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Q.

BEFORE THE
FLORIDA PUBLIC SERVICE COMMISSION
PREPARED TESTIMONY
oF
MICHAEL 1. BROSCH

Please state your name and business address.

My name is Michael L. Brosch. My business address is 740
North Blue Parkway, Suite 204, Iee’'s Summit, Missouri
64063.

What is your present occupation?

I am a principal of Dittmer, Brosch and Associates, Inc.
The firm’s business and my responsibilities are primarily
related to special services work for utility regulatory
clients, including rate case reviews, cost of service
analyses, jurisdictional and class cost allocations,
financial studies, rate design analyses, and special
investigations related to utility operations and

ratemaking issues.

Will you summarize your educational background and
professional experience in the field of utility
requlation?

I graduated from the Universjity of Missouri, Kansas City,

in 1978 with a Bachelor of Business Administration

Degree, majoring in accounting. I hold a CPA

T50SBMB. B2 1
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Certificate in the State of Missouri and in the State of
Kansas. I am a member of the American Institute of
Certified Public Accountants, the Missouri Society of
Certified Public Accountants, and the Kansas Society of
Certified Public Accountants. From 1978 to 1981, I
served as a public utility accountant with the Staff of
the Missouri Public Service Commission. While employed
by the Missouri Commission, I participated in rate case
examinations involving electric, gas, water, steam,
transit, and telephone utilities operating in Missouri.
My responsibilities in Missouri utility rate case
proceedings included analysis and testimony on virtually
all facets of public utility —revenue requirement

determination.

In December, 1981, 1I accepted a regulatory consultant
position with Troupe Kehoe Whiteaker & Kent in its public
utility department. While with Troupe Kehoe Whiteaker &
Kent, I directed the development and presentation of an
in-house training program on public utility income tax
accounting concepts and issues. With other firm
members, I was involved in the review, analysis, and
presentation of a wide range of rate case issues and
various other utility management advisory functions for

both utility company and regulatory agency clients.

TSO0SBMB. B2 2
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In May of 1983, I commencéd 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 Ohic Office of <the Consumers'’
Counsel (OCC) and its technical staff. Other special
projects that I directed included a detailed analysis of
utility holding company formation/ diversification policy
issues for the Wisconsin Public Service Commission and a
study of electric utility interconnection agreements and
related bulk power transactions studies of Chio electric.

utilities.

In June of 1985, Dittmer, Brosch and Associates, Inc. was
organized. The firm specializes in public utility
requlatory and management consulting in the electric,
gas, telecommunications, water, and wastewater
industries. As a principal of the firm, I am
responsible for the supervision and conduct of the firm’s

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.

What 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, Washington, Wyoming and
several cases in Missouri. Moreover, I have analyzed and
addressed BELLCORE and regional holding company
affiliated relationships with regulated Bell telephone
subsidiaries several times in certain of these
jurisdictions over the past decade.

What functional areas of the Florida Office of the Public

Counsel (OPC) case are you directly responsible for?

T50SBMB. 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. Since
Southern Bell made certain affiliate disallowances in its
own prefiled case, I propose additional adjustments as
required to properly restate test year affiliate
transactions to a reasonable level for use in quantifying

Southern Bell'’s revenue requirements.

wWhat 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-H(Q (parent), BELLCORE (research
and development services) and BellSouth Services’ Science

and Technology (S&T) organization.

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

corporate staff which is organized 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 costs to eliminate
certain parent-ownership costs not properly recovered
from  ratepayers, as well as to disallow certain
proprietary types of costs which should be disallowed if

incurred directly by Southern Bell.

In general, why must requlators be concerned with
affiliated interest transactions of requlated utilities,
such as Southern Bell?

Utilities which have transactions with affiliates
introduce new complexity and respomnsibility into the
requlatory process. Complexity is obvious throughout the
diverse departments and activities of numerous affiliates
individually and collectively transacting with the
regulated entity as well as among multiple affiliates,
creating pools of costs, some of which are ultimately
charged to regulated ratepayers. Additional regulatory
responsibility arises from the potential for abusive cost

attribution to regulated ratepayers in a variety of ways.

T50SBMB. 82 6
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Q. What

affil

potential forms of abuse are existent within the

iated interest relationships of regulated telephone

companies?

A. Examples of generic regulatory concerns with affiliated

trans

1)

2)

3)

4)

5)

T50SEMB. 82

actions of rate-regulated utilities include:

Incurrence of objectionable expenses by an
affiliate which are partially allocated to the
utility. Examples include contributions, lobbying,
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 less than the
higher of the utility’s costs or market values.

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

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

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

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

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

regulatory concerns that all affiliated arrangements of

regul
A. Ko.

ated utilities are unreasonable?

Many of the utility-affiliate arrangements I have

studied are advantageous to the wutility and make good

business sense as the most efficient means to provide

neces

sary goods and services. However, all significant

utility <transactions with affiliates must be reviewed

T50SBMB. 82
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with a strong éppreciation of the potential problems and
general concerns arising from these arrangements. My
conclusion with respect to BSC-HQ and BELLCORE is that
the majority of charges to Southern Bell are reasonable

for inclusion within regulated revenue requirements.

Do the affiliated transactions of Southern Bell raise
issues in some of the areas of concern you listed?

Yes. The remainder of my testimony discusses certain
issues arising from Southern Bell’s transactions with
affiliates which, in my opinion, merit consideration by
the Commission in this Docket. Since my responsibilities
were limited to Southern Bell’s transactions with BSC-HQ,
the parent company, and BELLCORE, I have no conclusions
with respect to Southern Bell transactions with other

affiliates.

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

I have discussed my preoposed adjustments with Mr. Allen
and have forwarded appropriate amounts to him for
inclusion in the total revenue reguirement calculations
that he sponsors. To the extent Mr. Allen sponsors

revenue requirement calculations for test periods other

T50SBMB.82 9
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than 1991, I recommended that my adjustments be restated
in proportion to any escalation of gross BSC-HQ or

BELLCORE jurisdictional expenses.

How is the remainder of your testimony organized?

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:

Testimony
Topic Page Exhibit
BSC-HQ (Parent) Ownership Costs . . . . 11 MLB-1
BSC-HQ Proprietary Disallowances. . . . 35 MLB~-1
BELLCORE/BellSouth Services-
Science & Technology 5 a b o 0o 0o o ¢ 48 MLB-2

T50SBMB. 82 ‘10
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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 South Central
Bell were organized as subsidiaries of BellSouth
Corporation at divestiture, with Southern Bell continuing
to  provide requlated Florida intrastate telephone

services under BellSouth ownership and contrel.

Effective at year-end 1991, Southern Bell’s name was
changed to BellSouth Telecommunications, Inc. and at that
time South Central Bell, as well as BellScuth Services
Incorporated (a jointly owned service subsidiary of
Southern Bell and South Central Bell), were merged into
this renamed entity. However, BellSouth
Telecommunications continues to use the names of Southern
Bell and South Central Bell foﬁ various purposes. I will
use "Southern Bell" herein to refer to the regulated
telephone operations of BellSouth Corporation, subject to

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

T50SEMB. 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
Taelecommunications (doing business as Southern Bell and
South Central Bell) as well as the multitude of
diversified domestic and foreign subsidiaries controlled

by BellSouth Corporation.

Doeg BSC-HQ incur labor and non-labor departmental 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 services related to labor relations,
relocation, wages, salaries and assessment.

- Legal assistance on taxes, antitrust and federal
matters.

T50SBMB. 82 12
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N Public affairs invelving 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 expenseg in its minimum filing
requirements?

Exhibit _  (MLB~1) 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-E(Q 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

T505BMB.B2 13
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Company’'s adjustment, the remaining Florida Intrastate
share of BSC-HQ corporate services expense the Company
seeks to recover total $17.8 million. In addition to
corporate services, BSC-HQ also bills Southern Bell 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 c¢ommon stock of
Southern Bell as well as significant financial interests
in a wide variety of diversified businesses, including
domestic cellular telephone services, foreign cellular
systems, domestic and international paging services,
directory advertising and publishing, CPE sales and
leasing, software creation and sales, graphics and
printing services, Australian telecommunications and
other business operations. Therefore, BSC exists as both
a parent/holding company and a service company, BSC has
the same interests as any institutional investor managing
a diverse portfolio of businesses. The duality of

purpose comes into play where BellSouth acts as more than

T50SBMB. 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 reole of
owner and advisor, BellSocuth sells management advice and
assistance to the subsidiary telephone company and other
subsidiaries while simultaneously protecting its

ownership interest in such subsidiaries.

Have you analyzed the specific functions and related
costs within the BSC-HQ billings to Southern Bell?

Yes. My examination focused upon the nature of
activities within each of the BSC-HQ responsibility areas
and the amount of costs incurred within each RC, as well
as the allocation of same among BSC subsidiaries. I
examined BSC-HQ organizational charts, written job
descriptions, detailed descriptions of departmental
activities and benefits, and examples of work product

emanating from various BSC-H(Q departments.

How are the BSC-HQ billings for General Services and
Licenses costs accumulated and charged te Southern Bell
and other affiliated companies?

BSC-HQ is organized into responsibility codes (RC’s) for
which all salaries and non-labor costs are ac¢cumulated.

Each RC has a defined functional role within the overall

TS0SBMB.82 15
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management framework of BellSouth Corporation. BSC, as
parent corporation, contains departmental management
resources to control and direct its portfolico of
investments in its subsidiary company business segments,
including the regulated telecommunications segment, as

well as the diversified BellSouth Enterprises segment.

BEach RC accumulates its expenses for assignment or
allocation to designated affiliate beneficiaries. The
basis of allocation is prescribed by BSC-EQ management
with the intent be;ng to causally and systematically
assign costs to the business entities receiving benefit
from the RC’s actions. The allocated costs from each RC
are accumulated and billed to the telephone companies and

other subsidiaries of BSC on a monthly basis.

Does BSC act as both advisor and director of the
telephone subsidiaries, including Southern Bell?

Yes. BSC serves both an advisory staff function as well
as a line management control function over the regulated
telephone operations of Southern Bell and other
subsidiaries. In contrast, telephone company management
has authority over and responsibility for operational

igsues, acting within the operational guidelines and

TSO0SBMB. 82 16




o U A W N

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

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 gquides the business
planning done by Southern Bell, oversees the capital and
operations budgeting process, establishes expenditure and
earnings commitments from regulated telco management and
monitors achievements of such plans, budgets and

commitments.

You previously indicated ratemaking adjustments to
several categories of these BSC-HQ costs which you
sponsor. Turning to your first adjustment category, what
are the kinds of costs which you characterize as
"ownership" which should be disallowed?

BSC-HQ costs which I consider to be ownership in nature
are those costs which are incurred as a function of BSC
in the role of parent company and investor in Southern
Bell as well as the other diversified subsidiary
companies., Specific examples of ownership costs include
the costs of the holding company’s senior executive

management who are concerned with planning and managing

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-HQ corporate secretary, corporate
treasury, corporate planning and certain corporate
counsel RC's which are primarily responsible for
maintenance of the parent company legal entity 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 corganization. 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

TSCSBMBE. 82 18
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ratepayers, if the FPSC fails to approve the ownership

cost disallowance 1 propose.

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

No. It is only by virtue of the telephone subsidiary
billing mechanism that the problem arises. BSC-HQ is
able to recover both the costs of management advice and
assistance, as well as the costs it incurs to manage its
portfolio of investments in the telephone companies and
non-regulated affiliates, through corporate services
billings. I propose.that the Commission consider the
costs associated with BSC oversight and management of
its investment in Southern Bell and its other
subsidiaries to be properly chargeable against its
dividend income stream rather than allocated and

recovered from telephone ratepayers.

Does your Exhibit __ (MLB-l) set forth detailed BSC-HQ
Florida intrastate amounts by parent Company Department
which you propose to disallow as ownership costs?

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

detailed costs by BSC Department which I propose to

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
Officer, its Vice Chairman and other BSC Executive Vice
President responsibility codes within your "ownership
cost" disallowance category?

Senior executive management at BSC-HQ is, at best, only
indirectly involved in providing specific detailed
technical and management advice and assistance to the
telephone company. The xoles of thése individual
executives is primarily oriented to broad BSC strategqgic
policy issues and the promotion of BSC in the most
favorable light to the investment community and other

public forums.

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

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

TS0SBMB. 82 20
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have eliminated one-half of the cost of BSC-HQ's most

senicr 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 Officer (1
position), the focus of management attention extends far
beyond the telephone company’s interests:
Accountability Objective (Basic PFunction)
Po 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 intc new international

T50SBMB. 82 : 21
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markets and new business lines, while
majintaining compliance with applicable
regulatory guidelines, Board policy standards,
and maintenance of a viable existence within
the competitive marketplace.

(2nd Interrogatory, Item No. 34)
Reporting directly to the CEO of the parent Company is
BellSouth’s Vice Chairman-Finance & Administration, its
Executive Vice President-Governmental Affairs, and its
Executive Vice President and General Counsel. Other
direct reporting positions to the CE0C include BellSouth
Telecommunications” Chairman, and the President of
BellSouth Enterprises. This parent Company reporting
structure is illustrated in Attachment MLB-2, a BellSouth
Corporation management organization chart received in
response tc 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 CEO, Vice-Chairman and Executive VP’'s?

The telephone subsidiary’s Chairman and CEO also has

T50SBMB. 82 22
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overall leadership, planning and management
responsibilities comparable to the responsibilities of
the BellSouth CEO, except that his focus is upon
telephone company operations, rather than global holding
company portfolio performance. A written position
description for the telephone Company’s CEO was provided
in response to 2nd Interrogatory, Item No. 35, describing

the position as follows:

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

BellSouth Corporation

Provides leadership and overall direction for
the planning, management and contrel of all
aspects of BellSouth Telecommunications
activities for the effective coordination and
integration of the varied and diverse

functional elements of the company s
operations to produce the required levels of
growth in revenue and earnings. Participates

in the overall strategic management direction
of BellSouth Corporation, thereby contributing

TS0SBMB.82 23
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te the overall strategic direction of
BellSouth, and representation within BellSouth
on behalf of BellSouth Telecommunications.

In your opinicon, does the allocation of BSC~HQ senior

executive management costs burden ratepayers with

excessive and duplicative executive compensation
expense?
Yes. In the 1991 test period, Florida ratepayers are

asked to pay for three layers of generously compensated
senior executive management. The compensation of the
most highly compensated executives of Southern Bell,
BellSouth Services, Inc., and BellSouth Corporation in

1991 were as follows: .

Top 5 Executive Compensation

High Low Average
Southern Bell Executives 771,170 396,373 566,814
BellScuth Services Executives 1,788,659 336,392 744,614
BellSouth (parent)} Executives 1,355,500 418,500 684,833

TSOSBMB. 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 CEQO, Mr. John
Clendenin, the direction and scope of the parent
Company’s strategic planning and to illustrate one of the
functions of the CEC in representing BellScuth 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

TS0SEMB. B2 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 Southern Bell's adjustment to disallow
certain affiliate lobbying costs excludes a portion of
costs for the BSC-HQ EVP-Government Affairs. My

1

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
&nalysis of parent Company business opportunities in
which BellSouth may be able to profitably invest
resources. Even though new business development and new
technology deployment can occur either through new
product/service introductions within existing BellSouth
subsidiary entities or through traditional mergers and
acquigitions, the cost of Corporate Planning analysis

toward refinement of the parent’s portfolio of
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telecommunications industry products and sexvices is 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 wuse
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 Corporation’s financial
planning and financial strategy processes. Corporate
Planning coordinates the preparation of financial and
strategic plans and budgets from the subsidiaries and
practices portfolio management by studying, from a
consolidated viewpoint, changes to BellSouth’s financial
value from alternative rescurce 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?
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A. In response to Citizen’s Sth Interrogatory, Item No. 231,

the Company contrasted the mission and planning of the

two entities as:

TS0SBMB. 82

BellSouth Corporation (BSC) is a holding company
responsible for establishing the overall mission,
goals, strategic direction and overall guidelines
for the total enterprise. BSC has operations otherxr
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.

28
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What internal capabilities exist within Southern Bell to
conduct Corporate and TFinancial 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 consolidated cash,
investments and borrowings are appropriately considered
ownership costs. Furthermore, BellSouth’s efforts to
maximize the profitable investment of available cash from
Southern Bell and other domestic and foreign subsidiaries
produces below-the-line income not credited to
ratepayers. Therefore, the costs of centralized cash
management should not be charged to Southern Bell

ratepayers.
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Similarly, the administration of banking relations for
the reconciliation of cash books and bank registers and
the development of cash forecasts is an entity cost any
holding company investor would engage in and absorb out
of the resultant dividend income stream. For these
reasons, I propose disallowance of one half of the cash
management function within the overall Treasury
Department costs allocable to Southern Bell in Florida.
This narrowly focused disallowance represents only about
28 percent of the total BSC-HQ treasury charges to

Florida intrastate operations.

what internal capabilities exist within Southern Bell to
develop and coordinate cash forecasts without dependence
upoen BSC-HQ for technical or administrative
assistance/sexrvices?

According to the Company’'s response to 1Sth
Interrogatory, Item No. 379:

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

BST developed its own cash forecast
procedures, collects and analyzes its own
data, and uses PC spreadsheets designed
locally. For information purposes, BST
provides BSC-HQ with estimated external
financing requirements."
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assistance/service?

A. According to the Company’s response to l5th Interxrogatory

Item

Clearly, there is a concern with respect to redundancy in

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

No. 380:

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

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

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

is partially remedied by my proposed adjustment.

T50SBMB.B2
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Do you consider the BellSouth Corporation Assistant
Secretary, who is responsible for BellSouth Board of
Directors Support, to be an ownership cost properly
absorbed by the parent, rather than allocated to
BellSouth’s subsidiaries?

Yes. BellSouth’s  Assistant Secretary provides
administrative and research support 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 S0 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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Total test period BSC-HQ jurisdictional ceosts charged to
Southern Bell which I believe are ownership costs,
properly disallowed by the Commission, <¢an be summarized

as follows:

Tatal

Charged Proposed

1591 Total to Florida Disallowed

C-830 O t Title BsC- Intrastacess Ownership
Executive Mgmt. + CEO 516,960, 449 51,415,300 $ 429,012
Corporats Planning 4,559,009 £93,300 446,650

Corporata Trsasury, Cash Mgmwt. &

othar 14,879,176 2,107,700 590,148
Corporate Secretary/Corp. Counsel 5,196,259 730,600 110,509
Total Amounta 541,594,893 55,146,900 $1,576,419
Public Counsel Proposed Disallowancs $1,576,419

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.

TS50SBMR. 82 34
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BELLSOUTH CORPORATION PROPRIETARY DISALLOWANCES

Has Southern Bell recognized the need to disallow certain
of the costs allocated to Florida intrastate operations
by BSC-HQ?

Yes. The Company included its affiliate disallowance
adjustment at MFR Schedule A-6b, page 23, to disallow
$1.7 million of BSC-HQ charges for contributions,
advertising, lobbying/liaison, memberships/dues and the
BellSouth Golf Classic. These costs represent typical
costs the proprietor of a business might choose to incur,
which are not of a nature that is necessary or essential
to provide requlated services or of direct tangible
benefit to ratepayers. For this reason, I refer to such
costs as proprietary disallowances and recommend that the
Commission treat them the same as they would be treated

if incurred directly by Southern Bell.

Do you propose further disallowances of BSC-incurred
expenses, beyond Southern Bell’s proposed adjustment,
because of the specific nature of such costs?

Yes. In addition to, the ownership cost adjustment
previously described, I propose that certain specific
costs incurred by BSC-HQ and allocated to Southern

Bell-Florida be disallcocwed because such costs, if

T50SBMB.82 35



o L e W

~l

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

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 Finpal Judgment (MFJ) matters, the
remaining costs of corporate advertising not disallowed
by Southern Bell’s own adjustment, the BSC-HQ corporate
affairs department not already disallowed by Southern

Bell and the costs of BellSouth DC Public Relations.

What are the BellSouth Corporation antitrust and MFJ
legal costs you propose to disallow for ratemaking
purposes?

I have considered the costs within BSC-HQ Responsibility
Code H61300 and a pro-rata share of legal support staff
(RC 61170) to be antitrust and MFJ legal costs (llth Int.
No. 275 and 3rd POD, No. 41). According to BSC-HQ’'s work
activity description for these lawyers, the functions

performed include:

. Antitrust and Modified Final Judgment

Represent the subsidiaries before the MFJ Court.
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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 BellSouth 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

TS50SBMB. 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-H) was
asked what antitrust cases presently involve BellSouth
for which BSC-HQ incurs and allocates costs to Southern
Bell (9th INT. No. 241). The Company’s response listed
four individual cases, two of which named Southern Bell
as respondent. However, in response to 13th
Interrogatory Number 330, The Company responded, "BSC-HQ
did not bill any costs to Southern Bell during 1991 in
connection with any of the antitrust cases listed in
response to Item No. 241." To add to this confusion, the
Company responded to 13th Interrogatory Rumber 331 -by
stating that BSC-HQ employs 6 attorneys who work on
"MFJ/antitrust" matters, for which test period Florida

intrastate allocated charges totaled $282,900.

I believe that Southern Bell antitrust costs should be

disallowed, in the smaller amount I derived from other

.. discovery responses, unless and until the Company

demonstrates benefits to ratepayers from its antitrust
activities and provides an accurate accounting 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-regqulated 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-regulated business conduct.

To what extent is Southern Bell dependent upon BSC-HQ for
legal services?

According to the response to llth Interrogatory, Number
284, BellSouth Telecommunications (Southern Bell and
South Central Bell-post merger) has 78 lawyers throughout
its operations, including 35 lawyers within the state
organizations, 10 labor lawyers, 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 propecsed for any of

these telephone subsidiary lawyers.

BSC~-HQ has 29 attorneys responsible for Pederal
requlatory, antitrust/MFJ, labor relations, tax,

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

fewer of these headguarters lawyers.

With respect to BSC-HQ corporate advertising, how did
Southern Bell analyze the parent’s advertising in
deriving its proposed disallowance adjustment?
The Company appears t¢ have evaluated the parent’s
advertising copy to determine the percent of each ad that
was thought to be “"product related" and therefore
allowable. FCC Part 32 distinguishes between "product*®
and "corporate image" advertising, as follows:
Account 6613 Product 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 advertigsing, such
as corporate image, stock and bond issue and
employment advertisements, which shall be included
in the appropriate functional accounts.
(47 CFR, Ch. 1, 32.6613)
The Company’s adjustment then disallows all BSC-HQ

advertising except those individual ads determined to be

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

I agree that only product specific telecommunications
advertising which is cost effective should be eligible
for ratepayer recovery. Unfortunately, +the Company
appears to have not rigorously applied its own criteria.
The BSC-HQ advertising costs Southern Bell did not
disallow, which it proposes to recover from ratepayers,
includes the cost of 50 percent of four print ads and
11/16 of several television ads which I believe are

entirely corporate image-building advertisements.

Did Scuthern Bell judge any of the BSC-HQ advertisements
to be entirely product related and, thus, recoverable
from ratepayers?

No. The only BSC-HQ advertisements not completely
disallowed, were partially disallowed, at either a 50

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

Have you prepared an attachment to your testimony to
illustrate the specific BSC-HQ advertising you propose be
disallowed in its entirety, rather than only partially
disallowed as proposed by Southern Bell?

Yes. Attachment MLB-5 contains advertising copy for the
specific print and television ads disallowed by my

adjustment (3rd POD, No. 49). Bach 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 contributiens, corporate memberships and
community affairs programs. BellSouth  Foundation
administration, involving the evaluation/approval of
Foundation grants, is also included in the Corporate

Affairs Department. (3rd POD, Item No. 41)
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Has the Company disallowed some of the allocated costs
from BSC-HQ in its own adjustment?

Yes. Scuthern Bell‘s MFR Schedule A-6b, at page 23,
disallows the allocated direct costs of BSC-HQ corporate
contributions, Social/Service club memberships and dues
and the BellSouth Golf classic. These adjustments total
$352,000, the majority of which originate in the BSC-HQ

Corporate Affairs Department.

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 preoducts of the
BSC-HQ corporate affairs department and how are such work

products said to be used to benefit Florida ratepayers?
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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 for
education programs and providing other
information related to improving education in
the southeast, including Florida."

Also, the department provides written
responses 0 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.

lith

BSC-HQ alsco maintain a Washington D.C. Public

Relations organization?

A. Yes.

TSO0SBMB.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 Washington. In the

test period, the Florida Intrastate jurisdiction 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 functions described
above. Media Relations is an important concern to
BellSouth as it endeavors to effectively create and
utilize public media opportunities to enhance the image
and advance the legislative/regulatory agenda of
BellSouth. There has been no showing that regulated
ratepayers in Florida need such media relations services
in Washington or Atlanta or that they receive any

tangible benefits from same.
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Q.

Have you also adjusted the BellSouth D.C. Federal
legislative and regulatory relations charges through
BSC-HQ to Florida?

No. I have accepted the Company’s proposed disallowance
of $812,000 within MFR Schedule A-6b, page 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 Southern Bell'’s
dependence upon BSC-HQ for interaction with FCC
personnel, with Federal-State Joint Boards, and with
NARUC and other National entities/agencies.

Does your Public. Relations adjustment also disallow the
expenses of the ESC-HQ Vice President-Public Relations?
Yes. The Public/Media Relations, Advertising and
Corporate Affairs functions disallowed by my adjustments,
above, report to the Vice President-Public Relations. I
have, therefore, also disallowed the responsibility code

charges to Florida Intrastate for this Vice President.

What is the total amount and percentage of BSC-HQ costs
charged to Southern Bell-Florida Intrastate operations

which you propose to exclude as a proprietary

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

propose be disallowed can be summarized as follows:

Florida Proposed
1991 total Intrastate Disallowed
BSC-HQ Department-Function BSC-HQS$ Charged Proprietary
Legal-Antitrugt/MFJ 510,372,321 51,432,900 $ 117,422
Advertising 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 3,412,906 2,097,428
Less: Amount Excluded by Southern Bell’s Adjustment (853,000)
Total Public Counsel Proposed Disallowance $1,244,428
A - Includes amounts alsc disallowed by Southearn Bell. ====Tm===c
This total Public Counsel proposed  proprietary
disallowance amount 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 DEVELOP R&D

What is the purpose of this section of your testimony?

This testimony section addresses Southern Bell’'s test
period research and development expenses, explaining the
nature of such activities and recommending certain

adjustments to such expenses.

Does Southern Bell purchase research and development
services from affiliated companies for which costs are
included in test year expenses?

Yes. The primary affiliate providing R&D services to
Southern Bell is Bell Communications Research, Inc.
(BELLCORE). BELLCORE was established at divestiture as a
centralized national R&D and centralized service
organization, owned equally by each of the seven Bell
Regional Holding Companies (RHC's), to provide applied
research, national security and emergency preparedness,
operational support and common administrative systems
support on a shared-cost basis. BELLCORE offers a broad
spectrum of technical and operations R&D and support
services through a series of programs and detailed
projects. A "project" tracking and cost accounting
system is employed by BELLCORE to accumulate and charge

its incurred costs in each detailed project among the
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RHC’s. BELLCORE is a valuable resource to Southern Bell
and other Bell operating companies because it is uniquely
positioned to serve the mutual interests of its owners
and clients on a national basis, sharing the costs of
supporting common automated systems, centralized National
Security/Emergency Preparedness {NSEP) and
telecommunications R&D. However, the nature of the
services provided by BELLCORE in the R&D domain raises

significant regulatory policy issues.

A second, much smaller source of R&D services to Southern
Bell is the Science and Technology (S&T) organization
within BellSouth Services. 8&T conducts more focused
technology development work in selected areas of interest
to BellSocuth. S&T 1is building BellSocuth’s Advanced
Intelligent  Network (AIN) laboratory and a related
service creation enviromment 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 Dby
Southern Bell in Florida for R&D services from these two
sources?

Florida Intrastate BELLCORE expenses totaled §29,089,484

in 1991 (11th Interrogatory, Item No. 269}. BellSouth
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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
PLANNING & ENGINEERING
CPERATIONS & PROVISIONING
PROCUREMENT SUPPORT
TECHNICAL ANALYSIS
TECHNICAL TRAINING
COMPUTING STANDARDS &
ARCHITECTURE

SUPPORT SERVICES

MARKETING SERVICES

T50SBMB. 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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A.

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.

Wwhat 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

requlated telephone companies is whether current

ratepayers should bear the costs of such R&D, given the
deqree to which the nefit from such expenditures.

Related sub-issues include the following:

a) The benefits of successful R&D will Tbe
realized in the future, suggested that R&D
costs should be deferred and matched +o the
period of benefits. (Subsidization of future
Southern Bell customers.)
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<)

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-requlated by the Florida
Commigsion. {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 veoluminous BELLCORE project
profiles and a number of other documents associated with
Southern Bell‘s BELLCORE expenditures. These documents
include BELLCORE’s Business Plan, various NARUC and
NARUC-FCC Audit Reports on BELLCORE, BellSouth Services
cost/benefit studies, as well as example work products
and explanations of R&D activities of both BELLCORE and
the BSS S&T entities. The documents I have reviewed, as
described in the following testimony, support an
adjustment which allows current rate recovery of most of
Southern Bell‘s R&D expenditures, but recommends
disallowance with possible future recovery of certain R&D

costs.

Has BELLCORE been audited by other regulatory agencies in
the recent past?

Yes. Asjde from periodic rate case reviews by state
PUC’s of BELLCORE expenditures to determine
rate-recoverability, the NARUC Subcommittee on Accounts
has received audit reports regarding BELLCORE from a
multi-state joint audit team in 1985, 1988 and in Qctober

1991 (Joint NARUC-FCC Phase I Report}. The most recent
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October 1991 Report on the Review of BELLCORE Financial
Activities, issued by the NARUC-FCC Accounting Task Force

Audit Team, addresses only overall £inancial issues,
rather than the broader technology pelicy 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 proiject review group categorized the
BELLCORE projects into four broad areas in its 1988
Report:

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

B - Existing Technology: Projects reviewed here deal
with Bellcore activities relating primarily to
today’s software 'systems and is in large part

maintenance oriented. Reviewed here are such
familiar systems as TIRKS, FACS AND PICS/DCPR.
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C - Emerging Technology: These projects relate to
development activities to incorporate new technology
or software into Regional Networks, Prominent in
this area is work involving ISDN and IN/2.

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

According to the 1988 NARUC project review group, "The
four groupings were utilized since they pose different
types of concerns for regulators". (3rd POD, Item No.

689, NARUC 1988 Audit, p. 174)

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

The primary concern throughout NARUC's 1588 BELLCORE
project review section of the audit report was the
linkage between project activities and benefits to
current ratepayers of regulated telephone company

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

summarized as follows:

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

The 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 teo 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 also coming inte 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 questions
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." (MNARUC 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 1in 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, outof 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 nonrequlated accounts. The Regional Group
recommended that only 20 percent of applied research
costs are used and useful to current ratepayers and the
other 80 percent should be disallowed. The allowable 20
percent would then be deferred and ameortized over 7 years
to better match costs with benefits. (NARUC 1988 Andit

Report at pages 30-32).

With respect to the Existing Technology category, more of
a consensus among the NARUC audit groups existed.
Projects in this category, "deal with maintaining and
enhancing today’s network system and are the most
innocuous of the four sections reviewed" (NARUC 1988

Audit Report at p. 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 Technology, in many cases there is no benefit to
current residential ratepayers and that the posgsibility

of such Bellcore work benefiting future deregulated

TSOSBMB.B2 58



e W N

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

services justifies careful study of proper cost

assignment methods.

Financial Projects were found to be less directly related
to provisicning or maintaining telephone service, but
were administrative and general support functions that
seemed justified by cost savings associated with shared

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

To what extent did you rely upon the NARUC audit of
Bellcore that was conducted in 1987 and reported in 1988?
I used this NARUC Audit Report and prior NARUC reviews of
BELLCORE as Dbackground information in reviewing the
activities and benefits of Bellcore as they relate to
Scuthern Bell in Florida. The 1988 NARUC Audit Report
was not designed to resolve rate case issues, as stated
at page 20 of the Executive Summary:
The approach taken in this report 1is 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-gtate audits requires compromise among
differing state opinions, which is
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antithetical +to a basic NARUC tenet---~state’s

right to deal individually with state matters.

This report has been fashioned to give state

regulators the information needed to resolve

matters in accordance with its own agenda.
My review of BELLCORE as stated herein, relied wupon
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 BellScuth 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 to address
"Financial Activities" of BELLCORE. The findings in the
Phase I report do not address the nature of work
conducted by BELLCORE, but instead focus on internal
accounting, costing and pricing issues. These concerns
are resolved by adjustments already made by Southern Bell
or BELLCORE and are not addressed f£urther 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 NARGC and the FCC.

What specific documents did you rely upon to understand
the activities of Bellcore?

The principal documents I relied upon are the Final

Project OQffering documents contained within the 1991
Customized Work Program purchased by Southern Bell from
BELLCORE in the test period. This documentation consists
of five volumes of detailed profiles of each BELLCORE
project. The BELLCORE "project" is the unit of activity
used +to accumulate costs incurred for a defined scope of
work having specified deliverables, clients, budgeted

resources and billing authority.

Southern Bell provided the actual test period Florida
intrastate Bellcore expense for each project in its
response to 1lth Interrogatory, Item No. 269. 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 specifie 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, Southern Bell also
pays BellSouth Services for S&T activities related to its
Advanced Intelligent Network (AIN) laboratory, Switched
Multimegabit Data Service and Broadband Integrated
Services Digital Network (SMDS/BISDN) research and other

activities.

Have you prepared a schedule 1listing the specific
BELLCORE and S&T projects you propose to exclude from
Southern Bell’s operating expenses?

Yes. Exhibit (MLB-2) lists the BELLCORE and BellSouth
Services S&T projects and test period intrastate expenses
for such projects that I propose to be removed from test
period expenses. The basis for the exclusion of these
projects is that they do not result in benefits to

ratepayers of Southern Bell’s currently cffered regulated
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services. Additionally, these projects create
significant risk to  ratepayers because of the
"sub-issues" listed at page 51 which Justify
disallowance, with possible future recovery of these

project costs.

These listed projects represent a modest portion of
Southern Bell’s overall BELLCORE and S&T test period
expenses which, arguably, should be disallowed or, in the
alternative, deferred to future periods and matched with
demonstrated above-the-line ratepayer benefits when such

matching is possible.

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 1 propose to exclude from
Southern Bell’s Florida Intrastate revenue requirements.
To document and support each project, I have attached as
Appendix MLB-6 the related Project Descriptions from
Southern Bell’s response to 3rd POD, Item No. 70. on
each project description I have indicated, by vertical
bar in the right margin, the language I rely upon to
support a conclusion that near term benefits to Florida

regulated ratepayers are not evident. There are a total
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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 technology endeavors,
should pnot be included in current revenue requirements.
I recommend that the costs related toc these 28 projects
be disallowed at this time. However, Southern Bell
should be authorized to maintain separate "side records*®
of the disallowed costs from these projects (and
equivalent successor projects) so that, in future rate
proceedings, rate recovery of such costs (including
reasonable interest thereon) may be reconsidered if
telephone ratepayer above-the-line  benefits are

demonstrated.

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 research 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 IR3011 relate to development of a "next generation"
communications network based upon fiber optic broadband
transport of voice, data and video information. When and
if such a ubiquitous high-speed broadband fiber network
is deployed to provide requlated telephone service, the
costs of these projects may be determined to be
recoverable by the FPSC. However, it is possible that
the future services this technology may enable Southern
Bell to deploy, such as packet video, maltimedia
teleconferencing, multimedia messaging and wvideo 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,

TSOSBMB.82 65




W @ = o e W N

MNONONOR NN R e e e s e
M e W N R O W MmN YW e W N e O

it may be reasonable to éllow ratepayer recovery of
BELLCORE proiect 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, 1wW0211, and 1R212. If the Socuthern Bell's
regulated network is ultimately used to distribute high
definition television (HDTV) to the public in Florida,
BELLCORE project 421306 should be recoverable from
ratepayers. Speech and Image Processing {project 621408)
promises exciting potential future services using
synthesized voice recognition and network interaction as
well as video compression to enable videco 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 1990‘s, Such intelligent network
capabilities, when deployed in Florida, will allow rapid
service creation and modification via software controlled
by Southern Bell, improved network trouble iscolation and
other ratepayer benefits. However, if new AIN

provisioned services are eventually offered on a
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deregulated basis, shareholders should bear the BELLCORE

and S&T development costs.

How does Southern Bell describe the status of its plans
for deployment of broadband ISDN technoleogy within the
Florida network?

According to the Company’s response to 15th
Interrogatory, Item No. 371, the status of broadband ISDN
deployment is uncertain, which in my opinion does not
support the current above-the-line expensing of R&D for
this technology, as proposed by Southern Bell. The

Company’s response states:

"Current Southern Bell plans regarding
broadband ISDN are to install  technology
trials as appropriate to verify standards and
test equipment. No volume deployments are in
Southern Bell’s near term plans. The
regulatory status of any service to be derived
from broadband ISDN is unknown at this time.
Benefits to be derived from brecadband ISDN
cannot be quantified until the results of the
technology 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 mnaterials
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 technelogies 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 gervices 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 cobjectives of
its Applied Research programs?

According to the Bellcore Business Plan Analysis for
1990-1994 (3rd POD, Item No. 66), the Goals/Qbjective for

Applied Research are:

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

These Applied Research Goals/Objectives then carry over
into the network areas of BELLCORE activity where the

short-term goal, according to the same source, is to:
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current period BELLCORE R&D

Become a strategic partner with each of the
Client Companies in defining and implementing
financially viable, incremental steps toward
the Information Networking Vision, while
maintaining a profitable network business.
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communications network incorporating many new products
and services bearing 1little 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. However, 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 technologies remain
uncertain. Instead, the Company‘s cost/benefit studies
merely assume that BellSouth would necessarily replicate
the BELLCORE project activities without the benefits of
cost sharing with the other six RBOC's. It is not
surprising that such "analysis" indicate that independent
BellSouth conduct of its own R&D to replace shared-cost

BELLCORE activities is not cost-effective.

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 regqulated ratepayers are the beneficiaries of
virtually all BELLCORE project activities, as suggested
by the Company’s accounting for such c¢aosts. The
replacement cost to create internally, rather than buy,
R&D services not needed to provide 19%3-vintage telephone

services is largely irrelevant, in my opinion.

Turning to 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 POD,
Item 222, S&T provides R&D services to Southern Bell that
are described as:

*Includes building the Advanced Intelligent
Network (AIN) lab and a service creation
software development enviromment 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."

"Deliverables will include advanced services
for BOC networks in more timely and custom

TS0SBMB.82 72
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design manner than previously 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 S&T
areas of inguiry include Fiber to the Curk (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 bagis for your proposed disallowance of the
ATN and SMDS/BISDN costs allocated from S&T to Southern
Bell?

My evaluation of the S&T projects at BellSouth Services
caused me to conclude that S&T work is primarily oriented
toward future enhanced (and potentially non-regulated)
services which clearly do not benefit current requlated

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 RiD 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 economi.c
characteristics of the regions that they
serve, These differences cause the regional
operating companies to make different choices
in many fundamental technical areas such as
8§87, digital switching deployment, AIN, etc.,
particularly in the timing of deployment of
these capabilities. Internal R&D is necessary
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to support the transfer of Bellcore and vendor
technology to BellSouth and to allow for
customization to meet specific BellSouth
needs.

Research & development identifies, defines,
and develops new technologies and services
that can control costs and/or provide new
capabilities that are necessary to move the
public¢ network into the future. Ratepayers
benefit because they can expect to enijocy 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 su rting even more sophisticated
services. Many of the new services being
envisioned, e.g., Call Name Delivery, improve
both the personal and economic security of the
citizens. (Emphasis added)

What accounts are used by Southern Bell to record the
BELLCORE and S&T expenditures you would disallow?
Most of the BELLCORE and S&T projects‘i would disallow

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

follows:

8 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 intc 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 CPR, 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 BellSouth to be made whole for the R&D
costs disallowed in Southern Bell rate cases by deploying
new technologies in non-regulated markets?

Yes. Nothing acts to preclude Socuthern Bell or any
non-reguléted subsidiary from employing technologies
developed by BELLCORE or S&T outside of requlation. For
this reason, the R&D adjustment I propose should be
viewed as not punitive to the Company. = The Company can
either deploy technological innovations in its future
requlated operations and seek rate recovery of previocusly
disallowed R&D costs, or it can elect to deploy new
technology in Southern Bell or another affiliate on a

non-requlated basis.

Have you reviewed the Commission’s Order Né. 25218 in
Docket No. 890180-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,

*...50cuthern Bell will be f£iling MMFR’s no later than

March 31, 1992, It would be appropriate to review the
RaD expense in those proceedings to determine if there

are charges which should be capitalized for regulatery
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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 recommend these costs be deferred for possible future
consideration as an above-the-line regulated expense,
subject to a reasonable demonstration of ratepayer
benefit from the technologies being researched. This
recommendation is somewhat different from noxre

traditional capitalization of a regulateory asset, as

governed by Financial Accounting Standard No. 71
Accounting for the Effects of Certain Types of

Regglation,- which is dependent upon evidence that future
rate recovery of the amount capitalized by "probable".
It is simply too early to tell if and when regulated
ratepayers will benefit from new technologies that may

ultimately be part of the network of the future.

Do Generally Accepted Accounting Principles (GAAP)
preclude the disallowance or regulatory deferral of R&aD
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&DP costs, in the interest of conservatism, within
financial statements. However, GAAP does not goverm 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
BELLSOUTH CORPORATE SERVICES CHARGES
TEST YEAR 12/31/91

SBT

EXHIBIT ___ (MLB-1)

PUBLIC

OWNERSHIP PROPRIEETARY COUNSEL
BiLL  FLORIDA FLORIDA  DISALLOWED ADJUSTED DISALLOWED DISALLOWED ADJUSTED

OPC PROPOSED OWNERSHIP DISALLOWANCE BSC-HQ EXPENSE
OPC PROPOSED PROPRIETARY DISALLOWANCE BSC-HQ EXPENSE

5

A%,

55

DEPARTMENTAL DESCRIPTION: CODE ALLOCATED INTRASTATE  BYSBT  INTRASTATE  BY OPC BYOPC  INTRASTATE
®) ® © ©) ® F © ) 0
EXECUTIVE EXEC  1877,300  1,415300 0 1415300 (429,012) {70,206) 916,082
'CORP. SECFETARY Hi10 943,300 675,100 0 675,100 (82,859) 0 592,241
TREASURY HI12 3,029,500 2107700 0 2,107,700 (590,148) 0 1517552
SECURITY H130 372,300 250,500 0 250,500 0 0 250,500
COMPTROLLERS H131 1,688,800 1,174,900 0 1174900 0 0 1,174,900
TAX HISX 1,312,500 913,200 0 913,200 0 0 913,200
INTERNAL AUDIT H17X 444,100 309,000 0 309,000 0 0 309,000
FINANCIAL MANAGEMENT H22X 702,200 488,600 0 488,600 0 0 488,600
CORPORATE PLANNING Heax 1,235,500 893,300 0 893,300 (446,650) 0 446,850
8S HR ING - OTHER HEA2 821,800 547,400 0 547,400 0 0 547,400
85 H/R INC — BENEFIT HSAS 3086400 2,055,700 0 2085700 0 0 2088700
HUMAN FESOURCES HEXX 4600400 3,124,100 0 3,124,100 0 0 3,124,100
ASST SEC/CORP COUNSEL HB16 88,800 55,500 0 - 55500 (27,750) 0 27.750
LEGAL HBIX 2291600 1,432,900 0 143290 0 (117,422) 1315478
FEDERAL RELATIONS H7IX 1731700 1,221,300 (812,000) 400,300 0 0 409,300
ADVERTISING HB02 1,178,500 831,900 (601,000) 330,900 0 (330,900) 0
PUBLIC RELATIONS Ho10 330,800 233,300 ) 233,300 0 (233,300) 0
EXTERNAL RELATIONS Ho0 1,283,300 912,100 0 912,100 0 0 912,100
ASST SEC / CORP AFFAIRS Ho40 1,180,000 844,600 (352,000) 492,600 0 (452,600) 0
FED PAC H112/ 30,500 0 0 0 0 0 0
TOTAL 28430300 19485400  (1,665000) 17,821,400 15,000,552
-t -1 -3 &t 3 &3 | &+ + % 3 1 i § 1} TETEEEER N CR 2= ox o= SEEEREREEEED

SOUTHERN BELL BELLCORE ADJUSTMENT {190,000)

COMPANY MFR SCH A—6b PAGE 23 OF 36 (1,855,000)
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EXHIBIT, MLB-2)

SOUTHERN BELL TELEPHONE AND TELEGRAPH COMPANY
FLORIDA DOCKET NO. 920260-TL
SUMMARY OF BELLCORE AND S&T PROJECTS DISALLOWED

TEST YEAR 1991
PROJECT FLORIDA
DESCRIPTION REFERENCE NO. INTRASTATE

BELLCORE ADJJSTMENT ELEMENTS (PROJECTS):
Systems Integration aPOD #70 021411t $151,743
Lightwave Systems Technology " 421301 177,855
Radio Research . 421302 122,520
Transwitching Technology ) 421303 128,355
Video Systems Technology " 421306 196,865
Systems Principles " 621204 119,711
Distribution Network Technology " 621306 164 399
Network Control " 621307 129,274
Network Systemns " 621405 162,050
Multimedlia Communications . 621406 195,400
Speech and Image Processing . 621408 130,828
Computer Networking . 621409 167,876
Photonic Sclence and Technology " 21101 333,389
Electronic Sclence and Technology " 821102 296,659
Pholonic and Etectronic Materials " 821103 232,338
Switched Fractional DS$1 and Switched DS1 " 1RaBat 48,997
AIN Relsase 1 Planning & Requirements . 1R4111% 336,595
SONET Release 1.0 Infrastructure . 1Wo111 80,457
SONET Release 2.0 infraskhuciure " 1Wo211 93,268
FITL Requirements & Architectire Planning " 1W1511 157,174
SMDS Phase 2 Planning & Requirements " 1R2112 218,027
BISDN Phase 1 Planning & Requirements N 1R3o1t 197,361
SCAIl and Intelligent Network Standards " 1R4127 40,983
information Networkdng Architechures - 1RE01N 133,033
integrated Operations Support of INA . 1RS02X 53,864
information Networking ISDN Plamning " 1R1311 39,094
information Networking BISDN Planning " 1Rat111 38,326
information Networking AIN Planning " 1R4211 36,276

TOTAL BRI CORE ADJUSTMENT AMOUNT $4,182,717
BELLSOUTH SERVICES SCIENCE & TECHNOLOGY PROJECTS:
Advariced intelligent Network {AIN) 13 INT #3233 $566,284
Switched Multimegabit Data Service/ Broadband ISDN " 135,591
Other " 95,700

TOTAL SCIENCE AND TECHNOLOGY ADJJSTMENT AMOUNT $797,575

TOTAL PUBLIC COUNSEL RESEARCH AND DEVELOPMENT ADJUSTMENT {LInes 30 + 35)
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Structure
BellSouth Corporation
[
| ]
BeliSouth
Caphal BallSouth BeliSouth BeliSouth
R Enterprises, 0.C. Inc. Telecommunications, inc.
i 1
BeliSouth
BeliSouth
Products Business
{14.3%) Systemns, Inc.
1
I I I 1
BeliSouth BellSouth BallSouth
Communications | | DEtaserv, inc. Communication Firencial
Inc. ] & Systens, Inc. Services
& afffiates Corporation
' |
Advertising and Corporste Enterprises Mobile
Publishing Group Group Svst G |
BaliSouth F ] BeltSouth Resources, Inc. BelS
Pm‘m:n S and affilstes l
Maoblle
Graphics BeltSouth information
and effkades Systems, Inc. (B15) Corporation of America
L M. and Company Dataserv Finandal
eﬂhmum Sarvices, Inc. 5‘?“mm?“
Dategsery , Ine,
TechSouth, inc. “m )
BellSouth Marketing
Programs (80.8%) l
Itefigen
Madia Services &m‘l&om-tbm
Group l
BellSouth Australia, Lid. and affillates
BeliSouth international, Inc. snd affillates
BsitSouth inversors, SA. (98%)
BeliSouth Venezuela, S A
BeliSouth Shanghai Centre. Ltd,
Rou Celktrier inversora, S_A. (76.08%)
BallSouth Maexico, inc.
BeliSouth Ventures Corporation snd affiliates
BeliSouth Advanced Networks
BaliSouth Information Networks
BallSouth Chile, Inc.
BellSouth Australian Communications Enterprises, inc.
Aircat
BaliSouth New Zealand Limited
BeltSouth Beazil, Inc. and sffiliates
BafiSouth Malaysia, nc.
BLS Denmark, inc. and affiliates
Sclentific Softwarse, Inc,
A _ : M~ -
: vV
BELLSOUTH CORPORATION SECTION
CHANGE FAILED: 03/31/92 page 1
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John L. Clendenin
Chairmen of the Board
President & CEO
Harvey R. Nolding Walter H. Alford R.L. Mickey McGuire
Yice Cheirmen Executive Vice President HExecutive Vice President
Firance & Administration General Counsel Goverrmental Affairs
David Markey
Vics President
Federel Regulatory
Wiltiam Jorden I Maury Telbot, Jr. Karen Possner I Dan Mattoon

Dirsctor Director Director Director

Federal Regulatory l Fecleral Regulatory Legislative Policy I Congressional Affeirs

Yacent l Francls Urbeny Dan Murray I David Williems

Director Directory Director Director

Federel Regulatory I Int’ \/Agency Relations Congreastormi Affeirs | Federal Relations
Robert Slau I Don Hathcock Scott Matthews
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Regulatory Policy Anoln.l Staff Relations Legislative Affairs
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=={Goneral Attorney
Legal
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Page Two

Neture and Scope

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

BellSouth Ceorporation is the Jargest 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 regutated operating telephone company
- servicing customers in the states of Alabama, Kentucky, Louisiana,
Mississippi, and Tennessee.

- . Southern Bell -~ a regulated 'operating telephone company serving
customers in Florida, Georgla, North Carolina, and South Carolina.
Bellsouth Services - a company jointly owned by South Central Bell
and Southern Bell 'providing strategic support services to these
regulated companies. .

- . BellSouth Enterprises - a holding company estsbiished in 1986 to
pursue three primary lines of telecommunications-related businesses:
directory advertising and publishing; the sale and service of
— telecommunications and computer systems; and world-wide mobile
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. In 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 impact 8ellSscuth’s
ability to compete include: the regulatory restrictions which currently limit
the business market segments 1in which BellSouth can expand; the financiatl
success of alternate forms of regulation (1.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 obsolete tomorrow; competing under a regulatory
- process against others not so constrained; the widely varying regulatory
environments in 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 possibie 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
i quality telecommunications services and related businesses, utilizing the

latest in available technology. To accomplish this objective, the incumbent

must select, develop, evaluate and reward key management for insightful
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Page Three

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 -- Actountabie for overall direction,
planning, management and contro) of all elements of South Central Bell's
activities 1in order to provide effective coordination and integration of
the varied and diverse functional elements that combine to wmake up
company operations and to produce the required 1levels of growth in
revenues and earnings. South Central Bell empioys approximately 32,000
personnel with revenues of $5.1B and assets of $11.1B and provides
telecommunications services to a five state service area. i

President - Southern Bell -- Accountable for overall direction, planning,
management and control of all elements of Southern Bell’s activities to
provide effective coordination and integration of the varied and diverse
functiohal elements that combine to make up company operations and to
produce the required levels of growth in revenues and earnings for that
company. Southern B8ell employs approximately 46,000 personne]l with
revenuves of $7.1B and assets of approximately $15.18. Southern Bell
provides telecommunications services to a four state service area.

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

President - BellSouth Enterprises -- Accountable for expanding
BellSouth’s presence and market share in the non-regulated portions of
the telecommunications 1industry through 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 Vice President and General Counsel -- Provides to the
management of BellSouth and its subsidiaries legal counsel and advice
- through direction of the corporate 1legal department and functional

direction and coordination of subsidiary legal departments.

- Executive Vice President - Governmental Affairs -- Accountable for
overall strategy planning and JImplementation 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 -- Accountable
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, cocporate 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 s the planning for
- succession of key managerial positions. Due to the long service of many
senior executives, a major replacement of key managerial talent wiil 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 1industry becomes more complex, the requirements for the
managerial positions and their incumbents have necessarily become more
specialized. A ecritical 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 cregulated and
non-reguiated businesses. The company must contfnue to operate on a basis
which insures there will be no cross-subsidizing of the non-regulated
businesses by the regulated ones. This requires very careful planning and
control in order to defend the company's positton in the event of charges from
competitors and others.

The Chairman 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 fincumbent and all 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 goais, 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 more entrepreneur1al style. T7This represents a
_ major cultural change for the organization and a key challenge for the
Chatrman and the Council 1in the development and implementation 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 a team approach in managing
overal) operations which at the same time facilitates an orderly and

- formalized system of strategic planning and tracking. Such a forum also
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 Dfficer, the incumbent serves as the chief
—_ spokesman on behalf of the company to the various constituents with which the
company must deal, including regulators, stockholders, customers, and the
general public. The Chairman must reiate 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 incumbent must be able to assimilate a wide
varfety of technical and business-related information and then farmulate
- strategic plans, goals and objectives based on that information. This
position requires the highest level of decision making in an environment 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 & reasonable ctost

— while simultaneously achieving required 1levels 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
achievement of strategic goals and objectives. .

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

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

5. Assure the attatnment of required financing for overall corporate
operations.

6. Serve as Chairman of the Board and chief spokesperson te the Board on

all matters requiring 1ts attention in order to ensure effective, top

—_ level commuynications and facilitate the Board's decisfion making
process.

7. Serve as the chief spokesperson on behalf of the corporation to the
various constituents with which it must deal, including government,
fndustry, the financial community, media, and the general pubiic 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, Georgiza

REPORTS TO: Chairman, CE0O and President

s

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.

DIKENSIONS:
Total Assets ' S30B
Total Revenue $14B
Pension Fund and Savings Plan Investments 512.6B
Long Term Capital Debt Qutstanding $7.8B
Equity Outstanding - Book $12.7B
Equity Outstanding - Market $23B
(among top 20 U. S. corporations}

Capital Expenditures $3.2B
Corporate Income Tax Liability S778H
Operating Budget Administered 5248M
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 to this incumbent are the
Vice President - Secretary & Treasurer, the Vice Preident - Corporate Planning
& Budget, the Senior Vice President - Corporate Human Resources, the Vice
President - Public Relations and the Assistant Vice Preident - Tax. ’

The internal and external environments affecting BellSouth's operations have
become highly complex since divestiture. Internally, there have been nev
functions added in the finance and human resources areas, including the nev
requirement for the company to relate-directly to the shareholder. Ip 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 2 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
surveillance and performance management of the corporation’s pension and
savings plan, development and recommendation of treasury policy and methods on
a corporate-wide basis, banker and investment community relations, long range
financial planning, interface wvith the Nev York Stock Exchange and other
exchanges upon vhich the corporation’s stock is traded, managing shareholder
services and communicatiens, and maintaining contact with rating agencies.

Vice President & Comptroller (83 employees)

Whose overall accountability relates to protection of corporate assets and the
proper recording and reporting of transactions within a system of sound
internal controls. OQther areas of responsibility for the Comptroller include .
generation and maintenance of Executive Instructions, interfacing vith 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 1is 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 formulé}ion, communication and reviev of the corporate and
strategic planning process for BellSouth Corporation and its entities. This
includes consolidation, review 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 im the corporate-wvide design of
human resources policies, procedures and practices that will assist BellSourh
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
berefits and executive continuity. This incumbent negotiates the union
contract every three years.

Vice President - Publit 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 vith the employees
and create proactive media relations.

Assistant Vice President - Tax (135 employees)

Vho 1is 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 well as
direct interface on behalf of the corporation vith 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.

k & k &k %k % % %k * % 4

The Vice Chairman directs the activities of these subordinates wusing both
formal and informal methods. Each of these subordinates has their own
strategic objectives and operates fairly autonomously. In most situations this
incumbent utilizes one-on-one contact to direct their activities. The Vice
Chairman does conduct formal staff meetings once a month to update these
subordinates on corporate activities and to coordinate their efforts on major
issues.




Attachrent MIB-3

Page 9 of 1%

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 regulated and wunregulated
segments of the business. Next, this incumbent has responsibility for assuring
that BellSouth Corporation meets 1its financial commitment and that
developmental iniatives are consistent vith corporate strategies. Major
challenges also exist in the Vice Chairman’s subordinate areas. These include
ensuring the successful operation of the planning and budgeting process;
providing oversight of company-union relationships; developing programs for
succession planning, particularly at the officer level, to provide upward

mobility for employees; and, being an effective communicator with the external

financial community.

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

Within 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 Chairman, usually
meeting in one-on-one situations. Strategic objectives are established each
year and the Vice Chairman provides the Chairman with a semi-annval reviev and

update.

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

PRINCTPAL 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 formulation 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 constituvents in vays that result in the generation of
consistent and effective messages and - feedback, and, in general, create a
positive and favorable image for the corporation.

-
9. Be a good communicator and listener with subeordinates and coordinate in a
vay 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

Location: Washington, D.C.

Reports To: Chairman, CE0O, and President Approvals: -
BellSouth Corporation . Executive Vice President

Governmental Affairs

Chairﬁan, CEO and President
BellSouth Corporation

Accountabiiity Objective (Basie Function)

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 attaimment of corporate
goals wvhile enhancing the stature of the company as the leader in the
telecommunications industry.

Dimensjions
Total BellSouth Revenues: _ $11.4B
Department Expense Budget: $7.38MM ~

Employees: 34
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Nature and Scope

The Executive Vice President - Governmental Affairs reports to the Chairman, CEO,
and 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. : ]

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. Bach 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 with 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, egqually
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 situation in Vashington is the necessity
of operating vithin the regulations and restrictions of the Federal Communications
Commission (FCC). This situation is peculiar to BellSouth =and some other
telecommunications companies, and it poses a distinct set of political problems.
Therefore, the objectives of this position and the Vashington office include
expanding the relationships vith Members of Congress to include the 3535 members
from all of the states, increasing influence in the executive branch, and obtaining
relief from the PCC in order to position BellSouth Corporation as a financially

healthy, all-service provider to the customer.

The Executive Vice President - Governmental Affalrs accomplishes these objectives
by performing various functions personally and by structuring an organization to
handle key functions. This incumbent has five major areas of accountability. The
first of these 1s the early identification of emerging concepts in the Federal
public policy arena and a professional assessment of the viability and timing of
any public policy decisions that may result. Concepts of this nature can be
legislative, regulatory, or executive orders by independent federal agencies.

The second major area is the determination of wvhat impact, if any, such potential
public policy decision may have upon corporate goals, objectives, plans, and
policies. Vhere there are existing corporate policies that may be affected, the
Executive Vice President establishes corporate strategy consistent vith such
policies and directs vhatever actions are necessary to implement that strategy. If
there is no existing corporate policy, the Executive Vice President consults vith
top management (usually the Presidents of Southern Bell, South Central Bell,
BellSouth Services and BellSouth Enterprises; the Executive Vice President and
General Counsel of BellSouth; and, of course, the Chairman of the Board, CEC, and
President of BellSouth) in the formulation of appropriate nev corporate policy and
develops strategy to implement the newv policy. In addition to impact assessment,
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 position with the appropriate
government body or official(s), or other private sector groups and organizations
determined to have an interest. This 1includes leadership positions iIn the
legislative and executive branches and in the independent agencies, particularly

vith the FCC, the Congress and the Vhite Bouse.

The third major area of accountability is the political assessment of the
feasibility of obtaining public policy decisions that are comsistent vith corporate
goals, objectives, plans, and policies. This is critical in determining the extent
to wvhich corporate resources and expenditures are committed to influence the
cutcome of a public issue. Sometimes it 1is necessary for the Executive Vice
President to decide that the advocacy of some corporate positions must be
subordinated te others in order to enhance the possibility of achleving a favorable
result on a more significant issue. This diwension of the incumbent’s
responsibility requires both knowledge of and insight into the total governmental
environment together with an experienced political sensitivity in order to render
informed judgments in matters of major significance to the corporation.

Fourth 1is the area of representing the corporation as the senior executive in the
national capital area. External perceptions of this incumbent are eritical to the
success of corporate activity in Vashington. Professional competence in government
relations is the foundation for leadership of the department and is essential to
the maintenance of mutual respect wvith policy makers and business counterparts. In
the competition for corporation prestige among the business community and private
sector representations, hovever, the Executive Vice President must also demonstrate
leadership in the cultural and social communities in Vashington. This dimension of
the position not only enhances the corporate image vith the various constituencies,
but 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 wvith all Vashington based stakeholders both vithin
and outside the government. As the principal pelitical resource, this position
also directs the activities of 211 corporate-sponsored Federal political action
committees for the corporation’s employees.

In accomplishing these functions, the Iincumbent must coordinate with various
contacts both external and internal to BellSouth. The contacts external to the
company include essentially all Vashington-based stakeholders. Internal contacts
include the top management employvyees 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, Network and Planning (BellSouth Services);
the Executive Vice President - Corporate BHuman Resources (BellSouth Corporation);
the Vice President - Corporate Affairs and Secretary (BellSouth Corporation); the
Executive Vice President and Senior FPinancial Officer (BellSouth Corporation); the
Senior Vice President - Regulatory and External Affairs (Southern Bell): and the
Senior Vice President - Revenue Requirements (South Central Bell). The purpose of
these contacts is tvofold. Pirst, the incumbent must cowmmunicate with any or all
of these contacts concerning telecommunications 1issues as vell as generic issues
such as tax bills or bills relating to employee benefits. Secondly, the Executive
Vice President wust position the Chairman and CEO of BellScuth and these other key
Executives In the national scene by plugging them in wvith Vashington leaders vhere

appropriate.
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The Executive Vice President has structured an organization as followvs:

Vice President - Federal Relations (14 employees)

Position is accountable for achieving faveorable public policy decislons by the U.S.
Congress and independent Federal agencies (excluding FCC) including the Executive
Department and the White House on matters that affect corporate goals, cbjectives,
and policies. Shaping and implementation of corporate policies 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 with those members vhose constituency is outside BellSouth
territory. Provides direction and leadership for advocacy by other BellSouth
entities who handle member contacts for our nine state areas. Staff members also
have direct contact responsibility for numerous agencies and executive departments;
including State, Commerce and U.S. Trade Representatives that are essential parts
of our international strategy as well as strategies of unregulated subsidiaries.

Vice President - Regulatory Affairs (18 employees)

Position 1s 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 liaison with other industry related 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 is responsible for development and maintenance of professional
relationships wvith PCC commissioners and their staffs, vith key members of the
Common Carrier Bureau, 0ffice of Plans and Policy at the FCC and vith members of
the staffs of key NARUC and Joint Board committees and USTA. Provides leadership
and direction for advocacy vith 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 vwith considerable
latitude. The Executive Vice President dravs on expertise and knovledge of
individuals as appropriate to fulfill particular requirements. In additiom, the
incumbent provides broad directions and specific focus vhere necessary. The
incumbent coordinates the operations of the staff by conducting wmonthly staff -
meetings. The Bxecutive Vice President also spends an average of tvo days a veek
in Atlanta primarily to coordinate the activities of the Governmental Affairs
Support organization vith the WVashington 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 constituent 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 sand compete effectively In areas of established business as
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wvell as 1In 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 disparate

political cultures.

The incumbent is granted broad authority to operate vithin the functions of his
position. Kajor policy parameters vithin which to operate must be approved by the
Chairman; hovever, the methods related to operating wvithin 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 te 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 policy to achieve favorable public policy
decisions by governmental bodies and other policy 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 legislation and regulatory rulings by federal
entities are recognized and addressed by the corporation.

S. Provides public affairs leadership, advice and assistance to the BellSouth
entities. ‘

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

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 eritical issues.

8. MHaintains relationships with policymakers, trade associations, and
representatives of other corporatiens in Vashington to keep them informed of
BeliSouth’s eoperations and plans.

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

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
Officer, 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 cocordination of subsidiary
legal departments, and supervision of all outside counsel employed by BelliSouth
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: $14.28B (1989)

Legal Department Operating Budget: 540.3 MM (1990 Bﬁdget)
Outside Counsel Fees: $10.4 HM (1990 Budget)

Personnel Supervised: 138 Attorneys (Total System)



Attachment MIB-3

Page 17 of 19

Page Tvo

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 - Governmental Affairs; and the
Presidents of BellSouth Enterprises, BellSouth Services, Southern Bell, and South
Central Bell. This position serves as the top legal officer within the BellSouth
Corporation, a role vhich encompasses management of the Corporation’s inhouse legal
function, including direction of the legal functions in each of the corporation’s
subsidiaries, management and/or coordination of outside legal services retained on
behalf of the Corporation or its subsidiaries, and participation vith other key
executives in the efforts of the Corporate Policy Council. The incumbent
accomplishes this personally and through a legal staff vhich consists of ‘the
folloving positions that report directly:

Vice President and Associate General Counsel

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

General Attorney - Regulatory

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

General Attorney - Antitrust, Intellectual Property and Litigation

Yho specializes in Federal Courts and Department of Justice matters affecting the
Corporation and its subsidiaries, providing guidance, dinterpretation and advice on
issues arising from these bodies and from general antitrust law problems; also,
providing direction on intellectual property matters and major general litigation
throughout 2ll 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 Attoarney - Tax

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

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

Members 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. BHe 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 will provide assistance and support to the
subsidiary General Counsels in dezling with their management.

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

The incumbent serves as a member of the BellSouth Corporate Poliey Council. The
council is chaired by the Chairman. Also serving on the Council are the Presidents
of the tvo operating subsidiaries, the President of BellSouth Enterprises, the
Vice Chairman - Finance and Administration and the President of BellSouth Services.
The primary function of the Corporate Policy Council is to set operational and
financial goals, develop corporate policy and financial strategies. The incumbent
provides input to fellow Council members from a legal perspective, as well 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 1includes coordinating all legal jobs in all of the
subsidiaries to assure provision of consistent advice.

The incumbent is afforded wide latitude in exercising the responsibilities of his

office. He is regarded as the chief legal counsel of the corporation and thus is
locked wupon as the key advisor with 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 Accountabilities

1.

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

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

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

Haintain an up-to-date awareness of legal precedences and rulings to ensure
that the company is equipped vith the most competent and effective legal
advice available. 7

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

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

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




John L. Clendenin
Speach to N.Y. 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 lot of people around
the world. But that wasn't the biggest surprise -- at least not for

baseball fans [ike me.

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

Minnesota Twins, treated us to a classic 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, cither,

Like a professional team that uses its draft picks to build for the
future instead of trading them for a quick fix, we're committed to

managing BellSouth for the long term.
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We're playing to our strengths in technology and people.

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 new long-range regulatory

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

on earnings.

But, as the price of pursuing these and other long term goals, we
have expected and are experiencing a period of flat-to-down reported

earnings.

That doesn’t mean we're satisfied, and let me assure you that we're
doing all we can to put a positive slope back on that earnings

curve, but it will take time.

Today I plan to tell you about what we're doing to develop 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.

FO1AOZZ000746
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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 geographijcally 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
cellular. In between are numeric and alphanumeric paging, mobile

data, and experimental Personal Communications Services, or PCS.

Geographically, we now have as many celfular POPs outside the U.S.
-- some 36 million in nine countries -- as we do in the 54

metropolitan markets we serve in this country.

Counting our subscribers worldwide, we put ocur 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 cellular 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 million.

FOL1AQ3Z000747
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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
wircless 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 US. 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 eariy and teamed with

excellent partners.

In less than two years we have buiit 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, ceiluilar
is highly demanded in Latin America, especially at the upper end of

the market.

In the US., 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 1andline substitution effect, and average

air time in Latin America is considerably higher than it is here,
Usage approaches 400 minu_tes 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.

FO1A03Z000743
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And this growth is not limited to Argentina. In Venezuela, our new
system, at year end, had added 16,000 customers since being turned
up one month earlier. At this rate - 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 celluiar license
to serve New Zealand. When operations commence late this year, the
Systcm will be fully digital and (ully compatible with the networks

we’ll soon be building in Australia.

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

Copenhagen during the second quarter.

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

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

called Optus Communications, is unique in many ways.
Due largely to its relative isolation, Australia is communications

intensive. The telecommunications sector of an otherwise so-so

economy has been expanding just under 10 percent annually.
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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 will be provided to Optus by Telecom Australia

initially, at direct costs.

And we were granted a waiver from 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
buiid a competitive nationwide telecommunications system from

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.
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The Australian celtular 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 penetration rate is comparablie,

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 cxisting monopoly

analog network.

By early next year, Optus plans to start marketing its own cellular
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 Zealand.

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 are

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

oppertunities in that emetging region.

In a move that will significantly expand BellSouth’s wireless
product line, we formed 2 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 cellular
is to phones. Our 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, ¢lectronic
mail, transaction processing, remote data entry and rctric‘val, émd

automatic vehicle location.
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
iike it in this country is IBM's and Motorola’s venture called

ARDIS.

A big difference between the two is that customers on the
BellSouth/RAM system will be able to use a variety of communication
devices to access the network. ARDIS is presently tied into just

one manufacturer.

This flexibility 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 able 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.
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The new BellSouth/RAM entity alrcady 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 US. and the United
Kingdom, we will provide more than $300 million in equity funding to

the joint venture.

Establishing beachheads in emerging wircless and wirecline markets
around the worid doesn't come without short-term costs. For
BellSouth, those costs will cause o'verall 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. u

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

currently testing what people want by simulating a PCS environment.

1
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Working with Motorola, we modified portable MicroTac phone equipment
to provide PCS-type services to operate on our existing cellular
band. In effect, we are trialing PCS under actual selling and

marketing conditions.

We are offering 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 we're concentrating on what customers need, not on

what engineers can do.

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

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

gradual, evolutionary process. It seldom keeps pace with the

headlong rush of technology and other market forces.

12
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We've made progress along the reguilatory continuum. Seven of our
nine states, representing about 80 percent of our access lines, have
implemented alternative regulatory plans that feature sharing of

profits above specified ranges between customers and sharehoiders.

We have shared in Alabama, Kentucky and Mississippi.

But this progress has come at a cost. Incentive plans have been
coupied with rate reductions and adjustments in targeted rates of

return, and we expect continued regulatory scrutiny in [992.

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 last 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 Hill, 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-called 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 sailes of MemoryCall, our voice mail product,

was another significant step.

As these barriers do come down, our track record should give our
shareholders 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 will

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 streamline our organization and

generate new revenues from our core business come into parallel with

our regulatory strategy.

Last year, we reduced management ranks by more than 4,000 through
voluntary programs. 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 CEQ and
Duane Ackerman as presideat 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 line growth in the Southeast to continuc
to outpace the rest of the country. Our 3.2 percent gain in 1991

set the pace for the BHCs.

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

Information Age services to our customers.

We completed 100 percent deployment of stored program control

switching more than a2 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 fiber in place. We
are committed to the full scale volume deployment and

commercialization of ISDN.

16
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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 offerings.

Again, we're not going for the home run when all we need right now
is a base hit. Te 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 deévelopment match our own expertise in
network management. We just acquired Scientific Software, for

example, to bolster our capabilities in systems integration.

18
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Ladies and gentlemen, last month we observed the 10th anniversary of
the consent decree that led to the breakup of AT&T and the Bell

System.

I remember with amusement the predictions that BellSouth would never

be much more than a stodgy local monopoly utility.

But just like no one predicted that the Braves and Twins would make
it to the World Series, we could not anticipate in 1982, nor can we
foresee today, all the monumental changes that lie ahead in

telecommunications.

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
wireless opportunities around the world, just like we did in

cellular in the US.

We're going to streamiine 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 carnings 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.
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BELLCORE Page: 1
Applied Research Date Printed: 10/02/80
1991 FINAL PROJECT OFFERING

Project Name: Project No.:
SYSTEMS INTEGRATION 021411
Bellcore Product Manager: Tel. No..
A. BERGH {(201) 829-4938

This Project is a Component of the Bellcore Product:
APPLIED RESEARCH

Significant Change Date:
08/30/80

PROJECT OVERVIEW:

This project acddresses the integration of services and matwork
technologies for the future communications environment in which an
intelligent, broadband exchange network wil) be the heart of an
infrastructure supporting a wide range of user nesds and sgquipments.
Baginning from the premise that a heterogeneous collection of
networks, terminals and applications must work together as one
information networking infrastructure for the Information Age, this
project furthers understanding of the capabilities required in the
exchange network for its role as the foundation and intermediary of a
public communications system that truly msets personal,
organizational, and socia! nesds. The networking systems and
technelogies explored by this project are stressed, along with
sarvices and applications to investigate new and more effective ways
of dealing with the challenges of a muiti-services, mulitimedia,
multi-network, multi-terminal, and multi-user cosmunications
enviromment.

Specifically, the project invastigates and constructs exparimsntal
ressarch prototypes of 1ocal sxchange systems, signaling, and softwars
supporting milti-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 retwork interface to multiple
subscriber squipments, and internetwork of local and metropolitan area
networks with the local exchange. Particular attention is directed to
the systems-level appliications of emerging high-spesd electronic and
cptical techhologies. It further studies the performance of
expearimental prototypes of advancec services, such as packet video,
multimedia teleconferencing, and high-spsed connectionless data
transport, in its testbeds. It explores Nnetwork operations issuss such
as monitoring, traffic control and billing. And it offers other
research groups experimental testbads for services, applications, user
interfaces, and network control concepts and technologies.

The knowiedge generated by this project has impacts on Client Company
axchange businesses through several mechanisms. Coordinated
prototyping is carried out with Information Networking Services and
other areas of Bellcore that work with the Clisnt Companies on new
servicas, network svolution, and operations. Hardwarse and sof twars
research prototypes ars transferrsd directliy to the Client Companies,
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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 developmant important to the future information
networking environment.

The bemefits to the Client Companies include knowladge of issuss and
technologies for network evolution, identification of servicas and
applications that might generate new revends streams in s broadband
snvirorment, and cresation of technologies for critical services
integration, call processing, and netwvork management needs. Trends in
technology and their impact on tha embedded base of network esquipment
provide insight into strategic planning, business dirsctions, and
Capital management of the Client Companies.

The work of the project has four principal thrusts: the broadband
Tocal exchange experimenta) prototype, the lecal gistribution network
experimental prototyps, intermpetwaorking and terminal adaptors, and
network operations and services managsaent.

The broadband local sxchangs experimental prototyps, Experimental ATM
Network Ssrvices Environment (EXPANSE), is a hybrid analog/digital
axperimental testhed emphasizing the uss of ATM/SONET-like formats,
Issues of call processing, signaling, resource management, and
application program interfaces are explorsd; and research

col laborations with vendors will provide muitimedia terminal
squipment to be used in end-to-end services and applications
expariments. The applications will include information broadcasting,
muitimedia messaging and video on demand.

The l1ocal distribution network experimantal prototype, H-BUS, is an
ATM (Asynchronous Transfer Mode)/SONET (Synchronous Optical Network)
LAN (Local Area Network) extending, via optical technologies, the
axchange access network interface to user equipments in a local
environment. lIssues of s standard interface, an efficient media access
protecol, and sighaling are being explored in the prototype. Methods
of utilizing alternative multiplexing techniques for broadcast
serviceas ars also being explored.

The interretworking research, based in METROCORE technology.
investigates issueas assoctated with internstworking gateways such as
SMDS (Switched Multimegabit Data Servics)/ATM, Ethernet/SMDS, and
Fiber Distributed Data Interface (FDDI)/ATM. The issues include
routing, signaling, and packet fragmentation and reassembly. Network
interfaces to the 800 Megabit/sec High Performance Peripheral
Interface (HPPI) bus will also bs explored.

The research on network operations and services procsssing concerns

network psrformance monitoring, access contrel, operations functions
such as service msasurement, provision and performance of services
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such as packet video, and the applicability of standard operations
models.

This is a multi-year project, with interim publications,
demonstrations, and experimental designs, and hardware and sof twvare
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 1989. Prior to that,
two of the three Districts constituting the present Division existed
in other Divisions, and the third District, responsible for the
EXPANSE preototype, was drawn from two Districts in stilli another
Division:

LOCAL DISTRIBUTION NETWORKS (previously OPTICAL NETWORK TECHNOLOGIES
RESEARCH)

The H-BUS ATM/SONET LAN, optical technologiss for local distribution,
subcarrier multiplexing, and ATM video interfaces.

BROADBAND INTERNETWORKING RESEARCH (praviously METROPOLITAN AREA
NETWORK RESEARCH)

The METROCORE network, network services processing and managemant,
servicas inte- gration in a high-speed network,

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

Tiw EXPANSE exchange access network prototype; research on call
processing, network signaling, and network resource allocation.

Important examples of accomplishments are given below:
8roadhand Systems Research

© Haraware prototyping work for the EXPANSE experimenta)l testbed
included debugging, fabrication, and integration of the timing-
generator and interface boards for tha EXPANSE cell switeh. This
included collaboration with District 21483 which macde available the
Batcher-banyan switch board. The result is an sxparimental 32x32
switch, with fnput buffering and output port ressrvation, 140
Mbit/sec access ports, and 100 Mbit/sec Batcher-banyan interna)
Spead. Another experimental board completed was tha cell interface
to a microprocessor; the work in second half 1988 included design,
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debugging, and fabrication of the board, which can support
transmission at about 70 Mbits/sec, given a suitably fast processor
to drive 1t. A draft technical memorandum (TM} cocumenting this
cell interface board was completed.

© Sevaral expsrimental EXPANSE boards were transfarrsd to Network
Technology (Division 27130, H. Rubin, DvM), along with consulting
expartise, in support of that Division’s planned Switched
Multimegabit Data Service (SMDS) demonstration at the March, 1890
Technology Seminar.

¢ Work continued on refining a Sroadband call model, defining the
appropriate signaling protocol syntax, and implementing parsing and
output mocules for the signaling language. These modules are
necassary to implamentation of the EXPANSE call processing system,
and will suppert multiparty, multimedia services and applications.
Work began on defining the software architecture and identifying
the software prototyping environment (languages and toolkits) for
EXPANSE call processing. Discussions wers held with Division 27110
(W. Barr, DvM) to kesp that organization, responsible for broadband
signaling standards, informed about research in this area.

o District 21411, Broadband Systems Ressarch, was crsated and
chartersd with construction and integration of a Broadband ISDN
local sxchange laboratory prototype, and {nterconnections with
othar division and research prototypss.

Broadband Internetworking Research

o Demonstrated a three node exparimental METROCORE network working at
140 Mbits/sec with packet video, data and packet voice. Tha packaet
viceo can be programmed for different rates (TM-ARH-Q11316, TM-
ARH-013398). A paper was pressnted at EFOC/LAN 950 (Europesan Fiber
Optic Communications/Local Area Network).

© Transferred the three node experimental METROCORE testbed to one
Client Company for thair expsrimentation and 1o the Software
Technology & Systems (ST&S) area of Belicors (Division 25910, C.
Riley, DvM), where it {5 baing used to sxplore technical questions
of service measurement for SMDS billing. The equipment transferred
includes exparimental LAN service procassors (for Ethernet
interconnection) and VME (Verss Modul Europe) interfaces (TM-ARH-
011318).

o Transferrsed a three-node experimsntal METROCORE testbed to the
Naval Ressarch Laboratory under Bellcore’'s NAVSEA contract. The
eqiipment includes LAN service processors and a 1.7 Gigabit/sec
backbone .

© Demonstrated 280 Mbit/sec accass to the METROCORE bus using two
parallel 140 Mbit/sec channels. Formulated a modular architecture
for a Parallisl Media Access Controller, allowing & parallel
channals at 150 Mbits/sec sach to asccess a 1.2 Gigabtts/sec packet
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data communication system (TM-ARH-014697).

o 8Srought up an experimental Capability for programming the
parameters of the LAN interconnection service processor in the
METROCORE sxperimental testbed. Prototyped presentation layers for
the network manager, customer network manager, and user services
wanu on a multi-window coler workstation.

Local Distribution Networks

o The H-BUS experimental hybrid optical network was studied and
reported in TM-ARH-014228 and two published papers. Members of the
District investigated protocols for intra-premises traffic and
multi-terminal arrangements. Results of the analysis, indicating
tha size of buffers nesded to support intra-premises communication,
were documsnted in TM-ARH-0185356. An expsrimental system was
demonstrated for a passive loop architecturs using SONET/ATM
transport of multiple services to a subscriber interface, and
reported in TM-ARH-015168. Compieting the H-BUS media access
protocol simulation, membars of the District incorporated the
protoce) into an experimental design for a custom Complementary
Metal Oxide Semiconductor (CMOS) chip, of about 20,000 transistors,
for the media access functions. The chip design includes cell
assembly and disassembly, VME interface modules, and media access
control functions. The logical and functional aspects of the chig
design were tested with computer aided design tools, and the layout
for fabrication was completed.

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

o Members of the District engaged in system-lsvel studiss of the
applications of optical amplifiers in multi-wavelength networks.
System experiments wers performsd to examine the crosstalk prokieas
and rsported in TH-ARH-013738. Ressarch on system applications of
dopad-fiber optical amplifiers resulted in a 100 channel sxperiment
reported in TM-ARH-018086. )

© A study of the feasibility of using subcarrier multiplexing
techniques for the delivery of multiple channels of broadcast video
was reporisd in THN-ARH-015541. Analog video distribution
technologias suitable for loop applications wers sxamined and
reported in TM-ARH-015127.

© A study of the affects on the ssbedded network of emerging
technologies such as fiber optics and VLSI produced adoption
scenarios for bDroadband technology (primarily fiber-in-the-loop)
reported in TM-ARHM-014928. A study of the effects of new circuit
equipmant, based on SONET transport starnclards, was compieted and
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reported in TM-ARH-014325.

o Work in the area of radico alternatives for the local loop was
summarized in an article for the Bellcore EXCHANGE magazihe and
reported in TM-TSY-014835,

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Project provides for the developmant
of 3 laading edge knowledge base in such key areas as integration of
broadband terminal models, multimedia applications, and user
interfaces. Emphasis is placed on applications to current 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 from accruing to an Owner-Client who might slect not to
participate in this Project.

RESEARCH DIRECTIONS:

Ressarch on an integrated infrastructure for the future intelligent,
breoadband exchange network, emphasizing exparimental prototyping,
ressarch collaboration with broadband terminal manufactursrs, and
resgarch on signaling, call processing and services control.

Research on the integration of services and media in the intelligent,
broadbarkt exchange network, smphasizing experimental prototyping

and the strassing of network technologies with services and
applications invoked by a population of local users.

Rasearch on services processing, adaptors, and gateways for
internetworking and Switched Multimegabit Data Service (SMOS)
access in an envirorment incliuding exchange network, metropolitan
natwork, and 1ocal network axperimental prototypes.

Investigation of network requirsments and performance for advanced
services such as multimedia messaging, packet video, and video on
demand, through prototyping in experimental broadband network
testbheds.

Investigation of pramisses networks and technologies sxtending the
features and interfaces of the broadband exchangs network to local
equipment and the implication of such networks on the public natwork.

Research on services coordination and network operations in a multi-
network snvironment, in the context of sxperimental! network testbeds.
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Investigation of very-high-speed (800 Mbits/sec) subscriber access
1o broadband networks.

Technology forscasting and impact analysis research.

T

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

FO1A03Z

10/02/80

021411

(CONT. )

0005072




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

1991 FINAL PROJECT OFFERING

Project Name: Project No.:
SYSTEMS INTEGRATION 021411
Bellcore Project Manager: Tel. No.:
S D PERSONICK (201) 829-4980
Bellcore Program Manager: Tel. No.:
A. BERGH (201) 828-4538
Bellcore Subject Matter Expert: Tel, No.:
S B WEINSTEIN (201) 829-4086

Belicore Product Name:
APPLIED RESEARCH

Council: i Committee: i Forum:

RESEARCH & NETWORK ; APPLIED RESEARCH 1 NOT APPLICABLE

 EEEBFFFSFFEEEEF LI I T E R EE R A A rF T E E EE A o E S E R EX N  F S E - REE K ECE S RAEEEEEEESRCoIESEEEEEIIEIEREEESS

------------------- FUNDING REQUIREMENTS === == -cr-eomme oo emm oo s

Project Type: i work Category: i i Start Date: 01/90
I i i Compietion Date: 12/92

INFRASTRUCTURE | PREVIOUSLY FUND | MULTI-YEAR | Revised Comp Date: /

£ IS EEESAEESEEESE R ETEEEEE T T EEEEEF S S EEEEEEFEFEESFIZEEEESFEREIDEKEEREFEXE=SEEEETIZC=SXZSE

------------------- FUNDING ALLOCATION==-========m=cs-cmmcc-nemacoaro oecoonons

Allocation Basis: 01 ! Firm Quote: NO

A3 ESEEESEEEEERECEEE RSB NS S I EEEEEF T S EEE N s s S S T EEN A I EC S I RS E RS ETEECOEEEEEEE-REESIESEX

Non Affiliate Participation in this Project allowed: YES

Non Affiliate Participants:
SNET CB1

Fund

Owner Flag Name Title Telephone #

AW Y A SWaowaN EXEC DIR - DATA NTWK TECH 708-808-8214
BA Y M. WEGLEITNER EXEC DIR - TECH DEV 703-974-1880
s Y D. KETTLER AVP - SCIENCE & TECH 404-529-26802
NX Y E. THOMAS CORP DIR - ADV TECH DEV 914-683-2071
PB Y D. HARRIS EXEC DIR - ADVANCED TECH  415-823-3080
Sw Y J. CARPENTER AVP -~ TECH PLANv& DEV 314-235-1550
us Y L. HOUSE OIR - SPONSORED RESCH 303-740-1570

B ECEEEAE R RS L EEE R E A A S E R EE A A SR EEEEFE E S I FFE RTINS XEEE IR ESESXCEEEESSEESESSSLEEES

Research Tax Credit Application: NO

 FE R EEE RN R R EEE R R A E I EEE L R EE N E I E IS EE S ST S F R E S E S S EF T R E R E FFEI SRS S S ST ETISETISNEEETS

PROPRIETARY - Bellcore and Authorized Clients Only

TRLLEL

000507"



BELLCORE Page: - 1
Applied Research Date Printed: 10/02/80
1991 FINAL PROJECT OFFERING

Project Name: Project No.:
LIGHTWAVE SYSTEMS TECHNOLOGY 421301
Bellcore Product Manager: Tel:-l:u;??
A. BERGH (201) B29-49838

This Project is a Component of the Bellcore Product:
APPLIEC RESEARCH

Significamt Change Date:
08/31/90

PROJECT OVERVIEW:

The technical areas ackdressed in this project are intsncdad to enhance
the capability and functionality, reduce the costs, and optimize the
performance of single-mode |ightwave systems which are depioysd by the
Bellicore Client Companies (BCCs) in their exchange and exchange access
networks. Emphasis is being placed on advanced 1ightwave systems
technologies, including wavelsngth-division muttipliexing, cohersnt
transmission, optical amplification and optical signal processing,
which will allow more flaxibis broadband service delivery in
conjunction with higher relisbility and reduced maintenance (“passive
photonic loop"). Alse consicersd are the Synchronous Dptical
Network/Asynchronous Transfer Mode (SONET/ATM) networking aspects of
high-speed transmission systems. The futurs 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-spsed data services essential for the healthy growth and long-
term sconomic viability of the BCCs. Applied research parformed under
this project can be divided into four major areas:

1. High-Spesd Lightwave Systems Technologies.

Research in low-noise, high-spesd 1ightwave

transmi tter/receiver/regenarator tschnologies is pursued 1o ensurs
that the Bellicors Client Companies (BCCs) have access to the most
advanced technology at the earliest possible time, can plan the
orderly growth and upgrade of future networks, and can provide special
services in the multi-gigabit-per-second range in response 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 amplifiers. Qur prototype state-of-the-art hybrid multiplexers,
receivers, and regeneration circuits contributed to the success of
this experiment. Wa ars alsc exploring advanced integratad and
optoslectronic integrated circuit (OEIC) technologies for loop and
sxchange applications which have the potantial for high functionality,
small size, low power consumption, high reliability, and Jow cost.
System experiments at the SONET rates of 2.5 and 10 Gbit/sec are being
performed to characterizs Bellcore’s own exparimental research
prototype OEIC transmitters and receivers and advanced silicon
Integrated Circuits (ICs) (using commercial foundry sarvices for the
tabrication of the silicon ICs.) We contirue inputs into the lightwave
transmission standardization process by providing consultation to
Bellcore’s Technology Systems Area on performance aspects of lightwave
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standardization in the U.S. T1 Committee and in the International
Consultative Committes on Telephone & Telegraph (CCITT). As a

notevorthy sxampls, we established a theorsetical and experimental

foundation for the systems degradations incduced by multiple

refisctions which formed the basis for new standards on reflectances

of connectors and splices. This research was recently expanded to I

systams, and contributions on SONET and Broadband Network systems I

inclucde the effects of optical amplifiers, which will bs important for
future broadband networks. Finally, we are sxploring sarly

applications of SONET 2.5 Gbit/sec systems by collaborating with

Bellicors’'s Transwitching Technology Ressarch Division and Carnegie

Mellon University to implement a SONET/ATM 1ink betwsen supercomputers I
for the National Gigabit Network Project. To snsurs reliable

performance, we are studying 2.5 Gbit/sec SONET/ATM optical

transmission and helping to establish advanced reasearch testing

capabilitias for these sSystems.

2. Lightwave Technology Apptications.

Ressarch is pursusd to explore the poteantial use of innovative
lightwave technologies in more functional and cost-effective systems
designs which are compatible with the avolving digital broadband
network. In particular, we study the performance strength and
limitations of both digital and analog systems for the transport of
multi-channel video signals in the broadband subscriber loop. We
continua to explors the use of optical amplifiers, including both
Semiconductor Optical Amptifiers (SOA) and erbium-doped Fiber Optica)l
Amplifiers (FOA), for applications in video distribution to a largs
nusber of subscribers. For sxample, we have demonstrated the first use
of an FOA as optical power amplifier for multichannel Amp)itude
Modulated (AM) television signals distribution. We have also
demonstrated, through technology teaming with Network Technology, the
first experimental system for the simultaneocus transmission of 10 High
Definition TV (HDTV) channels over 30 km of single-sode fiber, by
using the SCN (Subcarrisr-Multiplexing) technique for combining 10 FM
{Frequency-Modulated)} HDTV channels to modulate a high-bandwidth
semiconcuctor diode laser, We have demonstrated a lightwave system
capable of distributing 180 channels of FM telavision signals, using a
combination of OFDM (Optical Freguancy-Division-Multiplexing) and SCM:
1€ Distributed Fesdback (DFB) lasers at differsnt optical frequenciss
{with 10 GHz freguency spacing) were modulated with 10 FM television
signals sach, for a total of 180 television channels baing
transported.

3. Fiber and Interconnsct Tschnologies

Research is pursusd in different typaes of Single-Mode Fibers (SMFs)
and fibar-based component technologies, including measuring
technigues. This helps to ensure that the 3CCs have direct and

impartial access to leading-edge knowledge in fiber technoliogy for the
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planning, procursment, installation, maintenance, and svolutionary use
of optical networks. Werk in this Division has demonstrated that in
cases whers optical connectors with low reflectances are required,
simple changes in endface polishing techniques achieve the desired
parformance without requiring major design changss. Together with
other Bellcore organizations, we are addressing intermatability and
reliability issues associated with optical connectors. In related
research, a record 4dB/mW gain efficiency was achisved with an optical
fiber amplifier using a untque fiber endface configuration for maximum
power coupling to a diode pump laser. The packaging of optical
amplifisrs for practical applications by the BCCs is also being
addressed. Our work provides substantial contributions to standards
bodies such as the IEC (International Electrotschnical Commission) and
CCITT (International Consultative Committes on Telegraph and
Telephona)} where members of this Division are active participants in
lsadership positions.

4. Coharent Multi-Channel Transmission Technologies

Coherent transmission technologies ars investigated because of their
potential for high receiver sensitivity, high signal channel
selectivity and large-channal-count transmission. This technology may
aventually snable the BCCs to take full advantage of the snormous
information-carrying capability of single mode fiber, once it has
advanced to such a degres that its potential economic advantages over
dirsct-detection systems can be cetermined. Emphasis is placed on
multi-channel cohersent networks for exchange and subscriber
applications, although these same technologies may also prove ussful
for the routing and switching of signals in future photonic networks.
As a noteworthy accomplistment, we recently demonstrated a 16-channel
double-star network at the 155 Mbits/sec SONET rate using
commercially-supplisd distributed-fesddack laser packages and
prototype rack-mounted terminal equipment. B8y using doped-fiber
amplifiers in this network, we were able to expand the capabilities of
the network to simulate the distribution of 18 digital TV signals to
more than 10,000 subscribers. We are also moving rapidly to improve
this network demonstration to be suitable for field opsration and to
oparate at 822 Mdits/sec for the transmission of high-definition
telavision signals. In another accomplishment aimed at sxchange trunk
applications, we wers able to demonstrate experimental techniques for
transmission at the 10 Gbit/sec SONET rate, using either frequency-
shift keying or phase-shift keying modulation formats.

Many of the remaining problems yet to be addressed are associated with
our emphasis on the practical application of this technology. These
involve simple schemas for stabilizing the optical frequancy of the
transmitter lasers, design of highly-integrated and compact rsceiver
elactronics, methods for very fast tuning of the local oscillator
lasers to achieve rapid channel acquisition, and studies to establish
the practical limits to the technology that may be caused by optical
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reflections, fiber four-wave mixing, or other impairments.
S. Tschiology Impact

The output of our research is being made available to cther parts of
the Applied Research Area through technical publications, consultation
and prototype subsystems; to the redquirements and analysis process of
Network Technology through consultations and ressarch collaborations,
and collaborations in the standards area; to the network architscture
planning and standards process of Information Networking Services
through active standards participation; to tha BCCs directly through
consultations and collaborations, licensing agresmants, and research
collaborations with the telecommunication industry; and to the
Telecommunication Comsmunity and the World of Science through research
collaborations and technical publications. In summary, our ressarch
contributions in above areas have besn very effective and beneficial
to the BCCs and the telecommunications community at large. Our
research has strongly influsnced introduction strategies for single-
mode fiber technologies in the subscriber loop networks of the BCCs,
and has influanced the work of other telecommunication organizations

and standards bodiss.

The following repressnts a summary of accomplishments performed under
Project 421301 from July, 1989 through Dscember, 1889 in support of
the optical fiber systems and future broadband 1o0p and exchange
networks of the BCCs. Our research for the above reporting period has
besn described in 23 Journal Papers, 28 Conference Talks, and 15
additional Technical Mewmoranda. In addition, 1 patent has been issued
and 2 patents have been filed curing this period.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

gptical Fibers, Interconnection Devices and Passive Components

0 Low-Reflectance Connactors
Muttiple reflections betwesn connectors and/or splices may cCauss
degradations in high-speed analog and digital lightwave systems.
Reflectances as 1ow as -87dB with 0.43 avarage insertion 10ss have
been achieved with conventional cylindrical-ferrule connsctors
through oblique fiber encfaces without requiring design changes.
Early applications of low-reflectance connectors could include AM
video distribution systems on single-mode fiber.

© Low-Reflactance Yariable Optical Attenuator
Low-raflectance, variable attenuators are important components for
testing multi-gigabit-per-second |ightwave systems. FPrototypes
have besn successfully built and used for a variety of optical
systems expariments. Attenuator reflectances as low as -60 dé
could be achieved, which is necassary in systems with optical
amplifiers. ‘
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o Optical Minishop

An Optical Minishop for connecting and joining different types of
fibers (incliuding fiber amplifiers), and for terminating and -
packaging various optical devices, provides important hardware
support for systems experiments and technical analysis work within
and outsicde Applisd Research.

Standards Activities
o International Standards Activities

We continued to participate in leadership positions in both CCITT
(International Consultative Committee on Telephons & Telegraph) (P.
Kaiser, Coordinator and Spokasman for the US delegation in Stuay
Group XV, Working Party 5, Optical Transmission) and IEC
(International Electrotechnical Commission} (W. C. Young, Chairman
of Stancdards Committee 888, Fiberoptic Interconnection Deavices and
Passive Components). Several Contributions for CCITT SGXV/WPS
addressed the international standardization of SONET (Question
20/XV) -- whoss Recommendation G.957 was approved at the July 1990
Plenary Meeting of SGXV. Another Division 21310 Contribution for
Question 18/XV on Local Networks (submitted for information)
dascribed the Fiber-to-the-Home trials in the United States.

As Chairmsn of IEC SC88B, W. C. Young leads the international
standardization of optical connectors, which concentrated on
preparing documents for the next Plenary Mesting in October, 1990.
He also formed an Advisory Group for planning and managing
standards activities related to optical connector reliability,
among others. .

Optical Amplifiers, Applications and Systems Simulations
o Fiber Optical Amplifiers (FOA)

FOAs and Semiconcuctor Optical Amplifiers (SOAs) are expected to
find applicattions in the loop and exchange plant of the BCCs. In
collaboration with the SRI David Sarnoff Lab and the University of
Southampton, a high coupling efficiency of 47% was achieved with a
record 4cB8/mW gain efficiency for a 980 nanometer laser-pusped FOA.
A patentability study of this coupling technique is underway.
Semiconductor Optical Amplifier (SOA) Performance Limitations in
High-Spesd Systems

‘To batter understand the timitations of SOAs, we have performed
computer simulations of their performance in high-speed |ightwave
systems. We found that gain saturation effects in 10 Gibit/sec
systems caused eye closure and systems penalties. Consequantly,
SOAs should be positioned along a fiber 1ink such that the optical
signal input power ts sufficiently low, i.e., below approximately
~200Bm.

Fiber Optical Amplifiers (FDA) for Amplitude-Moculated (AM) Video
Distribution.

¥We have successfully demonstrated the use of an Erbium-doped FOA
for the distribution of multi-channel, Amplituce-Modulated,

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

FOLAO3Z 0005085




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

= 1891 FINAL PROJECT OFFERING :
Project Name: Project-l:h;?
LIGHTWAVE SYSTEMS TECHNOLOGY 421301
PAST YEAR RESEARCHM ACCOMPLISHMENTS: (CONT.)

Vestigial-Sideband-Modutation (AM-VSB) television signals. The
gain of the FOA was 13dB, and no systems degradations were observed
dus to nonlinear crosstalk. FOA power amplifiers in such systems
could have early practical applications in Fiber-in-the-Loop (FITL)
installations.

Video Transport Over Fiber

o 160-FM Channal Broadcast Expariment
We have successfully demonstrated the transmission of a record
number of 180 FM TV channels to 16 users using a combination of
Optical Frequency-Division Multiplexing (OFDM) and Electrical
Subcarrier Multiplexing (SCM). An stalon was used both as an
optical channel filter and an FM demockilator (i.s., optical
frequency discriminator). This is the first demonstration of such a
high spectral efficiency of a one-video-channel par one GHz Radie
Frequancy (RF} signal banawidth.

© 10-Channel MDTV Transport Over 30km of Single-Mode Fibar (SMF)
Using Subcarrier-Multiplexing
As part of Technology Taaming with Network Technelogy (Division
27210, D. Burpass, DvM), we have demonstrated the transmission of 10
HOTV channels over 30km of Single Mode Fiber (SMF) using
commercially-available Puise Frequency Modulated (PFM) transmission
equipment. The 10 HDTV channels were then subcarrier-multiplexed
in the 2 to 8 GHZ frequency rangs. An experimental system using
this technology could be ussd for the sarly provisioning of
muiltiple HDTY channeis.

High-Speed Lightwave Systems Ressarch

0 2.5 Gbtts-par-Second Systems Technology and High-Speed Integrated
Circuits (1Cs)
To demonstrato the potentia) of low-cost implementations of 2.5
Gbit/sec and other next-gensration SONET systems, hybrid circuit
packages based on high-speed Bellcore/Avantsk rassarch prototyps
ICs wers made for systems studies up to SONET STM-84 (i.e., 0C-182
or 10 Gbit/sec) sighal rates. Thers were no observable
degradations resulting from high-spsed measurements on the wafer.

o Optoslectronic Integrated Circuits (0EIC) for Ghit/sec Systems
In collaboration with Lab 211, novael OEIC transmitters comprised of
quarter-wavelength-shifted distributed fescback (DFB) lasers and a
quaternary Modulation-Doped Field Effect Transistor (MODFET) driver
have besen employed in 2.5 and § Gbit/sec system sxperiments. We
have also tested research prototyps rceivers based upon the novel
combination of a Metal-Semiconductor-NMetal (MSM) photodetactor and
a MODFET preamplifier, and charactarized its performance up to 5
gigaherz.

o High-Speed Direct-Detection Systems with Optical Amplifiers.
in studying the effect of multiple Rayleigh-scattering on high-
speed systems employing optical amplifiers, we determinec that
Rayleigh scattering can be simply modeled as a “"mirror" which acts
similarly to discrete reflections in producing sultiple reflection
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noise. The interferometric noise due to multiple Rayleigh
sCattering increases with amptifier gain, and restricts the
allowable gain to less than about 20 dB for high-speed systems
unless optical isolators are smployed.

o High-Speed Frequency-Shift Keying (FSK) and Differential-Phase-
Shift-Keying (DPSK) Modulation/Direct Detection Transmission
Systems .

We have investigated high-spsed direct-detection transmission using
both FSK and, for the first time, direct DPSK modulation formats.
These techniques reprasent low-dispersion altsrnatives to
conventional high-spesed intensity-modulated systems.

o Optical Signal Processing
We developed a theory of Distributed Bragg Reflector (DBR) lasers
employed as optica) filters for use in multiple wavelength optical
communication systems. We confirmed our theory by sxperimental
measuremsnts of DBR frequency response and noise properties, in
collaboration with Division 21110 (P. W. Smith, DvM). Based on this
theory, a new DBR filter structure is proposed which is optimized
for multichannel applications.

o Picosecond Pulse Transmission and Disparsion Compensation
Ultra-short optical pulses may find applications in future very-
high-speed lightwave systems (10 Gbits/sec and bsyond) and in
optical switching. They also facilitate an understanding of the
timitattons of non-linear pulse transmission in Single-Moode Fibers
(SMFs). In collaboration with Division 21110 (P. W. Smith, DvM), a
new experimental ultra-short optical pulse genaration systam has
been built. Together with a grating-telescops dispersion
compensator, we were able to transmit 500 fsec optical pulses over
2 3.2 km long dispersion-shifted SMF.

Multi-Channal Coherent Systems

o 16-Channe]l Haterodyns Experiment at 622 Megabits/sec.
We are increasing the capacity of our 16-channel experimsnt by a
factor of four by increasing the modulation speed to 622 Mbits/sec.
At present, we have achieved this with only one of tha 18 lasers
using the Alternate Mark Inversion (AMI) modulation format.

© Packaged Laser Frequancy Stability Measuremsnts
We have msasured the absolute optical frequency of § distributed-
f$eedback laser package to vary by less than 300 WHz over a period
of mora than a wmonth. Periodic chacks (once par month or less) may
be sufficient to realign the transmitters to account for minor
frequency dorifts due to laser aging.

¢ Active Demodulation Circuits
We have investigated the use of active mixers for uss as
freguency-shift-keying cemcdulators because they provide better
than 25 dB suppression of intermodulation distortions relative to
the signal, even at vary low input powers. The active mixers used
have sufficient bandwidth to increass tha modulation speed from 155
to 622 Mbits/sec, have improved our receiver sensitivity by 7 dB,
and have reduced the varifation in receiver sensitivity due to
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polarization fluctuations from 3 dB to less than 1 dB.

© Phase-Shift-Keyed (PSK) Momodyne Receiver
We have demonstrated an Optical Phase-Locked-Loop (OPLL) using
miniature Nd:YAG solid state lasers which achieved a phase error as
small a5 two degrees. Using this high performance OPLL, we
demonstrated homodyne PSK transmission with a record receiver
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) Laser
Moduilation and Reception ‘
We have cdemonstrated a satisfactory bipolar drive signal for DPSK
mocuilation at 10 Gbit/sec. Using this modulation signal, we have
achisved DPSK transmission using a distributed-fesdback laser with
10 MHZ linewidth. Work to demonstrate a 10 Gbit/sec hetsrodyns
receiver for this moduliation format is in progress.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Project provides for tha development
of a leading edge knowledge base in sSuch Kkey areas as network
technologies and systems. Emphasis is placed on applications to
currsnt and futurs needs in networks, services and oparations. The
substantial benefits of this Project accrue to all Owrer-Clients and
are unable to be prevented form accruing to an Owner-Clisnt who might
elect not to participate in the Project.

RESEARCH DIRECTIONS:

Demonstration of the viability of Single-Mode Fiber (SMF), component
and systems technologies and concepts, including measurement
technigques, through laboatory demonstrations and field experiments
(if appropriate, in collaboration with other divisions, and/or with
ona or more BCCs). Modeling of parformance of SMF systems to
facilitate analysis of practical systems using standard components,
and making simulation tools availabla to the BCCs.

Theoretical and experimental investigation of advanced SMF
transmission characteristics with particular emphasis on loop
applications of SMFs. Participation tn the standardization of
single-mocle fibers, SONET {(Synchronous Optical Network) systems
and fiber-based local broadband systems in the Internattonal
Consultative Committee on Telephone & Telegraph (CCITT). Studies
of fiber-based componants, interconnection devices, and optical
facility switchas, as well as standards leadership in the
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International €lectrotechnical Commission (IEC).

lgentification of optical connector reliability issues and
participation - together with other Belicore organizations -

in the implementation of reliability evaluation programs leading
to future Bellcore regquirements and standards positions.

Investigation of SONET/ATM (Asynchronous Transfear Mods) optical
transmission and performance issues and participation in establisning
standards for the various SONET hierarchy laveis, including the future
synchronous Transfer Mode (STM-64) (10 Gbit/sec) rate. Exploration of
the sarly application of prototype STM-16 (2.5 Ghit/sec) equipment as
part of a ressarch collaberation with Carnegie Mellon University’s
Gigabit-per-second Netwerk Projsct.

Research in systems technologies and applications of High-Density
Wavelangth-Division-Multipiexing (HD-WDM), based on 10 t¢ 20 high-
banawidth optical channels, including multi-wavelength lasers and
laser arrays, detsctor arrays, WDM devices, fixed and tunable etalon
filters, etc., for high-channel-count video distribution in the local

network.

Continuation of experimental and theoretical studies of capabilities
and Timitations of optical amplifiers (both doped-fibar and semi-
concuctor amplifiers) in high-capacity, multi-channe] applications
such as in HD-WDM and their impact on optical network and broadband
services evoiution.

Continue theoretical and experimental investigation of multi-channel
haterodyne and homodyna transmission systems, with emphasis on
channal assignmant, laser frequency stability, laser modulation
techniques, local oscillator tuning and channel acquisition, and
integration of receiver slectronics. The goal is to establish
technologies useful for transmission in the ranga of 155 to 622
Mbit/sec.

Demonstration of a 18-channel coherent double-star network opesrating
at 622 Mbit/sec, with emphasis on astablishing practical field
operation and understanding the limitations imposed by optical
reflections, fibar- and component non-linearities, slectronic
component bandwidths, and optical amplifiers. Also emphasized

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

Together with Lab 211, perform research in Optoslectronic Integrated
Circuit (OEIC) technology for loop and sxchange applications.
Continue study of OEIC transmitters and recsivers, as well as more
complex optoslectronic integrated circuits with enhanced systems
functionality and potential for low-cost 1o0p applications.
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Exploration of advanced silicon Heterojunction Bi-polar Transistor
(HBT) and High-Elsctron Mobility Transistor (HEMT) integrated circuit
technologies for implemsntation of 2.5 Gbit/sec and high-speed
lightwave systems. Wae have established research collaborations with
poth Rockwell! and Avantek to have access to foundry services and for
sxperimantal low-cost, high-speed Large/very Large Scale lntegrated
(LSI/VLSI) prototype circuits. This helps to accelarszts the
introduction of JTow-cost BISON in the loop and exchange plant of the
Bellcore Client Companies.
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PROJECT OVERVIEW:

This project emphasizas applied ressarch on innovative radio
technologies and systems that exploit the unigue capabilities of radio
for providing (1) economical alternative distribution means, and (2)
naw 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 tetheriess portabls voice handsets
and data terminals as a part of local exchange networks. A key
componant of this work is to investigate integrating the capabilities
of radio with the capabilitiss of the local exchange network
infrastructurse. Emerging Radio Local Area Networks (RLANS) and their
implications on wireless central-office-based packet data access
services are a groving area of project intersst.

An snormous demand for portable communications has been demonstrated
by the widaspread popularity of currently available technologies
(i.e., cordless telephones) that provide only very limited portable
comnunications. New innovative services to portable handsats and data
terminals could be provided as sxchange network services by a system
using demanc-assigned radio 1inks for the Jast thousand feet or so of
local telephons toops. This radio system could provide tetherless
portable communications services while making use of integrated
operations and billing, network intelligence and future high-spesd
optical fiber distribution. Such a new portable radio system may
snable Ragional Companies to offer highly flexible tetherless digital
cdata and voice services that cannot be offered now. Radic is the only
means for providing such new innovative integrated portable
communications services. Specialized central offics based wirseless
packet cdatz access services could reduce the cost of rearranging data
access facilities as customers move.

Advanced digital radio system and radio 11nk architectures, control

strategies, techniquas and technologies must provide sconomical, high

qualtity services despite the complex and hostile radio environment
around and within buildings. Expsrimental investigation of radio 1ink
techniques in appropriate radio environments s essential to determine
technical and economic feasibility.

This project incliudes applied research on the following topics:
Synthesis, computer simulation, and implementation of radio
system architectures and control strategies including radio
channa! access, alerting, active call transfer, and protocols
that will mitigate sffects of radio propagation and customer
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motion. Comparison of proposed architectures and control
techniques in appropriate environments is needad in order to
select those providing the best characteristics for exchange
network voice and data applications.

Synthesis and implementation of innovative radio link digital
signal processing, channel coding, speech coding., and privacy
techniquaes that are readily implementable in economical 1ow-power
very-large-scale integrated circuits (VLSI). Digital signal
processing technigques continue to provide significant
improvements in radio link performance in the multipath radio
environment, to improve spectrum efficiency by parmitting new
radio link architectures.

Building and testing of laboratory motels of radio squipment
subassemblies and integration of subassemblies into a laboratory
concept prototype system to show sxperimentally the feasibility
of innovative demand-assigned time division multiple access radio
link and system contro! techniques, and to insure that the
individual signal processing and control techniques and radio
technologies will function as an integrated radic system.
Building of experimental radio fraguency and bassband
subassenbl ies in advanced low-power hybrid and integrated circuit
tachnologies to insure the feasibility of economical fabrication
in large quantities.

Field measurements and modeling of radio propagation in
appropriate snvironments within and around buildings. Earlier
propagation expariments provided information needed for
establizshing transmission rates and for inputs to computer
similations of system architecturs and control strategies for
frequencies around 1 GHz. Further mssasurements are nesded at
higher freguencies and in other snvironments tn which low-power
portables communication systems and central office based wireless
data access systems may be used.

Insuring compatible services and network interfacas with digital
distridbution networks (both fibar and copper), with current
switched wireline and wirelass networks, and with evelving
rmetwork intelligence, including participation in the first stages
of field sxperiments using commercially available products.
Investigating alternative network infrastructures for providing
voice and data services that employ wirsless access, including a
*high-Tevel" view of the associated economics. To maximize the
banefit of this sapplied ressarch to the Balicore Client
Companies, Technology Transfer and Licensing sfforts are
beginning to transfer the radio link technology and system
architecture and control strategies formulated in this project to
the tndustry.

Applied research will be continued on axperimentally verifying new
models developed earlier that predict interference in point-to-point
microwave radio routes cdus to scattering from buildings in urban
areas. Current interfersnce prediction models used in freguency
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coordination do not adeguately take into account the effsct of
building characteristics and orientation.

In the Bellcore Client Companies, radio has the potential for
replacing labor intensive installation and maintenance with large
sCale integrated slectronics. Knowledge of the radio concepts
considersd in this project is nesded for evaluating both naw revenue
opportunities and bypass potentials.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

During the period of July 1, 1989 to December 31, 1989: a) sxtensive
consultation and review (including a one-year internship for a
Division MTS) were provided to Division 27240 (G. R. Ritchie, DvM) for
the purpose of preparing a region-specific framework Technical
Advisory concerning generic requirements for a portable
telecommunications service; b) extensive consultation was provided on
radio itnterfersnce from urban scattering to Division 22370 (F. Zupa,
Dvi), Division 27240 (G. R. Ritchie, DvM), and Division 82350 (J. N.
Norris, DvM) working on improving frequency coordination of point-to-
point microwave radio; c) sxtensive consultation was provided to 8CCs
on worldwide activity in portable communications and its relationship
to exchange networks; d) pooling of knowledge on digital speech coding
for digital portable radic occurred with Division 21340 (J. A.
Bellisio, DVM); &) extensive consultation was begun with Division
26220 (W. Gifford, DvM) oh wireline/wireless network integration; f)
information and comments were given to Division 823%0 (J. N. Norris,
DvM) regarding a National Telecommunications & Information
Administration (NTIA) Notice of Ingquiry (NOI) on frequency management
and petitions (1) by Cellular 21 to hold a trial of British CT-2
technology and (2) by Millicom to initiate sxperiments leading to a
Parsonal Communications Network. During this period, we wrote 10
technical memoranda, published 2 technical papers, presented & talks
at technical mestings, conferences, and symposia, were issusd ons
patent, filed 3 patents, wrote 8 other Technical arxi Engineers Notes
and letters, and published a Compandium of papers on Terrsstrial
Microwave Radio in collaboration with Division 23190 (G. R. Ritchie,

OvM) .

Portable Digital Radieo
o Rapid progress continued toward implemsntation of an exparimental

concept prototyps of a two-way digital portable radic link. This
link uses digital signal processing technigques for demodulation and
symbol timing of independent signal bursts. The 1ink now supports
two simultaneocus portable users with 2 GHz Radio Frequency (RF)
circuits to permit on-thea-air testing and interfaces to POTS (Plain
Old Telephone Service) loops to perwmit call origination. The 2 GHz
RF, intermediate frequency, baseband, spesech and POTS loop
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tnterface processing portions of this link are working in the
laboratory. Two sxperimental “portable* units have been
constructed. The portable prototype units incorporate a novel burst
modulator coordinated with a switching power RF amplifier which
together permit on-the-air rapid burst turn-on/turnoff with no
agditional adjacent-frequency interference. The electronics for the
“fixed* unit have been separatad intc remote and central-office
portions. Completed integration of baseband, Intermediate
Frequency (IF) and RF sections of the expsrimental prototypes to
permit on-the-air testing. This included a single recesiver
selection diversity circuit which provides optimal antenna
salection based on signal quality. Performed on-the-air tests of 2
portables on adjacent time stots under near-far conditions.
Constructed experimental loop interfaces and integrated them with
the central office circuits. Completed the design of experimsntal
elactrically-programmable logic devices to show the feasibility of
low power operation and integrated these circuits into the portable
units. Completed the design of 2 experimental Very Large Scale
Integrated (VLSI) chips to perform burst modulation and
demodulation. These designs demonstrate the low complexity of novel
burst demodulation techniques which are bandwidth efficient. These
chip des{gns were submitted for fabrication in December. Proposed
and documented a modulator structure for efficient VLS
implementation (Sollsnberger, TM-ARH-015813). Reported results on
selection diversity for Time Division Multiple Access (TDMA)
portable radio 1inks (Chuang and Sollenberger, Institute of
Electrical and Electronics Enginears, Inc. (IEEE) GLOBECOM ‘89).
Reported results on the performance of joint error detection and
burst demodulation (Chang and Sollenberger, IEEE GLOBECOM ‘89).

© Continued a study of low-complexity adsptive equalization
techniques with very low transmission overhead. Such techniques
could further mitigate the effects of time cdelay spread and
receiver channel filter imperfections. Demonstrated that a very
low-complexity technique using burst storage and “time reversat"
that operates on a hard-limited received signal can provide
significant performance improvement (Ariyavisitakul, TM-ARH-
015241). Extended this “time-reversal" technique to conventional
linear squalizers, whers sven mors improvesent was obtained.

© Bagan further anslysis of multipath time delay spread data,
collected in offices and an urban ares, showing that selection of
the radioc port with the strongest signal also gave the path with
the least time cdelay spread in most cases. This would minimize the
effects of time cdelay spread in widely-cdeploysd portable
communications systems. Began plans for msasuremsnts in an urban
area at sven higher frequencies in collaboration with a Bellcore
Client Company. Began a comprehensive attenuation measuremsnt
program at four widely-spaced frequencies in office and residential

environments.
o Continued to mode]l spectrum utilization characteristics. (Bernhardgt

and Chuang, Enginesrs’ Notes, August &, 19889) 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 simulatas
thousands of calls sprsad over hundreds of fixed-radic coverage
areas; system occupancy, reuse factor, propagation parameters, etc.
were varied for thrae 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 dB
improvement (Barnhardt, TM-ARH-015554). A talk on esriier modeling
work was also pressnted (Bernhardt, IEEE GLOBECOM, November 30,
1989). In the other thrust, methods for autonomously determining
frequeancy assignments for fixed radio equipment were studied, along
with the use of second-choice routing when traffic blocking eccurs.
Both of thess technigues give significant operational advantages
and yield performance improvements as well. The sutonomous
assignment algorithm yields a stable configuration with only a few
iterations. Earlier work was reported (Chuang, TM-ARH-C14878, and
IEEE GLOBECOM, November 30, 1989). In addition, computer simulation
programs were created to analyze the access psrformance of portable
communications systems deploysd in groups of multi-story office
buildings. This computer model will be used to assess the spsctrum
requiremsent in high-use businass environments. Early results
indicate that variability of wall attenuation characteristics may
be the dominant effect.

© Continued work on data throughput estimation for the two-way
Rayleigh-fading channel with diversity. Showed how throughput is a
function of Carrier/Interferance, for various automatic repeat
request (ARQ) protocols; one TM was issued (Chang, TM-ARH-0148089).

o The basic tnvastigation of data services was 2150 complsted; it was
concluded that two basic data services are nesded: (1) a protected
service in which the portable System enhances data integrity via
ARQ, and (2) a non-protected service in which the user’s end-to-end
protoce)l protects the data integrity (Chang and Porter, TM-ARH-
015782, December 8, 1989). Earlier work on synchronization was alse
reported (Chang and Sollenbarger, IEEE GLOBECOM, November 1889).

© Synthesized a configuration for a combined low-noise receiver front
oend amplifier and antenna diversity switch which offers lower
noise, powsr dissipation, and complexity than conventional
approaches (Liu, TM-ARH-0135387). The combined amplifier-switch
could be implemsnted in low-complexity integrated form for a
digital portabls radic. Continued a search for an appropriate
integrated-circuit technology to implement a previously documented
high-efficiency RF power amplifier (Ariyavisitakul and Liu, IEEE
GLOBECOM, November 1968). Continued a survey and sxperimsntal study
of commercially available low-power RF technology (Krain,
Engineer's Notes, August 1988).

o Continued to participate in CCIR {(International Radio Consultative
Committes) work toward future portable radio telecommunications
standards, with attendance at the final meesting of the 1986-90
cycle. Made technical presentations and published papers
concarning local exchange applications of digital portable radio
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telscommunications to Bellcore Client Company groups, and to
outside conferences (Cox, IEEE Communications Magazine, July, 198%,
seminar at Virginia Polytechnic Institute, October 198§; Porter,
Information Networking Institute at Carnegie Mellon University,
December 1088; Arnold, FCC Persona)l Communications Seminar, July
1888, TIA Microcell Technology Symposium, Octobar 1989, seminar at
Columbia University Center for Telecommunications Research, Octobar
1989). Wrote a paper concerning the need for interface standards
betwasn cellular systems and the wvireline network (Cox et al.,
TM-ARH-014545, July, 1988).

Point-to-Point Microwave Radio

© Tested on ths Ballcore antenna range a second version of an
exparimgental multi-aperture mode-diversity coupler for a standard
microwave horn-reflector antenna (see $f32-11). The analytical
procedure was improved to include the effect of several higher
order modes. The test results are in good agreemsnt with the design
ebjective. This coupler provicdes angle diversity protection against
multipath fading for existing point-te-point microwave radio
systems for both polarizations simuiltansously (Noerpe), TM-ARH-
014750). A patent has been filed on a diversity-protection system
with the multi-aperture coupler. Documentation is being assambled
for licensing of the technology.

¢ Complsted an interfersnce-prediction model which incorporates
effects of scattering from building structures and thus providas a
better estimate of the effect of building orientation than the
methods currently used for frequency coordination of microwave
radic routes. An sxperimental setup was completed for a3 field
sxperiment to verify the directional nature of the reflected
interference from building surfaces and to obtain depolarization
data. {(Noerpel anct Ranace, talk at IEEE GLOBECOM’89, November 18898)

Widaband Analog Optical Fiber Distribution

o Continued a study of widsband FM techniques for fiber-optic
distribution of miltiplie RF National Television Standard Code
(NTSC) television signals. Completed implasmentation of a concept
prototype dsmonstrating the technique and esploying low-index FM
mocdulation, several modulation index doublers, and simple
discriminator detection. Bsgan measurements and investigations
aimed at reducing crosstalk distortion levels in the prototype to

acceptable levels.
REASON FOR INFRASTRUCTURE CLASSIFICATION:
Tne work of this Applied Research Project provides for the development
of a leading edge knowliedge bass in such key areas as hetwork

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

RESEARCH DIRECTIONS:

Determine characteristics and parameters for radic propagation in
and around buildings. These are required for detsrmining system
configurations, limitations on radic links, and suitability of a
broad range of frequencies for portable communications systems.

Explore innovative frequency reuse radio system concepts, including
system configurations, radio channel access strategies, alerting
technigues, and control strategies, for providing naw, sconomical,
high quality, spectrally efficient portable communications services.

Expliore the effect of wall and floor attenuation on the perfermance
of digital portable radio systems cdeploysd in large multi-storied
office buildings.

Further investigate radio 1ink parameters that will provide sxchange- I
network-qual ity portable communications. These parameters include

digital channe] rates, frequancy channel spacing, privacy msthods,

digital spesch coding approaches, channel coding techniques for

arror detection, and protocols for data services.

Explors innovative digital radio 1ink architectures, techniques and
subassenmblies for uss in multipath radio snvironments. This includes
investigating and constructing subassemblies, using low-power,
very-large-scale integrated or hybrid circuit technologies for radio
frequency circuits, radio l1ink control, spesch coding, channel coding,
data protocols, and privacy.

Expand the capabilities of an initial experimental concept prototype
of a digital radio link, using innovative radio 1ink techniques, for
providing untethersd voice and data communications, including
approachas to network integration.

Initiate effort to procuce a Technology Transfer and Licensing
package incorporating previous applied ressarch on radic 1ink
technology and radio system architecturs, radio link control and
access strategies.

Datermine approaches for the integration of portable radio
communications into the svolving intelligent network. This includes:
(1) identification of the requirements 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 sconomic issues.
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Perform assessment of existing or planned radio systems and
technologies for providing personal communications.

Compliste the research on diversity techniques for improving the
performance of point-to-point digital microwave systems and validate
by sxperimental measursments the new modeis daveloped earlier that
predict interference dus to scattering from buildings.

Datermine the performance of hard-limited signalling techniques for
fiber optic distribution of multicarrier RF (radio frequency) signals.

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

Provide consulting to Belicore Client Companies as reguested on radio
topics, e.g., worldwide activity in portable communications and its
relationship to exchange networks, participation in field expesriments
on portable radio services and radio technelogy, point-to-peint
microwave radio, IMTS (Improved Mobile Telephone Service), radio
paging, and the use of radio for rural distribution.
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PROJECT DOVERVIEW:

This ressarch supports the Transport Critical Area defined by the
Appliad Research Advisory Committee, through the pursuit of
techrnologies required for the cost-effective transmission and
switching of broadband services. It is the pursuit of technologies
that ieads to network transport systems whars the nesds of
transmission and switching are studied, arkt solutions jointly
optimized, that gives rise to the project name. There is a grsat
deal of effort in 8ellcore, in U.5. Standards bodies, and
intarnationally in the International Consultative Committes on
Telephone & Telegraph (CCITT) aimed at formulating standards for a
broadband network. Work done on this project in the past has helped
to place Bellcore in a lTeadership position in the definition of this
network. The switching and multiplexing concepts advocated for
broadband are radically different from those tn use in current
telscommunications networks in their use of a new packet-like
technology called the asynchronous transfer mode (ATM). ATM
miltiplexing within SONET (the Synchronous Optical Network
stanciards adopted internationally in CCITT) transport systems
promises to offer the Bellicors Client Companies (BCCs) a msans to
deliver a wide variety of nev services at low, medium, and high bit
rates simultanscusly, and in a cost-effective manner.

This project sesks to sxploit a number of technological opportunitiss
that will appsar in the near future, and will allow our cliants to
ceploy broadband services to a wide base of residential and business
subscribers in a cost-sffective way. One opportunity is the result of
the increasing circuit speed performance of advanced silicon CMOS
(Complamantary Metal Oxice Semiconductor) and gallium arsenide
integrated circuit technologies. The application of such technoiogies
will increase the speed possible with low cost and low power
dissipation technologies for broadband subscriber interfaces. These
two technologies allow increasing functionality to be included in
network interfaces without a substantial cost penalty. Similarly,
advances in packaging and interconnection technologies allow high-
spesd and highly functional integrated circuits to bs assesbled

into compact, reliable interfaces and subsystems. This s

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

into compact, reliable interfaces and subsystems. This is

control and management function capabilities to be implemented in

PROPRIETARY - Bellcore and Authorized Clients Only
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harcdware, yielding improved performance. An objective of this resesarch
ts to demonstrate that SONET/ATM interfaces, with all their power for
allowing sophisticated network control functions, can be considered
for the very cost-sensitive broadband user-network interface. We will
wark jointly with Bellcore Natwork Technology tc consider candidate
functions for the broadband user-network interface, and determine the
feasibility, performance and cost impact of these functiens. In
carefully selected situations, where sufficient detailed knowledge can
be gatned in no other way, we will participate in the design and
fabrication of experimental laboratory prototypes. 0One sxample
prototyps project currently undaer way is a broadband/advanced
tetlevision research project jointly supported with Divisions 21340,
Video Systems & Signal Processing Research, (J. Bellisio, DvM) and
21370, Network Control Ressarch, (J. Berthold, DvM).

Our pionsering work on broadband circuit switching of several years
ago, and our recent work on integrated regensration functions pointed
out the capabilities of CMOS technology. We now pursus one micren
sized technologies, (our sarlier work was done in two micren 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 all complex, high-speed (2.5 Gbit/sec)
miltiplexer functions to be inciuded within a single chip, in a
technology capable of low manufacturing cost. We will pursue this
line of ressarch, both pushing higher spesd and higher functionality,
in integrated microalsctronics. The result of this work will be to
remove the cost penalty of higher System speed. Bellcore Network
Technology. Information Networking Services, and the 8ellcore Client
Companias need to know the ultimate costs to Pbe expected of high-spesd
digital subscriber access systems as they consider other alternatives
for the preovision of broadband services, whether switched or
broadcast.

A number of Gigabit Network Testbeds have been identified by the
Corporation for Nationa! Ressarch Initiatives. Thase testbeds

have haavy participation by leading universities, whose
participation ts Goverrment funded. Bellcore and Bellcors

Client Company participation in these projects will shcourage the
adhersnce to emerging broadbhand standards which will be the basis of
future BCC Networks. It is expsctsd that research from the Gigabit
Network Tastbeds will strongly influence the direction of a Nationa)
Resesarch and Education Netwerk under consideration now by the
Government. W. Sincoskie (Division 2148C, Computer Networking
Research) has besn Bellicore’'s representative in this arsa. This
project will provide support to Sincoskie in the Aurora project, and
to Carnegie Mellon University ifn tha Nectar Project, primarily in
tha area of transport. Our participation in these projects will
provide sarly ressarch prototypas of SONET/ATM access subsystems.
Only by providing such early prototypss can we influsnce the
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university participants to adopt SONET/ATM standards, since no such
prototypes are currently available from vendors. Adoption of thase
standards will help to assure that the cost and performance benefits
of a uniform system will be availabile to subscribers by preventing
the Balkanization caused by the creation of dissimilar networks.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

There was a great dea) of progress in broadband standards in this l
period. SONET was accepted as a2 physical Tayer to support ATHM cell
transmission, and the basic ATM cel)l paramsters were agreed to in
CCITT. We completed the design, fabrication and testing of a CMOS
SONET access integrated circuit which supports the transmission of
ATM cells within SONET. Wwe also completed the architecturs of a
2.488 Gbit/sec SONET multiplexer subsystem that consists of three
experimental prototype chip types. The most demanding chip, a 2.488
Gbit/sec miltipiexer and demultiplexer, was completed, tested and
found to operate satisfactorily to 3 Ghit/sec in initial laboratory
testing. The existence of this feasibility demonstration, along with
our willingnaess to make sxperimental ressarch prototype components
available to ccllaborating universities, resulted in the acceptance
of SONET and ATM as the technelogies to be used in four out of five
testbeds in the Gigabit Network Testbeds planned by the Corporation
for National Ressarch Initistives. An important result came from
our explorations of the feasibility of a large ATM switch, a switch
with aggregate throughput of one Tarabit/sec. A switch architecture
was cdevalopad which convenisntly supports very high spsed port rates
(1 Gbit/sec or more) and has a compact physical size. An experimental
prototype integrated circuit chip which containad an integrated
digital signal regenerator was fabricated and tested. It was
functional to 250 Mbit/sec, which provides adequate margin to be
conficent of operation in an application with 2 spesd of 155 Mbit/sec.
Such components are critical for sventual application in bhroadband
subscriber 100p systems. This project continues to support hardwvare
feasibility, performance, ard cost analyses of functions and
technological alternatives considered in the broadband user-network
interface. Along with other Divisions in Organization 21300, Network
Systems, and with cellaborators from Bellcora’s Network Technology
Area. we continue work on a Broadband Transport Prototype project
aimed at the simultaneous transmission of a digitally coded and
compressed Advanced Television and other signals using ATM

within a SONET broachand channel. Our componsnts are planned for
incorporation in the Datacycle, DAWN, EXPANSE and Home-bus prototypes
of Organization 21400, Network Services Ressarch.

We continued to play an important role in appropriate IEEE standards

and professional bodies. We served on the sditorial boards of the
1EEE Journal on Selected Areas in Communications (JSAC) and the 1EEE
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Lightwave Communication Systems Magazine, and as guest editors in
thres forthcoming JSAC special issues. We were a key player in the
formation of an 1EEE Technica) Committee on Interconnections within
High-Speed Digital Systams. We have provided a great deal of
expertise and leadership to the IEEE Combus standard activity which
seeks to define a SONET-compatible backplane.

Multiplex and Multiaccess Technology:

High-Speed Interface and Multiplexing Circuits for SONET Add/Drop

Multipiexer

© The application of high-speed VLSI technology to multiplexing
offers the potential of gresatly reducing the cost of broadhand
retwork access. In the first half of 1990, we complated the
testing and experimentation of our prototype SONET STS-48 (2.488
Gbit/sec) interface circuits. The two-chip set is implemented in
GaAs technology, and psrforms the key interface functions for
SONET. Thase include 8:1 multiplaxing, 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
Ghbit/sec with a bit error rate less than 1x10E13. In addition,
we studied the functional requirements of a SONET STS-3¢ to STS-48
multiplexer/demultiplexer system. This prototype system is
required in our participation in a number of broadband network
experiments, including the Gigabit Network Testbeds sponsorsd by
the Defense Advanced Ressarch Projsct Agency (DARPA) and the
National Scisnce Foundation (NSF).

SONET OC-12 Multiplaxer/Demultiplexer Test Set

© In the first half of 1990, wa constructed an expearimsntal SONET
0C-12 multipiexer/demultiplexer test set using our SONET ICs.
This test set has been coelivered to Division 27220 (L. Scerbo, DvM)
for use in their SONET product analysis program. This unit is
under heavy utilization in their SONET standard compliance tests
of the 822 Mhit/sec vendor edquipment.

Broadband Switching Technology:

Large, Synchranous CMOS Switching Chips

o Our ressarch into broadband switching technology concentrates on
scalable technology prototyping for high-speed packet switching
and SONET crossconnect applications. One goal is the demonstration
of a single board 256 x 258 switch interconnaction fabric capable
of self-routing ATM (Asynchronous Transfer Mode) cells at a rate of
155.52 Mbit/sec. During this period, we optimized the integrated
circuit design for both greater noise margin and diagnostics
support. The relationship betwesn fabric, interfaces and control
functions was analyzed in detail; the results had significant
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impact on the Terabit Switch effort at Bellicore. Qur research has
demonstrated that today’s commodity integrated circuit processes
are fully capable of mesting the fabric technology needs in such
a terabit switch, We are using this insight to focus attention
on the problems of switch monitering and control in a brosdband
environment.

Architactures for A Terabit/ssc Switch Fabric

¢ While conmodity integratad circuit technologies appear 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 is
the high-spasd interconnects nesded betwsen integrated circuit
slemants on different circuit boards and squipment frames. Workers
in the Terabit/sec switch project continue to see breakthroughs in
interconnect technology. Another path around this roadblock may be
architectural solutions that minimize the required interconnects.
In this periocd, we sxtended work on self-routing crossbar
fabrics. The resulting new architectures make maximum use of the
component densities expected to be available in the future with
Very Large Scals Intagrated (VLSI) technology, and require fewer
tnterconnects than other alternatives. Another advantage of this
new architecture lies in its ability to easily support port rates
much higher than 155 Mbit/sec.

Interconnaction and Access Technology:

Optoslsctronic Integrated Circuits (CEICS) Subsystems Ressarch

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

Several advanced prototyps laser drivers and 4x4 analog craossbar
switches were designed and laid out using the Plessey 0.6 micro-
meter bipolar process in the beginning of 1889, The first wafers
were cdeliversd in December, 1988. Preliminary testing was
parformed on individual transistors and on an all NPN (negative-
positive-negative) bandgap voltage regulator. The transistors
and the voltage regulator wers found to oparate in a satisfactory
manner.

A proposal for a high current sfficiency Opto-Elactronic Intagrated
Circuit laser driver was avaluated and reported (TM-ARH-013750,
Banwell). This circuit concept is being used in collaboration
with Division 21120 (R. Leheny, DvM) to research an experimental
monolithic InP Heterostructure Bipelar Transistor (HBT) laser
driver.

In coltaboration with Division 21110 (P.W. Smith, DvM), we are
prototyping an sxparimental two-dimensional array laser driver
to drive the surface emitting lasers recently fabricated at
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Bellcore. A VLSI integrated circuit for the laser array drivers
was designed using a 1.2 micrometer CMOS process. It will drive
an 8x8 array of laser diodes at data rates up to 155 Mbit/sec.
This important experiment could illustrate new methods for making
massive interconnactions for subscriber access and intra-machine
interconnections. It could open up new switching and subscriber
access architactures. We plan to receive the completed ICs from
the fourdry in thae fourth quarter of 1990.

Simplified Lasar-Fiber Coupling Technique

© We complated a proof-of-concept demonstration of a new method for
coupling lasers to single-mode fibers at room temperature, using
an electroplating technique. Using a simpie butt-coupling
approach, we achieved coupling efficiency as high as 14%; and
further investigation indicates that we could achisve much higher
efficiancy using lensed fibers. We expsct to file a patent on
this techniqus during the second half of 1990. 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 role in the formulation of the Combus
(IEEE P1396) standard for a SONET-compatible packpliane. Our
contributions include heading the subcommittes writing the
mechanical/physical specification, daveloping criteria for
selection of a backplane connector, and coordinating the
organization of the documentation. We also initiated a backplane
prototyping activity tc characterize the slectrical performance
of the backplane and to examine various architecturs and logic
issues. We designed an experimental prototype of the backplane
and ordered many of the recuired parts. We began to involve othar
Bellicore organixations in this activity, e.g., Division 27510
(D. Shalton, DvM) in the arsa of conmnector reliability.

Cable Tracking:

Cable Tracking

© A novel method for tracking buried al) dielectric cables in
lightning prone areas was proposed and tested in the laboratory.
An experiment was pesrformed at 8ellcore’s outdoor Chester site,
and the results agreed with our thecretical predications
(TM-ARH-014138, Banwell).

REASCN FOR INFRASTRUCTURE CLASSIFICATION:
The work of this Applied Research Project provides for the development

of 2 lJeading edge knowledge base in such key areas as network
technologies. Emphasis is placed on applications to current and
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future needs {n networks, services and operations. The substantial
benefits of this Project accrue to al)l Owner-Clisnts and are unable teo
be prevented from accruing to an Owner-Client who might slect not tc
participate in the Project.

RESEARCH DIRECTIONS:

Explore key technology areas in broadband access, multiplexing and
switching. Advance technologies necessary to allow cost sffective
subscriber access, with an emphasis on high-spesd, very large scale
integration (VLSI) digital circuits.

Resesarch on technology issues associated with fiber-based SONET/ATM
networks. Provide technology foundation for Bellcore work projscts
on broadband standards, requirements and product analysis.

Fabricate experimental prototype systems and subsystems for use in
(a) Ballicore Network Technology Arsa product analysis (for sxample,
SONET test sets); (b) Besllcore testbeds in broadband and INA networks
(for example, advanced television transport); (c) Gigabit Network
Testbads with Bellcore and BCC participation.

Ressarch on high-spesd optical and slectrical interconnsction
technologies which are critical to the {mplementation of future

broadband transmission and switehing systems. This will also inciude
SONET-compatibls backplanes to support the 1EEE Combus standards.
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PROJECT OVERVIEW:

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

This project emphasizes several specific areas of signal processing
resesarch. High definition television (HOTV) and digital optical

fiber are two smerging technologies which could form ideal complements
for new image-based communications services. Ressarch to realize
this promise addrssses all of the key end-to-end technical issues

that might arise if a Bellcore Cliant Company (BCC) broadband digital
fiber system was used to transport HOTV. In ancther research
initiative, the technologies nesded for the transport of video signals
on existing wirs pairs ars explorad. Here, the research follows two
directions: the digital compression of television sighals to low

bit rates; and the signal processing technology nesded to operats
existing subscriber 1ines at significantly higher bit rates than is
now possible. In yet ancther dimension of sighal procassing, ressarch
into implementabla neural networks may lead to practical solutions teo
problems of pattern recognition and artificial intelligence which are
difficult to solve using conventionally programmed computers.

In order to parform this research, we nead to bs sxpert in image
coding theory, computer simutation, high-speed digital processing,
very large scals integrated (VLSI) circuit technology, computer aided
design (CAD) and the associated arsas of network transport protocols
and control. Work typically results in technology ready to be
integrated into Bellcore’s overall system plans and in advocacy of
standards positions. To do this work in a credibles and expeditious
way, we frequently need to build experimental ressarch prototypes
which often contain unigque VLSI circuits. The construction of
ressarch prototypes and the assembly of the necessary CAD environment
to facilitate this work are, therefors, necsssary components of the
research process. The ViLSI methodology developed in this preoject is
also sxtensively used slsewhars in Bellicore Applied Research, and our
VLSI implementation axperiments improve our technology transfer
opportunities.

High Definition Television for Broadband Networks

Research on Advanced Television (ATV) has besn an ongoing effort in
this project from its inception. Consequently, we are very well
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positionad in this area now that interest in HOTV, thae highest quality
form of ATV thus far defined, is peaking. Much research in the U.S.
is focused on methods for the analog transmission of ATV via the
airvaves. We, however, anticipate that the evolution of the exchange
network into a digital fiber optic system will offer an unparaliled
opportunity to provide an sconomical, high quality, robust and
flaxible transport system for ATV services. We have sxtensively
ressarched, using computer simulation, algorithms for the compression
of HOTV into the proposed SONET (Synchronous Optical Network)/
Broadhand Network 155 Mbit/sec channel (gross rats). We are confident
of our theoretical results, but at ieast two key ressarch questions
remain: the picture guality 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
research prototype is the most straightforward, reliable, and cost-
effactive way of resolving thess issuss. Work, therefore, is
continuing on a Broadband Network/HDTV ressarch prototype system that
will demonstrate the transport of HDTV on a single SONET STS-3c
{Synchronous Transmission Signal at 3rd Level Hierarchy) channel. The
work builds on video conpression and Broadbarkl Network standards
ressarch that has been ongoing. The research will be genarically
applicable to a wide range of ATV standards and broadband distribution
architectures including peoint-to-point, broadband/bus and multi-
wavelength 1ightwave-based networks.

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

Concurrently with this research, we prepared and presented a highly
succaessful technical seminar (March 18-20, 1980) with sxtensive
supporting documsntation to advise others of our findings. A second
such technical seminar will take place on October 186-17, 1990. In
this way, those interested in planning and davaloping ATV transport
systems for the BCCs, based on our technology, will have early access
to the information. Thase seminars help achisve our objesctive of
efficiantly and rapidly transferring our research results to other
laboratories so they can start building on our ideas.

In addition to the HDTV system ressarch described above, we ars also
exploring ATV technology for specialized applications which would make
even greater use of the packet-transport attributes of the proposed
Broadband Networks. Such a system, now in the simulation state, would
allow customers the option of balancing quality against transport cost
to optimize performance for services ranging from teleconfersncing to
medical imaging.
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ISDN (Integrated Services Digital Network) Video

With about 1000:1 digital bandwidth compresssion, motion video can be
transmitted through the ISDN Basic Access ("B") channels. Feasibility
has already been demonstrated with some proprietary video coding
equipment. However, major business opportunities for the BCCs may
amerge only when the picture quality is improved, the algorithms are
standardized, and the coder/decoder (codec) complexity can be reduced.
Wa have already devised and patented new algorithms with the potential
of quality superior to existing codecs. Some of our algorithms have
now been adopted in international standards. Bellcore has also
demonstrated that some key functional blocks with a codec can be
efficiently 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 worid
recognize this fact and are working intensely on this subject. Many
vendors, however, are holding their coding expsrtise propristary and
are not expected to make it available to standards bodies. CCITT
(International Consultative Committee on Telephone & Telagraph), an
international standards organization, has recently (with our
participation) approved a draft recommendation on video coding for
ISDN. Research effort has now been shifted towards stimulation of
the VLSI impliemsntation of such a codec for service demonstrations.

The successful introduction of a new video conference service would
not only generate revenues for the BCCs, but may aiso stimulate the
cesire for new Broadband Network services in the future. The ISDN-
rate “videophore" will help preserve some of the value of the existing
copper-based plant during the period that new optical fibers are being
extended directly to customers by allowing both sets of customers to
intercommunicate via ISDN/videophons.

Because of the significant affort required for tha proposed work, much
of the ressarch is done under research collaboration agresmsnts. This
gives us considerable laverage with respect to the construction of
ressarch prototypes in support of CCITT standards activities as well
as BCC field experiments.

High-8it-Rate Digital Subscriber Lines and Asymmetrical Digfital
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 neaded until fiber access s widely availabla.
Fortunately, recent advances in digital signal processing and VLSI
technology may make the transmission of digital data over nonloaded
subscriber loops at bit rates significantly above the ISDN Basic
Access rate feasible. In particular, our ressarch has focused on
High-Bit-Rate Digital Subscriber Lines (HDSL) and Asymmetric Digita)
Subscriber Lines (ADSL) signal processing technigues. HDSL is a
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scheme that uses two pairs for providing repeaterless DS-1 rate
(1.544 Mpit/sec, full cuplex) capability in the Carrier Serving Area
{CSA) up to 12 Kft with no pair sslection required. ADSL is a
schame that uses one pair to provide DS-1 rate transpert in one
direction above a standard telephone (or poss:bly ISDN Basic Access)
channel over 18 kft loop langth.

Both HOSL and ADSL schemes build on our knowlsdge of the
characteristics of axisting loop plant, and upon rapidly advancing
technoclogies 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 research prototyping. A nsar-term result is sxpscted
to be information to support rspeateriess DS-t Service up to 12 kft
over existing metallic loops. This effort is a natural follow-up to
our very successful efforts on ISDN Digital Subscriber Lines. For
ADSL, we anticipate that recent dramatic advances in video compression
could pressnt a new service opportunity for the BCCs. In addition to
the video opportunity, the ADSL could be important for high-spsed
communciations services.

Vary Large Scale Integrated Circuit Experiments

It is mistakenly thought by some that VLSI impiementation is useful
only as the last step before volume prociiction. Experimental VLSI,
ts, in fact, a cantral part of signal processing research for two
basic reasons: many high bit-rate functions can only be deamonstrated
by using circuitry with the microscopic dimensions and consequesnt high
frequency performance of VLSI; and the usefulness of a resarch
prototype is cften apparent only when it has besn shown that certain
immensely difficult computations and signal processing functions are
reducible to a potentially low-cost microcircuit. As part of the
procf-of-concept, which is an intimate part of this project, we
construct experimantal VLSI, using commercial computer aids whers
applicabls, or tools of our own design when thase address our

unique needs better.

Computer-aided design (CAD) tools for sxperimental integrated circuits
continue to be improved. Ressarch on CAD for VLSI at the symbolic
system level results in specialized tools that can achieve high
performance and quick turnaround in designing the VLSI experimsntal
ressarch prototypas nesded for numerous network systems and sarvice
expeariments. There is a3 large base of Customers across Applied
Research who continue to depend on thase tools, and we use thess tools
ourselves to create expsrimenta) circuits nesded for video coding,
neural network ressarch and other natwork technology demonstrations.
New, more powarful tools have been prepared for relsase to the
Belicors user community, ancd they play an important role in the timely
creation of the experimental integrated circuits for the ATV projact.
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Neural 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 bassd
techniques. Within neural sytems, knowledge is encoded by training
rather than by programming so that powerful lsarning algorithms

for neural style networks ars nesded. We belisve, that to be useful,
algorithms must be implementable in parallel hardware becCause
training takes too long using serial computer simulations. Thersfore,
the algorithms should take into account the constraints imposed by
VLSI. We propose to extend our study of electronic implamsntation
issues to large scale systems using the following approaches:

1) further research on learning algorithms and architectures suitable
for modular VLSI implementation; 2} functional simulation of large
scals hardwars systems using benchmark test problems; 3) creation

of prototype chips suitable for inclusion in such sustems;

4) sxperimsntal prototypes of board-level slectronic systems using
neural network chips; and, 5) telecommunications applications
gemonstrations using the hardware and softwars we cruats.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

The efficient technology transfer of ressarch concepts to standard
applications is an activity shared betwsen the Applied Resesarch Arsa
and the other parts of Bellcore. As ressarch projects reach maturity,
ideas generated sust be evaluated, filtered, and integrated into a
cohersnt standards position. The effectivensss of the advocacy of
these positions (both nationally and internationally) is enhanced if
the original investigators participate in tha standards process. A
great cdea! of our ressarchers’ time and effort is dedicated to mak ing
this type of technology transfer work smoothly.

Because of our internally developed knowledge base, we are key
participants in the FCC Systams Sub-Committes studying ATV, have a
major impact on North American plans for Broadband Networks, and ars
CCITT Specialists on low-bit rate videeo. Our CAD is an internal
deliverable used in Bellcore Applied Ressarch. OQur seminar and

and documsntation on Advanced Television for Broadband/ISDN

helped disseminate ressarch results to the worid at largs. As @
research by-product, csrtain VLSI chips are licensable. During the
first half of 1880, we published 27 papers externally, pressnted 27
talks at technical msetings anc confersnces, filed twe U.S. patents

and wers granted ons patent. .

Coding Algorithms for Digital Transmission of ATV
o Computer studies of algorithms for compressing very high quality

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

FO1AD37 ANAE 1§ »




BELLCORE Page: €
Applied Research Date Printed: 10/02/590
1981 FINAL PROJECT OFFERING

Project Name: Project No.:
VIDEQC SYSTEMS TECHNOLOGY 421306
PAST YEAR RESEARCH ACCOMPLISHMENTS: (CONT .}

video signals with virtually imperceptible visual degradation have
continued. The prime aim of these studies was to achieve the
compression of HOTV (High Definition TV to the roughly 130 Mbit/sec
nat payload of the proposed SONET/Broadband STS-3c channel. HDTV
has roughly doublied the horizontal and vertical resolution of the
currant 525 line display standard, and uncompressed HOTV recuires
800 to 1200 Mbit/sec. Thus, compression in the range of 6:1 to 9:1
is required. Somes emphasis is also placed on “smbecded” or
“layered" compression, where a separable portion of the compressed
HOTV sighal is used to represent an smbedded EDTV (Enhanced
Definition TV, anothar 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 quatity. The compression algorithms studied are carefully
chosen so that they can take full advantage of the economiss of
VLSI circuit realiZations. After a thorough investigation of
several compression algorithms, we have chosen and continues to
refine one that produces sxcellent visual quality, is robust, and
requires minimal compliexity for implementation. We are also
continuing to ocbtain and upgrade the highly special ized storage
display and computer equipment 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

Subscriber Lines

© In collaboration with Divisions 21240 (J. McKenna, DvM} and 23310
(R. Laane, DVM), we explored digital signal processing (DSP)
techniques for the High-B8it-Rate Digital Subscriber Lines (HDSL)
using the embedded base of copper loop plant. Our ressarch effort
included theoretical analyses and the selective prototyping of
high-speed electronics to sxplore the feasibility of transmitting
in both directions at 1.544 Mbit/sec through metallic loops without
any repeaters, pair sslaction, or conditioning. Many critical
issuas including timing recovery, echo cancellation, line coding
and squalization, and crosstalk cancellation were proposad,
analyzed and demonstrated for this application.

Based on our patsnted timing recovery method, a commercially
available DSP chip, and a decision fesdback squalizer prototyping
system, we have demonstrated a high-spesd timing recovery
technique. In collaboration with Division 23310 (R. Laane, DvM),
we have jointly prototyped 3 real-time |1insar echo canceler
oparating at the 1.544 Mpit/sec rats for the HDSL application.
Both the timing recovery system and the real-time linear scho
canceler wvere cdemonstrated succassfully at the Bellcors Technology
Seminar in Dal! Lago, Texas, in March, 1990. In order to relieve
the stringent requiirement for timing recovery, we are now
tnvestigating and implementing another HDSL recaiver with 2
decision fesdback equalizer (DFE) and fractionally-spaced
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equalizer (FSE) as part of its architacture. System and circuit
leve]l work has besn 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 design of an enhanced version of a quasi-real time, DSP-based
loop emulator to svaluate our FSE-based HDSL recsiver was

completed.

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

ADSL was complated and documented. As a means of stimulating
early industry involvement, and of combining our ressarch sfforts
on HODSL with ideas generated from industry, universities and
vendors, we organized an IEEE-sponsored HDSL Workshop which was
held in New Jarsey this March. We are in the procass of preparing
a Research Compandium on High-Bit-Rate Digital Transport
Technology for the Coppar Loop. (This work was performed under
Project 821306). .

Study of Learning Algorithms for Neural Networks

© Unlike conventional computers, neural network computers have the
the property 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.
We have investigated a deterministic version of our algorithm
which is more computationally sfficient and may have advantages
for tamporal sequence lsarning, since stochastic averages over
time are not involved. We have studied the scaling propaerties
of thase algorithms as the problem size is increassd to the level
nasded for real-worlid problems. (This work was performed under
Project 821307).

X-windows Based Graphical Simulator for Neural Network Learning

o A graphical software similator was written which displays the
state of the neural network as it learns. By using X-windows and
a modular software styls, the simulations can bs run remotely on
a fast computer while being displayed locally. This servas as a
tool to test learning algorithms, incorporats hardware constraints,
study applications, and, in the future, serve as a graphical front
end for testing neural network chips and harcware systems. (This
work was performed under Project 821307).

Low Bit~Rate Video Standardization

© We continued to support the standardization of a video coding
algorithm at 84 Kbit/sec (kilobits/second) snd multiples of 64
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, 1990. In collaboration with AT&T Bel)l Labs
PictureTel, and VideoTelecom, flexible hardware experiments of
video codecs based on CCITT proposals were completed and tested for
compatibility. Thaese codecs have been successfully connected
through and ISON switch in Red Bank, NJ, early this year.

VLS! Expariments for Low Bit-Rate Video

© In a rassarch collaboration with Graphics Communications
Technologies (GCT), layouts of three axperimental VLSI chips and
logic design of a fourth chip for low bit-rate video wers
complated. Tha first chip incorporates an 8x8 two-dimensionat
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 lsngth coder
and decocder, raspectively. All four chips represent key
technologies necsssary for future ubiquitous video services, and
are useful as benchmarks in understanding the performance/
complaxity tracdeoffs nesded to drive the standards process.

High-Speed CMOS (Complementary Metal Oxide Semiconductor) FeasiRility

Studies

© Feasibility studiss were bagun 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 (5T7S-12) rate,
and to investigate the possible application of low-cost, high
density CMOS technology to areas where more expansive Gallium
Arsenide integrated circuit technology might have to be smployed
otherwise. A test chip using a 1.2 micron CHNOS process and
incorporating important functions that will aia in
demonstrating high-spesd capabilities was fabricated and tested.
Synchronous functions of a logical complexity similar to that
required to build multiplexers wers demonstrted at a speed of
5688 MHz. In a second test chip, also in a 1.2 micron CMOS
process, we are experimenting with clock recovery and data
regeneration at 822 MHz. This chip will provide a cal ibration
on soms of the potential difficulties of providing high-bit rate
access to residential customers with low-cost technology.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Ressarch Project provides for tha development
of a leading edge knowledge base in such key areas as network
technologies and systems and information age service capabilities.
Emphasis s placed on spplications to current and future needs in
rnatworks, services and opsrations. The substantial benafits of this
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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 will continue on the expsrimental prototype system that will
demonstrate the compression and digital transmission of High
Definition TV in the proposed Broadband Network snvironment. A
particutar focus of this ressarch will ba to choose algorithms that
will provice maximal compatibility with the over-the-air broadcast
ATV starndard 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 research on a broad range of videc
compression aigerithms, hardware architectures, and systems for viceo
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 several key signal processing
modules in the low bit-rate video codec to demonstrate the feasibility
of widespread affordable video services,

We will investigate the benefits of using statistically variable
packet transmission for ATV. Other significant research issues
that will be ackiressed include the difficult problem of interfacing
the variable bit rate video generated with the transmission channel,
the error cdetection and mitigation problem at the receiver, as well
as video timing and synchronization recovery at the recsiver.

Research will continue on the enginesering, layout, and fabrication
of the experimental VLSI chips required to implement the BISDN/SONET
HOTV research prototype system. Thase chips will efficiently realize
critical functions and will lesad to a demonstration of the transport
of HOTV on a single STS-3C (synchronous transmission signal at third
level hisrarchy) 155 Mbit/sec channel. This work builds on video
comprassion and Broadband Network standards ressarch that has been
ongoing. This work {s baing done in collaboration with Division

21330 (N. Cheung, DvM).

We will continue the integration of Belicors VLSI CAD (Computer
Aided Design) tools with other available tools, as appropriate,
with particular smphasis on providing a CAD snvirorment that is
best matched to increased resesarch productivity, circuit speed
and circuit density for specific ressarch projects in our appliad
ressarch. Extensions of the tocls to higher levels of automation
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and to technologies beyond digital CMOS (Complementary Metal Oxide
Semiconductor) will also be pursued.

Research will continue on algorithms for learning in mocdular neural
networks. We will perform simulations of these algorithms using
extensions of our modutar simulator on test problems. We will build
a cascadable rneural network lsarning chip that tncorporates lessons
from the study of learning algorithms and can form a multi-chip
system. We sxpect to crsate a board-level system sxperiment using
available chips or those to be created in order to demonstrats the
power of a paralial slectronic implementation. We will explore
practical application of an slactronic naural network system in image
or spssch processing or real-time network control.

Research will continue in the application of digita) sighal processing
techniques and VLSI technclogy to increase the transmission
capabilities of the copper loop piant. Significant sfforts, both
HDSL and ADSL, are now focused on demonstrating the feasibility of
high bit-rate digital transport technology that can support
repeateriess DS-1 rate services in the loop and drop connections for
fiber-to-the-curb.

We will continue to team with other Belilcore areas to isplement and
demonstrate a new HDSL transceiver and necessary signal procassing
techniques for HOSL applications.

Ressarch 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 research in selected areas of digital
signal processing for telecommunications applications. Thass include
system studies, algorithm ressarch, simulation, VLSI architecturss,
real-time implementation, and ressarch prototyping. Specific topics
would depend on the need, impact, and degree of challengs.
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PROJECT OVERVIEW:

Systems Principles Research is involved in work aimed at increasing
our understanding of, and our ability te sxplore design principles for
systems of importance to the telephone business. Some of this work is
focused on snhancing the utility of the existing network in order to
provide new revenus opportunities. An example of this is the
continuing work on the High-Spesd Digital Subscriber Loop project.
Other work is focused on undarstanding new systems with revenue
potential such as our performance analysis of packet switchad network
architectures and our studies of optical communication network
architectures. S5till other work is aimed at providing more cost
effective ways of pursuing the telecommunications business. For
sxample, because we belisve that parallel processing computers will be
most cost effective for many applications in tha telephone businass,
we have an effort in exploring new uses for parallsl computing.

buring the 8 month period under review, members of Division 21240
performed ressarch on a wide varisty of topics which can be roughly
divided inte 7 categories.

1. We continued to work on improving both the performance and our
understanding of the L.O programming language. This incliuded
Joint werk with Division 25830 (P. Deering, DvyM) 1n adding hew
features to the language, and fundamental studies on the relation
betwesn L.0 and temporal leogic. 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 expanded our ressarch effort in parallel processing.

3. W¥e continued our resesarch on the mathematical foundations of
lsarning theory.

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

S. Ve have concluded work on aids for use of the telsphone network
by the handicapped and disabled. We continue as consultants {n
this area.

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

7. We have begun to construct experimental research prototypes of
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Neural Network Research

The long term goal for neural network research is to solve problems
in pattern recognition and artificial intelligence that are sasy for
umans but difficult when using conventional computer based
techniques. Within neural sytams, 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 itmplementable in parallel hardware because
training takes too long using serial computer simulations. Therefore,
the algorithms should take into account the constraints imposed by
VLSI. We propose to sxtend our study of electronic implementation
issues to large scale systems using the following approaches:

1) further research on learning algorithms and architectures suitable
for modular VLSI implementation; 2) functional simutation of large
scale hardware systems using banchmark test problems; 3) creation

of prototype chips suttadble for inclusion in such sustems;

4) sxpsrimental prototypes of board-level electronic systems using
neural network chips; and, 5) telecommunications applications
demonstrations using the hardware and sof tware we create.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

The efficient technology transfer of research concepts to standard
applications is an activity shared between the Applied Research Arsa
and the other parts of Bellicore. As research projects reach maturity,
ideas gensrated must be evaluated, filtered, and integrated intc a
coherent standards position. The effectiveness of the advocacy of
these positions (both nationally and internationally) is enhanced if
the origina) investigators participate in the standards process. A
great deal of our resaarchers’ time and effort is dedicated to making
this type of technelogy transfer work smoothly.

Bacause 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 Broadhand Networks, and are
CCITT Specialists on low-Dit rate video. Our CAD is an intermal
deliverable used in Selicore Applied Research. Our seminar and
and documentation on Advanced Television for Broacdband/ISDN

helped disseminate research results to the world at large. As a
resesarch by-product, certain VLSI chips are licensable. During the
first half of 1980, we published 27 papers externally, presented 27
t2lks at technical meatings and confersances, filed two U.5. patents
and were granted one patent.

Coding Algorftims for Digita) 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
compresston of HOTV (High Definition TV to the roughly 130 Mbit/sec
rnet payload of the proposed SONET/Broadband STS-3c chanmel. HDTV
has roughly doubled the horizental and vertical resolution of the
current 525 line display standard, and uncompressed HDTV requires
800 to 1200 Mbit/sec. Thus, compression in the range of 6:1 to 9:1
is required. Soms emphasis (s also placed on “embedded” or
"tayerad" comprassion, wvhare a saparable portion of the compressed
HDTV signatl is used to represent an embedded EDTV {Enhanced
Definition TV, another classification withtn ADTV) signal; {.e.,
an image substantially better than ordinary TV. The additional
bits in the signal then serve tc improve the resolution to fult
HMDTV quality. The compression algorithms studied are carefully
chosen so that they can take ful) advantage of the economies of
VLSI circuit realizations. After a thorough investigation of
severa) 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 2liso
continuing to obtain and upgrade the highly special ized storage
display and computer squipment required for the full amalysis and
evaluation of the image quality resuliting from our compression
simulations.

High-Bit Rate Digita) Subscriber Lines and Asymmetrical Digtta?

Subscriber Lines

o In collaboration with Divisions 21240 (J. McKerna, DvM) and 23310
(R. Laane, DvM), we explored digital signat processing (DSP)
techniques for the High-Bit-Rate Digital Subscriber Lines (HDSL)
using the embecdded bass of copper loop plant. OQur ressarch effort
included theoretical analyses and the selective prototyping of
high-speed slectronics to explore the feasibility of transmitting
in both directions at 1.544 MDit/sec through metallic loops without
any repeaters, pair selsction, or conditioning. Many critical
tssuss including timing recovery, echo cancellation, line coding
and squalization, and crosstalk cancellation were proposed,
anatyzed and demonstrated for this application.

Based on our patented timing recovery method, a commercially
available DSP chip, and a decision feedback equalizer prototyping
system, wo have demonstrated a high-speed timing recovery
technique. In collaboration with Division 23310 (R. Laane, DVM),
wa have jointly prototyped a real-time 1inear echo canceler
oparating at the 1.544 Mbit/sec rate for the HDSL application.
Both the timing recovery system and the real-time linear echo
canceler wvere demonstrated successfully at the Bellcors Technology
Seminar in Del! Lago, Texas, in March, 1990. In order to relieve
the stringent requirement for timing recovery, we are now
investigating and implamenting another HDSL receiver with a
decision feedback equatizer (DFE) and fractionally-spaced
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equatizer (FSE) as part of its architecture. System and circuft
level work has been complieted. 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 design of an enhanced version of a guasi-real time, DSP-based
loop amulator to evaluate our FSE-based HDSL receiver was
compieted.

Our research effort had previously concentrated on HDSL, and
Asymmetrical DSL (ADSL) 15 now a new thrust. A preliminary
analysts of baseband multilevel transmission schemes for the
ADSL was completed and documented. As a means of stimulating
early industry involvement, and of combining our research effortis
on HDSL with ideas generated from industry, universities and
vendors, we organized an 1EEE-sponsored HDSL Workshop which was
held in New Jersey this March. We are in the process of preparing
a Research Compendfum on High-Bit-Rate Digital Transpert
Technology for the Copper Loop. (This work was performed under
Project 821306).

Study of Learning Algorithms for Neural Networks

© Un)ike conventional computers, neural network computers have the
the property of coding information by learning rather than by
programming. Wa 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.
We have investigated a deterministic version of our algorithm
which is mors computationally efficient and may have advantages
for tempora! seguence lsarning, since stochastic averages over
time ars not involved. We have studied the scaling properties
of thess algorithms as the problem size is increased to the level
neaded for real-world problems. (This work was psrformed under
Project 821307).

X-windows Based Graphical Simulator for Neural Network Learning

© A graphica) software simulator was written which displays the
state of the neural network as it learns. By using X-windows and
a modular software style, the simulations can be run remotely on
a fast computer wvhile being displayed locally., This serves as 3
tool to test learning algorithms, incorporate hardware constraints,
study applications, and, in the future, serve as a graphical front
end for testing reural network chips and hardware systems. (This
work was performed under Project 821307).

Low Bit-Rate Vicdeo Standardization

o We continued to support the standardization of a2 video coding
algorithm at 84 Kbit/sec (kilobits/second) and multiples of 84
Kbit/sec to 2 Mbit/sec sponsored by the CCITT Study Group XV
Working Party XV/1. CCITT approved the final version of tha
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recommendation in July, 1990. 1In collaboration with ATAT Bel)l Labs
PictureTel, and VideoTelecom, flexible hardware experiments of
video codecs based on CCITT proposals were completed and tested for
compatibility. These codecs have been successfully connected
through and ISDN switch in Red Bank, NJ, early this yesar.

VLSI Experiments for Low Bit-Rate Video

o In a research collaboration with Graphics Communications
Technologies (GCT), layouts of three experimental VLSI chips and
togic design of a fourth chip for low bit-rate video were
completad. The first chip incorporates an 8x8 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. Tha
thired and fourth are a2 programmable variable-word length coder
and decoder, respactively. All four chips represent key
technologies necessary for future ubkicquitous video services, and
are useful as benchmarks in understanding the performance/
complexity tradeoffs needed to drive the standards process.

High-S5peed CMOS (Compiementary Metal Oxide Semiconductor) Feasibility

Studies

© Feasibility studies were bagun for very-high-speed experimental
integrated circutts using the commercially availabis "CMOS"
integrated circutt technolegy for use in SONET interfaces
and 1aser drivers at the 822 Mbit/sec SONET (ST5-12) rate,
and to investigate the possible application of low-cost, high
density CMOS technology to areas whers more expensive Gallium
Arsenide integrated circuit technology might have to be smployed
otherwvise. A test chip using a 1.2 micron CMOS process and
incorporating impertant functions that will aid in
demonstrating high-speed capabilities was fabricated and tested.
Synchronous functions of a logical complexity similar to that
required to build multiplexers wers demonstrted a2t a speed of
888 Mz, In a second test chip, a!so in a 1.2 micron CMOS
process, we are experimenting with clock recovery and data
regeneration at 822 MHz. This chip will provide a calibration
on some of the potential difficulties of providing high-bit rate
access to residential customers with low-cost technology.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Project provides for the develiopmant
of a Jeading edge knowiedge base {in such key areas at network
technologies and systems and information age service capabilities.
Emphasis s placed on applications to current and futurs needs in
networks, services and operations. The substantial benefits of this
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the Project.

RESEARCH DIRECTIONS:

Research will continue on the experimental prototype system that will
demonstirate the compression and digital transmission of Migh
Definition TV in the proposed Broadband Network environment. A
particular focus of this research will be to choose algorithms that
Wwill 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 continue te conduct research on a broad range of video
compression atgoritims, hardware architectures, and systems for video
based services of all kinds.

We expact to provide visual telephony through an ISDN switeh using
video codecs based on the proposed CCITT specifications. We will aiso
continue work on VLSI experiments of several key signal processing
modules in the low bit-rate video codec to demonstrate the feasibility
of widespread affordable video services.

We will investigate the benefits of using statistically variable
packet transmission for ATV. Other significant research issues
that will be addressed include the difficult problem of interfacing
the variable bit rate video generated with the transmission channel,
the error detection and mitigation problam at the recetiver, as well
as video timing snd synchronization recovery at the recefver.

Research will continue on the engineering, layout, and fabrication

of the experimental VLSI chips required to implement the BISON/SONET
HDTY ressarch prototype system. Thase chips will efficiently realize
critical functions and will lesd to a cemonstration of the transport
of HDTV.on a single STS-3C (synchronous transmission signa)l at third
Tevel hierarchy) 155 Mbit/sec channe!. This work builds on video
compression and Broadband Network standards research that has been

ing. This work is being done in collaboration with Division
21330 (N. Cheung, DvM).

We will continue the integration of Bellicore VLSI CAD (Cowputer
Aided Design) tools with other available tools, as appropriate,
with particular emphastis on providing a CAD environment that is
best matched to increased research productivity, circuit speed
and circuit censity for spacific research projects in our applied
research. Extensions of the tools to higher levels of automation
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RESEARCH DIRECTIONS: {CONT.)

and to technologies beyond digital CMOS (Complementary Metal Oxide
Semiconductor) will also be pursued.

Research will continue on algorithms for learning in modular neura)l
networks. We will perform simulations of these algorithms using
extensions of our modular simutator on test problems. We will build
a cascadable neural netwerk learning chip that incorporates lessons
from the study of learning algorithms and can form a multi-chip
system. We expect to create a bhoard-level system experiment using
avaitlable 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 neural mnetwork system in image
or speech processing or real-time network control.

Research will continue in the application of digital signal processing
technigques 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 transpert technology that can support
repeateriess DS-1 rate services in the Joop and drop connections for

§ iber-to-the-curb.

We will continue to team with other Bellcore arsas to implement and
demonstrate 3 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 optica) interconnect
functions.

¥We will continue to conduct research in selected areas of digitail
signal processing for telecommunications applications. Thess include
system studies, algorithm research, simulation, VLSI archi tectures,
reai-tise implemsntation, and research prototyping. Specific topics
would depend on the nead, impact, and degres Of challenge.
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PROJECT OVERVIEW:

Systems Principles Research is involved in 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 snhancing the utility of the existing natwork in order to
provide new revenue opportunities. An example of this is the
conttnuing work on the High-Speed Digita) Subscriber Loop project.
Other work is focused on understanding new systems with revenuse
potential such as our performance analysis of packet switched network
architectures and our studies of optical communication network
architectures. S5Still other work is aimed at providing more cost
effectiva ways of pursuing the talscommunications business. For
example, because we beliesve that parallel processing computers will be
most cost effective for many applications in the telephone business,
we have an sffort in axploring new uses for parallel computing.

During the 6 month period under review, membars of Division 21240
parformed research on a wide variety of topics which can be roughly
divided inte 7 categories.

1. We continued to work on improving both the performance and our
understanding of the L.0 programming language. This included
joint work with Division 25830 (P. Deering, DvM) in adding new
features to the language, and fundamental studies on the relation
between L.O and temporal legic. 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. Ve axpandsd our ressarch sffort in parallel processing.

3. W¥We continued our research on the mathematical foundations of
learning theory,

4. We continued to work on communication theory. Of particular
{mportance {5 the work done on the High-speed Digital Subscriber
Loop project. 1In addition, we have conducted research in optical
communication and dsta compression.

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

€. We have continued our research on probabilistic modeling,
including tha parformance analysis of packet switched networks
and information technologies, and we have continued teo do
fundamental research on stochastic processses.

7. We have begun to construct experimental research prototypes of
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actual neural network devices, and we have continued to 'hvpr-ove
speech synthesis equipment.

During this period we wrote 27 technical memoranda, published 9 papers
externally, and presented 14 talks at technical meetings and
confarences.

PAST YEAR RESEARCH ACCOMPLISHMENTS :

Y Machine
o 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 (800 Mbit/sec) switching
capabilities of the Y Machine.

Integrated Communication, Computation and Coordination Environment

(1C+) Mocde! of Computation znd the L.O Language

o The IC* Mode) of Computation {s a new, precise model of parallel
computation being developad by Belicore and is the basis of the IC:
project. We made a number of chanhges, and are in the process of
making other changes to the environment of the L.0 programming
tanguage 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 paraliel paradigm. Some of
this ts joint work with 25830 (P. Desering, DvM). In aodition, new
theoretica! work has shown the relation between L.0O and temporatl
logic. Some of this is joint work with 21454 (J. E. Cameron}.

Parallel Computing
o We continue to wvrite code for the Connection Machine (CM-2) to gain

experience in paralliel programming. The CM-2 is a new, massively
paraliel machine. At present, we are writing coode toc simuilate
cdecompression algorithms for 1.5 Mbit/sec TV transmission. We have
also found mev routing algorithms for paralle) computers using the
hyparcube architecture (such as the CM-2).

Learning and Complexity Theory

o This is ressarch on the mathematical foundations of learning and
knowiedge acquisition needed to support Bellicors’'s axtensive
involvemant in machine learning, intelligent control and related
fields. We have obtained new results which demonstrate how the
quantity of information required to 1sarn logical expressions from
examples is related to formila compiaxity. Additionally, we have
been preparing lectures on mathematical theory of learning (which
includes rigorous treatment of rneural networks) for presentation at
Bellcore. We have alsc been studying an abstract mode!l of
computation meant to mode! a situation in which one party, which
has difficulty computing secret or some axtra 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 jtself.

Light Pulse Encoding

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

High-Speed Digital Subscriber Loop {(HDSL)}

© We have studied numericat optimization technigues to construct
codes for channeis 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 leop channels, and even higher rates
are possible by incorporating advanced squalization technigues.
This is part of Bellcore’s HDSL effort invelving organizations
21241 (DsSM V. Wei), 21360 (DvM P. Shumate), 27270 (DvM R. Laarw),
28530 (DvM 7. Scheurer) and several consultants.

Data Compression

o The locally adaptive scheame of Wei, et al. has been recognized as
one of the fundamenta! data compresstion algorithms by the
scientific community. Its performance rivals that of Lempel-2iv
for arithmetic coding. Fast Vary Large Scale Integrated (VLS1)
implementation has appeared in the 1iterature. We are currently
using the algorithm for viceo and speech compression, and for
cluster analysis. This represents a drastic departure from
traditionat methods and opens new avenuas of possibilities. Early
results compare favorably with established methods.

Aids to Communication

o We provided an experimantal hardware/sof tware computer prototype
which has voice recognition, speech synthesis and telephone -
functions to help the disabled communicate over the telephone
network. This includes the performance ahalysis of alternative and
augnentative input/output devices to assist the human interface
problams of the handicapped.

We provided consulting sarvices oen the latest available technology
for the disabled to the Bell Operating Companies and to the NJ area
through our "Disability-Orisnted Commnication systems" group and
the Telephone Pionears of America.

The Internal Structure of Packet Streams

o We developed a traffic model for the internal structure of packet
streams in a single virtual circuit. This model has been used by
members of District 21332 (DsM R. Cardwell) in a simulation study
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of output huffer contention occurring in an {almost) blocking free
switch, where the main source of congestion is the occurrence of
muitiple packets aimed at the same output buffer. The relationship
between internal characteristics (such as almost periodicity) and
congestion is of great importance and not well understood. For
example, this reiationship largely determines what traffic
maasurements must be collected, and what types of customer behavior
are harmful to the network.

Stmulation Models of Packet Streams

e (This is a continuation of both the previous item and our previous
work on "lockstep" in packet streams). We worked out a method to
translate descriptive statistics (for example measurements) of a
packet stream in coefficients in a model which describes how the
stream may have been generated. This method was incorporated in a
similation model built in District 21332 (DsM R. Cardwell), see
also the previous iftem. Currently, we are investigating vhather
this modal can be used to study "lockstep” (i.e. strong almost
periodicity) in packet streams.

Periodicity and Persistence tn Packet Streams

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

Information Technologies

© We have analyzed the value of information on customer Dehavior in
optimal or near optimal scheduling of gereralized Information
Providing 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) nesded if wa have knowledge of how long
customers are witlling to wait after reguesting service.

The Study of Varfous Stochastic Processes

0 We continued our investigations of various aspects of stochastic
processes such as queues, buffers in packetized communication,
arrival processes in telephone traffic theory, Brownian Motion, and
Martingales. Wa made funcamental contributions to obtaining
numerical solutions for stationary distributions in Queueing
Systams and Markov Chains. We proved new and numerically useful
results about the relationships between studying a queue in
continuous time and studying its behavior at special times (arrival
epochs, departure apochs). We are continuing our study of the use
of Non Standard Analysis in investigations of various stochastic
processes such as Martingales and Fractional Brownian Motion, and
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on the relationships between Martingale Theory and Control Theory
problems such as optimal trading of finangial securities.

Neural Networks

o We have been learning how to implement an exparimental hardware
prototype using neural retwork integrated circuits (ICS). We will
explore connecting these neural chips to a computer in a way to
study the theoretical bounds of the learning algorithms.

Speech Synthesis

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

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The werk of this Applied Research Preojact provides for the development
of a2 Jeading edge knowledge base in such key areas as communication
theory, software services Ianguage, parallel procassing, asnd human
factors. Emphasis is placed on applications to current and future
needs in networks, services and operations. The substantial benefits
of this Project accrue to 211 Owner-Clients and sre unable to be
prevented from accruing to an Owner-Ciient who might elect not to
participate in the Project.

RESEARCH DIRECTIDNS:

IC+ (Integrated Communication, Computation and Coordination
Environment): We plan to continue studying the psrformance of
L.0 compilers for the Y machine. We will continue studying the
use of the ¥ machine as 3 broadband switch.

Neura) Networks: We plan to build expearimental prototypes of a
complex set of neural-network chips that may be remotely accessed
by the thwmoretical neura)-network group through their workstations
over the Local Ares Network (LAN).

Spaech Synthesis: We plan to buld and program a research prototype
demi-sylliable spesch synthesiser that can be remotely accessed over
a LANM.

Aicds to Communication: Wwe will continue te act as consultants to
the Pellcore Client Companies. The Americans with Disabilities

Act (ADA) passed the House and the Ssnate and was signed by
Prasident Bush on July 28, 1980,
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Probabilistic Modeling: We will continue to dc ressarch on
probabilistic aspects of problems from operations ressarch,
telephony, and performance analysis of computer and communications
sSystems. We will study the basic propertiss of the processes
involved, 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 our ressarch on the fast
implementation of locally adaptive data compression algoritms and
on numerical technigues for signal design in data communications.
We plan to continue our research on light pulse encoding for aptical
comminications systems. We plan to resume our research on the
general theory of codinhg communication signals.

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

Parallel Computing: We plan to continue our sfforts in studying
parallel algorithms and parallel programming.
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PROJECT OVERVIEW:

During 1890, exchange-access "fiber in the loop" (FITL) reached
cost parity with copper whan installed as "fiber to the curb" (FTTC)
in seiected new-build applications. This benchmark, atong with
studies showing that FTTC will continue to fall in cest relative to
copper, was accompanied by coordination of Bellcore activities to
resclve known FITL tssues, fdentify future bottlenecks, and support
FITL generic requirements. This project addresses al?! three areas
through ressarch on fiber installation and reliability, powering of
the optical network unit (ONJ) and remote terminal -(RT), and
exploration of alternative FITL architectures and strategies for
upgrading FTTC in response to demand for high-bandwidth services.
The results of this work impact industry through publications and
standards contributions, the Belicors Client Companies (BCCs) through
field support and collaborations including a field trial, and
numerous Bellcore organizations through two-way collaborations. The
time frames for these impacts to be demonstrated through improved or
new products becoming available to the BCCs are 0-3 years for the
fiber and power ressarch, and 2-5 years for the FITL architecture
resesarch.

The project identifies and explores opportunitias for applying new
optical technologies such as wavelength-division multiplexing and
amarging snergy technologies to reduce costs. At the same time, the
project continues to address technical issues with existing
technologies such as fiber and batteries to improve relisbility,
efficiencies and craft performance. By constructing research
prototypes, conducting both laboratory and field experiments,
influancing industry standards, and analyzing in detatil the
anticipated cost savings, this project assures that these benefits
will ba realized and made availadble to the BCCs at the eariiest time
and from multiple vendors. This project halps estabtish a leading-
adge knowledge base at both Bellcore and the BCCs, and it contributes
to numerous other Ballcore projects. The three research programs --
fiber, power and FITL architectures -- consistently result in
technology transfer through publications and talks (both internal asnd
external), patents and standards proposasls. Ouring 1H80, examples
inciuded 25 papers, 39 external pressntations, 5 standards proposals,
4 patents issued, filed or openad, 20 technical memoranda and 2
spacial studies. (During 1H9O, this project also included research
on high-speed digital signal processing for (a) provisioning
repeateriess DS-1 service over existing coppsr loops up to 12 kft,
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(b) provisioning t-way DS-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
transferred to Project 421306.)

Fiber distribution and reliability research includes low-cost methods
for deployment of fiber {n the lToop and ongoing applied ressarch in
fiber reliability. Mathematical models and supporting computer

sof tware for anazlyzing the mechanical behavior of fiber-optic cables
and splices in field-stressed conditions are produced. Bench-top and
fuil-scale in-situ testing is conducted to verify modeling tschniques
and the integrity of fiber cables and splices under load. Extensive
analysis and laboratory testing of optical fibers and fiber coatings
are performed to determine their mechanical strength and fatigue
resistance in various envirorments. These results are presentsd to
nationz] and international standards committees for incorportion into
fiber optic test procedures. Post-mortem arnalyses are carried ocut on
fiber-optic-cable field faitures 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 1inkages to projects tn Divisiens 21130

(V. Keramidas, DvM), 21140 (B. Reagor, DvM), 21310 (P. Kaiser, DvM)
27210 (D. Burpee, DvVM), 27510 (D. Sheliton, DvM) and 24230

(E. Gould, DvM).

Enargy systems technology research includes applied research on
systems for powering both FITL and Integrated Systems Digital Network
(1SDN), and is centered on our continuing theme of Minimum Energy
Dasign for Telecommunications (MEDTEL). Due to the documented high
costs associated with powering sach watt in ONUs and ISDN netwerk
terminations (NTi1s), our focus is on demonstrating snergy-efficient
designs, incorporating power limits inte Bellcors requirements and
shaping standards that will accommodate the powering down of inactive
circuits. This is a natural extension of our modified digital-loop-
carrier program that demonstrated greater than 50% snergy and power
savings for narrowband services, leading to the revision of
TR-TSY-00057. Anticipated inflation in erergy costs, combined with
the presant emphasts on increasing battery reserve time at RTs (remote
terminals) adds to the cost of powertng outside-plant ealectronics.
Therefore, ressarch wil) address alternative powering architectures
and technologies. Fuel cells are being investigated for powering an
RT continuously from piped natural gas, relegating the slectric grid
to a backup facility. New technology low-prassure nickel-hydrogen
batteries and improved nickel!-cadmium batteries are being investigated
for FITL applications such as ONUs. The Chester Outside Plant
Laboratory long-term field trial of 10 ONUs will continue to gain
insights into battery longevity and temperaturs 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 reliable and economical space conditioning for Passive
Photonic Loop (PPL) nodes in 1891. Narrowband ISDN 1ine-protection
work on sealing current will be continued in the New Jersesy Passaic
trial, and axtended to a central office in Florida. Further research
on Bellcore’s thin-film fuel cell will be pursued through a ressarch
collaboration with an outside facility. The snergy systems research
has strong two-way linkages to projects in Divisions 27270 (R. Laane,
DvM), 27410 (M. Schwartz, DvM) and 27450 (F. Zupa, Dvm).

Optical network architecture research includes exploration of beth
near-term and long-term options for upgrading FITL capabilities from
narrowband to broadband at Towest cost, with minimal disruption in
the distribution plant and as service demands warrant. Near-term FITL
options being investigated for providing wideband (< 45 Mbit/sec) and
perhaps early broadband (> 45 Mbit/sec) services inciude copper-plus-
coax or copper-plus-fiber drops. Long-term options for broadband
center about evolving from FTTC to a passive "fiber-to-tha-home"
(FITH) architecture (such as the Passive Photonic Loop). To ensure
that this meets the objectives above (lowest cost, minimal disruption
and demand driven), then technology, power, space and enviromnmantal
requiramants must be explored for each of the key steps in the
evolution. The implications of increased bandwidth per subscriber
and the lower impltied pair-gain on the future central office are slso
being considerad. The objective of this work is to conceive a new
means of applying optomiectronic technologies near tha switech for
providing maximum service flaxibility at lowest cost. Research is
carried out from a service-needs perspective through laboratory
expeariments, analytical modeling and detailed cost studies, Advanced
sof tware tools such as FINESST have been designed for accurate layout
of serving areas with tha architectural options. Planning for a field
trial of the Passive Photonic Loop is underwvay with one of the BCCs
for 1992. This research has had major impact at fslicore through
stimulation of many successful collaborations both inside and outside
of Applied Research. It maintains strong two-way linkages to Divisions
21310 (P. Katser, DvM), 28830 (T. Scheuerer, Dvm), 27210 (D. Burpee,
DvM) and 24230 (E. Gould, DvM).

PAST YEAR RESEARCH ACCOMPLISHMENTS:

This projesct’s accomplishments cduring the past six months continue to
demonstrate how new technologiss can be ewployed to reduce BCC costs
and provice opportunities for new services or network svolution. The
foltowing examples tliustrate the value of this work in the areas of
fiber reliability, low-cost single-mode connectors, instaliation of
FITL, efficient, extended powering of loop electronics including FITL,
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powering of ISDN, 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 tools for
analyzing FITL options.

Fiber Media Reliability Research

© Substantial progress has been made in fiber media reliability
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. Belicore now
leacs the field in fiber retiability research, and was first to
measure the corrosion of optical fiber surface {n water and
corretate the resulting surface roughening with reducttons tn
fiber strength. Research is continuing on the long-term
reliability of ocptical fibers and measurements of the mechanical
properties of fiber coatings that will influence the strength of
fatigue resistance of fiber. Investigations have also continued
on the long-term reliability of fiber splices and fieid failures
of fiber splices and distribution cable sheaths.

We are continuing to play a very active role in the Fiber
Reliability Working Group 6.56.8 and Fiber Coatings Committee 6.6.7
within the Telecommunications Industry Association (TIA). We
developed five Fiber Optic Test Procedures (FOTP) for testing of
optical fibers by vendors prior to cabling, and prasented them to
the Elsctronics Industry Association (EIA) FO6.8.8, and are
providing comments on the rewrite of five FOTPs within 6.8.7.

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

{D. Burpas, DvM) of fibars that have failed in the field.

Instances of large surface flaws on fibers and poorly coated fibers
have bean sesn. LID (Local Injection/Detection) devices which use
microbands to couple 1ight energy into ft{bers have bsen the subject
of incressed attention and investigation. Substantial coating
cdamage has been obsarved and quantified relative to the fiber
strength reduction from LIDs. .

Additional attention is being brought to determining the reductions
in fiber strength that occur due to cabling, instailation and
subsequent ¢is1d aging. We have designed and bagun to construct a
new long-gauge-length fiber test lab to tnvestigate the propagation
anf failure of the larger flaws that exist in optical fibers, which
is expscted to determine their actual strength and useful life
under typical field conditions. This lab is essential in
determining the correlation between tests and reality.

Power Plant Survivability of Natural Disasters

© This topic became very. current through 1989 with the loss of
telephone services that accompanied hurricane Hugo and the San
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Franctsco sarthquake. Two recently compieted projects adcressed
the cry for more reliable, longer lasting emergency carryover for
outside plant remote terminals. This issue hastened our hand-off
of these results both within and outside Bellcore.

Our recent experience with sealed lead acic batteries, gained
through substantive testing at Argonne National Laboratory and
reported to Power SMEs and to the battery industry, showed that
battery capacity was cdependent upon cell corientation, Also,
capacity degradation with discharge/charge cycles vas found to
occur with gelled electrolyte calls., Our ressarch suggested ways
that low capactty could be corrected. The battery industry has .
taken up our suggestions. Products being made available for RT
(Remote Termina!)} application today consequently offer these
improvements in capacity over that of cells in service during
recent natural disasters.

The othar part of the sclution to longer carryover time is to
reduce the bDattery drain presented by the cigital loop carrier
{DLC) squipment toad. Our laboratory modification of a Northern
Telscom DMS-1 Urban showed that energy dissipation could be reduced
by two-thirds while, at the same time, making the system more
reliable and less expansive to maufacture. The relevance 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 a given size battery would carry over
tha system for three times the reserve time. In March, 1990, a
revision to TR-TSY-00057, describing requirements for DLC systems,
was announced based on these results. A 55% power reduction is
expacted. This work was accomplished by a cooperative sffort with
Division 27450 (F. Zups, OvM) in eonjunction with Divisioen 27410
(M. Setwartz, DvM). Power survivability through natural
disastars has besn made the theme of the 1980 International
Telscommunications Energy Conference. This conference program
committee is led by Bellcore personnel. We plan to see thess
solutions through to full implementation.

Fue! cells powersed by natural gss may offer an unusuatly reliable,
environmentally clean, conttnuous source of power for RTS.
Electric utility power, the primary source today, would be usad
without battertes only for smergency backup, or possibly not at
211, Our preliminary estimate is that the 20-year life-cycle
costs (including present squivsient energy costs) of appropriately
sized fual cells and electric pover supplies with 8-hour battery
backup would be comparabla. (Most currentiy available fuel cells
are significantly larger or smaller than appropriate for powering
an RT, hence, one aspect of our plamned effort.) We plan to
analyze the smallest of the large fuel cells (10 to 20 kW range)
for developing a more accurate system mode), including reliability,
and install and tast one of these at our outside-plant facility at
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Chaster, NJ.

Powering of Fiber in the Loop (FITL)

© The costs associated with providing reliable uninterrupted power
for an Optical Network Unit (ONU)} on the customer end of a fibar
were documented in TM-TSY-013583. These studies show that any
degree of reliability, up to and including that of central-office-
provided power, can be obtained at a commensurate cost. A wide-
based study group within Bellcore was convensd to reach consensus
on some aspacts of powering fiber in the loop. Unanimity was
reached on two points: the ONU should accommodate s 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 pronounced on long loops.

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

The high cost providaes 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 power-down mode. This
decision will lead to substantia) savings in first cost and
ocperations cost. It sets a good example for broadband ISDN to
follow. This work was presented at Fiber ComForum, Nations) Fiber
Optics Engineers Conference, and Supercomm. We plan to pressure
manufacturers to develop energy efficient archttectures and
harcdware. At the same time, we will work the standards,
requiremsnts and technology issues to speed implamentation of FITL.

Thin Fiim Fuel Cells and Gas Sensors

o A very broad device patent was issued September 5, 1988 on the
thin film fuel cell. The saltent points of this new snergy
conversion device are that it {s thin and one-sided and can be
produced on inexpensive substrates such as capton; it opearates at
room temperature and pressure with mixed gas (fuel and air); and
that it operates on ssveral hydrogen based fuals. All of these
attributes have the prospect of yielding a low cost in volume
production. The most interesting BCC application envisioned tis
a compact reserve power supply for a remote terminal or controlled
environmental vault. This would occupy approximately 20% of the
volume of the 8-hour battery which it would repliace, and it would
run the load for twice the reserve time. Paramount is the fact
that indefinite extended reserve with the presant battery system
cannot be achieved when the ocutage covers a broad ares that
inciudes serveral sites. But with a fuel cell, indefinite reserve
is contingent only on the refilling of the fuel tanks.

"Nature® the international journatl of science, publizhad Belicore’s
official disclosure in a letter on February 7, 1980. Ve were
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deluged by media coverage bacause "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 two 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-ysar research collaboration with another party for
purposes of bringing the technology closer to telephone
application.

FITL Planning Software

o Design, coding, testing and documentation wvers completed on three
key programs in the Fiber Network Economics Sof tware Systam
(FINNEST), an interactive software system which evaluates and
ocptimizes alternative fiber ltoop network architectures. TMs
{Technical Memoranda) cutlining the sites, services, and scuipment
interactive database editors were completed (TM-ARH-015183,
TM~ARH-018382, TM-ARH-018018). Collaborations are currantly being
pursusd with other Balicore technical areas and BCCs to turn
FINNEST into a Bellcore sof tware package.

Switching ang Switch Interfaces

o Research continued on the application of new technologies at the
interface of the distribution network. An analysis of asymmetric
packet-switch modules with channel grouping was completed.
Performance analysis of a 3-stage modular packet switch
architecture that should e scalable to more than 10,000 ports
was also completed. Ongoing research on the l1oop network and
broadband switch ralationship has explored the relative merits of
input and output quauing in a high-speed packet switch, and we
have besn abls to prove the counter-intuitive result that input
buffering is better than output buffering under some traffic and
service mixes (TM-ARM-017039; TM-ARH-017038).

We have expliored r-for-N protection schames for fiber loops
(TM-ARH-C18288), following up on last year's successful work

on the impact of passive loop architesctures with route diversity
on incremental cost and access 1ink availability. Recent resuits
show that some r-for-N protectton arrangements with diverse
facility routing may cut access 1ink unavailability by more than
twe orders of magnitude betow the unavailability provided by 1:1%
protection with diverse facility routing.

Related accomplishments in all areas include significant
participation (papars, committess) in major conferences including
the Optical Communicattions Conference (OFC), Globecom, the Nationa!l
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-Opties (CLED), the European Conference on Optical
Communications (ECOC), The Internmational Conference on Acoustics,
Speech and Signal Processing (ICASSP), the International
Telecommunications Enargy Conference (INTELEC), and the Workshop
on Passive Optical Networks for the Local Loop (PON).

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Ressarch Project provides for the development
of a leading edge knowlasdge base {in such key areas as network
technologies and systems. Emphasis is placed on applications to
current and future needs {in networks, services and operations. The
substantial benefits of this Project accrue to all Owner-Clients and
are unablie to be prevented from accruing to an Owner-Client who might
elect not to participate in the Proiect.

RESEARCH DIRECTIONS:

Resesrch in the installatton, repair and reliability of fiber optic
networks with emphasis on fiber-in-the-loop. This sffort regquirss
conducting numarous laboratory and "real world" field experiments
to stress the technologies to find their weakhesses, and then to
correlate their behavior with our models and analyses. This effort
includes failure-mode anslyses for the BCCs.

Research directed to the analysis of cost effective powering and
asnvironmental -contrel architectures that utilize new technolgies,
minimize energy consumption, and which will serve future Besllcore
Client Company needs. Significant afforts are focused on the
powering architecturss and technologies which will be necessary
to support fiber-in-the-loop.

Ressarch on strategic options using multiwvavelength passive optical
metworks for increased capabilities, demand-driven upgrading, and/or
reducing costs in broadband optical access networks.

Tesming with other Bellcore areas to implement, test and demonstrate
software for plamning and analysis of future optical netwvorks.
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PROJECT OVERVIEW:

The Betllcore Client Companies have a need to svolve their primarily
voice networks of today to 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, voice, image, video or data, to anyone, at any time, in
any place, and at reasonable cost. Bellcore has articulated this
vision in a product called the Information Networking Architecture,
or INA. The Network Control Ressarch project will conduct applisd
research to establish one portion of the techmological foundations
of the Information Networking Architecture; the portion of that
architecture which consists of the underlying transport network, tts
control structure, snd the software systems which implement its
control structure. It is the goal of this ressarch to learn how to
build and control a transpert infrastructure that supports greatly
increased bandwidth antd increased variety in traffic characteristics,
while at the same time continuing to deliver the reliability we have
come to expsct from the current network. Our work in 1981 will
consist of research on survivable network architsctures 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 eventusl goal of
achieving a powerful and robust underliying transport and del ivery
network for the future Information Networks of the Bellcore Client
Companies (BCCs).

e will continue our work towards the conception of survivable and
cost-affective fiber network architectures. Our work in the past
resulted in a software product catled Fiber Options that has seen
widespread use within Bellcore and by network planners in the BCCs
2s an aid to their stratagic planning. We will extend this work to
davelop algorithms and computer programs to identify areas in the

local exchange network where fiber optic rings can be cost-effectively

deployed. These algorithms will also indicate if other msans, such
as diverse protection, are more suitable to achieve protection for
certain buildings. This work will directly benefit the Belicore
Network Plamning System, Division 24240 (C. Pack, DvM) and the SONET
(Synchronous Optical Network) project, Division 27240 (G. Ritchie,

DVM).

verk on natwork traffic control will be directed at future broadband
networks, 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
Technolegy Area, Division 27140 (S. Walters, DvM). We will study the
problem of cal! admission control and traffic routing. We will seek
to determine the lavel of statistical multipliexing gains that sre
achisvable for such bursty services as packet video and Switched
Multimegabit Data Services (SMDS). Our work in the past showad the
critical connactions 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
Network into a Services Segment and a Delivery Segment. The Delivery
Segment consists of network alements and a control structure that will
support new services and new network operations applications.

Software functions which are appropriate to transmission and switching
products are in the Delivery Segment. Software funtctions 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 business perspective, but the achievement of
adequate real time performance of a network made up of segregated
switches and services softwvare requires research sdvances. Orne aspect
of our work will be the investigation of methods to maintain highly
reliable call or connection records in network elements, but still
make them available to network services appliications in real time.
Network traffic control, fault isolation, technical limits on billing
pelicies, and service response time are all dependent on virtual
circuit information stored in switching eslemants. Qur work in the
past vears on resl time call processing, using parzilsl computers,
provides a base of knowliedge upon which to build. This project will
collaborate closely with three Bellcore Centers to develop technology
that will advance us toward the INA goal of establishing 3 powerful
and robust Delivery Segment: Network Services Ressarch, Center 214

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

Modeling and analysis will be important in developing an undarstanding
of how future Information Networks behave under normal and adverse
conditions. The simulations that are to be carried ocut will ba aimed
at the broad-level behavior of systems, and are not detailed
simulations of {ndividual network elemsnts. Ore area of major concern
ts quantifying how the architectural design of softwars systems
determines how these systems will parform. The objective is to
analyze the performance of differsnt architectures before detalled
code writing is bagun. We will also collaborate with Bellcore
Software Technology and Systems, Division 25910 (C. Riley, DVM), in
an analysis of the tools that are currently available from the
commarcial market, from the MCC (Microslesctronics and Computer
Technology Corporation) Software Technology Program, and from
academia. The objective is to identify a common set of toeols that
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could be used by Belicore in modeling 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 is the advancement and demonstration
of eritical interconnection and packaging technology to be used in
future broadband networks. Notable accomp!ishments during this
reporting pertod include the demonstration of an experimental
prototype optoalsctronic integrated circuit receiver chip that works
at speeds in excess of 1 Gbit/sec, the delivery of a 822 Mbit/sec
SONET-11ke transmission system for an Advanced Television
demonstration, a standard cell integrated circuit design system
developed in colliaboration with Division 21340 (J. Bellisio, DvM) and
development of a novel method for generating mutiple pseudo-random
noise for neural network applications. Four division members were
elevated to the Institute of Electrical and Electronics Engineers,
Inc. (1EEE} sentor member grade last year.

Broadband Network Switching Consultation

o We contributed regularly to numerous Bellcore groups in the
Sroadband Network definition and standards projects. We continued
to work closely with the members of the Next Genearation Switch
project under Division 27140 (S. Walters, DvM), as well as the T1519
and CCITT (International Consultative Committee on Telephone and
Telegraph) nagotiating teams responsible for Broaddband access
standards in the same division., Detailed Asynchronous Transfer
Mode (ATM) transiation table technology capsbilities and cost
astimates wers provided to Division 27270 (R. Laane, DVM) in
support of Broadband netwerk control standards development. We
provided technical analyses of alternatives in protoco] message
processing and call record access times in distributed switching
gystems and exchange terminations in general. We continue to
support the developmant of documents such as the Broadband Switeh
Framework TA (Technical Advisory).

Packet Switching Controls

o Our investigations into Broadband congastion control continued with
the spplication of SMDS (Switched Mulitimegabit Data Service)
traffic models to recent Broadband Switch architectures. In
collaboration with Divisions 27120 (L. Linnell, DvM), 21490
(W. Stncoskie, DvM), 27140 (5. Walters, DvM), we analyzed worst
case modals of ATM packet traffic within the limtts of SMDS Quality
of Sarvice constraints. This work showed the critical connections
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between traffic parameters, K switch resources, and SMDS service
quality, especially the relationship between burst length, switch
cueue size, ancd the quality of service delay parameters., Follow up
work will resolve switeh dynamics questions showing how rapidly
congastion occurs and abates, as well as the time frame in which a
Broadhand exchange termination can be expected to take active
measures to counter any such problem. We assigned a mamber of this
Division to work in Divisions 27120 and 27140 as part of a
technoliogy teaming activity.

New Research Initiatives Task Force

o A task force was formed to identify new research areas related to
sof tware that could be built upon the experience of people
currently working on computer aided dasign tools and other hardware
related research. This group worked part time over a period of
about four months reviawing memos and interviewing technical and
management people in various arsas - especially Software Technology
and Systems, Technology Appiications, Network Plamning and Applied
Research. They developed an initial 1ist of research issues, and
derived from part of the 1ist a number of project propesals. Thase
proposals wers revieweti by the Applied 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 ocut of the conctusions of this task force.

822 Mbit/sec SONET-like System for Advanced Television and Datacycle

Experiments

o With Division 21340 (J.Bellisio, DvM), we successfully demonstrated
digital transmisgzion of ATV using a SONET-1ike 822 Mpit/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 Joop. This system was modified and combined with a
coherent experiment (in collaboration with Division 21310 P.
Kaiser, DvM) to demonstrate digital ATV transmission of » coharent
optical 1ink for subscriber network distribution. Division 21450
(G. Herman, DvM) has asked for a copy of the transmission hardvare
to support an ongoing research effort in database managament
(Datacycle) and storage, usting opticsal fiber as the storage media.
Copies of this system have been delivered.

Terabit per Second Switch Fabric Study

© During this ysar a major initiative was bagun to determine suitable
architectures for a terabit-per-second switch and to analyze
contending switch fabrics which would be required to widely deploy
BISDN. The preliminary conclusion is that the switch fabric is
feasible with state-of-the-art technology but would be difficult.
Contro! and software will be extremely difftcult issues. A special
report on the committee’'s activities will be written. Because of
the committee’s work, research on fabrics in Bellicors now
includes examination of scaling issues, and has resulted in
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several novel new architectures that will be reported in 1980.

Standard Cell IC Design System Using Schematic Capture and Symbolic

Cells

o To expedite the design of prototype Very Large Scale Integrated
Circuit (VLSI) chips of high complexity (e.g., fifty thousand
transistors or more), a system of CAD (Computer-Aided Design) tools
has been assembled and written that takes the logical specification
of a chip and automatically crestes the circuft 1ayout. This
systam IS @ collaboration with Division 21340 (J. Bellisio, DvM).
Many axperimantal chips for a prototype Advanced Television system
experiment are currently being generated using this tool.

Simutation and Analysis of Integrated Circuit Timing

o An interface to timing simulators has basn coded that enables
Bellicore chip dasigners to run these simulators and sxamine speed
parformance results on the scresn. A new timing simulator, called
GONGA, has been written and tested. This simulator has the
efficiency of a logic simulater, tut is able to determine delay
times, which is not possible with standard logic simiulation.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Apptlied Research Project provides for the development
of a2 leading edge knowledge base in such key areas as network
technologies and systems. Emphasis 1is placed on applications to
current 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 from accruing to an Owner-Client who might
elect not to participate in the Project.

RESEARCH DIRECTIONS:

Carry out research aimed at the Information Networking Architecture
objective of achieving a separation of the Delivery Sagment and the
Services Segment, while insuring the highest levels of reliability

in the Delivery Segment.

Research network mansgemsnt strategies, traffic routing strategies
and network design methods for broachand networks, with an ssphasis
on the Asynchronous Transfer Mode of packet transport.

Research algorithms for the design of survivable networks, with an
emphasis on determining areas within a network where SONET rings can

be cost-effectively employed.

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

FOIA03L

0005110



/i

BELLCORE Page: 6
Applied Research Date Printed: 10/02/90
1991 FINAL PROJECT OFFERING

Project Name: Project No.:
NETWORK CONTROL 821307
RESEARCH DIRECTIONS: (CONT . )

Research into methods of modeling operations systems and networks
made up of network elements with distributed controt.

Research into modeting of systems at the level of their software
architecture. The purpose is to analyze the performance effects 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 natwerk, providing abundant, ubiquitous
comunications services, supporting the rapid introduction of new
features and sarvices with a3 miltitude of competing suppliers of
network components, IS 3 goa) shared by Bellcere, the Belicore Client
Companies (BCCs), and many in the telecommunications industry. The
transmission and switching technologies neesded to provide an
intagrated services broadband transport capability for such a
network sre bacoming increasingly well-understood. However, the
architecture and algorithms for the advanced network systems that
control transport resources and offer this functional, flexible
*intelligent" network are much less understood. Such advanced
architsctures can reduce BCC costs for provisioning, maintenance, and
data administration, and can allow expanded voice/data/video service
capabilities suitable for both business and residential customers.

Major research advances are reguired to realize these berefits.  For
example, the deployment of ultra-high capacity transmission and
switching systems creates a need for correspondingly new techniques
for congestion management, resource allocation, and failure recovery
for the public network environment. The desired features cannot be
schisved without significant advances in software environments for
service specification and in software dasign and development
techniques for large, high availability, real-time distributed
systems. Similarly, the increasing demands placed by the intelligent
network on its signalling netvork and on network databases gemsrate
new requiremants for high capacity distributed datasbases and
signalling natworks that are far beyond the current state-of-the-art.
The goal of this project igs to achieve the necessary advances in these

areas.

Work on metwork systems management focuses on control algorithms for
managing the resources of the evelving public telecommmications
network. Quastions to be addressed include those posed by radical
changas in natwork switching and transmission technologies, such as
Asynchronous Transfer Mote (ATM) transport, as well as nearer term
natwork control and management issues generated by the svolution
toward increasingly more intelligent network slemsnts and systems. In
the ares of future broachand reatworks, we are investigating congestion
andt fiow control algorithms applicable to Broadband Integrated
Services Digital Networks (BISDN). Because this network 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 performance guarantees required by each
service class. Our analytical work 1S compiemented by simulation
techniques to provide tools to better understand the dynamics of
complex systems. The ressarch on current network evolution emphasizes
techniquas to allow for the real-time reconfiguration of Digital
Cross-Connect System (DCS)-based trunk networks. Applications urnder
study include network reconfiguration strategies to deal with facility
failures (survivability through automatic fault-recovery), or
unanticipated traffic fluctuations (improving the effictency of use of
network facilities). We focus on distributed algorithms and stochastic
optimization techniques tn ocur stucdies of network reconfiguration.

In the area of network software architecture and impliementation, we
sought initially te understand why telecommmnications software is so
much more complex and difficult than software for other large
applications. For 1980, we intand to take the insight gained and
apply it n thres major areas. First, we are investigating
specification languages and environments that facilttate the
specification of the desired bahavior of new network services. We seek
tools that are precise, complete, and yield executable code (for
simulation of the new service). These tools must alsc allow reasoning
about the bshavior of the new service in the context pressnted by all
other services that the system sxecutes concurrently (e.g., can the
new service result in a deadliock in the network: doas the new service
conflict in execution with other services?). We are investigating
logic-based languages and the use of some expart systems technologies
in this ares. Secohd, we are attempting to define an extensible

sof tware architecture for telscommunication control! software. We wish
to cemonstrate, through a research prototypes, the use of parallel and
distributad programming technigques to deal with software evolution
{introcuction of new festures) and scalability as fundamental
objectives of the system. We plan to address a wide range of software
issuss that arise in large telecommunications systems including
ratwork oparating systems., programming paradigms, portability, system
monitoring and maintenance, naming and addressing, as well as the safe
and correct interaction of Tocal and remote sof tware components. Our
third area of emphasis is in software fault-tolerance. The complextty
of telecommunications software, combined with the extraordinary
availability requirements for network slements in the public network,
suggest that the ability of a system to tolerate errors originating in
specification or design is essential. We wish to gsneralize the
traditional approaches to software fault-tolsrance and develop g more
formal model that would allow fault-tolerance considerations to be
included in a standard, ocpan software envirorment for
telecommunications systems.

Our resesarch on network control architecturs zddresses the database
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technology and network control architecture issues associated with
svolution of the axchange network to an intelligent network sSupporting
ubigquitous access to service features, customized routing, togical
(person-specific) addressing, and personal services. Such a network
genarates 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 queries at these high
volumes.

In addressing these problems, our research emphasizes exploitation of
the high intereffice transmission bancdwidths available with single-
modle fiber to create highly efficient distributad database systams
capable of supporting encrmous transaction volumes. This work has
three components: (1) analytic and simulation studies to explors
alternative control architectures and distributed database schewmes;
(2) cefinition and extensions to data models and query languages to
support network services through shared access to a retwvork-resident
database system; and (3) the prototype implemsntation of a nmnovel
broadband data distribution architecture to assess faasibility ant

parmit understanding and resolution of key technical {issues. In 1880,
we are sxtending the prototype initiated in 1989 to explore fault-
tolerance and the distribution of prototype functionality, and to use
the prototype as an experimental platform for prototyping selective
network services with data access cdemands that are not met with
today’'s technologies,

Iin the past six months, we published 18 technical memorands, gave 12
external talks, publtished 11 technical papers and filed &4 patent
applications.

e e T T T T i T T . T L o e ---

PAST YEAR RESEARCH ACCOMPLISHMENTS:

VLSI Relatfonal Data Filter

o A critica] technology issue in architectures that depends on the
broadcast of large amounts of data 15 the slectronic subsystem that
examines the data appearing tn the broadcast channe! to detect and
copy itams of local interest. In 1988, we succassfully implamentsd
a 2 micron research prototype of a relational filter that performs
relational database sslection predicatas on data stream contents.
In thae second half of 1989 we explored extendinhg the capabilities
of the current chip to take advantage of the on-chip arithmetic-
logic-unit (ALU) to parform more complex on-the-fly filtering
needed to resolve spatial! queries to identify the closest neighbor,
and to satisfy temporal data requests. The overall desigh and
implementation process used to implement the chip represents @
novel combination of PROLOG (a logic based programming language)
architecture simulation with a silicon comptler Computer Aicded
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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 s described in
TM-ARH-014295,

Performance Studies in Broadband ATM Networks

o Traffic management in Asynchronous Transter Wode (ATM) packet
networks is an important issue to avoid congastion, and consequent
delays and packet losses. We have compared network-level and user-
leval performance of thrae access control mschantsms for congestion
management: rate-based windows ("leaky buckets"), end-to-end
acknowledgement, and congastion feedback acknowledgement. we
studied their performance using a cell-lsvel simulation of an ATM
network. We found that at the network-level, "leaky buckets"
parform wall, while neither acknowledgement based mechanism s
adequate. However, assessed from the user’s pearspective, "leaky
buckets” also fail to provide satisfactory service. Our simulation
results indicate that further studies of i{ntranetwork gqueueing and
routing ars nasded to adequataly control congestion and supply
assured quality of service to end-users. This work is documented in
TM-ARH-013122, and a paper wvas presented at Globecom’89. Continuing
work includes the mesasurement and analysis of Local Area Network
{LAN) traffic over fire time scales ({.e., millisecond resolution)
in order to obtain and characterize real-vorid traffic.

Timed Logic Programming Paradigm for Service Specifications

o Preasently, the current service creation process is lengthy and
vendor-cgepandent. Generally, service creation consists of four
intermediate stages: behavioral specification, network design,
software design, and implementation and testing. The testing and
implementation stage t€ usually the most time-consuming part of the
present process. In most cases this is due to incomplete and/or
incorrect behavioral specifications. Behavioral specifications
usually consist of cause-effect requirements, real-time
requirements, and time indepencdent invariants. Most sxisting
service creation tools and environments focus on the representation
of cause-sffect requiremants and mechanisms for detecting
tnteractions in such representations. By checking cause-effect
pairs, signal ambiguities can be ess{ly detected wvhen the same
conditions (causes) lead to different effects. However, when
tntegrating nevw features into an existing system, incompatibtle
tempora) behaviors and/or violations of itnvariants can cause
problems. Tha goal of this project is to determine if the
axprassiveness and built-in control mechanism of logic programming
could be useful tools in facflitating the verification of
specification and integration of new services. Much effort has been
devoted to 1) selecting & proper formalism for representing
spacification itn the logic programming paradigm; and if)
incorporating the temporal notion to resemble the evolution of
service behaviors 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 spacifications, and then to
allow the designer to query the service behaviors as desired.

Discrete-event Object-oriented Similation Environment

o Telscommunications softwvare systems are notoriously complex and
hard to change. The main objective of this project is to
invastigate ways te allow complex software systems to be more
easily designed to be extensible and reusable, so that fewer
person-years are needed 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 sSystem can
then be debugged using software monitors or probes. Software
engineering approachas such as object-oriented programming address
some of the issuss, in particular, modularity and reusabiiity,
through the notions of encapsulation and inharitance. Howaver, it
does not address the issues of structured composition, system
extensibility or system monitoring. A programming pnradiyn based
on the object-oriented language C++ has been developed.
simulation environment, DOSE (Discretp-event objoct-orunt.d
Simulation Environment) is baing built. A preliminary version of
DOSE ts functional.

L.O -- An Executable Specification Language

©L.0 is » naw executable specification language specifically
designed to better facilitate spectfication and rapid prototyping
of communication systems. Communication systems are reactive
{event-driven} real-time systems which have many interacting
components at any given instant. To facilitate the description of
time-hbased relationships between svents and data, L.0 incorporates
an explicit notion of logical time or program step. Communication
systems are composed of many subsystems, hence L.O provides easy
flexible module composition via constraints. Yo enable users to
specify "what" should happen without describing "how" it should
happeny, L.O is s ruie based language. To more easily describe the
dynamic nature of telscommunications systems, L.0O rules can
instantiate and/or remove other L.O rules. TM-S$TS-014531 discusses
using L.0 to mode! telecommunications services within the context
of laysrsd architectures such as X Information Systems (XIS) or
Operations Systems Computing Architecturs (0SCA). An invited talk
on L.O was given at the University of Arizona. L.O was also
presented at SETSS ‘88, "IC+: an Envirornment for Designing
Communications Software.” L.O is presently being used
axperimentally at two untversities.

Digtributed Resource Counters

© When real-time constraints must be satisfied by large systems under
heavy loads, even simple problams become difficult to solve. As a
mode!l for maintaining & fixed maximum number of 1ines between two
customars in a private virtual network, we itnvestigated one such
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problem whose solution is complicated by all three factors. We
formilated the probiem as a real-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 delays. The results of the performance
studies are alsc used to develop heuristics for configuring a
resource counter on a distributed system.

Non-stop Sof tware Updates

o In the telecommunications network, where sarvice must be
continuously available, the cost of stopping a system to install
new sof tware may be unacceptable. This is particularly likely to
be true if software modifications occur freguently, which is
possible in the future as increasing numbars of new features are
introduced. In 1988, we analyzed our non-stop update approach with
respact to the availability and maintainability requirements for
switching systems, as defined in Local Access Transport Area (LATA)
Switehing Systems Generic Requirements, and presented our findings
at the Institute of Electrical and Electronics Engineers, Inc.
(1EEE) Software Engineering for Telecommunications Systems
Conterance. We al1so studied a method for extending an existing
updating system to a distributed environment. These sxtensions
allow distributed programs written, using the remote procecure call
paradigm, to be dynamically updated. Our approsch scales to a
geographically distributed computing environment and supportis
computer systems that contain heterogensous hardware and software.
Programs that execute on computer systems owned by multiple
admintstrative entities can also be updated using this approach. We
presanted the results of this extension at the IEEE Conference on
Software Maintenance.

Telecommunications Software Rasearch Prototype

© The current generation of telecommunications software is extremely
complex (both in structure and operation), has 1imited
extensibility, and is difficult to maintain. Thase factors limit
the growth potential and the range of new services that may be
reliably offered. Much of this is dus to unplanned software growth
and the inherent lack of scalability of the programming techniques
usad in system development. Wes have bagun an experimental
prototyps of 2 novel communications system intended as a vehicle to
axamine thase software architectural issues and to investigate the
use of modern programming technigues to overcome some of these
software problems. We have started tha assembly of video, audio and
graphical station equipment i{n esch end user’s office, and have
begun to install switching software and control processors to
interconnect user stations. Once the hardware {s in place, we plan
te address s range of softuare issues that arise in large
telecommunications systems including network 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 software components.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Project providas for the development
of a leading edge knowisdge base in sSuch key aress as real-time
systems, control infrastructure, service reaction and interaction, and
database management. Emphasis 1{s placed on applications to current
and future needs in networks, services and operations. The substantiasl
benefits of this Project accrue to all Owner-Clients and are unable to
be prevented from accruing to an Owner-Cltient who might slect not to
participate in the project.

RESEARCH DIRECTIONS:

Examine the fessibility of open architecture for network software
systems, consistent with traditional! reljability and performance
standards, but facilitating rapid introduction of nevw network
capabilities. '

Stucty the architecture for mnetwork contrel functions, including the
design of very high capacity, distributed network database systems.

Study software tools and technigques for network service specifications
that wil) facilitate the rapid tntroduction of new metwvork services
by the Belicore Client Compantes.

Study contrel algorithms and develop evaluation tstchniques for
managtng resocurces of the current and future public network.
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PROJECT OVERVIEW:

This project addrasses human networks and technology-oriented jssues
on which the services offerings of the evolving intelligent, broadband
network depend. It advances a vision of an information society 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 vision, Iindividuals and organizations are able to use
commuunication natworks to share ideas, infoermation, and electronic
work spaces, to handle floods of informatien, and to reinforce
retationships and social values while maintaining control over their
privacy and personal communications environments. The project furthers
understanding of multimedia communications services, and researches
technologies for realizing them over the networks of Bellicors Cliant
Companies (8CCs).

Specifically, the project investigates multimedia (and multi-party)
real-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
provided easily and robustly. The work smphasizes understanding of
what makes future services useful, usable, and socially acceptable.
The project creates experimental research prototypes of innovative
services to understand users’ reeds and to stress network
capabilitias. It investigates advanced user interfaces and the tools
for creating such interfaces to make a richer services snvironment
accessible to ordinary residential and business users over the public
network. And finally, the work of the preoject analyzes technicques
(such as service control! through high-level software, information
browsing, and cryptographic security), and social or behavioral issues
(such as privacy, collaborative work, and organizational acceptance)
baaring on the success of future Petwork services.

The knowledge generated by this project has impacts on BCC exchange
businesses through several routes. It is passed to Information
Netweorking Services and other areas of Bellcore, which work with the
BCCs on metwork evolution. It is passed directly to the BCCs for
their internal or other uses through demonstrations, talks,
publications, and technoleogy transfers of research prototypes,
experimental services designs, and software. And it is passed to
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research and vendor communities, where it stimulates further research
and cdevelopmant.

The benefits to the BCCs include increased efficiency in their
intarnal cperations, 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, snd a leading role in the realization
of an information society accessible to all through the public
switched network.

The work has five thrusts: interpersonal communications, broadband
sarvices prototyping, information access and dissemination, network
security, and human interfaces.

The work in interpersonal communications is focused on communication
amonyg individuals te strangthen their axisting work acttvities and
social relationships. Exampies include distributed groups of
collaborative workers, and family members sesking something closer to
*baing there". Tha project will invastigate integrated multimedia
communication, both real-time and messaging, with emphasis on visual
elements. The project will further investigate broadband "unplanned"
communications such as open or group-managed multimedia 1inks,
examplified by a wide-aspect "VideoWindow" (augmented by four-channel
audio, document sharing., and computer application-sharing
capabitities), and a “"Cruiser"” system for casual veice and video
interaction (augmented by document and application sharing) smong the
geographically distributed residents of a “virtual hallwvay”.

Information networks ressarch, with strong emphases on visual
information and delivery via BISON (Broachand Integrated Services
Digital Network), will invastigate technigques for both casually
viewing information and more actively searching for it. In these
studies, the intel)igent, broadband network will ba viswed as a vital
comporent, facilitating access to a broad range of databases and media
types. Attention will be focused on customized, sometimes adaptive,
information filtering to reduce massive information flows otherwise
placed on the mMatwork to manageable proportions (s central quastion
for the evolving information society)}; but it will also be directed
toward interfacing with haterogensous information sources,
technologies for multimedia composition and editing, media sdaptations
and conversions, and the study of "friendly" semantic, hierarchical,
and advisory user interfaces facilitating user access and dynamic
control.

Network security research is broadly directed toward the privacy and
authentication of user traffic, the control of access te services and
databases, and the protaction of network functional elements in the
more open network of the future. New efforts will be made on
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cryptographic and biometric user authentication systems and security
archi tectures of an open network, and previous ressarch continues on
techniques for the production and exchange of secure, authenticated,
muttimedia electronic transactional documents (with digital
signatures), and on speaker verification.

In general, the project’'s work program recognizes the business and
research opportunitias presented by providing communication services
that bring people together with a compelling sense of "being thera".
The coming general availability of multimedia computing will increase
the potenttal range of such services. One roadblock to the development
of a broad base of computar-mediated telecommunications services is
the lack of easy-to-use tools to construct them. The project’s human
interface rasearch program will take advantage of these opportunities
by examining and developing techniques to aid developers of multi-user
and multimedia interfaces. In this conception, developers range from
professional “"programmers® to customers who have the ability to
personslize their interfaces to communication services. While the
focus of our "toolkits* research is to evolve software environments
that facilitate the crestion of multi-user applications, it is clear
that technical problems impeding the development of high-quality
single-user interfaces will be consicdered as part of the research
program. The work will 1{ikely draw on object-oriented pregramming,
behavioral science research, knowledge-based systems, graphical
metaphors, and desk-top interactive video technology. Thea overarching
goal is to understand the tools and technigques that will allow
developers 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 1889, the project continued ressarch on the
major themsx described zbove. Important examples of the bBivision’'s
last six-month’'s sccomplishments are given below:

Miltimedia Interpersona! Commnications

o U.S. patent (#4,800,314) covering the VideoWindow Teleconferencing
system was granted on Dec. 26, 1889. Patent applications were
fited for the "Laser-Pen", snd "Video ViewGraph" interfaces for the
VideoWindow, and an amenced application was filed for a "Through-
The-Screen Viewing" concept for Video-Phone terminals.

Members of the Division continued evaluating users’ interactions
with sach other over the VideoWindow. Results indicated that
there are both ussbility (e.g., reciprocity of seeing and hearing)
and group dynamic (e.g., transitions between public and private
speech) issues that need to be addressed. Preliminary rasultis wvers
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documented {n a book chapter that cutlines our perspective on
informal communications.

© Progress continued on implementing an audic 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. Thase activities resutted in: (1) a more flexible and
extensible application architecture, (2) a potentially faster
Cruiser application, (3) improved functicnality of the application,
(4) a platform that gives us fine controi over the bshavior of the
switch and associated peripherals, and (5) a system that will
support up to 30 users, tn 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 i{n 1990. Finally, we established a
collaboration with the Division 21450 (G. Herman, DvM) Touring
Machine project to explore issues in system software support for
advanced multimedia communications services.

© A new research initiative was initfated 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 multimedis mat)
systems by permitting computational algorithms to be embedded in
mail and bulletin board messages. It is hoped that by providing a
powerful and general-purpose computational engine for use in mail
software, a whole new generation of mail-based interactive services
will become pessible. The current research focuses on the key
quastions of portability and security, with the goal of producing a
robust, portable, and secure research prototype in 10080,

Multimedia Communications Systems

© The anzlysis of Video-on-Demand systems was begun. One TM,
"Analysis of the Generalized Information Providing System, "
provides an analytical platform and a second, "Models for Near-term
Residential Video Services" (TM-TS5V-014850) written jeintly with
Network Technology, describes near-term architectures for the
delivery of video services. Work was bagun in collaboration with
Division 21480 (C. Judice, DvM) and Bell Northern Research on a
novet "Store and Forward” video delivery concept.

© Nev ressarch was inftiated on several novel, harduare-based,
visually-oriented intsrfaces to the broadband network. Work on
video displays based on column-shutter/row-backlight technigues was
begun., This research could lead to large, high-resolution
displays suitable for enhanced VideoWindow and High Definitton TV
(HOTV) imaging. Research on a customer controlled viewing concept
dubbed “SPHERE-O-VISION" was initiated. This concept will atlow
future broadband network subscribers to experience a virtually
unimpeded, full look-around view of a remote location. Finally,
work on a thres-dimensional projection snd imaging system was
tnitiated. This system should ultimately allow real-time, three-
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dimensional (volumetric) images to be transmitted and later viewed
without special glasses. Near-term spinoffs of the technelogy will
allow real depth display using conventional Computer Aided
Design/Content Addressable Memory {CAD-CAM) workstation
technologies.

Information Networks

o Project members completed a study of the visual quality of »
version of a new 1.5 Mbit/sec full motion video compression
algorithm developed by Division 21480 (C. Judice, DvM). Praliminary
results had shown that it is possible te produce full motion
entertainment video that can be transported at T1 rates with
quality comparable to VHS (format used ¢n 95%% of home VCRs)
recorded video. Subsequent work involving a thorough statistical
analysis of the laboratory test resuits was completed and
documented in TM-ARM-014588, "A Subjective Visual Quality
Comparison of NTSC (National Television Standard Cocle)}, VHS, and
Compressed DS1-Compatible Video." This work was reported at the
Fifth International Workshop on Telamatics in Denver, Colorado, and
has been submitted for publication in a technical journal.

© Phase 1 of the Customized Elsctronic Information Delivery research
prototype was completad. A research prototype multimedia formatter
based on an extended SGML (Standard Generalized Markup Language)
was written and tested as an Electronic Magazine on approximately
80 articles. Selection and display programs that take output from
the formatter 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 Magazina Project,” and was prssented at the Electronic
Imaging ‘88 Confersnce in Boston, Mass. Work began on phass 2,
incorporating digitized audio, a more graphical user interface, and
a more sophisticated network delivery model! in the prototype. We
also began looking at the use of the Customized Electronic
Infermation Delivery technology for in-house corporate information
delivary systems.

Network Security

o A significant effort has besen devoted to understanding the privacy
implications of Caller-1D, which resuited in THM ARH-015905. This
TM presents research supporting the principle that calliees’ rights
to know who is using their time. and squipment takes precsdence over
callers’ rights to anonymity. It finds that both technology and
privacy are dynamic, rather than fixed, concapts: simply because a
technology offering convenience (the telaphone)} used to favor the
privacy preferences of callers over calless, doss not mean that the
status quo should remain when the technology bacomes available to
reduce the privacy imbalance. The TM also delves into social norms
and practices to ascertain preavailing Amsrican values vis-a-vis
placing phone calls and sxamines the argumsent that Caller-ID wil)
take away privacy rights. Tha TM concludes that Caller-1D
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accomplishes the opposite by removing caller anonymity, something
that was a by-product of prior netwerk design rather than a secrecy
that our culture agreed should inhere in phone calls in the first
place. There are alsoc recommendations that certain safeguards be
present in Cajler-ID implementations.

We also reviewed research on psychology of mamory, with the intent
of understanding how the limitations of human memory affect the
utitity of the Caller-ID service. Our conclusion that, without
mechanical assistance, psople will often not be able to tdentify
their callers from the calier’s telephone number provided by
Caller-1D, has implications for privacy peolicy and natwork services
planning.

o Fast, secure methods of encryption and message authentication
exist, provided that the parties first share a secret cryptographic
key. Thus, key distribution is of ten the bottieneck of a secure
milti-user commmications system. We presanted the vork previously
reported on a navw, efficient key aistribution system that
authanticates the partiss and creates dynamic session keys at
Crypto’88, and then we built and demonstrated a working prototype
of this system. Our efforts to make this prototyps run faster led
to the discovery of new algoritihms for multiple precision itnteger
arithmetic that are better than the previously existing ones for
the 500-1000 bit numbers needed t0 achieve good security (TM-ARH-
015023).

o Riometric methods of user identification can provide an important
security primitive, especially when 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 numercus inguiries into
this technology;: and we continued te support the sfforts of severst
BCCs to apply either smart card or speasker identity verificatton
mathods. In collaboration with Division 24110 (J. LaBanca, DvM),
TM-TAP- 105008, "Survey of Biometric Security Systems, " and, in
collsboration with Divisions 21380 (P. Shumate, DvM) and 21480 (C.
Judice, DvM), TM-ARH-014518, "Field-Accessible Information and
Speaker-Identity Verification: A Ressarch Strategy” were tssued.

Human-Computer Systems

o We completad version 1.0 of the MEL toolkit for muiti-user
graphical interface development. In addition, several small test
and demonstration interfaces have been created to stress MEL’S
implementation of the basic object-orianted and constraint
technologles.

© We completed 2 rohust and usable version of SHADOWS, an application
indepsndent shared X window system. The SHADOWS system has been
transferred to Division 27130 (H. Rubin, DvM) in Network
Technology. TM-ARH-015522 was issued, and an extended, journal-
length marnuscript has been drafted which detatls the implications
of shared windows applications for virtual terminal definitions.
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© Work was initiated on AMES (Active Media Editing System). AMES tis
intended to be » muitimedia composition toel. The goatl is to buiild
editing tools that gain information from the structure of the media
they manipulate. Text processing tools have concepts of paragraph,
chapter, list, etc., woven in to the fabric of the system. This is
not true of time-depsndent media like video, vhere the ltevel of
control stops at fast forward and freeze frame. The goal is to use
AMES a3s a platform to understand communication-enabling toois for
time-based media. A tool like AMES will make services like the
Customized Electronic Information Delivery easier to create.

. e m mmm e R a e m e m.— e R AR —-A A EEEEE M E SRR EE R emmm e A e - — A AEA R T AR R R E®E =" ==

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Project provides for the development
of 2 leading edge knowledge base in such key arsas as communications
terminals interfaces, behavioral science, multimedia applications, and
user interfaces. Emphasis is placed on applications to current and
future needs in networks, services and operations. The substantial
banefits of this Project accrue to all Dwner-Clients arkl are unable to
be prevented from accruing to an Owner-Client who might slect mnot to
partictpate in the Project.

RESEARCH DIRECTIONS:

Research on novel, hardware-based, visually-orisnted human interfaces
to broadband networks. This will include work on large-screen, high-
resolution video displays.

Research and prototyping of video-on-demand cel ivery service
archi tectures.

Research into techniques, control, protocols, supporting technologies,
and interfaces for multimedia, multi-person, computer-supported
services and applications.

Ressarch into multimedia information composition, editing,
classification, filtering, and display for different modes of
access, and tradeoffs among communications, storage and processing
resources.

Investigation of technigues and design of toolkits for the
stratghtforwvard design of multimedia and mutti-user interfaces
to communication and fnformation systems.

Cryptographic and biomatric research on security for network
systems and social sciences research on communications privacy.
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PROJVECT OVERVIEW:

This project continues to eaxplore spacifically targeted research
activities in speech recognition, speech synthesis, and the
representation and coding of still and full-motion images.
Furthermore, the project has focused on a 1imited number of spesch and
image processing applications, with the objective of driving the
technology research by having a thorough undarstanding of end-user
requirements. For example, the work on building a prototype
slectronic builetin board for tmages, called FAXBOARD, has
demonstrated a nesd for document processing techniques to optionally
encode and render mixed-mode images with text and gray tones.
Although the work is primarily aimed at advancing relevant
technologies to the acdvantage of Bellcore Client Companies, a
significant benefit is derived from understanding the time frames and
rough costs of implementing those technologies and their associated
services.

It is, of course, well recognized by the Belicors Client Companies
that spesech technology could allow their customers to have direct
access to computers and information databases using thair phones as
simple and inexpensive input/output devices. However,K speech
recognition has failed to achisve the performance necessary to make
this vision practical. Therefore, this preject has focused on
telephone company operations with special emphasis on their directory
assistance service. For example, after recording and studying hundrads
of transactions betwesn directory assistance operators and their
customers, 1t bescame clear that even a2 modest degree of speech
compression could significantly reduce the cost of this service to
Bellcore Client Companies and their customers. Our goal is to
demonstrate increasingly sophisticated speech recognition and
synthesis technology as it applies to sutomating the directory
assistance service.

In addition te focusing on hovw existing services could banefit from
speech technology., research has also been directed towards making new
services such as Automated Customer Name and Address possible. Here,
machine pronunciation of surnamss is a basic requirement. Over the
years, this project has refined the capabilities of demisyliable-based
speech synthasis to the point whers a ressarch prototype, called
ORATOR, has besn compliated and demonstrated in tha context of such a
new service. Behavioral sxperiments show this approach to be superior
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in both intelligibility and naturainess when compared with known
alternatives.

In the image processing area we have packaged a seftware prototype,
called FIVE (Format Independent Visual Exchange), and have made it
available to al) Bellcore Cliant Companies. This image processing
software allows 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-to-
point High Definition TV (HDTV) transmission to their customers, this
project has besn researching digital techniques that deliver full
quality HOTV baltow 150 Mbit/sec at reascnable cost. LUsing a technique
which reduces information redundancy on each frame of video, this
project has demonstrated the feasibility of such an objective, This
work has had significant impact on the research community, which
previousiy did not believe such an accomplishment was possible. As
Taboratory prototypes are replicated by the vendor communtty, Bellcors
Client Companies will be abhle to work with their customers in
developing transmigssion services that satisfy their needs.

As the networks evolve to full deployment of fiber-to-the-home, it
will be possible to extend the HDTV service previously described to
residential customers. However, the Bellicors Clisnt Companias are
very itnterssted {n near term opportunities in video that make use of
their existing plant. Research has besen successfully directed at
compressing TV signals at less than the DS1 (Digital Signal - Level 1)
transmission spaed (1.5 Mbit/sec). Recently, this project has
successfully 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 (Vicdeo Cassetts Recorder) cquality. In
addition, near compact disk (CD)-quality audio has besen damonstrated
at 256 Kbits/sec. These two results, achisved through

computer simulation of algorithms, are very encouraging, thereby
launching a new research direction which has been named DSt-TV,
Critical to the quastion of whather HDTVY and NTSC (National Television
Standard Code) video signals can be transmitted at rates of interest
to Bellicore Client Companies, is whether the cost is reasonable. This
project addresses this issue by selectively examining the feasibility
of implamenting the critical components in VLSI (Very Large Scale
integrated) circuits. Using high level design tools, this project has
shown that motion estimation and compensation, & criticsl technigque
required to schieve DS1-TV capability, can be implemented on a singte
silicon chip.

With 2 trained staff of electrical engineers, computer programmers,
psychologtists and 1inguists, this project continues to push the
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technological boundaries of the network. Results in image and speech
processing are opening coors for new revenue possibilities and cost
reductions in current operations.

In 2HE8S, Division 21480 delivered 13 conference papers, gave 15
technical talks, had 2 patents pending, and had ! patent granted.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

Most significantly, researchers in Diviston 21480 have shown that full
uality, HOTV full-motion images can be economically compressed to
fess than 120 Mbhits/sec. Furthermore, an HDTV with quality comparable
to the current 6-9 Mhz proposals being made to the FCC can be coded
at 45 Mbits/sec. At the low end of the digitsl spectrum, we have
shown that VCR quality TV can be compressed to 1.0 Mbit/sec with near
CD-quality sound at 256 Kbits/sec. Furthermore, we have shown that a
critical component, i.e., motion estimation and compensation, can be
implemented on » single VLSI chip. Finally, we continue to support
ovar 27 sites that have our image processing software package called
FIVE (Format Independent Visual Exchange).

In the spessch arsa, we have completed the first phase of packaging our
demisyllable based synthesizer called ORATOR, and have begun to make
it available to clients.

Professional Activities

o Organized Sth International Workshop on Telematics; 70 world
experts in information technology met in Denver, Colorado (US WEST
was local host) to discuss sdvances in teletext, videotex,
teleconferencing, and multimedia communications. This meating gave
the Client Companies an opportunity to learn about new developments
in information technology and standards related to their
distribution over avolving networks.

Video Coding

© Submitted a proposal to the International Standards
Organization/Moving Pictures Experts Group (ISO/MPEG) standards
group regarding the compression of video programming at 1.0 - 1.3
Mbit/sec with VHS/VCR quality for entertainment sequences. This
proposal ranked in the top 4 out of 18, is CCITT XV (International
Consultative Committes on Telaphorne & Telegraph) compatible, can be
coded in real time, and can be impliemented tn fewer than four Very
Large Scals Integrated (VLSI) Application Specific Integrated
Circuits (ASICs). With evelving Asychronous Digital Subscriber
(ADSL) techmwlogy that could transmit 1.5 Mbit/sec on a single
twisted pair along with POTS (Plain O1d Telephone Service), this
work opens up an opportunity for the Client Companies to offer an
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early B-1SDN video service to residences. This work was
demonstrated at the Naples, Florida, Network Planning Conference.
(™™ ARH-015076) and (TM ARH-014981)

Video Coding

¢ Developed a new pre and post processing technique for DS1-TV tmages
which originally come from a 24 frame per second source such as
movie fiim. The technique restores the original 24 fps image :
enabling processing to occur on the original image, not the derived
30 fps image available on tapes and video discs. This technique
significantly improves the quality of realistic, entertainment
video secuences that have been coded with the Bellcore DS1-TV
algorithm.

o Developed new techniques for controlling the rate buffer of an HDTV
subband/DCT (Discrete Cosine Transform) digital video coder, The
technique keeps the bit rate within a predeterminad range around
130 Mpit/sec by varying the amount of prefiltering (softening the
image when appropriate) and subband coefficient quantization step
size. Having a workable rate buffer technique is necessary for the
operation of coders on circuit switched networks. This work was
presentec at the International Conference on Communications
(ICC)/Supercom 9¢. (TM ARH-015287)

Image Communications
o Daveloped and now ready for technology transfer, FAXBOARD
miultimedia electronic bulletin board. This system allows facsimile
and other images to be posted on public bulletin boards implemented
on graphic workstations running X-windows and interconnected over
Etharnet. This facility could be installed in client RAD groups to
improve informal commumnications with Belicore researchers. FAXBOARD
was demonstrated at the Naples, Florida Network Planning
Conference. (TM ARH-014787)
© Two new capabilities have bsen added to Bellcore’s FIVE software
package. First, the recently agreed upon still image
comprassion, {.e., International Standards Organization/Joint
Picture Coding Exparts Group (ISO/JPEG), has been included as an
option. Secondly, Belicore’s naural net-bassd Optical Character
Recognition (OCR) technigue has been incorporated. The FIVE
sof tware package has been made available to Client Companies and
universities as a ressarch tool for experimenting with image
communication services. (TM ARH-0159%88)

Video Systems

o Completed & study of alternative architectures for dealivering
DS1-TV quality video-on-demand service over axisting copper
retworks using High-Bit rate Digital Signal - Level 1 (DSL) and
fibar-to-the-curb technologies. The study demonstrated the
sensitivity of costs to the grade of service offered, and
suggests marginal profitability if the video codec and
subscriber line channel coders can be built for under a combined
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cost of $800 - $1000 per subscriber. (TM TSV-014850}

Speech Processing System

o Completad a concept demonstration of the technology to compress
customer gqueries to a directory assistance operator, thereby
reducing the operator 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 vehiclie to move our speech technology into operator sarvice
appltications.

Speech Synthesis

¢ Completed Orator 1.0 spesch synthesizer optimized for name
pronunciation. Bellcore’'s demisyllable based synthesizer has
been packaged and is available for Client Company use. Orator
has been improved over sarlier versions by having better
duration roles for consonants, new mechanisms for assigning
phrasal strass and handling hyphenated words and names, and
improved inflections. Orator is particularly well suited for
appiications such as Calling Party ID announcement and Automated
Customer Name and Address Service (inverse Directory Assistance)
(TM ARH-012884, TM ARH-010405)

Speaker ldentity Verification

o Completed study of template comprassion relevant for smart card
application of speaker identity verification. This work extsnds
Belicore’'s effort in using speech as a tool for providing secure
access to Client Company buildings and services. (TM ARH-015505)

Hidden Markov Model (HMM) Based Sub-Word Recognition

© Developed Hidden Markov Model-based speech recognition atgorithm
and implemented it in software. This software system recognizes
individual phonemes that are part of any speasker’s continuous
speech. This approach ts a foundation for the development of g
Ballcore speech recognizer. One of the first intended
sppltcations for this technology is city name recognition as
another ingredient in reducing the cost of directory assistance
services.

Spesch Processing
o We have developed a unifying framework for viewing all forms of

distortion measures for spesech recognition. This has led to a
rew metric that gives better recognition accuracies than
previously recorded. This is applicable 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 knowiedge 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 needs in networks, services and operations. The substantial
benefits of this Project accrue to all Owner-Clients and are unable to
be pravented from accruing to an Owner-Client who might siact not to
participate in the Project.

RESEARCH DIRECTIONS:

Work in speech recognition will focus on the neural network and
Hidden Markow Mode! (HMM) approaches for solving large vocabulary,
continuous speech. Advanced signal processing techniques will be
used to prepare the spsech for recognition. Attention will be
directed at solving those problems in speech recognition with
parameters relevant to automating the directory assistance service.

The demisyllable-based speech synthesizer, ORATOR, will be improved
to allow for z broader spectrum of input text and more natural
sounding output. Considerable effort will be directed at making
ORATOR avaiilable to and useful for the Bellcore Client Companies.

A new efert on DS1-TV prototyping will give considerable attention
to technology transfer and allow ideas, concepts, and algorithms

in image coding to be realized in ressarch prototype hardware for
service experiments. Simulation studies at 1.5 - 10 Mbit/sec will
be conducted to determine optimal coding methodologies for evolving
packet networks.

The FAXBOARD Image Bullstin Board will be macde available to clients
to explore its usefulness as a technology to support “collsborative
work at a distance".
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PROJECT OVERVIEW:

This project provides appiied 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 intoe devices necessary
to build high-speed packet switches, the architectures nacessary to
build large networks from these devices, and the protocols nacessary
to derive high-speed data communications services from these networks.
This project continually evolves to keep abreast of, and be one of the
teaders in, thase technological areas.

Work in this project can be divided inte two focused thrusts: switch
architecture and data communications. The switch architecture thrust
has as a long-term goal the demonstration of crucial switching
components necessary to construct the broadband network. One of our
earlty accomplishments was getting packet switching technology
acknowledged as the method of choice for implementing the broadband
network. Thus, this work concentrates on the tnvention and
demonstration of prototype systems to perform packet switching at
rates of 150 Mbit/sec and above. Furthermore, these systems must be
expandable to the scale necessary to provide broadband network
services to hundreds of miilions of customers.

The data communications thrust is focused oh the realization of high-
spaed computer communications using broadband networks. The emphasis
on data communications stems from the perception that data traffic,
being poorly matched to the current telsphons network architecturs,
will be an important early application of broadband natwork
technology. Our long term goal here is to gain an understanding of
the techniques necessary to implement broacdband data services on the
broadband network models we cesign. This requires fundamental
advances in the design and implementation of computer communications
protocels. '

One significant effort, begun in 1888, is Project DAWN. DAWN is a
ressarch collaboration with MIT and the University of Pernsylvania to
axplore the protocol archttectures necessary to achisve very-high-
speed computer communicatfons over broacdband networks. It is part of
the data communications thrust of this project.

This project also serves as the primary point of contact between
PROPRIETARY - Bellcore and Authorized Clients Oniy
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Bellcore and the National Research and Education Network (NREN). NREN
is best described as an informal collection of researchers and funders
of ressarch in computer netwerking. It involves representatives from
industry, scademia, and government. It is the goal of this group
(which loosely includes hundreds of people, but as yet has no forma)
organizattion) to create a national network to be used by researchers
across the country. The network would provide user access at spaeds
of at least 1 gigabit/sec.

As part of tha esarly research phase of the NREN, a set of gigabit
research testbeds have been funded by the National Science Foundation
(NSF) and the Department of Defense Advanced Research Project Agency
(DARPA). This project is heavily invoived with the AURDRA gigabit
testbed, whose goal is the construction of experimental prototype
broadband natwork connecting research taboratories in the
Philadelphia-Boston corridor. This project is concerned with the
construction of prototype broadband switches and high-speed computer
protocels to be used in AURORA, and also coordinates NREN work beaing
parformed by three other Bellcore projects.

This project also manages and operates an internal Bellcore computer
center which provides primary computing service to sbout 200 members
of the Applied Research Area. We designed an internzl Bellicore high-
speed computer network, which now provides communications among about
1100 minicomputers and workstations inside Bellcore. We operate the
connection batween Bellcore’s internal computer network and the
NSFNET, a NSF-sponscored computer network connecting about 100,000
computers in the internationsa] research community. We alse provide
technical support and consulting on computer network security.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

A considerable amount of work in the divistion ts directed at the goal
of producing ¢ demonstration prototype broadband packet switching
fabric. We decided, about two yaars age, that the so-called Batcher-
banyan architecturs would afford maximum performance and minimal
complexity. This architecture consists of s Batcher network, which
sorts packets based upon thair dastination address, and a banyan
routing network, which expands the sorted list, and directs the
packets to the proper output ports on the switch., Accomplishments
over the past several years have proven the viabitity of various sub-
assemb] ies of cur experimental broadband packet switching fabric.

A broadband packet switching fabric can ba thought of as the heart of
a broadbanc packet switch. However, in order to construct § 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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number of packets (often 1) to be simultaneocusly transmitted to the
same output. Contention resolution is the process of detscting when
too many packets are simultaneousty heading for the same output. The
contention resojution circuitry selects the packets that are to be
allowed to exit the switch immediately, and then buffers the rest for
later output.

We have invented a novel contention resolution mechanism for a
broadband packet switeh, which has the codename "Sunshine”". The
Sunshine switch exparimental prototype (actually it is a whole family
of related designs) uses combinations of known contention resolution
mechanisms (such as recirculation, multiple banyans, or trunk
grouping) to achieve sxtremely low packet loss rates. Two patents have
been issued on the Sunshine architecture, and a technicatl talk is
currently available upon reguest.

A new research effort was started during 1989, deatling with high-speed
transport protocols. A transport protocol {s typically used to snsure
correctnass in computer-to-computer communications, but the thrust of
this work is to design a protoco) that wilt serve integrated (data,
voice, video) applications. It is intended that this work will build
upon the results of the broadband switching thrust. The long-term
goal of the transport protocol work is the construction of an
experimental prototype transpert protocol which will have throughput
petwean 150 Mdit/sec and 1000 Mbit/sec. Some early accomplishments
are mentionad in this section, and it is expected that this thrust
will produce substantial results in the 1990-91 timeframe.

During this pertod (July 1989 through December 198%), we wrote 11 TMs,
published 3 papers axternally, presented 5 talks at technical meetings
and external seminars, and applied for 2 patents.

Specific project accompl ishments include:

Sroadband Switching Technolgy

© We continua to make prograss on the construction of an experimenta}
prototype Sunshine packet switch. The design has been partitioned,
and sbout § custom integrated circuits have been defined. Work on
thase circuits has begun, and is expected to continue for 18-24
months. See TM-ARH-014108 and TM-ARM-014132.

o A simplified Sunshine switch prototype has also been defined, which
requires only 8 of the above mentioned custom integrated circuits.
Several individual cifrcuit accomplishments follow.

o An improved gereration of hroadband packet switch integrated
circuit chips were implemented in 1.2 micron CMOS (Complementary
Matal-Oxide Samiconductor, a common integrated circuit
marufacturing process). Thase experimental prototype switching
chips have 32 inmputs and 32 outputs, and have been tested at 170
Mbit/sec, axcesding our goal of 155 Mbit/sec. These chips are
documented in two technical memoranda, TM-ARH-014508 and TM-ARMH-
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015040. This generation of chips incorporates improved clocking
circuitry and bounded logic delays which make the chips more robust
when used {n demonstration prototype packet switching systems, such
as Sunshine. This accomplishment is a 170 Mbit/sec Batcher sorting
chip.

o A research prototype Batcher merge chip, one of the above mentioned
broadband packets switch chips, useful in building switches larger
than 32 inputs and outputs, was designed, fabricated, and tested at
170 Mbit/sec.

o An experimenta)l prototype banyan routing chip, compatible with the
previous two chips, was designed, fabricated, and tested at 170
Mbit/sec.

o A printed circuit board, consisting of the Batcher above referenced
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 (S. Weinstain, DvM) for
incorporation into a larger experimental prototype system, which
will be delivered te a Bellcore Client Company (8CC) for further
resaarch and testing.

© In order to build packet switches targer than the 32 1ines which
can be fabricated on a single chip today, a spacial package must be
constructed. The packaging of high-speed slectronics is just as
important as the elactronic design itself, and in the case of
high-speed packet switch fabrics, some rather unigue requirements
wers made on the package. Since the switch fabric is synchronous,
with each packet moving though the switch at exactly the same speed
as the other packets, it was important that e package be invantsd
that minimized the variance in the wire lengths between sdjacent
chips. A ressarch prototype 3-dimenstona)l package for a 258-1ine
Batcher-banyan switch fabric was implemented, snd was shown to be
capable of transmitting signals reliably at speeds up to 200
Moit/sec, while kesping the maximum wire length to approximately 4
inches. To demonstrate the viability of this concept, a partial
3-D Batcher-banyan switch fabric has besn constructed. A research
prototype 84-1ine fabric, operating at 100 Mbit/sec per line, is
now operational in our lab, with demonstrations avatlable upon
request. This is an ongoing project aimed at demonstrating a 286-
1ine prototype unit operating at 150 Mdbit/sec per 1ine. This work
was carried out jointly with Divisien 21370 (J. Barthold, DvM).

o We have contirued our simulation and analysis of broadband
networks. Twoe new technical memorands in this area have been
writtan (TM-ARH-014785 and TM-ARH-014841),

o Recirculation is a contention rescliution method whars one connects
some of the (nputs and outputs of a switch to e shared buffer pool.
Packets which cannot exit the switech imwediately, due to their
designated output being busy, are directed to the shared buffer
pool through these recirculation lines. Shared buffers are
theoratically the best buffering technigque, but are axpensive to
implement because switch bandwidth must be dedicated to them. Ve
tnvented a method of directing packets which are to be recirculated
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to the idle input lines, thus aveoiding the dedication of switch
inputs to the shared buffer pool. 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-
014881).

© A research prototype CAM (Content Addressable Memory) integrated
circuit chip having on-chip self-test and repair capabilities was
implemented in 2 micron CMOS (Complementary Metal Oxide
Semiconductor). This is a special purpose memory chip which is
useful, among other things, for routing packets through a broathand
packet switch at very high rates. Organized as 258 words of 84
bits sach, this experimental chip, containing over 250 thousand
transistors, is one of the largest devices ever built by Belicore.
A TM was {issuead (TM-ARH-014838).

Computer Communications

o We have set up a collaboration with MIT and the University of
Pennsylvania (Penn) to perform research experiments in high-speed
computer networks. This preject is named DAWN, and is intended to
be a 3-ysar collaborative research effort to sxplors high-speed
computer communications issues including: protocols, host computer
intor#acing. and high-speed switching. Two 30 day sabbaticals (one
at MIT, one at Penn) were completed by Applied Research managers.

A rnumber of detailad design review meetings were hald between MIT
and 8ellcore.

o One of the ancillary problems associated with building experimental
transport protocols at high-speeds is that most reasonably priced
computers (i.e., workstations and personal computers) are
incapable of gemerating or absorbing data at rates of 150 Mrit/sec
and above. We have studied the architecture of these host
computers, and have made some recommendations about the best
architecture for high-speed network interfaces. These results are
documented in two technical memoranda, TM-ARM-015285 and TM-ARM-
015830,

o One of the principal tasks a transport protocol must accomplish s
error control and correction. A comprehensive study of methods for
error control has besn performed and documanted in TM-ARH-015146,

o The Dats Cosmunications Prototype (DCP}, an experiment we had been
working on during 1988-89 has been completed. OCP was an
tmplementation of s Local Area Network to ATM (Asynchronous
Transfer Mods) cell-like interface, basically a high-spsed softwvare
fragmenter/reassenbier. A final report is available in TM-ARH-
015028

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applied Research Project provides for tha deveiopment
of a leading edge knowiedge base in such key areas as high-speed data
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communications, switching, high-speed protecels, and protocol
applications. Emphasis is piaced on applications to current 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 from accruing to an Owner-Client who might etect not to
participate in the Project.

RESEARCH DIRECTIONS:

The work on broadband switching will be focused upon the construction
of an axperimentzl prototype broadband packet switch for use in the
AURORA gigabit testbed connecting U. Penn, MIT, IBM and Bellcore.
This prototype switch will buiid upon the experimental switch
component work we have done over the last several years.

The vork in collaboration with Project 621307 (J. Berthold, DvM) on
the 2-D packet switch package will continue, with the aim of
demonstrating that a 2568-11ine packet switching fabric can be
constructed. Ressarch prototypes and crucial sub-assemblies
commercially unavailable will be constructed. This packaging
technology will be incorporated into our experimental prototype
broadband network.

The vork on data communications applications of broadband networks
will be focused on the fundamental 1imitations of high-speed
computer communications protocols. An attempt will be made to
understand the nature of spesed 1imitations of current protocols,
and then to design and prototype experimental protocols that can
exscute at speeds at or above tha 150 Mbit/sec range.

A small ressarch effort on network management will be undertaken
s0 that the managemant aspects of the broadband network might be
batter understood. This resesrch will start with some experiments
on axisting computer networks, Wwith results to bs extended to
broadband neatworks and services such as Switched Multi-megabit
Dats Services (SMDS).

A small reserch sffort on computer network security has been started,
and is expected to expand slightly. We will continue to supply
consulting services to the rest of Bellicore and the BCCs on

computer network security.
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PROJECT OVERVIEW:

This project explorss the potential of optical and optoelectronic
technology to impact future information network dexign and control by
providing new capabilities for switching, routing, multiplexing, and

signal-processing.

This research has immediate fmpact 1n the inputs we provide for
generic requirements (Technical Advisories (TAs) and Technical
Refarences (TRs)); on planning; on influencing the ventor community;
and on assessing the state of technology develcpment.

In the longer term, our work will {nfluence and provide guidance for
plamning the svolution of future communications networks that will
need greatly enhanced capabilities for handling large amounts of
information in flexible and economical ways {n order to carry the wide
variety of services which are currently envisioned. Experimenta) high
bit rate 1ightwave communications systems are currently being
reseaarched at Bellcore. The limitations te the capscity of these
lightwave systems do not come from the capacity limitations of the
opticatl fiber used for transmission. Tha limitations are imposed by
tha slactronic parts of the system. In this project, wve are sxploring
ways in which such limitations may be overcome by the use of optical
and optoslsctronic eslements.

To fulfill our responsibitity for supporting Sellcore research on
lightwave networks and systems, we provide both information and
experiments] research prototype devices that are not othervise
available. Our work has four major thrusts:

© Research on optical physics, including research on the growth,
fabricatton, and optical properties of layered and small volume
semiconductor structures. These structures will be important
siements in future high performance optical and electronic davices
that are one of the keys to successful implementation of photonic
technology. Our recent accomplishmants in this ares include: the
invention and first demonstration of a 1i{ftoff fabrication
technique that will aliow lasers and other photonic devices to be
integrated with electronic circutits; and the developmant of an
optical technigue that can be used to control crystal growth for
reduced cost and mors reliable semiconductor davices.

o Ressarch on ultratast optics and optical signal-processing,
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including optical switching, nonlinear optical phenomena, optical
implementations of neural networks, and the generation, handling,
and transmission of ultrashort time duration pulses. Short optical
pulse technology ts essential for the efficient utilization of the
high-speed capabilities of optics. Optical signal-processing offers
impressive capabilities for flexible information handling. Our
recent accomplishments in this ares include: fabricatton of the
worlgd’'s largest integrated laser array with electronic addressing;
cdemonstration of a compact, fast access time holographic memory;
tnvention and demonstratton of programmable optical pulse shaping
and coding for ultrahigh capacity multiuser networks; and
generation of the highest power ultrashort 1ight pulses from a
semiconductor diode laser. o

© Research on optoelectronics, including research on methods of
creating the structures needed for low-cost, high performance
lasers and amplifiers, and the integration of optical and
electronic components on the same chip. It is widely bal isved that
one of the keys to successful applications of photonic technoclogy
will ba the avattability of economical and efficient optosiectronic
componants, and the ability to integrate optical and electronic
comporents on the same chip. Our recent accomp!lishments include:
the design anc fabrication of a novel angle-facet semiconductor
anplifier; the fabrication of broadly-tunable narrow Jinewidth
semiconductor lasers; and the demonstratien of a record high-speed
1aser transmitter optoslectronic integrated circuit, A number of
ressarch prototype laser and amplifier devices that are not
asvaitable commercially have been supplied to other projects in
Betllcore for lightwave systams research studies.

© Resesarch on photenic components, including research on the design
and fabrication of sxperimental integrated optical componants.
Integrated optical components are sssential elements in all current
implementations of optical commmications systems. Our recent
accomplishments inciude: the itnvention and fabrication of a novel
integrated optical switch device with digital switching
characteristics; and the demonstration of a tunable, polarization-
independent narrowband wavelength filter for wavelsngth
multiplexing network applications. A number of research prototype
integrated optical devices have been suppliad to other projects at
Bsllcore for lightwave systems research studies.

The understanding, discovery, and invention of photenic components and
techniques for the switching, routing and processing of high bit rate
tnformation will lead to a new generation of telecommunication
networks with greatly snhanced capabilities to handle new high
bandwidth services in flexible, efficient, reliable, and cost
effective ways.
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Technology Transfers

o We have continued to expand our device prototyping effort and have
established numerous collaborative 1inks with systems groups in
other parts of the Apptied Research Area. During this period,
Division 21110 (projsct £21101) has fabricated and supplied for
systems research studies to other projects at Sellcore: 10 research
prototype lasers and amplifiers to several divisions; 2 novel
digital integrated wavelength filters to Division 21380 (P.
Shumate, DvM). Al! of these devices were sxparimental research
prototypes that are not otherwise available. :

In order to derive maximum benafits from our research programs, our
work has tnvolved fregquent outside contacts through some 68
industrizl and 8 university research collaborations with
institutions such as Heinrich Hertz Inst{tute, Fujitsu, Hitachi,
ATAT, Princeton University, MIT, Dsvid Sarnoff Labs, and the
Catifornia Institute of Technology. Thase interactions include one
member of this project as an Adjunct Professor at the University of
I11inois, and one member as Adjunct Professor at Stevens Institute
of Technology. Thare were 8 visiting scientists from leading
institutions and universities such as Princston University, the
University of I11inois, the University of Tokyo, Tel Aviv
University, andt the Technical University of Munich. One member of
this project was a visitor at Fujitsu in Japan under a
collaborative research agresment during this period.

During the second half of 1989, our work resulted in 82 Technical
Memoranda, 88 talks (including 45 invited presentations at major
technical confsrences such as the Optcon Confersnce of the Optical
Society of America and the Institute of Electrical and Electronics
Engineers, Inc. (1EEE), The American Physical Society, The National
Communications Forum, The Gordon Confersnce on Nonlinear Optics,
Tha International Conference on Optical Communications (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 g sampling of the
past six months’ technical accomplishments.

Optoelectronic Integrated Circuit Components

© Optoslectrenic integrated circuits (OEICs) which integrate optical
devices such as lasers and photodiodaes with slsctronic transistors
to snhance circuit capabilities are key components for future
wideband 1ightwave systems and optical networks. Two approaches
wars taken in our studies of OEIC feasibility: one is to integrate
GaAs FETs integrate InGaAs Modulation-Doped Field Effect
Transistors (MODFETs) with InP lasers. In the formar case, we
integrate 1nGaAs MODFETs with InP lasers, and we have
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also taken advantage of the material growth capabilities at
Bellcore for the lattice mismatched growth of GaAs-on-1nP
(collaboration with Division 21130 (V. Keramidas, DvM)}), The good
material quality and the mature GaAs technology allow us to make a
compleax 2:1 multiplexer chip which contains 14 transistors, 6
diodes and & resistors,.and has s speed of 10 Gbit/sec
(collaboration with Division 21330 (N. Cheung, DvM}). The power
consumption was 80 mW, only 20% of an equivalent silicon chip,
which cannot be directly integrated with a laser. (See TM-ARH-
013845 and TM-ARH-015557)

Our second approach is to make a2 modulation doped FET (MODFET) in
InGaAs/AlInAs monolithically integrated with e GalnAsP distributed
feedback (DFB) laser. The InGaAs MODFET provides high speed
greater than that of GaAs FETs, and the DFE laser is rneeded at high
bit rates to preserve the single freguency spactrum. This is the
first attempt to integrate the most advanced slectronic device and
the DFE laser. The initial result showed that this experimental
prototype chip can be operated at speeds as high as 11 Gbit/sec,
the highest speed DEIC ever reported. (Sea TM-ARH-015747, and TM-
ARH-014538) The high-speec test is made in coliaboration with
Division 21310 (P. Kaiser, DvM). This OEIC transmitter chip will be
made available for high-speed transmission axperiments in Division
21310 (P. Katiser, DvM).

o Optoeslactronics technology is basad en II1I-V semiconducting materi-
als, but they cannot ba grown to the necaessary degree of perfection
except on high-cost I1I-V semiconducting substrates. We recently
invanted s method, called 1iftofé, that allows extremely thin
electronic-grade layers to be separated from the substrates on
which they weres grown and re-mounted on other materials such as
stlicon chips and giass and 1ithium niobate waveguides. This
technicgue has the potential to substantially reduce the cost of
these components, and gives new flexibility in the design of
optical circuits. We have succesded in mounting InP/InGaAs
photodiodes on sapphire, integrated GaAs metal-semiconcductor-metal
detectors on 1ithium ntobate and glass waveguides, and GaAs
transistors on silicon wafers. The InP/GaAs photodiode exhibited a
high quantum effictency (90%X) and » largs sstimated bandwidth (13.5
GMzZ). This work has receivaed publicity in Science, The New York
Timas, and Tha Wall Street Journal, among othars. The technology
has been 1icensed, and some royaltiss have been received. Two
patents have issued, snd two further disclosures are being
considered. (See TM-ARH- 015124, TM-ARH-014023, and TM-ARH-014888)

Optical Switching 2

o To sxploit the potential of optical devices for ultrafast switching
beyond the range of slectronics, we need new optical switch
configurations. We have invented some types of ultrafast optical
switches basecd on a2 new type of nonlinear laser beam propagation
which occurs in planar waveguide structures. Under appropriate
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conditions, we are able to demonstrate that a specially shaped
beam, called a spatial soliton, can propagate in a glass planar
waveguide without significant distortion. (Conventional laser
beams, which are not solitons, unaveoidably spread out as they
propagate in buik media.) Our resulis constitute the first
observation of spatia! solitons in a solid state material. This
work will be pressnted as an invited paper at the Confersnce on
Lasers and Electro-Optics in 1990, and a patent has been issued
(U.S. patent #4 858 880). (See TM-ARH-015352, TM-ARH-Ot5878, TM-

ARH-015871)

Semjconductor Lasers for Communications

© Coherent )ightwave systems are tha optical analog of
superheterodyne radic and microwave systems, The attributes of
such coherent iightwave systems are presently being researched by
Division 21310 (P. Kaiser, DvM}. Single frequancy, harrow
linewidth, and wavelength tunazbie lasers are essential sources for
the coherent lightwave system. Previously, we have reported the
qusrter-vave shifted distributed feedback lasers made by the
tiquid-phase spitaxy at Sellcore. Thase lasers exhibited stadle
single frequency with 2 linewidth of 3 MHz. (See TM-ARH-012347) We
have also reported a multi-electrode distributed Bragg reflector
(DBR) laser whose single frequency 1ight output could be tuned
elsctronically over a range of 1 terahertz. {(See TM-ARH-013847,
TM-ARH-014279, and TM-ARH-014808) In this reporting period, we
have modified the wavelength tuning conditions by allowing both
forward and reverse bias voltages on the tuning section, and the
tuning range has almost doubled. (See TM-ARM-0185529) Such
wavelangth tunable lasers not only have useful applications as the
1ocal oscilfator in the coherent )ightwave receivers, but alse have
potentisl applications in multi-wvavelength packet switching which
have besn extensively researched by Bellcore, linkage to Division
21380 (P. Shumate, DvM). (See TM-ARH-013582, TM-ARH-013874, TM-
ARH-013930, TM-ARH-014898)

Display Research

o Progress in efficient large-ares displays will impact new services
which are likely to create increasing demands for higher bandwidth
information networks. To gatn some insight into the evelution of
this technology., we have besn studying a column-shutter row-
backlight display which has potential for providing large-ares,
flat-panel displays capable of displaying full-motion vices. The
liquid-crystal technology necessary for the coiumn shutters is
almost avatlable. To obtain efficient, high-brightness row
backlights, a new type of row backlight based on "leaky light
guides” excited by high-efficisncy, high-brightnass light smitting
diodes (LEDs) was cevisad and demonstrated. An sxperimental
display using this backlight was about 2.5x more efficisnt than
commercial dc-plasma displays. A patent application is in
preparation. {(See TM-ARH-015047)
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Ultrafast Optics

o Semiconductor diode lasers are compact, reliable sources of
continuous wave or modulated light for use in current optical
coomunications systems. Future high-speed systems, howvever, may
require short optical puises. Ve have investigated the use of
semiconcuctor lasers and amplifiers to produce high psak power,
ultrashort optical pulses; and we have succesded in generating
picosecond pulses with peak powers of several watts. The peak
powers produced by our system are a factor of ten higher 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-015458 and TM-ARH-018878)

Optica) Signal Processing

o Dense surface-emitting laser arrays may find important use in a
variety of applications, such as optical signal processing, optical
interconnection systems, and optical data storage. We have
demonstrated s new method of fabricating dense, two-dimensional
arrays of surface-emitting semiconductor lasers. Our method is
based on an ion implantation process which simplifies the further
processing steps required to implement integrated slectronic
addressing of the individual lasers in the array. We have used
this approach to fabricate 3 32 x 32 array of lasers vwhich utilizes
an electronic addrassing scheme known as matrix addressing. This
is the vorid’s largest array of lasers Wwith integrated slectronic
addressing. A patent application has been filed. (Ses TM-ARH-
015558, TM-ARH-015748, and TM-ARH-015749)

¥e have demonstrated that surface-smitting lasers can be used to
read-out two-dimensional images stored in holograms. Ay turning on
different lasers within the array, different images stored in the
hologram, each corresponding to a page of 100,000 btts of
information, can be retrieved. This work points the way to a
compact, fast access time, holographic memory, which could
potentially ba used for optical data processing and distribution
systems. A patent apptication on this work has besen filed. (See
THM-ARH-015083)

Optical! Phanomana and Spectroscopy

o The control of the growth of semiconductor device materials and
structures is cructal for reliable, low cost optical and slectronic
componant technology. We have recently invented a double wmodulation
extension of our noninvasive optical method of monitoring crystal
growth in real time, which gives important rexl-time information
about a semiconductor surface during growth. This invention aisc
solves a 20-year problem of how to obtain chamical and structural
information about a semiconductor surface without having to destroy
the surface. Using this approach, we have established the behavior
of several GaAs growth surfaces of interest for molecular beam
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epitaxy. Theoretical catculations have also been performed to
relate the observed optical structure to specific transitions
inveiving 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
control of growth processes. At last count, this project has
generated 8 invited talks at major conferences in 1989 and 1990. 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 Project provides for the development
of a Jeading edge knowledge base in such key arsas as optical and
solid-state science. Emphasis is placed on aspplications to current
and future needs in matwvorks, services and operations. The substantial
banefits of this Project accrue to all Owner-Clients andd 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 properties of laysred and small volume
samiconductor structures. Of particular tntereast are the surface
and interface properties. These structures are expected to be key
elaments in the next generation of telecommunications components.

Research on ultrafast optics and optical sighal processing including
research on optical switching, nonlinear optical phenomenz, optical
and optosiectronic impliementations of meural networks, and the
genaration, handliing and transmission of ultrashort time duration
laser pulses such as those required for very high bit rate optical
fiber communications.

Research on optoslsctronics including research on methods of creating
thae structures nesded for low-cost, high performance lasers and
amplifiers, surface-smitting laser arrays, and the integration of
eptical and electronic components on a single chip. Research
prototyps devices will be supplied for advanced systems ressarch
experiments.

Research on photontc components including research on the design

and fabrication of integrated optical components. Research
prototype comporents will be supplied for acdvanced systems research
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PROJECT OVERVIEW:

The contributions of eiectronic science and technology research to
device technologies critical for current telecommunications science
are indisputable. Present research trends are toward systems
exploiting higher speed, lower power, greater flexibiltty in network
contrel, and increased use of optical components to provide for the
networks and network services of the future.

Experience has shown that to sustain continuing systems evolution, a
pattern of componant technology discovery is required; discovery aimed
at exploiting more complex and unique applications of materials and at
the reslization of smaller devices, consuming l1ess power and capable
of increased speed and more complex function. Also, as the network
evolves toward greater use of optical technologies, with the
advantages of high-bit-rate optical transmission now well established,
advances in the performance of components integrating electronic and
optical functions hold promise of an evelution toward increasing use
of optical contrel tn the network.

Thus the challsnge today, in planning for future network needs, is to
determine the correct mix of optics, electronics and integrated
optoslactronic component technologies to take advantage of the broad
bancwidth avatilable with optical fiber, while achieving efficient, low
cost, effective high-speed information distribution. This challenge is
addressed at a2l! levels in Applied Research {AR) projects, and the
members of this project contribute by conducting research covering a
wide range of topics in electronic science and technology.

This project’s principal aim is to advance the understanding of the
electronic proparties of materials and devices which dafine and limit
their potential impact on telecommunications science. A major goal is
to contribute to maintaining the pace of discovery necessary to
sustain the svolution of components recuired to achieve and anticipate
advanced network capabilities. Presently, of particular importance
are those components contributing to the svolution of efficient
broad-bandwidth fiber transmission and high-spesed switching.
In pursuit of these goals, the Division’'s ressarch program has four
major thrusts;
1. high-speed device research aimed at influancing the svolution of
technologies important for future telecommunications
applications, such as low power eslectrical components fabricated
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using compound semiconductor materials, high-speed switches, low
noise optical receivers and integrated optoelectronic devices;
and, in collaboration with Bellcore systems researchers, provide
prototype research devices desighed to meet the need of
expariments aimed at clarifying network evolution,

2. oquantum structures research, investigating the science and
fabrication of small structures aimed at contributing to the body
of knowladge required to anticipate the impact on exchange
natworks of future generations of high performance devices, while
at the same time, providing a Bellcore material processing
resource for investigating such state-of-the-art cgevices for
advanced systems experiments as distributed feedback (DFB) lasers
and submicron transistors,

3. solid state physics research aimed at providing early access to 2
broad range of emerging research results, particularly in areas
expected to contribute to our understanding of the evelution of
electronic davices potentially important to telecommunications,
and

4. material and device characterization research atmed at providing
analytic support to a range of AR research programs by providing
detailed information on material, and material structures,
eritical to understanding the influence of fundamental material
properties on useful applications,

In addition t& work done in our own taboratories, members of this
project engage in a range of collasborative research activities
involving university centers, national laboratories and other
corporats research organizations. These collaborstions are designed
to enhance and extend our capabilities and often involve other AR
organizations as well. The combined purpose is to secure a rels Iin
the world of science and technolegy 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 research have
been:

1. picnesring research on the electronic device applications of
Indium Phosphide based semiconductor materials more typically
used for optical componants in fiber systems. This research is
having significant impact on our understanding of how
optoslectronic device technologtes will impact future fiber
systems,

2. advances in microfabrication technologies that have permitted the
fabrication of some of the smallest snginesred structures ever
reported, work that has contributed to the realization of
ressarch prototype laser devices currently finding application in
a number of AR advanced optical systems experiments,

3. the demonstration of unique technigques 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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exchange access networks, and

4. new insights into the material structure of high temperature
superconductor materials that are contributing significantly to
our understanding, and ultimately to our ability to exploit, this
remarkable physical phenomenon.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

The following provides an update en work performed in Division 21120
(R. Leheny, DvM). This and other work have resutted in 109 Technical
Memoranda issued during the period 2HB89-1HS0; also § patents were
issued and { application was filed. This project’s work continues to
benefit directly from the materials and other support received from
Divisions 21110 (P. Smith, DvM), 21130 (V. Keramidas, DvM) and 21140
(B. Reaagor, J. Wernick, DvMs). In addition, wa benefit from ongoing
collaborations/linkages with Divisions 21310 (P. Kaiser, DvM) and
21330 (N. Cheung, DvM) in the area of high-speed optoelectronic
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
tapbrication of state-of-the art research prototypes components for use
tn systems experiments.

High Performance Transistors

The major thrust of our research in high performance transistors (s to
advance the application of Indium Phosphide based materials. One
principal impact of this work will bs to provide ressarch prototype
devices to systems ressarchers. This work relies on continued
collaboration with Division 21130 (V. Keramidas, DvM).

o Present broadband fiber optic systams experiments and future
optical signal processing systems research require access to
transistor technologies capable of providing high gain and fast
switching spseds. We are researching the performance tmprovements
poessible by decraasing the control electrode dimensions on
InAlAS/InGaAs Field Effect Transistors (FET). This work has
yislded transistors axhibiting record high transconductance (1150
milli-Siemens/mm of gate length) and very high output current drive
(tn excess of 1.0 Ampares/mm gate langth) with cut-off frequencies
approaching 200 Gigahertz.

© We are investigating delts doping technigques as » means to increase
charge in Field Effect Transistor (FET) conducting channels to
increase transconductance of thase devices. This work has
demonstrated that transistors incorporating delta doping exhibit
enhanced characteristics.

Integrated Dptoetectronic 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, 1989 the IEEE Laser and Elactro-Optic Society (LEOS), and
a numbar of government agencies sponsored a Workshop for the
purpose of defining the current status anc future prospects for
OEIC technologies. Bellcore Researchers were major contributors to
this conference.

o Integration of detector-waveguide combinatiens is axpected to allow
enhanced on chip optical signal processing such as Wavalength
Division Multiplexing (WOM). We are investigating photodetectors
integrated with either Field Effect Transistors or wavaguide
structures.

c For many applications, fully integrated photoreceivers are axpected
to provide a low-cost alternative to hybrid circuits and when
integrated inte arrays also will permit enhanced signal processing
functions, for example WDM. We have demonstrated the monolithic
integration of a complete high performance transimpsdance
preamplifier. This research prototype chip is currently being
invastigated with members of Division 21310 (P. Kaiser, DvM) for
use in high-speed subsystem applications.

o Monolithic integration of active optosiectronic components and
waveguides offers a numbar of advantages but an alternative
approach separates the problem of optimizing performance of
disparate devices by taking advantage of the technique for etch
removal of thin fiims (lift-off) demonstrated by Division 21110 (P.
Smith, DvM) to transfer devices from the substrate.

o A novel approsch to laser diode design is based on vertical
resonators that emit their output besam from the surface of the
laser chip which make them interesting for integration with
electronic components. These prelimtnary device results are already
finding applications in Division 21110's (P. Smith, DvM) optical
neural networks research.

Material and Device Processing Research

A broad range of device research programs within Lab 211, aimad at
making available experimential prototyps devices such as distributed
feedback (DFB) lasers and high performance transistors require access
to advanced material processing. Much of this work is done in
collaboration with Divisions 21110 {P. Smith, DvM}, 21130 (v,
Keramidas, DvM) and Diviston 21140 (B. Reagor, DvM).

o In a widely publicized celisboration with Division 21130 (V.
Keramidas, DvM) and ATAT Sell Labs parsonnel, we have continued to
research the material growth and processing required to achieve low
threshold current operation of novel vertical smitting laser
structures.

o For optical signal processing and integrated optoelectronic
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applications, low threshold current lasers provide a particular
advantage. Thresholds as low as 0.35 milliamp have been
demonstrated and further reductions to as low as 0.1 mitliamp are
predicted.

o Even further reduction of laser threshold regquirements to the
microampere level should be pessible. We demonstrated 30%
reduction in thresheld current from 3.5 to 2.4 milliamps.

© The fabrication of structures in which electrons are confined in
three dimensions is possible, We have demonstrated the smallest
enginsered three-dimensional structures; vertical semiconductor
columns Tess than 30 atoms across.

© Advances in semiconductor material processing could have
significant implications for telecommunications. 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 tine patterning of high Tc superconducting material is
critical for many of the anticipated applications of these
materials. We have demonstrated a new atchant for these materials
which permits etching in a more controlled manner than is pessibie
with alternative methods. A patent has been obtained on this
process.

Electron Transport in Semiconductor Heterostructures

Specially prepared semtconductor haterostructures will form the basis
for the naxt generation of transistoer devices that are expected to
contribute to maintaining the evelution of high performance electronic
systems for telecommunications applications. We conduct research on
electron transport in these material structures with the goal of
establishing a knowledge base for potential future device technologies
anticipatad to be important in mesting these system needs. This work
is done tn collaboration with Division 21130 (V. Keramidas, DvM}.

o Electron transport in very narrow semiconducting wire structures is
expescted to be important for the design of future transistor
devices. Our studies are currently aimed at investigating the
influence of the wave character of electrons in small structures.

o Investigations aimed at understanding and exploiting the potential
for infra-red light amission dus to electronic transitions between
quantum states formed in the conduction band of superlattice
structures have shown that conduction band to valence band
recombination plays an important role. It has besen found that as a
result of efficient impact ionization, electrons can generate
holes; and this process modifies the effective electric field in
the superlattice. Further, this process gives rise to band-to-band
light emission in an otherwise uni-pelar structure, i.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 it would appear that they hold the potential for such uses as tow
loss power distribution within buildings, high-speed switching, high-
spead interconnections on and betwaen circuit boards, and novael
slectronic devices based on the unique properties of superconductivity
in thase materials.

o One application of high Tc superconducting matertals exploits
their low resistance for low loss, passive microvave devices such
as high Q filters and compact delay 1ines. Betlcore investigations
of the microwave properties of Yttrium Barrium Copper Oxide
{YBaCuQ) materials are generally recognized as leading the world
effort in this area. Work aimed at realizing practical high Q
filters has begun.

o Some applications of high Tc materials to high-speed switching with
low power requirsments await the demonstration of a junction
technology. Further effort is required before practical prototype
devices can be demonstrated.

o Investigations of the supercornducting proparties of high Tc
materials in high magnetic fields, or at high current density, are
centered on understanding the nature of the motion of elementary
units of magnetic flux called fluxons. This work is expected to
contribute to the cdevelopment of a comprshenstive theory for
suparconductivity tn this class of materials.

Elsctro-Optic Properties of Conducting Polymers

We are investigating a class of organic semiconductors with
interesting electro-optical properties, including very large non-
Tinear optics) response, known as conjugated polymers. Thetr
potential practical applications for telecommunications include all-
optical switehing and low cost electro-optical components. This work
is being done in collaboration with Divisions 21110 (P, Smith, DvM)
and 21140 (B. Reagor, DvM).
© Raviews of recent Bellcore work related to the nonlinear optical
properties of conducting pelymers and realizing practical optical
switeching devices utilizing polymer materials wers published.

Materials Characterization

Material characterization links material preparation and application
by providing detailed information, often on an stomic scale, of
structure and composition. Accomplishmants in this area sre often
characterized by the insight they provide into properties critical to
achieving the enginsered material structures important to
optoslectronic devices. Most of the accomplishments reported here are
the result of collaborations with Division 21130 (V. Keramidas, DvM).
¢ Electron microscopy provides a means to sxamine materials with
nearly atomic resolution allowing detailed studies of defects and
related anomalies of growth pattern. With members of Divisions
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21130 and 21140 (V. Keramidas, and 8. Reagor, DvMs), in a series of
investigations of high temperature supearconducting 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 nacessary to improve the quality of films
for future device applications.’

o The kind of information obtainable by detailed electron microsecopy
is critical to achieving high yield, and consequently low cost, for
high parformance electronic circuits. Working in cotlaboration
with Division 21310 (P. Kaiser, DvM), and as part of a research
coliaboration with Avantek, we have provided information important
to demonstrating process problems in realizing Si-1C's ocperating at
multi-gigabit rates.

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work of this Applisd Research Project provides for the development
of a leading edge knowiedge base in such key areas as optical and
solid state science and materials research. Emphasis {s placed on
applications to current and future needs in networks, services and
operations. The substantial benefits of this Project acerue to alil
Owner-Clients and are unable to be prevented from accruing te an
Owner-Client who might elact not to participate in the Project.

RESEARCH DIRECTIONS:

Continue ressarch on the design and fabrication of ressarch 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 IC
(Integrated Circuit) technologies based on InP/GaAs transistor
technologies for low power, high-speed optosiectronic applications.

Continue research on the integration of electronics with optical
devices (optoslectronic integration), in particular the combination
of optical modulators and drive eslectronics, photodetectors with
receiver electronics, and othar combinations aimed at performing
efficient generation, detection and switching of high-bit-rate
optical signals.

Rasearch the application of regrovth techniques, incorporating
muitiple growth steps in.a manner commonly used in silicon device
fabrication, to the fabrication of experimental integrated
optoelectronic components using compound semiconductors, which

could greatly facilitate the fabrication of complex device structures.
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Research to advance the technology of electron beam 1ithegraphy 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 other materials aimed at establishing the lTimits
for enginesering material structures on a scale whers the quantum
nature of matter becomes important to determining optical and
elactrical properties.

Research the electrical properties of microstructures at very low
temperatures and very high magnetic fields to identify the physical
properties governing charge transport in the lTimit where the guantum
nature of matter significantly infiuences classical behavior.

Research the application of analytical techniques such as Transmission
Electron Microscopy, Secondary lon Mass Spactroscopy, X-ray Scattering
and Neutron Scattering to the investigation of material and device
structures of interest for advanced telscommunications components

such as novel transistors, lasers and other optoelectronic devices,
enginesring material structures, and new materials such as the high
temperature superconductors,

Resezrch the physical relationship betwesn material structure and
electronic pesrformance, in particutar the relationship between

the detailed structure of layerad materials and veoltage-current
reiationships governing the passage of charge through them. Thase
material structures are playing an increasingly more important role
in modern optostectronic devices.

Resaarch the properties of non-standard materials such as organic
semiconductors and the naw high temperature superconductors, with
the aim to identify physical properties important for potential
telscommunications applications such as efficient non-linesar optical
properties or efficient high-speed signal transmission,

Research the use of submillimeter-wave spectroscopy in conjunction
with intense magrnetic fields to determine the properties of electrons
in structured semiconductor materials which are expacted to be
important for future telecommunications devices.

........... B e I I I R N L R L L L L T R L L L
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Betlcore Product Manager: Tel. No.:
A. BERGH (201) 829-4938

This Project is a Compconent 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 82110t (P.W. Smith, DvM) and
£21102 (R.F. Leheny, DvM), Photonic and Electronic Science and
Technoiogy Research raspsctively, with the materials thay nsed,
materials not commercially available but required for their research
and for creation of experimental ressarch prototypes to be
incorporated i Belicore’s systems research projects. Optical
componants (lasers, detectors), electronic devices at higher speed
oparating with tower power (transistors, drivers) and optoelesctronic
integrated circuits are playing an increasingly important role in the
evolving exchange network. All such devices are made with complex
“marmade” materials. To understand the potential impact of thase
devices on metwork 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 understancing
obtained through systems experiments utilizing these new, high
performance devices provides the funcamental knowledge base needed for
the cost effective planning of exchange networks with snhanced network
capabilities.

PAST YEAR RESEARCH ACCOMPLISHMENTS:

Semiconductor Materials Ressarch

Surface Emitting Microlasers and Microlaser Arrays

o Vertically emitting lasers have great potential for
telecommunications applications. They can be coupled much more
efficiently inte optical fibers than conventional side smitting
lasers currently used. Materials made by the process of Molecular
Beam Epitaxy (MBE) as @ composite of over 800 individually
controlled, ultrathtn layvers have state-of-the-art thickness
control of 1% and materials composition tolerance of 0.5%. They
are used to fabricate extramsly small lssers and groups of lasers
called laser arrays. Thase materials achisvements lead to lazers
with extremely low threshold current (1.5mA) {(the minimum current
at which the laser can operate), with high yields and high

PROPRIETARY - Bellcore and Authorized Ciients Only
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reproducibility. Low threshold currents are important bacause they
recuce the overall operating power requirements. The experimenta)
prototype arrays have about 2 million lasers on a square centimeter
size chip, with sach laser only § micrometers in diameter, the
smallest lasers made in the world. Fabrication of the devices
requires spacial patterning and etching processes which are carried
out in collaboratien with Diviston 21120 {(R.F. Leheny, DvM).
Testing is carried out in collaboration with Division 21110 (P.W.
Smith, DvM)., (TM-ARH-015083, TM-ARH-015084, TM-ARH-O15118, TM-
ARH-015130, TM-ARH-015220, TM-ARH-018435, TM-ARH-559)

Ultra-Thin Layers for Electronic and Optcelectronic Devices Lasers

o Lasers whose turn on (threshold) current is tow reduce the power
requirements for operating the fiber network. By using Molecular
Beam Epitaxy (MBE) to grow very thin layers (quantum wells) on
substrates from which parts have been prefersntially removed to
generate grooves, record low threshold expsrimental prototype
1asers were made which operate at currents of as low as 0.35
milliamp, the lowest value ever reported, (collaboration with
Division 21110, P.W. Smith, DvM). Achievemant of such low current
operation is essentia)l for effictent integration of electronic
devices and optical devices, an important research direction for
future low-cost reliabie devices for fiber telecommunications.
(TM-ARH-013422, TM-ARH-013988, TM-ARH-14843, TM-ARH-015459).

Transistors .

o Transistors are ubiquitous devices in every aspect of
telscommunications. The higher their performance, the faster are
the processes they perform. Research prototypes of high
performance Field Effect Transistors (FETS) have been prepsred 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 psrformance
(collaboration with Division 21120, R.F. Lehany, DvM). (TM-ARH-
013882, TM-ARM-014718).

Buried Metal Layers

© Metallic layars are always used for contacts and as components of
many devices. Stable metallic layers improve the reliability of
devices anc systems. Research has continued on the epitaxial
growth by molecular beam epitaxy (MBE) of metal iayers which can be
buried between gallium arsenide ssmiconcductor layers. Work in
progress utilizing the metal nickel alumirum has now been extended
to the meta) cobalt aluminum, which has s 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 tha cobalt compound)}. The intimate coupling of the growth of
both metals and semiconductors has extremsly important potential,
since all present semiconductor optoelectronic devices require that
metails be included for electrical contacting. This in-situ method
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of matalltization has the added advantage that the interface between
metal and semiconcuctor 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 etectrical
properties of the metal-semiconductor interfaces and have found
that the metal-semiconductor interfaces make excellent diodes,
which can tn fact be snhanced by including thin layers of aluminum
arsenide between the metal and gallium arsenide. (TM-ARH-014739,
TM-ARH-014977, TM-ARH-015425, TM-ARH-014822)

Growth on Non-Planar Substrates

Lasers :

© Lasers are very expensive { ,500 sach) because of very low
fabrication yields and very complicated processing steps. Growth on
non-planar gallium arsenide and indium phosphide substrates, where
material was removed prefersntially 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 dependence of
the dopant (impurity) incorperatien on the type of facet of the
material on which it is deposited, experimental prototype long
wavelength lasers of the type needed for fiber optic communications
were grown in a single step, instead of three. This is possible
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 expescted to lower considerably the
cost of lTasers and improve the yields (TM-ARH-015372).

Waveguides

o Waveguides when tapered in three dimensions make possible far
better coupling between photodetectors or optical fibers and will
have significant impact in incorporating optoelectronic circuits
for fibar-in-the-loop. Growth of such waveguides on non-planar
gallium arsenide (GaAs) substrates where part was preferentially
removed to generate special dimension trenches, was studied and a
technique was established by which prototype tapered waveguides
were made (Collaborstion with Div. 21110, P.W. Smith, DvM) (TM-
ARH-014878).

AlInGaAs Lasers for Erbium doped Fiber Pumping

© The smergance of fiber amplifiers for use in the fiber-in-the-loop
creates & need for solid state lasers to “"pump" the fiber
amplifiers. High quality aluminum indium gallium arsenide
(A1InGaAs) layers were grown by organometallic chemical vapor
deposition and used to fabricate experimental prototype lasers
opsrating at 0.98 microns. Stripe 1asers 25 microns wite smitted
as much as 370 mw of power. Their turn on (threshold) currents, are
comparable to that of conventional 1.3 micren indium gallium
arssnicde phosphide (InGaAsP) Jasers (collaboration with Div. 21110,
P.W. Smith, DvM). The layers from which the light originates are
grown intentionally to be under strain. This built in materisis
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property allows adjustment of the lasing wavelength between .85
and 1.65 microns, a very desirable flexibility for fiberoptic
commmications (TM-ARH-015704}.

Fiber Optical Materials Research

Fiber Amplifiers

o Fiber amplifiers are rapidly evolving as viable components for the
implementation of fiber coomunications. We have investigated the
effect of glass composition and pump wavelength on amplification
gain of silica glass optical fibers with the intentionally
introduced impurity, erbium. We have observed over 3 dB/mv gain at
the pumping wavelength of 0.98 microns in a fiber designed for wide
(1525 to 1580 nm) optica]l bandwidth. These fiber amplifiers have
been used to demonstrate simu)taneous gatn of over 20 dB per
channel, for a high density wavelength division multiplexed system
(HD-WDM) using 16 lasers, with 2nm spacing and an overall span of
34 'm. This system experiment demonstrated the use of fiber
amplifiers in the distribution network., The system provided
simultanecus distribution of 100 FM TV channels with subcarrier
multiplexing with 12 distributed feedback (DFB) lasers and six 822
Mbits/sec digital channels for data and/or HDTV channels.
(Collaboration Divisions: 21110, P. W. Smith, DvM; 21310, P.
Kaiser, DvM; 21410, S. Weinstein, DvM and 21380, P.W.Shumate, DvM.)
(TM-ARH-015847, TM-ARH-014814, TM-ARH-0148868, TM-ARH-018058)

Long-term Fiber Reliability

© Our work through the Electronics Industries Association (EIA)/
Telscommunications Inoustriss Assoctation (TIA) committee has
resulted in the adoption of a fiber dynamic strength measurement
test procedure as an industry wide standard. This will impact on
the assurance of long-term fiber reliability in the exchange
network. This test procedure will now be submitted to the
tnternational standards bodies such as The Consultative Committes
of International Telephone and Telegraph (CCITT) and the
International 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 {n such key areas as materials
research. Emphasis is placed on applications to current and future
needs in networks, services and cperations. 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.
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RESEARCH DIRECTIONS:

Research will continue on the growth, by organometallic chemical
vapor deposition techniques, of ultra thin layers of materials with
abrupt interfaces and controlled physical, optical and electrical
properties and of the utmest purity for devices and integrated
circuits to be used in experimental system prototypes for
fiber-in-the-loop.

Research wil]l continue on the growth, by melacular beam epitaxy, of
device structures on planar and non-planar substrates for surface
emitting lasers, transistors, waveguides and other devices with
techniques that will ultimately result in low cost devices for
fiber-in-the-loop.

Research will contirnue on the growth of individually designed
semiconductor structures having atomically thin crystal layers,
to meet the needs of research programs within Bellcore that are
exploring the svelution 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 films
has been initiated. The emphasis here will be on low temperature
processing of application in high-spaed electronic circuits.

Research will continue on new and mocified fiber compositions for
optically active fiber amplifiers and lasers. The intentiona),
controllable incorporation of impurities that enhance amplification
and lasing performance in fibers will be studied.

Participation in the Electronic Industries Association (EIA) fiber
coating committee will continue in order te provide input 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 DS
Significant Change Date:
08/20/90

PROJECT OVERVIEW:

This project will produce generic requirements to support real-time,
publtic circuit switchad DS1 and fractional DS1 (SWIFT-DSY) service
capabilities. The project will also expiore preliminary generic
requirements for higher rate switched service capabtlities (e.g.,
DS3, SONET).

Technology advancements in the areas of low bit rate video CODECs,
low cost Synchronous Opticatl NETwork (SONET) transmission eguipment,
and increasing data traffic has resulted in a growing market need for
public switched, widsband services. A public switched DS1/fractional
DS1 service capabtlity allowing customers to set up and tear down
1.544 Mbit/s and fractional DS1 connections in rezl-time should be
cost-affective, near-term solution that satisfies part of this market
naed. This service capabtlity aliows use of existing DS1 customsr
pramises squipment without modification. SWIFT-DSY will also be
supported over ISDN Primary Rate Interfaces. (Note: that the

ISDN and non-ISDN interface will be compatible.)

The formulation of generic reguirements for switched DS1 service
capabilities will promote a multi-vendor snvirorment and allow
sevaral supporting technology platforms (e.g., n x 84 kbit/s switch
fabrics, digital cross-comnect based solutions, asynchronous transfer
mocie based solutions) to be used. Severa)l vendors are currently
daveloping real-time switched DS1 service capabilitias for their
products but without Sellcors generic requiremsnts, their itmplementa-
tions will be incompatible. Initial vendor trials for the switched
0S1 and fractionat DS1 service capabilities are expectsd in late
1991,

DESCRIPTION OF 1891 WORK:

The focus of this project in 1991 will be to issue TR-TSY-001088 on
the pubiic switched DS1/fractional DS1 service capabil{ity.

© Produce high tevel service descriptions discussing the
architectural and other planning issuss associated with
wideband, public switched services.

© Support interacttons with the vendor community in the
PROPRIETARY - Bellcore and Authorized Clients Only
This document contains proprietary information that shall be

distributed or routed only within Bellcore and its authorized
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development of appropriate generic requirements.
¢ Support appropriate standards (i.e., T1S1) work.

¢ Define the user and interoffice interface specifications te
support these services. This includes specification of
appropriate Sigmlling System 7 (S57) messages for
interoffice appiications and the specification of
appropriate Plain 0ld Telsphone Service (POTS) and
Integrated Services Digital Network (ISDN) signaling
at the customer interface.

o Develop appropriate generic switching requiremsnts. This will
include appropriate billing and operations requirements.

OELIVERABLES:

No: FS0

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 8/30/91.

No: FS51

Original: Commitment Date: 3Q91t
The projeact pian for the Switched DSt1/Fractional DS1 project will be
delivered to designated client representatives from Bellicore by 9$/30/91.

No: F52

Qriginal: Commitment Date: 4Q91
Status reports on standards activities relevant to switched DS1/fractional
051 wil] be ceiiversd to designated clisnt repressntatives by 8/30/81 and
12/31/91.
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This Project is a Component of the Bellcore Product:
AIN RELEASE 1

Sigﬁ2ficant Change Date:
08/31/80

PROJECT OVERVIEW:

Advanced Intelligent Network Release 1 (AIN R1) is defined as the
set of network changes targeted for 1894 that evoive the Belicore
Client Companies’ (BCCs’') networks toward meeting AIN goals of
programmability, milti-vendor environment, and standard interfaces.
The Rt architecture will incorporate the attributes of the various
AIN Release O architectures deployed in 1991 and 1992, increase
their functionality, and bring the network a step cioser to the
Information Networking Architecture (INA) target.

The major bernefit of this Project is that it provides tha nscessary
planning and requiremants for a service-independent, vendor-
incependent platform which will facilitate the deployment of

new revenus-generating services in your company’s network.

Key assumptiens are that:

~ Vendor products based on AIN R1 requirements nesd to be available in
the 1984 time frame;

- AIN R1 requirements will be based on the AIN Rt Baseline
Archi tecture and the AIN R1 Network and Operations Plan;

- Technical Advisortes for AIN Switching Capabilities,
SCP Node, Service Logic Execution Environment (SLEE),
and the Application Layer Protocol! will ba released
at the enc of 1980 andt will serve as the basis
for the work on the Technical References coveresd
by this Projsct.

DESCRIPTION OF 1991 WORK:

Sellicors will continue its work to develop generic requiremsnts for
AIN Network Elements (NEs) and Operations. Included in this Project
is generic requirements work to produce tha following:

- Dafinition of the AIN Switch Capabilities which are the features
necessary for a switching system to recognize and handle calls that
require AIN processing. These AIN Switch Capabilities incluce
description of the AIN Rt call model, billing capabilities, as well

PROPRIETARY - Bellcore and Authorized (lients Only
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as impacts on switching system operations, performance, reliability,
fault recovery, and traffic engineering.

-~ Formulation of switching system reguirements which are specific to
the signating and interactions between a switch and a Service
Control Point (SCP) eor adjunct.

- Definition of the Service Logic Execution Envirorment (SLEE) common
to adjunct and SCF applications for the support of AIN service
logic. Billing, performance, fault recovery, and reliability
impacts will alse be considered.

- Formulation of Adjunct system reguirements supporting AIN R1
functions anc operations (nterfaces. B8illing, performance, fault
recovery, and reliability impacts will also be considered.

- Formuiation of SCFP Node requiremants supporting AIN R!1 functions and
network, billing, and oparations interfaces. Performance,
fault recovery, and reliabitity impacts wilil also be considerad.

- Formulation of the switching system, Intelligent Peripheral
{IP), and Resource Control Execution Envirorment {RCEE)
requirements which are necessary to specify the signaling
and interactions between a switch and an IP.

- Further gefinition of the Service Logic Program (SLP) architecturs
which includes Administrative SLPs (ASLPs), Feature SLPS (FSLPS),
and Operations SLPs (OSLPs), and refinement of the SLP Programmer
Refsrence Manual.

- Formuiation of methodology for managing AIN feature interactions
(particular emphasis will be given to the creation and population
of Feature Interaction Tables).

In addition, this Project provides the generic requirements definition
for:

- Opsrations capabilities {n NEs required by AIN R1 and for
associated Oparations Applications (e.g., memory administration,
surveillance, testing, data collection, trsffic management).

- R1 specific NE/Operations System interfaces (e.g., SCP/Memory
Administration).

- R1 specific Operations System/Operations System interfaces
(#.g.., Service Negotiation and Managemsnt/Memory Acgministration).

Note that this work does not include reguirements for the Service
Negotiation and Managemant (SNAM) application-independent ({.e.,
platform} capabilities which are offered in Projects 923457 & tR4128.
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AIN RELEASE 1 PLANNING & REQUIREMENT IR411¢
DESCRIPTION OF 1991 WORK: (CONT. )

it does, however, inciude work to incorporate SNiM data requirsments
into the Release 1 informatien model.

Additional AIN R1 planning activities in this Project include:

- Verification of the AIN R{ architecture across architectural
elements so as to insure that services can be successfully
builit and supported.

- Dngoing requirements-focused interactions with potential! vendors
of AIN R1 products. This will include responding to written
comments provided by vendors in reaction to AIN R1 Technical
Advisories or Spacial Reports reporting to the BCCs on vendor
comments, and on proposals for addressing those comments.

- Support for the AIN Billing Team and Automatic Message
Accounting Technical Support Group.

- The examination of the performance of the AIN R1 architecturs.
Inciuded in this effort will be:

*+ The creation of an analytical modal! and simulator to study the
delay and capacity of the Switch/Adjunct interface in s
typical deployment scenario.

*= Switch capacity issues (including the investigation of the effect
of the call mocdel, triggers, and signaling interfaces).

* The snhancament of the AIN Service Performance Analyzer (ASPA)
which is a SLEE simulator tool develcped to assist the AIN
service designers in evaluating the performance impact of a
rev service on the SCP and Adjunct in terms of delay and

throughput.

In addition, this Project contains business support activities
which will provide the BCCs with sconomic, regulatory, and businass
information support for AIN R1.

- Perform Business Managemanht function for AIN.

~ Support the BCCs in their business analysis of AIN deployment.
Examples of such support include generic sconomic and market
smlysis, developmant of tools for use by the BCCs in the
performance of their own economic and business analysis of
AIN services, identification of possible new services, and
svaluation of associated regulatery and stakeholder issues.

- Assass cross-slastic effects of AIN services on sach other,

on existing services, and with respect to services offered
by intersxchange carriers and enhanced service providers and
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Project Name: Project No.:
AIN RELEASE 1 PLANNING & REQUIREMENTS 1R4111
DESCRIPTION OF 1991 WORK: (CONT.)

customer pramises equipment offered by equipment vendors.

- Amalyze different deployment options under consideration by the
BCCs to provide AIN services te 1A ESS customers.

- Obtain an understanding of various stakeholder and regulatory issues
for reprasentaztive AIN services. Seek issues resolution by working
with appropriate client and stakeholder bodies.

DELIVERABLES:

No: QD1

Original: Commitment Date: 2091
Adjunct System Technical Advisory (TA}: These requirements for AIN R1 will
include identifications of adjunct functionality and adjunct interfaces to
othar network and operations systems. This TA will be ready for order

and shipment by June 30, 1981,

No: 002

Original: Commitment Date: 3Q91
Switch/Adjunct Interface Technical Advisory ({TA): These genaric
requirements will focus on the definition of the lower layer protocels to
be used for the interface between the AIN R1 Adjunct and switching systems.
This TA wil) be reacdy for order and shipment by September 30, 1991,

No: 003

ODriginal: Commitment Date: 4Q%1
AIN Release 1 Report: Provides an assessment of changes from the Technical
Advisories (TAs) planned to be included in the Technica) References (TRs)
2% 8 result of industry feedback. Covers the switching system; Service
Logic Execution Envirorment (SLEE); switch/SLEE application layer protocotl
and Sarvice Control Point (SCP) Node. Tha report will be available by Dec.
31, 1998t; the TRs will be reacy for order and shipment by Jure 30, 1982.
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Project Name: Project No.:
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DELIVERABLES: {CONT .}
No: 004

Original: Commitment Date: 3081t

AIN R1 Intelligent Peripheral (IP) and Switch Interface Generic
Requirements Technical Advisory (TA): Defines the signaling and interface
betwean an IP and an AIN Ri1 switching system. Descriptions of Resource
Control Exscution Envirornment (RCEE) functionality needed toc define

the interface will also be included. This TA will be ready for

orger and shipment by September 30, 19981.

No: D05

Griginal: Commitment Date: 1Q81
AIN R1 Operations Applications Genaric Requirements Special Report (SR)
Issue 1: Provides generic functional requirements for operations
capabilities that are new for AIN R1. This BCC-propristary SR will be
ready for order and shipment by February 28, 1891,

No: 006

Original: Commitment Date: 3Q91
AIN R1 Specification of Nessages at the Operations System (0S)/Network
Element (NE) Interface Techntcal Advisory (TA): Presents generic
requirements for messsges between NEs and 0Ss to incorporate new

operations capabilities required for AIN R1. This TA will be ready

for order and shipment by September 30, 1981,

No: 007 :

original;: Commitment Date: 3Q91
AIN R1 Specification of Messages at the Operations System (05)/Operations
System Interface Special Report (SR) Issue 1: Describes genaric
requirements for messages between 0Ss required by new AIN Rt

capabilities. These requirements will be ready for order and shipment

by September 30, 1881.

No: O0B

Original: Commitment Date: 4Q91
AIN Rt Operations Applications Generic Requirements Report: Will present

a preliminary view of Issue 2 of the AIN Opsrations Applications Generic
Requirements Special Report (SR). The report wil) ba available by

December 31, 1891; the generic regquirements SR will be available for

order and shipment by June 30, 1992.
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DELIVERABLES: {CONT. )
No: 009

Qriginal: Commitment Date: 2Q91

Performance Analysis of Switch to Adjunct Interface: Presents results of
a detailed study of the delay and throughput associated with the Switch/
Adjunct interface. This deliverable will be ready for order and shipment
by June 30, 198¢%.

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 R1 traffic. This delivarable will
be ready for ordar and shipment by December 31, 1891,

No: 011

Qriginal: Commitment Date: 4Q891
Enhancements to the AIN Service Performance Analyzer (ASPA): Will allow
the Service Logic Execution Environment (SLEE) simulator tool (that

was developed in 1990) to support analyses of 2 wider range of services.
This deliverable will also provide for the maintenance of the simulator
code. This deliverable will be ready for order and shipment by

December 31, 1991,

No: 012

Original: Commitment Date: 4Q81
AIN R1 Service Logic Program (SLF) Report: Provides a preliminary view

of the generic requirements covering SLP software architecture, SLP
programming, and procedures for resolving Feature Interactions which

will be included in the AIN R1 SLP Generic Reguirements Technical Advisory
{TA). The report will be available by December 31, 1991; the TA will be
ready for order and shipment by March 31, 1992.

No: 013

Original: Commitment Date: 3Q91
Deliver document on the results of preliminary laboratory testing efforts
for Data Communications Service Concepts. This activity wil) support

(AIN via} hands-on analysis of service opportunities.
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PROJECT FUNDING DEPENDENCIES:
291
Receives From:
TONS2X
Provides To:
1R4121 923457 1R4127 1R4128
REASON FOR INFRASTRUCTURE CLASSIFICATION:
This Project provides the formilation and promiigation of generic
recu irements for network squipment and software which are made

available through an open communication and interaction process
to a1l potential vendors of naw industry-wide network capabilities.
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FProject Name: Project No.:
AIN RELEASE 1 PLANNING 5 REQUIREMENTS 1R411t1
Bellcore Project Manager: Tel. No
N/A (000! 000-0000
Bellcore Program Manager: Tel. No.:
N/A {N/A} -
Bellcore Subject Matter Expert: Tel., No.:
N/A (000) 000-0000

Beltlcore Product Name:
AIN RELEASE 1

This Project supports the following Major Product(s):
AIN RELEASE !

Council: i Committee: i Forum:
RESEARCH & NETWORK ] NETWORK STAND. 8 ARCH. |, NOT APPLICASLE
’l."!=’.l=='="t=‘.sl.---====!I!'f-‘==8===’l===’=..-‘.’sz:’.-"-IEOI.!.-lttz
------------------- FUNDING REOUIREMENTS--n=----==-------=cocco-oocememmmnnu-
Project Type: i work Category: i i Start Date: o1/9%
| | | Completion Date: 12/92
INFRASTRUCTURE |, PREVIOUSLY FUND | MULTI-YEAR | Revised Comp Date: /
===Sﬁl"III.**'C!..IIH!!===SSI-ltllttSS22lI=B”SS"I"E*’...I.-."I-II‘I’C’I
------------------- FUNDING ALLOCATION---====--=====c----=scco-csmmeroomnnooay
Allocation Basis: O1 i Firm Quote: NO
====='8-----ll===.t‘..l"."8-ll‘l:’tI:===z‘SS.E’.S'.."ISG.’:’.--E."..-t--
Non Affiliate Participation in this Project allowed: YES

Non Affiliate Partictpants:
SNET cB1

Fund

Owner Flag Name Title Telephone ¥

sy b, Lateer AVP - TECH. SERVICES 312-805-2500
BA Y R. ALBERS AVP - TECH. PLANNING 703-974-8005
BS Y D. KETTLER DIR. - SCIENCE & TECH. 404-520-2802
NX Y R. MELGESEN MNG. DIR. - NTWK. PLNG. 914-883-2034
PB Y R. IRELAND AVP - TECH. PLANNING 415-823-7800
sw Y J. CARPENTER AVP - TECH. PLNG. & DEV. 314-235-18%0
us Y J. CZAK DIR. - NTWK. ARCH. & STDS 303-380-8408

2!8!l..'..l...l'.'t‘tt:.t’:’28lllI!'EII--II'!'IS“.:S!S!IEI!’III'II'IS‘I.:::

Research Tax Credit Application:
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Project Name: Project No.:
SONET RELEASE 1.0 INFRASTRUCTURE 1wWot111
Bellcore Product Manager: Tel. No.: )
J. M. CLARK (908) 758-4585

This Project is a Component of the Bellcore Product:
SONET REL. 1.0
Significant Change Date:
08/31/80

PROJECT OVERVIEW:

The Synchronous Dptical NETwork (SONET) Release 1.0 Infrastructure
project provides for the hasic foundation and common work needed to
support and move the SONET Relsase 1.0 Product forward. Primarily,
the work in this project is essential to develop the Generic
Requirements and Standards that will enable potential! vendors to
davelop and preoduce squipment and systems that will meat the Belicore
Client Companies (BCCs) needs for SONET Relssse 1.0 compatibie
aquipment, and to provide for the Bellcore capabitity to analyze
these vendor products on bahalf of the BCCs. The project also
provides the common support slamants such as economic anstyses and
Product/Project management efforts needed to support both this work,
and further, more vendor product specific work contained within the
elective projects 1WO171 through 1WO177.

SONET is a concept that extends the concept of a standardized digital
hisrarchy beyond the traditional DS0-DS3 electrical hisrarchy in use
throughout telecommunications, into the multi-megabit/second digital
world of fiber optic transmission.

SONET was originalily conceived in response to the proliferation of
vendor specific, propristary, fiber optic systems that began to enter
the telecommunications networks of the BCCs in the wmid-1980s. The
idea of SONET is to define and implemant a set of standards,
protocois, and oparating features that will eventually enable the
BCCs to implament a trus multi-vendor, intelligent, fiber optic
trangsmission capability in their networks. This is expected to
provide substantial cost savings to the BCCs by elimination of many
currently required “back-to-back" network siements, the establishment
of a2 true multi-vendor snvironment with its resuliting competition,
and eventually by providing for flexible network capabilities and
services not possible with current asynchronous systems.

Bellcore, with the concurrence of the 8CCs, initiated standards
activities in 1985, leading to two ANS] standards, one on rates and
formats, and the cther en the optical interface, being approved in
1988. The concept was also accepted in the intsrnational community,
with three CCITT Recommendations, consistant with the ANSI standards,
being spproved in 1888.

Bellicore has alsc worked extensively with the 8CCs and the vendor
community to develop a number of generic requirements for specific

PROPRIETARY -~ Bellcore and Authorized Clients Only
This document contains proprietary itnformation that shall be
distributed or routed only within Bellcore and its authorized
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PROJVECT OVERVIEW: {CONT. )

Network Elements. Many vandors have announced their intentions of
providing SONET compatible equipment starting in the 1989-1991 time
frame, with tuwo major vendors announcing full SONET compatible
product lines. Limited field trials of simple SONET systems are also
either in process, or ptanned for 1990-91 by the BCCs.

Two Bellcore Products, SONET Releass 1.0 and SONET Release 2.0, are
designed to take the promise of SONET from the world of concept and
design into the real worlid of oparating networks. The SONET

Relsase 1.0 Product concentrates on the short-term goal of implament-
ing a basic multi-vendor synchronous:optical transport capability in
the form of point-to-peint systems and simpla tree networks, as a
replacement for the current vendor specific asynchronous transport
1inks in the BCC networks. This will snable the BCCs to procure
SONET compatible systems that can later be enhanced to provide
additional, more sophisticated network capabilities, rather than
continuing to purchase current asynchronous equipmont which is
tncompatible with these future capabilities.

With this in mind, some of the major guiding principles of the
Release 1.0 product are as follows:

Mzjor Goal:

To drive the implsmentation of a basic, synchronous, optical transport
backbone into the BCC metworks in a cost-efficient and effective
MANNer

Architecture:

The SONET Release 1.0 product will support the implementation of
SONET transport systems in point-to-point and simple tree (via the
use of Agd-Drop Multipliexer equipment) architectures,

Equipment Compatibilfity:

The SONET Release 1.0 preduct will work te defina all foreseeable
"hardware affecting” elements of squipment so that future upgrade to
snhanced SONET capabil{tias can proceed with minimal retrofit
penalties. (New addittions and sof tware upgrades to equipment would be
required, but changesout or obsolescence of existing plant would be
minimal, {f any.)

Multi-vendor Compatibility:

SONET Release 1.0 requirements will allow for basic transport of
SONET payload between squipment of differing vendors, and provide
for basic operational capabilities such as Protection Switching and
Maintenance Signaling across vendor boundaries. {(However, single
ended cperations and maintenance of a multi-vendor 1ink is not

PROPRIETARY - Bellcore and Authorized Clients Only
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PROJECT OVERVIEW: (CONT . )

possible under Release 1.0)

(NQOTE: Additional costs for client specific training (e.g. Bellcore
TEC), and any associated costs for planning or development of Bellcore
Oparations Systems that may be required to fully exploit the poten-
tials of SONET are not included in this project, but rather would be
containad within their respective programs.)

DESCRIPTION OF 1994 WORK:
1991 work in this project includes:
Product/Project Management:

This project tncludes the needed Product/Project Managemsnt effort
nesded to plan the SONET Relesse 1.0 effort, and ensure that resources
davoted to the total product are used in the most efficiant and
effective manner possible.

Genaric Regquirements:

One of the major areas of concentration for this project in 1981

is the development and maintenance of Generic Requirements in the
equipment, operations technology. and quatity and retiability areas.
These documents are used by egquipment and 0SS suppliers as a basis
on which to dasign products that meet the BCC’s technical and
businass neaeds. Bellcore participation tn, and coordination

with, Standards bodies {s also an integral and essential siement

of this work. Thase Generic Requiremsnts are then used in the
Teachnical Analysis of vandor squipment as the standards against
which the equipment being considered by the BCCs is analyzed.

The major thrust in 1981 will be the updating of established
requirements to reflect the resulits of real world use and testing,
to ensurs that these documants accurately reflect the actua)
t.ch:lcal and operational aspects of equipment being purchased by
the BCCs.

Laboratory Capabilities:

The second major araea of concentration in 1881 will ba the
development of laboratory capabilities for the testing of vendor
providad SONET Relsase 1.0 compatible squipment and 055s. The
necessary knoviedge bass, test squipmant, seftvare, and precedurss
mist be provided to enable analysis to be performed (in the elective
projects - 1W0171 through 1W0177) to ensure that the vandor
squipment beaing considered for purchase by the BCCs in fact meets
the requiremants they have specified. Specific work in this area

PROPRIETARY - Bellcore and Authorized Clients Only
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DESCRIPTION OF 1991 WORK: (CONT . }

inctudes the development of a sophisticated test setup that can
analyze the SONET transmission parameters of vendor squipment to
ensure that they meet the necessary requirements to assurs inter-
working with other equipment. Another area is the development of
wethods /equipment to simulate signaling and 0S5 messages to verify
equipment function.

NOTE: Requirements development work related to Quality Surveillance
are not provided under the SONET Release 1.0 procduct, but rather are
provided as an element of the Bellcore Quality Surveillance Product,
as these requirements are generic to all suppiiers in general, and
are not specific to SONET equipment.

DELIVERABLES:

No: JSO

Original: Commitment Date: ONGO
Provide quarterly Product Progress Report on Product and Project Manage-
ment efforts in Support of SONET Release 1.0. Report to include status

of major deliverables, potential jeopardies, and action plans. Report to
be mailed to NTAQS PSG & othar designated client representatives on

4/30/91, 7/31/81, 10/31/81 & 1/30/92.

No: JS1

originai: Commitment Date: 1291
Pubtish Technica) Memorandum concerning possible SONET Release 1.0
applications architectures & the sconomics involved in each. Provide
information on interactions with, & economies of integration with axisting
asynchronous transport systems. Mail te BCC/Ballcore SONET Planning Team
by 12/31/81.

No: J52

Original: Commitment Date: 1281
Revise and Retssue TR-TSY-000253 (SONET Transport Systems - Common
Requirements) based on results of first round of Technical Amalysis and
Bellcore/BCC/Vandor interactions and standards activities. Available for
order and shipment to industry 12/31/81. Mail Status Reports to designated
eclient representatives on 7/31/91 and 1/31/92.

PROPRIETARY - Bellcore and Authorized Clients Onty
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DELIVERABLES: (CONT.)
No: J53

Originai: Commitment Date: ONGO

Revise and Reissue as required, enhanced versions of TR-233 (SONET DCS),
TR-496 (SONET ADM), TR-872 (SONEYT Digital Switch Trunk Interface) and
TR-917 {SONET Regeneratoer), based on results of Technical Analysis and
Belicore/BCC/Vendor interaction. Mall Status Reports on progress to
designated client representatives on 7/31/81 and 1/31/92.

No: JS4

original: Commitment Date: 0791
Publish Technical Memorandum concerning option/feature set compatibilitties
of SONET Network Elements (NEs) (Relsase 1.0 capsbilities) to aid BCCs

in datermining SONET options selection for multi-vendor 1inks of SONET

NEs. Mail to Transport Pane! and BCC/Bellcore SONET Planning Team by
7/31/91,

No: J55

Criginal: Commitment Date: ONGO
Provide Belicore participation in standards activitties on SONET transport
and oparations interface (SONET Release 1.0 capabilities) issues to
contribute to and influence standards that support BCC business needs.

Mail Status Reports on progress to designated client representatives

on 7/31/81 and 1/31/92. .

No: J57

Originatl: Commitment Date: 1281
Publish Technical Memorandum on engineering design considerations,

including additional draft requiremants for optital parameters., to

address dynamic laser effects and cispersion in SONET transmission

systems operating above DC-12. Mail to Transport Panel & BCC/Balicors
SONET Planning Team for comments by 12/31/91.

No: JBB

Original: Commitment Date: 0591
Publish TR-TSY-001042, providing Operations System/Network Element and
Network Elemeant/Network Element interface generic requirements (ASN.1/
CMISE messages) for a cors set of oparations functions (alarm surveil-
tance, performamce montitoring, protection switching, and provisioning
driven memory acdministration.) Available for order & shipment to industry
and matled to NAOA and NTAQS PSGs by S5/31/81.
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DELIVERABLES: (CONT.)
No: J59

Original: Commitment Date: 1281

Publish enhanced 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. Availzble
for order and shipment to industry and mailed to NAOA and NTAQS PSGs by
12/31/9%,

No: JBO
Origina!l; Commitment Date: 1291

Publish Technical Memorandum on "Devise Characterization of Opto-slectronic
componants, and effects on Physical Design 8 Reliability Issues, as pre-
cursor to tncerporation of revised requirements in the appropriate
documents. Mail to Transport Panel! & BCC/Bellcore SONET Planning Team

by 12/31/91.

No: JB1Y

original: Commitment Date: ONGO
Develop Technical Analysis Lab capability for testing of SONET Release

1.0 capabflity equipment, including development of "SONET Test Sed” to
analyze SONET signals, Operations Technolegy capabilities for amalysis of
NE/OS & NE/QS interfaces, snd required Quality & Reliability lab capabili-~
ties. Mail Status Report to Transport Panal & BCC/Bellcore SONET Planning
Team by 12/31/91.

PROJECT FUNDING DEPENDENCIES:
1691
Receives From:
tWoz211
Provides To:

1W0211 1WO171 1WO172 1WCT73 tWO174 1WO175 1WO178 1WO177

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work slements in this project serve as the foundation for the
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REASON FOR INFRASTRUCTURE CLASSIFICATION:

balance of the work in the SONET Release 1.0 Procduct. One of the
primary outputs, Generic Requirements, are placed in the public
domain in the form of Technical Advisories (TAs), Technical

¥y 143

¢ 7
10/04/90

Project No. :

1W0111

{CONT . )

References (TRs), and Technical Requirements Incustry Forums (TRIFs).

These documsnts and forums are opan to all members of incustry.

The l1aboratory capabilities are for development and maintenance of
test equipment, procedurss, and the knowledge base and skills neaded
to conduct product specific product analyses. These capabilities
are then used by all clients who have any type of analysis conducted
in the future. Network Architecture and Economic Analysis work must
alse be shared to achieve its full valua. The Product/Project
management activities provide an overall structure to the product,
and ensure the proper coordination of the diverse slements and
organizations.

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 net to participate in this project.
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Bellicore Project Manager: Tel. No.:
P E WHITE (201) 829-4757
Bellcore Program Manager: Tel. No.:
N/A (N/A) -

Bellcore Subject Matter Expert: Tel. No.:
J M CLARK (808) 758-4585

BEellcore Product Name:
SONET REL. 1.0

This Project supports the following Major Product(s):
SONET REL. 1.0 N

Council: i Committee: i Forum:

RESEARCH & NETWORK | NETWORK STAND. 3 ARCH. | NOT APPLICABLE
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:
SONET RELEASE 2.0 INFRASTRUCTURE 1WG211
Bellcore Product Manager: Tel. No.:
J. M. CLARK (908) 758-458S

This Project is a Component of the Bellcore Product:
SONET REL. 2.0

Significant Change Date:
08/31/90

PROJECT OVERVIEW:

The Synchronous Optical NETwork (SONET) Release 2.0 Infrastructure
project provides for the basic foundation and common work neaded

to support and move the SONET Release 2.0 Product forward. Primarily,
the work in this project is essential to devalop the Generic Require-
mants and Standards that will enable potentizl vendors to develop and
procuce equipment and systems that will mest the BSsllicore Client
Companies (BCCs) needs for SONET Release 2.0 compatible squipmant,
and to provide for the Bellcore capability to analyze thase

vendor products on behalf of the BCCs. The project also provides
the common support slements such as economic analyses and
Product/Project management efforts needed to support this work.

SONET, is a concept that extends the concept of the standardized
digital hierarchy beyond the traditional DSO - DS2 electrical
hierarchy in use throughout telecommunications, into the
multi-megabit/second digital world of fiber optic transmission.

SONET was originally conceived in response to the proliferation

of vendor specific, proprietary, fiber optic systems that began

to snter the telecommunications networks of the BCCs in the mid-1880s.
The idea of SONET is to define and implement a set of standards,
protocols, and operating features that will eventually enable the
BCCs to implement a true multi-vendor, intelligent, fiber optic
transmission capabitity in their networks. This is expacted to
provide substantis)l cost savings to the BCCs by slimination of many
currantly required “back-to-back" network slements, the establ ishment
of a2 true multi-vendor environment with {ts resulting competition, and
eventually by providing for flexible network capsbilities and services
not possible with current asynchronous systems.

Bellcore, 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
1988. The concept was aliso accepted in the international community,
with three CCITT Recommendations, consistent with the ANSI standards,
being approved in 1988,

Bellicore has also worked extensively with the BCCs and the vendor
commmnity to cdevelop a number of generic requirements for spectfic
Network Elements. Many vendors have amnounced their intentiens of
providing SONET compatible equipment starting in the 1989-199t time

PROPRIETARY - Bellcore and Authorized Clients Only
This document contains proprietary information that shall be
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:
SONET RELEASE 2.0 INFRASTRUCTURE 1WO211
PROJECT OVERVIEW: ) (CONT.)

frame, with two major vendors announcing full SONET compatible
product lines. Limited fimld trials of simple SONET systems are also
either in process, or planned for 1990-9% by the BCCs.

Two Bellcore Products, SONET Relsase 1.0 and SONET Release 2.0, are
designed to take the promise of SONET from the world of concept and
design into the real world of operating networks. The SONET
Release 2.0 Product is designed to develop the potentia) to evelve
the point-to-point and simple tree transport network provided by -
SONET Retlease 1.0 into a flexible optical transport network in which
network re-configuration and services can be provided quickly and
remotely via Opsrational Support Systems (0SS). This can be accom-
plished via sxploitation of the capabilities of tha SONET Ewmbedded
Operations Channel (EOC). 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 gquantities of standardized operational
information in order tc provide the potential for remote provisioning,
active performance monitoring, and remote network re-configuration

In 1990 and 1991, 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 squipmant and system Generic Require-
ments. Also, due to the major impact on Operations, Maintenance,
Administration and Provisioning (OMAAP) systems, the smphasis on
Operations Technology requirements work will be 2 larger slement of
the work in Release 2.0 than it was for Release 1.0.

In the 1992 and 19983 timeframe as vendor squipment deployment occurs,
the complaxion of the Release 2.0 Product will change. Tha effort
on stancdards and requirements will level out or decline, and the
work wil) transition to a stronger emphasis on Technical Analysis

of vendor product and systems.

With this in mind, the scope, and some of the major guiding principles
of the Release 2.0 product are as follows:

Major Goal:

To drive the implementation of a sophisticated, flexible,
fiber optic transport infrastructure inte the BCC networks in
a cost sfficient and effective manner.

Architecture:

The SONET Relsase 2.0 Product will s-upport the transition from
the simple point-to-point and tree architectures provided by
Releaase 1.0 into flexible and survivable ring and mesh

topologies.

PROPRIETARY - Bellceore ang Authorized Clients Only
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Project Name: Project No.:
SONET RELEASE 2.0 INFRASTRUCTURE 1WOo211¢

PROJECT OVERVIEW: (CONT . )
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 BCCs can achieve a true multi-vendor

environmant on both the transmission and cperational support planes.

Enhanced Transport Network Capabilities:

The SONET Relase 2.0 will examina the potential for snhanced
metwork capabilities such as survivability, dynamic bandwidth
allocation, and remote network configuration, and then define and
drive for thase capabilities to be standardized and incorporated
in such a manner so as to preserve interchangability between
differing vendors’ equipment and systems.

DESCRIPTION OF 1991 WORK:
1991 Work in this project includes:
Product/Project Management:

This project inciudes the needed Product/Project Managemant
effort nesded to plan the SONET Relesse 2.0 effort, and ansure
that resources devoted to the total product are used in the
most efficient and effective mannar possible.

Network Archttecture/Economic Analysis:

This project incliudes Network/Economic aralysis of the
potential architectures possible under SONET Release 2.0,

and how these architectures can contribute to the Information
Natworking vision, and provide new capabilities such as rapid
provisioning, improved survivability and the ability to support
neaw services.

Generic Reguirements:

This area is the primary emphasts of the project in 1891,

It includes tha developmant ancd maintenance of Genaric
Requiremsnts in the equipment, operations technology. and
quality and reliability areas. Thess documents are used by
equipoent and 0SS suppliers as a basis on which to destign
products that meet the BCCs’ technica) and business needs.
Bellcore participation in, and ceordinatien with, Standards
bodies is also an integral and essential element of this
work, Establishment of appropriate standards ensure that the
BCCs' requirements and resulting networks are in step with
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Project Name: Project No.:
SONET RELEASE 2.0 INFRASTRUCTURE 1W0211

DESCRIPTION OF 1991 WORK: (CONT.)

nationa! and international.directions, and enable them to reap
the benefits of global economies realized by vendors. These
requirements will also be used in later (post 1991) Technical
Analysis of vendor squipment as the standards against which the
equipment being considerad by the BCCs is analyzed.

Laboratory Capabilities:

The project also provides for the deveiopment of laboratory
capabilitias for the testing of vendor provided SONET

Release 2.0 compatible equipment and 0SSs. The nacessary
knowledge base, test squipment, software, and procedures must
be provided te enabls analysis to ba performed (equipment
requiring analysis {s expected to be available starting

in early 1982) to ensurse that the vendor equipment being
considered for purchase by the BCCs in fact meets the
requiremaents they have specified.

NOTE: Requirements development work related to Quality
Surveillance are not provided under the SONET Release 2.0
product, but rather are provided as an slement of tha Bellcore
Qual ity Surveillance Product, as these requiremsnts are generic
to all suppliers in general, and are not spectfic to SONET

aquipment .

DELIVERABLES:

No: K5O

Original: Commitment Date: ONGOD
Provide guartsrly Product Progress Report on Product and Project

Management efforts in Support of SONET Release 2.0. Report to include
status of major deliverasbles, potential jecpardies, and action plans.

Report to be mailed to NTAQS PSG & other designated cltient representatives
on 4/30/91, 7/31/91 & 1/30/92.

No: K51

Originafl: Commitment Date: 1291
Osvelop a Network and Operations Plan. This plan will provige tha outline
for evolution of the BCC transport capabi{iity to a flexible, SONET based
network with substantial network/operations synergy. Economic analysis of
various options will also be inciuded. Final Plan to be matled to NAQA PSG
and other designated client representatives by 12/31/8t. Interim Status
Report - 7/31/81.

PROPRIETARY - Bellcore and Authorized Clients Dnly
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Project Name: Project No. .
SONET RELEASE 2.0 INFRASTRUCTURE wWo211
DELIVERABLES: (CONT . )
No: K52

Originat: Commitment Date: 1291

Conduct ¢ 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 technical implications. Publish as Technical
Memorancim and mail to NSOA PSG, NTAQS PSG and BCC/Be)lcors SONET Planning
Team by 12/31/81. Interim Status Report - 7/31/81,

No: K53

Original: Commitment Date: 0881
Conduct analysis of compatibility issues affecting planning for Carrier-to-
Carrier interface. Publish as Technica)l Memorandum (TM) and mail to NSOA
PSG, NTAQS PSG, and BCC/Bellcore SONET Planning Team by 8/81,

No: K55

Original: Commitment Date: 1281
Develop necessary reguirements and criteria to provide both equipment and
operations requirements such as software download, LAN interconnections,
enhanceded DCC security, etc. for SONET Relesase 2.0. Include these re-
quiremants in new releases of appropriate Technical References. Mail

Status Reports on progress and results to designated client repressntatives
on 7/3%/91 & 1/31/92,

No: K57
Original: Commitment Date: 1291

Provide status report on Generic and Network Element specific documents
updated as required to specify reliability/availibility requirements for
SONET Network Elemsnts. Issue status report to Transport Panel., Quality
& Reliability Panel, and BCC/Ballcors SONET Planning Team on 7/31/91
1/30/92.

No: KSB
Criginal: Commitment Date: ONGOD

Provide on-geing Bellcore participation in standards activities on SONET
transport and operations interface (SONET Release 2.0 capabtliities) issues
to contribute to, and influence standards that suppoert BCC business needs.
Mail status reports on progress to designated client representatives on
7/31/91 and 1/31/82.

PROPRIETARY - Bellcore and Authorized Clients Only
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Project Name: Project No.:
SONET RELEASE 2.0 INFRASTRUCTURE 1W02 11
DELIVERABLES: {CONT .)
No: K59

Originai: Commitment Date: 1291

Publish Technica? Advisory (TA) on Operations Systems/Network Elament &
Network Element/Network Element interface generic requirements (ASN.1
messages) for an enhanced set of operations tfunctions. TA to be mailed
to industry and NADA PSG by 12/31/91.

No: K81
originail: Commitment Date: 0791

Publish a Technical Memorandum (TM) on "SONET Nested Protection Switching
Criteria"., This is a pre-cursor to standarization and documentation in a
Technical Advisory in 1992. Mail TM to NAOA PSG, Transport Panel, & BCC/
Bellicore SONET Planning Team by 7/31/91.

No: K82
Original: Commitment Date. 0881

Issue Supplement 1 to TR-TSY-000498 (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 Belicore, and will be
maited to the NADA PSG by 8/30/91.

No: KB3 -
Original: Commitment Date: ONGO

Devalop Technical Analysis lab capabiiity for analysis of SONET Release
2.0 capability equipment. Mail Status Report to Transport Parel and BCC/
Bellicore SONET Planning Team by 12/3%/9¢.

No: KB4
Criginal: Commitment Date: 0381

Conduct 2 study of the economics and applications of Uni-directional vs.
Bi-dirsctional rings, az a tool for setting priorities for development of
standards and regquirements. Publish as Technical Memorandum (TM), and
mail to NAODA PSG, NTAQS PSG, and BCC/Bellcore SONET Plamning Team by
3/31/91.

PROPRIETARY - Bellcore and Authorized Clients Onty
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Procject Name: Project No. :
SONET RELEASE 2.0 INFRASTRUCTURE 1Wo211
DELIVERABLES: (CONT.)
No: KBS

original: Commitment Date: OBS1

Publish a Technical Memorandum (TM} documenting SONET features and
capabilities for use and reference by new services planners and the BCCs
and Bellcore. Mail to NSDA PSG, NTAGS PSG, Transport Panel, and BCC/
Bellcore SONET Planning Team by 8/30/91.

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

PROJECT FUNDING DEPENDENCIES:
199
Receives From:
tWo141 10NS2X
Provides To:

1wWo111%

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work sisments in this project serve as the foundation for
the bBalance of the work tn the SONET Release 2.0 Product.

One of the primary outputs, Generic Requirements, are

placed in the public domain in thae form of Technical Advisorias
(TAs), Technical References (TRs), and Technical Requirements
Industry Forums (TRIFs). Thase documents and forums are open
to all mambers of incustry. The laberatory capabilittes are
for development and maintenance of test squipment, procedures,
and the knowledge bate and skills nesded to conduct procuct
specific procuct analyses. These capabiltities are then used
by 211 clients who have any type of analysis conducted in the
future. Network Architecture and Economic Analysis work must
also be shared to achieve itgs full value. Tha Product/Project
management sctivities provide an overall structure to the
product, and ensure the proper coordination of the diverse
elgments and organizations.

The substantial benafits of this project accure to allt Owvrer-Clients

and are unable to be preventad from actcruing to an Owner-Client
whe might elect not to participate tn this project.

PROPRIETARY - Bellcore and Authorized Clients Only
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Project Name: Project No,:
SONET RELEASE 2.0 INFRASTRUCTURE 1W0211
Bellcore Project Manager: Tel. No.:
P E WHITE (201} B29-4757
Bellcore Program Manager: Tel. No.:
N/A (N/A) -

Bellcore Subject Matter Expert: Tel. No.:
J M CLARK (908) 758-4585

Bellcore Product Name:
SONET REL. 2.0

This Project supports the following Major Product(s):
SONET REL. 2.0

Council: i Committee: i Forum:
RESEARCH & NETWORK : NETWORK STAND. & ARCH. | NOT APPLICABLE
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Owner Flag Name Title Telephone #
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R. H. HELGENSEN MANAGING DIRECTOR 914-287-2034
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Project Name: Project No.:
FITL REQUIREMENTS & ARCHITECTURE PLNG 1W1511
Bellcore Product Manager: Tel. No.:
J. R. PALLADINO (201) B29-4188

This Project ts a Component of the Bellceore Product:
FITL

Significant Change Date:
08/31/90

PROJECT QOVERVIEW:

This project provides Generic Reguirements, Standards Support, and
Technical Analysis Capabilities in support of providing basic
teldcommunications services (existing tariffed services, such as POTS,
voice freguancy specials, basic rate ISDN, etc.) over fibar in the
distribution plant. In addition, it provides for the development cf a
prospectus and corresponding assessment ¢f the technology impact to
support video transport and transport of future broadband services.
This project consolidates and augments current 1890 efforts to ackiress
near term cdeployment of Fiber to the Curb (FTTC)/Fiber to the Home
(FTTH) and is focused on accelerating the development of technical
eriteria necessary for successful BCC deployments of vendor products
to meet both residentisl and small business needs using Fiber in the

Loop (FITL).

Volume deployment is viewed as requiring avaiiable mechanized flow-
through oparations 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
05 support within the deployment time frame it not funded under this
Network Segment project, the development of network element generic
requirements and genaric OS/NE interface requirements for opsrations
are included.

DESCRIPTION OF 1991 WORK:

Bellicors will contribute to national and tnternational standards
supporting 8CC interasts in fiber cable/componants, system
applications, and quality and reliability. Contributions will focus on
tast methods, compornent and system parameter definitions, and
technology implamsntations. Generic requiremants documsnts will be
developed or modified to refisct componant and system level
recuiremsnts for the use of fibar in the lcop. Participation in the
standards organizations and continued dialogue with the vendor
community will expedite the requirements development procass and help
ensure the availability of squipment consistent with BCC deploymant
needs. Work will continue on devaloping and decumenting local and
centralized powering options associated with FTTC and FTTH deployment,
ast well as battery back-up technology and recqutrements. Network
eloment generic requirements and generic 0S/NE interface requiremsnts

PROPRIETARY - Bellcore and Authorized Clients Only
This document contains proprietary information that shall be
distributed or reuted only within Bellcore and its authorized
clients except with written permission of Bellcore.
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Project Name: Project No.:
FITL REQUIREMENTS & ARCHITECTURE PLNG 1WiS11
DESCRIPTION OF 1991 WORK: (CONT . }

for surveillance, testing, memory administration, network data
collection, and network traffic management will be formulated for
delivering existing telecommunications services on Fiber in the Loop.

Deployment guidel ines to support the initial delivery of basic
telecommunications services will be released and will include
information on ways to upgrade the initial depltoyment to provide video
transport and future broadband services. In addition, a prospectus
will ba developed assessing residential video transport opportunities.
To suppert future migration of near-term deployed FITL to a target
broadband network that may employ SONET/ATM, studies will be conducted
to assess both network techmologies and signaling capabilities
necessary to support future services.

Loop transport system reltability and availability models will be
developed to determine appropriate system/component downtime
allocations to ensure that customer service availabitity objsctives
are met. Thase models and information on other reliability fssues will
be used to update or issue new generic requirements for
systems/components, and the Reliability and Quality criteria specific
to FITL systems.

Test methocds and procedures will be developed to support contributions
to standards organizations and to support technical analysis of FITL
supplier products.

DELIVERABLES:

No: 001%
Original: Commitment Date: ONGD

Quarterly status reports (4/91, 7/81, 10/91, 1/92) will be mailad to the
Network and ODperations Architecture Product Support Group (N3DA PSG)
summarizing engeing activities and contributions to National and
International Standards in the areas of FITL systems, optical media and
components for loop applications, and transport system and device quality
and reliabitity.

No: 002
Original: Commitment Date: ONGO

Quarteriy status reports (4/81, 7/91, 10/91, and 1/82) will be mailed to
the NADA PSG summarizing ongoing activities in issuing new and revised
gemeric requirements documents on distribution fiber and cable,
distribution and service terminal closures, optical branching devices, and
source/detector modules supporting basic telecommunications services on
fiber.

PROPRIETARY - Bellcore and Authorized Clients Only
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Project Name: Project No.:
FITL REQUIREMENTS & ARCHITECTURE PLNG 1Wi151t
DELIVERABLES: (CONT )
No: 003

Original: Commitment Dare: 1291

Technical Reference TR-508% on FITL systems for delivery of basic
telecommunications services on fiber will be mailed to NAOA PSG and will be
available for ordering by clients and industry by 12/91. The TR wilt
include requirements for powering for the ONU and reliability and quality
requirements. The TR will also include reguiremsnts for generic cpearations
functions and for the generic 0S/NE interface.

No: 004
Original: Commitment Date: 1291

A Technical Advisory covertng methodologies for optical and electrical in-
service performance monitoring and maintenance of multichannal NTSC video
transport will be mailed to the N&OA PSG and to industry by 12/91,

No: DOS
Original: Commitment Date: 1291

A Technical Memorandum will be mailed to the NSOA PSG by 12/91 providing
deployment guicdeltnes for the delivery of basic telecommunications services
over fiber in the toop, including upgrade considerattons for video
transport and future broadband service delivery. These guidelines will
recommend the sconomically optimum means of deploying fiber in the loop in
urban, suburban, and rural snvironments.

No: Q0B
Original: Commitment Date: 0891

A prospesctus wil] be mailed to the NSOA PSG by §/81 summarizing residentia?
viceo transport opportunities.

No: 007
Original: Commitment Date: 0881

A Technical Memorsndum will be maited to the NADA PSG by 2/91 assessing

netvork technologies and required signaling capabilitias to support the
svolution of FITL systems to SONET/ATM, future broacband services, and

switchad digital video services.

PROPRIETARY - Bellcore and Authorized Clients Dnly
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Project Name: Project No. :
FITL REQUIREMENTS & ARCHITECTURE PLNG 1IWi1S41
DELIVERABLES: {CONT.)
Neo: Q0B

Original: Commitment Date: 1281

A status report will be mailed to the N2OA PSG by 12/91 summarizing
activities leading to a Technical Advisory on signaling capabilities to
suppert the evolution of FITL systems to SONET/ATM, future broadband
services, and switched digitatl video services.

No: 0089

Original: Commitment Oate: ONGO
Status reports will be maited to the NADA PSG on 4/81, 7/91, 10/81, and

1/92 summarizing the development of new and enhanced requiremsnts related
to the reliability and quality of FITL systems and components, tncluding
equipment availability objectives, system qualification tests, and video
transport.

No: 010

Original: Commitment Date: DNGO
Status reports will be mailed to the NADA PSG on 4/91, 7/91, 10/91, armd

1/92 surmarizing the development of test methods and egquipment necessary to
support the technical analysis of FITL systems, optical fiber and cables,
and passive and active optical components.

No: 011

original: Commitment Date: ONGD
Status reports will be mailed to the NAOA PSG on 4/81, 7/91, 10/81, and

1/82 summarizing Product and Project Management activities, identtfying
coordination of work efforts among BCC Product Teams/Product Support

Groups, Bellicors intersegment work ceordination, and overall project

status.

PROJECT FUNDING DEPENDENCIES:
1991
Receives From:

TONS2X

PROPRIETARY - Bellcore and Authorized Clients Onily
See Proprietary Restrictions on Title Page
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1991 FINAL PROJECT OFFERING

Precject Name: Project No.:
FITL REQUIREMENTS & ARCHITECTURE PLNG IW15141
PROJVECT FUNDING DEPENDENCIES: (CONT . )

Provides To:

IW1S71 IW1S72 1W1E73 1W1E74 1WISTE 1WIBT76 1W1577

REASON FOR INFRASTRUCTURE CLASSIFICATION:

This project producres and supports deliverables called Generic
Requiremants that are placed in the public domain in thae form of
Technical Advisories, Technical References, and Technical Requirements
Industry Forums. These documants and forums are available and are
open to al! members of industry. Al1 Owner- Clients substantially
benefit from the network capabilities and cost avoidances resulting
from the new features and functions vendors of network equipment
provide based on these deliverables.

The substantial benefits of this project accrue to all

Owner-Clients and are unable to be prevented from accruing
to an Owner-Ciient who might elect not to participate in this preoject.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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199t FINAL PROJECT OFFERING

Project Name: Project No.:
FITL REQUIREMENTS 3 ARCHITECTURE PLNG IWis11
Bellcore Project Manager: Tel. No.:
D § BURPEE 1201) B29-4062
Bellcore Program Manager: Tel. No. :
N/A (N/A) -

Bellcore Subject Matter Expert: Tel. No.:
J R PALLADINO - (201) B29-4188

Bellcore Product Name:
FITL

This Project supports the following Major Product(s):
FITL

Council: i Committee: i Forum:
RESEARCH & NETWORK ; TECH. PROCURE. SUPT. : NOT APPLICABLE
====’==l.’=‘===S=!.ll'glz=f"—"Q.SI"=I===’!ﬂ,..l‘l8.8’:*2::8’:':2!8::2223222
------------------- FUNDING RECQUIREMENTS------------+--trmemmmnmasncsnsnnnan=
Project Type: i Work Category: i i Start Date: 01/91
| i | Completion Date: 12/91
INFRASTRUCTURE | NEWLY ESTABLISH , SINGLE-YEAR |, Revised Comp Date: /
AT EE S EREEEEFEEEEEEr S E A EE I EEE T rE IRt RN E S EEE T E T FEE RN SR E SR EEEEFEENENEEEEEIIEEEED
------------------ FUNDING ALLOCATION«~rerre-s - ctttc et rasrsannmn==nn
Allocation Basis: Ot : Firm OQuote: NO
T EEECEFEEEEEICCEEIREE I T S ESEEEE S S EEE SRS EEENEEEIREICCSEEENEEERTEREEESENDESIZESIEFE
Non Affiliate Participation in this Project allowed: YES

Non Affiliate Participants:
SNET CBI

Fund
Owner Flag Name Title Telephone #
v 0. iattNer ave - tech. sves. 708-805-2500
BA Y R. ALBERS AVP - TECH PLNG 703-974-8008
BS 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 8 TECH 415-823-2999
SW Y J. CARPENTER AVP - TECH. PLNG. & DEV. 314-235-1830
us Y J. CZAK DIR - NTWK ARCH & STDS 303-899-8409

EEE SRR ERE R R R R EREESN T rEEEEEC - S r N N E R R AR N TR I EFEEEEEEEFRECSFFENEEECNTEEER S

Research Tax Credit Application:
P IRETE T EEEREE "I EEEYEEREEIErE LTSS S ECEECE N EEFEEEE NN EEFEEFEEEFFECEFEEENNEFTRESEERTEXEZSE

PROPRIETARY - Bellcore and Authorized Clients DOnly
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:
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:
0B/31/90

PROJECT OVERVIEW:

As a market-driven follow-through to the initial high

spesd 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 broader, more ubiquitous deployment than
that of Phase 1. The primary goal for Phase 2 is to increase market
pressnce and provide national connectivity. This is the time frame in
which the BCCs can astabl ish 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:
o A multi-vendor switch environment;

o Interexchange Carrier access service;
¢ Fully mechanized operations;

© Customer Network Management (CNM).

For 211 of these objectives, 1991 is a key year for developing Generic
Requirements so that vendors will have adecuate time to build
equipment for the targeted 4Q92 ceployment date.

DESCRIPTION OF 1991 WORK:

The 1991 work effort to support Phase § SMDS will focus on the four
major objectives of providing a multi-vendor switch environment;
interexchange carrier sccess service for a national service
capabiitty; mechanized operations; and CNM.

The muilti-vendor switching environment will be accomplished through
the specification of an Interswitching System Interface (I1S51). Aress
requiring work include network and protocol architecturs and interface
and operations technology requirements. These efforts will recquire
working closely with metwork squipment vendors.

The effort towsrd a national service capability will include service
planning, economic and market analysis, operations technology
requirements, billing requirements and the specificatton of the
Interexchange Carrier Interface (ICI). The national service capability
will require extensive interactions betwean the BCCs and the industry,
in particular interexchange carriers.

PROPRIETARY - Bellcore and Authorized Clients Only
This document containg 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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BELLCORE Page: 2
Date Printed: 10/04/80
1991 FINAL PROJVECT OFFERING

Project Name: Project No. ;
SMDS PHASE 2 PLNG & REQUIREMENTS 1R2112
DESCRIPTION OF 1991 WORK: ' (CONT. }

Mechanized operations will be specified and developed based upon the
experiences of the Phase 1 trials, customer studies on additional
services, marketing and operations planning.

The development of CNM features recquires market, service and
operations planning in addition to their spacification in Generic
Requirements. These efforts will require working closely with the
BCCs, their customars and CPE vendors.

DELIVERABLES:

No: OO1

Original; Commitment Date: 1Q91
As part of the NSTP Process, a Network and Opearations Plan will be
developad for Phase 2 SMDS and issued to designated client representatives,

No: 002

griginal: Commitment Date: 1Q91
Issue tc the lndustry TA-1081 specifying the Operations Technology generic
reguirements for the Interexchange Carrier Interface (ICIl) for Phase 2

SMDS. These requirements supplement the 4Q90 release of the ICI
requirements.

No: 003
Original: Commitment Date: 2Q91

I1ssue to designated client representatives a SR on Revenus Accounting
Office (RAD) Impacts of Exchange Access SMDS for Phase 2 SMDS.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:
SMDS PHASE 2 PLNG & REQUIREMENTS tR2112
DELIVERABLES: (CONT.)
No: 004

Driginal: Commitment Date: 2Q91 .

Issus to designated client representatives a SR on the NSCG Feasibiltty
Analysis on SMDS Phase 2 as a national service, to support a BCC National
Planning Letter. Set guidelines to promote and introducs the service

on a national basis. The analysis will addrass the issues identified

in the SMDS National Service Prospectus; either rescliving the issues

or stating the position taken on the issue.

No: 008

Original: Commitment Date: 3Q91
Issue TA-1082 to the Industry spectfying the initial set of Customer
Network Management features, to be offered in conjunction with Phase 2

SMDS .

No: 008

original: Commitment Date: 3Q81
Issue TA-1059 (Issue 2) to the Industry of the InterSwitching Interface
(1SS1) generic requirements for Phase 2 SMDS. This issue will {ncorporate
industry commants received on TA-1059 Issue 1.

No: 007

Originai: Commitment Date: 4Q91
Issue TA-1080 (Issue 2) to the Industry of the Exchange Access SMDS
requiraments for Phase 2 SMDS.

No: 008

Original: Commitment Date: 3Q91%
Deliver s documsnt on the results of preliminary laboratory testing

efforts for Dats Communications Service Concepts. This activity 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
Date Printed: $0/04/80
1991 FINAL PROJECT OFFERING

Project Name: Project No.:
SMDS PHASE 2 PLNG & REQUIREMENTS 1R2112

PROJECT FUNDING DEPENGENCIES:
1991
Receives From:
10NS2X
REASON FOR INFRASTRUCTURE CLASSIFICATION:
The substantial benefits of this project accrue to all Owner-Clients

and are unable to be preventsd from accruing to an Owner-Clisant whe
might elect not to participate in this project.

PROPRIETARY -~ Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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BELLCGRE Page: S
Date Printed: 10/04/90

1991 FINAL PROJECT OFFERING

Project Name:
SMDS PHASE 2 PLNG & REQUIREMENTS 1R2112

N/A

Bellcore Frogram Manager: Tel. No
N/A {N/A) -
Bellcore Subject Matter Expert: Tel. No
NA (000} 000-0000

Bellcore Product Name:

SMDS PHASE 2

This Project supports the following Major Product(s):
SMDS PHASE 2

Councti: i Committee: f Forum:
RESEARCH & NETWORK i NETWORK STAND. & ARCH. , NOT APPLICABLE

R I I PR EE N IR I A R R EE T I T EE N R EEF N FEE IR I E I IS E I E NSRS XA I XTI NENEEEIESETXITREESERER

------------------- FUNDING REQUIREMENTS=--=~~~=---=-cscmeemmammoccacmcna oo

Project Type: E Wwork Category: i ; Start Date: 01/91
| I | Completion Date: 12/92
INFRASTRUCTURE | NEWLY ESTABLISH | MULTI-YEAR |, Revised Comp Date: /
‘-‘--.‘-.".’-'-.’.'.--.-.-"--gglgfsllgxﬂﬂzzS!"".E'.IS-.I-.-'....Qtt---t--
------------------- FUNDING ALLOCATION=--=== === eecam e ecemaaaaanan
Allocation Basis: 01 f Firm Quote: NO

Non Affiltate Participation in this Project allowed:

Non Affiliate Participants:

SNET CBI
"""""""""""""" Owner-Client Representatives:
Fund
Owner Flag Name Title Telephone #
AM v D.iarreer avP - TECH. svcs. 312-€08-2500
BA Y R. ALBERS AVP - TECH. PLNG. 703-974-8808%
as Y D. KETTLER AVP - SCI. & TECH. 404-529-2802
NX Y R. HELGESEN MNG. DIR. NTWK. PLNG. 914-883-2034
Pa Y R. TRELAND AVP - TECH. PLNG, 415-823-7800
Sw 4 J. CARPENTER AVP - TECH. PLNG. & DEV. 314-235-1550
us Y J. CZAK DIR.- NTWK. ARCH. & STDS. 303-889-8409

Research Tax Credit Application:

PROPRIETARY - Bellcore and Authorized Clisnts Only
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Date Printed: 10/04/80
1991 FINAL PROJECT OFFERING

Project Name: Project No.:
BISDN PHASE 1 PLNG & REQUIREMENTS 1R3011
Belicore Product Manager: Tal. No.:
J. SHANTZ (908) 758-2161

This Project is a Component of the Bellcore Product:
BISDN PHASE t
Significant Change Date:
08/31/90

PROJECT OVERVIEW:

Broadband Integrated Switched Digital Network (BISDN) is

a long term network delivery sactor target that can provide
integrated transport and switching for many different information
services with varying traffic characteristics, e.g., voice services,
video services, high spesed data services, multi-media services.
Currently vendors and standards bodies are making rapid prograss
towards developing initial BISDN equipment and defining BISDN
standards which will have long term implications for Bellicore
Clisnt Company (BCC) BISDNs. 1In order to move towards a standard
long term BISDN in a cost effective manner (aveiding the

costs of moving from initial vendor proprietary squipment
depioyment to a standard BISDN envirorment), initial BISDN
deploymant should be based on standards and/or requirements.

BISDN Phase 1 will provide integrated access for a core set of
tnitial capabitities. Thase capabilities include: high

(DS1, DS3, 155 mbps SONET) connectionless data applications

(e.g., CAD/CAM, medical imaging) via SMDS, Variable Bit Rate (VBR)
connection oriented data services, switched point to point video,
videoteleconferencing, switched and semi-permanent constant

bit rate applications (e.g., DS1, DS3, fractional DSY1 and fractionat
DS3). Longer term BISDN planning work will be contained in the
BISDN Phase 2 Plamning project (INet), and additional Broadband
services work will be worked in the Product Concepts and Opportunity
Analysis product.

Tha 1991 BISDN Phase 1 product will be in the early portion of the
Requirements, Development and Deployment stage of the Network Service
and Technology Process. The project will focus on making sconomic use
of Bellcore resources, in conjunction with standards bodies and
vendors, to support a standard initial BISDN deployment in the 1994
-1995 time frame. In ackiition this project will provide network
planning, operations technology and operations systems analyses needed
to support an initial BISDN deploymant.

DESCRIPTION OF 1991 WORK:

The 1991 work for BISON Phase 1 has two main components. The first
componant is network and operations planning work for Phase 1 BISDN.

PROPRIETARY - Bellcore and Authorized Clients Only
This document contains proprietary information that shall be
distributed or routed only within Ballcore and its authorized

clients axcept with written permission of Bellcore.
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1991 FINAL PROJECT OFFERING

Project Name: Project No.:
BISON PHASE 1 PLNG & REQUIREMENTS 1R3011
DESCRIPTION OF 1991 WORK: (CONT . }

The second component S generic requirements, standards contributions
and industry interaction which involves working with vendors and
industry standards bodies to ensure that inftial BISDN equipment is
standards based, to the extent possible. Included in this work is
ongoing intaraction with vendors, @.g., industry forums, BISDN RFls,
meetings with individua)l vendors.

The network architecture and operations planning work will be focused
oh analyzing the key architectural, opsrations, market, and regulatory
aspacts of BISDN Phase 1. An important part of this work will be the
identification of Phase 1 BISDN users and the needs of these users,
which will be used to defire the network and cperations functionality
required to meet these reeds. This work will lay the framework for
subsequent geaneric requirements, and standards contributions.

The outputs of the gereric requirements and standards work will be
Technical Advisories and special reports on certain key aspects of
BISDN protocol, BISDN interfaces, and BISDN network elament operations
functionality, as well as ongoing contributions to the CCITY and Tt
stanctards groups. These two activities are complemsntary since
standards body recommendations can provide the foundation for generic
requiremsnts.

DELIVERABLES:

No: 001

Original: Commitment Date: 2Q91
Industry Forum on BISON will be held by Balicore. This TRIF like forum
will provide an opportunity for direct industry interaction on initial

BISDN deployment, w.g., 1980 BISON Framework TAs, initial BISDN services.

No: 002

Original: Commitment Date: 2Q%1
Framawork TA (FA-TSY-001112) on ATM Protocol specification will be mailed
to the industry from Belicore on 6/30/81. This document will define
functions and procedures for the ATM Layer within the BISND Protocol
Reference mode!. Along with industry feedback, ahd standards progress

on ATM this FTA will provide input to a 1982 TA.

PROPRIETARY - Bellcore and Authorized (lients Only
See Proprietary Restrictions on Title Page
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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 9/20/91. This SR will 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 05s and NEs.

No: 004 -

Originat: Commitment Date: 3Q91
Protocol Architecture for SMDS Over BISDN UNI SR wil) be mailed to
designated cliant representatives by 9/30/91, This SR will define a
preliminary protocol architecture for providing SMDS over a BISON

access lirm.

No: 005

Qriginal: Commitment Date: 4Q91
Issue 1 BISDN User-Network Access Signaling TA (TA-TSY-001111) will

be mailed to the industry from Bellcore by 12/31/81. This TA will define
user-network signaling (which is expescted to build on the Q.831
recommendation for narrowband ISDN) for BISDN.

No: 008

Originatl: Commitment Date: 4Q91t
Issue 1 BISDN Interface Framework TA (FA-TSY-001113) will ba matled to

the industry from Bellcore by 12/31/81. This doucment will provide
preliminary interface requirements for the User-Netwerk Interface (UNI),
and the Network Node Interface (NNI}, and Interwerking units (IWU).

No: 007 i
Criginal: Commitment Date: 4Q91
Oparations Technology Strategy for BISDN SR will be mailed to designated
client representatives by 12/31/81. This SR will provide an analysis of

NE operations functionality for BISDN, to be used as input to future
Operations Technelogy, Switching, and Transport TAs.

PROPRIETARY - Bellcore and Authorized C)ients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:
BISDN PHASE 1 PLNG 8 REQUIREMENTS 1R3011
DELIVERABLES: (CONT . }
No: 008

Griginal: Commitment Date: ONGO

Ongoing contributions to key standards bodies - will provide ongoing
participation in and contributions to CCITT and Tt work on BISDN.
Status reports on standards activities related to BISDN will be mailed
to designated client representatives by 6/30/91 and 12/31/91.

No: 00%
Original: Commitment Date: 4Q91%

An update to the BISDN Phase 1 prospectus will be mailed to designated
B8CC representatives by 12/31/91. This update will incorporate additional
economic, market, and staksholder analysis relevant to initial BISDN

deploymant.

No: 010
Original: Commitment Date: 3Q91

Deliver a document on the results of preliminary laboratory testing
efforts for Data Communications Service Concepts. This acitvity will
support BISON via hands-on analysis of service opportunities.

PROJECT FUNDING DEPENDENCIES:
1991
Receives From:
1ONS2X
REASON FOR INFRASTRUCTURE CLASSIFICATION:
The output from this project will assist BCCs {n moving initial BISDN
from the research and planning stage to initial deploymant in BCC
networks. Future Bellcore work on BISON, as well as other Bellcors

products such as INA and INet will depend upon work completed Iin this
project.

PROPRIETARY - Bellicore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:
BISDN PHASE 1 PLNG & 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
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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BELLCORE Page: 6
Date Printed: 10/04/90Q
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. No.:
N/A {(N/A) =

Betlcore Subject Matter Expert: Tel. No.:
NA (000) 000-0000

Bellcore Product Name:
BISDN PHASE 1

This Project supports the following Major Product(s):
BISDN PHASE 1

Council: i Committee: i Forum:
RESEARCH 3 NETWORK ) NETWORK STAND. & ARCH. | NOT APPLICABLE
’.'2.-t-“'8‘.l"'s""'llll!’..!l'.-’.88.’288=’=II‘.."‘,=II=IIIII-.‘.’..Stl”
------------------- FUNDING REQUIREMENTG-=-----r-mceeccmemccacccsccacacanena
Project Type: i work Category: i i Start Date: 01/91

; ' | Completion Date: 12/92
INFRASTRUCTURE |, NEWLY ESTABLISH ; MULTI-YEAR , Revised Comp Date: /
EE R E IR E N ENEEE R EEF B R 4 T r I T EE R E I E T EE RN IR N E RS E P E R N E R EEE N EENNEENEREESERNEEXENRER
------------------- FUNDING ALLOCATION= ===« meommu oo recaecnaaaaaaaas
Allocation Basis: O1 ! Firm Quote: NO
EEE R R T A TR X E R EEEEE N R EES R R RIS P EE A NI ST SIS EEEEE RN ESEREEIRAREXXEXRINNAEMESNNESD
Non Affiliate Participation in this Project allowed: YES

Non Affiliate Participants:
SNET cB1
Owner-Client Representatives:
Fund

Owner flag Name Title Telephone #
AM Y B. LATTNER AVP - TECH. SVCS. 312-805-2800
BA Y R. ALBERS AVP - TECH. PLNG. 703-974-8008
a8s Y D. KETTLER AVP - SCI. &8 TECH 404-529-2802
NX Y R. HELGESEN MNG. DIR. NTWK. PLNG. 914-883-2034
PB Y R. IRELAND AVP - TECH. PLMG. 415-823-7800
SW Y J. CARPENTER AVP - TECH. PLNG. & DEV. 314-23%-1850
us Y J. CZAK DIR.- NTWK. ARCH. & STDS. 3203-889-8409

E e 2 2 2 8 2 25 22 ¢t 22 2 R R R EREDZEEDEELESERSEEEEZESSELESERERELERESERSERERSEERLSLSSES]

Research Tax Credit Application:

PROPRIETARY - Bellcore and Authorized Clients Only
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Project Name: o Project No.:
SCAl AND INTELLIGENT NETWORK STANDARDS 1R&4 127
Bellcore Product Manager: Tel. No.:
C. WILLCOCK (908) 753-2321

This Project is a Component of the Bellcore Product
AIN RELEASE 1

New Date.

08/08/90

PROJECT QVERVIEW:

Advanced Intelligent Network Relsase t (AIN RY) is deftned as the
set of retwork changss targeted for 1954 that evolve the Rellcore
Client Companies’ (BCCs’) networks toward meeting AIN goals of
programmabi 1 ity, mutti-vendor environment, and standard interfaces.
The R1 architecture will incorporate the attributes of the various
AIN Relsase O architectures deployed in 1981 and 1992, increase
their functionality, and bring the network a step closer to the
Information Networking Architecture (INA) target.

Tha major benefit of this Project is that it provides for Ballcore
participation in Switch Computer Applications Interface (SCAI) and
Inteltigent Network Standards activities in CCITT and T151. This
participation will help support the formulation of requirements for
a2 service-{ndependant, vendor-indepandent platform which will
facititate the deployment of new revenue-generating services in your
company’s natwork. There is a nead for consistency, as much as
possible, between Bellcore's gereric requirements for AIN R1 and
emerging standards. Such consistency with national and international
standards will allow a broader range of suppliers to be available and
provide more assurance that products from different suppliers will
interoparate satisfactortily.

This Project will help Bellcore and the BCCs maintain their technical
1sacership position in the Intelligent Network (IN) arena.

Key assumptions are that:

- Vendor products based on AIN R1 requirements need to be available in
the 1994 timm frame;

- Tha requiremsnts will be based on the AIN Rt Baseline Architecture
and the AIN R1 Network and Operations Plan.

DESCRIPTION OF 1991 WORK:

Belicors will be active in national and international standards bodies
relevant to IN and SCAI. 1In particular, activities will be focused on
T1S1 and CCITT.

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 8ellcore.
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Project Name: Project No.:
SCAI AND INTELLIGENT NETWORK STANDARDS 1R4127
DESCRIPTION OF 1991 WORK: ’ (CONT. )

Bellcore wili:

- Provide contributtions consistent with our views of AIN and INA and
with the needs of the BCCs.

- Provide service analyses whers they are needed tc support standards
afforts.

- Take erganizational and technical leadership roles whera possible.
- Support BCC commitments to standards and coordinate BCC positions.

- Review and comment on other organizations’ contributions to
standards bodies.

Areas in which contributions could be made for SCAI Standards include:
SCAl requiremeants (applications, service descriptions), SCAI transport
(Q.831, X.2%, SS7), and SCAI protocol (layer 7).

Areas in which contributions could be made for IN Standards include:
physical architecturs options, functiocnal interface specifications
(including internetworking), service analysis, and protocol
speciftcations.

DELIVERABLES:

No: 001

Original: Commitment Date:

Support for Switch Computer Applications Interface (SCAI) standards
activitias, including participation in Ti1S1.

No: 002

original: Commitment Date:

Support for Intelligent Network (IN) standards activities, including
participation tn and contributions to T1S1 and CCITT.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1991 FINAL PROJECT OFFERING

Project Name: Project No. :
SCAI AND INTELLIGENT NETWORK STANDARDS 1R4127
DELIVERABLES: (CONT. )
No: Q03

Original: Commitment Date: ONGOG

Contirmuation of the analysis of the relationship of Switch Computer
Applications Interface (SCAI) to AIN R1.

PROJECT FUNDING DEPENDENCIES:
1991
Receives From:

1R4111

PROPRIETARY - Ballcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:
SCAI AND INTELLIGENT NETWORK STANDARDS 1R4127
Bellcore Project Manager: Tel. No.:
N/A (000} 000-0000
Bellcore Program Manager: Tel. No.:
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8ellcore Subject Matter Expert: Tel. No.:
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Bellcore Product Name:
AIN RELEASE 1

This Project supports the foliowing Major Product(s):
AIN RELEASE 1
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Fund

Owner Flag Name Title Telephone »
a0 v o uarmer AVP - TECH. SERvICES 312-605-2500
BA Y R. ALBERS AVP - TECH. PLANNING 703-974-8008
as Y D. KETTLER OIR. - SCIENCE & TECH. 404-529-26802
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Project Name: Project No.:
INFORMATION NETWORKING ARCHITEC (1INA) 1RS0 1IN
Bellcore Product Manager: Tel. No,.:
N. PETSCHENIK (908) 758-2151

This Project is a Component of the Bellcore Product:
INF. NTWK. ARCH
Significant Change Date:
08/09/90

PROJECT OVERVIEW:

Belicore Client Companies (BCCs) need Information Networking
Architecture (INA) to drive network and system products in
consistant, covergent directions; to achieve rapid and effective
development of information networking sxchange and exchange access
services: and to achieve the modularity that facilitates multi-vendor
solutions,

To meet thase client nesds the Information Networking Architsctlure
Project defines a target architecturs capable of achieving desirable
network/operations attributes and guiding the incorporation of

INA concepts into natwork products and operations systems. The
target architecture will build on national and international
Standards, Industry Group directions, and existing Bellcore/BCC
architecture efforts such as the OSCA (TM) Architescture.

OSCA is a trademark of Ballicore.

DESCRIPTION OF 1991 WORK:

This project meets BCC rnweds by defining INA: the principles and
specifications for an integrated structure that drives the developmant
of information technologies to facilitate rapid implementation of
Information Networking sxchanges and sxchange access searvices.

Testbeds are used to validate architecture concepts.

In 1991, this project produces an overall INA Framework (deliverable
001). Tha INA Framework will contain information on two of the
comporant architectures. The application cdevelopmant and
interoperability architecture describes the constraints on the
protocols and specifications that are necessary for development

of modular, independent entities that are able to interopesrate
within a distributed processing envirorment. Tha concepts,
guidelines, and principles provided by this component architescture
pertain to how entities within the metwork intsract among thamselves
and with entities outside of the network. The deployment
architecture {s tha set of guidelines on how objects are

mapped into applications and how those applications are

deployed in nodes.

PROPRIETARY - Bellicore and Authorized Clients Only
This document contains proprietary information that shall be
distributed or routed only within Ballcore and its authorized
clients axcept with written permission of Bellcore,
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Project Name: Project No.:

INFORMATION NETWORKING ARCHITEC (INA}

DESCRIPTION OF 1991 WORK:

The project works jointly with Project 1R502X to provide detailed
definition of the INA Enterprise Architecture (deliverable 003),
and the Object Architecture. The Enterprise Architscture describes
what the business does, including identification and definition

of the business’ processes, information, and interrelationships
required to operate the business. Tha Object Architecture groups
information and functions intc objects, and specifies the semantics
of their interfaces.

During the muiti-year period in which INA is defined, a key role
of this project is to influence the planners and engineers

(in Bellcore, in the BCCs, and in the vendor community) who are
defining requirements for products that BCCs will implement
during the 50s and beyond. Thus, INA wil]l guide a progressive
series of network and system changes converging on a commen

set of attributes and a target architecture in support of business
needs. For this purpose, the INA Framework (deliverable 001) will
be delivered to BCC and Beltcore Subject Matter Experts in 1991,
ancdd will be released to Industry in 1082, To insure that the
appropriate linkages are achieved between INA and the INet Procuct
Set (see projects 1R4211 - AIN Relesse 2, 1R3111 - BISDN Phase 2,
1R1311 - ISDN Phase 2) the INA Project will also prodice technical
expositions that supplement the INA Framework on topics ecritical
to planners and shgireers for the INet Product Set. The availability
of these exposttions will be synchronized with the INet schedule.
The topics for the expesitions will be selected and reviswed with
BCCs to meat specific needs of Bellcore and BCC planners.

Tha INA Work Program flan provides an overall road map of the
architecture svelution that provides leadership for how wa will
move towards the targst. The overall goal is to have an "INA
consistent entity” in the field in 1998 (first office application).
Howaver, major interim milestores will be achieved. Products that
have already been influenced by INA attributes will start to be
available from vendors in the earlty #0s (e.g., AIN Release 1,
SMSDS Phase 2). Products that are strongly influenced by INA wil)
start to ba avatisble from venders in the mid to late 503 (i.=.,
the INet Product Set).

INA Initiatives are sfforts that accelerate the transitien to INA.
An initiative is intended to 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 Work Program

Pilan (deliverable 002). The results of the work on ifnitiatives and
plans for future fnitiatives are summarized in the INA Status Report
(de)tverable 008). Experience with the INA Data Redundancy
Management Inftiative during 1990 will determine the approach to
futurse INA inftiatives.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:
INFORMATION NETWORKING ARCHITEC (1INA) 1RSOIN
DESCRIPTION OF 1991 WORK: (CONT . )

The expected banefits that motivate the development of INA arm:

- BCCs will be able to devalop and deploy services that use network
and operations capabiltties more rapidly and at lower cost,

- data will be shared more effectively

- the modular, layered structure will encourage competition among
an increased number of vendors which will improve vendor offerings,

- due to modulization and separation of modules through interfaces
that suppoert interoperability attributes, BCC assets will be able
to be managed in smaller units, thus decreasing the impact of
changes

- opportunities will be created for new types of services and
revenJe streams.

INA deliverables will be distributed to all relevant SME groups and
governance bodies by the commitment date to help assure that

archi tecture and plamning activities within the BCCs are coordinated
with the evolution of tha INA definition.

DELIVERABLES:

No: 001

griginal: Commitment Date: 1291
INA Framework, Issue 1 provides the high-level concepts, principlas and
guidelines for INA wtth smphasis on application development,
interoperability and deployment. This document will be deliversd to
appropriate governance bodies anct SMEs (within the BCCs and Bellcore)

for final approval so that the documant can ba available for ordering

by industry by 3/31/92.

No: 002

Originai: Commitment Date: OB891
Thae INA Work Program Plan, Issue 2 provicdes detail on the steps in the
definition of the architecture, and how tnternal and external

communication goals will be achieved.

PROPRIETARY - Bellcore and Authorized Clients Only
Ses Propristary Restrictions on Title Page
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Project Name: Project No.:
INFGRMATION NETWORKING ARCHITEC (INA) 1RSOIN
DELIVERABLES: (CONT.)
No: 003

Original: Commitment Date: 1291

The Enterprise Architecture, Issue 2 is a3 joint deliverable with project
1R502X. It provides the next level of detail from Issue 1 by bringing
the decomposition down to the level of applications and allewing object
deftnition to proceed.

Ne: Q04

griginafi: Commitment Date: DNGD
INA expositions supplement the INA Framework with detailed topics

critical to planners and engineers for the INet Product Set. The

specific topics and schedule will be determined and reviewsd by BCCs by

the end of 1990.

No: CO0S

Originatl: Commitment Date: ONGO
Participation in relevant National and Internaticnal direction setting

work such ax TINA, ANSA, TRON and other projects to be detarmined as

a follow-up to 1890 of Standards/tndustry Assessmant .

No: 008

Original: Commitment Date: 1291
The INA Status Report will review the progress that INA made in 1991,
including participation tn national and tnternational industry groups

and standards bodies, the status of the Architecture Review Board in
Belicore, and progress on INA initiatives.

T T T T T . T R T ey I P

PRDJECT FUNDING DEPENDENCIES:
1291
Receives From:

82558A

PROPRIETARY - Bellcore and Authorized Cliants Only
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Project Name: Project No.:
INFORMATION NETWORKING ARCHITEC (INA) 1RS0IN

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work in this project provides a common base for many other
Belicore projects for evolving standards, architecture anc
specifications for communications, operations, and information access.

The substantial berefits of this project accrue to all Dwner-Clients

and are unable to be prevented from accruing to an Owner-Client who
might elect not to participate in this preject.

PROPRIETARY - B8ellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:
INFORMATION NETWORKING ARCHITEC (INA) 1RSO 1N
Bellceore Project Manager: Tel. No.:
NA (000) 000-0000
Bellcore Program Manager: Tel. No
N/A (N/A) -
Bellcore Subject Matter Expert: Tel. No.
NA (Q00) 000-0000

Bellcore Product Name:
INF. NTWK. ARCH

INF. NTWK. ARCH

Council: i Committee: i Forum:

RESEARCH & NETWORK ; NETWORK STAND. & ARCH., |, NOT APPLICABLE
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Non Affiliate Participation in this Project allowed: YES

SNET cet

Fundg

Owner Flag Name Title Telephone #

a v o iarreer AVP - TECH sves 312-608-2500
8A Y R. ALBERS AVP - TECH PLNG 703-974-8005
BS Y D. KETTLER DIR - SC! & TECH 404-529-2802
NX Y R. HELGESEN MNG DIR - NTWK PLNG $14-883-2034
PB Y R. IRELAND AVP - TECH PLNG 415-823-7800
Sw Y J. CARPENTER AVPF - TECH PLNG & DEV 314-235-1850
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Project Name: Project No.:
INTEGRATED OPERATIDNS SUPPORT OF INA 1R502X
Bellcore Product Manager. Tel. No.:
N. PETSCHENIK (908) 7%8-2151

P L i e N e

This Project is a Component of the Bellcore Product:
INF. NTWK. ARCH

--------------------------------- B e T R

Significant Change Date:
08/31/90

PRDJECT OVERVIEW:

This project provides leadership in the planning, analysis, and
definition of the Information Networking Architecture (INA)
Enterprise Architecture and the INA Object Architecture,

and continues the developmint of the Strategic Data Architecture
(SDA) and the Corporate Logical Data Modal (CLDM).

Davalopment of requirements for INA-consistent products is
dependent cn the understanding and documentation of an agreed upon,
clesrly defined Enterprise Architscturs. The Enterprise
Archiftecture is the set of functions, information, and their
interrelationships that define what a Bellcore Client Company (BCC)
telscommunications business does to provide {ts products and sarvices
to its customars. It tncludes a decomposition of individual
businass functions and an integrated mode) of functions,
information, and their interactions for the BCCs. The

Enterprise Architecture provides a high level view of the
information neecds. Its scope is enterprise-wicde, covering all
aspects that deliver and support services and products. The
Enterpriss Architecture S a prerequisite for defining the INA
Object Architecture, which will group information and functions
into objects, and specify the semantics of their interfaces.

This project will 21so coordinate logical data modeling work in
Ballicore, ylelding a CLOM. The techniques, appreoaches and
structures developed for the CLOM are expected to ba used in
developing the Object Architecture. The CLOM is a consolidated
view, across the corporation, of data, the operations that are
allowed against that data, and the results of applying those
operations. The CLDM is developsd by integrating the various
Logica) Data Models (LOMs) that describe views of corporate
information. A LDM is a structured and systematic representation
of the information and functions allowed on that information,
required for a product. This representation is indepsndant of the
technologies underlying the product. This wmodeling will result in
TAs and TRs that may be issued to the industry either ssparately, or
includad as part of a reguiremsnts document for a specific product
or interface.

The project will alse manage changes to the subject data areas
and objects of the SDA suggested by the information needs
idantified by the Enterprise Architecturs, by information modeling,

PROPRIETARY - Bellcore and Authorized Clients Oniy
This document contatns proprietary information that shall be
distributed or routed only withitn Bellicore and its authorized
clients except with written permission of Ballcore.
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Project Name: Project No.:
INTEGRATED OPERATIONS SUPPORT OF INA 1RS02X
PROJECT OVERVIEW: (CONT.)

and by the BCCs. The project wi!l also provide consultation and
review services for ongoing information modeling work within
Belicore. This project will include the cocordination and support
of joint BCC planning groups with an interest in the Enterprise
Architecture, the SDA (which will be incorporated into the
Enterprise Architecture), and the CLOM, primarily the Data
Architecture Resource Team (DART).

DESCRIPTION OF 1981 WORK:
This work will:

- Lead continuing work on the Enterprise Architecture. This work
includas the further decomposition of tha functions and information
of the Enterprise Architecture, Issus 1, that will be used as
input to the Corporats Logical Data Model and the INA Object
Architecturse. Tha Enterprise Architecture, Issue 2
(celiverasble 001) will provide anocugh details of BCCs’ business
that specific applications and technical requirements can be
cdeveloped. This will require consultation with those who
develop requirements to ensure that their needs are met.

- Specitfy how the functions and information developed in the
Enterprise Architecture are mapped into logical groups of functions
and groups of information, basad on a number of criteria, such as
performance and information needs.

- Support the continuing development of the Strategic Data
Architecture, vwhich will be incorporated into the Enterprise
Architecture. The work will determine the impact on the SDA of
new data elements discoversd in the Enterprise Architecture work,
during logical data modeling, and as suggested by BCCs via DART;
this work analyzes the impact of these data elements on the SDA
and updatas the SDA accordingly. It promotes the alignment of
Belicore’s SDA with strategic architectures of the BCCs.

- Coordinate logical data modeling activities and the ongoing
tntegration 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 Operations product requirements, such as Advanced Intelligent
Network (AIN) or Data Collection Operations System (DCOS) and the
Managed Information Base (an OSI standard). Although the
development of LOMs is widely distributed among organizations
developing requirsments and supporting data base work, this work
centralizes thw coordimation, administration, standards, and tools
used for information modeling.

PROPRIETARY - Bellcore and Authorized Clients Only
See Propristary Restrictions on Title Page
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Project Name: Project No.:
INTEGRATED OPERATIONS SUPPORT OF INA 1R502X
ODESCRIPTION OF 1991 WORK: (CONT )

The Enterprise Architecture and the Object Architecture describe
long-term targets for tha BCCs from a global perspective. The
SDA and CLDM build towards these long-term targets. The baneftt
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, ane require fewar resources to matntain.

INA deltiverables will be distributed to all relevant SME groups
and 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: 0019

Original: Commitment Date: 1201
Enterpriss Architecture, Issue 2, is a joint deliverable with project
1RSOIN. It provides the next level of detatl from lssue 1 by bringing

the decomposition down to the level of applications ard allowing

object definition to proceed.

No: 002

Originai: Commitment Date: 1291
This Strategic Data Architecture Issue 4 is an update to the Ballcors
Strategic Data Architecture. It reflects information needs identified by
the Enterprise Architecture, itnformation mocdeling efforts, and the BCCS.

No: 003

Originai: Commitment Date: ONGO
Corporate Logical Data Model Coordination - Inspact Product Data
Architectures (e.g., AIN, DCOS) and provide Data Architecture

Review resdouts to designated client representatives as thay are

nesded. Integrate proouct Logtical Data Models with the smarging CLOM.
Provide consulting on Data Modeling and LOM issues to Bellcore SMES.

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

FOIARO03Z

Pj /82

0005330




/? /83

BELLCORE Page: 4
Date Printed: 10/04/90
1991 FINAL PROJECT OFFERING

Project Name: Project No.:
INTEGRATED OPERATIONS SUPPORT OF INA 1RS02X

REASON FOR INFRASTRUCTURE CLASSIFICATION:

The work in this project provides a common base for many other
Bellcore projects for evolving standards, architecture and
specificattons for communications, operations, and information
access.

The substantial benefits of this project accrue to all Owner-Clients

and are unadle to be prevented from accruing te an Owner-Client
who might elect not to participate in the project.

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:
INTEGRATED OPERATIONS SUPPORT OF INA tR502X
8ellcore Project Manager: ' Tel. No.:
J. F. URICH (201) 829-2164
Bellcore Program Manager: Tel. No.:
J. F. URICH (201) B29-2184
Bellcore Subject Matter Expert: Tel. No.:
D. 8. LUBER (201) 829-2186

Bellcore Product Name:
INF. NTWK. ARCH

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

This Project supports the following Major Product(s):
INF. NTWK. ARCH

Council: i Committee: i Forum:

RESEARCH & METWORK  NETWORK STAND. & ARCH. | NETWORK SERVICES
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Non Afftliate Participants:
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............................................................................

Fund

Owner Flag Name Title Telephone #

™ v eoFxe SR. DIR. - NETWORK ARCH.  708-805-2880
BA Y R. ALBERS AVP - TECHNOLOGY PLANNING 703-874-8008
B8s Y D. KETTLER DIRECTOR - SCIENCE & TECH 404-329-2802
NX Y R. HELGESEN MNG. DIR. - NETWORK PLNG., 914-883-2024
PB Y R. IRELAND AVP - TECHNOLOGY PLANNING 415-823-76800
Sw Y J. CARPENTER AVP - TECHNOLOGY PLANNING 314-235-1550
us Y D. MALMSTROM " TECHNICAL DIRECTOR 303-740- 1596

Resesarch Tax Credit Application:
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Project Mame: Project No.:

INFORMATION NETWORKING ISDN PLANNING 1R1311%
Bellcore Product Manager: Tel. No.:
J. RIZZ0 (908) 758-2211

This Project is a Compeonent 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 sxchange and
exchange accass teiephony to being premier providers of access to
information {n any form. This evolution is baing driven by the
growing demands of the telecommunications marketplace and the
rnead 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 e set of naw network platforms and
technologies (ISDN Phases 1.1 and 1.2, AIN Ralease 1, BISON Phase 1,
SONET Releases f and 2, etc.) that are targeted for :ltploylnnt
by the Balicore Client Companies (8CCs) throughout the first half
of the 1980s. In addition, Bellcore is vorking with the BCCs to
define a target architecturs for tha network (oparations systems
are included in the term "metwork" in this project profite) in
the Information Networking Architecturs (INA) product. Belicorae
and the BCCs axpect that the network of the mid-1990s will be an
svolution and integration of the earliy/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 natworking services in a cost-effective manner.

The work in 1881 to dafine the network of the mid-1990s will take
place in a set of products called the Information Networking (INET)

product set that consists of the AIN Release 2, BISON Phase 2 and
ISON Phase 2 products. This product structurs was established
principally for administrative purposes and tha product set will,

in fact, be managed as a single Belticore product having a single set
of outputs in 1981. The project described here (1IR1311) (s one of
the projects that is containaed 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 10NS2X, Operations Plamning for
Network Procducts, will be applied to the efforts in this and the
other projects in this set to perform the operations plamning
functionsg.

The principal goal of this product set (and thus the work in this
project) is to enable the BCCs to deplioy products beginning in the
mid-19980s that altow them to provide, via a servica-creation
envirormment, cost-effective media- independent (including mixed-media)

PROPRIETARY - Belilcore and Authorized Clients Only
This document contains proprietary information that shall be
distrtbuted or routed oniy within Bellcore and its authorized
clients except with written permission of Bellccre.
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Project Name: Project No. :
INFORMATION NETWORKING ISDN PLANNING 1R1311
PROJECT DVERVIEW: (CONT.)

switching and transport services at a range of informatton rates,
These services must complament the functionality in CPE and other
networks to factlitate end-to-snd customer appiications. The work

tn this project and the others in this set wil]l take a2 network-wide
view of the various functiomality (transmission, switching, control,
operations, access, signating, etc.) that wil) be required to achieve
this goal and will ultimately result in the production of requirsments
for products having the needed functionality that can be deploysd

in the mid-1990s.

The planning and system enginesring work in this project,

along with the other projects noted above, will incorporate

the upfront work necessary to demonstrate the business,

technical, anc markat viability of information networking in the mid-
1990s. This will include preliminary architecture planning,

market, stakeholder, and sconomic analysis, technical

feasibility snalysis, and transition planning. This information will
snable the BCCs to determine vhather to pursue the develicpment of

an Integrated Network and Oparations Plan (N2OP), followed by generic
requiremsnts for information networking products and uitimstely thetr
deployment in the mid-1990s. Deployment of products based on the
Integrated Network and Oparations Plan would provide the BCCs with naw
revenus opportunities by snabling them to provide a diverss set of
information networking services targeted to their specific markets and
would provide them with cost reduction opportunities through tha
integration of similar functions in a logical networking environment.

----------------------------------------------------------------------------

DESCRIPTION OF 1991 WORK:

In 1991, the INET product set will be in the Concept Development
Stage of the Network Service and Technology Process (NSTP). The
purposs of the Concept Deavelopment Stage is to define more
comprehensively the opportunity baing addressed by the product and to
begin to identify a solution that is technically sound and
economically viable.

To meet these objectives in 1991, Belicore will develop and provide
the BCCs with technical and business information enabliing them

to decide wvhether to pursue mid- 1990 deployment of information
networking. This information will.be contained in an Opporutunity
Anatysis for the mid-1990s network, followed by a prospactus, as
described below. This work will be based on archf{tecture,
technology and services work done in 1990 in several projects

that have been mapped to INET.

The Opportunity Analysis (OA) is essentially a first cut at the
prospectus and would consist of the following information:

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1991 FINAL PROJECT OFFERING

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

Project Name: Project No.:
INFORMATION NETWORKING ISDN PLANNING 1R1311
DESCRIPTION OF 1991 WORK: g (CONT.)

o An initial cut at a functional description of tha retwork of the
mid-1990s.

o Identification of 3 set of services, some of which would be of the
integrated voice/data variety, that customers may need in the
mid-1990s, as wall as ballpark astimates of demand and revenus.
These sarvices would 1ikely be based on past and current (i.e.,
1990) market ressarch aznd service concept efforts at Bellcore, as
well az on input from tha BCCs.

o A high-level architectural view of the network (including the
operations) and rough estimates of the cost of the ealements.
Analyses of how tha above-mentioned services would be provided on
the architecture would be included, as well as some of the
technical issues associated with transition and evolution from
earlier platforms.

o Utilizing all of the above infoermation, a preliminary economic
analysis of the mid-90s network would be conducted and used by
BCCs to decide whether work should continus toward the naxt stage
of the NSTP.

Following the Opportunity Analysis, and assuming a go-ahead decision
by the BCCs (most Tikely, by the Network A Operations Architecture
(N&DA) Product Support Group (PSG)), work on a prospectus will

begin. This prospsctus will incorporate 3ellicore market, stakeholder,
technical, and sconomic analysis to provicde the BCCs with information
anabling them to decicde whether further support for mid-19890s
deployment of Information Networking ts justified. This prospectus
will inciuce: .

o Market analysis for a set of information networking core services,
tncluding revenus potential and customer willingness to pay;

o ldentification of relevant stakeholiders and recormerdztions for
influencing thoss stakeholders;

© A recommended standards sirategy;

o Economic analysis of information networking and information
networking cors services including projection of total 1ifecycie
costs, revenues and cost reduction opportunities.

Also included in the prospectus will be a2 preliminary Integrated
Natwork and Operations Plan that will consist of the following:

© A description of the functionality proposed for the network
of the mid-1§90s.

o Preliminary partitioning of this functionality and information

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:
INFORMATION NETWORKING I§DN PLANNING 1fR1311
DESCRIPTIDON OF 1991 WORK: i (CONT.)

into natwork and cperations elements, as wvell as slemants
external to the network (such as CPE).

o Initial description of the interfacas betwesn aiements in the
network and between ths rnetwork and external entities, and
identiftcation of strategies for managing redundant data.

o Overview description of the way internal and external users will
interact with the informatton networking platform and information
network ing services;

o Overview description of the service creation capabilities required
to meet user needs;

o Genaral strategy to enable the transition from embedded systems and
previously-defined platforms.

This prospectus is a major milestone and decision poeint for the BCCs
in that it proposes wvhat the network of the mia-1990s will l1ook like
and what functionality it will provide (and why). Assuming 8CC
concurrence with the recommendations provided in the prospectus,
Bellcore will beagin the datailed work on the Integrated Network and
Cperations Plan which is targeted for completion in 1992,

In summary, this project, in conjunction with the other projects in
the INET product set, provides benefits to tha BCCs by providing
them with the basic systems engineering and planning to

snabls them to pursue a consistent svolution towards & singls
integrated network encompassing both "network" and "operations”
capabilities. This single integrated network will provide the BCCs
with new revenus opportunities for transport services, value-added
services., and unbundled capabilities, arnd will present the BCCs with
opportunities for cost reduction through the integration of similar
functions in a single Togical networking structure.

DELIVERABLES:

No: 001

Original: . Commitment Date: 0391
Opportunity Analysis - Provides an analysis of the service and cost
reduction gpportunities that may warrant svelving the network, a high-level
archi tectural view of the network and preliminary sconomic and staksholder
analyses. This deliverable will be mailed to the NAOA PSG tn March 1991
and should be used by NADA to deterwmine whether any changes in assumptions,
dirsctions, etc., are redquired in developing the Prospectus.

PROPRIETARY - Sellcore and Authorized Clients Only
Sea Propristary Restrictions on Title Page
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Project Name: Project No.:
INFORMATION NETWORKING 1SDN PLANNING 1R1311
DELIVERABLES: {CONT.)
No: 002

Originat: Commitment Date: 1081

Prospectus - Provides comprehansive business analysis for the informatton
networking platform of the mid-1880's and a preliminary Integrated Network
and Operations Plan providing technology, architecture and transition
information. This daliverable will ba mailed to the NAOA PSG in October
1991 and should ba used by N2OA in formulating a decision to bagin detatled
work on the NAOP.

PROJECT FUNDING DEPENDENCIES:
1991
Receives From:

1R4211 tR3111 1ONS2ZX
Provides To:

1R3111 tR4211
REASON FOR INFRASTRUCTURE CLASSIFICATION:
This project provides the conceptualization, planning, amalysis, 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 acerue to all Ownar-Clients

and are unsble to be prevented from accruing to an Qwner-Client who
might alact not te participate in this project,

PROPRIETARY - Ballcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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1981 FINAL PROJECT OFFERING

Project Name: Project No.:
INFORMATION NETWORKING ISDN PLANNING 1R1311
Bellicore Project Manager: Tel. No
NA {000) Q00-00G0
Bellcore 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: i Committee: i Forum:
RESEARCH & NETWORK ; NETWORK STAND. 8 ARCH. | NOT APPLICASBLE
ISI-IIII"II'.'SIIII-IS’g.-’l’l--ISIIIIESISS.l..'.ll'.lgtsiﬂlSIIIBII'SII3233
------------------- FUNDING REQUIREMENTS------e-masmescerroocecccocammecena
Project Type: ; Work Category: i i Start Date: 01/981
i | H Completion Date: 12/92
INFRASTRUCTURE | NEWLY ESTABLISH , MULTI-YEAR | Revised Comp Date: /
B'.Il!"’l-;l"..!l.lll===II'S"'-I8833--*.--28:‘8”88'8’.lllll'l,’.:t'tl:.-l
------------------- FUNDING ALLOCATION----===cemerorerooo-acuecommmmeraceooo~
Allocation Basis: 01 ! Firm Quote: NO
ISESSSII:-'S'S’t’:!i”!IlllII!!HEI.ISI.lSI":IISI!"t!’:l.ll.llll'-l-l-ISSSII
Non Affiliate Participation in this Project allowed: YES

Non Affiliate Participants:
SNET car

Funa
Owner Flag Name Title Telephone #
Ty ol aarmer avP - TECH. sves. 312-808-2500
BA Y R. ALBERS AVP - TECH. PLNG. 703-974-8005
BS ¥ D. KETTLER AVP -~ SCI. & TECH. 404-529-2802
NX Y R, HELGESEN MNG. DIR. NTWK. PLNG. $14-883-2034
(] -] Y R. IRELAND AVP - TECH. PLNG. 415-823-7600
Sw Y J. CARPENTER AVP - TECHM. PLNG. DEV. 314-235- 1550
us Y J. CZAK DIR. - NTWK. ARCH, & STDS. 303-889-8409

’.l’!llI.II'I..II-I---I-”-II."'ISIIIII’.S.'--.----II’-I.'--It.’..'.'.ll...

Research Tax Credit Application:

8".-I-.I".I.‘.”’---I-.--’-.I'-‘-."-.--’I"--’--I.-‘-Il.-tt"llﬂlﬂﬂ..-----
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Project Name: Project No.:
INFORMATION NETWORKING BISDN PLANNING 1R2111
Bellcore Product Manager: Tel. No.:
J. RIZZ0 (908) 788-2211

This Project is a Component of the Belicore Product:
BISDN PHASE 2
Significant Change Date:
08/31/90

PROJECT DVERVIEW:

The BCCs ara evolving from being premier providers of exchange and
sxchange access telephony to being premier providers of access to
information in any form. TYhis evelution is being driven by the
growing demands of the telecommunications marketplace and the need
need for the BCCs to meet these demands by offering a wvidening set
of services o their customers.

As initia)l steps in the evolutfon toward information networking,
Bellcore is working on a set of new network platforms and
technologias (ISDN Phases 1.1 and 1.2, AIN Release t, BISDN Phase {1,
SONET Releases 1 and 2, etc.) that arse targeted for deployment
by the Seslicore Cltient Companies (BCCs) throughout the first haif
of the 1990s. In addition, Belicore is working with the BCCs to
define o target architecture for the network (opsrations systems
are included in the term "network" in this project profile) in
the Information Networking Architecturs (INA) product. B8ellcore
and the BCCs expect that the network of the mid-1990s will be an
svolution and integration of the sarly/mid-1990s platforms and
technologies, and a transition step toward the INA target,

that will result in the BCCs ability to offer a range of
tnformation networking services in a cost-effective manner.

The work in 1991 to define the network of the mid-1990s will take
place in a set of products cailed the Information Networking (INET)
product set that consists of the AIN Release 2, BISDN Phase 2 and
ISDN Phase 2 products. This product structure was established
principally for administrative purposes and the product set will,

in fact, be managed as a single Bellcore product having a single set
of cutputs ih 1991, The project described here (1R3111) is one of
the projects that is contained in this product set, the others being
the Information Networking ISDN Planning {1R1311) and Information
Networking AIN Planning (1R4211) projects. In addition to these
projects, e portion of Project 10NS2X, Operations Planning for
Network Procucts., will be applied to the efforts in this and the
octher projects in this set to perform the oparations planning
functions.

The principal goal of this product set (and thus the work in this
project) is to enable the BCCs to deploy products beginning in the
mid-1990s that allow them to provide, via a service-creation
environment, cost-effective media-indepandent (including mixed-media)

PROPRIETARY - Bellcore ang Authorized Clients Only
This document contains proprietary information that shall be
distributed or routed only within Bellcore and its authorized
clients excapt with written permission of Bellcore.
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Project Name: Project No.:
INFORMATION NETWORKING BISDN PLANNING 1R3111
PROJECT OVERVIEW: (CONT )

switching and transport sarvices at a range of information rates.
These services must complemant the functionality in CPE and other
networks to facilitate end-to-end customer applications. The work

in this project and the others in this set wil! take a network-wide
view of the various functionality (transmission, switching, control,
oparations, access, signaliing, ete.) that will be required to achieve
this goal and will ultimately result in the production of requirsments
for procducts having the resded functionality that can be deploysc

in the mid-1890s.

The planning and system enginesring work in this project,

along with the other projects noted above, will incorporats

the upfront work necessary to demonstrate the business,

technical, and market viability of information networking in the mid-
© 18908. This will include preliminary architecture planning,

market, staksholder, and sconomic analysis, technical

feasibility analysis, and transition planning. This information will
snable the BCCs to determine whether te to pursue the development of
an Integrated Network and Operations Plan {NSOP), followed by generic
requirements for information networking products and ultimately their
deployment in the mid-1980s. Deployment of products based on the
Integrated Network and Operations Plan would provide the BCCs with new
revenus opportunities by enabling them to provide a diverse set of
tnformation networking services targeted to their specific markets and
would provicde them with cost reduction opportunities through the
integration of similar functions in a logical networking envirorment.

DESCRIPTION OF 1991 WORK:

In 1881, the INET procuct set will be in the Concept Development
Stage of the Network Service and Technology Process (NSTP). The
purpose of the Concept Davelopmant Stage 15 to define more
comprehensively the opportunity being addressed by the Product and to
bagin to identify a solution that is technically sound and
economically viable.

To meet these objactivaes in 1991, Ballcors will devalop and provide
the BCCs with technical and businass information snabling them

to cecice whether to pursue mid-i590s deployment of infarmation
retworking. This information will be contained in an Opporutunity
Analysis for the mid-19808 network, foilowed by a Prospectus, as
described below. This work will ba based on architecture,
technology and services work done in 1980 in several projects

that have been mapped to INET.

Tne Opportunity Analysis (OA) is essentially a first cut at the
Prospectus and would consist of the following information:

PROPRIETARY - Bellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:
INFORMATION NE?HORKING BISDN PLANNING 1R3111
DESCRIPTION OF 1991 WORK: {CONT.)

o An initial cut at a functional description of the network of the
mid-1990s.

o Identification of a set of services, some of wvhich would be of the
tntegrated voice/dats variety, that customers may reed in the
mid-1980s, as wall as ballpark estimates of demand and revenue.
Thesa sarvites would )ikely _be_bassd on past and current (i.e.

é )9 2
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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 complement the functionality in CPE and other
netvorks to facilitate end-to-end customer applications. The work

in this project and the others in this set will take 2 network-wide
view of the various functionality (transmission, switching, contrel,
operations, atcess, signaling, &tc.) that will be required to achieve
this goal and will ultimately result in the production of requirements
for products having the needed functionality that can be deployed

in the mid-1990s.

The planning and system enginsering work in this project,

altong with the other projects notad above, will incorporate

the upfront work necessary to demonstrate the business,

technical, and market viabitity of information networking in th- mid-
© 1990s. 'l'his will include preltminary architecture planmning,

market, stakeholder, and economic analysis, technical

foasibility amlysis. and transition pltanning. This information wiil
enable the BCCs to determine whether to to pursue the devalopment of
an Integrated Network and Operations Plan (NAQOP), followed by gerneric
requirements for information networking products and ultimately their
deployment in the mid-1890s. Deployment of products based on tha
Integrated Network and Opsrations Plan would provide the BCCs with new
revenues opportunities by enabling them to provide a diverse set of
information networking services targeted to their specific markets and
would provice them with cost reduction cpportunities through tha
integration of similar functions in a logical networking snvironment.

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

DESCRIPTION OF 1991 WORK:

In 1991, the INET product set will ba in the Concept Developmant
Stage of the Network Service and Technology Process (NSTP). The
purpose of the Concept Development Stage is to define more
comprehensively the opportunity beaing addressed by the Product and to
begin to identify a solution that is technically sound and
economically viable.

To meat these ocbjectives in 1991, Belicore will develop and provide
the BCCs with technical and businass information enabling them

to decide whather to pursue mid-1590s deployment of information
networking. This information will be contatned in an Opporutunity
Analysis for the nid-ﬂm network, fonoucd by a Prospectus, as

..... ——— t | e A m -
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Project Name: Project No.:
INFORMATION NETWORKING BISDN PLANNING 1R3111
DESCRIPTION OF 1931 WORK: (CONT.)

into natwork and operations elements, as well as slements
external to the netwerk (such as CPE).

o Initial description of the interfaces between elements in the
network and between the network and external entities, and
{dentification 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 meat user needs;

© Genera) strategy to enable the transition from embedded systems and
previousiy-cefined platforms.

This Prospectus is a major milestone and decision point for the BCCs
tn that it proposes what the network of the mid-1990s will Took l[ike
and what functionality it will provide (and why). Assuming BCC
concurrsnce with the recommendations provided tn the Prespectus,
Bellicors will bagin the detailed work on the Intagrated Network and
Operations Plan which is targeted for completion in 1992.

Iin 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 engineering and planning to

enable tham to pursue a consistent svolution towards a single
integrated network sncompassing both "network" and “"oparations"
capabilities. This single integrated network will provide the B8CCs
with new revenus opportunities for transport services, value-added
services, and unbunditad capabilities, and will present the BCCs with
opportunities for cost reduction through tha integration of similar
functions in a single togical networking structure.

DELIVERABLES'

No: 001

Original: Commitment Date: 03891
Opportunity Analysis - Provides an analysis of the service and cost
reduction opportunities that mesy warrant svelving the network, a high-level
architectural view of the natwork and pretiminary sconomic and stakeholider
anaiyses. This deliverable will ba mailed to the N&DA PSG in March 1991
and should be used by NAOA to determine whather any changes in assumptions,
directions, stc., are required in daveloping the Prospsctus.

PROPRIETARY - Eellcore and Authorized Clients Only
See Proprietary Restrictions on Title Page
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Project Name: Project No.:
INFORMATION NETWORKING BISDN PLANNING 1R3111
DELIVERABLES: (CONT . )
No: 002

Originai: Commitment Date: 1091%

Prospectus - Provides comprehensive business analysis for the information
networking platform of the mid-1930‘s and a preliminary Integrated Network
and Operations Plan providing technology, architecture and transition
information. This deliverable will be mailed to the N&OA PSG in October
1991 and should be used by NLOA in formulating a decision to begin detailed
work on the N&AOP.

PROJECT FUNDING OEPENDENCIES:
1991
Receives From:

1R4211 1R131t TONS2X
Provides To:

1R1311 1R4211
REASON FOR INFRASTRUCTURE CLASSIFICATION:
This Project provides the conceptualization, planning, anmalysis, and
relatec testing of funcamental compatible network and operations
architectures, capabilities, and systems, and analysis for Bellcore’'s
use of the potential impacts on standards and architecture, and tha
services supported by the netwerk, of industry issues.
The substantial benefits of this Project acocrue to all Owner-Clients

and are unable to ba prevented from accruing to an Owner-Clisnt 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 BISDN PLANNING 1IRI111
Bellcore Project Manager: Tel. No.:
NA (000) 000-~0000
Belicore Program Manager: Tel. No.:
N/A (N/A) =

gellicore Subject Matter Expert: Tel. No.:
NA (000) 000-0000

Bellcore Product Name:
BISDN PHASE 2

---------- I . e T T T ]

This Project supports the following Major Product(s):

BISDN PHASE 2 ISDN PHASE 2.0 AIN RELEASE 2

Council: F Committee: i Forum:

RESEARCH & NETWORK y NETWORK STAND. & ARCH. | NOT APPLICABLE

PR EEE TS E NP EEEEr R RN T E R TN EE P EEEE SRS r T CIESEEREIIISSErEEIITISEEENMEEIINTINTINREER

------------------- FUNDING REQUIREMENTS -+ o= ---wwamemme oo temmmmttcaana oo

Project Type: i Work Category: ; i Start Date: 01/91
| | | Completion Date: 12/92

INFRASTRUCTURE | NEWLY ESTABLISH | MULTI-YEAR | Revised Comp Date: /

I E SN R EE ST r P E R EE RS r PR RN E R S SR E I Iz s S FEE I T S FE T RS T ISR AR ENEEIESESNFXRERTRESRY

------------------- FUNDING ALLOCATION==-===c=n-=-cmee-camcocucracacearonaaae

Allocation Basis: 01 ! Firm Quote; NO

Non Affiliate Participation in this Project allowed: YES

Non Affiliate Participants:
SNET cBI

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

fund
Owner Flag Name Title Telephone #
M Y D, LATTNER AvP - TECH. sves. 312-805-2500
BA Y R. ALBERS AVP - TECH. PLNG. 703-874-8005
es Y D. KETTLER AVP - SCI. & TECH, 404-528-2802
NX \{ R. MELGESEN MNG. DIR. NTWK. PLNG. 914-883-2034
PB Y R. IRELAND AVP - TECH. PLNG. 415-823-7800
SW Y J. CARPENTER AVP - TECH PLNG. & DEV. 314-235-1550
us Y J. CZaK " DIR.- NTWK. ARCH. & STDS. 303-889-8409
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Research Tax Credit Application:

S P F N RS SRR FFA S R EE R R EE R E I I E N R A R R R R R I E R N A E R EF NS AR E RS TR EE RSN ENNREEET
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Project Name: Project No.:
INFORMATION NETWORKING AIN PLANNING 1R4211
Bellcore Product Manager: Tel. No.:
J. RIZZ0 (908) 758-22%1

This Project is a Component of the Bellcore Product:
AIN RELEASE 2
Significant Change Date:
08/31/80

PROJECT OVERVIEW:

Tha BCCs are evolving from being premier providers of exchange and
exchange access telsphony to being premier previders 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 meat these demands by offering a widening set
of services to their customers.

As initial steps in the evolution toward information networking,
Bellicore is working on a set of new network platforms and
technologies (ISDN Phases 1.1 and 1.2, AIN Release 1, BISDN Phase 1,
SONET Releasas 1t and 2, etc.) that are targeted for deployment
by the Bellicore Client Companies (BCCs) throughout the first half
of the 1090s. In addition, Bellcore is working with tha BCCs to
define a target architecture for the retwork (operations systems
ara inctuded in the term "network” in this project profile) in
the Information Networking Architecture (INA) product. Bellcore
and the BCCs sxpact that the network of the mid-1890s will be an
evolution and integration of the sarly/mid-1890s platforms and
technologies, and a transition step toward the INA target,

that will result in the BCCs ability to offer a range of
information retworking services in a cost-effective manner.

The work in 1991 to defina the network of tha mid-1990s will take
place in 2 set of products callisd the Information Networking (INET)
product set that consists of the AIN Release 2, BISDN Phase 2 and
ISDN Phase 2 products. This product structure was established
principaliy for aaministrative purposes and the product set will,

in fact, be managed as a single Bellcore product having a single set
of outputs in 1991. The project described here (1R4211) is one of
the projects that is contained in this product set, the others being
the Information Networking ISDN Planning (1R131%) and Information
Networking BISDN Plamning (1R3111) projects. In addition to these
projects, a portion of Project !ONS2X, Operations Plamning for
Network Procucts, will be spplied 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 snable the BCCs to deploy products beginning in the
mici- 1990 that allow them to provide, via a service-creation
environment, cost-sffective media-independent (including mixed-media)

PROPRIETARY - Bellccore 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.
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Project Name: Project No.:
INFORMATION NETWORKING AIN PLANNING - 1R4211
PROJECT QOVERVIEW: {CONT.)

switching and transport services at a range of information rates.
These services must complement the functicnality in CPE and other
networks to facilitate end-to-end customar applications. The work

in this project and the others in this seat will take a network-wide
view of tha various functionality (transmission, switching, control,
operations, access, signaling, etc.) that will be required to achieve
this goal and will ultimately result in the production of requirements
for products having the needed functionaltity that can be deployed

in the mid-1880s.

The planning and system enginearing 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-
1980s. This will {nclude preliminary architecturs planning,

market, stakeholder, and economic analysis, technical

feasibility analysis, and transition planning. This information will
enable the BCCs to determine whether to pursue the development of

an Integrated Network and Operations Plan (NAOP), followed by generic
requirements for information metworking preducts and ultimately their
deploymant in the mid-1080s. Deployment of products based on the
Integrated Network and Operstions Plan would provida the BCCs with new
revenue opportunities by enabling them to provide a diverse set of
information networking services targeted to their specific markets and
would provide them with cost reduction opportunities through the
integration of similar functions in a logical networking envirorment.

DESCRIPTION OF 1991 WORK:

In 1881, the INET product set will be in the Concept Devalopment
Stage of the Network Service and Technology Process {(NSTP). The
purpose of thm Concept Development Stage is to define more
comprahansively the opportunity being addressed by the product and to
begin to identify s solution that is technically sound and
sconomically viable.

To meet these objectives in 1981, Belicore will develop and provide
the BCCs with technical and business information enabling them

to decide whether to pursue mid-1990s deploymant of information
natworking. This information will be contained in an Opporutunity
Analysis for the mid-1990s natwork, followed by a prospectus, as
described below. This work will be based on architecture,
technology and services work done in 1980 {n several projects .
that have besn mapped to INET.

The Opportunity Analysis (DA) is essentially a first cut at the
Prospectus and would consist of the following information:
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DESCRIPTION OF 1991 WORK: (CONT.)

-

o An tnitial cut at a functional description of the network of the
mid-35990s.

o Identification of a set of services, some of which would be of the
tntegrated voice/data variety, that customers may need in the
mid-1990s, as well as ballpark estimates of cemand and revenue.
Thase services would likely be based on past and current (i.e.,
1990) market ressarch and service concept efforts at Bellcore, as
wvell as on input from the BCCs.

o A high-leval architectural view of the network (including the
operations) and rough estimates of the cost of the slements.
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 and evolution from
earlier platforms.

o Utilizing all of the above information, a preliminary economic
analysis of the mid-90s network would be conckicted and used by
BCCs {0 decide whether work should continue toward the next stage
of the NSTP.

Following the Opportunity Analysis, and assuming a go-ahead decision
by the BCCs (most likely, by tha Network & Operations Architecturs
(NSDOA) Product Support Group (PSG)), work on a prospectus will

pegin, This progpectus will incorporate Bellcore market, stakeholder,
technical, and economic analysis to provide tha BC.: with information
snabling them to decide whether further support for mid-1890s
cdeployment of Information Networking is justified. This prospectus
will include:

o Market analysis for a sat of information networking core services,
including revenus potential and customer willingness to pay;

o ldentification of relevant stakeholders and recommendations for
influencing those stakeholders;

© A rescomménded standards strategy;

o Economic analysis of information networking and information
networking core services including projection of total lifacycle
costs, revanuas and cost reduction opportunities.

Also included in the prospectus will be a preliminary Integrated
Network and Operations Pian that will consist of the following:

o A description of the functionality propesed for the network
of the mid-1990s;

o Preliminary partitioning of this functionality and information
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DESCRIPTION OF 19321 WORK: {CONT.)

into network and operations elements, as well as salements
axternal to the network (such as CPE);

o Initial dascription of the interfaces beatween elements in the
natwork and between the network and external sntities, and
identiftcation of strategies for managing redundant data;

o Overview dascription of the way internal and external users will
interact with the information networking platform and information
networking services;

o Overview description of the service creation capabtlities required
to meet user needs;

© General strategy to snable the transition from embedded systems and
previously-cdefined platforms.

This prospectus is a major milestone and decision point for the BCCs
in that it proposes what the network of the mid-1990s will Jook 1ike
and what functionality it will provide (and why). Assuming BCC
concurrence with tha recommandations provided {n the prospectus,
Belicore will begin the detailed work on the Integrated Network and
Operations Plan which is targeted for completion in 1892,

In summary, this project, in conjunction with the other projects in
the INET product sat, provides bernefits to the BCCs by providing
tham with the basic systems engineering and planning to

ansble tham to pursus a consistent svolution towards a singls
integrated network encompassing both "network" and "operations"
capabilities. This single integrated network will provide the BCCs
with newv reveanue opportunities for transport services, value-added
services, and unbundlied capabilities, and will pressnt the BCCs with
opportunities for cost reduction through the integration of similar
functions in a single logical networking structure.

DELIVERABLES:

No: 001

Original: Commitment Date: 0391
Opportunity Analysis - Provides an analysis of the service and cost
reduction opportunitiss that may warrant svolving the network, a high-level
architectural view of the network and preliminary sconomic and stakeholder
analyses, This deliverable will be matled to the NAJA PSG in March 1991
and should be used by NADOA to determine whether any changes in assumptions,
directions, etc., are required in developing the Prospectus.
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Bellcore Program Manager: Tel. No
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Bellcocre Subject Matter Expert: Tel, No
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Bellcore Product Name:
AIN RELEASE 2

This Project supports the following Major Product(s):

AIN RELEASE 2 ISON PHASE 2.0 BISDN PHASE 2
Council: i Committee: i Forum:
RESEARCH & NETWORK ; NETWORK STAND. & ARCH. | NOT APPLICABLE
----'.--"".-.I"...-'.-’-.-'.’.--I"‘.".”...’..".’l:..---.‘,’--.:====’.
------------------- FUNDING REQUIREMENTS-=-===sssscmmmmmccoccemcueaacanronos
Project Type: i Work Category: i i Start Date: 01/91
i i i Completion Date: 12/82
INFRASTRUCTURE | NEWLY ESTABLISH ;| MULTI-YEAR | Revised Comp Date: /
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Allocation Basis: O1 ! Firm Quote: NO
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Non Affiliate Participation in this Project allowed: YES

Non Affiliate Participants:
SNET (=}

Fund
Owner Flag Name Title Telgphone #
av v D. LaTTNer VP - TECHW sves. 312-808-2500
BA Y R. ALBERS AVP - TECH. PLNG. 703-974-800S
Bs Y D. KETTLER AVP - SCI.- 8 TECH. 404-529-2802
NX Y R. HELGESEN MGR.- DIR. NTWK. PLNG. 914-883-2034
PB Y R. IRELAND AVP - TECH. PLNG. 415-823-7600
sw Y J. CARPENTER AVP - TECH. PLNG. & DEV. 314-235-1S50
us Y J. CZAK DIR.- NTWK. ARCH. & STDS, 303-888-8409

Resoarch Tax Credit Application:
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P.O. Box 508

Tallahassee, FL 32302-0508

Richard D. Melson
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Michael J. Henry
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Rick Wright
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101 East Gaines Street
Tallahassee, FL 32301

Peter M. Dunbar

Haben, Culpepper, Dunbar
& French, P.A.

306 N. Monroe St.
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Florida Consumer Action Network
4100 W. Kennedy Blvd., #128
Tampa, FL 33609

Cecil 0. Simpson, Jr.

Peter Q. Nyce, Jr.

Regulatory Law Office

Office of the Judge Advocate
General
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