The concept was alsc accepted in the international community,
with three CCITT Recommendations, consistent with the ANSI standards,
being approved in 1988.

Bellcore has also worked extensively with the BCCs and the vendor
community to develop a number of generic requirements for specific

PROPRIETARY - Bellcore and Authorized Clients Only
This document contains proprietary information that shall be
distributed or routed only within Bellcore and 115 authorized
clients except with written permission of Bellcore,
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1891 FINAL PRDJECT OFFERING

Project Name: Project No.:
SONET RELEASE 1.0 INFRASTRUCTURE wWo111

PROJECT OVERVIEW:

Network Elements. Many vendors have announced their intentions of
providing SONET compatible squipment starting in the 1989-1891 time
frame with two major vendors announcing full SONET compatible
product lines. Limited fieid trials of simple SONET systems are also
either in process, or planned for 1890-91 by the BCCs.

Two Bellcore Products, SONET Release 1.0 ancd SONET Release 2.0, are
designed to take the promise of SONET from the world of concept and
design inte the real world of operating networks. The SONET i
Release 1.0 Product concentrates on the short-term geoal of implement- -
ing a basic mutti-vendor synchronous:optical transport capability in
the form of point-to-point systems and simple trae networks, as a
replacement for the current vendor specific asynchrenous transport
links in the BCC networks. This will enable the BCCs to procure
SONET compatible systems that can later be enhanced to provide
additiona), more sophisticated network capabilities, rather than
continuing to purchase current asynchronous equipmant which is
fncompatible with these future capabilities.

With this {n mind, some of the major guiding principtes of the
Release 1.0 product are as follows:

Major Goal:

To drive the implementation of a basic, synchronous, optfcal! transport
backbone into the BCC networks in a cost-efficient and sffective
manner

Architecture:

The SONET Relsase 1.0 preduct Wwill support the implementation of
SONET transport systems in point-to-point and simple tree (via the
use of Agd-Drop Multiplexer scuipment) architectures.

Equipment Compatibi{lity:

The SONET Release 1.0 product will work to define all foresssable
"hardware affecting” elements of squipment so that future upgrade to
snhanced SONET capabilities can proceed with minimal retrofit
panalties. (New additions and sof tware upgrades to squipment would be
required, but changeout or obsclescence of existing plant would be
minimatl, {f any.)

Multi-vendor Compatibility:

SONET Release 1.0 requirements will allow for basic transport of
SONET payload betwesn squipment of differing vendors, and provide
for basic opsrational capabilittes such as Protection Switching and
Maintenance Signaling across vender boundaries. (Howsver, single
ended operations and maintenance of a muiti-vendor tink is not

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project No.:

Project Name:

SONET RELEASE 1.0 INFRASTRUCTURE 1Wo111

PROJECT DVERVIEW: {CONT .
possible under Release 1.0)

(NOTE: Additional costs for client specific training (e.g. Bellcore
TEC}, and any associated costs for planning or developmant of Bellcore
Cperations Systems that may be required to fully expleit the poten-
tials of SONET are not included in this project, but rather would be
contained within their respective programs.)

DESCRIPTION OF 1991 WORK:
1991 work in this project includes:
Product/Project Management:

This project includes the needed Product/Project Management effort
needed to plan the SONET Release 1.0 effort, and snsure that resources
devoted to the total product are used in the most efficient and
affective manner possible,

Generic Reguirements:

One of the major areas of concentration for this project in 1891

is the development and maintenance of Generic Requirements in the
equipment, oparations technology. and quality and reliabilfity arsas.
These documents are used by equipment and 0SS suppliiars as a basis
on which to design products that meet the BCC's technical and
business needs. Bellcore participation in, and coordination

with, Standards bodies is also an integral and essential element

of this work. These Generic Requirements ara then used in the
Technical Analysis of vendor squipment as the standards against
which the equipment being consicered by the BCCs {s analyred.

The major thrust in 1991 will be the updating of established
requirements to reflect the results of real world use and testing,
to ensurs that these documents accurately reflect the actual
technical and operational! aspects of squipment being purchased by
the BCCs.

Laboratory Capabilities:

The second major area of concentration in 1881 will be the
development of laboratory capabilities for the testing of vendor
provided SONET Reiesase 1.0 compatibie squipment and 05Ss. The
necessary knowlsdge base, test souipment, softwuare, and procedures
must be provided to enablie analysis te be performed {in the elective
projects - 1W0171 through 1W0177) to ensure that the vendor
equipment being considersd for purchase by the BCCs in fact meets
the requiremsnts they have specified., Specific work in this srea

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1991 FINAL PROJECT OFFERING

Project Name: Project No. !
SONET RELEASE 1.0 INFRASTRUCTURE 1IWoti1

DESCRIPTICN OF 4991 WORK: (CONT )

includes the development of a sophisticated test setup that can
analyze the SONET transmission parameters of vendor equipment to
ensure that they meet the necessary requirements to assure inter-
working with other eguipment. Another area is the development of
methods /equipment to simulate signaling and 0S messages to verify
aquipment function,

NOTE: Requirements development work related to Quality Surveillance
are not provided under the SONET Release 1.0 product, but rather are
provided as an element of the Beilcore Quality Surveillance Product,
as these requirements are generic to all suppliers in genarsl, and
are not specific to SONET equipment.

DELIVERABLES:

No: JSO

Original: Commitment Date: ONGO
Provide quarterly Preduct Progress Report on Product and Project Manage-
ment efforts in Support of SONET Release 1.0. Report to include status

of majer delivarables, potential jeopardies, and action plans. Report to
be mailed to NTAQS PSG & other designated client representatives on

4/30/91, 7/31/91, 10/31/981 & 1/30/82.

No: JB1

Qriginal: Commitment Date: 1291
Publish Technical Memorandum concerning possible SONET Release 1.0
applications architectures & the economics involved in each, Provide
information on interactions with, & economies of integration with existing
asynchronous transport systems. Mail to BCC/Bellcore SONET Planning Team
by 12/31/91.

No: J52

Original: Commitment Late: 1291
Revise and Reissue TR-TSY-000253 (SONET Transport Systems - Common
Requirements) based on results of first round of Technical Analysis and
Bellcore/B8CC/Vander interactions and standards activities. Available for
order and shipment to industry 12/31/81. Hail Status Reports to destignated
client representatives on 7/31/81 and 1/31/82.

PRDOPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:

SONET RELEASE 1.0 INFRASTRUCTURE 1W0 11
DELIVERABLES: [CONT _ }
No: J53

Original: Commitment Date: ONGO

Revise and Reissue a2s required, enhanced versions of TR-233 (SONET DCS),
TR-496 (SONET ADM), TR-872 (SONET Digital Switch Trunk Interface} and
TR-917 (SONET Regenerator), based on results of Technical Analysis and
Bellcore/BCC/Vendor interaction. Mail Status Reports on progress to
designated client representatives on 7/31/81 and 1/31/92.

No: J54

Oripinat: Commitment Date: 07891
Pubtish Technical Memorandum concerning option/feature set compatibilities
of SONET Network Elements (NEs) (Release 1.0 capabilities) to aid BCCs

tn determining SONET options selection for multi-vendor 1inks of SONET

NEs. Mail to Transport Panet and BCC/Bellcore SONEY Planning Team by
7/31/91,

No: JBS
Originai: Commitment Date: ONGOD

Provide Bellcore participation in standards activities on SONET transport
and operations interface (SONET Release 1.0 capabilities) issues to
contribute to amd influence standards that support BCC business needs.
Mai} Status Reports on progress to designated client representatives

on 7/31/81 and 1/31/92,

No: JB87

Original: Commitment Date: 1281
Publ ish Technical Memorandcum on engineering design considerations,

including agditional draft requirements for optical parameters, to

address dynamic laser effects and dispersion tn SONET transmission

systems operating above DC-12. Mail te Transport Panel & BCC/Bellcore
SONET Planning Team for comments by 12/31/91.

No: J5B

Original: commitment Date: 0591
Publish TR-TSY-001042, providing Operations System/Network Element and
Network Element/Network Element interface generic reguirements (ASN.1/

CMISE messagas) for a core set of operations functions (alarm surveil-
lance, performamca monitoring, protection switching, and provisioning
gdriven memory administration.) Available for order & shipment to industry
and mailed to NADA and NTAQS PSGs by 5/31/91.

PROPRIETARY - Bellcore angd Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name:

SONET RELEASE 1.0 INFRASTRUCTURE 1WO 141
DELIVERABLES: (CONT .}
No: J59

Original: Commitment Date: 1291

Publish snhanced versions of TR-TSY-000832 and TR-TSY-000833, previding
Operations System/Network Element interface generic requirements (TL1

messages) for memory administration and network maintenance. Available
for order and shipment to industry and mailed to NAGA and NTAQS PSGs by

12/31/91, °

No: JBO
Original: Commitment Date: 1281

Publish Technica)l Memorandum on "Devise Characterization of Opto-electronic
comporents, and effects on Physical Design & Reliability Issues, as pre-
cursor to incorporation of revised requirements in the appropriate
documents. Mail to Transport Panel & BCC/Bellcors SONET Planning Team

by 12/31/91.

No: JE1
Original: Commitment Date: ONGO

Develop Technical Analysis Lab capability for testing of SONET Release

1.0 capability equipment, including development of "SONET VTest Bed" to
analyze SONET signals, Operations Technology capabilities for analysis of
NE/OS & NE/DS interfaces, and required Quality & Reliability 1ab capabili-
ties. Mail Status Report to Transport Panel & BCC/Bellcore SONET Pianning

Team by 12/31/91.

PROJECT FUNDING DEPENDENCIES:
1991
Receives From:
1W0211
Provides To:
IWG211 IW0171 1WO172 1WO173 1W0174 1WOI7S 1IWO178 1WO177
REASCON FOR INFRASTRUCTURE CLASSIFICATION:

The work slements in this project serve as the foundation for the

PROPRIETARY - Bellcore and Authorized Cltents Only
See Proprietary Restrictions on Title Page
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Project Name:
SONET RELEASE 1.0 INFRASTRUCTURE

REASON FOR INFRASTRUCTURE CLASSIFICATION:

balance of the work in the SONET Release 1.0 Product, One of the
primary outputs, Generic Requirements, are placed in the public
domain in the form of Technical Advisories (TAs), Technica!

10/04/90

Project No.

W01 11

References (TRs), ahd Technical Requirements Industry Forums (TRIFS).

These documents and forums are open to all membars of industry,

The laboratory capabilities are for developmant and maintenance of
test equipment, procedures, and the knowledge base and skills needed
to conduct product specific product analyses. Thase capabilities
are then used by all clients whe have any type of analysis conducted
in the future. Network Architecture and Economfc Analysis work must
also be shared to achieve its ful) vajue. The Product/Project
management activities provide an overall structure to the product,
and ensure the proper coordination of the diverse elements and
organizations.

The substantial benefits of this project accrue to alt Owner-Clients
ang are unable to be prevented from accruing to an Owner-Client
who might #iect not to participate in this project.

PROPRIETARY - Bellcore and Autheorized Clients Only
See Proprietary Restrictions on Title Page
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:

SONET RELEASE 1.0 INFRASTRUCTURE 1WO111
Belicore Project Manager: Tel, No.:
P £ WHITE (201) 828-4757
fellcore Program Manager: Tel. No
N/A {(N/A) -
Bellcore Subject Matter Expert: Tel. No.:
J M CLARK (908) 758-4585
Bellcore Preoduct Name:
SONET REL. 1.0
This Project supports the folilowing Major Product(s): -
SONET REL. 1.0
Council: i Committee: i Forum:
RESEARCH & NETWORK , NETWORK STAND. & ARCHM. | NOT APPLICABLE
------------------- FUNDING REQUIREMENTS-=-vev rmeorrooc oo occacccamm e e e
Project Type: i work Category: i i Start Date: 01/91

| | | Completion Date: 12/91
INFRASTRUCTURE | NEWLY ESTABLISH | SINGLE-YEAR | Revised Comp Date: /
BN EE N R R E EEFEE R EEE E F I N E N RN E EE T S E R R S R R R A EEE T FE FEEF R N EE RN EEE RSN RN EEER RS
------------------- FUNDING ALLOCATION---------c-teceocacnmmenmnaroncnnnnononen
A1location Basis: O1 i Firm Quote: NO
R rEEEYEECITSETEEIETEFEEF X ATREEIEE P FFEEEX TR T ErERE I CIC IS rIErFCEEREEEINEN S EENSERELEERE
Non Affiliate Participation in this Project allowed: YES

Non Affiliate Participants:
SNET CBl
Dwner-Client Representatives:
Fund

Owner Flag Name Title Telephone #
AM Y M. WESTERHOLD SR DIR - NTWK SERVICES 312-805-2074
BA Y R. ALBERS AVP - TECHNOLOGY PLNG T03-974-3848
Bs Y D. A. KETTLER AVP - SCIENCE & TECH 404-529-2802
NX Y R. H. HELGESEN MANAGING DIRECTOR 914-287-2034
PR Y R. K. IRELAND AVP - TECHNOLOGY PLNG 415-823-7800
SW Y J. CARPENTER AVP - TECHNOLOGY PLNG 314-235-1550
us Y D. WC CULLOCH DIRECTOR 303-898-6870

LR E R E RN S E RN E R I E D ERNEFFE RN E S E S S AR EEFE TR E SR EEEEE SRR FEE R E T EANEEERREEE=RERNE
Research Tax Credit Application:
EEEEE I I E T E R E R N NN Y NN R EE RN T R R FRE T RN TR PR E RPN FFEFEFEN R ER RN EE ST EEITEEESESFEAREEERECL

PROPRIETARY - Bellcore and Authorized Clients Only
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1991 FINAL PROJECT OFFERING

Froject Name: Prorect No.:

SONET RELEASE 2.0 INFRASTRUCTURE 1wW0211
Bellcore Proouct Manager: Tel. No.:
J. M. CLARK (808) 758-4585

This Project is a Component of the Bellcore Product:
SONET REL. 2.0

Significant Change Date:
08/31/90

PROJECT OVERVIEW:

The Synchronous Optica) NETwork (SONET) Release 2.0 Infrastructure
project provices for the basitc foundation and common work needed

to support and move the SONET Release 2.C Product forward. Primarily,
the work in this project is essential to develop the Ganeric Require-
ments and Standards that will enable potentisl vendors to develop and
produce sguipment and systems that will meet the Bellicore Client
Companies (BCCs) needs for SONET Release 2.0 compatible sgquipmant,
and to provide for tha Bellcore capability to analyze these

vendor products on beshalf of the BCCs. The project also providas

the common support slsments such as economic analyses and
Proguct/Project management efforts needed to support this work.

SONET, is a concept that extends the concept of the standardized
digital hierarchy beyoend the traditional DSO - DS3 electrical
hierarchy in use throughout telecommunications, into the
multi-megabit/second digital worid of fiber optic transmisston.

SONET was originally conceived in respornse to the preoliferation

of vendor specific, proprietary, fibaer optic systems that began

to enter the telecommunications networks of the BCCs in the mid-1980s,
The idea of SONET is to define and implement a set of standards,
protecols, and operating features that will eventually enable the

BCCs to implement a true multi-vendor, intelligant, fiber optic
transmission capability in their networks. This is expected to
provide substantial cost savings to the BCCs by elimination of many
currenttly regquired "hack-to-back"” network elements, tha astablishwment
of a true multi-vendor environment with tts resulting competition, and
eventually by providing for flexible network capabilities and services
not possible with current asynchronous systems.

Bellicore, with the concurrence of the BCCs, initiated standards
activities in 1985, leading to two ANSI standards, one on rates and
formats, and the other on the optical interface, being approved in
19B8. The concept was also accepted in the international community,
with three CCITT Recommendations, consistent with the ANSI standards,
being approved in 1988,

Belltore has also worked extensively with the BCCs and the vendor
community to develop a number of generic requirements for specific
Network Elements. Many vendors have announced their intentions of
providing SONET compatibie eguipment starting in the 1985-1981 time

PROPRIETARY - Bellcore and Authorized Clients Dnly
This document contains proprietary information that shall be
distributed or routed only within Bellcore and its authorized
clients except with written permission of Bellcore.
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Project Name: Project No.:
SONET RELEASE 2.0 INFRASTRUCTURE 1W0211

PROJECT OVERVIEW: {CONT .}

frame, with two major vendors anmnouncing full SONEY compatible
product lines. Limited field trials of simple SONET systems are also
either in process, or planned for 1980-81 by the BCCs.

Two Bellcore Products, SONET Relesase 1.0 and SONET Relesse 2.0, are
cesigned to take the promise of SONET from the world of concept and
design into the rea) world of operating natworks. The SONEY

Release 2.0 Procuct is designed to develop the potential to eveolve
the point-te-point and simplie tree transport network provided by
SONET Release 1.0 into a flexible optical transport network in which
network re-configuration snd services can be provided quickly and : _
remotely via Operational Support Systems {(0SS). This can be accom-
plished via expioitation of the capabilities of the SONET Embecded
Operations Channel (EDC). The EOC takes advantage of the huge band-
width fiber optic links to build into the SONET concept and protocols
the ability to carry large quanttties of standardized operational
information in order tec provice the potential for remote provisioning,
active performance monitoring, and remote network re-configuration

In 1990 and 1981, the SONET Release 2.0 Product will concentrate on
the development of standards and Generic Requirements, as the
messages, protocols, and 0SS linkages provided by the EOC are defined
and incorporated into Bellcore equipment and system Generic Require-
ments. Also, due to the major impact on ODperations, Maintenance,
Administration and Provisioning (OMABP) systems, the emphasis on
Operations Technology requirements work will be a larger element of
the work in Release 2.0 than it Wwas for Relsase 1.0.

In the 1992 and 1983 timeframe as vendor squipment cdeployment occurs,
the complaxion of the Relemase 2.0 Preduct will change. The effort
on standards and reguirements will level out or decline, and the
work wiil transition to a stronger smphasis on Technical Analysis

of vendor product and systems.

With this in mind, the scope, and some ¢of the major guiding principles
of tha Release 2.0 product are as follows:

Major Goal:

To drive the implementation of a2 sophisticated, flexible,
fiber optic transport infrastructure inte the BCC networks in
a cost efficient and effective manner.

Archi tecture:

The SONET Release 2.0 Product will iupport the transition from
the simple point-to-point and tree archtitectures provided by
Release 1.0 into flexible and survivable ring and mesh

topologies.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:
SONET RELEASE 2.0 INFRASTRUCTURE 1wWo2 11

PROJECT OVERVIEW:
Multi-Vendor Compatibility:

SONET Release 2.0 will drive the creation of standards/
requirements for both equipment and operational aspects of

SONET so that the BCCSs can achieve a true multi-vendor

environment on both the transmission and operational support planes.

Enhanced Transport Network Capabilities:

The SONET Relase 2.0 will examine the potential for enhanced
fnetwork capabilities such as sutvivability, dynamic bandwidth
allocation, amd remote network configuration, and then define and
drive for these capabilities to be standardized and {ncorporated
in such a manner so as to preserve interchangability between
differing vendors’ equipment and systems.

DESCRIPTION OF 1291 WORK:
1991 Work in this project includes:
Product/Project Management:

This project includes the nesded Product/Project Management
effort needed to plan the SONET Release 2.0 effort, and snsure
that resources devoted to the total product are used in the
most efficient anc sffective manner possible.

Network Archttecture/Economic Analysis:

This project incluces Network/Economic analysis of the
potential architectures possible under SONET Relwass 2.0,

and how thase architectures can contribute to the Information
Networking vision, and provide new capabilities such as rapid
provisioning, improved survivability and the ability to support
new services.

Generic Requirements:

This area is the primary smphasis of the project in 1891.

It inciudes the development and mainternance of Generic
Requiremants in the equipment, operations techmology, and
quality and retiabtlity areas. These documents are used by
equipment and 0SS suppliers as ¢ basis oh which to design
products that meet the BCCs’ technical and business needs.
Bellcore participation in, and coordination with, Standards
bodies is also an integral and essentizl element of this
work, Establishment of appropriste standards snsure that the
BCCs' requirements and resulting networks are ih step with

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project NOD.:
SONET RELEASE 2.0 INFRASTRUCTURE 1WO211

DESCRIPTIDN OF 1991 WORK:

national and international.directions, and enable them to reap
the benefits of global economies realized by vendors, These
reguirements will alsc be used in later (post 1881 Technical
Analysis of vendor equipment as the standards against which the
squipment being considered by the BCCs is analyzed.

Laboratory Capabilities:

The project alsec provides for the development of laboratory

capabilities for the testing of vendor provided SONET

Release 2.0 compatiblie squipment and 0S5Ss. The necessary -
knowledge base, test equipment, software, and procedures must

be provided to enable analysis to be performed {(equipment

reguiring analysis is expected to be avzilable starting

tn early 1882) to ensure that the vendor equipment being

cons idered for purchase by the BCCx in fact meats the

regquiremants they have specified.

NOTE: Regquirements development work related to Quality
Surveilliance are not provided under the S0ONET Release 2.0
product, but rather are provided as an element of the Bellcore
Quatity Surveillance Product, as these requirements are generic
to all suppliers in general, and are not specific te SONEY

equipment .

DELIVERABLES:

No - KBD

Originai: Coemmitment Date: ONGOD
Provide quarterly Product Progress Report on Product and Project

Management efforts in Support of SONET Relemase 2.0. Report to intclude
status of major deliverables, potentia]l jscpardies, and action plians.

Report to be mailed to NTAQS PSG & other designated client repressntatives
on 4/30/91, 7/31/%1 & 1/30/82.

No: KB1

Original: Commitment Date: 1291
Develop & Network and Operations Plan. This plan will provide the cutline
for evolution of the BCC transport capability to a flexible, SONET based
network with substantial network/operations synargy. Economic analysis of
various options will also be included. Final Plan to be mailed to N&OA PSG
and other designated client representatives by 12/31/81. Interim Status
Report - 7/31/91%.

PROPRIETARY - Bellcore anc Authorized Clients Dnly
See Proprietary Restrictions on Title Page
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Project Name:
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DELIVERABLES:

No: K52
Original: Commitment Date: 1291

Conouct a major study and analysis of Surviviability options and archi-
tectures available with SONET. The analysis will include: probability
risk analysis of root causes, Network/Economic analysis of architecture
options, and resulting technica! implications. Publish as Technical
Memorandum and matl te NADA PSG, NTAQS PSG and BCC/Bellcore SONET Planning
Team by 12/31/81. Interim Status Report - 7/31/81.

No: K53

Original: Commitment Date: OB91
Conduct analysis of compatibility issues affecting planning for Carrier-to-
Carrier tnterface. Publish as Technical Memorandum {TM} and mail to NaOA
PSG, NTAQS PSG, and BCC/Bellcore SONET Planning Team by 6/91,

No: K55

Original: Commitment Date: 1281
Develop necessary requireamants and criteria to provide both equipment and
operations requirements such as software download, LAN tnterconnections,
enhanceded DCC security, etc. for SONET Release 2.0. Include these re-
quirements in new releases of appropriate Technical References. Mat)

Status Reports on progress and results to designated client representatives
on 7/31/91 & 1/31/82.

No: K57

Originai: Commitment Date: 1291
Provide status report on Generic and Network Elsment specific documents
updated as required to specify relfability/avatlibility requirements for
SONET Network Elements. Issue status report to Transport Panel, Quality

& Reliability Panel, and BCC/Bellcore SONET Planning Team on 7/31/01
1/30/92.

No: KBB

Original: Commitment Date: ONGD
Provide on-going Bellcore participation in standards activities on SONET
transport and operations interface (SONET Release 2.0 capabilities) issues
to contribute to, and influence standards that support BCC business needs.
Mail status reports on prograss to designated client representatives on
7/31/81 and 1/31/92,

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrigtions on Title Page
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Project Name:

SONET RELEASE 2.0 INFRASTRUCTURE 1W0211
DELIVERABLES: {CONT )
No: KBS

Original: Commitment Date: 1281%
Publish Technicat Advisory (TA) on Operations Systems/Network Element &
Network Element/Network Element interface generic requirements (ASN.1
messages) for an snhanced set of operations functions. TA to be mailed

to industry and N&OA PSG by 12/31/81.

No: KB1 -

Original: Commitment Date: 0781
Publish a2 Technical Memorandum (TM) on "SONET Nested Protection Switching
Criteria”. This {s a pre-curser to standarizstion and documentation in a

Technical Advisory {in 1882. Mail TM to NAOA PSG, Transport Panel, & 8CC/
Bellcore SONET Pianning Team by 7/31/91,

No: KB2

Original: Commitment Date: 0981
Issue Supplement t to TR-TSY-000486 (SONET ADM} to provide criteria for
uni-directional, path protection switched, ring applications., This TR will
be available for order and shipment to industry from Belicere, and will be
mailed to the NADA PSG by 8/30/91.

No: KB3

Original: Commitment Date: QNGO
Develop Technical Analysis lab capability for analysis of SONET Release

2.0 capability equipmaent. Mail Status Repeort to Transport Parel and BCC/
Belicore SONET Planning Team by 12/31/91.

No: KB4
Original: Commitment Date: 0381
Concuct a study of the ecomomics and applications of Uni-directional vs,
Bi-directional rings, as 2 too] for setting priorities for developmant of
standards and requirements. Publish as Technical Memorandum (TM), and
;7;l/:o NADA PSG, NTAQS PSG, and BCC/Bellcore SONET Planning Team by

1/91,

PROPRIETARY - Betllcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No. :
SONET RELEASE 2.0 INFRASTRUCTURE 1Wo211

DELIVERABLES:

Ne: K65
original: Commitment Date: 0691

Pubiish a Technical Memorandum (TM) documenting SONET features and
capabilities for use and reference by new services planners and the BCCs
and Bellcore. Mail to NaOA PSG, NTAQS PSG, Transport Panel, and BCC/
Beilcore SONET Planning Team by 6/30/91.

PROJECT FUNDING DEPENDENCIES:

109y

Receives From:
IWO111 1ONS2X
Provides To:

1Wo111

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work slements in this project serve as the foundation for
the balance of the work tn the SONET Relaase 2.0 Product.

One of the primary outputs, Generic Reguirements, are

placed in the public domatn in the foerm of Technical Advisories
{TAs)}, Technica) References (TRs), and Technical Requirements
Industry Forums (TRIFs). Thase documents and forums are open
to all members of industry. The laboratory capabitities are
for development and maintenance of test squipment, procedures,
and the knowledge base and skills needed to conduct product
specific product analyses. These capabilities are then used
by 211 clisnts who have any type of analysis conducted in the
future. Network Architecturs and Economic Analysis work must
also ba shared to achieve its full value, The Product/Project
management activities provice an overall structure to the
preduct, and snsure the proper coordination of the diverse
elaments and organizations.

The substantial benafits of this project accure to 211 Owner-Clients

anc are unable to be preventsd from accruing to an Owner-Client
who might elect not to participate in this project,

PROPRIETARY - Belicore and Authorized Clients Only
See Proprietary Restrictions on Titie Page
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Project Name: Project No.:
SONET RELEASE 2.0 INFRASTRUCTURE 1WO211

Tel. No.:

Bellcore Project Manager:
(20%) 829-4757

f E WHITE

Bellcore Program Manager: Tel. No
N/A (N/A) =
Bel'lcore Subject Matter Expert: Tel, No.:
J M CLARK {908) 75B-4585

Bellcore Product Mame:
SONET REL. 2.0

This Prpject supports the following Major Product(s):
SONET REL. 2.0

Coungil: i Committee: i Forum:

RESEARCH 8 NETWDRK , NETWORK STAND. & ARCH. i NOT APPLICABLE

tEE R TECSrFrErEXi i SR ECEEERrEE SR TS ESEE g R EEER O ER L RSN EEERERRLIRIZIEFREESEREETEWRWEE=SE

SocoBpoomeocCoacooEe FUNDING REQUIREMENTS-----c--mcscemc s s cmmr s e e mcm e e

Project Type: f work Category: ; ; Start Date: 01/81
| | ! Completion Date: 12/91

INFRASTRUCTURE | NEWLY ESTABLISH | SINGLE-YEAR | Revised Comp Date: /

I I TS A X EENEEFCE YN EEC T N E A E I CE TN ER S EE N R I I EE = N L XA R PR T E X AR I T EENERENASERENFET R

------------------- FUNDING ALLOCATION--=c-sevroemcrerr o cmceerr s rencnens
Allocation Basis: 01 ! Firm Quote: NO

T I T RS SN EAEREE TR EEEEE TS - EREE R CEEETETEREE o CYNEREEE NN EER AR ECFEENERLLEFETRNEERENEKEETEEERR
Nen Affiliate Participation in this Project atlowed: YES

Non Affiliate Participants:
SHNET CBI

Fund

Owner Flag Name Title Telephone #

aM v W wesTemwoLo SR DIR - NETWORK SERVICES 312-808-2074
BA Y R. ALBERS AVP - TECHNOLDGY PLANNING 703-974-3848
as Y D. A. KETTLER AVP - SCIENCE & TECH 404-829-2802
NX Y R. H. HELGENSEN MANAGING DIRECTOR 914-287-2034
PB Y R. K. IRELAND AVP - TECHNOLOGY PLANNING 4£15-823-7800
Sw Y J. CARPENTER APV - TECHNOLOGY PLANNING 314-23%-1550
us Y D. NC CULLOCH DIRECTOR 303-896-83870

P fE I IR I E I rEr X TR AT E IR EF S E I N NS E I IR F S EEEEEE R EE R R R E L EFEEETr TR EFEERRRArREERETIET

Research Tax Credit Application:

EEE EN IR Y EERE LR S SR TSI X ErEEEF T RETCEEY FEECrIREE ST T T EREEFEESEEEEENRFESEEXNERESEEESER
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Project Name:
FITL REQUIREMENTS & ARCHITECTURE PLNG
Bellcore Product Manager: Tel
J. R. PALLADINO

Project No.:

1W1511

. No._:

(201} B29-4138

This Project is a Component of the Bellcore Product:
FITL

Significant Change Date:
08/31/90

PRDJECT OVERVIEW:

This project provides Generic Reguirements, Standards Support, and
Technical Analysis Capabilities in support of providing basic i
telecommunications services (existing tariffed services, such as PQTS,
voice frequency specials, basic rate ISDN, etc.) over fibar in the
distribution plant. In addition, it provides for the development of a
prospectus and corresponding assessment of the technology impact to
support vides transport and transport of future broadband services,

This project consolidates and augments current 1990 efforts to address

near term ceployment of Fiber to the Curb (FTTC)}/Fiber to the Home
(FTTH) and is focused on accelerating the development of technical
criteria necessary for successful BCC ceployments of vendor products
to meet both residentiaz! and smal) business nests using Fiber in the
Loop (FITL).

Volume deployment s viewed as requiring available mechanized flow-
through operations support (with minimal work around), and an
evolution path to support the transport of video and broadband
services. Although the Operations Systems (0S) work effort to assure
0S5 support within the deplcymant time frame is not funded under this
Network Segment project, the development of network element generic
requiremants and generic 0S/NE interface requirements for oparations
are included,

DESCRIPTION OF 1991 WORK:

Bellcore will contribute to national and internationa! standards
supporting BCC interests in fiber cable/components, system

appiications, and quality and rel{ability. Contributions will focus on

test methods, component and system parameter definitions, and
technology implementations. Gereric reguirements documents will be
devaeloped or modified to roaflect component and system level
requirements for tha use of fiber in the loop. Participation in the
standards organizations and continued dialogus with the vendor
community will sxpadite the requirements development process and help
snzure the availahility of esguipment consistent with BCC deployment
needs. Work will continue on developing and documenting local and

central ized powering options associated with FTTC and FTTH deployment,

25 well as battery back-up technology and requirsements. Network
element genaric regquirsments and generic 0S/NE interface requirements

PROPRIETARY - Bellcore and Authorized Clients Only
This dogument contains proprietary information that shall pe
distributed or rcuted only within Bellcore and 1ts authorized
clients axcept with written permission of Be)licore.
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Project Name:

FITL REQUIREMENTS & ARCHITECTURE PLNG ALAL-S R

DESCRIPTION OF 1881 WORK:

for surveiliance, testing, memory administration, networik data
collection, and network traffic management Will be formulated for
delivering existing telecommunications services on Fiber in the Loop.

Deployment guidelines to support the initiai celivery of basic
telecommunications services will be released and will inciude
information on ways to upgrade the initial deplioyment to provide video
transport and future broadband services., In addition, a prospectus
wi{ll be developed assessing residential video transport opportunities.
To support future migration of near-term deployed FITL to a target
broadband network that may employ SONET/ATM, studies will be conducted
te assess both network technologies and signaling capabilities :
necassary to support future services. :

Loop transport system reliabi{iity and availability models will be
deveioped to determine appropriate system/component downtime
allocations to ensure that customer service availability objectives
are met. These models and information on other reliability issues will
be used to update or issue new generic requirements for
systems/components, and the Reliability and Quality criteria specific
te FITL systams.

Test methods and procedures will be developsd to support contributions
to standards organizations and to support technical analysis of FITL
supplier products.

DELIVERABLES:

No: DO1
Origina!: Commitment QDate:

Network and Oparations Architecture Product Support Group (NADA PSG)
summarizing ongoing activities and contributions to Naticnal and
International Standards in the areas of FITL systems, optical media and

componants for loop applications, and transport system and device guality

and retiability.

No: 002
Original: Commitment Date:

Quarterly status reports (4/91, 7/91, 10/91, and 1/92) will be mailed to

the NADA PSG summarizing ongoing activities in issuing new and revised
generic requirements documents on distribution fiber and cable,

ONGO
Quarterly status reports (4/81, 7/81, 10/81, 1/92) will be mailed to the

ONGO

distribution and service terminal closures, optical branching devices, and

source/detector modules supporting basic telecommunications services on
fiber,

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1891 FINAL PROJECT OFFERING

Project WName: Project No.:

FITL REQUIREMENTS 8 ARCHITECTURE PLNG 1W1511
DELIVERABLES: (CONT .}
No: 003

Driginal: Commitment Date: 1281
Technical Reference TR-808 on FITL systems for delivery of basic
telecommunications services on fiber will be mailed to NADA PSG and will be
available for ordering by clients and industry by 12/81. The TR wilt

inciude requirements for powering for the ONU and reliability and quality
reguirements. The TR will also include requirements for generic operations
functions and for the generic OS/NE interface.

No: 0D4 .
Original: Commitment Date: 129%

A Technical Advisory covering methodologies for optical and electrical in-
service performance monitoring and maintenance of multichannel NTSC video
transport will be mailed to the NAQA PSG and to industry by 12/91.

No: 005
Original: Commitment Date: 1291

A Technical Memorancum will be maited to the NAOA PSG by 12/81 providing
deployment guidelines for the delivery of basic telecommunications services
over fiber in the loop, including upgrade considerations for videco
transport and future broadband service delivery. These guidelines wil)
recommend the economically optimum means of deploying fiber in the lcop in
urban, suburban, and rural envirenments.

No: 008

Original; Commitment Date: 09891
A prospactus will be mailed to the NADA PSG by #/81 summarizing residential
video transport opportunities.

No: 007

Original: Commitment Date: OBS1
A Technical Memorandum will be mailed to the NADA PSG by 8/81 assessing
network technologies and required signaling capabilities to support the
evolution of FITL systems to SONET/ATM, future broathand services, and
switched digital videc services.

PROPRIETARY - Bellcore and Authorized Clienmts Only
See Proprietary Restrictions on Title Page
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1991 FINAL PROJECT OFFERING

Project Name: Project No. .

FITL REQUIREMENTS 8 ARCHITECTURE PLNG W15 11
DELIVERABLES : (CONT . )
No: 008

Original : Commitment Date: 1291

A status report will be mailed to the NaOA PSG by 12/81 summarizing
activities leading to a Technical Advisory on signaling capabilities to
support the svolution of FITL systems %to SONET/ATM, future broadband
services, and switched digital video services.

No: 008

Original: Commitment Date: ONGD
Status reports will be mailed to the NAOA PSG on 4/81, 7/91, 10/81, and

1/92 summarizing the development of new and enhanced requirements related

to the reliability and quality of FITL systems and compenents, including
ecuipmant availability objectives, system qualification tests, and viceo
transport,

No: 010

Original; Commitment Date: ONGO
Status reports willt be mailed to the NAOA PSG on 4/81, 7/81, 10/81, and

1/92 summarizing the development of test methods and equipment necessary to
support the technical analysis of FITL systems, optical fiber and cables,
and passive and active optical componants.

No: 011

griginal: Commitment Date: ONGO
Status reports will be matled to the NZOA PSG on 4/81, 7/981, 10/81, and

1/92 summarizing Proguct and Project Management activities, {dentifying
coordination of work efforts among BCC Procuct Teams/Proouct Support

Groups, Bellcors intersegment work coordinatfon, and overall project

status.

PROJECT FUNDING DEPENDENCIES:
1591
Receives From:

10NS2X

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page




BELLCORE Page:

/%/57

Date Printed: 10/04/90

1991 FINAL PRDJECT DFFERING

Project Name: Project No.:
FITL REQUIREMENTS & ARCHITECTURE PLNG 1wWi1511
PROJECT FUNDING DEPENDENCIES: {CONT )

Provides To:

1W1571 1W1572 1W1573 1W1574 1Wi575 1W1576 1W1E77

REASON FOR INFRASTRUCTURE CLASSIFICATION:

This project produces and supports deliverables calied Generic
Requirements that are placed in the public domain in the form of
Technica)l Advisories, Technical References, and Technical Requirements
Industry Forums. These documents and forums are available and are
open to all members of industry. All Owner- Cl{ents substantially
benefit from the network capabiifties and cost avoidances resulting
from the new features and functiens vendors of network eguipment
provide based on these deliverables.

The substantial benefits of this project accrue to all

Owner-Clients and are unable to be preventedc from accruing
to an Owner-Client who might etect not to participate in this project.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprierary Restrictions on Title Page
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Date Printed: 10/04/80

1981 FINAL PRDJECT OFFERING

Project Name: Project No. .

FITL REQUIREMENTS 3 ARCHITECTURE PLNG 1Wi1s511
Bellcore Project Manager: Tei. No. -
DES BURPEE ! e (201) B28-4062
_-;; ----- ;---—am &;na er: Tel. No
z?A core Froor ° {N/A) =
------------------------------- Tel. No

Bellcore Subject Matter Expert:
J R PALLADIND

Belicore Product Name:

FITL
This Project supports_the following Major Productis):
FITL
Council: i Committee: i Forum:
RESEARCH 5 NETWORK . TECH. PROCURE. SUPT. ; NOT APPLICABLE
XA AL EFEE T AR EEE P S - r PR RS F = r# E P EErEE TS EXNE SR IR CEEEEERE XN EEEEERETERREESRCCSILSEET T
------------------- FUNDING REQUIREMENTS - - = --cccmmmemtommm o imnmm o oanes
Project Type: F work Category: i i Start Date: 01/91

[ | i Completion Date: 12/91
INFRASTRUCTURE | NEWLY ESTABLISH |, SINGLE-YEAR | Revised Comp Date: /
FEEEEA SRR S EFFFIC S L B FEEr N IS S FEE N R EE R EEEE R IR ECE R EREEEEE L EEEEECXNARAEREEETESE Y EERTY
------------------- FUNDING ALLOCATION----=r-----stcnootonao e enan
Atlocation Basis: O f Firm Quote: NO
FEEFEF AR EEEC I AR R T EREEFEr R RS N TSR NE S ET EE S EF RN ICTEXRRERC IS CEEASENNERFECEIEIREER
Non Affiliate Participation in this Project allowed: YES

Non Affiliate Participamts:
SNET CBI
Owner-Client Representatives:
Fund

Owner Flag Name Title Telephone ¥
AM Y D. LATTNER AVP - TECH. SVCS. 708-805-2500
BA Y R. ALBERS AVF - TECH PLNG 703-874-8008
8BS Y D. KETTLER AVP. - SCI. & TECH. 404-529-8822
NX Y R. HELGESON MNG. DIR. - NTWK., PLNG. 814-287-2034
PB Y T. EDRINGTON AVP - SCI B TECH 415-823-2999
sW Y J. CARPENTER AVP - TECH. PLMNG. & DEV. 314-235- 1850
us Y J. CZAK DIR -~ NTWK ARCH & STDS 303-899-8408

P EFEF T E R rFE R A E XIS ErF T rE N rIE IR rF TS TR EE S EE N REECE T rF IFEA SR EF F“E RN EREEFREEERESET 2

Research Tax Credit Application:

FEEEF TRy EE RN R R FEECrE I T X FCTHECE T CF T CFEICE T LN ER I FFEFEEE E P E X ENEFEEEIFEFrEXCREETIEETER

PROPRIETARY - Bellcore and Authorized Clients Only
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1981 FINAL PROJECT OFFERING

Project Name:

SMDS PHASE 2 PLNG & REQUIREMENTS 1R2112
Bellcore Product Manager: Tel. No.:
J. SHANTZ ({908) 758-2181

This Project is a Component of the Bellcore Product:
SMDS PHASE 2

Significant Change Date:
08/31/90

PROJECT OVERVIEW:

As a market-driven follow-through to the initial high

speed data service initiative undertaken in SMDS Phase 1, it is

necessary that SMDS be expanded to become a more uniform, consistent -
national service with much broadar, more ubiguitous deployment than N
that of Phase 1. The primary goal for Phase 2 is to increase market
presence and provide national connectivity. This is the time frame in

which the BCCs can establish themselves as major players in the high

speed data services market. SMDS Phase 2 is designed to support a

broader service deployment and national service capabilities.

The major objectives of SMDS Phase 2 are:
© A multi-vendor switch environment;

o Interexchange Carrier access service;

o Fully mechanized ocperations;

o Customer Network Managemant (CNM)}.

For all of these objectives, 1981 is a key year for cdeveloping Generic
Requirements sc that vendors will have adequate time to build
equipment for the targeted 4082 deployment date.

DESCRIPTION OF 1991 WORK:

The 1981 work effort to support Phase 1 SMDS will focus on the four
major objectives of providing a multi-vendor switch snvironment;
interexchange carrier access service for a naticnal service
capability; mechanized operations; and CNM.

The muiti-vendor switching environment wi!l be accomplished through
the specification of an Interswitching System Interface (ISSI}. Arsas
requiring work inctuce network and protocel architecture and interface
and oparations technology requirements. Thase afforts will require
working closely with network squipment vendors.

The effort toward a national service capability will include service
planning, sconomic and market analysis, operations technology
recquirements, billing requirements and the specification of tha
Interexchange Carrier Interface (IC1). The national service capability
will require extensive interactions betwsen the BCCs and tha {ndustry,
in particular interexchange carriers.

PROPRIETARY - Bellcore and Authorized Clients Only
This document contains proprietary information that shall be
distributed or routed only within Bellcore and its authorized
clients except with written permission of Bellcore.

FO1A032Z

/e /59
il
£

0005290
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Date Printed: 10/04/90
1981 FINAL PROJECT OFFERING

............................................................................

Project Name: Project No.:
SMDS PHASE 2 PLNG & REQUIREMENTS 1R2112
DESCRIPTION OF 1931 WORK: (CONT.)

Mechanized operations wil) be specified and develcped based upon the
experiences of the Phase 1 trials, customer studies on additional

services, marketing and operations planning.

The cevelopmant of CNM features reguires market, service and
cparations planning in addition to their specification in Ganeric
Requirements. These efforts will reguire working closely with the
BCCs, their customers and CPE vendors.

DELIVERABLES:

No: 001

Original: Commitment Date: 1Q91
As part of the NSTP Process, a Network and Operations Plan will ba
developed for Phase 2 SMDS and issued to cesignated client represantatives,

No: Q02

Original: Commitment Date: 1Q891
issue to the Ingustry TA-1081 specifying the Operations Technology generic
requirements for the Intearaxchange Carrier Interface (ICl) for Phasa 2

SMDS. These requirements suppiement the 4280 release of the ICI
requirements.

No: Q03
griginal: Commitment Date: 2Q91

Issue to designated client repreassntatives a SR on Reverue Accounting
Office (RAC) Impacts of Exchange Access SMOS for Phase 2 SMDS.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1981 FINAL PROJECT OFFERING

Project Name: Project No.:
SMDS PHASE 2 PLNG & REQUIREMENTS 1R2112
DELIVERABLES: (CONT . )
No: 004

Criginal: Commitment Date: 2Q91
Issus to designated client representatives a SR on the NSCG Feastibility
Analysis on SMDS Phase 2 as a nationa) service, to support a BCC National
Pianning Letter. Set guidelines to promote and {introduce the service

on a national basis. The analysis will address the issues identiftied

tn the SMDS National Service Prospectus; etther resclving the issues

or stating tha pesition taken on tha issue.

No: 005 = .
Crigfnal: Commitment Date: 3Q81
Issua TA-1082 to the Industry specifying the tnitial set of Customer
Network Management features, to be offered in conjunction with Phase 2

SMDS . .

No: 008

Original: Commitment Date: 3Q81
Issue TA-1059% (Issus 2) to the Industry of the InterSwitehing Interface
(1$51) generic requiremants for Phase 2 SMDS. This issue will incorporate
industry comments received on TA-1058 Issus 1.

No: 007
original: Commitment Date: 4Q81

Issue TA-1080 (Issus 2) te the Industry of the Exchange Access SMDS
requirements for Phase 2 SMDS.

No: OO0B

Original: Commitment Date: 3Q91
Deliver a document on the results of preliminary lasboratory testing

efforts for Data Communications Service Concepts. This sctivity will.
support SMDS via hands-on analysis of service opportunities. |

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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BELLCORE Page: 4
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1891 FINAL PROJECT OFFERING

Project Name: Project No.:
SMDS PHASE 2 PLNG 8 REQUIREMENTS 1R2112

PROJECT FUNDING DEPENDENCIES:
1851
Receives From:

10NS2X
REASON FOR INFRASTRUCTURE CLASSIFICATION:
The substantial benefits of this project sccrue to all Owner-Clients

and are unable to be prevented from accruing to an Dwner-Client who -
might slect not to participate in this project.

PROPRIETARY - Bellcore ancd Authorized Clients Only
See Proprietary Restrictions on Title Page
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BELLCORE Page: -]
Date Printed: 10/04/90
1881 FINAL PROJECT OFFERING

Project Name: Project No, :
SMDS PHASE 2 PLNG & REQUIREMENTS 1R2112
Belicore Project Manager: Tel. No.:
N/A (0001 000-0000
Bellcore Program Manager: Tel. No.:
N/A (N/A) -

Bellcore Subject Matter Expert: Tel., No.:
NA {000} 000-0000

Bellcore Proguct Name:
SMDS PHASE 2

This Project supports the following Major Product(s):
SMDS PHASE 2

Council: i Committee: i Forum:

RESEARCH & NETWORK ; NETWORK STAND. & ARCH. | NOT APPLICABLE

PR E R R IR R E R R YRR T AN R EERTE R E R R EEFEEREEN I SIS S IFESSFSEESENFEEEEENNEEESEERERSESEEER

------------------- FUNDING REQUIREMENTS-- - - --o--- oo oo

Project Type: i Work Category: i i Start Date: 01/91
| | ' Completion Date: 12/92

INFRASTRUCTURE | NEWLY ESTABLISH | MULTI-YEAR | Revised Comp Date: /

EERFEEEEEN EE EEE EEEE S EE N AN SR EE EEE RN ESNIFEERELrIEr I I E N EEEEEE R D RN N R FEEREEENEEXEIXEEEETETX

------------------- FUNDING ALLOCATION====cnamomc oo

Allocation Basis: 01 ! Firm Quote: NO

 EF rrEE FEEEEEE NN E N R E N RN EN A EE I I N E S E S R R E P E ST E I EE T I FE S INEEXEEEEEEEIEETEEIIEITE

Non Affiliate Participation in this Project allowed: YES

Non Affiliate Participants:
SNET cBl

Fund

Owner Flag Name Title Telephone ¥

v o catreer AVP - TECH. sves. 312-805-2500
BA Y R. ALBERS AVP - TECH. PLNG. 703-874-8805%
Bs Y D. KETTLER AVP - SCI. & TECH, 404-3529-20802
NX Y R. HELGESEN MNG. DIR. NTWK. PLNG. 914-883-2024
PB Y R. IRELAND AVYP - TECH. PLNG. 415-823-7800
SW Y J. CARPENTER AVP - TECH. PLNG. & DEV. 314-235- 1550
us ¥ J. CZAK DIR, - NTWK. ARCH. & STDS. 303-889-8400

R E R R N P FE X R I E TR RN E AR I E T AN ENFE NN EE NN FEEEFNFEN NN FUFESNSENETNEER

Research Tax Credit Application:

LA X E 2 XSRS R RS EERE RS ERERE SRR SRR ER R RRRRESERERERNERARENESES:ERSSESSESSJ
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BELLCORE Page: s
Date Printed: 10/04/90
1991 FINAL PROJECT OFFERING

Project Name: Project No.:
BISDN PHASE t PLNG & REQUIREMENTS 1R3011
Bellcore Product Manager: Tel. No.:
J. SHANTZ {808) 758-2161

This Project is a Component ¢of the Bellcore Product:
BISDN PHASE 1

Significant Change Date:
08/31/90

PROJECT OVERVIEW:

Broacband Integrated Switched Digftal Network (BISDN) is

a2 long term network delivery sector target that can provide .
integrated transport and switching for many different information
services with varying traffic characteristics, e.g., voice services,
video services, high speed data services, multi-media services.
Currently vendors and standards bodies are making rapid progress
towards daveloping initial BISDN equipment and defining BISDN
standards which will have long term implications for Bellcore
Client Company (BCC) BISDNs. In order to move towards a standard
tong term BISDN in a cost sffective manner (avoiding the

costs of moving from initial vendor proprietary equipment
deployment to a standard BISDN envirornment), initial BISDN
deployment should be based on standards and/or requirements.

BISDN Phase | will provide integrated access for a core set of
initial capabilities. Thase capabilities include: high speesd

(DS1, DS3, 155 mbps SONET) connectionless data applications

(e.g., CAD/CAM, medical tmaging) via SMDS, Variable Bit Rate (VBR)
connection oriented data services, switched point to point video,
videoteleconferencing, switched and semi-pasrmanent constant

bit rate applications (e.g., DS1, DS3I, fractional DSt and fracticnal
DS3). Longer term BISDN planning work will be contained in the
BISDN Phase 2 Planning project (INet), and additional Broadband
services work will be worked in the Product Concepts and Opportunity
Analysis product.

The 1991 BISDN Phase 1 product will be in the early portion of the
Requirements, Davelopment and Depiocyment stage of the Network Service
and Technology Process. The project will focus on making sconomic use
of Belicors resources, in conjunction with standards bodies and
vendors, to support a stancard initial BISDN depioyment in the 1984
~-1985 ¢time frame. In addition this project will provide network
pianning, opesrations technology and operations systems analyses needed
to support an initial BISDN deployment,

DESCRIPTION OF 1991 WORK:

The 1981 work for BISDN Phase 1 has two main components. Tha first
component is network and operations planning werk for Phase 1 BISDN.

PROPRIETARY - Bellcore and Authorized Clients Only
This document contains proprietary information that shall be
distributed or routed onlty within Bellceore and its authorized
clients except with written permission of Belicore.
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BELLCORE Page: 2
Date Printed: 10/04/90
1991 FINAL PROJECT OFFERING

Project Name: Project No.:
BISON PHASE 1 PLNG 3 REQUIREMENTS 1R3011
DESCRIPTIDON OF 1991 WORK: (CONT )

The second component is genaric requirements, standards contributions
and industry interaction which involves working with vendors and
industry standards bodies to ensure that initial BISDN egquipmant is
standards based, to the extent possible. Included in this work is
ongoing intaraction Wwith vendors, e.g., industry forums, BISDN RFls,
meetings with individual vendors,

The network architecture and operations planning work will be focused

on analyzing the key architectural, operations, market, and regulatory
aspects of BISDN Phase 1. An important part of this work will be the
tcentification of Phase 1 BISDN users and the nesds cf these users,

which will be used to define the network and operatiens functionality -
required to meet these needs. This work will lay the framevork for
subsequent generic requirements, and standards contributions.

The outputs of the generic requirements and standards work will be
Technical Advisories and special reports on certain key aspacts of
BISDN protocol, BISDN interfaces, and B8ISDN network element operations
functionality, as well as ongoing contributions to the CCITT and T1
standards groups. These twe activities are complementary since
standards body recommendations can provide the foundation for generic
requiremaents. '

DELIVERABLES:

No: 001

Original: Commitment Date: 2Q91
Industry Forum on BISON will be held by Bellcere. This TRIF tike forum

will provide an opportunity for direct industry interaction on initial

BISDN depioyment, e.g., 1990 BISDN Framework TAs, initial BISDN services.

No: 002

Original: Commitment Date: 2Q81
Framework TA (FA-TSY-001112) on ATM Protocol specification will be mailed
to the industry from Beilcore on 6/30/91. This document will defina
functions and procedures for tha ATM Layer within tha BISND Protocol
Raference model. Along with industry feecback, and standards progress

on ATM this FTA will provide input to a 1992 TA.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:
BISDN PHASE 1 PLNG & REQUIREMENTS 1R3011
DELIVERABLES: (CONT .)
No: 003

Original: Commitment Date: 3Q91
BISDN Network and Operations Plan SR will be mailed to designated client
representatives by $/20/91, This SR wil) provide a network architecture
for BISDN Phase 1 (and Phase 1 services), tdentify operations impacts of
BISDN on (0Ss and NEs, and provide an allocation of operations functionality
batween 0Ss and NEs.

No: 004 : .
Original: Commitment Date: 3Q%1
Protocol Architecture for SMDS Over BISDN UNI SR will be mailed to
designated ciient representatives by 8/30/91. This SR will cefine a
preliminary protocol architecture for providing SMDS over a BISDN

access line.

No: 008
Criginal: Commitment Dare: 4Q81

Issue 1 BISDN User-Network Access Signallng TA (TA-TSY-001111) will

be maiied to the industry from Bellicere by 12/31/91. This TA will define
user-network signaling (which is sxpected te build on the Q.831
recommendation for marrowband ISDN) for BISDN.

No: 008

Original: Commitment Date: 4Q91%
Issus 1 BISDN Interface Framework TA (FA-TSY-001113) will be mailed to

the industry from Bellcore by 12/31/81, This doucment will provide
preliminary interface requirements for the tUser-Network Interface (UNI),

and the Network Node Interface (NNI), and Interworking units (Iwu).

No: 007 .
Original: Commitment Date: 4Q91
Oparations Technology Strategy for BISDN SR will be matled to designated
client representatives by 12/31/91. This SR will provide an analiysis of

NE operations functionality for BISDN, to be used as input to future
Operations Technology, Switching, and Transport TAs.

PROPRIETARY - Bellicore and Authorized Clients Only
See Proprietary Restrictions on Title Fage
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Date Printed: 10/04/9%0

1891 FINAL PROJECT OFFERING

............................................................................

Project Name: Project No.:
BISDN PHASE 1 PLNG & REQUIREMENTS 1R3011
DELIVERABLES: (CONT . )
No: 008

Original: Commitment Date: ONGO
Ongoing contributions to key standards bodies - will provide ongoing
participation in and contributions tc CCITT and T1 work on BISDN.

Status reports on standards activities related to BISDN will be mailed

to designated client representatives by 8/30/81 angd 12/31/91,

No: 009 -
Original: Commitment Date: 4Q91

An update to the BISDN Phase 1 prospectus wiil be mailed to dasignated
BCC representatives by 12/31/981. This update will incorporate additiona)
economic, market, and stakehoider analysis relevant to tnitial BISDN

deployment.

No: D10
Briginal: Commitment Date: 3Q91

Deliver a document on the results of preliminary laboratory testing
efforts for Data Communications Service Concepts. This acitvity will
support BISDN via hands-on analysis of service opportunities.

PROJELT FUNDING DEPENDENCIES:
18991
Receives From:
1ONS2X
REASON FOR INFRASTRUCTURE CLASSIFICATIDN:
The output from this project will assist BCCs in moving initial BISDN
from the resaarch and planning stage to initial deployment i{n BCC
networks. Future Bellcore work on BISON, as well as other f2slicore

products such as INA ancd INet will depend upon work completed in this
project.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Titie Page
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............................................................................

Project Name: Project No.:
BISDN PHASE 1 PLNG 3 REQUIREMENTS 1R3011
REASON FOR INFRASTRUCTURE CLASSIFICATION: {CONT .}

The substantial benefits of this project will accrue to all Owner-
Clients and can not be prevented from accruing to an Owner-Client
whe might etect not to participate in this project.

PROPRIETARY - Bellcore and Authorized Ciients Only
See Proprietary Restrictions on Title Page
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BELLCORE Page: 6
Date Printed: 10/04/80

1991 FINAL PROJECT OFFERING

Project Name: Project No,:
BISDN PHASE 1 PLNG & REQUIREMENTS 1R3011
Bellcore Project Manager: Tel. No.:
NA (000) 000-0000
Bellcore Program Manager: Tel. Neo.:
N/A (N/A) -

Belicore Subject Matter Expert: Tel. No.:
NA (000) 000-0000

Balicore Progduct Name:
BISDN PHASE 1

This Project supports tne following Major Product(s):
BISDN PHASE 1

Council: i Committee: i Forum:
RESEARCH & NETWORK | NETWORK STAND. & ARCH. | NOT APPLICABLE
ERE N R I EFEEEFYNCE Y EENEEEFER S ENEENE Y E I TE S EEE I T KRR EERETEINREREEEFLAEEREEAEREEEXRTIERRSSEXR
------------------- FUNDING REQUIREMENTS--=c-sremmemenc e e cacaeeno
Project Type: i work Category: i E Start Date: o1/81

i i | Completion Date: 12/92
INFRASTRUCTURE | NEWLY ESTABLISH ; MULTI-YEAR |, Revised Comp Date: /
 ERE TN I CFEFEEEN E R EEN N E R R EE IS EFEEEEE N EEEE I rA SR FE F AR EEEFEE R EAEEFENEYNVESASAENEEEREFR
------------------- FUNDING ALLOCATION===---sesomrooeeemo o eeuna o maaoes
Allocation Basis: Ot I Firm Quote: NO
N RN S EE N TR PR P E N RN E RN R FrEEA RS EERFEIEE N EF R R E R E EE N E N EEEEEFr R EE SR XN EERERREEEITNRXRERT R
Non Affiliate Participation in this Project allowed: YES

Non Affiliate Participants:
SNET cel
Owner-Client Representatives:
Fund

Owner Flag Name Title Telephone ¥
AM Y D. LATTNER AVP - TECH. SVCS. 312-805-2500
8A Y R. ALBERS AVP - TECH. PLNG. 703-974-8005
as Y 0. KETTLER AVP - SCI., & TECH 404-529-2802
NX Y R. HELGESEN MNG. DIR. NTWK, PLNG. 914-8823-2034
PB Y R. IRELAND AVP - TECH. PLMG. 445-823-7800
SwW Y J. CARPENTER AVP - TECH. PLNG. & DEV. 314-235- 1850
us Y J. CZAK Dlﬁ.- NTWK, ARCH. & STDS. 303-888-84089

IR N R SR NERESER R RS RS2SRRSR S N R AR R R L RS2 R RERSEERESESES SRR ERSESEESE R
Research Tax Credit Application:
A TR EE EE N T R R R A R A T E N R R E S R E R E E F rF R SR R E NN T E R RN E N A RN E NP N P E T RN N E SN PR N REEE R T W
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1981 FINAL PROJECT OFFERING

Project Name: Project No.:
SCAI AND INTELLIGENT NETWORK STANDARDS 1R4127

Bellcore Product Manager: Tel., No.:
C. WILLCOCK (908 758-232t

This Project 15 a Component of the Bellcore Product:
AIN RELEASE 1

New Date:

0B/0B/%0

PROJECT OVERVIEW:

Advanced Intelligent Network Relesaste 1 (AIN Rt} is defirned as the

set of network changes targetad for 1994 that svolve the Bellcore’ _
Client Companies’ (BCCs’') networks toward meeting AIN goals of )
programmabijtty, multi-vendor environment, and standard interfaces,

The R1 architecture will incorporate the attributes of the various

AIN Releases O architectures deployed in 1991 and 1982, increase

their functionality, and bring the network a step closer to the
Information Networking Architecture (INA) target.

The major berefit of this Project is that it provides for Bsllcore
participation in Switch Computer Applicattons Interface (SCAl) and
Intelligent Network Standards activities in CCITY and T1S1. This
participation wilil halp support the formulation of reguirements for
a service-indepandent, vendor-independent platform whieh will
facii{tate the deployment of new revenue-generating services in your
company ‘s network. There is a nesd for consistency, as much as
possible, betwean Bellicors’'s generic requirements for AIN R1 and
emerging standards. Such consistency With national and internationa)
standards will allow a broader ranges of suppliiers to be available and
provide more assurance that products from different suppliers will
interoperate satisfactorily.

This Preject will help Bellcore and the BCCs maintain their technical

leadership position in the Inteliigent Network (IN} arena.

Key assumptions are that:

- Vendor products based on AIN R1 requirements need to be availiable in
the 1984 time frame;

- The requirements will be based on the AIN R1 Baseline Architecture
and the AIN RY Network and Operations Plan.

DESCRIPTION OF 1991 WORK:

Belicore will be active in national and international standards bodies
relevant to IN and SCAI. 1In particular, activities will ba focused on

T1S1 and CCITT.

PROPRIETARY - Bellcore and Authorized Clients Only
This document contains proprietary information that shall be
distributed or routed only within Belicore and its authorized
cliants except with written permission of Bellcore.
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1891 FINAL PROJECT DFFERING

Project Name: Project No.:
SCAI AND INTELLIGENT NETWORK STANDARDS 1R4127
DESCRIPTION OF 1991 WORK: {CONT. }
Bellcore will:
- Provide contributions consistent with our views of AIN and INA and
with the needs of the BCCs.
- Provide service analyses whers thay are needed to support standards
efforts.
- Take organizational and technical leadership roles where possible,
-~ Support BCC commitments to standards and coordinate BCC positioﬁs. -
- Review and comment on other organizations’ contributions to
standards bodies.
Areas in which contributions could be made for SCAI Standards include:
SCAI requirements (applications, service descriptions), SCAl transport
(Q.931, X, 2%, $57), and SCAI protocel {layer 7).
Areas in which contributions could be mide for IN Standards {nclude:
physical architecture options, functional interface specifications
(including internetworking), service analysis, and protocel
spacifications.
DELIVERABLES:
No: 001
Original: Commitment Date: ONGOD
Support for Switch Computer Applications Interface (SCAl) standards
activities, including participation in T151,
No: 002
Criginal; Commitment Date: ONGO

Support for Intelligent Network (IN) standards activities, including
participation in and contributions to Ti1S1 and CCITT,

PROPRIETARY - Bellcore and Authorized Cliants Only
See Proprietary Restrictions on Title Page
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Project Name: Project No. .
SCAI AND INTELLIGENT NETWORK STANDARDS 1R4127
DELIVERABLES: (CONT ., }
No: QO3

Original: Commitment Date: ONGO

Continuaticn of the analysis of the relationship of Switch Computer
Applications Interface {SCAI} te AIN R1.

PROJECT FUNDING DEPENDENCIES:
1991
Receives From:

1RaT11

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1981 FINAL PROJECT OFFERING

Project Name: Project No.:
SCAl AND INTELLIGENT NETWORK STANDARDS tR4127
Bellcore Project Manager: Tel., No. :
N/A (000) 000-0000
Bellcore Program Manager: Tal. No.:
N/A (N/A) -

Bellcore Subject Matter Expert: Tel. Na.:
N/A {000) 000-0000

Bellcore Product Name:
AIN RELEASE 1

This Project supports the following Major Product(s):
AIN RELEASE 1

Council: ! Committee: i Forum:

NOT APPLICABLE ! NOT APPLICABLE i NETWORK SERVICES

TR I I LI EEr X C I E RN F IS E IR ACEEFEEEE IR XSO -SRI IEEEEEEE XTI EERZESREIEENEXNREFEEERET RS

------------------- FUNDING REQUIREMENT S --cs-c-c-occerere oo cceremcanrcaaans

Project Type: i Wwork Category: i i Start Date: 01/81
f | i Completion Date: 12/91

MULTT CLIENT ; NEWLY ESTABLISH |, SINGLE-YEAR | Revised Comp Date: /

PRI E RN T EE N ERXES R E TS N FFEEER AR R E S P ENEEEEISFEEENSE S FFRABREEEESEIREEEEEEATITESTEZEXE

------------------- FUNDING ALLOCATION-v-=m=-cmmmee e mamaeee e

Allocation Basis: O7 ] Firm Quote: YES

FEF I T I E R FEEE I E NN F R P EE R A E NS F Y R E SIS F T LI E S ST E T E N E R EE ECESE R I N ERNETSERRESTY TSR

Nen Affiliaste Participation in this Project allowed: YES

Nom Affiliate Participants:
SNET chl

Fund

Owner Flag Name Title Telephone «
a v o, tatreer AVP - TECH. SERVICES 312-808-2560
BA Y R. ALBERS AVP - TECH. PLANNING 703-674-3008
BS Y D. KETTLER DIR. - SCIENCE & TECH. 404-529-2802
NX Y R. HELGESEN MNG. DIR. - NTWK. PLNG. 914-833-2034
Ps N N/A N/A N/A

1 N N/A N/A N/A

us Y A, BOUTA DIRECTOR 812-344-6118

IR IR E N EE R R P R ¥ E E RN AR N E S N CE NI R FE I IR r I R I FEE N EEE R R R X EEEE N RS RRARENTEEEEER

Research Tax Credit Application:

LA AR R SRS S RN X ESREREE R Rl E RN RS Rl iR R L2 RERTRERER2RR ] 2
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:
INFORMATION NETWORKING ARCHITEC {(INA) 1RE01IN
Bellgore Product Manager: Tel. No.:
N. PETSCHENIK (908) 758-2151
This Project is a Component cf the Bellcore Product:

INF. NTWK. ARCH

Significant Change Date:
08/08/90

PROJECT OVERVIEW:

Bellcore Client Companies (BCCs) need Information Networking

Architecture (INA) to drive network and system products in ’ _
consistent, covergent directions; to achieve rapid and effective
development of information networking exchange and exthange access
sarvices; and to achieve the modularity that facilitates multi-vendor
solutions,

To meet these client nesds the Information Networking Architecture
Project defines a target architecture capable of achieving desirable
networi/operations attributes and guiding the incorporation of

INA concepts inte natwork preducts and operations systems. The
target architecture will build on national and international
Standards, Industry Group directions, and existing Bellcore/BCC
architecturs afforts such as the OSCA (TM)} Architecturse.

QOSCA is a trademark of Bellcore.

DESCRIPTION OF 1991 WORK:

This project meets BCC meeds by defining INA: the principles and
specifications for an integrated structure that drives the deveilopmant
of information technologies to facilitate rapid implementation of
Information Networking exchange and exchange sccess services.

Testbeds are used to validate architecture concepts.

In 1891, this project produces an overall INA Framework (deliverable
001}, The INA Framework will contain information on two of the
component architectures. Tha application development and
interoparability architecture describes the constraints on the
protocols and specifications that are necessary for developmant

of mocular, indepsndent entities that are able to interoperatas
within & distributed processing envirorment. Tha concepts,
guidelines, and principlies provided by this component architecture
pertain to how antities within the network {nteract among themselves
and with entities outsicde of the network, The deployment

archi tecture is the set of guidelines on how objects are

mappec into applications and how those applications are

depioyed in nodes.

FPROPRIETARY - Bellcore and Authorized Clients Only
This document contains proprietary information that shall be
distributed or routed only within Bellcore and {ts authorized
cliants except with written permission of Bellcore,
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1991 FINAL PROJECT OFFERING

Project No.:

Project Name:
INFORMATION NETWORKING ARCHITEC (INA)

DESCRIPTION DOF 1991 WORK: (CONT.

The project works jeintly with Praject 1R502X to provide detailed
definition of the INA Enterprise Architecture (deliverable 003),
and the Gbject Architecture. The Enterprise Architecture describes
what the busirness doas, including identification and definttion

of the business’ processes, information, and interrelationships
required to operate the business. The Object Architecture groups
information and functions into objects, and specifies the semantics
of their {nterfaces.

During the multi-year period in which INA is defined, a key role
of this project is to influence the planners and engineers

(in Belicore, in tha BCCs, and in the vendor community) who are
defining requirements for products that BCCs will implement
during the 80s and beyond. Thus, INA will guide a progressive
series of netwoerk and systsm changes converging on a common 0
set of attributes and a target architecture in support of business
nesds. For this purpose, the INA Framework (deliverable 001) will
be delivered to BCC and Belicore Subject Matter Experts in 1881,
and will be relsased to Industry in 1082, To insure that the
appropriata linkages are achieved between INA and the INet Product
Set (see projects 1R4211 - AIN Relesse 2, 1R31%1 - BISDN Phase 2,
1R1311 - 1SDN Phase 2) the INA Project will also produce technical
expositions that suppiement the INA Framework on topics critical
te planners and sngineers for the INet Product Set., The avatlability
of thess expositions will be synchronized with the INet scheduilse.
Tha topics for the expositions will be selscted and reviswved with
BCCs to mest spacific nesds of Belicore and BCC planmers.

The INA Work Program Plan provides an overall road map of the
architecturs evolution that provices leadership for how we will
move towards the target. The overall goal is to have an "INA
consistent entity” in the field in 1898 (first office application],
However, major interim milestones will be achieved. Products that
have alresady been influenced by INA attributes will start te be
available from vendors in the early $0s (e.g., AIN Release 1,
SMSDS Phase 2). Products that are strongly influenced by INA will
start to be available from vendors in the mid te late 80s (i.e.,
the INet Product Set).

INA Initiativaes are sfforts that accelerate tha transition to INA.
An initiative is intended tc focus the target definition work to
meet the needs of a specific, measurable business opportunity. The
role of INA Initiatives are summarized in the INA vWork Program

Plan (deliverablie 002). The results of the work on initiatives and
plans for future initiatives are summarized in the INA Status Report
(deliverasble 008). Exparience with the INA Data Redundancy
Management Injitiative during 1990 will determine the appreach to
future INA initiatives.

PROPRIETARY - Bellcore and Authorized Clients Only
Sese Proprietary Restrictions on Title Page
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1981 FINAL PROJECT OFFERING

Project Name: Project No.:
INFORMATION NETWORKING ARCHITEC (INA) 1RSO1N

DESCRIPTION OF 1991 WORK: {CONT )

The expected benefits that motivate the development of INA are:

- BCCs wil)l be able to develop and deploy services that use natwork
and operations capabilities more rapidly and at lower cost,

- data wil)l be shared more effectively

- the modular, layered structure will encourage compstition among

an increassd numbar of vendors which will improve vendor offerings,
- due to modulization and separation of modules through interfaces -
that support interoperability attributes, BCC assets wiil be able
to be managed in smaller units, thus decreasing the impact of
changes

- opportunities will be created for new types of services and
revenue streams.

INA galiverables will be distributed to all relevant SME groups ana
governance bodies by the commitment date to help assure that
architecture and planning activities within the BCCs are coordinated
with the evolution of the INA definition,

DELIVERABLES:

No: 00t
Griginal: Commitment [Date: 1291

INA Framework, Issue 1 provides the high-tevel concepts, principles and
guidelines for INA with emphasis on application developmant,
interoperability and deplioyment., This document will be delivered to
appropriats governance bodies and SMEs (within the BCCs and Bellcore)
for final approval so that the documant can be svailable for ordering
by industry by 3/31/92.

No: 002
Original: Commitment Date: 0891

The INA Work Program Plan, Issue 2 provides detail on the steps in the
definition of the architecture, and how internal and axternal
communication goals will be achieved.

FROPRIETARY - Bellcore and Authorized Clients Onty
Ses Proprietary Restrictiomns on Title Page
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Project Name: Project Ne.:
INFORMATION NETWORKING ARCHITEC (INA) 1RSOIN
DELIVERABLES: (CONT . }
No: 003

Original: Commitment Date: 1291
The Enterprise Architecture, Issus 2 is a joint deliverable with project
1R502X. 1t provides the naxt level of detai) from Issue 1 by bringing

the dacomposition down to the level of applications and allowing object
definition to proceed,

No: 004
Original: Commitment Date: ONGOD

INA expositions supplement the INA Framework with detailed topics
critical to pianners and engineers for the INet Product Set. The
spectfic topics and schedule will be determined and reviewed by BCCs by
the and of 1880,

No: 00%
Original: Commitment Date: ONGOD

Participation in relevant National and Internaticnal direction setting
work such as TINA, ANSA, TRON and other projects toc ba determinad as
a follow-up to 1980 of standardsllndustry Assessment,

No: 008
Originatl: Commitment Date: 1281

The INA Status Report will review the progress that INA made in 1991,
including participation in national and international industry groups
and standards bodies, the status of the Architecture Review Board in
Bellcore, and prograss on INA initiatives.

PROJECT FUNDING DEPENDENCIES:
1591t
Receives From:

82555A

PROPRIETARY - Belicore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1981 FINAL PROJECT OFFERING

Project Name: Project No.:

INFORMATION NETWORKING ARCHITEC (INA} 1RSO N

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work in this project provides a common base for many other
Bellcore projects for evolving standards, architecture and
specifications for communications, operations, and information access.

The substantial benefits of this project acerue to all Owner-Clients

and are unable to be prevented from zccruing to an Owner-Client who
might elect not to participate in this project.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:

INFORMATION NETWORKING ARCHITEC (INA) tRE0 1IN
Bellcore Project Manager: Tel. No.
NA {000) 000-0000
Bellcore Program Manager: Tel. No.:
N/A {N/A) -
Bellcore Subject Matter Expert: Tel. No.:
NA (000) 000-0000
Bellcore Product Name:
INF. NTWK. ARCH
This Project supports the following Major Product(s): .
INF. NTWK. ARCH -
Council: i Committee: E Forum: .
RESEARCH & NETWORK | NETWORK STAND. & ARCH. | NOT APPLICABLE
I E N ECEESE SR EE RSN AEEENESEEETENEERREEAREE RS FEEN R A S EEE N EEEFEEEREEEEEEXEEESEEEXLEIELINE
------------------- FUNDING REOUIREMENTS--------s-msmrommo o saerearr e eeammoe
Project Type: i work Category: i i Start Date: 01/84

| l i Completion Date: 12/92
INFRASTRUCTURE | PREVIOUSLY FUND | MILTI-YEAR , Revised Comp Date: /
--III.llltllilltl’RISIS'ISSSISIIIISEISSICRISlllltt’lIlll’ll.!ll..“ls.ﬂll..l
------------------- FUNDING ALLDCATION=-+=-=--sesrroeco oo oommccceneooooroo-
Allocation Basis: 01 ! Firm Quote: NO
ISIBI.II!&..I..Ill.ll"lllll.!’:lt:tk’.IS=EIG!I-Il!!!l’l‘.‘!t.‘ISIIIIIII-.‘-:::
Non Affiliate Participation in this Project allowed: YES

Non Affiltiate Participants:
SNET CBI
Owner-Client Representatives:
Fund

Owner Flag Name Title Telephone #
AM Y D. LATTNER ) AVP - TECH SVCS 312-808-2500
BA Y R. ALBERS AVP - TECH PLNG 703-974-80085
Bs Y D. KETTLER DIR - SCI & TECH 404-529-2002
NX Y R. HELGESEN MNG DIR - NTHK.PLNG 914-883-2034
PB Y R. IRELAND AVP - TECH PLNG 415-823-7800
SwW Y J. CARPENTER AVP - TECH PLNG & DEV 314-235- 1550
us Y J. CZAK DIR - NTWK ARCH & STDS 303-889-8400

EE I FEEEEEEFEEE N FE NS RN R NS EN EEEEREE I I E S S EC TR EE E N S R E S ESFEFRFNENNENRERSENNRENNEERE S

Resaarch Tax Credit Application:

EEEEEEEFESERE S R EAEEENE N EEE NN EIA TR Rt P E RN FEEEE T E NN NRNS NSRS TSR FRENERAERERS
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1991 FINAL PROJECT OFFERING

Project Name:

Project No.:

INTEGRATED OPERATIDNS SUPPORT OF INA 1R502X
Belicore Progduct Manager: Tel. No.:
N. PETSCHENIK (908) 758-2151

......................................................................

This Project is a Component of the Bellcore Proguct:
INF. NTWK. ARCH

Significant Change Date:
08/31/90

PROJECT OVERVIEW: .

This project provides leadership in the planning, analysis, and
definition of the Information Networking Architecture (INA}
Enterprise Architecturs and the INA Object Architecture,

and continues tha development of the Strategic Data Architecture
(SDA) and the Corporate Logical Data Model! (CLDM).

Development of requiremants for INA-consistent products is
depandant on the understanding and documentation of an agreed upon,
clearly defined Enterprise Architscture. The Enterprise
Architescture is the sat of functicns, information, and thetr
interrelationships that define what a Belilcore Client Company (BCC)
telecommunications business does to provide {ts products antd services
to its customers. It includes a decomposition of individual
bsiness functions and an integrated mode! of functicons,
information, and their interactions for the BCCs. The

Enterprises Architecture provides a high ievel view of the
information needs. [ts scope is enterprise-wice, covering all
aspects that deliver and support services and products. The
Enterprise Architecture is a prerequisite for defining the INA
Object Architecture, which will group information and functions
into objects, and specify the semantics of their tnterfaces.

This project will also coordinate logical data modeiing work in
Selicore, yielding a CLDM. The techniques, approaches and
structures developaed for the CLDM are expscted to be used in
daveloping the Dbjsct Architecture. The CLDM is a consolidated
view, across the corporation, of data, the opsrations that are
allowed against that cdata, and the results of sppiying thoss
oparations. The CLDM iz developed by integrating the various
Logical Data Models (LDMs) that describe views of corporate
information. A LDM igs a structured and systematic representation
of the information and functions aliowad on that information,
required for a proguct. This reprasantation is independent of the
technologies underlying the product. This modeling will result in
TAs and TRs that may be issued to the itndustry sither separately, or
included as part of a requirements document for a specific product
or interface.

The project will siso manage changes to the subject data areas
and obrjects of the SDA suggested by the information needs
identified by the Enterprise Architecture, by information modeling,

PROPRIETARY - Bellcore and Authorized Clients Onily
This document contains proprietary information that shall be
distributed or routed only within Bellicore and its authorized

clients except with written permission of Bellcore.
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1981 FINAL PROJECT OFFERING

Project Name: Project No.:
INTEGRATED OPERATIONS SUPPORT OF INA 1R802X

PROJECT OVERVIEW: (CONT.)

and by the BCCs. The project will also provide consultation and
review services for ongoing information modeling work within
Ballcore. This project will include the coordination and support
of joint BCC planning groups with an interest in the Enterprise
Architecture, the SDA (which will be incorporated into the
Enterprise Architecturs), and the CLDM, primarily the Data
Architecture Resource Team (DART).

DESCRIPTION OF 1991 WORK:
This work will:

- Lead continuing work on the Enterprise Architecture. This work
includes the further decomposition of the functions and information
of the Enterprise Architecture, Issue 1, that will be used as
input to the Corporate Logical Data Mooe) and the INA Object
Archtitecture. The Enterprise Architecture, lssus 2
(cdeliverable 001) will provide anough details of BCCs’ business
that spscitic applications and technical reguirements can be
developed, This will require consultation with those who
develop requiremants to snsure that their needs are mat.

- Specify how the functions and information developed in the
Enterprise Architecture are mapped into logical groups of functions
and greups of information, basad on a number of criteria, such as
performance and information needs.

- Support the continuing develicpment of the Strategic Data
Architecture, which will be incorporated into the Enterprise
Architecture. The work will determine the impact on the SDA of
new data elements discovered in the Enterprise Architecture work,
during logical data modeling, and as suggested by B8CCs via DART;
this work analyzes the impact of these data elements on the SDA
and updates the S5DA accordingly. It promotes the alignment of
Ballcora’s SDA with strategic architectures of the BCCs.

- Coordinate logical data modeling activities and the ongoing
integration of Logical Data Models with the emerging Corporate
Logical Data Model. Primary data modeling activities requiring
coordination are those associated with LDMs developed for Network
and QOperations product redquirements, such as Advanced Intsiligent
Network (AIN) or Data Collection Operations System (DCOS) and the
Maraged Information Base (an 0SI standard). Although the
development of LDMs is widely distributed among organizations
developing requirements and supporting data base work, this work
central izes the coordination, administration, standards, and tools
used for information modeling.

PROPRIETARY - Ballcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:
INTEGRATED OPERATIONS SUPPORT OF INA 1R502X

DESCRIPTION OF 1991 WORK: (CONT )

The Enterprise Architecture and the Object Architecture describe
long-term targets for the BCCs from a global perspective. The
SDA and CLDM build towards these long-term targets. The bermefit
of this work is that it provides an overall context for planning
future systems, resulting in systems that avoid unnecessary
redundancy in function, manage data efficiently, are less
expensive to build, and require fewer resources to maintain.

INA cdeliverabtas will be distributed to all relevant SME groups

and governance bodies by the commitment date to halp assure that

architecture and pisnning activities within the BCCs are i

coordinated with the evolution of the INA definition. - .

DELIVERABLES:

No: 001

Original: Commitment Date: 1281
Enterprise Architecture, Issue 2, is a joint deliverable with project
IRS01IN. It provides the next level of detaill from lssue 1 by bringing

the decomposition down to the lavel of applications and allowing

object cefinition te proceed.

No: 002
Original: Commitment Date: 1281

This Strategic Data Architecture Issue 4 is an update to the Bellcore
Strategic Data Architecturs. It reflects information needs identified by
the Enterprise Architscture, {nformation modeling efforts, and the BLCS.

No: 003

Original: Commitment Date: ONGOD
Corporate Logical Data Model Coordination - Inspect Product Data
Architectures (e.g., AIN, DCOS) and provide Data Architecture

Review readouts to designated client representatives as they are

nesded. Integrate product Logical Data Models with the emerging CLDM.
Provide consulting on Data Modeling and LDM {ssuass tc Bellcore SMEs.

PROPRIETARY - Bellcore and Authorized Ciients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:
INTEGRATED OPERATIONS SUPPORT OF INA 1R502X

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work in this project provides a common base for many other
Bellcore projects for svolving standards, architecture and
specifications for communications, opearaticens, and information
access.

The substantial benafits of this project accrue to all Ownar-Clients
and are unable to be prevented from accruing to an Dwner-Client
who might elect not to participate in the project.

PROPRIETARY - Bellcore and Authorized Clients Only
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Project Name: Project No.:
INTEGRATED OPERATIONS SUPPORT OF INA 1R502X
Beliceore Project Manager: Tel. No.:
J. F. URICH (201) B29-2184
Bellcore Program Manager: Tel. No.:
J. F. URICH {201) 829-2164
Belicore Subject Matter Expert: Tel. No,:
D. B. LUBER (201) 829-2188

Belicore Product Name:
INF. NTWK, ARCH

This Project supports the following Major Product(s):
INF. NTWK. ARCH

Councit: i Committee: i Forum:
RESEARCH & NETWORK | NETWORK STAND. & ARCH. | NETWORK SERVICES
g‘----:-'-'---Sll'tl==’=’!:-'l’..’,‘=-!‘.t’s’.‘-z:::I:I:".*......2...!.....-.
------------------- FUNDING REQUIREMENTS=--=-=-eecrmmenoeoceeracaaacmonaneconn
Project Type: i Work Category: -i i Start Date: 01/81
| | l Completion Date: 12/91
INFRASTRUCTURE | NEWLY ESTABLISH MULTI-YEAR | Revised Comp Date: /
-..-.!--.....!.-'S-','E'IIIS'"”‘.."Il‘s.."":”‘-,lk”’ll-IlISZII-Il-’II
------------------- FUNDING ALLOCATION-=====cc-csemomsooree oo aaees
Allocation Basis: 01 A Firm Quote: NO
T EENEE TR Y ENEENEIRNYELTEEIEEEEFERERCEER X P REEFEEE S SR N E RSN RS FNFIFRNFENEIZIEESEE
Non Affiliate Participation in this Propject atlowed: YES

Non Affiliate Participants:
SNET CBI

Fung

Owner Flag Name Title Telephone «

v e Fe SR. DIR. - NETWORK ARCH.  708-805-2880
BA Y R. ALBERS AVP - TECHNOLOGY PLANNING 703-974-8006
BS Y D. KETTLER DIRECTOR - SCIENCE & TECH 404-529-2802
NX Y R. HELGESEN MNG. DIR. - NETWORK PLNG., 914-883-2024
PB Y R. IRELAND AVP - TECHNOLOGY PLANNING 4£15-823-7800
Sw Y J. CARPENTER AVP - TECHNOLOGY PLANNING 314-235-1550
us Y D. MALMSTROM " TECHNICAL DIRECTOR 303-740- 1598
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Research Tax Credit Application:
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BELLCORE
1891 FINAL PROJECT OFFERING

Project No.:

Project Name:
INFORMATION NETWORKING ISDN PLANNING

Tel. No.:
(908) 758-2211

Bellcore Product Manager:
J. RIZZ0

This Project is a Component of the Bellcore Product:
1SDN PHASE 2.0

Significant Change Date:
08/31/90

PROJECT OVERVIEW: -

Tha BCCs are evolving from being premier providers of axchange and '
sxchangs access telephony t0 being premier providers of access to
information in any form. This evolution iS being driven by the
growing demands of the telecommunications marketplace and the

need for the BCCs to meet these demands by offering a widening set
of services to their customers.

As initial steps in the evolution toward information networking,
Ballcore is working on a set of rew network platforms and
technologies (ISDN Phases 1.1 and 1.2, AIN Release 1, BISDN Phase 1,
SONET Relsases 1 and 2, etc.) that are targeted for deployment i
by the Bslicore Client Companies (BCCs) throughout the first half
of tha 1890s. In acddition, Belicere is working with the BCCs to
define a target architecture for the network (operations systems
are inciuded in the term "network" in this project prefile) in
the Information Networking Architecture (INA) product. Bellcore
and the BCCs expect that the network of the mid-1980s will be an
avolution and {ntegration of the sarly/mid-1890s platforms and
technologies, and a transftion step toward the INA target,

that will result in the BCCs ability to offer a range of
information networking services in a cost-effsctive manner.

The work in 1991 to define the network of the mic-199%0s will take
place in a set of procucts called the Information Networking (INET)
product set that consists of the AIN Release 2, BISON Phase 2 and
ISDN Phase 2 products. This product structure was sstablished
principally for administrative purposes and the product set will,

in fact, be managed as 2 single Bellcore product having & single set
of outputs in 1981, The project described here (1R1311) is one of
the projects that 15 contained in this product set, the others being
the Information Networking BISDN Planning (1R3111) and Information
Networking AIN Planning (1R4211) projects. In addition to these
projects, a portion of Project 1ONSZX, Operations Planning for
Network Products, will be applied te the efforts in this and the
other projects in this set to pearform the operations planning
functions.

The principal goal of this product set (and thus the work in this
project) is to snable the BCCs to deploy products beginning in the
mid-1980s that alliow them to provide, via a service-creation
enviromment, cost-effective media-indepandent (including mixed-media)

PROPRIETARY - Bellcore and Authorized Clients Only
This document contains proprietary information that shall be
distributed or routed only within Bellg¢core and its authorized
clients axcept with written permissicn cof Bellcore.
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:
INFORMATION NETWORKING ISDN PLANNING 1R1311
PROJECT OVERVIEW: (CONT.,

switching and transport services at a range of information rates.
These services must complemant tha functionality in CPE and other
networks to facitlitate snd-te-end customer applications. The work

in this project and the others in this set will take a network-wide
view of the various functionality (transmission, switching, control,
operations, access, signaling, etc.) that will be reguired to achieve
this goal and will ultimately result in the production of requirements
for products having the needed functicnality that can be deployed

in the mid-1990s.

The planning and system sngineering work in this project, ) ]
along with the other projects noted above, will incorporate =
the upfront work necessary to demonstrate the business,

technical, and market viability of information networking in the mic-
1990s. This will inciude preliminary architecture planning,

market, stakeholider, and economic analysis, technical

feaasibility analysis, and transitton planning. This information will
anaple tha BCCs to determine whather tc pursue the devalopmant of

an Integrated Network and Operations Plan (N30OP), followed by generic
requiremants for information networking products and ultimately their
deployment in the mid-1990s. Deployment of products based on the
Integrated Network and Dperations Plan would provide the BCCs with new
revenus opportunities by enabling them to provide a diverse set of
tnformatien natworking services targeted to their spscific markets and
would provide them with cost reduction oppertunities through the
integration of similar functions in a logical networking environment.

DESCRIPTION OF 1991 WORK:

In 1991, the INET product sat will be in the Concept Development
Stage of the Network Ssrvice and Technology Process (NSTP}. The
purpose of the Concept Developmant Stage is to define more
comprehansively the opportunity baing addressed by the product and to
bagin to identify a scolution that is technically sound and
sconomically viable.

To meet these objectives in 1981, Bellcore will develop and provide
the BCCs with technical and business information enabling them

to decicde wvhether to pursus mid-1990s deployment of information
natworking. This information will. be contained i{n an Opporutunity
Anzlysis for the mid-1990s network, followsd by a prospectus, as
described below. This work will be based on architecturs,
technology and services work done in 1980 in several projects

that have been mapped to INET.

The Opportuntty Analysis (DA) is essentialiy a first cut at the
prespectus and would consist of the following information:

PROPRIETARY - Bellcore and Authorized Clients Only
Sees Proprietary Restrictions on Title Page
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1891 FINAL PROJECT OFFERING

Project Name: Project No.
INFORMATION NETWDRKING ISDN PLANNING 1R1311

DESCRIPTION OF 1991 WORK: N (CONT.)

© An inftial cut at a functional description of the network of the
mid-1980s,

o Identification of a set of services, some of which would be of tha
integrated voice/data variety, that customers may need in the
mid-1990s, as wall as ballpark astimates of cemand and revenue.
These sarvices would likely be based on past and current ({.e.,
1990) market research and service concept efforts at Bellcore, as
wall as on input from the BCCs.

© A high-level architectural view of the network {including the
oparations) and rough estimates of the cost of the elemants,
Analyses of how the above-mentioned services would be provided on
the architecture would be included, as well as some of the
technical issues associated with transition ancd evelution from
earliier ptatforms,

o Utilizing all of the above information, a preliminary sconomic
analysis of the mid-90s network would ba conducted and used by
BCCs te decide whather work should continue toward the next stage
of the NSTP.

Following the Opportunity Analysis, and assuming a3 go-ahead decision
by the BCCs (most likely, by the Network & Operations Architecture
(NAOA) Product Support Group (PSG)), work on a prospectus wili

begin. This prospectus will incorporate Bellcore market, stakeholider,
technical, and economic analysis to provide the BCCs with information
snabling them to decide whather further suppert for mid-1990s
deployment of Information Networking is justified. This prospectus
will inctude:

© Market analysic for a set of information networking core services,
including revenue potanttal and customer willingness to pay;

¢ ldentification of reltevant stakeholders and recommendations for
influencing those stakeholders;

5 A recommanded standards strategy:

o Economic analysis of information networking and information
networking core services {ncluding projection of total lifecycle
cests, revenuss and cost reduction opportunities.

Also included in the prospectus will be » preliminary Integrated
Network and Oparations Plan that will consist of the following:

o A description of the functionality proposed for the network
of the mid-1880s.

o Preliminary partitioning of this functionality and information

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1961 FINAL PROJECT OFFERING

Project Name: Project No. :
INFORMATION NETWORKING ISDN PLANNING 1R1311

DESCRIPTION OF 1991 WORK: {CONT . )

into network and operations slements, as well as slemants
external to tha netwoerk (such as CPE).

o Initial cescription of the interfaces betwean eiements in the
natwork and between tha network and external entities, and
tdentification of strategies for managing redundant data.

o Overview description of the way internal and external users will
interact with the information networking platform and informatien
networking services;

¢ Overview description of the service creation capabilities required
to meet user needs.

o General strategy to enable the transition from embedded systems and
previously-defined platforms.

This prospectus is a major milestone and decision point for the BCCs
fn that it propeoses what the network of the mig-1880s will leook Tike
and what functionality it will provide (and why). Assuming BCC
concurrence with the recommendations provided in the prospectus,
Ballcore will bagin the detailed werk on the Integrated Network and
Operations Plan wvhich (s targeted for completion in 1992,

In summary, this project, in conjunction with the other projects in
the INET proauct set, provides benefits tc the BCCs by providing
them with the basic systems enginesring and planning to

snable them to pursue a consistent svolution towards a single
integrated network encompassing both "network” and "operations"
capabilfties. This single integrated network will provide the BCCs
with new revenus opportunities for transport sarvices, value-added
services, and unbundied capsbilities, and will present the BCCs with
ocpportunities for cost reduction through the integration of similar
functions in a single logical metworking structure.

DELIVERABLES:

No: 001
Original: Comm{tment Date: 0391

Dpportunity Analysis - Provides an analysis of the service and cost
reduction opportunities that may warrant eveoiving the metwork, a high-lavel
architectural view of the network and preliminary sconomic and stakeholcer
analyses. This deliverable will be mailed to the NSOA PSG in March 1881
and should be used by NAOA to determine whether any changes in assumptions,
dirsctions, etc., are required in developing the Prospectus.

PROPRIETARY - Bellcore and Authorized Clients Only
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1991 FINAL PROJECT OFFERING

Project No.:

Project Name:

INFORMATION NETWORKING ISON FLANNING 1R1311
DELIVERABLES: (CONT.)
No: 002

griginal: Commitment Date: 1081

Prospectus - Provides comprehensive business analysis for the information
networking platform of the mid-1990‘'s and a preliminary Integrated Network
and Operatiens Plan providing techrelogy, architecture and transition
information. This delivarable will be mailed to the NACA PSG in October
1991 and should be used by NADA in formulating a cdecision to begin detailed

work on the NAOP.

PROJECT FUNDING DEPENDENCIES:
1991
Receives From:

1R4211 1R3111 10NS2X
Provides To:

1R3111 1R4211
REASON FOR INFRASTRUCTURE CLASSIFICATION:
This prejsct provides the conceptualization, planning, analysis, and
related testing of fundamental compatible network and operations
architectures, capabilities, and systems, and analysis for Bellcore’s
use of the potential impacts on standards and architecture, and the
services supported by the network, of industry issues.
The substantial benefits of this project accrue to all Owner-Clients

and are unable to be prevented from accruing to an Owner-Client who
might elect not to participate tn this project.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:
INFORMATION NETWORKING ISDN PLANNING 1R1311
Bellcore Project Manager: ' Tel. No.:
NA (000) ©00-0000
Bellceore Program Manager: Tel. No.:
N/A (N/A) -

Bellcore Subject Matter Expert: Tel. No.:
NA (000} 000-0000

Bellcore Product Name:
ISDN PHASE 2.0

This Project supports the following Major Product(s):

ISDN PHASE 2.0 AIN RELEASE 2 BISDN PHASE 2

Council: ! Committee: ' Forum:

RESEARCH & NETWORK ! NETWORK STAND. & ARCH. ! NOT APPLICABLE
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Nen Affiliate Participants:
SNET cBl

Funa

Owner Flag Name Title Telephone #

av v o, Latteer AvP - TECH. sves. 212-605-28500
BA Y R. ALBERS AVP - TECH. PLNG. 703-874-8005
BS Y D. KETTLER AVP - SCI. & TECH, 404-529-2802
NX Y R. HELGESEN MNG. DIR. NTWK. PLNG. 014-883-2034
PR Y R. IRELAND AVP - TECH. PLNG. 415-3823-7800
Sw Y J. CARPENTER AVP - TECH. PLNG. DEV. 314-235-1580
us Y J. CZAK DIR.- NTWK. ARCH. & STDS. 3203-889-8409%
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1891 FINAL PROJECT QFFERING

Project Name; Project No.:

INFORMATION NETWORKING BISDN PLANNING 1R3 111
Bellcore Product Manager: Tel. No.:
J. RIZZO (908) 758-2211

This Prpject is a Component of the Bellcore Product:
BISDN PHASE 2

Significant Change Date:
D8/31/90

PROJECT QVERVIEW:_

The BCCs are evolving from being premier providers of exchange and
exchange access telephony to being premier providers of access to -
information in any form, This evolution is being driven by the
growing demands of the telecommunications marketplace and the neead
need for the BCCs to meet these demands by offering a widening set
of services to their customers.

As initia]l steps in the evolution toward information networking,
Ballcore is working on a sst of new network platforms and
technologies (ISDN Phases 1.1 and 1.2, AIN Release 1, BISON Phase 1,
SONET Releases 1 and 2, etc.) that are targeted for depioyment
by the Bellgcere Client Companies (BCCs) throughout the first half
of the 1990s. In sodition, Bellcore is working with the BCCs to
cafine a2 targst architecturs for the network (operations systems
are included in the term "network' in this project profile) in
the Information Networking Architecture (INA) product. 8Sellicore
and tha BCCs expact that tha network of the mid-1990s will be an
svolution and integration of the early/mid-1980s platforms and
technologies, and a transition step toward the INA target,

that will result in the BCCs ability to offer a range of
information networking services in a cost-effective manner.

Tha work in 1891 to define the network of the mid-1690s will take
place in a set of products callied the Information Networking (INET)
product set that consists of the AIN Relsase 2, BISDN Phase 2 and
ISDN Phase 2 products. This product structure was establ{shed
principally for administrative purposes and the product set will,

in fact, be managed as a single Bellcore product having a single set
of outputs ih 1991, The project described here (1R3111) is orm of
tha projects that is contatined in this product set, the others being
the Information Networking ISON Planning (1R1311) and Information
Networking AIN Planning (1R4211) projects. In addition to these
projects, a portion of Project 1ONS2X, Operations Planning for
Network Products, will be applied to the efforts in this and the
other projects in this set to perform the operations planning
functions. i

The principat goal of this product set {and thus the work in this
project) is to anable the BCCs to deploy products begimning in the
mid-1990s that alliow them to provide, via a service-creation
environment, cest-effective media-indepandent (including mixed-media)}

PROPRIETARY - Bellcore and Authorized Clients Only
This document contains proprietary information that shall be
distributed or routed only within Bellcore and its authorized
clients except with written permission of Bellcore,

FOIRO3Z 0005301




5 192

Rt

BELLCORE FPage: 2
Date Printad: 10/04/90
1991 FINAL PROJECT DFFERING

Project Name: Project No.:
INFORMATION NETWORKING BISDN PLANNING 1R3111
PROJECT OVERVIEW: {CONT. )

switching and transport services at a range of information rates.
These services must compliement tha functionality in CPE and other
networks to facilitate enc-to-end customer applications. The work

in this project and the others in this set will take a network-wide
view of the various functionality (transmission, switching, control,
operations, access, signating, ete.} that will be required to achieve
this goal and will uvitimately result in the productien of requirements
for products having the nesded functionality that can be deployed

in the mid-1990s,

The planning and system snginesring work in this project,

along with the cther projects noted above, will incorporats

the upfront work necessary tc demonstrate the business,

technical, and market viadility of information networking in the mid-
19908, This will inclucde preliminary architecturs planning,

market,K stakeholder, and sconomic analysis, technical

fersibility analysis, and transition planning. This information wtltl
enable the BCCs to determine whether to to pursues the development of
an Integrated Network and Operations Plan (N&OP), followsd by generic
requiremants for information mnetworking products and ultimately their
deployment in the mid-1980s. Deployment of products based on tha
Integratec Network and Operations Plan would provide the BCCs with new
revanue opportunitias by enabling them to provide a diverse set of
information networking services targeted to their specific marksts and
would provide them with cost reduction opportunitiss through the
integration of similar functions tn a logical networking snvironment.

DESCRIPTION OF 1991 WORK:

In 1881, the INET product set will be in the Concept Davelopment
Stage of the Network Service and Technology Process (NSTP). The
purpose of the Concept Development Stage {5 to define more
comprehensively the opportunity being addressed by the Product and to
begin to identify a solution that is technically sound and
sconomically viable,

To meet thess objectives in 1991, Bellcors will develop and provice
the BCCs with technical and businass information snabling them

to decide whather to pursus mid-1980s deplioyment of information
networking. This information will be contained in an Opporutunity
Analysis for the mid-1890s ratwork, followed by a Prospectus, as
described below. This work will ba based on architecture,
technology and services work done in 1990 in several projects

that have been mapped to INET.

The Opportunity Analysis {(OA) {s assentially a first cut at the
Prospectus and would consist of the following information:

PROPRIETARY - Bellcore and Authorized Ciients Only
See Proprietary Restrictions on Title Page
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1991 FINAL PROJVECT OFFERING

Project No.:

Project Name:

INFORMATION NETWORKING BISDN PLANNING 1IR3

DESCRIPTION OF 1991 WORK:

o An initia) cut at a functional description of the network of the
mig-19980s,

o Identification of a set of services, some of which would be of the
integrated voice/data variety, that customers may need in the
mid-1990s, as well as ballpark estimates of demand and revenue.
Thata zarvices would likalv_be based on past and current ({.e.,

BELLCORE Page:

Date Printed: 10/04/90

1991 FINAL PROJECT OFFERING

Project Name: Projact No.:
INFORMATION NETWORKING BISDN PLANNING 1IR3I111
PROJECT OVERVIEW: (CONT . )

switching and transport services at a range of information rates.
These services must complement the functionality in CPE and other
networks to facilitate end-to-end customar applications. The work

in this project and the others in this set will take a network-wide
view of the various functionality (transmission, switching, control,
operations, access, signaling, etc.) that will be regquired to achieve
this goal and will ultimateiy result in the production of requirements
for products having the needed functionality that can be deployed

in the mid-19%0s.

The planning and system enginesering work in this project,
along with the other projects noted above, will incorporate
the upfront work necessary to demonstirate the business,
technical, and market viability of information networking in the mid-
© 1990s. This will inciude preliminary architecture planning,
market, stakeholider, and economic amalysis, technical
feasibility analysts, and transition planning. This information will
enable the BCCs teo determine whather to to pursue the development of
an Integrated Network and Operations Plan (N&OP), followad by generic
requirements for information networking products and ultimately their
depltoyment in the mid-1980s., Deployment of products based on the
Integratecd Network and Operations Plan would provide the BCCs with new
revenus opportunities by enabling them to provide a diverse set of
information netwerking services targeted to their specific markets and
would provide them with cost reduction opportunities through the
integration of similar functions in a legical networking environment.

DESCRIPTION OF 1981 WORK:

In 1881, the INEYT product set will be in the Concept Development
Stage of tha Network Service asnd Technology Process (NSTP). The
purpose of the Concept Development Stage is to define more
comprehensively the cpportunity being addressed by the Product and to
begin to identify 3 solution that is technically sound and
economically viable.

To meet these objectives in 1991, Bellcore will develop and provide
the BCCs with technical and businass information enabling them

to decide whether to pursus mid-1980s deployment of information
retworking. This information will be contatned in an Opporutunity
Analysis for the mid-1990s netwerk, followed by a Prospectus, as

(CONT.)
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:
INFORMATION NETWORKING BISDN PLANNING 1R3 111

............................................................................

DESCRIPTION OF 1991 WORK:

into network and operations elemsnts, as well as elements
external to the netweork (such as CPE).

o Initial description of the interfaces between siements in ths
natwork and betwesn the network and external entities, and
igentification of strategies for managing redundant data.

. © Overview description of the way internal and external users will
interact with the information networking platform and information
networking services;

© Overview description of the service creation capabilities required
to meet user needs;

o General strategy to enable the transition from embedded systems and
previousiy-defined platforms.

This Prospectus is a2 major milestone and decision point for the BCCs
in that it proposes what tha network of the mid-1890s will! Jook l1ike
ang what functionality 1t will provide (and why). Assuming BCC
cencurrence with the recommendations provided in the Prospectus,
Ballcore will begin the detaiied work on the Integrated Network and
Operations Plan which is targeted for completion in 1982,

In summary, this project, in conjunction with the other projects in
the INET product set, provides benefits to the BCCs by providing
them with the basic systems angineering amd planning to

enable them to pursus a consistent evolution towards a single
integrated network encompassing poth "network" and "operations”
capabitities. This single integrated retwork will provide the BCCs
with nevw revenue opportunities for transport services, value-atided
sarvices, and unbundlied capabilities, and will presant the BCCs with
opportunities for cost reduction through the integration of similar
functions in » single logical networking structure.

DPELIVERABLES!

No: 001
Original: Commitment Date: 0381

Opportunity Analysis - Provides an analysis of the service and cost
reciction opportunities that may warrant eveiving the network, a high-level
architectural visw of the matwork and prealiminary sconomic and stakehoider
analyses. This deliverabls will be mailed to the NAOA PSG in March 1991
and should be used by NAOA to determine whether any changes in assumptions,
directions, etc., are required in ceveloping the Prospectus.

PROPRIETARY - Bellcore and Authorized Clients Only
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Project Name: Project No.:

INFORMATION NETWORKING BISDN PLANNING TR3111
DELIVERABLES: {CONT )
no: 002

Criginal: Commitment Date: 1091

Prospectus - Provides comprehensive business analysis for the information
networking platform of the mid-19880's and a preliminary Integrated Network
and Opesrations Plan providing technelogy, architecture and transition
information. This deli{verable will be mailed to the NRDOA PSG in October
1991 and should be used by NiDA in formulating & decision to begin detailed
work on the NOP,

PROJECT FUNDING DEPENDENCIES:
1991
Receives From:

1R421¢% TR1311 1ONS2X
Provides To:

1R1311 1R4211
REASON FOR INFRASTRUCTURE CLASSIFICATION:
This Project provides the conceptualization, planning, analysis, and
ralated testing of fundamental compatible network and operations
architectures, capabilities, and systems, and analysis for Balicore’s
use of the potential impacts on standards and architecture, and the
sarvices supported by the network, of i(ndustry issues,
The substantial bernefits of this Project accrue to all Owner-Clients

and are unable to be prevented from accruing to an OQwner-Cliant who
might elect net to participate in this Preoject,

PROPRIETARY - Bellcore and Authorized Clients Only
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Project Name: Project No.:
INFORMATION NETWORKING BISDN PLANNING 1R3111
Bellcore Project Manager: Tel. No.:
NA {000) 000-0000
Bellcore Program Manager: Tel. No.:
N/A (N/A)} -

Belicecre Subject Matter Expert: Tel., No.:
NA {000) 000-0000

Bellcore Product Name:
BISDN PHASE 2

This Project supports the following Major Product(s):

BISDN PHASE 2 ISDN PHASE 2.0 AIN RELEASE 2 .

Council: i Committee: i Forum:

RESEARCH A& NETWORK | NETWORK STAND. & ARCH. i NOT APPLICABLE
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Project Name: Project No.:
INFORMATION NETWORKING AIN PLANNING 1R4211
Bellcore Product Manager: Tel. No.:
J. R1ZZ0 (p08) 788-2211

This Project is a Component of the Bellcore Procuct:
AIN RELEASE 2
Significant Charnge Date:
08/31/90

PROJECT OVERVIEW:

The BCCs are evelving from being premier providers of exchange and
exchange access telephony te being pramier providers of access to-
information in any form. This evolutton is being driven by the
growing damands of the telecommunications marketplace and the
need for the BCCs to meet these cdemands by offering a widening set
of services to their customers.

As initial steps in the evolution toward information networking,
Belicore is working on a set of new natwork platforms and
technologies (ISDN Phases 1.1 and 1.2, AIN Release 1, BISDN Phase 1,
SONET Releases 1 and 2, etc.) that are targeted for deployment

by the Bellcore Client Compantes (BCCs) throughout the first half
of the 1990s. In addition, Bellcors is working with the BCCs to
dafine a target architecture for the natwork (cperations systems
are included in the term "network"” in this project profile) in
the Information Networking Architecture (INA) product. Bellcore
and the BCCs expect that the network of the mid-1990s will be an
evolution and integration of the early/mid-1950s platforms and
technologies, and a transition step toward the INA target,

that will result in the BCCs ability to offar » range of
information networking services in a cost-effective manner.

The work in 1981 to define the network of the mid-1380s will take
place in a set of products called the Information Networking (INET)
proguct set that consists of the AIN Relesase 2, BISDN Phase 2 and
ISDN Phase 2 products. This product structure was established
principaltly for administrative purposes and the product set wiltl,

in fact, be managed as a single Ballcore product having a single set
of outputs im 1991. The project described hare (1R42%1) is one of
the projects that is contained in this product set, the others being
the Information Networking ISDN Pianning (1R1311) and Information
Networking BISON Planning (1R3111) projects. In addition te these
prejects, a portion of Project 1ONS2X, Operations Planning for
Network FProducts, will be applied to the efforts in this and the
other projects in this set to perform the operations planning
functions.

The principal goal of this product set (and thus the work in this
project) is to enable the BCCs to depioy products beginning in the
mid-1990s that allow them to provide, via a service-craation
snvironmant, cost-effective media-independent (inciuding mixed-media)

PROPRIETARY - Bellcore and Authorized Clients Only
This document contains proprietary information that shall be
distriputed or routed only within Bellcore and {its authorized
clients except with written permission of Balicore.
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:
INFORMATION NETWORKING AIN PLANNING tR4211

PROJECT OVERVIEW: {CONT . )

switching ang transport services at a range of information rates.
These services must complement the functionality in CPE and cther
networks to facilitate end-to-end customer applications., The work

in this project and the others in this set will take a network-wide
view of the various functionality {(transmission, switching, control,
operations, access, signaling, etc.) that wi)l)l ba required to achisve
this goal and will ultimately result 1n tha production of requirements
for products having the nesded functionality that can be deployed

in the mid-1990s,

The planning and system engineering work in this project, .
along with the other projects noted above, will incorporate -
the upfront work necessary to demonstrate the business,

technical, and market viability of information networking in the mid-
1950s. This will include preliminary architecture planning,

market, stakeholder, and economic analysis, technical

feasibility analysis, and transition pianning. This information will
enable the BCCs to determine whethar to pursues the development of

an Integrated Network and Operations Plan (N&OP), followed by generic
requirements for information networking products and ultimately their
deployment in the mid-1960s, Deployment of products based on the
Integrated Network and Operations Plan would provide the 8CCs with new
revenue opportunities by enabling them to provide a diverse set of
information networking services targeted to their spacific markets and
would provide them with cost reduction opportunities through the
integration of simiiar functions in a logical networking snvironment.

DESCRIPYTION OF 1983 WORK:

In 1881, the INET product set will be in the Concept Development
Stage of the Network Service and Technolegy Process (NSTP). The
purpose of the Concept Developmant Stage is to define more
comprehensively the opportunity being addressed by the product and to
begin to identify a solution that is technically sound and
esconomically viable,

To mest these objectives in 1981, Bellcore will develop and provide
the BCCs with technical and business information enakling them

to decide whather to pursue mid-1990s deployment of informatien
networking. This information will be contained in an Opporutuntty
Analysis fer the mid-1980s metwork, followed by a prospectus, as
described below. This work wil? be based on architecture,
technology and services work done in 1990 in several projects
that have been mapped to INET.

The Dpportunity Analysis (DA) {s essentially a first cut a2t the
Prospectus and would consist of the following information:

PROPRIETARY - Bellcore and Authorized Clients Only
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Project Name: Project NoO.:
INFORMATION NETWORKING AIN PLANNING 1R4219
DESCRIPTION OF 1991 WORK: (CONT .

o An {nitial cut at a functional description of the network of the
mid-1990s.

¢ ldentification of a set of services, some of which would be of the
integrated voice/data variety, that customers may need in the
mid-1990%, as well as ballipark estimates of demand and revenue.
These services would itkely be based on past and current (i.e.,
1990) market research and service concept efforts at Bellicore, as
wel]l as on input from the BCCs.

© A high-level architectural view of the network {(including the - i
operations) and rough estimates of the cost of the elements.
Analyses of how the above-mentioned services would be provided on
the architacture would be included, as wel) as some of the
technical issues associated with transition and evolution from
earlier platforms,

o Utilizing atl of the above information, a preliminary sconomic
analysis of the mid-90s network would be conducted and used by
BCCs to decide whether work should continue toward the next stage
of the NSTP.

Foellowing the Opportunity Analysis, and assuming s go-ahead decision
by the BCCs (most likely, by the Network & Operations Architecture
(NADOA) Product Support Group (PSG)), work on a prospectus wiil

begin. This prospectys will incorporate Bellcore market, stakeholder,
technical, and sconomic snalysis to provide the 8. . with information
enaltrl fng them to decide whether further support for mid-1980s
deployment of Information Networking is justified. This prospectus
Wwill include:

© Market a2nalysis for a3 set of {nformation networking core services,
including revenus potential and customer willingness to pay;

o Idgentification of relevant stakeholders and recommendations for
influencing those stakeholders;

© A recomménced standards strategy;

© Economic analysis of information networking and information
networking core services including projection of total lifecycle
costs, revenues snd cost reduction opportunities.

Alsc included in the prospectus will be a preliminary Integrated
Network and Operations Plan that wil)l consist of tha fellowing:

o A description of the functionality proposed for the network
of the mid-1990s;

o Preliminary partitioning of this functionality and information

PROPRIETARY - Bellcore and Authorized Clients Only
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:
INFORMATION NETWORKING AIN PLANNING 1R4211

DESCRIPTION OF 19914 WORK: (CONT. )

into network and operations elements, as well as elements
external to the network (such as CPE);

o Inttial description of the {nterfaces between elements in the
network antgd between the network and external entities, and
tdentification of strategies for managing redundant data;

o Overview description of the way internal and external users will h
tnteract with the information networking platform and information
networking serviceas;

o Overview description of the service creation capabilities required
to meet user needs;

o General strategy to snable the transition from embedded systems and
previously-defined platforms.

This prospectus is a major milestone and decision peoint for the BCCs
in that it proposes what the network of the mig-1990s will Teok like
and what functionality it will provice (and why). Assuming BCC
concurrence with the recommendations provided in tha prospectus,
Belicore will begin the detatled work on the Intagrated Network and
Operations Plan which is targeted for completion in 1992,

In symmary, this project, in ctonjunction with the other projects in
the INET procuct set, provides benefits to the BCCs by providing
them with the basic systems engineering and planning to

enable them to pursus s consistent evolution towards a single
integrated netwerk encompassing both ‘network" and “operations"
capabilities. This single integrated network will provide the BCCs
with new revenue opportunities for transport services, value-added
services, and unbundled capabilities, and will present the BCCs with
opportunities for cost reduction through the integration of similar
functions in a single logical networking structure.

DELIVERABLES:

No: Q01

Original: Commitment Date: 0391
Dpportunity Analysis - Provides an analysis of the service and cost
reduction opportunities that may warrant evolving the network, a high-level
architectural view of the network and praliminary sconomic and stakeholder
analyses. This deliverable will be mailed to the NADA PSG in March 1991
and should be used by NADA to determine whether any changes (n assumptions,
directions, stc., are required in daveloping the Prospectus.
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