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Tel. No. (850) 488-8330

Fax. No. (850) 488-4401

Michael Gross, Esquire
Assistant Attorney General
Office of the Attorney General
PL-0 1 The Capitol

Tallahassee, Florida 32399-1050
Tel. No. (850) 414-3300

Fax. No. (850) 488-6589

Tracy Hatch, Esquire ')
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101 N. Monroe Street, Suite 700
Tallahassee, Florida 32301

Tel. No. (850) 425-6364

Fax. No. (850) 425-6361

Richard D. Melson, Esquire
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123 South Calhoun Street
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Tel. No. (850) 425-2313
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Atty. for MCI

Thomas K. Bond

MCI Metro Access Transmission
Services, Inc.

780 Johnson Ferry Road

Suite 700

Atlanta, GA 30342

Tel. No. (404) 267-6315

Fax. No. (404) 267-5882

Fr%hcrt M. Post, Jr.
16001 S.W. Market Street
Indiantown, FL 34856
Tel. No. (561) 597-3113
Fax. No. (561) 597-2115

Charles Rehwinkel
Sprint-Florida, Inc.

1313 Blair Stone Road,
MC FLTHOO 107
Tallahassee, Flornida 32301
Tel. No. (850) 847-0244
Fax. No. (850) 878-0777

Carolyn Marek

VP Regulatory Affairs
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2848 _ .d Hickory Boulevard
Apt. 713

Nashville, TN 37221

Tel. No. (615) 673-1191
Fax. No. (615) 673-1182

Norman H. Horton, Jr., Esquire
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215 South Monroe Street

Suite 701
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Tel. No. (850) 222-0720

Fax. No. (850) 2244359
Represents e.spirew

David B. Erwin, Esquire
Attorney-at-Law

127 Riversink Road
Crawfordville, Florida 32327
Tel. No. (850) 826-8331
Fax. No. (850) 026-8448
Represents GTC, Frontier,
ITS and TDS




Floyd R. Self, Esquire
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Represents WorldCom

Patrick Wiggins, Esquire
Donna L. Canzano, Esquire (+)
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Kimberly Caswell, Esquire

GTE Florida Incorporated
201 North Franklin Street
16th Floor

Tampa, Florida 33602
Tel. No. (813) 483-2617
Fax. No. (813) 204-8870

Jeffry J. Wahlen, Esquire
Ausley & McMullen

227 South Calhoun Street
Tallahassee, Florida 32301

Tel. No. (B50) 425-5471 or 5487
Fax. No. (850) 222-7560
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and Vista-United

Tom McCabe

TDS Telecom
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BELLSOUTH TELECOMMUNICATIONS, INC.
DIRECT TESTIMONY OF D. DAONNE CALDWELL
BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION
DOCKET NO. 980696-TP
AUGUST 3, 1998

Q. Please state your name, occupation and address.

A. My name is D. Daonne Caldwell. | am a Director in the Finance
Department of BellSouth Telecommunications, Inc. (hereinafler referred to
as "BeliSouth” or the Company”). My area of responsibility relates to
economic costs. My business address is 675 W. Peachtree St., N.E.,
Allanta, Georgia, 30375.

Q. Please state your professional experience and education related to
the issues In this proceeding?

A. | joined South Central Bell in 1978 in the Tupelo, Mississippi, Engineering
Department where | was responsible for Outside Plant Planning. In 1883, |
transferred to BellSouth Services, Inc. in Birmingham, Alabama, and was
responsible for the Centralized Results System Dalabase. | moved to the
Pricing and Economics Department in 1084 where | developed
methodology for service cost studies until 1986 when | accepted a
rotational assignment with Bell Communications Research, Inc. (Belicore).
While at Bellcore, | was responsible for development and instruction of the

o DOCUMENT NUMRFR-NATE

JB8.127 AU6-38

FPSC- RECORDS/REPORTING




ﬂhﬂnmhun«a

NN
m;uHEEEE:}EEiGﬁ:E

Service Cost Studies Curriculum including courses such as *Concepts of
Service Cost Studies”, “Network Service Costs”, *Nonrecurring Costs®, and
“Cost Studies for New Technologies®. In 1990, | returned to BellSouth and
was appointed to a position in the cost organization, which is now a part of
the Finance Department, with the responsibility of managing the
development of cost studies for transport facilities, both loop and
interoffice. Since mid-18986, | have been dedicated to review!ng
BellSouth's cost methodology and cost study results.

| attended the University of Mississippi, graduating with a Master of
Science Degree in mathematics. | have attended numerous Belicore
courses and outside seminars relating to service cost studies and
economic principles.

. Please state your relevant experience in testifying.

| have testified in each of the nine BellSouth states in the local competition
dockets, including arbitration dockets and/or generic cost dockets.
Additionally, | have testified in Alabama, Kentucky, Loulsiana, Mississippl,
North Carolina, South Carolina and Tennessee in universal service
hearings. My extensive involvement in these dockets has provided me
with the opportunity to evaluate numerous cost models and methodologles
used by BeliSouth and other parties to estimate the cost of providing
unbundied network elements and universal service.




1 Q. What s the purpose of your testimony?

2
3
4
5
6
7
8
9

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25

A. The purpose of my testimony is to explain and support the cost inputs

used in the Benchmark Cost Proxy Model 3.1 (BCPM 3.1) by BeliSouth to
develop universal service costs for Florida. Further, | will axplain why
ﬂmuhpuhmnppmpriahlnuulndmawwhythehpuhlmmnm
produce more realistic results than other parties’ inputs. | will also address
Issue 4 of Order No. PSC-88-1008-PCO-TP, Issued July 24, 1998,

The universal service cost proxy model selected in this proceeding must
accurately determine the cost an efficient carrier would incur in providing
univeisal service to high cost areas in the state of Florida. In this regard,
Dr. Duffy-Deno’s, Dr. Bowman's and Mr. Martin's testimonies ciscuss the
reasons this Commission should select the BCPM 3.1 as the model to be
used to determine the cost of universal service in Florida. As | have slatea
previously, my testimony explains why BellSouth's inputs, used in
conjunction with the BCPM 3.1, enable the Commission to determine the
appropriate costs of universal service in Florida.

BellSouth conducted a study utilizing BCPM 3.1 and BellSouth-specific
inputs for Florida. The results from that study, supporting documentation
and data, and a CD-ROM are submitted as Exhibit DDC-1 attached to this

testimony.




1 Q. What are the appropriate inputs to be used in determining the costs
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of universal service?

In accordance with the Federal Communications Commission's (FCC's)
Universal Service Order, only inputs reflective of forward-looking economic
costs should be used to determine the costs of providing universal service.
Additionally, in order to accurately determine costs representative of
providing service In high cost areas in the state of Florida the inputs must
be as specific as possible. The inputs contained in Exhibit DDC-1 meet
both these criteria; they are forward-looking and they reflect BellSouth's
provisioning practices and costs in Florida.

. Should Universal Service cost studies be company specific or

generic?

. The cost study approach, |.e. the underlying model used to process the

input data, should be generic. A generic cost proxy model determines the
costs of a network designed to serve existing customer locations,
assuming existing wire center locations, without regard to the specific
company serving the area. The model can be used, with the appropriate
inputs, to identify the costs an efficient provider would incur to provide
universal service in Florida, specifically in the high cost areas of the state.
Furthermore, Florida Statutes, Section 364.025 requires the Commission
to determine “the total forward-looking cost, based upon the most recent
commercially avallable technology and equipment and generally accepled

R
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design and placement principles, of providing basic local
lelecommunications service on a basis no greater than a wire center basis
using a cost proxy model to be selected by the commission...".

Q. Are BellSouth's universal service cost estimates based on national

default input values or BellSouth-specific values?

In contrast to the model itself, the inputs to the model should be company-
specific by territory. For example, BellSouth inputs should be used to
calculate universal service costs in BellSouth's territory in Florida.
BellSouth is a large, efficient provider of quality telecommunications
service in this state and its cost inputs reflect economies of scale and
vendor discounts that an efficient provider would be expected to achieve
on a going forward basis. Additionally, BellSouth has experience
providing service in the high cost areas that are identified by the cost

proxy model.

Even though we are dealing with a hypothetical network designed by a
cost proxy model, the cost of that network should be as real world as
possible. That is, it should reflect the costs of an efficient provider
building and operating that network. The inputs used by BellSouth reflect
the most accurale view of conditions and experiences that an efficient
carrier would experience in providing universal service in BellSouth

territory in Florida.
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The national default values of both the Hatfield Model and BCPM are not
necessarily reflective of the costs of providing service in Florida. Instead,
these defaults are designed to represent an average cost across the
nation. Since the purpose of this proceeding is to determine the costs of
providing service in rural, insular, and high cost areas of Florida, it makes
no sense (o use only national average inputs which tend to equalize the
costs in all areas.

BellSouth has used, whenever possible, Florida-specific cost inputs which
reflect the forward-looking cost of providing service in BellSouth territory
in Florida. These input values include BellSouth specific costs for cable,

structures, switches and other network components of universal service.
BeliSouth reviewed the BCPM 3.1 default inputs. Defaults which were

found to be representative of BellSouth's Florida costs, were used when
BellSouth-specific data was not available in the format, or at the level of
detail, required by the BCPM 3.1.

We recommend to the Commission that the BCPM 3.1 with the values
included in BellSouth's filing be used to determine the cost of universal
service for BellSouth's Florida teritory.

Q. Please list the categories of inputs for which BellSouth used
BellSouth-specific values rather than BCPM 3.1 default values.
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2
3
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A. BellSouth-specific input values were used for the following categories of
coslt inputs:
Category 1 - contractor costs of placing cable, conduit and poles
Category 2 - sharing percentage associated with structures
Category 3 - cable material and labor unit costs
Category 4 - cable sizing/utilization
Category 5 — drop terminal cost
Category @ - feeder/distribution interface costs
Category 7 - switch costs
Category 8 - interoffice transport and signaling costs
Category 9 - network interface device and drop costs
Category 10 - land and building loading factors
Category 11 - depreciation lives, survivor curves and net salvage
percentages
Category 12 - cost of capital
Category 13 - actual wire center line count
Category 14 - expenses and support assets
Category 15 - taxes

Q. What are the major categories of inputs in BCPM 3.17

A. Following is a list of major user input groups which significantly impact the
BCPM 3.1 cost results. Additionally, the cost category and issue numbers,
as designated by the commission order, are indicated in the parentheses
for reference.




1 Network Interface Device (NID) and Drop (Category 9, Issues 4j and

2 4k)

3 Terminal Investment (Material plus Engineering and Installation Costs)
4 (Categories 5 and 6, Issue 4n)

5 Distribution Investment (Material plus Engineering and Installation

8 Costs) (Category 3, Issue 4i)

7 Copper Feeder Investment (Material plus Engineenng and Installation
8 Costs) (Category 3, Issue 4i)

8 Fiber Feeder Investment (Material plus Engineering and Installation
10 Costs) (Category 3, Issue 4h)

11 Structure Costs (Category 1, Issues 4d and 4g)

12 Structure Sharing (Category 2, Issue 4e)

13 Copper and Fiber Fill Factors (Category 4, Issue 4f)

14 Digital Loop Carrier (DLC) Investment (Issue 4m)

15 Interoffice Investment (Category 8, Issues 4q and 4r)

16 Central Office Switching Investment (Material plus Engineering and
17 Installation Costs and Switch Traffic Characteristics) (Category 7,
18 Issues 40 and 4p)

19 Expense Faclors (Category 14, Issue 4s)

20 Cost of Capital (Category 12, Issue 4b)

21 Depreciation Lives (Category 11, Issue 4a)

22

23 Q. Are BelliSouth's BCPM 3.1 studies and input values reflective of
24 forward-looking costs?
25
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A. Yes. Allinputs used by BellSouth are designed to represent forward-
looking costs. BellSouth used current material prices, labor costs, and
conlractor costs that are adjusted by Telephone Plant Indices (TPls) to
reflect 1998-2000 costs. in certain plant accounts, the TPIs add inflation
estimates to the costs. However, in other accounts, the TPls actually
result in lower costs when material prices are forecasted to decline in a
particular type of telephone plant. The use of BCPM's forward-looking
network designs combined with forward-looking 1998-2000 input values,
definitely produce forward-looking results.

Q. How were Digital Loop Carrier (Issue 4m) inputs developed?

A. BellSouth's Network experts reviewed the BCPM 3.1 default inputs and
found them to be reasonable and reflective of BellSouth's operation in
Florida. Additionally, BellSouth does not deploy systems less than 96 lines
and therefore, had no data cn small systems. Thus, the default inputs
were used in this filing.

Q. How were BeliSouth’s contractor costs and structure sharing
percentages inputs (Categories 1 and 2) developed?

A. BellSouth's structure placement costs (contractor costs) for placing
condutt, trenching/plowing buried cable, and placing poles are based on an
average of the 10 existing BellSouth contracts with outside plant
contractors in Florida. These 10 contracts cover the entire BeliSouth

-9




D @ ~N @& th oA W N

10
11
12
13
14
15
16
17
18
19
20
21

23
24
25

lemitory in Florida. BellSouth also used BellSouth-specific inputs from
these contracts for the costs for manholes and handholes in Florida.

BellSouth does not have data that identifies the percentage of time
associated with each activity in the structure tal Therefore, BellSouth
Network experts reviewed the BCPM defaults. Since these experts found
the values to be reasonable and represer ‘ative of BellSouth's operations
in Florida, the defaults were used.

BellSouth used structure sharing percentages that are BellSouth-specific
values representative of BellSouth's sharing arrangements in Florida.

BelliSouth is a large efficient provider of telecommunications services in
Florida, Thus, BellSouth-specific investments and installation costs, as
well as structure sharing arrangements reflect economies of scale that an
efficient provider would be able to expect to achieve on a going- forward
basis.

- How were BellSouth's cable costs inputs (Category 3) developed for

BCPM 3.17

. BellSouth used BellSouth-specific costs for both copper and fiber cable.

Material prices for copper and fiber cable were obtained from procurement
records that reflect actual BellSouth purchase prices and contractual
agreements. As previously explained, future inflation trends (TPIs) were

10
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also taken into consideration in order to reflect forward-looking costs.
Telephone company engineering and labor costs were derived from
BellSouth's Florida in-plan’ loading factors. In-plant factors convert
material prices to a Florida-specific installed investment (less contractor
costs that are handled separately in the structure tables of BCPM 3.1).
BeliSouth-specific cable costs reflect economies of scale and vendor
prices that an efficlent provider would be able to expect to achieve on a

going forward basis.

Q. How was the outside plant mix (Issue 4/) determined for BCPM 3.17

A. BellSouth analyzed the BCPM 3.1 default values at the wire center level.

The distribution between aerial, buried, and underground placement was
found to be reasonable. Thus, the BCPM 3.1 defaulls were used.

Q. What utilization factors (Category 4) are included in BeliSouth's

BCPM 3.1 study?

. Universal service costs should be based on a forward-looking projection of

actual utilization. BCPM 3.1 determines the network design required to
provide quality service to an area, calculates the cost of that network, and
then determines a cost per line based on the number of lines served by the
network. Thus, BCPM 3.1 uses an actual, or average, utilization to

determine universal service costs. BCPM 3.1 requires a cable sizing factor
input which, along with standard cable sizes and number of distribution

-11-
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pairs per housing unit, is used to determine distribution cable
requirements. BellSouth used a distribution cable sizing factor of 100%
and 2 distribution pairs per housing unit to size distribution cable. These
factors are designed to produce a fill representative of BellSouth's
projection of actual fill, vased on experience over time, for Florida. The
feeder cable sizing factor is designad to produce a fill for feeder cable
representative of the projection of actual fill of copper feeder plant
experienced in Florida over time. The cable sizing factors are located in
Exhibit DDC-1 Bates Stamp 000244,

Q. Please explain BellSouth’s BCPM 3.1 Input values for drop terminal

and feeder distribution interface costs (Categories 5 and 6)?

A. BellSouth's drop terminal costs for line sizes below 100 pairs are included

as exempt material in the in-plant factors used to develop the installed
investments of cable. Therefore, lerminal costs are not included in
BellSouth’s BCPM 3.1 study as a separate input. BellSouth used
BellSouth-specific feeder distribution interface costs (o reflect BellSouth's
costs in Florida. The material prices were obtained from procurement
records and were adjusted for inflation. The engineering and labor costs
were developed from Florida-specific in-plant factors. As previously
explained, the in-plant factor converts material prices to installed
investments.

25 Q. How were BellSouth switch cost inputs (Category 7) developed?

-12-
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A. BellSouth Florida-specific analyses were used to provide the detailed data

for wire centers in the state. Stale-specific information on calling rales,
usage rates, loading factors and host/remote characleristics were used
along with company average data and line counts that are consistent with
data generated from other BCPM modules. ARMIS data was used for
items such as percentages of residence, business, local and toll traffic.

. How were BellSouth's interoffice transport and signaling cost inputs

(Category 8) developed?

Transport cosls are delermined from the BCPM interoffice transport
module. This module incorporates the forward-looking Synchronous
Optical Network (SONET) ring architecture in determining network design
and subsequent costs. Inputs to this module reflect BellSouth-specific
costs for Florida. They include fill factors, SONET material prices, number
of nodes on a ring, air-to-route factor, the mix of aerial, underground and
buried fiber in the interoffice transport.

Signaling costs are determined in BCPM 3.1 based upon two investments
for signaling; investment per line for residence and investment per line for
business. Default values were found fo be representative of BellSouth's
forward-locking signaling costs.




1 Q. Please describe how network interface device (NID) and drop Inputs

2
3
4
5
6
7
B
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(Category 9) were developed?

BellSouth usad Bel'South-specific costs for the material, travel, and
installation labor associated with the NID and the drop in BCPM 3.1.
These costs are based on material prices for equipment/material and
BellSouth's expertise and experience in placing the equipment/material.
The costs represent the costs an efficient provider would be able to expect
to achieve on a going-forward basis. The model, through internal
calculations determines the appropriate drop length.

. Did BellSouth use BCPM 3.1 default input values for land and

building factors (Category 10)7?

No. BellSouth-specific land and building loading factors were used which
reflect the relationship between equipment investment and its associated
land and building investments as they occur in Florida. Since these
factors are calculated from BellSouth's accounting records and the
projected view of BellSouth's future additions in these accounts, these
values reflect land and building costs that an efficient provider would be
able to expect lo achieve on a going forward basis.

Q. Should forward-looking economic costs reflect prescribed

depreclation lives (Category 11)7?

-14-
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A. No. The appropriate lives to use in depreciation calculations in a forward-
looking cost study are economic lives, as opposed to prescribed lives.
Economic lives reflect the useful, or revenue-producing, life of an tem of
plant and are appropriate for use in economic cost studies to ensure that
costs are recoverad over a time period equal to the revenue-producing life
of the plant. BellSouth witness David Cunningham is filing direct testimony
that provides support for the proposed depreciation parameters used in
BellSouth's BCPM 3.1 study. Therefore, BellSouth recommends that the
Commission use the projected economic lives and net salvage

percentages proposed by BellSouth in its study.

Q. What cost of capital (Category 12) did BellSouth use in the

determination of universal service costs?

A. BellSouth used a cost of capital of 11.25% that reflects forward-looking
expectations of the debt rate, cost of equity, and debt/equity ratio.
BellSouth witness Dr. Randall Billingsley is filing direct testimony that
supports these inputs.

Q. Does the BCPM 3.1 meet the criteria of the FCC that requires “wire

conter line counts should equal actual ILEC wire center line counts”

(Category 13)?

A. Yes. BellSouth's filing is based on actual line counts by wire center as of
December 31, 1897.

-15-




Q. Did BellSouth use default support investments and operating
expenses from BCPM 3.1 (Category 14)?

2
3
4
5§ A. No. BellSouth developed BellSouth-specific support investment ratios for
8 input into BCPM 3.1 and also developed BellSouth-specific expenses

7 using 1998-2000 period lotal regulated expenses.

8

]

Q. How does BCPM 3.1 handle expenses?

11 A. Expenses are handled in BCPM 3.1 in two ways. Certain categories of

12 expenses, including retail expenses, are expressed on a per line basis

13 using 1998 -2000 projected lines. However, the other category of

14 expenses is directly related to investments (e.g., copper cable expenses),
15 These expenses are calculated based on BellSouth plant-specific expense
16 factors specific to Florida.

18 Q. How did BeliSouth determine the expenses for BCPM 3.17

20 A. The plant-specific expenses consist mainly of maintenance expenses.
21 These types of expenses are considered lo be causally related to

22 investment and are developed from three years of projected expense data

23 relative to the same period projections for investment. The result is an
24 expense per dollar of investment for these plant-specific expense
25 accounts. Non-plant specific expenses, such as Network Operations and

-18-




Executive and Planning, are not causally related to investment. These
expenses are determined on per line per month basis using projected
forward-looking expenses and projected number of lines to derive an

expense per line.

Q. What tax factors (Category 15, Issue 4c) did BellSouth use for BCPM
317

A. BeliSouth has input Florida-specific tax rates for the following categories;
effective federal tax rate, state lax rale, ad valorem, and other taxes (e.g.

gross receipts tax).
Q. Please summarize your testimony.

A. BellSouth has entered inputs in BCPM 3.1 that reflect the costs BellSouth
will incur to provide universal service in Florida, Costs for structures,
cable, and other components of the network reflect BellSouth contract
prices with vendors, including discounts provided to BellSouth as a large
telecommunications carrier. Installation and engineering costs are based
on actual experience by BellSouth network personnel. These inputs are
reflective of costs that a large, efficient telecommunications carrier would
expect to achieve on a going-forward basis. We therefore recommend to
the Commission that the BCPM 3.1 with the input values included in
BellSouth's filing be used to determine the cost of universal service in
BeliSouth's territory in Florida.
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Q. Does this conclude your testimony?

A

Yes.
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Benchmark Cost Proxy Model
Version 3.1

User Manual — Preliminary

About BCPM

The Benchmark Cos! Proxy Model or BCPM is a compuler model designed lo estimate
benchmark costs for providing business and residential basic local telephone service nationwide.
It is based in Microsoft Excel with a user interface developed in Visual Basic for Apphcations.

About this Manual

This manual is intended 1o help users of BCPM operate the model. It covers how 1o install the
program, view and modify inputs, generate reports, create new configurations, review
calculations, print reports, elc. A separate System Manual provides system flowcharls, model
logic, and changes from earlier versions,

For information regarding BCPM's approach to modeling the lelephone network, see the
documenl entitled Model Methodology.

Conventions

In this manual you will see different references. Different typefaces will be used separate those
items from each other.

File Hames will be in Courler.

Dtop down menus will be set in Arial with the first character underined
Text to be typed will in italicized

BUTTONS ARE CAPITALIZED AND BOLD.

Computer/Software Requirements

In order 10 install and process BCPM, you must ensure thal your computer meels the following
minimum computer requirements:

Microsoft Office 97 Professional

Penlium Processor 120 MHz (200 MH: — Recommended)
1 Gigabyte of Hard Drive Space for 52 stale fies

16 MB RAM {32 MB Recommended)

Microsofl Excel '97 with VB Data Access Objects

INDE TEC Internatonsl I o s i F
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Installation

» BellSouth's BCPM 3.1 CD Is simple to install. Place the CD in your COROM drive, open
Windows Explorer, and double click on the drive containing the CD. Then, double click on the
Install file contained on the CD. Once the installatior procedure begins, simply follow
instructions to install BCPM 3.1 on your PC.

Web Download

« BCPM 3.1 can also be downloaded from the BCPM web page. However, BeliSoutn's
proposed inputs are only available via the CD provided in this filing.

« Access the BCPM web page al Error! Bookmark not defined. lo download the model

« After you selecl 8 destination folder, a self-extracting inslallation file, named
bepmlinstall.exe, will be saved on your hard drive. Double click on il lo begin the
instaliation of BCPM.

s The installation program will display the license agreament. Accep! it by clicking on the OK
button.

« You will be prompled for an instaliation folder. The cefaullis C:\BCPM.

. Mwﬂw-mmmmm,mwmwmumm A progress bar is
displayed.

s Once the installation is completed, you can starl the model

Getting Started

To start BCPM, double-click on the Control .xls file in the \bpcem) folder. Excel ‘97 will
automatically open and display the following screen:

e e e e e e sl P
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By clicking on the START button, you will open the mair. menu of the model shown bolow
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There are six buttons on the main menu screen. EDIT VIEWS, INPUTS, PROCESS, REPORTS,
REVIEW, and QUIT.

The EDIT VIEWS bution aliows you 1o select the program modules and data sels used when the
model is processed. You can select from the configurations or Views provided., or creaio o
custom View. You also select the states for which you would ke resulls

The INPUTS button allows you to view and modify the giobal and slale-specilic dala inpuls

The PROCESS button allows you to select which modules you would like to process (Loop,
Transport, Swilching, Signaling and Capcost). It also aliows you to confirm the states and View
you have selecled.

The REPODRTS bution allows you lo sel reporl parametars and formatls and generalo repons

The REVIEW bution allows you lo examine the calculations performed under the View you have
selected or created.

The QUIT bution returns you lo the BCPM START screen. Select Fie, Exit from the Excel menu
lo end your SoSSion

Edit Views

By afiowing for various configurations or Views, BCPM allows the user lo conlrol the modules and
data sels processed by the mode!, The user can creaie a custom View or use one of the delault
Views provided. The defaull Views are described below:

* BCPM Vigw - BCPM sponsors’’ defaull view

« BCPM 18K Vigw - BCPM sponsors’ default view incorporating FCC specification for
18K grids
« FCC Vigw - BCPM sponsors' view for FCC depreciation lives and cos! of money

' BCPM sponsors include BellSouth, Sprint, and US WEST

INDETEG intermational . ' <
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« FCC 18K View - BCPM sponsors’ view with FCC depreciation lives, cos! of money
and 18K grid specification

By selecting the EDIT VIEWS button from the main dialog box, you can see the module and data
sels associated with each of the default Views, as shown below:

The four sections of the EDIT VIEWS window are descnibed below.

Selecting Views

The top left window aliows you 10 select a View 1o process. When you select a View, the dale il
was crealed and a description are displayed

Selecting States

The states thal could be processed and those selected are shown in the top right window. You
can select a siate by highlighting the stale name and clicking the "> button  To ensure all states
are available under a particular view, select the “>>" bulton. To remove one o7 all of the slales
from the selecled list, use the opposing arrow(s) buttons. Any combination of stales can be
associated with p particular view.

Modifying View Module or Data Sets

The botiom lefl window includes the existing setup of the View in table form. To change the
module file or data set used. highligh! the approgriale module and select the replacemen! module
or dala se! from the corresponding drop down menus.

Modifying View Files

e e —— e
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You can Delete a view, modify an existing view (Update), creale a New view or Cigse in the dialog
box in the bottom right window.

i you would like 1o edit data inputs, make sensitivity runs, or modify modulas, it is recommended
that you create a new View rather than modify an existing lile

When you click on the New button, you are presenied with the following dialog box:

Ertor the e viow ] salect
u-m_mu:;'rrn
Powe Vigws Poarma.

o

Copy From:

The New View dialog box asks you for a name, the existing view you wish 1o copy from, and a tex!
description of the view you are creating. After you enter the information, click on the OK bulton
and the system will create a new View. Then, you can select it from the View window as
described above and modi'y the module set, data sel, or stales available lor processing. as
necessary. When you ha.e completed your moddications, select Lipdale to save your changes
under the new View file namea,

Once you have crealed a new View you can then modify inputs

Changing Inputs
To change inputs, click on the INPUTS bulion in the main dialog box.

Y
AL
Inputs

D
|
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Manual Inputs

When you click on the INPUTS button you will see the Inputs Dialog Window. Click on the
Manual Inpuls tab on the top of the window. You will then see the Manual Inputs Dialog Window

T |
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Firsl, salect lha view that you wanl 1o edt. Than, in the worksheel box, highlight the lype of inpuls
you would like to modify. A list of the input tables will appear. Select the specific inputs you wish
to edit. Below is the screen that would appear if you chose to change the inputs relating to normal

aerial cable in the BCPM View,

Alter highlighting the input you wish to change, click on the OK button. The system will run for
approximately 30 seconds while it populates the worksheel and displays the appropriate lable for

editing (shown below).
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SPECIAL NOTES

» Itis imporiant to notice the toolbar that BCPM 3.1 provides duning editing

e S S A |
T R (B) oo |

« The BCPM Input toolbar aliows you to SAVE, PRINT, COPY, PASTE VALUES and Close

+ Once you have made your data input changes, click on the SAVE bution on the BCPM bar
IF YOU DO NOT USE THIS TOOLBAR TO SAVE YOUR CHANGES THEY WILL NOT BE
PROPERLY SAVED IN THE PROGRAM FILES. Do nol use the Microsalt Excel loolbar 1o
save your file.

« Only change the items highlighted in blue. The model calculates the numbers in black

» You may change other inputs In the Excel Workbook that you have opened withoul gaing
back to the INPUTS dialog box. Click cn the appropriate tab and scrofl to the lable you would
like 1o change. Save your modifications using the BCPM Input toolbar.  To end your editing
session, click CLOSE on the BCPM Input toolbar, you will be prompled to save your work as
you exit. Once you leave the INPUTS screen, click on the Cancel bulton o relurn 1o the main
dialog box,

» Do nol change the values in the summary labs at the bottom of the worksheel The summary
tables are calculated by the model and are for viewing purposes only

INDETEC intemational
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File Inputs
The File Inputs tab allows you to creale state-specific data input files for line counts and switch
investments by wire center. By creating these files, you can overnde the line counts and switching
investments developed by BCPM. They will be used in model calculations regardiess of the View
that is solecled,
The data input files thal you can populate are lisied below:

FCC Lines Includes line counts by wire center in a format matching FCC

data requirements. BCPM will adjust grd Ine estmates al the
wirg center level to reflect the line counts enlered

FCC Swilching File Worksheet designed to incorporate FCC Swilching investments
by wire canter

ALSM Worksheel formatted to aliow ALSM (Audited LEC Swilching
Model) swilching investments lo be entered by wire cenler

SCM Worksheel formatied to aliow SCM (Switching Cos! Model)
swilching investments lo be enlered Ly wire center

Swilching User Data  Worksheet designed to allow switching invesiments from models
nol lisiad 1o be incorporatied

Changing File Inputs - FCC Lines
Below Is the screen thal is displayed when you click on the File Inputs tab

To create or change a file, select a state and the type of file you wish o create. BCPM will open
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the appropriate worksheet and you can enler the data inputs. The worksheel used for FCC Lines
is shown below:

e —————————

INDETEC International '




BCPM Yersion 31 Uner Manual (Prelminary)

I L L T N R T e
. —— T

U= o
SONABYIRRE - £e EAMUATA B prdessany
LLLT RS ICE R e

"il -
o e g 5l S - | -

| ]
e | | — -

= ow

[:-.II‘ LLE R L DL AT BT TSR R LRt
> = - - ol -+

i
- — e - [T -
e N P T L ]

Enter the B digit code (nol the 11 digit code) for the wire center and the actual lines counts for
each column, Use the BCPM loolbar to save your entries
SPECIAL NOTE

Regardiess of Ihe View selected, whenever the FCC Lines file s populaled, ine estimales will be
adjusled a! B wire center level lo reflect the data enlared

Changing File Inputs - Switching Investments
Below the screen that will appuar if you chose Lo create an alternate file for switching investments
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Once you have enlered the swilching investments by CLLI code, use the BCPM tooibar to save
the file. Now, you can produce resulls by running the model

PROCESSING THE MODULES

The PROCESS siep combines user specific inputs with gnd data and BCPM logic 1o creale proxy
investmant lovels.

Note: The BCPM has been processed under the BCPM View before you received it. Itis
not necessary to process again to generate reports for the BCPM View. Select REPORTS
to review the results calculated.

To run the model under a diferent view or with new user inputs, click the PROCESS bution on the
main dialog box (shown bolow).

The following dialog box will appear:
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Select the appropriate View from the drop down menu to populate the PROCESS dialog box as
shown balow:
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The View selection will aulomatically display the states thal were associaled with thatl particular
view. Selec! the stales you would like (o process by clicking on the appropriale check boxes.

The Loop, Transport, and Swilching Modules produce network investments. (Signaling
investments are incorporated in the Reports Module, a separate module is not yel available ) The
Capcost Module develops annual cost factors which are applied to investment in the Reports
Module to determine depreciation, cost of money, and taxes. Select the modules you would ke
to process by selecting the associated check boxes.

After you have selected the states and modules to process, ciick on the OK bullon Tho system
will produce results in betwaen 20 minutes lo a few hours depending on your hardware solup

Once this step Is complelo, you can generale reports

Reports

in the Raports Module, Signaling investments are added 10 the invesimenls developed by the
Loop, Switching and Transpon Modules. To develop the associaled monthly costs, the annual
cos! factors from the Capcost Module are applied and expenses are calculated.

By selecting the REPORTS bution from the main dialog box. you can chose reports 10 process.
sel report parameters, and selecl report formats
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Reports

The Reports dialog box thal is displayed includes three tabs as shown below
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Repori Processing

First, click on the Report Processing Lab to select the View, Capcost Module and Report Module
you want lo use to calculate monthly costs. The Report Processing lab appears below
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After you select a View, a list of states that have been processed for this View appears. States
that have been selected for the View but nol yet processed are also indicaled. Select the stiles
you would like results for and click the OK button to perform the report calculations. Tha system
will process for approximately 15 - 30 minutes, depending on your computer hardware

SPECIAL NOTE

You can not produce reports for a state unless the Loop, Transport, Swilching, and Capcost
Modules have been processed for the selected View under PROCESS. When you receive
BCPM. the modules will have been processed for the 3CPM View so that reports can be viewed
or printed immediately. For new or other existing Views, you must follow the instructions under
PROCESS before you generale repors.

rmmmmmawhhmmm“mm--mwum
with the View displayed. If you would like 1o process reports for a stale not listed, select cancel,
EDIT VIEWS, and add the stale under Selection for tha View you are using Then PROCESS the
state before returning to REPORTS.

Report Options

Under the Report Options tab, you can indicate the repor formats that you would like lo wiew and
orint under Report Paramelers.
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You can seiuC! the standard grouping of resulls or cuslomize how the resulls appear. You can
suel resulls by company by stale, by state by company, by parent company by state, or by state by

For Summary and WC_Summary reports, you can select how the report is populaled by clicking
on the appropriale grouping selection

You can indicate the reporting level that you prefer under Print Report Every.  This delermines
how many reports will be printed, For example, if the user selects wire center, a report will be
printed for every wire cenler in the stale.

The Available Reports section determines which reports will automatically be printed
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After you have selected the summary report options, click on the Reporl Paramelers tab lo
praview and/or prinl reports.

Report Parametors
Nexl, establish report parameters by completing the Report Paramelers tab shown below:
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Select the Report View and Report Type o populate this screen. You may only select report
views that you have processed. The report options are described below.

» Detail - This will create a workbook with Area Summary, Uncapped Anaiysis, Cappod
Analysis, Uncapped Density Summary, Capped Density Summary, Uncapped ARMIS Format,
Capped ARMIS Format, Household Summary, Inventory and Variables tabs

+ Symmary - This will creale a summary workbook based on the inputs on the Reporl Optans
tab of the reporting module. The report options are group and report breakout settings in
Loop Statistic, Investiment Statistic, Residence Aggregate Support, Business Aggregate
Support, and Toltal Aggregate Support.

» WC Summapry - This will create a wire center summary report with the same paramelers as
the summary setting.

Alter you select he report view and type, sel the report paromalers by specihyng the stale,
company, holding company, or the wire canter you want resulls for by highlighting your choice and
clicking SELECT or by clicking twice on the name of the company, slate, elc.

Click Preview to view the model results in a workshest format. A workshee! will appear and a

BCPM toolbar which will enable you 1o Print, Save As and Close. You can use the drop down
menu o select the report you wish Lo view, prinl or save,

Review

The review portion of the system is for auditing the module calculations in BCPM. Access this
subsystemn by click on the REVIEW bution.
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When you see this screen you must select a View. Ther you can select the module you would
like lo review. The system will work for several seconds while It pulls module data. You can then
select Ihe state and the wire center for review, Click on the QK bulton and the syslem will present
you with the workbook thal contains the calculations for your solection. You can then evaluale the
calculations used lor your View.

Technical Support

If you have any questions about the BCPM, call the INDETEC Imternational Help Desk st 1-800-
746-4356
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BELLSOUTH TELECOMMUNICATIONS, INC,
FLORIDA
BENCHMARK COST PROXY MODEL 3.1 (BCPM 3.1)
DOCKET NO. 980696-TP

EXECUTIVE SUMMARY AND OVERVIEW

STATEMENT OF PURPOSE

Provided herein is BeliSouth's recommended universal service cost study for Florida,
including inputs and outputs of the BCPM 2.1 This study reflects the forward-locking
economic costs of providing universal service in BellSouth terntory in Flonda 1t
based on BellSouth-specific cest inputs representative of the forward-looking costs an
elficient carrier would incur 1o prowide service in BellSouth's terntory

This filing also contains the BCPM 3 1 model methodology documentation, which
includes a description of the model's purpose, operational mechanics, assumplions,
inputs and results

OVERVIEW
Included in this package are the followang seclions
« Seclion 1 Executive Overview and Summary of Results
» Seclion 2 BCPM Maodel Methodology
= Section 3 Resulls
» Seclion 4 Inputs

DESCRIPTION OF RESULTS

Section 3 includes results al the statewide average level for BeliSouth terntory in
Florida based on BellSouth proposed investment inputs and financial inputs, including
BellSouth proposed economic depreciation hives  Results provided in this package
include the BCPM 3.1 Area Wide Summary Report that includes average investment
and cost data per line lor the BallSouth lerntory in Flonda
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DESCRIPTION OF INPUTS

Section 4 contains a discussion of the inputs and assumptions used by BeliSouth in
BCPM 3.1 for this fiing. An overview of investment inpuls is provided as well as
descriptions of the sources for the inputs and whether BCPM 3.1 default or BellSouth-
specilic values were used Addilionally, capital cost and expense inpuls are reviewed

Investment inputs include the fallowing:

« Structures Cosls -- Provides outside plant contractor cost for underground, bunad
and aerial placemenis of cable, Included are unit contractor cosls per foot,
estimates of the probabilities of occurrence for each activity, and the percent
assigned 1o the telephone company, Also included are manhole/handhole costs
and spacing, pole spacing, guy spacing, elc

+ Cable Costs -- ldentifies copper and liber cable costs for underground, buned and
aenal cables. Included are unit matenal costs, exempt matenal, salps tax, lelco
labor and engineenng, and any conlractor cost not included under the structures
costs

» Outdoor Serving Area Interface (SAl) and Cross-Connect Box Costs -« Costs for
outdoor SAls and cross-connect boxes are shown by size

s Indoor SAls -- Costs for indoor SAls are shown by size
« Aerial Drop Terminal Costs -- Costs for 6. 12 and 25 pair lerminals
« Huned Drop Tenminal Costs -- Costs lor 6, 12 and 25 par buned terminals

» Drop Costs — Tables are shown for both aerial and buned drop costs on a per fool
basis

« Network Interface Device (NID) and Protector Costs -- Maleria! costs and placing
labor for the NID and proteclor,

= Digital Loop Carrier (DLC) Costs -- Provides DLC costs used in BCPM 3 1.
» Percent Table Inputs - Includes the mix of underground, buned and aenal cable by
density groups and solil lypes for fiber and copper Alse included are cable sizing

factors used in determining the size cable to place

= Swiich Cosls -- Includes swilching inputs required to determine switching costs
associated with universal service
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» Interoffice Transpon Costs - Includes detailed SONET ning architecture inputs lor
interoffice SONET ring transport

» Miscellaneous Inpuls -- Miscellanecus cos! inputs are found in these tables
including maximum cable sizes, copper/fiber breakpoint, land and building factors,
terrain inputs, and other miscelaneous inputs

BellSouth’s capital cost and expense inputs include the following

« Annual Capital Cost Inputs -- BellSouth proposed economic ife, the tax bfe, future
net salvage and survival curve parameters for each account are provided
Additionally, cost of money components. income Lax rates. and depreciation
methods are input in the capital cost Hles

» Suppon Ratio Table -- Ratios of investments in supporn assel accounts 1o total plant
less suppori plant are inpul to be used in estimating the amount of general suppon
facilities assignable 1o basic local service

« Operating Expenses -- Operating expenses are input as either expenses per line, or
as a percentage of investment Workpapers detalling the development of the
expense per line calculations are included in Section 4 of this document

BCPM MODEL METHODOLOGY

Included in this package is the BCPM 3 1 Madel Methodology which provides detailed
descriplions of how the inputs are used by the model 1o determing the cost of providing
universal service

SUMMARY OF RESULTS
The following provides a summary of the stalewide average results
BST- FLORIDA BST- FLORIDA
AVERAGE - AVERAGE - CAPPE
UNCAPPED
BCPM 3.1 Results;
Average Loop Length () - BCPM 16,951 16,951
Avarage Investimenl per Line - £1.309 $1.2.5
BCPM
Average Monthly Cosi per Line £3163 53126
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SECTION 1.0

BACKGROUND AND HIGHLIGHTS
OF BCPM 3.1

The FCC and State Commissions ere at a critical juncture in deciding the
appropriate cost proxy model to use for determining Universal Service Funding. The
FCC's May 8th, 1997 Universal Service order required states that elect to conduct their
own forward-looking cost study as the basis for calculating federal universal service
support in their states, to file the cost study with the FCC by February 6, 1998." On
December 3, 1997, the FCC extended that date to April 24, 1998, at the request of the
National Association of Regulatory and Utility Commissioners (NARUC) and the Unlity
Commissions of Minnesota, Nebraska, Nevada, Tennessee, Maine and New Mexico’. On
April 23, 1998, the FCC granted the states en additional extension to May 26, 1998". In
the May 8 order the FCC adopted criteria appropriate for determining federal universal
service support “to guide the states as they conduct those studies.™ The FCC indicated in
their order that cost studies submitted by the states will be approved only if they meet the
FCC eriteria. In a February 27, 1998 Public Notice the FCC provided explicit guidelines
for demonstrating that cost studies submitted by the states meet the criteria * Section 2.0
outlines the FCC criteria and describes how the enhanced Benchmark Cost Proxy Model
(BCPM), Release 3.1, attains cach of the 10 enitena,

' FCC Report and Order, “In the Matter of Federal-State Joint Board on Universal Service.” CC Docket no
06-45, released May R. 1997, paragraph 248 ("Report and Order”)

! FCC Order. "In the Matter of Federal-State Joint Board on Universal Service, Forward Looking
Mechanism for High Cost Support for Non-Rural LECS,” DA 97.2518, CC Docket Nos. 96-45 and
§97-160, December 3, 1997,

YFCC Order, "In the Matter of Federal-State Joimt Board on Universal Service, Forward 1 ooking

Mechanism for Wigh Cost Support for Non-Rural LECS,” DA 98.788, CC Docket Nos 96-45 and
97160, April 21, 1998,

* Report and Order, paragraph 248,

' FCC Public Notice, "State Forward-Looking Cost Studies for Federal Universal Service Suppon,” CC
Docket Nos, 96-45 and 97-160, February 27, 1998

5 000012




BCPM 3.1 Model Methodology

In addition, the FCC concluded in the Order that they anticipated choosing a
specific model to use as the platform for developing a forward-looking cost methodology
for non-rural carriers by December 31, 1997.° This decision has been delayed. However,
the FCC still intends to select a complete mechanism, including inputs, by August 1998
with an implementation date of January 1, 1999.

The 1996 Telecommunications Act states that the Federal and State Universal
Service programs should ensure virtually ubiquitous access to basic telecommunications
service, To support this objective, it is imperative that a cost proxy model locate
customers effectively and construct adequate facilitics to provide basic service to high
cost customers. BCPM 3.1"s customer location algorithm appropriately locates
customers in rural areas. Furthermore, BCPM 3.1%s engincering of outside plant
estimates a network and costs that network based on an efficient, forward-looking design.

The BCPM team has incorporated enhancements to BCPM 1.1 in two stages.
Using BCPM 1.1 as the base, substantial changes to the customer location and outside
plant design modules were first implemented in BCPM 2.0. The current model, BCPM
3.1, includes the customer location and outside plant changes incorporated in BCPM 2.0
and supplements these modules with new switching, transport, capital cost, and expense
modules, signaling investment, and o new user interface.

BCPM 1.1 based customer location on Census data at the Census Block Group
(CBG) level. BCPM 3.1%s customer location algorithm uses housing and business line
data at the Census Block (CB) level to more preciscly locate customers. On average,
there are 30 CBs within a CBG. By overlaying micrognds upon CBs, BCPM 3.1 1akes
into account the actual road network to more accurately reflect the location of customers
within a CB if that CB is larger than the microgrid. This enhances accuracy because
customers and rights of way for provisioning telecem cables are most frequently found
along roadways. Utilizing all of this data, BCPM 3.1 models clusters of customers where
they are indeed clustered, and models sparsely populated arcas where customers are in
fact dispersed. This is all done while retaining the shape and relative cable design of the
wire center temritory.

¥ Report and Order, paragraph 245,
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BCPM 1.1 assigned CBGs to wire centers based on the centroid, i.¢. geographic
center, of the CBG. This resulted in a significant number of misassignments of
customers to wire centers, as well as misassignments of customers to their respective
local exchange carrier. BCPM 3.1°s assignment of customers to the appropriste wire
center and local exchange carrier is quite accurate. It achieves this accuracy by utilizing
wire center boundaries specified by Business Location Research (BLR), and determining
the CBs located within that wire center boundary.,

BCPM 3.1 integrates more precise information regarding customer location with a
customer location algorithm that establishes an optimal grid size based on an efficient
network design. Thus, the optimal grid size is determined by adhering 1o sound
engineering practices that reflect forward looking, least cost technology for basic service.
Once the ultimate grid size is established, BCPM 3.1 maintains certain features of the
loop engineering design in BCPM 1.1, However, significant changes have been made to
BCPM 1.1. BCPM 3.1 has abandoned the assumption that all customers are uniformly
distributed throughout the CBG. (A discussion of changes from BCPM 1.1 10 BCPM 3.1
is included in Appendix C)

The FCC's Further Notice of Proposed Rulemaking (FNPRM) released July 18,
1997 established a process for evaluating the BCPM and Hatfield models with the
ohjective of developing a platform that meets the FCC's specified critenia.” As part of the
FNPRM process, the FCC stafT issued a Public Notice on September 3, 1997 prescnbing
guidelines regarding switching, transpon, and signaling that cost proxy models under
consideration should comply with. These guidelines included requirements fo “permit
individual switches to be identified as host, remote, or stand-alone™" “employ separate
cost curves for host, remote and stand-alone switches™;" employ algorithms that include

" FCC Funher Notice of Proposed Rulemaking. In the Matter of Federal-State Joun Board on Universal
Service, CC Docket No. 97-45 and Forward- Looking Mechanism for High Cost Suppon for Non-
Rural LECs, CC Docket No. 97-160.

* FCC Public Notice, “Guidance to Proponents of Cost Models in Universal Service Proceedings
Switching, Interoffice Trunking, Signaling, and Local Tandem Investment,” CC Docket Nos, 9645
and 97-160 released September 3, 1997, page 2.

¥Imd , page 3.
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switch capacity constraints;"” and design an interoffice network that accommodates host,
remote and stand-alone switches."'

The enhanced BCPM 3.1 is in compliance with all aspects of the guidelines
proposed by the FCC staff in the September 3rd, Public Notice. The switch module
designs a network of host, remote, and stand-alone switches based on the actual in place
network and then uses separate cost curves for switch types and individual switch
investment categories to develop the forward looking cost per line. The module analyzes
input data files to determine whether switch capacity constraints have been exceeded for a
wire center, and if so, places an additional switch in that wire center. The transport
module designs efficient SONET rings for the modem network designed in the switch
module based on characteristics of the actual in place network.

On November 13, 1997, the FCC released a Public Notice on Customer Location
and Outside Plant.”” This notice required model proponents 1o modify their models to
accommodate the new guidelines, to submit their revised models to the FCC, and to
provide model cost runs for Flonda, Georgia, Maryland, Missoun and Montana by
December 11, 1997, In the time since this information was submitted to the FCC, the
commission has conducted a number of model tests and discussions with model
proponents.

¥ Iid., page 4.

" Ibid., page 5.

 FOC Public Notice, “Guidance To Proponents of Cost Models in Universal Service Prwecdings
Customer Location and Outside Plan:,” CC Docket Nos 98-4% and 97- 16, November 11, 1997
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BCPM 3.1 methodology is presented in the following sections:

Customer Location---Section 5.0
Outside Plant---Section 6.0
Switching---Section 7.0
Transport---Section 8.0
Signaling---Section 9.0

Support Plant---Section 10.0
Capital Costs---Section 11.0
Operating Expenses---Section 12.0
Report Module---Section 13.0

9
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SECTION 2.0

BCPM 3.1 Attains the FCC’s 10 Criteria

The FCC Universal Service Order invites states to submit universal service cost
studies that are consistent with its ten model criteria."’ At paragraph 206 the FCC
Universal Service Order states: “Accordingly, to determine the appropriate level of
federal support for service to rural, insular, and high cost areas, we invite states 1o submil
cost studies consistent with the criteria that we prescribe herein and subject to
Commission review and approval. State studies must be based on forward-looking
cconomic cost, be consistent with the study used for the state universal service program,
and not impede the provision of advanced services.”

Paragraph 250 of the FCC Universal Service Order outlines ten cntena that are
consistent with the cight criteria set out in the Joint Board recommendation.'’ The ten
criteria are presented in italics below. Following each criterion is a brief statement
describing how BCPM 3.1 is consistent with the criterion.

(1) The technology assumed in the cost study or model must be the least-cosi, most-
efficient, and reasonable technology for providing the supported services that is enrvently
being deploved. A model, however, must include the ILECs " wire conters as the center of
the loop network and the outside plant should terminate at [ILECs " current wire eenlers.
The loop design incorporated into a forward-looking economic cost study or model
should not impede the provision of advanced services. For example, loading coils should
not be used because they impede the provision of advanced services. We note that the use
of loading coils is inconsistent with the Rural Utilities Services guidelines for network
deplovment by its borrowers. Wire center line counts should equal actial ILEC wire
center line counts, and the study s or model's average loop length should reflect the
incumbent carrier s actual average loop length.

2 FCC Report and Order, In the Mater of Federai-State Joint Board on Universal Service, CC Docket No.
06-45, released May 8, 1997,

" See the Majority Staie Members” Second State High Count Report at pp. 2-6.
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BCPM 3.1 satisfies this criterion by incorporating least-cost, most-efficient, and
current technology. The BCPM uses forward looking technology including: fiber driven,
integrated digital loop carrier systems: efficient copper/fiber cross-over points in feeder to
reflect lcast-cost provision of feeder; digital switching at current network switch nodes;
and SONET transport rings. Load coils are not utilized in the Model and the network is
engineered to be compatible with advanced services."

BCPM 1.1 utilizes more accurate wire center boundaries provided by Business
Location Research (BLR). These wire center boundaries conform to Census Block (CB)

boundaries.

(2) A network function or element, such as loop, switching, ransport. or signaling,

necessary to produce supported services must have an associated cost.

Within BCPM 3.1, each network function has an associated cost. This includes the
local loop from the drop to the distribution to the feeder to the switch, with transport
signaling, support plant, and the associated capital costs and operating expenses. The
algorithms which assure that sufficient plent and equipment are provided are clearly
documented and verifiable within the Model software und methodology documentation.

(3) Only long-run Jorward-looking economic cost may be included. The long-run period
used must be a period long enough that all costs may be treated as variable and
avoldable. The costs must not be the embedded cost of the facilities, functions, or
etements. The study or model, however, must be based upon an examination of the
current cost of purchasing facilities and equipment, such as switches and digite! loop

carriers (rather than list prices).

BCPM 3.1 incorporates the forward-looking cost of purchasing and operating
known and proven facilitics, equipment, and technologics. While switch (i.e., wire
center) locations are assumed to be fixed, no equipment or technology is assumed to be
embedded or fixed; all equipment is assumed to be variable and avoidable. Forward-
Jooking costs are based on material prices net of discounts rather than list prices for

" [ or example, maximum copper loop lengths and cable gauges are designed 1o be compatible with fax
and dul-up modema

1 000018




BCPM 3.1 Model Methodology

equipment and material. The Model does not rely upon embedded costs for facilities,
functions or elements.

(4) The rate of return must be either the authorized federal rate of return on interstate
services, currently 11.25%, or the state’s prescribed rate of return for intrastate services.
We conclude that the current federal rate of return is a reasonable rate of return by
which to determine forward looking costs. We realize that, with the passage of the 1996
Act, the level of local service competition may increase. and that this competition might
increase the ILECs ' cost of capital. There are other factors, however, that may mitigate
or offset any potential increase in the cost of capital associated with additional
competition. For example, until facilities-based competition occurs, the impact of
competition on the ILEC's risks associated with the supported services will be minimal
because the ILEC's facilities will still be used by competitors using either resale or
purchasing access to the ILEC's unbundled network elements. In addition, the cost of
debt has decreased since we last set the authorized rate of return. The reduction in the
cost of borrowing caused the Common Carrier Bureau to institute a preliminary inquiry
as to whether the currently authorized federal rate of return is too high. given the current
marketplace cost of equity and debt. We will re-evaluate the cost of capital as needed to
ensure that it accurately reflects the market situation for carriers.

BCPM 3.1 allows the user to select their own rate of return, wtilize the FCC's
recommended rate of return of 11.25%, or run the Model's default rate of return.

(5) Economic lives and future net salvage percentages used in calculating depreciation
expense must be within the FCC-authorized range. We agree with those commenters that
argue that currently authorized lives should be used because the assets used to provide
universal service in rural, insular, and high cost areas are unlikely to face serious
competitive threat in the near term. To the extent that competition in the local exchange
market changes the economic lives of the plant required to provide universal service, we
will re-evaluate our authorized depreciation schedules. We intend shortly 1o issue a
notice of proposed rule making to further examine the Commission’s depreciation rules.

BCPM 3.1 allows the user to establish or change economic lives and net salvage

percentages by account categories. As discussed previously, BCPM 3.1 includes two sets
of inputs. The first set of inputs uses economic lives and future net salvage percentages

12 000019




BCPM 3.1 Model Methodology

that are within the FCC-authorized range. The sccond set uses economic lives and future
net salvage percentages potentially user by competitors.

(6) The cost study or model must estimate the cost of providing service for all businesses
and households within a geographic region. This includes the provision of multi-line
business services, special access, private lines, and multiple residential lines. Such
inclusion of multi-line business services and multiple residential lines will permit the cost
study or model to reflect the economies of scale associated with the provision of these
services.

BCPM 3.1 includes residential and business access lines and makes adjustments for
public and special access so that the network design incorporates the efficiencies and
economics of scale that a provider of all basic access services in a given geographic arca
enjoys.

(7) A reasonable allocation of joint and common costs must be assigned to the cost of
supported services. This allocation will ensure that the forward-looking economic cost
does not include an unreasonable share of the joint and common costs for non-supported

semvices.

BCPM 3.1 allows the user to input either a common cost factor or expenses on a
per line basis, The BCPM Sponsors included a reasonable allocation of joint and
common costs in BCPM 3.1.

(8) The cost study or model and all underlying data, formulae. computations, and
software associated with the model must be available to all interested parties for review
and comment. Al underlying data should be verifiable, engincering assumptions
reasonable, and outputs plausible.

The user can view all inputs and a large number are casily adjustable by the user.
All formulas and algorithms are available to the user and all interested partics for review
and comment. The underlying data are verifiable and the enginecring assumptions are
reasonable and based on actual experience in installing statc-of-the-art networks and
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technology." The current version of BCPM can be downloaded from the BCPM web
site, "www,bepm2.com”. In addition, copies of the BCPM Methodology, the Users
Manual, a Systems Manual and a Mode! Input Guide are currently available at the web
site.

(9) The cost study or model must include the capability to examine and modify the
eritical assumptions and engineering principles. These assumptions and principles
include. but are not limited to, the cost of capital, depreciation rates, fill factors, input
costs, overhead adjustments, retail costs, structure sharing percentages. fibericopper
cross-over points, and terrain faclors.

BCPM 3.1 allows the user to examine and modify all of the variables histed in the
criterion and many others cither though easy to use drop down menus or through direct
access to the EXCEL spreadsheets. BCPM 3.1 provides methods to process multiple
financial, enginecring, investment and expense views for the jurisdiction chosen, This
provides the user with a great deal of flexibility in performing multiple scenario analysis.

(10)  The cost study or model must deaverage support calculations 1o the wire cenfer
serving arca level at least, and if feasible, to even smaller areas such as a Census Block
Group. Census Block, or grid cell. We agree with the Joint Board’s recommendation that
support areas should be smaller than the carrier’s service area in order to targel
efficiently universal service support. Although we agree with the majority of the
commenters that smaller support areas better target support, we are concerned that it
becomes progressively more difficult to determine accurately where customers are
located as the support arcas grow smaller. As SBC notes, carriers curvemtly keep

«cords of the number of lines served at cach wire center, but do not know which lines
ar. associated with a particular CBG, CB, or grid cell. Carriers, however, would be
required to provide verification of customer location when they request support funds
[from ¢ administrator,

BCIM 3.1 provides estimates of universal service costs at arcas as small as
variable grids  The BCPM 3.1 relies upon information at the census block level, rather
than the much | ger census block groups (CBGs). There are typically over 30 CBs per

" The wderbying data are verifisble 1o the extent possible, given vendor constraints =nd) the confidential
nature of some of he information necessary to reflect genuine current eapenditures
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SECTION 3.0

THE NETWORK

3.1 Description of the Local Exchange Network
The following figure depicts the elements of a typical local exchange network.

Typical Local Exchange Network
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The public voice grade local exchange network is designed to provide an instantly
available (under most circumstances) 3,500 Hertz telecommunications channel between
any pair of users attached to the network. Components of the network are designed to
meet minimum transmission characteristics for noise, echo retum loss, envelope delay
distortion, as well as other quantifiable objectives for transmission quality. Many of
these minimum transmission standards are met through basic engincenng design critena
that specify the standard electrical and transmission characteristics for individual network
components and groups of components, The following description traces a call on the
public voice grade network from an originating customer premise through the network to
terminale the call at a second customer premise.
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Before a call can be initiated, a customer must have a telephone set, which1s
connected to the public voice grade network. The customer's telephone plugs into the
wall to wiring also owned by the customer. The wiring in each residence and business
premise is connected to the network through a telephone company owned interface device
located at the customers” premise. Single family housing units generally use a basic
network interface device (NID), typically a small gray box located on the outside of the
house, while a large commercial building has a building terminal designed to
accommodate terminations for multiple customers. These interface devices connect the
public voice grade telephone network to the customer-owned wiring and telephone sets.

Once the customer lifis the phone recciver, call connection 1o the public telephone
network begins. At the point the receiver is lifted. a connection is made to the telephone
company switch at the central office. This connection starts at the telephone set, through
the inside wire, through the network interface device (N112), which connects to a drop
wire. The drop wire consists of two or three pairs of copper wires, which permancntly
connect the house to a drop terminal. In densely populated arcas the drop wires from
several residences meet at a drop terminal. The drop terminal is where the drop wires arc
connected 1o a larger cable that connects many houses in a similar manner, This cable is
called a distribution cable. The distribution cable then connects to a feeder/distnbution
interface, commonly called an FDI. The FDI connects many distribution cables to a
feeder cable. The feeder cable goes to the central office location where it is connected to
the telephone switch through a main distribution frame.

The connection to the switch is initiated by the customer lifting the phone
recciver. The switch, which is really a large computer, azknowledges the customer action
by providing dial tone to the customer, thereby notifying the customer that the switch is
ready to receive the telephone number of the party where the call is o be completed. The
customer enters the number by “dialing” through the telephone set. The switch interprets
the tones or pulses into a terminating location on the network. The switch “looks up” the
terminating location in a data base that tells the switch where 1o physically route the call.
In this case, the call is connected to a local inter-office trunk group that connects one
central office location to another central office in the local calling arca. Call traffic is
consolidated and switched at telephone company central offices, which are connected
with each other via high capacity trunks (usually optical fiber).
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few cases where BCPM 3.1 finds grid Quadrants with copper loops greater than 12,000
and up to 18,000 feet in the distribution network, it uses the Extended CSA (ECSA)
design with 24 gauge cable throughout that quadrant. Extended range line cards are used
1o serve all customers in the distribution area (Grid quadrant) for distnbution distances
over 13,600 feel.

The typical 12,000 foot loop, along with a loop network design that avoids
bridged-tap, also removes capacitance concems. Avoiding bridged-tap is accomplished
by tapering and placing FDIs. The 12,000 foot design, while not including the costs for
them, also facilitates the provisioning of Unbundled Network Elements (UNE) including
DS1. Additionally, BCPM 3.1 uses digital loop carrier systems for voice grade services
rather than analog copper facilities when demand within a grid exceeds the user
designated capacity of the largest copper distribution cable. This avoids the typical duct
congestion in urban rights of way where utilities and urban services vie for below ground

space.

There are two situations where the design rules employed by BCPM result in the
placement of Digital Loop Carrier (DLC) equipnent. The first. as discussed above, (
when the copper loop length would be greater than 12,000 feet. Here, the DLC
equipment is placed to allow usc of fiber feeder cable. The second situation occurs in
areas where distances are relatively short, but population density is high. In this case, it is
often more economical to place DLC to than to p'ace the lar_e copper cables that would
be needed to serve the number of subscribers.

Cable filis that are found in the BCPM 3.1 tables allow for proper network design.
These cable fills allow maintenance operations to cost-effectively deal with defective
pairs and administer customer tumover. The default values take into account that & new
network is constructed to serve existing households (a snapshot view) with provisions for
administrative and repair needs.

BCPM 3.1 designs a network of digital host, remote and stand-alone switches
based on the actual in-place network. DMS-100 and SESS switches are used in the
design process. In addition, the model provides for small switch investment functions, to
be used for central offices smaller than a user-changeable line size. Morcover, the user
has the ability to specify a switch vendor. Actual data on subscriber calls und usage for
business and residence customers arc used to design a busy hour grade of service.
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The interoffice network uses SONET rings in currently commercially available
ring <izes (OC3, OC12 or OC48). Redundancy is provided through “self healing nngs™
connecting the tandem/host/remote swilches.
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SECTION 4.0

OVERVIEW OF THE BCPM 3.1
MODEL

4.1 Model Structure

BCPM 3.1 is comprised of a series of modules in functional areas pertinent to the

design and costing of a foreword looking telecom network, These modules include:

Preprocessor Module formats some of the raw input data for further processing,
identifies the locations of customers within the wire center, and builds the gnid system
and feeder plant routing used to design the loop. (Customer Location methodology is
discussed in depth in Section 5.0.)

Outside Plant Module designs and costs the distribution cable system. (Outside Plant
methodology is discussed in depth in Section 6.0.)

Switch Module designs and costs the digital network of host/remote /standalone
switches based on the locations of the actual in-place network. (Switch Module
methodology is discussed in depth in Section 7.0.)

Transport Module designs and costs the SONET interoflice transport system.

{ Transport Module methodo ogy is discussed in depth in Section 8.0.)

Capital Cost Module develops depreciation, rate of retumn, and tax factors and applies
them 1o the investment accounts to produce the capital cost. (Capital Cost Module
methodology is discussed in depth in Section 11.0.)

Operating Expense Module determines the annual expense cost attributable to
providing universal service. (Operating Eapense Module methodology is discussed in
depth in Section 12.0.)

Report Module summarizes the results of the previous modules. (The Report Module
is discussed in Section 13.0)
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4.2 Model Inputs

For most of the inputs in the Model the user has three options, they can develop
their own inputs, accept the default inputs developed hy the Model’s sponsors, or usc a
combination of user inputs and model defaults.

For example, BellSouth, Sprint, and U S WEST - the Joint Sponsors of BCPM
3.1, who collectively provide service to over 30 states, have provided an industry-wide
composite of current material, installation, and structure prices for individual network
components that are used in the Model. This includes the prices for cables, digital loop
carrier equipment, switches, feeder/distribution interfaces, manholes, poles, etc. These
figures allow BCPM 3.1 to use the widest possible base of data of equipment and
installation prices currently paid by LECs.

Additionally, the Joint Sponsors have provided an industry-wide composite of
forward-looking operational and overhead expenses by account that are specifically
associated with the provision of basiz local exchange service. The Operating Expense
module allows these forward-looking operational expenses, which are stated on a per line
basis, to be adjusted by the user according 10 individual account. The Joint Sponsors also
developed industry-wide, forward-looking cost of capital and depreciation lives by
account. These are used in the BCPM 3.1's Capital Cost module and sre fully user
adjustable.

4.3 Model Flexibility

Finally, BCPM 3.1 provides methods 1o process multiple investment and cxpense
views across multiple states. This provides the user with a great deal of flexibility in
performing multiple scenario analysis

A summary of the changes frora BCPM 1.1 incorporated in BCPM 3.1 15 included
in Appendix C.
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SECTION 5.0

CUSTOMER LOCATION
METHODOLOGY

5.1 Introduction

BCPM 3.1's customer location algorithm uses the appropnate granulanty of
analysis to assure that customers arc accurately located and that the cost outputs are
representative of the network design necessary to serve those customers. BCPM 3.17s
use of actual data to determine the location of customers provides network costs that are
more accurately measured, which, in tum, allows efficient targeting of high-cost arcas.

BCPM 3.1"s customer location algorithm addresses the recognized deficiency of
the Census Block Group (CBG) as an engineering unit in rural areas. By going to the
finer Ceensus Block (CB) level, BCPM 3.1 reflects the reality of rural areas; that is, that
people are not necessarily dispersed equally throughout the CBG. By overlaying wire
centers with grids, BCPM 3.1 constructs a network that avoids building to arcas where
people are unlikely to reside, concentrating instead on road miles where people are more
likely to be located.

5.2 BCPM 3.1 Enhancements

BCPM 3.1 employs more precise information regarding customer location than
previous proxy models, Its clustering algorithm reflects an efficient network design,
given technological constraints of the telephone network.

A previous version of BCPM, BCPM 1.1, based customer location on Census data
at the CBG level. BCPM 1.1 assigned CBGs to wire centers based on whether the
centroid, i.e. geographic center, of the CBG fell within the wire center boundaries
provided by On Target's “Exchange Info Plus" data product. This all or nothing € BG
assignment resulted in a significant number of misassignments of customers to wire
centers, as well as misassignments of customers to their respective local exchange camer.
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BCPM 3.1 utilizes Census data at the CB level. CBs reflect customer location at
a much more granular level than CBGs. This incrzased level of granulanty provides
greater assurance of truly locating customers and assigning customers to the proper wire
center.  Additionally, BCPM 3.1's use of wire center boundaries provided by Business
Location Research (BLR) increases the accuracy in assigning customers to their actual
serving wire cenler.

BCPM 3.1 recognizes that telephone plant engineers do not typically build plant
on a customer by customer basis. Rather, they plar and build plant based on Camier
Serving Areas (CSAs)'. Thus, engineers recognize actual clustering of customers when
implementing standard engincering practices that try to maximize the efficient use of
plant, minimize the distribution portion of plant, and ensure adequate service quality.
One of the major challenges of building a proxy model is clustening customers in a
fashion that integrates engineering practices based on this CSA approach.

The BCPM 1.1 and carlier versions, including BCPM 1.0, Benchmark Cost
Model 2 (BCM2), and BCM, as well as Hatficld 4.0 and its earlier versions, used the
CBG as the unit of engincering area. Our analysis indicates that CBGs have substantial
deficiencies as a modeling unit. These deficiencies exist mainly in rural arcas. In these
sparsely populated arcas, CBGs tend to be rather large and odd in shape, and provide no
information about where customers are truly located.

To adjust for these deficiencies, the modelers of both BCPM and Hatficld
developed various approaches to recognize the actual location of customers, BCPM 1.1
used a road reduction approach that reduced the arca engincered to a 500-foot buffer
along each side of roads within the CBG. Hatfield 4.0 uses a town clustering approach
that assumes a given percentage of rural customers reside in town (typically 85%).
Hatfield 4.0 assumes that the customers in town are located in 2 or 4 sub-clusters where
customers live on contiguous 3-acre lots. Furthermore, Hatficld 4.0 assumes that the
remaining customers (typically 15%) are located 150 feet from a few road cables that
emanate from these sub-clusters.

I8 A CSA encompasses the entire design area polentially served from a pamticular digital loop camer
(D) site, including the feeder distribution interface, vertical and honzontal connecting cables,
backbone cable and branch cables.
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However, neither the BCPM 1.1 nor the Hatfield 4.0 rural approaches captured
actual customer location with adequate accuracy. Given this dilemma, the BCPM
developers recognized the need to create an injovative approach that could locate
accurately customers in all areas. To accomplish this, BCPM 3.1 uses a reformulated

geographic entity - the dynamic grid.

The Cost Proxy Model (CPM®) used a 1/100 of a degree longitude and latitude
grid. This standardized the geographic unit of measure for modeling, simplified the
engineering algorithms, removed the modeling errors from “squaning™ CBGs, and
allowed the roll-up of the geographic grid entity into almost any entity desired by the
user. BCPM 3.1 further enhances the CPM’s grid approach by combining it with CSA
engineering constraints. The resulting grid unit is dynamic in the sense that this grid
varies in size to ensure that the number of customers included in a gnd takes into account
CSA guidelines™. Furthermore, the maximum grid size is constrained so that the
limitations of copper distribution are not exceeded.

To illustrate the rural data and the various approaches to locating rural customers,
Appendix A, Exhibit 1, provides satellite maps for six random CBGs in the lowest
density group, i.c. less than five housing units per square mile. Note the vanability in the
degree of clustering across these CBGs. Appendix A, Exhibits 2 and 3, provide the
comparison of Hatfield Model 4.0°s, BCPM 1.1"s, and BCPM 3.1%s characterization of
customer location for two of these six CBGs. Although this is not representative of all
rural areas, these areas were randomly selected and seem to demonstrate BCPM 3.17s
supcriority in locating customers.

5.3 Methodology

The following discussion provides highlights of the methodology employed in generating
the appropriate grid configuration associated with a given wire center. In general, a serics
of reaggregation steps creates ultimate grids of various sizes, consistent with an cfficient
network design. Each grid's size, cost characteristics, and number of lines is integrally
linked to telephone engineering CSA guidelines. In addition, the construction of these

" Lucent Technologies Outside Plant Engineering Handbook Section 3.
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grids takes into account the actual road network 1o more aceurately reflect the location of
customers within a CB. (Additional detail on this process is provided in Appendix B.)

The customer location process compriscs six major sicps:

1) Establish Wire Center Boundaries

2) Assign Census Block Demographic Data to Wire Centers
3) Establish Microgrids Within Wire Center Boundaries

4) Assign Census Block Data to Microgrids

5) Aggregate Microgrids to Ultimate Gnds

6) Establish Distribution Quadrants

5.3,1 Wire Center Boundaries

The first step in accurately establishing customer location is the specification of
the appropriate wire center boundaries. In BCPM 1.1, wire center boundaries were
established based on the aggregate arca of CBGs whose centroids were assigned to that
particular wire center. In contrast, BCPM 3.1 relies on wire center data obtained from
BLR. Appendix A, Exhibit 4, compares a:tual wire center boundanies with the wire
center boundaries of BCPM 1.1 and BCPM 3.1 for an lowa wire center.

5.3.2 Assign Census Block Data to Wire Centers

The second step is 1o use the CB level of data that falls within the corresponding
wire center boundary. For the occasional CB that crosses wire center boundaries,
housing and business data are apportioned to the respective wire cenlers. If the CB is less
than 1/4 of a square mile, the apportionment is based on the relative proportions of lund
area. If the CB is greater than 1/4 of a square mile, the apportionment is based on the
relative proportions of road mileage. Appendix A, Exhibit 5, depicts CBs within the
Waukon, lowa wire center. Figure 5.1 (below) displays CB and Housing Unit Density
for the Red Oak, lowa Wire Center. The black arcas at the center of the map are Census
Block boundaries so close together as to be indiscernible at the current map scale.
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Figure 5.1

Housing Unit Density - Census Blocks
Red Oak, lowa

The Bureau of the Census establishes CB boundaries based on roads and natural
borders such as rivers, The CB data that provides houschold and housing unit line counts
reflects 1990 Census data that have been updated based upon 1995 Census statistics
regarding household growth by county. BCPM 3.1 also uses business line data obtained
from PNR and Associates (PNR). Although some of the business lines are defined only
at the Census Tract and CBG level 2 PNR has successfully assigned approximately 85%

20 This is typical of atlempts to geocode customer locations based on address data
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of the business customers to specific CBs. Figure 5.2 (below) shows an examplc of the
assignment of CB's, with associated houscholds, to the Red Oak wire center,

Figure 5.2
Example of Assignment of Census Blocks o a
Portion of the Wire Center
Rural Red Oak, lowa
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This diagram displays several Red Oak Census
Blocks that have been labeled with the number of
housing units each contains
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5.3.3 Establishing Microgrids

It is necessary to establish microgrids so that populated areas can be aggregated
appropriately into telephone engineering CSAs. There are two phases of the grid process.
The first phase entails assigning CB data to microgrids. “Microgrid” refers to the
smallest grid size used in the grid process. A microgrid is 1/200™ of a degree latitude and
longitude. This corresponds (0 approximately 1,500 fect by 1,700 feet latitude and
longitude.?! The entire serving wirc center is partitioned into miciogrids. Thus, cach CB
within the serving wire center is overlaved with microgrids (unless the entire CB falls
within a single microgrid). Smaller CBs, typically located in the denser, urban arcas or
the town portions of rural exchanges, arz aggregated into microgrids while larger CBs
located in the outlying portions of the rural arcas may span multiple micrognids.

5.3.4 Apportioning Census Block Data to Microgrids

Since houschold and business line data®? are assigned at the CB level, CB line
data must be apportioned to microgrids when the CBs are larger than their corresponding
microgrids. Two approaches are used to apportion this data to the microgrids, depending
on the size of the CB. For CBs whose area is less than 1/4 square mile, (2,640 feet by
2.640 feet), encompassing approximately three to four micrognids, houschold and
business line data is apportioned based on the land area of the micrognd used relative to
the CB’s total area.??

1 Due 19 the curvature of the earth, these dimensions vary depending on the lautude and longitude where
they are derived, These measurements are used only to give the reader a sense of relative size

3! Houschold data includes housing unit and howchold iformation from the Census Hurcau Business
line counts are obtained from PNR.

2} For a microgrid that is fully encompassed by a CB, i.e. 100% of the micrognd's arca 1s encompassed
within the CB, the area covered by that one micrognd is (1,500ft x 1,700 fi) = 2,550,000 sq ft. I
the total area of the CIl is 5,100,000 sq. fect. then the fraction of land area of the CH encompassed by
that micrognid is{ 2,550,000sq fi. /5,100,000%q. fi.) = 5 of the area. Thus, 50% of the houschold and
business line data is apportioned 10 that microgrid.

If only a portion of a microgrid is encompassed by the CH, g B0%% of the micrognd is encompassed
by the CI, then the area covered by that one micrognd is Kx(1,5001t 1,70011) = 2040000 sy nnu
the arca of the CB is 5,100,000sq. i, then (2,040,000 sq. 11./5,100,000 g f) =40 In thes case, 4 or
2/5ths of the household and business line dats is apportioned to the micrognd
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For CBs with an area greater than 1/4 square mile, houschold and business line
data are apportioned based on relative road lengths using actual road data obtained from
TIGER/Line files [Topologically Integrated Geographic Encoding and Referencing from
the US Census Bureau]. That is to say, the line data is apportioned based on the road
length contained within a microgrid that traverses that CB, relative to the total road length
within that CB. Since roads are used to locate customers, certain roads where customers
are unlikely to reside, have been excluded from the road data.®* To illustrate the
apportionment of household and business line data to microgrids based on relative road
lengths, assume that the total road length associated with a particular CB is 60 miles and
that 20 of those miles traverse a particular microgrid. Since (20 miles / 60 miles) = 333,
1/3 of the household and business line data is associated with that particular microgrid.
At the end of phase one of the grid process, the total census housing unit and PNR
business line data associated with a wire center have been apportioned to cach of the
microgrids comprising that serving wire center.

5.3.5 Reaggregating Microgrids into Grids

The fifth phase of the grid process entails aggregating these micrognids into larger
grids as appropriate. The purpose of developing variable size grids is to simulate the basic
telephone plant engineering units of a CSA. The ultimate size of the larger gnds depends
upon housing and business line data and technological constraints on the reasonable size
of CSAs. In general, the largest ultimate grid size is 1/25" of a degree latitude and
longitude in size or approximately, 12,000 to 14,000 feet per side.”* Hercafier, grids
1/25™ of a degree latitude and longitude are referred to as macrogrids, The macrognd
constrains the maximum copper distribution length from the DLC to the customer to
12,000 fect, in most cases.  Occasionally, however, due to placement of the DLC or re-
aggregation of the isolated grids (discussed later), the length of a cable from the DLC to
the customer may exceed 12,000 feet. In these cases, cable gauge is adjusted from 26 to

M Road data used in BCPM 3.1 exclude all limited access aighway segments, all highway and road
segments that are in a tunnel or in an underpass; vehicular “trails” and roads passsble only by 4 wheel
drive vehicles; highway access ramps, ferry crossings, pedestrian walkways and stairways, alleys for
service vehicles; and driveways and private roads.

I8 Ultimate grids may exceed this size if isolated grids are combined with grids 12,000 fect by 14,000 feet
per side 1o generate an ultimate grid. (This is discussed later )
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24 and extended range line cards are used to azcommodate distribution cable lengths up
to 18,000 feet.

At first blush, it may scem reasonable (o start with micrognids and expand them as
appropriate 10 satisfy technological constraints. However, such an approach results in a
large number of remaining microgrids dispersed among larger grids. To reduce the
potential for isolated microgrids, BCPM 3.1 establishes fixed grid boundarnies by
overlaying macrogrids upon the microgrids. 64 microgrids constitute a macrognid. These
macrogrid boundaries constitute the maximum size gnd associated with cach respective
group of 64 microgrids.

The ultimate grid size utilized essentizlly reflects the manner in which customers
are clustered. Modeling grids that vary in size is tantamount to allowing clusters of
customers associated with a particular CSA to vary in density and dispersion.

The algorithm for determining the ultimate grids is actually a multistage process
built to satisfy engineering constraints, minimize processing time, and simpiify computer
code. The following provides the essence of the grid algorithm. ( For a more detailed
discussion of the general rules for grid aggregation see Appendix B.) The denvation of
ultimate grids is essentially an iterative process where partitioning occurs if the number
of lines within a grid is too large, or if other tzchnological constraints become binding.
The macrogrid is partitioned into smaller grids, if warranted, based on houschold and
business line data associated with the underlying micrognds, and CSA guidelines. The
iterative process partitions the macrognd inte four equally sized subgnids. In some
instances, these subgrids, which are 1/50" of a degree latitude and longitude in size,
become the ultimate size for that composite of micrognds. In other instances, the number
of lines within a subgrid is still too large. In those instances, additional sub-partitioning
occurs for the subgrids. Additional sub-partitioning continues to occur until all gnds
satisfy line size and technological constraints. The smallest grid allowed is the 1/200" of
a degree latitude and longitude, the microgrid. The resulting ultimate grids have a
composite household and business line count equal to the sum of the househald and
business lines for the associated underlying microgrids. The ultimate grids for Waukon,
lowa are depicted in Appendix A, Exhibit 5. Ultimate grids for Red Oak, lowa arc shown
in figure 5.3a (below).
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Figure 5.3a
Ultimate Grids - Red Oak, lowa
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It is possible that, aficr completing this iterative process, small groups of solated
microgrids remain within the macrogrids, that have less than 100 lines associated with
each group. Such isolated microgrids do not warrant placement of a CSA within a group.
Instead, these small groups of microgrids are aggregated with ultimate grids within the
macrogrid in which they reside, that are equal or larger in size, and are located closest to
the road centroid of cach small group of microgrids.

Partial grids arise from microgrids that intersect the wire center’s boundanies and
do not lie within a macrogrid. Partial grids with line demand less that 100 and sm aller
than 1/5" of o macrogrid in arca, and therefore, not supportive of a CSA for that partial
grid, are aggregated with the adjacent macrogrid that constitutes the longest border along
that partial grid. The process described above is repeated for cach expanded macrognd.
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24 and extended range line cards are used to accommodate distribution cable lengths up
to 18,000 feet.

At first blush, it may seem reasonable to stant with microgrids and expand them as
appropriate to satisfy technological constraints, However, such an approach results in a
large number of remaining microgrids dispersed among larger grids. To reduce the
potential for isolated microgrids, BCPM 3.1 establishes fixed grid boundaries by
overlaying macrogrids upon the microgrids. 64 microgrids constitute a macrogrid. These
macrogrid boundaries constitute the maximum size grid associated with each respective
group of 64 microgrids.

The ultimate grid size utilized esscntially reflects the manner in which customers
are clustered. Modeling grids that vary in size is tantamount 1o allowing clusters of
customers associated with a particular CSA to vary in density and dispersion.

The algorithm for determining the ultimate grids is actually a multistage process
built to satisfy engineering constraints, minimize processing time, and simplify computer
code. The following provides the essence of the grid algorithm, ( For a more detailed
discussion of the general rules for grid aggregation sce Appendix B.) The derivation of
ultimate grids is essentially an iterative process where partitioning occurs if the number
of lines within a grid is too large, or if other technological constraints become binding,
The macrogrid is partitioned into smaller grids, if warranted, based on houschold and
business line data associated with the underlying microgrids, and CSA guidelines. The
iterative process partitions the macrogrid into four equally sized subgnds. In some
instances, these subgrids, which are 1/50" of a degree latitude and longitude in size,
become the ultimate size for that composite of microgrids. In other instances, the number
of lines within a subgrid is still too large. In those instances, additional sub-partitioning
occurs for the subgrids. Additional sub-partitioning continues to occur until 21l gnids
satisfy line size and technological onstraints. The smallest grid allowed is the 1/200™ of
a degree latitude and longitude, the microgrid. The resulting ultimate grids have a
composite houschold and business line count equal to the sum of the household and
business lines for the associated underlying microgrids. The ultimate grids for Waukon,
lowa are depicted in Appendix A, Exhibit 5. Ultimate grids for Red Oak, lowa are shown
in figure 5.3a (helow).
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Figure 5.3a
Ultimate Grids - Red Oak, lowa
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It is possible that, afier completing this iterative process, small groups of isolated
microgrids remain within the macrogrids, that have less than 100 lines associated with
each group. Such isolated microgrids do not warrant placement of a CSA wathin a group.
Instead, these small groups of microgrids are aggregated with ultimate grids within the
macrogrid in which they reside, that arc equal or larger in size, and are located closest to
the road centroid of each small group of micrognds.

Partial grids arise from microgrids that intersect the wire center’s boundaries and
do not lie within a macrogrid. Partial grids with line demand less that 100 and smaller
than 1/5"™ of a macrogrid in area, and therefore. not supportive of a CSA for that partial
grid, are aggregated with the adjacent macrognd that constitutes the longest border along
that partial grid. The process described above is repeated for cach expanded macrognd.
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Figure 5.3b (below) illustrates the census blocks associated with ultimate grids for

Red Oak, lowa, as a result of assigning microgrids to ultimate grids.

Figure 53b

Census Blocks and Ullimate Gnds
Red Ouk, lowa
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Figure 5.3c is a closer look at the relationships between CBs, micrognds, and ulumate
grids. Clearly, the model is assigning or apportioning CB data in a way that consistently
creates gnids sized to meet CSA guidelines, whether the CBs contain high or low
population densities. In the urban center, each microgrid contains numerous CBs, with
several microgrids making up an ultimate grid. In the rural area, cach ultimate gnd
contains relatively few CBs, as illustrated by Figure 5.3d.

Figure §.3¢
BCPM Ultimate and Micrognid Size
Urban Red Oak, lowa
Urban Red Oak
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This map displays the vize of Censis Blocks within the urban center of the Hed Oak wue
center, relative 10 micrognids in the same arca. This diagram depicts two ultimate grids, each
containing four microgrids. Please notice that the microgrids are much larger than the Census
Blocks they contain. 1t should be apparent from this view that most of the urhan CBs are directly
assigned 10 the microgrid and do not require use of the allocation process. Furthermore, this
association between Census Blocks and microgrids is retained in the final customer location siep,
establishing the distnbution quadrants. This ensures that BCFM places cable 1o the actual
customer locations, rather than moving the customers 1o some hypothetical distnibution cable
network.
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Figure 5.3d
BCPM Ultimate Gnd Size
Rural Red Oak, lowa
Rural Red Oak
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Census Blocks in this rural portion of the Red Oak wire center are smaller than the ultimate gnids
that contain them . In this rural area with very low censity, the ultimate gnd is the most relevant unit of
measure. This is because typically, only one FDI (¢ 3-located with the DLC system) 1s placed per ultimate
grid.  Note that at this level many Census Blocks are wholly assigned, not allocated, w thewr ulumaie grds
This ensures that the model maintains an accurate representation of customer location

55 000042

b




BCPM 3.1 Model Methodology

5.3.6 Establishing Distribution Quadrants Within Each Grid

Once the ultimate grids have been established, cach ultimate grid®® is segmented
into four distribution quadrants. The latitude and | itude coordinates of the
distribution quadrants are determined by first establishing the road centroid of the gnid.?’
Figure 5.4a (below) displays the *~ad system and rua. cent s for ulimate grids in Red
Oak, lowa. Distribution quadrants within the ultimate grid a:- itered about this road
centroid.

Figure 5.4a

Road System and Road Centrolds
Red Oak, lowa

 Since data is not defined below the micrognd level, the micrognd cannot be segmented into quadrants

27 The road centroid is calculated as the average horizontal and vertical point of all roads i ihe defined
area
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Figure 5.4b (below) shows the resulting distribution quadrants,

Figure 5.4b

Road Centroids and Distribution Quadrants
Red Oak, lowa
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Within each distribution quadrent, another road centroid is established. 11 o
distribution quadrant does not contain any roads, that distribution quadrant is simply
treated as an empty distribution quadrant, For each non-empty distribution quadrant, the
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total arca that falls within a 500-foot buffer along each side of the roads within that
distribution quadrant is calculated. The road-reduced arca is modeled as a square whose
size is equal 1o the total road buffer arca. The road-recuced area can vary in size and
location among distribution quadrants within an ultimate grid. The center of each
distribution quadrant’s square road-reduced area is pleced at the road centroid of the
distribution quadrant. (See Figure 5.5, below, for an example of quadrants for an ultimate
grid in Red Oak, lowa.) Within cach of these road-recuced arcas, the customer data,
apportioned at the microgrid level for housing units ard business lines, is retained at the
distribution quadrant level and subsequently passed to the distribution algorithms for
cable design.

Figure 5.5

Road Reduced Areas Cenlered
About the Road Centroids
Red Oak, lowa

Wirecenter |A_06691_04466
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Such an approach provides a reasonable model of the required
telecommunications network facilitics for two reasons. First, houscholds and businesses
typically reside near roads. Centering the road-reduced area about the center of the road
network establishes network facilities closer to where customers are located than would
the geographic center of the distribution quadrant. Second, rights of way for
telecommunications structure generally exist near roadways. This approach reduces
requisite network facilities, given customers’ actual location.
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SECTION 6.0

OUTSIDE PLANT METHODOLCGY

6.1 Overview

The loop module is designed to develop the loop costs associated with providing
basic telephone service. BCPM 3.1 integratzs more precise information regarding
customer location than BCPM 1.1 with a customer location algorithm that establishes an
optimal grid size based on an efficient network design.®* Thus, the optimal grid size 1s
determined by adhering to sound engineering practices that reflect forward looking, least
cost technology for providing basic service. The "ultimate gnd™ is sized to comply with
the technical requirements of a Carricr Serving Area (CSA). A CSA consists of a
geographic area that can be served by a single digital loop carmier (DLC) site,

While BCPM 3.1 maintains some features of the loop engineering design in
BCPM 1.1, the Model incorporates significant ‘oop engineering changes 1o increase
network efficiency. Recall that BCPM 1.1 squared the area encompassed by a CBG. For
those CBGs with a density of less than 20 houscholds per square mile, the squared CBG
was reduced to a smaller square whose area is equivalent to the arca encompassed within
a S00 foot road buffer on cach side of the roads within those low-density CBGs, BCPM
1.1 designed outside plant based on the assumption that customers are uniformly
distributed throughout the road-reduced area.

BCPM 3.1 abandons the assumption in BOCPM 1.1 that all customers are
uniformly distributed throughout the CBG. BCPM 3.1"s customer location algorithm
uses housing and business line data at the Census Block (CB) level combined with
information regarding the road network to more precisely locate customers, Utilizing all
of this data, BCPM 3.1 models clusters of customers where they are indeed clustered and
models sparsely populated areas where customers are, in fact, dispersed. This 1s all done
while still retaining the shape and relative cable design of the wire center temmitory.

M See “Joint Comments of BellSouth Corporation, BellSouth Telecommunications Inc., U S WEST Inc.,
and Sprint Local Telephone Companies to Further Notice of Proposed Rulemaking Sections HLC17,
C€C Docket 96-45 and CC Docket 97-160, filed Sept. 2, 1997,
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Major changes to the BCPM 1.1 loop engineering include:
s directing main feeder toward population clusters, where appropnate,
o sharing of subfeeder, where appropnate;
¢ placing the DLC(s) at the road centroid of the gnd,
e creating quadrants within the enginecring arca;
¢ running horizontal and vertical cables from the RLC site to each distribution
area,
 placing the FDI at the road centroid of the quadrant where appropriate;
o allowing the road-redaced arca to vary in size;
» permitting empty quadrants within grids, where appropriate;
e permitting sharing of the FDI between quadrants on either the left or right
side;
« permitting co-location of the FDI with the DLC; and
« ensuring that the total cable length within a quadrant does not exceed the
total road distance within that quadrant.

6.2 Enginecring Standards

The engincering protoco’s most central to the design of this model include a
maximum loop length for each CSA that is less than 12,000 feet. To ensure attainment of
this standard, the maximum ultimate grid size is typically constrained to 1/25" of a degree
latitude and longitude (approximately 12,000 feet by 14,000 feet). (Section 533
provides an in-depth discussion of BCPM 3.1°s grid design.) The design of the ulumate
grids ensures that the maximum copper loop length from the DLC site to the customer for
any individual customer should not exceed 18,000 feet, A copper loop greater than
18,000 feet must be loaded or clectronically extended at a substantial cost, The FCC
clearly stated in its May 8, 1997 Order on Universal Service that no loaded loops are
permitted.?®

These constraints also ensure compliance with standard AT&T/Lucent and US
LEC practices covering loop resistance and electrical (dB) loss.

¥ FCC Repon and Order, “In the Matier of Federal-State Joint Board on Universal Service.” CC
Docket No. 96-45, Released May 8, 1997, Paragraph 250, criterion | of the FUC s 10 critenia
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6.3 Feeder Design

The first step in designing the network is to create the feeder cable routes. This is
done in the preprocessing portion of the modeling. Beginning at the wire center, a
maximum of four main feeder’ routes run dircctly cast, directly north, directly west, and
directly south from the wire center to serve four feeder quadrants. These routes run for
10,000 feet, This is based on the assumption that within 10,000 feet, customers are
generally located within the perimeter of a town and that the town has some sort of
gridded street complex. However, beyond 10,000 feet, the direction of each main feeder
is determined by customer concentrations as reflected in the micrognd information data.

If the line count in the center 1/3 of a feeder quadrant is greater than 30% of the
total feeder quadrant lines, this feeder remains a single feeder and potentially points 1o the
population centroid of the entire feeder quadrant. The 30% figure is used to determine
whether there is enough line demand in the middle to support the economics of a single
feeder.

¥ There is a requirement for four main feeders. If due 10 the shape of the Wire center ternitory four
feeders are not necessary, only the required number of feeders will be designed
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Figure 6.1
Feeder Plant
Glenville

If the line count in the center 1/3 of a feeder quadrant is less than 30% of the total feeder
quadrant lines, the feeder splits into two main feeders, cach potentially pointed at the
population centroid in one half of the feeder quadrant. Each portion of the split main
feeder is sized according to the number of customers that it serves. This modeling best
depicts how a loop network is designed. This breakpoint should capture the need to split
the cable to avoid any natural barriers. (An example of a split feeder is shown on the
north directed main feeder (A), the east directed main feeder (B), and the south directed
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main feeder (C) in Figure 6.1). The length of the main feeder(s) is limited to the
minimum distance necessary to reach the last subfeeder of ui ultimate gnd.

Anytime the model logic indicates that the main feeder should be redirected, or
split, at the point 10,000 feet from the central office, a test is run to determine if the
design produces the least cost network. Total feeder cable length (including feeder,
subfeeder and sub feeder part two) for the redirected or split feeder sysiem, potentially
pointed to the population centroid, is compared with the total feeder cable length for a
design where the main feeder is continued in the original cardinal direction, i.e. due north,
south, cast or west and subfeeders at right angles to the main. The design with the
shortest total feeder cable length is selected.

6.4 Subfeeder Design

From the main feeder, subfeeders branch out toward the individual ultimate gnds.
Subfeeder is potentially shared by more than one ultimate grid.  An example of this
sharing is shown as area E in Figure 6.1.

Along a main feeder within 10,000 fect of the wire center, subfeeders may branch
off the main feeder every 1/200™ of a degree boundary.”' For a single main feeder, i.c. a
main feeder that does not split beyond 10,000 feet from the wire center, subfeeder
branches upward or downward (vertically) from the main feeder in cast and west feeder
quadrants, and branches outward (horizontally) in north and south feeder quadrants, (Sce
the west directed feeder (D) in Figure 6.1)

Along a main feeder beyond 10,000 fect of the wire center, subfeeder branches
out at most, once between every 1/25th of a degree boundary. For a split main feeder that
angles greater than 22 1/2 degrees from the direction of the original main feeder (away
from the wire center), subfecder emanates vertically upward or downward as appropriate,
and horizontally outward away from the wire center, creating a fishbone pattern. For a
split main feeder that angles less than 22 1/2 degrees from the original main feeder,
subfeeder emanates outside of the subfeeder as explained above (away form the direction

31 This corresponds 10 the boundaries of the underlying microgrids, i e. the smallest gnd size posuible
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of the original main feeder cardinal line, i.e. due north, south, cast or west) and emanates
inside towards the cardinal line either horizontally for north and south directed main
feeder or vertically for cast and west directed main feeder. 1f the cardinal feeder line has
extended from the 10,000 foot point, this interior subfeeder would create a nght angle
with the original cardinal line”.

Subfeeder part 2 links subfeeder to the road centroid of an ultimate grid for those
ultimate grids whose road centroid does not intersect the subfeeder. Thus, by definition,
subfeeder part 2 is not shared by multiplz ultimate grids.

A DLC site is established (where loop lengths exceed the copper/fiber
breakpoint) within cach CSA at the road centroid of the ultimate gnd. " The number of
DLCs placed at the DLC site depends on the number of lines served in that CSA.

If a CSA is served by copper feeder, the cross connect where copper feeder
facilities are connected with copper distribution facilities (the feeder/distribution interface
(FDI) site) is established at the road centroid for that ultimate gnd.

Right and left connecting cables extend from the DLC location to the road
centroid of each non-empty distribution quadrant, These connecting cables consist ol
horizontal connecting cables that extend cast and west from the DLC site and vertical
connecting cables that vertically connect the horizontal connecting cable to the road
centroid of each of the non-empty distribution quadrants. Figure 6.2 shows an example
of a grid distribution system with an empty quadrant.

™ In the case that both split feeders move at angles less that 22 12 degrees, the determination of which
subfeeder serves grids that lie between the split feeders is made based on the shortest route 1o the mad
centroid of the grid.

3 The road centroid is a point that represents the weighted average of the length of the roads within the
defined area
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Figure 6.2
OUTSIDE PLANT DISTRIBUTION
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For purposes of summarizing plant investments, all cables connecting the DLC to
remote FDIs are categonized as feeder, and any facilities that extend beyond the FDI 1o
the customer are categorized as distribution plant.

6.5 Feeder Equipment

The Model allows for two DLC categories, each providing multiple size options
of remote and central office terminal size. This permits placement of small DLCs in
CSAs that serve a relatively small number of customers. Both large and small DLCs are
assumed to be integrated DLC systems. In addition, the Model captures efficiencies
gamered from large DLCs where appropriate, The dezision to use cither a small DLC or
a large DLC is based on the number of lines the DLC can serve. Given an engineering
fill factor of 90%, a small DLC is placed if the CSA serves less than 215 lines, i.¢. 240
times 90%. This engineering fill factor is a user adjustable input.
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A typical DLC remote cabinet size for a large DLC, such as the “Litespan-20007,
can serve only up to 1,344 tines. BCPM places a second cabinet to complete a 2016 line
system if applicable. Whether more DLCs are placed in that CSA depends on whether
sound engineering practices call for another DLC or whether it is optimal to divide a gnd
further, into smaller ultimate grids, each representing a CSA. For example, it is possible
for a single CSA to serve 5,000 customers if a large number of customers are located in a
single office complex. In this case, multiple DLC cabinets/systems would be installed 1o
provision the 5,000 lines.

6.6 Feeder Cable Requirements

The type of cable used in the feeder system is determined based on the specified
copper/fiber breakpoint. The copper/fiber breakpoint is a user adjustable input.™ - The
default input for the copper/fiber breakpoint is 12,000 feet. A copper/fiber breakpoint of
12,000 feet requires placing copper in the feeder if the maximum loop length from the
wire center to all customers within an ultimate grid is less than 12,000 feet. 1f the loop
length for any customer in the ultimate grid exceeds 12,000 feet, fiber is placed in the
feeder 1o serve all customers in the ultimate grid. For all loops, cable beyond the DLC

site 18 copper.

Feeder cables are sized to accommodate the number of working lines based on
wotal residential, business, and special access lines, The size of feeder cables is based on
the number of actual working lines adjusted by a vaniable engineering fill factor. For
example, at an 85% cngincering fill factor, a 400 pair cable can accommodate 340
working pairs before increasing the cable size. The default assumes a 75% engineering
fill factor for the lowest density zone, an 80% engineering fill factor for the next two
lowest density zones, and an 85% enginecring fill factor for the remaining six density
zones. These engineering fill factors for feeder cable are user adjustable inputs.

The required capacity for a segment of fiber feeder plant is determined in a similar
manner. However, large DLC technology and small DLC technology cannot share fiber
strands because of different transmission protocols. For large DLC systems, four fibers

3 The Model allows the user 10 st the copper/fiber break point between 6,000 feet and |¥.000 feet, yiven
1,000 foot increments
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can carry up to 2,016 voice grade paths, 1f the segment capacity exceeds this limit, four
additional fibers are required for cach increment of 2,016 voice grade paths. For small
DLC systems, four fibers can carry up 1o 672 voice grade paths. Like large DLC
systems, each additional increment of 672 voice grade paths capacity requires an
additional four fibers. The voice grade paths are determined for each technology by
summing the lines by Grid utilizing the particular technology and dividing the sum by the
electronic fill factor.

The total capacity for a fiber feeder segment is the sum of the required large DLC
fiber strands and required small DLC fiber strands. BCPM 3.1 determines the number of
maximum size fiber cables and the size of the additional fiber cable to meet the capacity
needs of the segment. The fiber feeder cable sizes available in the Model are 12, 18, 24,
36, 48, 60, 72, 96, 144, and 288 strands.

6.7 Distribution Plant Design

With the exception of the ultimate gnds that remain microgrids in size, cach
ultimate grid, or equivalently, a CSA, is divided into four potential distnbution
quadrants.”® The uitimate grid is quaded into four distribution quadrants at the road
centroid of the ultimate grid which corresponds to the DLC site. Once the distribution
quadrant is formed, data on the road network is used to determine the lengths of
horizontal and vertical connecting cable and backbone and brurich cable. For modeling
purposes, a road-reduced arca is developed as the arca encompassed by a 500 foot buffer
along cach side of the livable roads (e.g., excluding limited access freeways and
underpasses). While the road-reduced area is a simuiation of reality, it is casy 1o
conceptualize as a square centered about the road centroid of the distnbution quadrant.
The road-reduced area is equal to the area encompassed by a 500 foot buffer along cach
side of the roads within the distribution quadrant.** This is shown in Figure 5.5 1n
Section 5.3.4. No distribution facilities are placed within a distnbution quadrant that

3 Ultimate grids which are equivalent to a microgrid in size, arc treated as a single distnbution quadrant
This typically occurs in denser, urbsan arcas.

¥ In cases where an ultimate grid remains the size of 8 micrognd, a $00 foot buffer along the roads within
a microgrid typically corresponds 10 an area that is greater than the area of the micrognd In such
cases, the area is not reduced in size. The Model constrains the road-reduced area so that it does noi
exceed the area of the micrognd.
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does not have any roads, i.c. a non-populated distribution quadrant. The location of the
centroid of the road-reduced area (with respect to the road centroid of the ultimate grid
itself) determines the distance the horizontal and vertical connecting cables must traverse.
The size of the road-reduced arza and the number of customers in the distribution
quadrant determines the length of the backbone and branch cable.” The road-reduced
area is not used to Jocate customers, but as a modeling tool to determine likely cable
distances required to serve customers in the distribution quadrant.

In determining the number of FDIs to install in an ultimate grid, the Model
reviews the cable sizing used in the Grid. When the distribution cable sizing exceeds
1,200 pairs, the Model places an FDI at the road centroid within each populated
distribution quadrant. Thus, the FDI is placed at the center of the road-reduced area.

This is shown in Figure 6.3.

¥ The backbone cable is not tapered 50 as 1o have the capability to serve arcas outside of the stylired
square road-reduced arca.
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Figure 6.3
OUTSIDE PLANT DISTRIBUTION
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If there are no roads, and therefore, no population located within a particular
distribution quadrant, no distribution plant is placed in that distribution quadrant.
Horizontal and vertical connecting cable links the DLC to the FDI within non-empty
guadrants.

When the distribution cable sizing does not exceed 1,200 pairs, the Model allows
for cost savings from placing fewer FDIs. More precisely, for ultimate grids that are
served by distribution cables totaling less than 600 pairs, the algorithm essentially
computes the cost of placing a single FDI within those ultimate grids. This is tantamount
to co-locating the FDI with the DLC. In such cases, horizontal and vertical connecting
cable is placed from the ultimate grid road centroid to the road centroid of a non-empty
quadrant's road-reduced area. This condition is shown in Figure 6.4.
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Figure 6.4
OUTSIDE PLANT DISTRIBUTION
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For ultimate grids containing line demand between 600 and 1,200 lines, the
algorithm essentially computes the cost of placing two FDIs within those ultimate grids.
This is tantamount to the two distribution quadrants located to the right of the DLC site
sharing an FDI and the two distribution quadrants to the left of the DLC site sharing an
FDI. Horizontal connecting cable connects the DLC to the FDIs and vertical connecting
cable links the FDIs to the road centroid of the distribution quadrant, An example of this
is displayed on Figure 6.5.
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Figure 6.5
OUTSIDE PLANT DISTRIBUTION
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The backbone and branch cable distances are calculated using the area of the road-
reduced arca. While the cables might be placed in a different location, it is casy to think
of a backbone cable as emanating up (north) and down (south) from the center of the
road-reduced area. Branch cable is placed at 90 degree angles from the backbone cable to
cach terminal, (See Figure 6.6.) The final picce of distnbution cable, the drop, extends
from the branch cable to the middle of the customer’s lot and is capped at 500 feet. Lot
size within a distribution quadrant is based on the distribution quadrant’s average lot size,
determined by dividing the road-reduced area of the distribution quadrant by the number
of locations, i.c. housing unit structures and business locations, within that distribution
quadrant. Thus, lot size may vary across distribution quadrants within an ultimate grid.
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Figure 6.6
OUTSIDE PLANT DISTRIBUTION
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As o reasonableness check on cable requirements, the Model constrains the total
length of cables (including the backbone, branch, ventical and honizontal connecting
cables) within a distribution quadrant 1o not exceed the length of the road network in that
distribution quadrant.

6.8 Distribution Equipment

Within the Model there are a number of rules that are used to select specific picces
of equipment to be used in the distribution plant. Among those rules with the most
impact are:

«  Within a grid, if the length of copper from the DLC to the last lot in a quadrant is
less than 11,100 feet, 26 gauge cable is used to serve all customers. In those
circumstances where the distance from the DLC to the last lot is greater than
11,100 feet, 24 gauge wire is used in all cables to and within the distribution
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quadrant. Where distances exceed 13,600 feet, extended range plug-ins are
installed on lines that exceed 13,600 feet.

«  The mix of aerial, buried and underground facilities is determined by terrain®
and density*® specific to that gnd.*

*  Terminals

+  Exterior Drop terminals are provided at each point where drops connect to
branch zables and are sized for the number of connecting drops.

*  Indoor building terminals are placed on each multi-tenant building and are
sized for the number of lines terminated at that location.

«  Different NIDs are used for business and residence locations. One
housing s included for each living unit or business location, in addition to
one protector and one interface per drop pair terminated.

+ Terminal cost input tables include entries for separate components of the
installation process.

+  Cables are sized using the following basic rules:

« Branch cables are sized to the number of pairs for housing units and
business lozations. (This calculation takes the number of housing units
times pairs per housing unit and the greater of actual business pairs per
location or business locations times pairs per location.)

« FEach backbone cable is sized to carry 1/2 of the branch cable pairs to the
FDI.

+  Cables throughout the feeder system are sized based on the actual number
of pairs used from the FDI back 1o the switch.*!

I The nature of the termain, i.¢. rocky, sandy, hilly etc. is taken from the State Soil Geography (STATSGO)
data based produced by the United States Department of Agriculture, and i defined for cach
micrognd. In most cases, 8 single micrognd covers a single termun ype, In the case that more than
one type of 1emain is covered by a single microgrid, a weighted average of termain 1ypes is captured
for the microgrid. Since the slope is one aspect of terrain, changes in slope affect cable length and
cosl.

1% The model defines nine density zones based on lines per square mile. In addition to plant mix, density
also influences cable fills and placement costs.

40 More precisely, look up tables are wtilized that specify cable mix based on terain and density

41 The number of pairs used is determined by adding the actual number of business pairs to the number of
housing units multiplied by a facter that accounts for the number of second lines for each housing
unit. The model provides a second line factor on a state level based on ARMIS and NECA data. The
user can use the default number, input a different state number, or mput individual numbers at the
wire center level.
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6.9 Distribution Cable Requirements

The Model default inputs assume two pairs for a resident unit and six pairs for a
business unit. The number of cable pairs per resident and business unit is a user
adjustable input. The Model uses the actual number of business lines if it czcecds the
user adjustable line per business location (currently set at 6). Using this design cnitena,
cables are appropriately sized.

6.10 Loop Length Calculation and Special Considerations

To measure the distance of the loop length the Model adds the following
clements:
«Lincar distance of the feeder to the subfeeder,
sLinear distance of the subfeeder to the subfeeder part 2;
«Lincar distance of the subfeeder part 2 to the DLC;
sLength of the vertical cable;
sLength of the horizontal cable;
*Half the length of the branch cable,
*Half the length of the backbone cable; and
sLength of the drop cable.

The Model provides the user with the option of establishing a cap on the
maximum loop investment. The cap can be evaluated at a national or wire center level.
For example, if the user sets a cap at $10,000, each loop whose invesiment potentially
exceeds $10,000 is capped at $10,000. This cap is a user adjustable input. One reason
for providing the option to use a cap on loop investment is to allow for the possibility that
regulatory/public policy may limit the maximum investment level per line that universal
service funds can support. A second reason for the cap is to allow for technological
alternatives, such as a wireless technology, for providing basic service beyond some user
specified investment threshold., The Model results are typically provided on both a
capped and uncapped bhasis.

6.11 Terrain
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U.S.G.S. and Soil Conservation Service data for four terrain charactenstics that
impact the structure and placement cost of tzlephone plant are included as inputs to
BCPM 3.1 by CBG and assigned to an ultimate grid. These terrain variables include
depth to water table, average slope of the ground, depth to bedrock, hardness of bedrock,
and surface soil texture. Combinations of these characteristics determine one of four
placement cost levels,

Placement Cost Levels (increasing placement difficulty)

» (Normal) Neither water table depth nor depth to bedrock is within placement depth
for copper or fiber cable, and surface soil texture does not interfere with plowing.

« Either soft bedrock is within cable placement depth or surface soil texture interferes
with plowing.

+  Hard bedrock is within cable placement depth.

«  Water table is within cable placement depth.

When both fiber cable and copper cable are placed together in an underground or
buried installation, the fiber placement depth is used to determine the placement
difficulty.

6.12 Additional Features in the Model

The Model recognizes conduit and pole structure that is shared with power and
cable industries. Sharing of structure rules are located in user adjustable tables. These
tables incorporate the flexibility that was introduced in BCPM 1.1, For those unfamiliar
with that previous version, the structure sharing inputs allow the user to have greater
control over where sharing really takes place. The user can set the amount of sharing on
the type of activity incurred such as plowing. rocky plowing, and cable boning.

6.13 Data Input File

All of the work creating the grid system and the feeder route distances is done
outside BCPM 3.1 model using a combination of Mapinfo and C+ software. At this
point, the data input file is prepared summarizing information about the grid layout and
main feeder, subfeeder and subfeeder part 2 design and distances. When the Model is
run, the feeder plant is sized, tapered, and the cost determined. The Model then designs,
builds, sizes, and assigns costs to the distribution plant.
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SECTION 7.0

SWITCHING

7.1 Introduction

The BCPM—Switching Module (BCPM-SM) is designed to develop per line

witching investments for Universal Service Fund (USF) applications and to pri - ide the
hii.is for UNE costs. The Model fully supports a forward-looking economic cost

it

1lodology, and reflects generally available digital switching technology.

"he Module was specifically designed 1o meet the design goals of the FCC as

stated in vanious Universal Scrvice notices. The goals include:

L ]

Separate identification of host, remote, and standalone switches and calculation of

costs specific to each type;
Acceptance of data such as switch classification, wire center traffic characteristics,

and switch investments from multiple sources; and
Sharing of costs between the host switch and its attendant remote switches to reflect

properly the efficiencies of such arrangements

BCPM-SM includes a number of capabilities to meet these directives. The Model:

Uses separate cost equations for host, standalone, and remote switches. Allowances
are made, to the extent feasible, for the input of user-defined switch equations;
Provides global data inputs for those study areas where specific data are not
available; (All data inputs are available for inspection and can be replaced by the user
as desired.)

Can accept switch investments from several sources; (These sources could be cither
the Model's internal switch equations, data provided from FCC data requests, or
investment results from Audited LEC Switching Models (ALSMs))

Analyzes input data files to determine whether switch capacity constraints have been
exceeded for any wire center, and if so, places an additional switch in that wire center;
and
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e Determines the realistic portion of each switch attributable to basic telephone service,
by means of a process that calculates specific investments for a set of functionally
significant investment categories (e.g. the line port.)

7.2. BCFM 3.1 Enhancements

BCPM 3.1 introduces a number of major innovations to the switch cost approach
used in BCPM 1.1. The most important chenges include:

e The BCPM 1.1 switch curve made no distinction between host and remote switches.
BCPM has separate switch models for host, remote, and standalone switches.

e Where BCPM 1.1 estimated a single total switch investment, BCPM 3.1 calculates
switching investments for cach of several switch fu nctional investmen! categorics,
using a separate curve for cach category. This allows BCPM 3.1 1o accurately
identify, for each central office, the portion of investment that supports universal
service. In addition, the switch can be accurately partitioned into non-traffic sensitive
(Line Port) and traffic sensitive investments. BCPM 1.1 provided a single input that
allowed the user to specify the percent of the total switch investment that was local, or
universal service.

e BCPM 1.1 switch curves estimated switch functional investments based only on the
number of lines in the office. In contrast, BCPM 3.1 uses a variety of inputs
including call rates, usage levels, and number of trunks, as well as the number of
lines. BCPM 3.1 allows input of usage levels for universal service that can be
independent of the usage inputs used to engineer the switch. Usage inputs can be
distinguished by residence and business lines if desired. Many data items can be
input on a state-specific and/or wire-center specific basis with a “fallback™ feature
that allows the Model to use the state-level inputs in those cases where wire-center
inputs arc not available.

e BCPM 1.1 was based upon a sample of swilch investments that included DMS-100
and SESS switches. The single switch curve, however, made no distinction between
the two switches, BCPM 3.1 is also based on the SESS and DMS-100 switches and
in addition, allows the user 10 specify a switch vendor, if that information is available.
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BCPM 3.1 also provides the user an additional switch curve that reflects the costs for
smaller switches.

e The BCPM 1.1 model was developed using responses to a “Best of Breed™ data
request sent to the LECs. This data request asked for discounted unit investments
produced by SCIS runs. The resulting model in essence produced an average
discount level for the companies polled. BCPM 3.1 is based on a similar data set
produced by the BCPM sponsor companies (BellSouth, Sprint, U S WEST). The
sponsor companies provided non-discounted switch investments for use in the switch
curve. The investments were produced with SCIS runs, except for the U S WEST
investments, which were produced with the Switching Cost Model (SCM).

e BCPM 1.1 used a single means, the switch curve, for estimating wire center switch
investments. BCPM 3.1 can use several sources of investments to determine USF
costs: the switch regression curve, direct input from an ALSM, or total switch
investments from any other source. BCPM 3.1 can partition the investments from
other sources by functional investment category, producing accurate estimates of
universal service investments by switch.

e BCPM 1.1 did not have an algorithm to limit switch sizes, BCPM 3.1 has the
capability 1o scan the input table to determine whether the capacity constraints for any
given wire center have been exceeded. 1f a wire center has more than a user-defined
number of lines, the Model automatically inserts a new switch entity, This overcomes
a limitation that caused simple switch curve models to create “switches™ with
unrcasonably large amounts of lines or usage.

7.3 Switching Overview

The modern digital switch is in essence a specialized minicomputer. Like all
computers, it has a central processor, interfaces to the outside world, and internal data
channels which carry digital messages (in this case telephone calls) from one component
to another. To understand the switch costing methodology presented in this document,
it is important to first discuss the basic functions and components of a switch.
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7.3.1 Switeh Functions

Central Office Switches provide the connection between a subscriber’s local loop
{access line) and the outside world. Modern digital switches can handle voice, data, and
video signals as they link telephones, fax machines, and computers together on the public
switched network. The functions performed by switches for local service include:

Line Termination, or local interconnection to an exchange circuit (local loop),
Line M. nitoring, to ensure that requests for service (off hook) are reliably served;
Usage Call Processing, Routing, and Completion;

Interconnection to all Telecom carriers;

Billing and Maintenance; and

Vertical Services and Features.

7.3.2. Rate Elements Supported by Switching

Some of the primary network cost and rate clements supported by central office
switches include:
Line Pon,
Line Usage,
Trunk Usage,
Local Tandem Switching (Pant of Common Transport),
Custom Calling, Centrex, and CLASS Features, and
Signaling (Signaling System 7).

7.3.3. Switch Architecture

Modemn digital switches are built in a modular fashion allowing any switch to be
configured in a variety of different ways by combining standard components. This
permits the switch to be designed efficiently and flexibly, and to grow as needed to
support new subscribers and services. The same basic components can be used in
different roles. For example, Line Termination Units and Line Concentrator Modules are
used in host switches to terminate subscriber lines. When placed in a remote hut and
connected to the host switch by umbilical trunks, these components can function as a
remote “switch™. In many cases, it may be more economical for the telephone company
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1o place such a remote than to install Digital Loop Carrier equipment to serve the same
subscribers.

Typical Switch Architecture
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The architecture of a modem digitel switch can be described gonenically as having
three components: the Central Processing Module, the Communications Network
Module, and Interface Modules. These three modules perform, respectively, central
control, central call processing, and line termination/supervision. The two most common
end office switches in deployment in the U.S. are the Lucent SESS® and the Nortel
DMS-100%.

7.3.3.1 Interface Module (IM)

The Interface Module (IM), known as the Peripheral Module in the DMS-100%
and the Switch Module(SM) in the SESS®, contains Line Termination Units or Line
Cards, Line Concentrating Modules, and Digital and Analog Trunk interfaces. Line
Termination Units provide the dedicated circuit termination between the customer and the
network. Line Concentrating Modules bundle or funnel the individual circuits into
speech links which connect to the Communication Module. Typically, the IM pr vides
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one speech link for every two to six line terminations. Trunk terminations, however, are
not concentrated. The IM provides what are known in the industry as the basic
BORSCHT functions of tue switch:

Battery,

Overvoltage (protection from power surges),

Ringing (power ringing),

Supervision,

Coding/Decoding (analog/digital conversion), and

Hybrid Testing.

Many, but not all, IMs have limited internal call processing capability which
allows them to connect calls which originate and terminate within the IM cven in the
event of a failure in the host switch. In particular, the SESS® has microprocessors
located within the SMs which enable a large proportion of calls to be handled without the
involvement of the central processing unit, or Administration Module. This is not
necessarily a superior design feature, but it does have important implications in the
development of a valid cost model.

7.3.3.2 Communications Network Module

The Communications Network Module (CNM), also known as the Network
Module (NM) in the DMS-100% or the Communications Module in the SESS®, 15
responsible for providing speech links between IMs. 1t is the core of the ime-division-
multiplexed switch fabric which efficiently connects and controls all of the major
elements of the digital switch. The CNM also transmits the messages which pass
between the CPM and IMs to coordinate call processing and administrative functions.

7.3.3.3 Central Processing Module

The Central Processing Module (CPM) comprises the Administrative Module in
the SESS®, and the Central Control Complex and Input/Output Controllers in the DMS-
1008,

The CPM is responsible for the establishment and coordination of connections
though the switch. It sets up intemal connections between lines for intra-switch calls and
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between lines and trunks for inter-switch calls, It is the central collection point for billing
and performance information and provides interfaces to the external billing and
performance monitoring systems. The CPM provides the interface with the S57 network,
Maintenance and administrative functions, such as the establishment of customer service,
are controlled here.

In general, the CPM of the DMS-100% is more involved in routine call processing
than that of the SESS®. In the SESS®, most call processing is handled by distributed
microprocessors located in the CNM and IMs.

7.4 Switch Model Methodology

7.4.1 Overview Of The Process

Although the process of determining per line switching costs for universal service
entails numerous analytical steps, it can be summarized in three major phases.

e First, the Model compiles the switch-specific data inputs to be used for
investment development.

e Second, BCPM generates total switch investments by functional category
(FCAT) for each switch.

e Third, the Model uses these FCAT mvestments to generate a Busy Hour umit
investment for each basic switch function, based on the subscriber calling and
usage rates input into the Model.

Aggregating the costs associated with the requisite switch functions produces the
switching investment per line required to provide basic service. For example, Universal
Service requires a line port on the switch, usage of the central processing module, line
and trunk CCS usage, and SS7 usage. BCPM determines for cach of these investment
categories what quantity of unit investment, by FCAT, is attributable to universal service,
These investment “buckets” are then restated on a per-line basis for universal service.

The following outlines this three step process in greater detail.
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7.4.2 Input Development Process

BCPM compiles its Common Language Location Identifier (CLLI)-specific
inputs into a single input table that drives all of the investment and cost calculations. The
index field that makes each row of data unique is the CLLL. The CLLI, Host CLLI for
remotes, Rate Center, and number of working lines are always taken from the “area Raw
File™ also used by the Loop, Transport and Signaling modules. The switch type (SESS or
DMS), percent line fill, number of calls and CCS per residence and business line, and line
to trunk ratio are taken from the User Data file where possible. The User Data file can
include these data items for cach CLLI. 1f the User Data file does not include any of
these items for a given CLLI, then the Model populates the input table with the
corresponding default data value from the State Defaults table.

BCPM allows the user to drive switch total investment calculations and Universal
Service suppon calculations with user inputs for calls per line or usage per line. The
Model can be optioned to use a single input parameter for calls per line and a single input
parameter for CCS per line. These inputs are taken either from the CLLI-specific data
file or state specific defaults. They are the values from which the switch is engincered,
and which drive the ALSM investrnent calculations.

Alternatively, the user can provide assumptions or prescribed values for the
number of calls per line (by residence and business) and minutes per call {residence and
business). These inputs are providzd from local and tolls calls. The Model can use these
inputs to estimate total switch investments (using the switch curve) and to develop the
Universal Service support investment amounts. [t is recommended, however, that
engineering inputs be used 1o estimate the total switch investment. This ensures that the
Model produces total switch investments and unit investments that accurately reflect
engineering judgment.

Maximum Switch Size--The user can define the maximum switch size by sctting
limits upon three switch parameters: Number of Lines, Total Busy Hour CCS, and Total
Busy Hour Call Attempts. The algorithm determines values for cach parameter using the
public Input Data accessed by the Model. All three input parameters are based upon
separate inputs for residence and business lines. 1f a wire center exceeds any one of the
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parameters, then the sub-routine may insert an additional switch or switches and evenly
spread out the total line demand at the location among all assigned switches or remotes.

Surrogate Switch Vendor Assignment--1f Switch Vendor / Type is included as
part of the BCPM Data Input stream, then switches and remotes that do not match the two
available options for switches (i.¢., SESS®, DMS-100%) and remotes arc assigned a
proportion of each switch vendor type based on state-specific market shares specified by
the user. For example, if 2 50%/50% share is input as default, then the switch investment
for those switches left undefined is a weighted average of SESS and DMS-100.

Derived Inputs--BCPM determines whether each switch i= a host, remote, or
standalone based on the CLLI and Host CLLI fields. 1f a switch has a Host CLLI, then it
is tagged as a remote. If a switch has its CLLI designated as any other switch's host
CLLI, then it is tagged as a host, Otherwise, it is tagged as a standalone,

The number of residence lines and business lines s obtained from the BCPM
Loop module. Engineered lines are calculated from working lines and the percent fill.
The number of trunks is caleulated from the hine/trunk ratio.

7.4.3 Switch Functional Investment Development Process

The objective of the firs: phase is to determine the total switch investment (in
dollars) associated with each switch functional category, for each CLLI under study, Six
switch functional categories have been identified: 1) Processor Related Cost; 2) Line
Termination - MDF and Protector; 3) Line Port Cost; 4) Line CCS Usage; 5) Trunk CCS
Usage; and 6) SS7. These functional categories are designed specifically to
accommodate and be compatible with the extensive modeling work previously performed
by companies such as U S WEST and Bellcore.

Functional investments can be developed via three distinct methods. The first
method utilizes the BCPM Investment Development Process within BCPM. The second
method develops functional investments with an Audited LEC Switching Model (ALSM)
that can be input directly into the Model. The third method uses a total switch investment
from any other source, such as regulatory reports filed by local exchange cammiers. The
third method separates the total investment dollars into functional categones based on
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category percentages developed within the Functional Investment Development Process.
BCPM allows the user to incorporate a mixture of functional investments from all three
sources within a model run. As a defoult, BCPM calculates its own functional
investments for each CLLI being studied in the run. The user has the option of providing
ALSM and/or other investments for each CLLI. Before the universal service investments
are computed, the Model chooses the investment source to use for cach individual C LLL.

7.4.3.1 BCFM Method

The first approach, The BCPM Investment Development Process, is most
appropriate to use when detailed specific switch by switch data is unavailable. The steps
in the BCPM Investment Development Process are:
® Data Collection and Regression and
® Functional Investment Development.

The Data Collection and Regression process, which is performed outside of
BCPM, results in a set of regression coefficients and equations that form “switch curves™
for host, remote, and standalone switches. BCPM takes these switch curves as input and
combines them with switch-specific data, such as the number of lines on cach switch, to
produce the Functional Investment by category for each switch.

7.4.3.1.1 Data Collection and Regression Process (Switch Curve Development)

Initially, BCPM Sponsor Companics provided non-discounted total Functional
investments for statistically valid semples of SESS® and DMS-100® switches, and their
associated remotes, covering a reasonable range of switch sizes and remote sizes."’ (The
data provided includes vendor provided Engineering, Fumnished, and Installation, EF&L)
The Sponsor Companies developec these investments by running ALSMs using detailed
engineering data for the switches swudied. This data includes the total switch investments
for each of the Functional Investment categories outlined above.

Each Functional Investmert sample is used as a dependent variable in a regression
function. Regression analysis enta:ls regressing total switch investment utilizing a set of
multiple independent variables, e.g. number of lines, number of trunks, that ex plain
changes in total switch investment. The regression coefficients indicate the dollar change
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in total switch investment for a one unit increase in the independent variable. For
example, if the coefficient on number of lines is 175 this indicates that increasing the
number of lines by one causes a $175 increase in total switch investment. Once these
coefficients have been estimated, detailed data on these independent variables for specific
serving wire centers enable the analyst to estimate the total switch cost associated with
that serving wire center.

The dependent variables are regressed against the following independent
variables:
Standalone/Host / Remote Indicatos;
Number of Lines;
Number of Trunks;
Busy Hour Calls per Line;
Busy Hour CCS per Line; and
Switch / Remote Vendor / Type.

® ® B @ ® @

The ALSM runs also collect appropriate information on the switch (data that will
be available in the BCPM public data sources) to allow further analysis of additional
factors related to the cost of switching. These analyses are discussed in the Switch Cost
Refinement section below,

This regression process results in a coefficient matrix of Switch Functional
Investments by BCPM Input Data type (e.g., number of lines, CCS per line).  This
coefficient matrix is supplied as an input tzble to BCPM. The user can substitute other
known relationships for the values in the coefficient matrix table. Caution is advised,
however, as the investment results are highly sensitive to some of the coefficient values,
The user should thoroughly understand regression analysis and the effect of each
coefficient and constant in the table before attempling to substitute values.

7.4.3.1.2 BCPM Investment Development

This process creates the default investment values for the functional investment
categories.
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Once the regression coefTiciert table has been developed from the step above,
preliminary switch functional investments are developed. The BCPM Input Data values
(either user input or flows from other BCPM system modules) for each switch and remote
CLLI for the study arca are multiplied by their corresponding regression coeflicients.
Some of these BCPM input data values can be the same as those used to develop the
regression coefficients, or can be state or national default valucs, as available. The
detailed steps in developing the investments are:

Calculate Total Investments and Bucket Dollars--The total investment and
each bucket investment are calculated by multiplying cach category’s cocfficients by the
corresponding switch specific data input. The Model selects the proper set of coefficients
(standalone, host, or remote) base on the switch type derived in the input process. For
example, a standalone switch investment might be $3m plus $3507Tine times the number
of lines plus $550/trunk times the number of trunks. The Model differentiates between
5ESS and DMS-100 switches by making the switch type a dummy vaniable. If the switch
is a SESS, for example, an additive or a credit may be applied to some of the coeflicients.

If the switch vendor was left undefined in the user data table, then the Model uses
switch market share for the dummy variable. For example, the SESS additive for the
constant coefficient of the total investment equation might be -S1m. 1T the switch were
undefined and the user had specified a 50% market share for SESS, then the additive
would be -S1m * 50% or -50.5m.

The exception to this coefficient process is the S§7 bucket, which is treated as
a constant investment based on a global user input,

Adjust Bucket Dollars--The individual bucket estimations, when summed,
produce a total investment that is slightly different from the direct total investment
estimation. The individual buckets equations tend 1o be somewhat less precise than the
total estimation. Therefore, it is necessary to adjust cach bucket share 1o ensure that the
individual buckets sum to the correct total. This is done by dividing the summed bucket
total into the estimated total to create an adjustment factor. The adjustment factor is then
applied to the individual buckets to bring them into alignment.

Apply Discounts--The final step in BCPM Investment Development is to apply
the company-specific discount factors to these investments. The discount factors are
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based on vendor discount levels supplied to an input table by the model user. The
discounts are multiplied by a set of Discount Adjustment Factors that are supplied with
the Model to produce an effective discount level by FCAT. The effective discount level
by FCAT varies because vendor discounts are applied to material items only. The ratio of
material to vendor labor and installation varies by FCAT, hence the difference in
effective discounts. The Discount Adjustment Factors are the result of a special study
performed by BellSouth. This study compared the average effective discount level by
FCAT to the non-discounted investments for a sample of central offices of vanous sizes.
The Discount Adjustment Factors are specific to the switch vendor and type
{host/standalone or remote).

7.4.3.2 ALSM Method

The ALSM method can be implemented when detailed switching investment
information is available for cach specific switch. This is typically the case with larger
LECs and is generally the output provided by their respective ALSMs. (This method
may typically be used in state specific hearings dealing with UNEs). I this approach is
used, the ALSM output is input directly into the Service Saccific Investment Process
through a special input table. BCPM combines the total switch investments from the
ALSM output into the set of BCPM investment buckets. The ALSM investments input
should be discounted using company-specific discounts in their development.

7.4.3.3 Small Switch Option
This option allows the model to access a switch curve specifically developed to

reflect the costs for small host, standalone, or remote switches." The user can specify
thresholds for defining a “small” switch based on line sizes, or can use default values.

7.4.3.4 Other Investment Method

4 The Swilch Curve used in this process was developed by Dr, David Gable of Queens College.
It was presented 1o the FCC by Dr. Gable on August 20, 1997 in a study litled "Estimaling
the Costs of Switches and Cable Based on Publicly Available Dala.” The sludy was based
on a regression analysis using data provided by the Rural Util ty Service (RUS) for about 136
swilches.
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This method allows for tac input of investments from sources other than BCPM
or the ALSMs. A special table is provided for the input of a total switch investment.
This investment, as with the others, should be vendor EF,&1, and should be discounted.
The user will need to identify the switch as host, remote, or standalone, and identify the
vendor if possible. BCPM scparates this total investment into functional investment
categories using a percentage of investment by category developed in the BCPM
Investment Process. An intermediate calculation in BCPM computes the average bucket
shares for that arca by Standalone, Host, and Remote swilches.

7.4.3.5 Switch Investment Refinement Process

This process selects the appropriate set of switch FCAT investments (BCPM,
ALSM, or Other) to be used in the final service investment process. The result is a
matrix of validated Total Switch Functional Investments by CLLI code and functional
category. If FCC or other data have been supplied via the Other Investment Process, then
that data will be selected for each CLLL 1f such data have not been input for a CLLI, the
Model looks to see whether ALSM data have been supplied, and if so, uses the ALSM
data. If none of the alternative data sources has been supplied, the output from the BCPM
Functional Investment Process passes through.

7.4.4 Service Specific Investment Development Process

The purpose of the Service Specific Investment Process is to calculate the per unit
switching investments for universal service. The switching investments are later
combined with other investments, for example transport and signaling investments, to
produce a complete cost study for the service or rate element.

7.4.4.1 Unitizing Process

This process breaks the Installed Total Switch Functional Investments down into
Unit Switch Functional Investments for each CLLI code. First, the Model sets aside the
portion of total FCAT investment that is not related to basic calling. For cxample, based
on the Feature Loading Multiplier, the Model can define that 20% of the Processor
Related category investment is related to features. That portion of investment would be
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excluded from the basis of the Processor Related unit investment. The unitizing is

accomplished by dividing cach of the total FCAT investments by the capacity constraint

relevant to that category:
Functional Category Divisor (Capacity
Constraint)

Processor Related Number of Busy Hour Calls

Line Termination - MDF & Number of Lines

Protector

Line Termination - Line Port Number of Lines

Line CCS Number of Line CCS

Trunk CCS Number of Local Trunk
CCS

S57 Number of Basic Busy Hour
Calls

Each call local placed by a telephone subscriber requires either two or four end-
office processor call setups, depending upon whether the call is intra-office or inter-
office. If the call is intra-office, then originating and terminating call sctups are required.
Each inter-office call requires the originating/terminating setups, plus outgoing and
incoming setups, for a total of four call setups. The number of Busy Hour Calls per Line
is computed by adding the originating, terminating, outgoing, and incoming call setups
for cach line. Each type of call setup is considered one transaction or “call” for the
purpose of this calculation. This number is derived by first computing a weighted
number of BH local calls for residence and business. The weighted number of BH toll
calls then is computed. The number of originating & terminating call altempts is the total
of local and toll calls times two. The number of outgoing/incoming calls is determined
by multiplying the local interoffice calls (computed from a default table input percentage)
plus the toll calls times two,

The number of Line CCS is computed by multiplying the total residence CCS per
line (local and toll) by the number of residence lines and the number of business CCS per
line by the number of business lines. The total Trunk CCS is computed by multiplying
the calculated number of trunks by the average CCS per trunk, a state default input. The
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results of the Utilizing Process is a matrix of Unit Functional Switch Investmonts by
CLLI code and functional category.

7.4.4.2 Calculate Universal Service Portion of Investment by Switch

The next step is to determine the total investment attributable to universal service
for each switch. This is done by multiplying the FCAT unit investments by the
appropriate quantitics, as shown:

Functional Category Multiplier

Processor Related Inv. Per Call Number of Busy Hour Local
Calls per Line (Res & Bus) *
Number of Lines

Line Termination - MDF & 1*Number of Lines
Protector per Line

Line Termination - Line Port per 1*Number of Lines

Line

Line CCS Usage per CCS Number of Busy Hour Local

CCS per Line (Res & Bus) *
Number of Lines

Trunk CCS Usage per CCS Number of Local Trunk CCS
per Line (Res & Bus) *
Number of Lines

S$S57 Inv. Per Outgoing Call Number of Basic Busy Hour
Outgoing Calls pe* Line (Res
& Bus) * Number of Lines

7.4.4.3 Calculate Unit Vendor Investment per Line by Switch

The Model calculates a universal service investment per line by taking the total
USF investment from each FCAT and averaging it across cither the switch, the rate
center, or the hostUremote complex, as appropriate. The purpose of this step is o
accurately reflect the actual cost characteristics of cach unique serving area, while at the
same time ensuring that host resources are appropriately shared across cach host/remote
complex.
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Functional Category Allocation Basis
Processor Related Inv. Per Line Rate Cenlter
Line Termination - MDF & CLLI1
Protector per Line
Line Termination - Line Port per CLLI
Line
Line CCS Usage per Line CLLI
Trunk CCS Usage per Line Host/Remote Complex
SS7 Inv. Per Outgoing Line Host/Remote Complex

The processor investment per line is determined by a three-step process that
allocates the host processor investment across all switches on the host/remote complex.
The first step is to divide the total USF processor investment for all switches on the
complex by the total number of lines on the complex. This produces a host processor
investment per line. The second step is to divide the processor investment for each
remote switch by its associated number of I'nes. This produces a remole processor
investment for cach remote. The final step 15 to compute the total processor investment
per line for each switch. For standalone switches, this is simply the processor investment
from step 1. For hosts and remotes in the same rate center, the per line investment is the
weighted average of the host investment for the host and the host plus remote investments
for cach remote. This produces a single processor investment per line for all switches in
the rate center. For remotes located outside the host rate center, the processor invesiment
is the sum of the host processor investment per line and the remote processor investment

per line.

The trunking and SS7 host office investments must be allocated by complex, since
remotes are assumed not to have these facilities and use the trunking and signaling
resources of the host. For each complex, BCPM divides the host USF trunking
investment by the local trunk usage for all switches on the complex. S57 investments
are handled similarly.

7.4.4.4 Installed Invesiment Process
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The Switch Investment Refinement process results in a number that represents the
material cost from the vendor for the switching equipment. To develop the total
Installed (working) investment, investment loading factors must be applied to account for
the additional activities and equipment necessary to install and support the switch. The
factors applied are as follows:

e LEC In-Plant Factor - Telephone company labor and material needed to install the
switch;
Land and Building Factors - Central office floor space required by the switch;
Power and Common Equipment Factors - Central office power plant equipment and
miscellaneous equipment such as racks and bays needed to support the switch; and

e Sales Tax - In many states, sales tax is applicable to the material portion of the switch
investment.

The output of this process is a matnx of Installed Unit Switch Functional
Investments by CLLI code and functional category.
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SECTION 8.0

TRANSPORT

8.1 Introduction

In the Transport Cost Proxy Model (TCPM) module, BCPM 3.1 uses information
on existing interoffice traffic routing relationships between remote/host/ tandem switches
to develop forward leoking transport costs using SONET technology.

TCPM deploys sophisticated optimization algorithms to determine the most
efficient ring configuration for a given study arca. These optimization algonthms utilize
actual data on remote-host-tandem switch homing" relationships, V&H coordinates,
number of working lines, and access line to trunk ratios (used to denve traffic
characteristics). The TCPM module is an extremely flexible Excel spreadsheet model,
permitting cost analysis for an arca as small as a single exchange or as large as an entire
company. The user also has the ability to alter all of the primary transport cost inputs.

The Model develops a cost per line for tve entire SONET ring. This cost can then
be assigned to individual switches on the ning based on their unique charactenstics

8.2 BCPM 3.1 Enhancements

In its carliest versions, BCPM included orly a simple transport multiplier in s
analysis of costs 10 be attributed to supported services, BCPM 3.1 methodology has
taken a dramatic step forward by creating a realistic model of the interoffice network
based on the actual homing relationships between remotes and hosts, and hosts and
tandems. It then develops specific and accurate cost elements based on trunking
configurations of specific nodes"’ on the network.

TCPM in BCPM 3.1 has a number of important features. The module:

“ Homing relationships summarize current trunking designs betwzen switches for interoffice traffic

“ A node is the location of a SONET electronic device on a ring in a central office
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l. Utilizes efficient SONET bandwidth (OC3, OC12, OC48), given the specified
host and remote locations, number of access lines, and trunks,

2. Uses only SONET technology that is currently available in the market;

3. Provides one level o redundancy via what is commonly referred to as self-
healing rings;*

4. Provides a second level of redundancy by using two sets of lines for offices
served by a folded ring;"

5. Includes a third level of redundancy by providing one extra DS1 for every
seven working DS s on the port side in a central office;

6. Determines the number of rings to be built and the sequences of nodes on the
ring;

7. Allows the user to run the Model for a single ring, thereby enabling the user to
trace the cost calculations through the logic of the Model;

8. Maps the nodes subtending a particular host or tandem; and

9. Provides the following reports for cach ring: a) transport cost results for all of
the rings; b) transport configuration of all of the rings; and ¢) universal seTvice
transport cost on a per line basis.

8.3 SONET Overvicw

Synchronous optical network (SONET) is a set of standards for opucal (fiber
optic) transmission. It was developed to meet the need for transmission speeds above the
T3 level (45 Mbps) and is generally considered the standard choice for transmission
devices used with broadband networks. Technologies like T3 are likely to be replaced by
new services offered through a SONET platform. By way of comparison, OC-1 can carry
over 30 times more data than DS1.

SONET enables more efficient use of installed fiber; it taps the latent capacity
already in the network. SONET allows new network configurations, including ring
networks, which have a greater degree of survivability than traditional mesh networks.

“ I the fiber cable in a “self healing” ring is cut the signals will automaticall” revense their direction on the
ring.

¥ A folded ring connects an office to a single node on the SONET ring

75 000085




BCPM 3.1 Model Methodology

8.4 Transport Model Methodology
8.4.1. Model Inputs

To run the Model, three sets of inputs are required. The first includes Local
Exchange Routing Guide (LERG) data that specifically identifies and locates the in place
switching network. That information includes:

Operating Company Number;

Local Name of the switch;

Eleven digit CLLI code of the switch;

V&H coordinates of the switch;

CLLI code of the tandem serving the switch;

CLLI code of the host for remote offices; and

V&H coordinates of the host (if @ remote office) or tandem.

Mmoo m»

The records are sorted to list each host office followed by all of its remote offices,
and each tandem followed by cach of its subtending offices. (Note: a host office with
remotes appears on this list twice, once with its remotes and once with its associated
tandem).

The second set of inputs includes those required to set thresholds in the Model.
The user may provide these specifications or use the provided default values. The
variables include:
1. Maximum number of nodes per ring;
Airline miles to route miles factor;
Line to trunk factor;
Tandem trunk factor;
Ratio of Special access lines to switched lines;
Size of SONET systems available and the maximum fill factor for each;
Number of minutes of traffic per DS| (assumed),
Whether or not route diversity is assumed in the case of a folded (1wo point)
ring;
9. Maximum distance between rings allowed without requiring repeaters,
10. EAS/Exchange percentage of minutes of use;
11. Materinl Costs;
12. Engineering/Installation Lebor costs; and

T o
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13. Utilization Factors.

The final set of inputs is the number of access lines served by the switch as
determined by the loop module.

8.4.2 Running the Model

§.4.2.1 Building the Rings

The Model begins by creating & forward-looking ring connecting all remotes to
their hosts and hosts to their tandems. [t assumes that all remote offices are connected to
their respective host offices by SONET rings. If there is only one remole, a folded ning 1s
assumed. All host offices are connected to their tandems by SONET rings. A ning with
only three nodes is already considered optimized.

The Model designs the rings using a sorting process based on distances between
remotes and hosts and sizing the rings based on preset input variables. The algorithm for
this process is the following:

A. If there are less than four nodes, including the host, stop. (A ning with only
three nodes is by definition optimized.) Move to sizing the ning.

B. Sort the remaining nodes :n order of distance from the nhost,

Find the two non-collocated nodes that are nearest to the host.

D. Define o 3 segment ring connecting the host and these two points, (in the
attached diagram the host is point A, the other two points are B and C).

E. Find the next nearest node to the host (labeled D in the diagram).

e

F. Determine the distance from the new point to each current point on the
ring (AD, BD and CD).

G. For each segment on the ring, calculate the sum of the distances from the
new point 1o each of the endpoints of that segment, less the length of the
segment.

L. AD + BD- AB
2. AD+CD-AC
3 BD +CD-BC
H. Choose the segment with the shortest net distance in step G In our
example, this would be number 2 - segment AC.
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Replace this segment with two new segments connecting the new node to
the end points (so that the ring now goes from A to B to C to D and back
o A).

Diagram 1 - Step E

B

- C

B C

Diagram 2 - Step F

-

T E
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Diagram 3 - Step 1

J. If there are more nodes to include, retum to step E.

K. If the number of nodes exceeds the user specified maximum:

1. Divide the number of nodes by the maximum and round up to
determine the number of rings that are needed.

2. Divide the number of aodes by the number of rings 10 equalize the
rings.

3, Starting at the host, traverse the nng until the number of nodes
determined in step 2 has been passed.

4. Replace the next segment with a new segment from the current

node back to the host, and a scgment from the host to the next
node in the sequence.
5. If more than 2 rings, repeat steps 3 and 4 until all nngs are built.

8.4.2.2 Sizing the Rings

After the rings are designed, the Model proceeds to determine the appropriate
bandwidth required for each of the rings. This pracess begins by analyzing the number of
switched access lines served by the ring. Afler determining special access circuit needs,
it builds the proper number of DS1s and DSOs to eccommodate the ring's traflic. A Ring
Size Table then finds the capacity of the ring.
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For each ring the Model pertorms the following calculations:

1
2,

Calculate the total number of switched access lines served by the exchange.
Divide this number by the ling to trunk (or tandem trunk) factor to determine
the number of DS0 trunks required.

Divide this number by 24 to determine the number of DS1s required.

4. Multiply the number of switched eccess lines by the special access factor to

9.

determine the number of equivalent DSO trunks required for special access
circuits.

Divide this number by 24 to determine the number of DS1s required for
special access.

Add the number of DSOs from steps B and D to get total DSOs.

Add the number of DS1s from steps C and E to get total DS1s.

Use the Ring Size Table on the control page to determine the minimum size of
the ring required to serve these DS1s.

Use the Ring Size Table to find the total DSO capacity of this ning.

10. Divide the total capacity by the required DS0s to determine the fill.

8.4.2.3 Costing the Rings

For each ring, the beginning and endpoints of cach segment, the mileage between,
the ring size (OC3, OC12 or OC48), and the fill factor are passed to the costing logic. If
any of the segments are more than 45 miles, an appropnate number of repeaters is

specified.

From the ring characteristics, the costing logic determines the investment
required, converts total utilized investment of cach type of transmission equipment into a
cost per DS1, selects the appropriate mileage clements, and computes the cost per
cOmmaon transport minute.

The following provides additional detail abou: costing the nngs.

For each ring, the beginning and endpoirts of each segment, the mileage

between, the ring size (OC3, OC12 or OC48), and the fill factor are passed to the
costing logic. If any of the segments are more thaa 45 miles, an appropniate
number of repeaters is specified.
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The cosiing logic determines the investment required from the ring
characteristics and converts total utilized investment of each type of transmission
equipment into a cost per DS1. The appropriate lermination equipment
components are selected from the following list: Fiber Tip Cable, Fiber Paich
Panel, Fiber Optic Terminal, DS3 Card, DS1 Card, OC3 Card, D5X3 Cross
Connect, DSX1 Cross Connect Jack Ficld, Channel Bank, and Channel Bank
Card. The following illustrates the tenmination equipment calculation:

[(Equipment Component Investment * Units Required) / DS1 Capacity] /
Utilization Factor * (1+Power Factor) * Annual Charge Factor = Annval Cost Per

DS1 by Equipment Component

Based on the ring characteristic, the following mileage equipment components are
utilized, as appropriate, within the costing logic associated with the transit cost
element: aerial fiber, underground fiber, buried fiber, pole lines and conduit.

The following illustrates the mileage cquipment calculation:

[(Unit Investment Per Mile * Units Required) / Fiber Utilization Factor]/
Terminal Utilization Factor * Annual Charge Factor = Annual Cost Per DS1 by
Equipment Component Per Mile

Annual Cost per DS1 by Equipment Component Per Mile * Fiber Mix Ratio =
‘Weighted Annual Cost Per Mile by Equipment Component

Sum all components by the ring size and the result is a weighted annual cost per
mile,

The cost per common transpon is developed by taking the dedicated DSI
transport cost results and dividing the single termination and transit cost elements
by 216,000 minutes. 216,000 minutes of use per DS1 is equal to 9,000 minutes of
use per DSO times 24 voice-grade circuits per DS1.

B.4.3 Resulls

Results are provided for public switched network common transport on an

individual ring basis, recognizing the use of existing LEC wire centers, mileage
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characteristic, and each ring’s specific utilization. The common transport results are
utilized in the development of the universal service fund monthly transport cost per line
by exchange.
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SECTION 9.0

SIGNALING

9.1 Introduction

Signaling costs for use in developing per line investments for BCPM 3.1 are
provided through a user input table which reflects the cost of building a modern S57
network. The input table provides investments for Residence and Business lines for
Small, Medium, and Large companies. The signaling cost for a wire center is based on a
weighted average of residence and business lines associated with that wire center. Values
in the input table are developed by running the BCPM Signaling Cost Proxy Module
(SCPM)* for portions of the U S WEST termitory.

Users have the option to either use the provided default values or input their own
values. A Beta version of the SCPM is available at the BCPM web site for users who
wish to develop signaling investment figures based on their own network configuration.
A future release of BCPM will incorporate the SCPM module into BCPM.

In general, analysis from SCPM data runs indicates that signaling accounts for
less than 1/2 of one percent of total per line investment.

9,2 BCPM 3.1 Enhancements

In previous releases of BCPM, a portion of the signaling cost was included in the
swilch investment. BCPM 3.1's approach for determining signaling costs differs
substantially from the method used previously. Values in the BCPM Signaling Input
Table are created by analyzing data produced from SCPM. SCPM:

o Creates a two tiered $57 Signaling network using a combination of user definable
inputs and LERG data;
e Uses the existing 557 signaling network as the basis for the SCPM network;

o A detailed discussion of SCPM methodology is included in the November 1997 version of the
Benchmark Cout Proxy Model Release 3.0 Model Methodology
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Uses actual data to develop the octet, millisecond and data dip needs of the network
as the foundation elements to determine signaling investment; and

Takes the octet, millisecond and data dip needs of the network and calculates the
proper number of packet switches, on line data bases and signaling links.

87 000094




BCPM 3.1 Model Methodology
SECTION 10.0
SUPPORT PLANT

10.1 Introduction

Once the Model calculates the loop, switching, and intcroffice plant (excluding
land and building) needed for each Grid, user adjustable investment ratios are used to
load in the support investments, Support investment represents those plant items not
directly used in the provisioning of basic service.

10.2 Support Investment Methodology

BCPM 3.1 produces estimates of total investment less support investment in the
loop module. Land and building investment estimates are generated in the switch
module. The remaining investment estimales, i.c. support investments, are provided in
the Report Module.

Support investment estimates are derived through the application of support
factors, whose values are directly specified by the user. These factors represent the ratio
of support investment in various accounts to total investment, less suppors, land, and
building investment. BCPM 3.1 allows the user to specify support factors for three size
classifications of companies: small, medium, and large.

The support accounts are as follows:
Network Suppon: 2112 Motor Vehicles
2114 Special Purpose Vehicles
2115 Garage Work Equipment
2116 Other Work Equipment

Total Network Support = 2112 + 2114 4 2115 + 2116 +
2111 (Land)

General Support: 2122 Fumiture
2123 Office Equipment
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2124 General Purpose Computers
Total general Support = 2122 + 2123 + 2124 + 2121
(Buildings)

As an example, consider the default support ratios shown in the following Table .
Assuming a total investment of $1 million, land investment of $100,000 and building
investment of $250,000 yields the following estimated annual support investment

(uncapped).

Relevant | Support | Suppont
Investment | Ratio | Investment
2112 Motor Vehicles S | million | 1.34 % $ 13,400
2114 Special Purpose Vehicles | S ! million | 0,00 % S0
2115 Glrl_ic Work Equipment | $ I million | 0.04 % $ 400
2116 Other Work Equipment | $ 1 million | 0.93% £9,300
2111 Land $100,000
Total Network Support $123,100
2122 Fumiture S 1 million | 0.30 % $3,000
2123 Office Equipment $ | million | 0.78 % £7.800
2124 General Purpose $ Lmillion | 2.15% $21,500
Computers
2121 Buildings $250,000
Total General Support $282.300
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SECTION 11.0
CAPITAL COSTS

11.1 Introduction

The BCPM 3.1 Capital Cost Module develops a serics of annual charge factors for
Depreciation, Rate of Return znd Tax Rates that when applied to individual investment
categories developed in other modules, produce capital costs for use in developing
Universal Service Fund costs.

11.2 Annual Cost Factors

To develop annual charge factors, BCPM 3.1 includes a powerful yet simple
model that allows the user to vary the basic inputs to arrive at the Depreciation, Cost of
Capital, and Tax Rates for each sccount. This account by account process was designed
to recognize that all of the major accounts have differing economic lives, salvage values,
cost of removal, tax lives, and survival curves, that ultimately lead to distinct capital
costs. The module incorporates all of the methodologies that are currently in practice
today, including: Deferred taxes, Mid-year, Beginning Year, and End Year placing
conventions, Gompertz-Makeham Survival curves, Future Net Salvage Values, Equal
Life Group methods, and many others. The module also incorporates separate Cost of
Debt and Equity rates, along with the Debt to Equity ratio.

11.3 Applying Cost Factors to Investment Accounts

Once the annual charge factors are developed, they are multiplied by the
investment developed in previous modules (account by sccount) to arrive at yearly capital
costs. These yearly amounts are then converted to a monthly amount.

The Annual charge factor categories include:
Rate of Return,
Depreciation,
FIT.
Srate Taxes, and
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Other Taxes.

11.4 User Adjustable Inputs

All of the variables included in the Capital Cost Module are user adjustable. The
default values for lives, salvage, and cost of removal are based upon a LEC industry data
survey requesting forward looking values. The curve shapes of the survival pattemns are
provided by the United States Telephone Association (USTA) capital recovery group.

A second set of inputs is provided to comply with the FCC's 10 enteria with
respect to rate of return and economic lives.
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SECTION 12.0
OPERATING EXPENSES

12.1 Introduction

The estimation of operating expense in BCPM 3.1 is the result of a
straightforward application of user-adjustable expense factors. The user can specify
values for every expense factor used by BCPM 3.1, whether in the form of expense per
dollar of investment or expense per access line. For the most part, these factors are
applied directly to investment estimated by the Model as simple multipliers.

12.2 Operating Expense Methodology

BCPM 3.1 allows the user to speci’y operating expenses as cither a per access line
amount or as a percent of investment. The Model is flexible so that the user can specify a
subset of account operating expenses on a per-line basis with the remainder specified as a
percent of investment, according to the user's preferences regarding the appropriate
application methodology.

The expense accounts used by BCPM 3.1 are as follows:

Network Support: 6110 Total Network Support
General Support: 6120 Total General Support
CO Switching: 6212 Digial Electronic

CO Transmission: 6232 Circuit Equipment

Information Orig/Term: 6310 Total Information Orig/Term
Cable and Wire Facilities: 6411 Poles
6421.1 Aerial Copper Cable
6421.2 Aerial Fiber Cable
6422.1 Underground Copper Cable
6422.2 Underground Fiber Cable
6423.1 Buried Copper Cable
6423.2 Buried Fiber Cable
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6441 Conduit Systems
Plant Nonspecific Operations:6510 Other Property, Plant and Equipment

6530 Total Network Operations
Customer Operations: 6610 Total Marketing

6620 Total Services
Corporate Operations: 6710 Total Executive and Planning

6720 Total General and Administrative
Uncollectibles: 6790 Provision for Uncollectibles
Taxes: 7240 Other Operating Taxes

The application of the expense factors is straightforward. If a per-line expense
factor is specified, then total operating cost for the relevant account is simply a function
of the number of access lines. 1fa percent-of-investment factor is specified, then total
operating expense is a function of investment, usually of that in the relevant account.

As with support factors, BCPM 3.1 allows the user to specify operating expense
factors for three size classifications of companies: small, medium, and large. The Model
also allows the user to differentiate between operating expenses pertinent to serving
business customers and those relevant to serving residential customers.
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SECTION 13
REPORT MODULE

13.1 Introduction

The Report Module provides the final step in the process of developing universal
service support levels. In the module, cost factors, including depreciation, retum and
taxes, arc combined with operating expenses to generate monthly costs. Monthly costs
are then used 1o calculate universal service support for a given benchmark. These suppont
levels are available at the grid, wire center, company, or state level.

13.2 Report Example

As an example, a state level summary would contain the following information:

Investment Per Line Data (including capped® and uncapped annual amounts)
(The following four categories are added to produce the Toal Investment)

Loop Investment
+ Switch Investment
+ [0F Investment
+ Other Investment
Total Investment

Expenses Per Month Data (including capped and uncapped amounts)
(The following two categories are added to produce the Total Cost Per Linc)

Total Capital Costs Per Line

+ Total Operating Expenses Per Line
Total Cost Per Line

* Grids with Average Loop lavestment per line over $10,000 are capped at $10,000 as a defauli value
when invoking the cap on loop investment. The user has the option 10 set a dilferent cap valuc at a
national level or by entering the cap a1 the wire center level in the FCC Lines file. The results of that
value would be reported here in sddition 1o the uncapped value.
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Gross Receipts Tax™

Line Data
Average Loop Length in Feet

Lines Above S10K Loop Investment

Number of Houscholds

BCPM 3.1 Model Methodology

(The following four categories are added to produce the Total GRID Lines

Served)

Number of Residential Lines

+ Number of Single Business Lines

+ Multiple Business Lines
+ Non Switched Lines
Total GRID Lines Served

¥ Since Gross Receipts Tax rates vary substantially from state lo state, they aie il included in the

maonthly cost,

9s
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Appendix A Exhibit 1

BCPM Enhanced Customer Locztion
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Appendix A Exhibit 2

BCPM Enhanced Customer Location

m Comparison of BCPM1.1, HM4.0, And BCPM 3.0
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Appendix A Exhibit 3

BCPM Enhanced Customer Location
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Appendix A Exhibit 4

BCPM Enhanced Customer Location

® Improved Wire Centers
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Appendix A Exhibit 5

BCPM Enhanced Customer Location

m Finer Level of Input Data
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Appendix A Exhibit 6

BCPM Enhanced Customer Location

m Variable Size Grids for Waukon, lowa
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APPENDIX B

BCPM 3.1 DATA SPECIFICATIONS

The following summarizes the data to be provided for the BCPM 3.1 model. This data is
provided as a set of comma-scparated variable ASCII text files. For cach of 50 states (in Alaska,
for the Anchorage area only), the District of Columbia, and Puerto Rico, the following 4 files are

produced:

Base Grid File: Fundamental file, containing attributes and measures for cach grid
Wire Center Temain File: Auxiliary file, containing terrain attributes of the service arca
Wire Center Information File: Cross reference for wire center as a whole

CBG-10-Grid Equivalence: Cross reference for CBGs in a service area

Also, a single Telephone Companies® File relates each operating company Lo its parent company.

Each con ma-separated variable file presents character ficlds without surrounding q ation
marks. Sp.-es frecly appear in such character fields, but commas and ampersand: nev.  do.
When either . comma or ampersand appears in the original data, it is be converted 10 ¢ space in
that field i the output file.

Each comma-scp.rated variable file includes, as its first record, the Field Names for the file.
Those names appear in this paper, c.ch in parentheses afier the descriptive name of the ficld.
The File Namcs also appear, each in parentheses afier the file's title line in this paper.  Fachss is
the state avlreviation,

Grids and MicroGrids

The fundamental unit of measurement is the grid cell, measuring 1/25" of a degree of latitude by
1/25" of a degree of longitude, somewhat less than 15,000 feet on each side. The fundamental
unit in building these grids is a microgrid cell, 1/8™ of a grid cell on cach side (therefore 1200™
of a degree on cach side), 64 of these forming a full grid cell.

However, locations and clusterings of subscribers sometimes cause the reporting of information
for an effective grid cell that is some part of a standard grid cell, or even parts of a standard grid
cell augmented by a small part of another. Reporting is done per effective grid cell.

Base Grid File (ssOUT.CSV)

Each of the 50 state files contains one record per ¢ffective grid cell. The records appear in the
following order, from major to minor, all fields in ascending sequence:

Wire Center CLLI Code
FDI Code
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Each record of a state's Base Grid file contains the following fields, in the order presented here
(names in parentheses are the column names in the file):

Wire Center Switch CLLI (SWCLLI): The |l-character code identifying the switch
serving this grid cell. The switch and its location are taken from the LERG. The wire center
service area is taken from the BLR Wire Center Premium Package data files. 1f more than
one switch location serves a wire center service area, each miciugrid cell is assigned to the
nearest switch,

Central Latitude of Effective Grid Cell (CentLar): Latitude of the nominally central point
of the effective grid cell, presented as degrees with 4 fractional digits.

Central Longitude of Effective Grid Cell (CentLng): Longitude of the nominally central
point of the effective grid cell, presented as degrees with 4 fractional digits.

Area of the Effective Grid Cell (AreaSgMi): The area, presented as square miles with up to
6 fractional digits.

Depth To Bedrock in Inches (RockDepL): Minimum depth to bedrock for the effective grid
cell, expressed in inches with up to 2 fractional digits. Terrain information is taken directly
from STATSGO data. 1f an effective grid cell spans more than one terrain area as defined by
STATSGO, the attributes of the areas are proportionally weighted ... This is done for the
next five measures as well.

Rock Hardness (RockHard): Predominant rock hardness for the effective gnid cell ...
HARD or SOFT, or blank to indicate neither.

Surface Soll Texture (SurfTex): Predominant surface soil texture in the effective grid cell,
an abbreviation of up to 7 characters.

Water Table Depth in Feet (WTDepL): Minimum water table depth for the effective grid
cell, expressed in feet with up to 2 fractional digits.

Minimum Soll Slope (Slopel): Minimum soil slope for the effective grid cell, expressed
with 2 fractional digits.

Maximum Soll Slope (Slopelf): Maximum soil slope for the effective grid cell, expressed
with 2 fractional digits

Number of Business Lines (BusLines): Count of Business Lines in the effective grid cell.
This number is allocated from PNR Busiress Lines/Firms data, provided principally at the
Census Block Level. Where PNR's data was nof assigned to the Census Block level (abowt
15% of those records), we have first allucated it to the Census Block level, allocating the
higher-level lines and firms to Census Blocks that already have business lines, on a basis
proportional to the number each constituent Census block already has. This number, for the
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effective grid cell, is apportioned from the numbers for Census Blocks overlapped by this
effective grid cell , in general, on a relative area basis ... but for Census Blocks larger than
1/4 square mile, it is apportioned on a relative road segment length basis.

Number of Business Firms (BusFirms): Count of Business Firms from the same source,
allocaled and apportioned as sbove,

Number of Households (HHids): Count of Households in the effective grid cell. The source
for this number is the Census Bureau’s 1990 figures per Census Block; these numbers are
then modified for each Census Block of a county by the Census Bureau's 1995 estimate of
population change in that county. This number, for the effective grid cell, is apportioned
from the numbers for Census Blocks overlepped by this effective grid cell, in general, on a
relative arca basis ... but for Census Blocks larger than 1/4 square mile, it is apportioned on a
relative road segment length basis.

Number of Housing Units (HUnits): Count of Housing Units in the effective grid cell. The
source for this number is the Census Bureau’s 1990 figures per Census Block; these numbers
are then modified for each Census Block of a county by the Census Burcau's 1995 estimate
of population change in that county. This number, for the effective grid cell, is apportioned
from the numbers for Census Blocks overlapped by this effective grid cell , in general, on a
relative area basis ... but for Census Blocks lerger than 1/4 square mile, it is apportioned on a
relative road segment length basis.

The following ten fields arc subdivision of the above Number of Housing Units, indicating the
number of housing units in each of several structure sizes and types; with some tolerance for
rounding, these 10 numbers — including their fractional digits - should sum to the Number of
Housing Units above. The 10 ficlds are:

Number of Housing Units in Single-Unit Detached Structures (HUIDet): Units in the
traditional standalone house.

Number of Housing Units in Single-Unit Attached Structures (HUIArm): Units that are,
for example, garage apartments.

Number of Housing Units in Two-Unit Structures (//{/2): Units in a duplex.

Number of Housing Units in 3- to 4-Unit Structures (HU3ted): Units in typical smallest
apartment buildings or triplex or quadruplex.

Number of Housing Units in 5- to 9-Unit Structures (HUS5109): Units in typical modest
sized apartment buildings.

Number of Housing Units in 10- to 19-Unit Structures (HUI019): Units in larger
apartment buildings.

Number of Housing Units In 20- to 49-Unit  Structures (HU20ta49): Units in large
apartment buildings.

Number of Housing Units in 50-or-Greater-Unit Structures (HUS0Plus): Units in very
large apartment buildings, typically high-rise.

Number of Housing Units that are Moblle Homes (HUMBbI): Mobile home units.

Number of Housing Units that are None of the Above (HUOther): For example,
houseboats.

e —
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The record continues with the remaining fields:

Latitude of Road Centroid (RdCentLar): For that center point of road segments of this
cffective grid cell, this is the latitude (the Y™ value).

Longitude of Road Centroid (RdCentLng): For cach effective grid cell, a center point of
road segments is calculated. This is the longitude (the “X" value) of that center point.

Distance from Switch (SWDisf): Straight-line distance, in feet, of the road centroid of this
effective grid cell from the switch that serves this effective gnd cell.

FDI Code (FDICode): This 7-character code indicates the path and sequence of the feeder,
subfeeder, and any part 2 subfeeder used to reach the read centroid of this effective grid cell.
The characters of this code are in the form gbyydzz where:

e g indicates the quaorant: 1=East, 2=North, 3=West, 4=South
b indicates any main feeder splitting: 0=No split, 1=North/East leg, 2=South/Wes! leg

e y indicates a relative number (01..99) of this subfeeder, in this direction, off its main
feeder
d indicales direction of subfeeder from feeder: 1=East, 2=North, 3=West, 4=South
zz indicates a relative number (01,.99) of this pant 2 subfeeder, off this subfeeder ... If no
part 2 subfeeder, this code is 00

In addition, where any main feeder splits, a “dummy record™ appears with Switch CLLI
Code, with an FDI Code of 099999, with a Main Feeder Length of 10000, with terrain
values, and with all other fields zero.

Length Along Main Feeder (MainFdrLen): Distance, in feet, along main feeder from
switch to the point at which this effective grid cell's subfeeder comes off the main feeder.

Length Along Subfeeder (SubFdrLen): Distance, in feet, along subfeeder from point at
which this effective grid cell’s subfeeder leaves main feeder to:

e If a part 2 subfeeder is used, to the point at which the pant 2 subfeeder departs from this
subfeeder

e If no part 2 subfeeder is used (c.g., inside 10,000 feet), to the road centroid of the
effective gnd cell itself

Length Along Part 2 Subfeeder (Pr2FdrLen): If a part 2 subfeeder is used, distance in feet
from point at which part 2 subfeeder departs subfeeder to the road centroid of this effective
grid cell ... If no part 2 subfeeder is used, this number is C.

Each effective grid cell is further partitioned into four reportng quadrants, unless the effective
grid cell is only the size of a microgrid cell:
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Upper Left Quadrant (UL)
Upper Right Quadrant (UR)
Lower Left Quadrant (LL)
Lower Right Quadrant (LR)

Each effective grid cell record includes informaticn of all four of these quadrants, in the order
specified above. For each of the quadrants, the following information appears, unless the
effective grid cell is a microgrid cell (1/200™ by 1/200™), in which case the full set of numbers is
presented as the first (UL) quadrant’s data, and the numbers for the remaining quadrants are all

ZCTOC

Quadrant Number of Housing Units (UL/UR/LL/ALRH Units)

Quadrant Number of Households (UL/UR/LL/LRIHIdY)

Quadrant Number of Business Lines (UL/UR/LL/LRBusLines)

Quadrant Road Segment Length (UL/UR/LL/LRRdSegLen): In feet

Quadrant Road Reduced Area (UL/UR/LL/LRRdArea)

Quadrant Road Centrold Horizontal (X) Distance (VL/UR/LL/LRRACHDIst): From grid

cell road centroid, in feet
Quadrant Road Centrold Vertical (Y) Distance ( ULAUR/LL/LRRACY Dist): From grid cell

road centroid, in feet

Wire Center Terrain File jn"’f“l’ﬂh‘. csh)

in ascending order by wire center switch | 1-character CLLI

- & % 8

There is one record per wire center,
code. The data fields are these:

e  Wire Center Switech CLLI (SWCHi): The |i-character code identifyirg the switch that
serves the wire cenler arca.

e Area of the Service Area (Area_WC): The arca, in square miles with fractional digits, of the
wire center service arci.

¢ Depth To Bedrock (Inches) {Bedrock_Depth_WC): Minimum depth to bedrock for the wire
center service area, expressed in inches with up 1o 2 fractional digits.

Fraction of Area with HARD Rock (Rock_Hard_Fr): Decimal fraction, 4 fractional digits,
indicating portion of wire center service arca for which rock hardness is HARD.

Fraction of Area with Normal Rock (Rock_Norm_Fr). Decimal fraction, 4 fractional
digits, indicating portion of wire center service arca {ar which rock hardness is normal.

e Fraction of Area with SOFT Rock (Rock_Soft_Fr): Decimal fraction, 4 fractional digits,
indicating portion of wire center service area for which rock hardness is SOFT.
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. Surfl:e'Sull Texture (Soil_Type_WC): Predominant surface soil texture in the wire center
service area, an abbreviation of up to 7 characters.

e  Water Table Depth (Feet) (Water_Depth_WC): Minimum water table depth for the wire
center service area, expressed in feet with up to 2 fractional digits.

¢ Minimum Soil Slope (Slope_Min_WC): Minimum soil slope for the wire center service
area, expressed as degrees with 2 fractional digits.

e Marimum Soil Slope (Slope_Max_WC): Maximum soil slope for the wire center service
arca, expressed as degrees with 2 fractional digits.

Wire Center Information File (ssWCINFO.C5V)

There is one record per wire center, in ascending order by wire center switch 11-character CLLI
code. The data fields are these:

¢  Wire Center Switch CLLI (SWCHi): The 11-character code identifying the wire center and
ils service area.

¢ Operating Company Number /OCN): Number of the operating company
s Operating Company Name (Oper_Company): Name of the operating company

e Central Office Type (Switch_Type): Type of the central office (H=Host, R=Remote)

CBG-to-Grid Equivalence File (ssAGGRG.CSV)

There is one record per combination of Census Block Group and effective grid cell that overlays
any part of it. These records are in the following order, major to minor, all ascending:

Switch CLLI Code
FDI Code
Census Block Group FIPS Code
Each recerd contains the following data fields:

* Switch CLLI Code (SWCLLI): 11-character CLLI code identifying the wire center to which
this record belongs.

¢ Central Latitude of Effective Grid Cell (CentLar): Latitude of the nominally central point
of the effective grid cell, presented as degrees with 4 fractional digits.

"% 000115




BCPM 3.1 Model Methodology

Central Longitude of Effective Grid Cell (CentLong): Longitude of the nominally central
point of the effective grid cell, presented as degrees with 4 fractional digits.

FDI1 Code (FDICode): FDI Code for the effective grid cell.
Census Block Group FIPS Code (CBG_FIPS): Standard code identifying a CBG.

Number of Business Lines (BusLines): Count of Business Lines in the effective grid cell
that were allocated from the specified Census Block Group.

Number of Business Firms (BusFirms): Count of Business Firms in the effective grid cell
that were allocated from the specified Census Block Group.

Number of Houscholds (#Hlids): Count of Households in the effective grid cell that were
allocated from the specified Census Block Group.

Number of Housing Units (HUnits): Count of Housing Units in the effective gnd cell that
were allocated from the specified Census Block Group.

Telephone Companies® File (TELCOS.CSV)

This file is a single file for the entire country. It is in order by Operating Company Name,
ascending. The data fields are:

-

Operating Company Number (OCN): "OUN"

Operating Company Name (Oper_Company): Name as it appears in Wire Center
Information file,

Parcnt Company Name (Parent_Company): Name ol its parent company.

Company Size (Parent_Size): (S=Small, M=Medium, L=Large)
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APPENDIX B

BCPM 3.1 PROCESSING STEPS

This paper describes the steps in processing BCPM 3.1 data. Processing occurs state-by-state.

Step 1: Create Appropriate Wire Center Service Areas Table

Program: MapBasic BZWCSA
Tables/Files Used: CDDrive:\aalaaWCSA, BLR wire center boundanes
Tables/Files Produced: basepath\aalaaWCSA, Effective BLR wire center boundaries

This program selects wire center boundaries for which the central office is within the state. It
sorts them into CLLI-8 ascending order and writes the resulting table to the base directory.

Step 2: Determine Counties Covered by Wire Centers of a State

Program: MapBasic BAWCCNTY
Tables/Files Used: basepath\aalaaWCSA, wire center boundaries
baseparth\ USCNTY HR, high resolution county boundanes
Tables/Files Produced: basepath\aalaaWCCOS.TXT, ASCII text list of counties required

This program determines the counties covered by a state’s wire centers. These will typically be
all counties of the subject state, but can also be several counties from one or more adjacent states,

The program considers a county should 1o be included if at least 2% of that county’s area is
intersected by the set of wire center boundaries for the stale.

The resulting ASCII text file is produced in ascending state/county FIPS code sequence.

Step 3: Determine the Switches for the Wire Center Service Areas

Program: MapBasic BYWCSWS

Tables/Files Used: basepath\aalaaWCSA, wire center service area boundaries
basepath LERGTU, all unique switches defined in LERG

Tables/Files Produced: basepath\aalaaWCSWS, swilches for state wire centers

This program determines the switches that qualify. There may be more than one per wire center
boundary. But there must be at least one per wire center boundary ... if there 1s not, the program
issues an error message.
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Invariably, some exceptions, indicated by one or more messages in the message box, must be
dealt with manually, This could require a further reordering of the aaWCSWS table, which
must be in WCCLLI/SWCLLI name order.

Step 4: Generate 1/200™ Degree Grid Cells for Each Wire Center Service Area

Program: MapBasic BZWCGRID
Tables/Files Used: basepath\aa\aaW CSA, wire center boundaries
basepathlaalaaWCSWS, wire center swilches
Tables/Files Produced: basepath\aalaaWCGR, grid cells for all wire centers of the state
basepath\aa\B2LOG, ASCII text log file of errors encountered

The aaWCGR table consists of 1/200™ degree grid cells as Maplnfo regions, cach of which is (if
necessary) cut to precisely fit within wire center boundaries ... thus not all of these regions are
true “square™ grids.

Each record of this table contains the CLLI code of its wire center, and the latitude and longitude
of the numerical centerpoint of the grid cell that is represented by the record.

Mutually distinct parts of the same 1/200" degree grid may appear in different (adjacent) wire
centers.

The resultant records are in order by wire center CLLI/ switch CLLI (whatever the order of the
input aaWCSWS table), and within a wire center / switch area, by ascending latitude (major)
and ascending longitude (minor).

If Maplnfo has an error when cutting the grid cells, a log - B2aalLlOG - is produced indicating
the errors, and the program corrects / fixes those crrors.

Step 5: Assign the Minimum Bounding Rectangle for Each Switch's Area

Program: MapBasic B2ZSWMBR
Tables/Files Used: basepath\aalaaW CGR, wire center grid cells
Tables/Files Used/Affected: basepathlaalaaWCSWS, switches for state wire centers

This program determines, from the assigned grid cells, the minimum bounding rectangle (MBR)
for the arca covered by each of the switches, and updates the switches file with those 4 values.
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Step 6: Fully Format the Grid Ce!l Records

Program: MapBasic BZFMWCGR
Tables/Files Used/Affected: basepath\aa\aaWCGR, grid cells for wire centers

This program just adds all additional columns in the aaWCGR table required for succeeding
ProCesses.

Step 7: Set the Record Number in the 2aWCGR Records

Program: DOS C-Program B2ZRCDNBR
Tables/Files Used/Affected: basepath\aalaaWCGR, wirccenter grids

The two parameters to this program are SiateAbbr and BasePath. The program updates the
records in place.

Step 8: Collect the Terrain Data for All States Served by This State’s Wire Centers

Program: MapBasic BIBGTRN
Tables/Files Used: CDdrive:\CBGSOILS\caBGSOILS, Terrain Data by Block Group
Tables/Files Produced: basepath\aalaaWCSOIL, terrain data for all block groups served

This program uses the Stopwatch Maps State Terrain Data by Census Block Group product as its
source. It copies to a table on hard disk the temain data for all block groups of all states served
by this state’s wire centers. That table is used in the next step.

Step 9: Determine Area Overlap of Terrain Data

Program: MapBasic BXGRTRN
Tables/Files Used: basepath\aalaaWCSOIL, terrain data for all block groups served
Tables/Files Used/Affected: CATEMP\GRBGX, a temporary table

This program joins information in these two tahles, writing it to a temporary table on the local
drive CATEMP\GRBGX. It then ends, often with an Error Overlaving Objects.

Step 10: Assign Terrain Data to Each Grid Cell

Program: DOS C-Program B2GRBG2
Tables/Files Used: CATEMPVGRBGX, a temporary table

Tables/Files Used/Affected: basepath\aalaaWCGR, wire center grid cells
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This program actually performs the assignment to the grid cells. Run it from the base directory,
with two arguments: StateAbbr and BasePath.

Step 11: Collect the Census Block Boundaries for the State’s Wire Centers

Program: MapBasic BZALLCBS

Tables/Files Used: basepath\aa\aaWCCOS. TXT, ASCII text list of counties required
CDdrive:\CBBYaa|CBsscee, Census Block Boundary tables on CD
basepathlaalaaWCSA, wire cenler service arcas

Tables/Files Produced: basepathlaalaaW CCBS, Census Block Boundaries for all these WC's

This program uses the list of counties required to direct the operator 1o mount the onc or more
CD-ROMs containing the Census Block boundaries for the required countics (some of which
may be outside the subject state). It produces a table of all Census Block boundaries within the
purview of the subject state's wire centers.

Step 12: Collect the Census Block-Level Housing Data

Program: DOS Batch File B2CBDEMS.BAT
DOS C-Program C:AUTILACSVTOTAB.EXE, plus other utilities
Tables/Files Used: basepath BXDEMS.DEF, ASCI! text file definition
CDdrive:\XBLK\BXsscee, STFIB extract files
Tables/Files Produced: basepath\aa\aaCBDEMS, Census Block housing demographics

This batch file, file conversion utility program, and assorted other utility programs generale a
table containing, for each occupied Census Block in eny county (of any state) touched by one of
this state’s wire centers, the base housing demographics, including a 3-way distribution of
housing units by structure size. At this point, this is unadjusted 1990 Census data.

Step 13: Collect the Block Group-Level Units-in-Structure Distribution Data

Program: MapBasic B2BGHUS
Tables/Files Used: CDdrive:\BLOCK\REPaaG01, Claritas BG Units in Structure by State
Tables/Files Produced: basepath\aalaaBGHUS, resulting table for all BGs touched by WCs

This program copies the BG-level units-in-structure data, for Block Groups in all states touched
by this state’s wire centers, to a table, in FIPS order.

Step 14: Apply All Housing Unit Demographics to Cenzus Block Table

Program: MapBasic B2UPCBHU
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Tables/Files Used: basepath\aa\aaCBDEMS, Census Block housing demographics
basepath\aalaaBGHUS, BG units-in-structure
basepath\ POPADJ.TXT, 1995 census adjustment factors by county
Tables/Files Affected: basepath\aa\aaCBS, Census Blocks 1able

This program applies the housing unit :nformation from the above tables and file to the Census
Blocks.

Step 15: Apply Business Lines/Firms Data to Census Bleck Table

Program: MapBasic B2UPCBBU

Tables/Files Used: basepathlaalaaWCCOS. TXT, ASCII text list of all counties touched
basepath\ss\ssPNRCB, CB-level businesses for all states touched
basepath\ss\ssPNRBG, BG-level businesses for all states touched
basepath\ss\ssPNRTR, TR-level businesses for all states touched

Tables/Files Used/Affected: basepath\aa\laaCBS, Census Blocks table

This program first collects PNR deta for all counties touched into work files C:\TEM MPNRCB,
C:\TEMP\PNRBG, and C:\TEMP\PNRTR, sorted to FIPS order. It then applies that data to
the Census Blocks file.

Step 16: Collect the Roads for a State’s Wire Centers as MID/MIF Files

Program: DOS Batch File BYTGRMIF
DOS C-Program B2TGRRDS.EXE, plus other utilities
Tables/Files Used: basepath\aa\aaWCCOS.TXT, ASCII text list of all counties touched
CDdrive:\TIGER94x\ss|CBssece.xxx, TIGER94 files
Tables/Files Produced: basepath\aa\aaSTSsscce. MID/MIF, importable files per county

This process creates, from TIGER94 CDs, the roads for all counties (in all states) touched by this
state's wire centers.

Step 17: Import Roads MID/MIF Files to a Maplnfo Table

Program: Mo Basic B2ZALLRDS

Tables/Files Used: basepath\aalaaWCCOS.TXT, ASCII text list of all counties touched
basepath\aa\aaSTSsscce. MID/MIF, importable files per county

Tables/Files Produced: basepath\aalaaRDS, Census Blocks table

This program imports and collects &ll the above files into & single Mapinfo table. When you are
satisficd that the process is successful, you may erase the MID/MIF files, and the temporary

aaRDO table.

e e —— — T
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Step 18: Relate Roads and Census Blocks

Program: DOS C-Program BZCBRDS
Tables/Files Used/Affected: basepathlaa\aaRDS, roads for the entire state
basepath\aa\aaCBS, Census Blocks table

This DOS program (whose two parameters are StateAbbr and BasePath) determines and posts
the total road segment lengths for each Census Block, and tags the Roads records with the
WCCLLI code of the Census Block and the indication as to whether the CB is large, small, or

empty.

Step 19: Create the Valid Roads Table and the Roads-In-Large-Census-Blocks Table

Program: MapBasic BZSPLRDS
Tables/Files Used: basepath\aa\aaRDS, roads for the entire state
basepath\aa\aaCBS, Census Blocks table
Tables/Files Produced: basepathlaa\aaVLDRDS, valid roads for state
basepath\aa\aal.CBRDS, roads for state in large Census Blocks

This program creates the two working Roads tables from the original.

Step 20: Determine Area Overlap of Smaller Census Blocks with Grid Cells

Program: MapBasic B2SCBXGR

Tables/Files Used: basepath\aalaaCBS, Census Blocks table
basepath\aa\aaWCGR, wire center grid cells

Tables/File Produced: basepath\aa\aaSCBxGR, small Census Block/micrognd join

This program determines the area overlap between microgrid cells and Census Blocks less than
0.25 square miles in size. This relationship will be used in the next step o allocate demographics
from those Census Blocks 1o the overlaid gnd cells.

If Mapinfo stops this program with an Error overlaying the objects, you should save the
SCBXGR temporary table as basepathlaa\aaSCBxGR and end the program.

Step 21: Allocate Demographic Data from Small Census Blocks to Microgrids

Program: DOS C-Program B2ALLOSM.EXE

Tables/Files Used: basepath\aa\aaSCBxGR, small Census Block/microgrid join
basepath\aalaaCBS, Census Blocks

Tables/Files Affected: basepath\aalaaWCGR, wire center grid cells
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This program uses the relationships determined above to add area-proportional Census Blocks
demographics to the overlaid grid cells.

Step 22: Determine Road Segment Overlap of Larger Census Blocks with Grid Cells

Program; MapBasic BZLCBXGR

Tables/Files Used: basepath\aa\aaLCBRDS, large Census Block road scgments
basepath\aa\aaWCGR, wire center grid cells

Tables/File Produced: basepath\aa\aaLLCBxGR, large Census Block road/micrognd join

This program determines the area overlap between microgrid cells und road segments of Census
Blocks larger than 0.25 square miles in size. This relationship will be used in the next step to
allocate demographics from those Census Blocks to the overlaid gnd cells.

If Mapinfo stops this program with an Error overlaying the objects, you should save the
LCBXGR temporary table as basepathlaa\aa.CBxGR and end the program.

Step 23: Allocate Demographic Data from Large Census Blocks to Microgrids

Program: DOS C-P: »gram B2ZALLOLG.EXE

Tables/Files Used: basepath\aalaal.CBxGR, small Census Block/micrognd join
basepathlaalaaCBS, Census Blocks

Te Mles/Files Affected: basepath\aa\aaWCGR, wire center grid cells

This program uses the relationships determined above to add road-length-proportional Census
Blocks demographics to the overlaid gnd cells.

Step 24: Calculate Road Information for Micro-grids

Program: MapBasic BRRDNFO

Tables/Files Used/Affected: basepath'aalaaVLDRDS, Valid Roads table
basepath aalaaWCGR, wire center gnd cells

Tables Produced: basepath \aa\aaGRxRD, grid/road table

This program calculates the road centroid, total length of intersecting roads, and the road area for
each Micro-grid.

Step 25: Aggregate Micro-grids

Program; DOS C-Program BZWCAGG

Tables/Files Used/Affected: basepath\aalaaWCSWS, switches for state wire centers
basepath\aalaaWCGR, wire center grid cells

Tables/Files Produced: basepath\aa\aaAGG, aggregate grids
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This program aggregates the Micro-grids based on the algorithm described in the BCPM2 Model
documentation. For each group of aggregated Micro-grids, a record with a Wire-Center-unique
aggregate grid 1D and the aggregated values are output to the aaAGG table. Additionally, each
Micro-grid is tagged with the aggregate grid ID.

Step 26: Calculate Feeder Information for Aggregate Grids

Program: DOS C-Program B2WCFDR

Tables/Files Used/Affected: basepath\aalaaWCSWS, switches for stale wire centers
basepath\aalaaAGG, aggregate gnds

Tables/Files Produced: basepath\aalaaFNFOQ, feeder information

This program calculates the feeder lengths and FDI code for each aggregate grid. The table
aaFNFO contains main feeder-angle information for each wire center that is necessary for
creating MapInfo maps for the feeders.

Step 27: Calculate (and Replace With where Appropriate) Alternate Feeder Routes

Program: DOS C-Program B2WCFD2

Tables/Files Used/Affected: basepath\aalaaWCSWS§, switches for statc wire centers
basepath\aalaa AGG, aggregate gnds
basepathlaalaaFNFO, feeder information

This program calculates the feeder lengths on an unsplit cardinal direction basis and, if this
alternate feeder routing is shorter than the previous, substitutes it in the 2aFNFO table.

Step 28: Generate the Primary Output CSV File

Program: MapBasic B2OUTCSV

Tables/Files Used/Affected: basepath\aa\aaAGG, aggregale gnds

Tables/Files Produced: basepath\aalaaOUT.CSY, primary comma-separated variables file
basepath\aalaaOUTZ.CSV, empty records of the above file

This program sorts the AGG table into FDI Code within Switch CLLI. It generates the CSV file,
creating where necessary a special record to reflect the split of a main feeder at 10,000 feet.

Step 29: Generate the Wire Center Terrain Information

Program: DOS C-Program BIWCTRN
Tables/Files Used/Affected: basepath\aa\aaWCGR, micro-grids
Tables/Files Produced: basepath\aalaaW CTRN, summarized terrain table
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This program summarizes the terrain data from the microgrids of a WC service area. lis two
command-line arguments are StareAbbr and BazePath.

Step 30: Generate the Wire Center Terrain Output CSV

Program: MapBasic BZTRNCSY
Tables/Files Used/Affected: basepath\aa\aaWCTRN, summarized terrain table
Tables/Files Produced: basepath\aalaaWCTRN.CSV, comma-separated vanables file

This program generates the record for each switch, in switch CLLI order, summarnzing the
terrain characteristics of the service area.

Step 31: Generate the Wire Center Info CSV File

Program: MapBasic B2INFCSV

Tables/Files Used/Affected: basepath\aalaaWCSWS, switches in wire centers
basepath TELCOS, all telephone companices’ file

Tables/Files Produced: basepath\aalaaWCINF.CSV, comma-separated vanables file

This program generates the record for each swilch, in switch CLLI order, summarnizing the
ownership characteristics of the service area.

Postlude:

We ZIP the two files 2aOUT,CSV and aaOUTZ.CSV into aaOUT.ZIP. We ZIP the two files
aaWCTRN.CSV and aaWCINF.CSV into aaWC.ZIP. We then FTP these to the INDETEC

FTP site.
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APPENDIX B

BCPM 3.1 GRID AGGREGATION:
GENERAL RULES

Termino

The following terms are used in the grid aggregation rules:

Grid - 1/25 degree Lattude/Longitude Grid

1/4Grid - 1/50 degree Latitude/Longitude Grid

1/16Grid = 1/100 degree Latitude/Longitude Grid

1/64Grid - 1/200 degree Latitude/Longitude Gnd
General Rules

If any grid has <1000 Houschold Units (HU) then output;

Of remaining data,

If any 1/64 grid > 400 HU then do:
1f Grid - 1/64 grid < 400 HU then Output Grid;
Else If 1/4Grid - 1/64 grid < 400 HU then Output 1/4Grid,
Else If 1/16 Grid - 1/64 gnd < 400 HU then Output 1/16Gnid;
Else Output 1/64Grids (all 4);

Of remaining data

If any 1/16 grid > 400 HU then do:
If Grid - 1/16 grid < 400 HU then Output Gnid,
Else If 1/4Grid - 1/16 gnd < 400 HU then Output 1/4Gnd,
Else Output 1/16Grids (remaining 4),

Of remaining data

Ifany 1/4 grid > 400 HU then do:
If Grid - 1/4 grid < 400 HU then Output Grid;
Else Output 1/4Grids (Remaining 4);
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Clean up

If any record has < 100 then Merge with horizontal or vertical similar Grid of equal or
larger size to which the road centroid leans.

Partial grids less than 1/5 of a large grid will be aggregated back in (as long as line
count is less than 100) to the grid along the longest edge. :
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APPENDIX C

SUMMARY OF MAJOR CHANGES
FROM BCPM 1.1 TO BCPM 3.1

I. CUSTOMER LOCATION

Customer Line Data: Housing Units Per Structure
BCPM 1.1--Used a national average based on Census data for number of housing units per
structure per Census Block Group (CBG).

BCPM 3.1--Uses census data for housing units per structure at the Census Block (CB) level for
each CB.

Customer Line Data: Business
BCPM 1.1--Estimated the number of business lines at the CBG level by using Dunn and
Bradstreet data on the number of employees by CBG and industry reports of business lines by

slalc.

BCPM 3.1--Uses PNR and Associates (PNR) data of actual business lines. Approximately 85%

of business customers can be assigned to the CB level.

Method For Assigning Customers To Wire Centers

BCPM 1.1 --Assigned customers within a CBG to a wire center if the centroid (geographic
center) of the CBG fell within the wire center boundaries provided by On Target’s “Exchange
Info Plus™ data product. Wire Center boundaries were subsequently established by aggregating
the area encompassed by CBGs whose centroids were assigned to the respective wire center.

BCPM 3.1—Uses Business Location Research (BLR) data to establish wire center boundanes,
These are typically defined at the CH level.
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Unit of Engineering
BCPM 1.1--Used the CBG as the unit of engineering. The size of a CBG is based on population

and geography.

BCPM 3.1--Simulates basic telephone plant engineering units by using dynamic grids that vary
in size within a wire center. The *ultimate grid™ is sized to comport with Carrier Serving Area
(CSA) and Distribution Area engineering guidelines. Ultimate grids are constructed by first
establishing microgrids (approximately 1,500 feet by 1,700 fect, longitude and latitude) and then
reaggregating the microgrids into larger grids as appropriate. In general, the maximum grid size
allowed is 12,000 feet by 14,000 feet."

Locating Customers Within the Wire Center

BCPM 1.1—Squared the arca of the CBG about the geographic center of the CBG. For CBGs
with less than 20 houscholds per square mile, the area of this square was reduced 1o a square
whose area is equal to a 500-foot buffer along each side of the roads within a CBG. For all
CBGs, customers were uniformly disinibuted throughout the squared CBG.

BCPM 3.1—Uses road network data 1o place customers within a CB into the appropriate
microgrids for those CBs that span multiple micrognds. Data regarding housing and business
lines is retained at the microgrid level subsequent to determining the ultimate grid size. The
ultimate grid is quaded about the road centroid of the ultimate grid, which also corresponds to the
Digital Loop Carrier (DLC) site. Customers, assigned to microgrids within particular
distribution quadrants, are subsequently placed uniformly in Road Reduced Areas. These Road
Reduced Areas are centered about the read centroid of the distnibution quadrant and sized as a
square whose area is equal to the arca encompassed by a 500-foot road buffer along cach side of
the roads contained within the distributicn quadrant.

* The size of the macrognid may be expanded when partial grids along the wire center boundanies are combined
wilh adjacent macrognids.
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Number of Houscholds Used as Base Line For Calculation of Subsidy
BCPM 1.1—Based the calculation of the subsidy on the number of houscholds. If the user chose
to input line counts for each switch and the line count was less than the number of houscholds,
the model still calculated the subsidy based on the number of households. This resulted ina
subsidy that was greater than the cost to install plant to serve the requisite number of lines.

BCPM 3.1—The model selects the fewer of either Houscholds or total Residential lines as the
basis of the calculation of the subsidy,

II. OUTSIDE PLANT

Design of the Main Feeders
BCPM 1.1—Placed main feeder directly north, south, cast and west from the wire center until no
longer needed to support a CBG.

BCPM 3.1—Places main feeder directly north, south, cast and west from the wire center for

10,000 feet. Beyond this point, the model tests two designs.

The first design directs main feeder to the main population concentration in the feeder quadrant

that it serves, using the following rules:

o If the line count in the center 1/3 of the feeder quadrant is greater than 30% of the total feeder
quadrant lines, the feeder remains a single feeder and points at the population centroid of the
total section.

e Ifthe line count in the center 1/3 of a feeder quadrant is less than 30% of the feeder quadrant
lines, the feeder splits into two main feeders each pointed at the population centroid in one
half of the feeder quadrant,

The second design continues to extend the feeder directly in the original cardinal direction, i.c.

due north, south, east or west. The design thet uses the least feeder cable (including feeder,

subfeeder, and subfeeder part two) is selected.

Sharing of Subfeeder
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BCPM 1.1—Placed subfeeder to each CBG. BCPM 1.1 did not permit sharing of subfeeder

among CBGs assigned to the same wire center.

BCPM 3.1—Shares subfeeder among ultimate grids within a wire center when it is cost effective

to do so.

Establishing the DLC Site

BCPM 1.1—Established the DLC site at the geographic center of the CBG for those CBGs that
needed only one DLC site. Multiple DLC sites were established in CBGs that exceeded the
12.,000-foot {default) constraint on copper loop length from the DLC to the customer. In such
cases, DLC sites were established in locations that ensured that the 12,000-foot constraint on
copper loop length from the respective DLC to the customer was not exceeded. (The 12,000-foot

constraint was a user adjustable input.)

BCPM 3.1—Establishes the DLC site at the road centroid of the ultimate gnd. More than one

DLC may be placed at this site if necessary, duc to line requirements.

Placement of the Feeder Distribution Interface (FDI)
BCPM 1.1—Always co-located the FDI with the DLC. BCPM 1.1 allowed for placement of

more than one FDI, if necessary, due (o line requirements, at the DLC site.

BCPM 3.1—Provides for the following three options for placement of the FDI(s) based on line
counts: 1) co-locate the FDI with the DLC; 2) share an FDI between Distribution Arcas located
to the right of the DLC and share an FDI between Distnbution Arcas located to the left of the

DLC; and 3) place an FDI at the center of the Distribution Arca, which corresponds to the road

centroid of the distribution quadrant, for each non-empty guadrant.

Cable Design from the DLC to the Customer
BCPM 1.1—Placed horizontal distribution cable and from that placed “legs™ to remote terminals

from which drop cable was placed to the customer.
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BCPM 3.1--Places horizontal connecting cable from the DLC site to connect to vertical

connecting cable that runs to the geographic center of each Distribution Area. A backbone cable

runs vertically through the center of the Distribuiicn Arc - ™ranch cables emanate from the
backbone cable, and drop cables run from remote termin i + aced along the branch cable.

Loop Length
BCPM 1.1--Used a default value of 12,000 feet tc constrain the copper loop length from the DLC

to the customer. (This was a user adjustable input.)

BCPM 3.1—Tends to limit average copper loop leagths from the DLC to the customer by
generally limiting the maximum ultimate grid size to 12,000 feet by 14,000 feet, latitude and
longitude. If copper loop lengths from the DLC to the customer exceed 12,000 fect, the cable
gauge is reduced 1o 24 gauge cable and extended raage plug-ins are installed on loops extending
beyond 13,600 feet. The ultimate grids are designed such that copper loop lengths from the DLC
to the customer are unlikely to exceed 18,000 feet.

Model cap on Total Cable Length
BCPM 1.1—Did not provide for a constraint on cable length within the CBG subfeeder and

Distribution Areas,

BCPM 3.1—Caps the distribution quadrant total cable length so that it does not exceed the total
road distance within the distribution guadrant.

Density Zones
BCPM 1.1--Used seven density zones.

BCPM 3.1--Uses nine density zones to facilitate comparison of BCPM results with the Hatficld
Model.

HI. SWITCHING

Differentiating Switch Functions

123 000132




BCPM 1.1 Model Methodology

BCPM 1.1--The switch curve made no distinction between host and remote switches.
BCPM 3.1--Uses separate switch models for host, ramote, and stand-alone switches.

Investment Approach

BCPM 1. 1--Estimated a single total switch invesiment.

BCPM 3.1--Calculates switching investments for cach of several switch functional investment
categories, using a separate curve for each category. In addition, the switch can be partitioned
accurately into non-traffic sensitive (Line Port) and traffic sensitive investments.

Determining Universal Service Impact
BCPM 1.1--Provided a single input that allowed the user to specify the percent of the total switch
investment that is associated with basic service.

BCPM 3.1—Identifies accurately the portion of investment that supports universal service for
cach central office by using a separate curve for individual switch functional investment
calcgonies.

Usage Related Inputs
BCPM 1.1--Switch curves estimated switch functional investments based only on the number of
lines in the office.

BCPM 3.1--Uses a variety of inputs including call rates, usage levels, number of trunks, as well
as the number of lines. BCPM 3.1 allows input of usage levels for universal service that can be
independent of the usage inputs used to engineer the switch. Usage inputs can be distinguished
by residence and business lines if desired. Most data items can be input on a state-specific and/or
wire-center specific basis with a “fallback™ feature that allows the Model to use the state-level
inputs in those cases where wire-center inputs are not available.

Switch Type
BCPM !.1—Was based on a sample of switch investments that included DMS-100 and SESS
switches. The single switch curve, however, made no distinction between the two switches.

BCPM 3.1--1s also based on the SESS and DMS-100, and additionally, allows the user to specify
a switch vendor, if that information is available.
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Input Values

BCPM 1.1--Used responses to a data request sent to the LECs. This data request asked for
discounted unit investments produced by SCIS runs. The resulting model, in essence, produced
an average discount level for the companies polled.

BCPM 3.1--Is based on a similar data set produced by the BCPM sponsor companies (BellSouth,
Sprint, U S West). The sponsor companies provided non-discounted switch investments for use
in the switch curve. The investments are produced with SCIS runs, except for the U S West
investments, which are produced using the Switching Cost Model (SCM).

Method to Estimate Investment
BCPM 1.1--Used a single means, the switch curve, for estimating wire center switch
investments.

BCPM 3.1--Can use several sources of investments (o determine USF costs: the switch
regression curve, direct input from an ALSM, or total switch investments from any other source.
BCPM 3.1 partitions the investments from other sources by functional investment calegory,
producing accurate estimates of universal service investments by switch.

Limiting Switch Size
BCPM 1.1--Did not have an algorithm to limit switch sizes. That caused simple switch curve
models to create “switches™ with unreasonably large amounts of lines or usage.

BCPM 3.1--Has the capability to scan the input table to determine whether the capacity
constraints for any given wire center have been exceeded. For example, if a wire center has more
than a user-defined number of lines, the Model automatically inserts a new CLLI and a new
switch entity.

Switch Categories
BCPM 1.1—Modeled only medium and large switches.

BCPM 3.1—The switching module includes large, medium and small swilches. For small

switches the user can enter fixed and variable costs, discounts, and breakpoints or can use the
model default values.

IV. TRANSPORT
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Approach to Interoffice Costs
BCPM 1.1--Transport was calculated as approximately 3% of switching investment.

BCPM 3.1--Creates a realistic model of the interoffice network based on the actual homing
relationships between remotes and hosts, and hosts and tandems. It develops specific and
accurate cost elements for efficient SCNET bandwidth based on trunking configurations of
specific nodes on the network.

Transport Redundancy
BCPM 1.1--Did not consider transport redundancy.

BCPM 3.1--Provides one level of redundancy via what is commonly referred to as “self-healing™
rings.”” Provides a second level of redundancy by using two sets of lines for offices served by a
folded ring.”’ Includes a third level of redundancy by providing one extra DS for every seven
working DS1s on the port side in a centra! office.

Level of Analysis for Transport
BCPM 1.1--Did not provide an analysis of Transport costs.

BCPM 3.1--Allows the user to run the modz1 for a single ning. thereby enabling the user 1o trace
the cost calculations through the logic of the Model.

Reports on Transport
BCPM 1.1--Did not provide reports on transport.

BCPM 3.1--Provides reports for cach ring. Includes transport cost results for all of the rings,
transport configuration of all of the rings, and universal service transport cost on a per line basis.

V.SIGNALING COSTS

Approach to Signaling Costs
BCPM 1.1-- Contained no explicit provision for signaling costs. The inly costs associated with
signaling are those included in the switching investment.

" If the fiber cable in a “self healing” ring is cut, the signals will automatically reverse their direction on the nng
" A folded ring connects a small office 1o 8 single node 02 the SONET ring.
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BCPM 3.1--Calculates signaling costs through an input table that includes per line investment.

Investment figures are provided for residence and business lines in large, medium, and small

companies. Investment amounts are calculated by using the Signaling Cost Proxy Model

£ PM) which:

e Creates a two tiered $S7 Signaling network using a combination of user definable inputs and
LERG data;
Uses the existing SS7 signaling network as the basis for the SCPM network;
Uses actual data to develop the octet, millisecond and data dip needs of the network as the
foundation elements to determine signaling investment; and

e Builds and costs the proper number of packet switches, on line data bases and signaling links
by analyzing the octet, millisecond and data dip needs of the network.

The user can accept the default value or input the per line values. SCPM is available from the

BCPM Web Site for the user to develop per line investments using their own cost data.

' 000136




S

Bk i mes Pems? maset

APPENDIX D

SWITCH CURVE METHODOLOGY

130

000137




BCPM 3.1 Switch Curve Methodology

Introduction to Regression Analysis
The purpose of regression analysis is to determine, from a number of observations or

measurements, whether there is a relationship between two or more variables. For
example, we can use regression tools to tell us whether there is a relationship between the
number of lines terminated on a central office swilch and the total dollar investment in
such a switch. While many people familiar with the equipment in question can say
intuitively that there is such a relationship, regression analysis allows us to measure both
the strength of that relationship and its magnitude.

The output of the linear regression modeling process is a set of equations, constants, and
coefficients that can be used to estimate the value of the dependent variable based on the
value of the independent variable. The concept of the regression coefficient is eritical to
understanding the operation of the BCPM switch module, as we will see later. The set of
switching regression cocfficients that result from this analysis is commonly known as the

“swiich curve™.

In the case of a central office switch there is an independent variable, the number of lines,
and a dependent variable, the total investment. Simple lincar regression is a technique for
determining how much a change in the number of lines will affect the dependent vaniable,
total investment. The linear regression process allows an analyst to estimate the

coefMicients (a & b) of the following algebraic functional form:

Y=a+bhX

Where:

Y = the total dollar investment

a = a constant investment amount

b = an incremental investment per line
X = the number of lines
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For example, assume that a is $300,000, b is $175 and X is 10,000. Using the algebraic
model, we can estimate that the total investment for a 10,000 line central office is
$2,050,000.

Because regression analysis is a statistical technique, the investment amount calculated is
an estimate. Hence, there will be some degree of error associated with the estimale as
compared with the observed investment. The difference between the “predicted”
investment and the actual investment is called the prediction error. The prediction error
is minimized through the selection of the appropriate algebraic functional form (i.e., one
that produces the best "fit" to the actual observed values).

A measure of how well the specified equation fits the data is the coefficient of
correlation, or R. The coefficient of correlation is the percentage of variability in Y that
is explained by the variables in the model and ranges between 0 and 1. The closer the R
is to 1.0, the better the mode! explains the vanability in Y. Typically, the analyst will
consider a number of independent variables in the formulation of a regression model, and

climinate those that do not significantly add to the prediciive power of the model.

The above equation format also allows for the use of a variable to modify the constant
coefficient (a). This “dummy variable™, as it is known, can be used to differentiate
between switch types. For example, if we believe that switch | and switch 2, from
different vendors, have different fixed investments, we can make the switch vendor an
input variable and have the model produce different constant investments based on the
switch vendor selected. This technique is used in the BCPM switch model.™

* The dummy variable has a vatue of 0 If the swilch is a Noriel DMS5-100, and 1 i the switch is a
Lucent SESS. This allows the model to produce a modifier 1o the coefficient that represents
the incremental investment difference between a 5ESS and a DMS-100, Later, when the
model is used o estimate investments, the dummy variable is applied 1o the coefficient.
producing different estimates for the two swilches.
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While we have discussed regression in terms of a simple linear function, multiple lincar
regression is also commonly used. Multiple lincar regression uses more than one
independent variable to explain the dependent variable. Regression models producing
curved lines can also be created. For example, the equation to be estimaled can have the
root or the square of an independent variable instead of the variable itself.

Functional Investment Category (FCAT) Rationale

A key design goal for the BCPM switch model was the ability to compute with
specificity the incremental investments needed for universal service and unbundled
network elements (UNEs), Previous proxy models, because they produced only a single

investment number for the entire switch, were unable to calculate these investments

without arbitrary and unsupportable allocations. For example, engineering studies and
models can precisely quantify the investment in non-traffic sensitive equipment that is
needed to provide a line port on the switch. This line port investment is a both a primary
UNE and a key element of universal service. Accurate determination of this investment
is critical to both UNE pricing and calculation of universal service support. Previous
proxy models could do no better than assign an arbitrary percentage of switch investment
to the line port. The problem was exacerbated by the fact that the percentage of the
switch investment attributable to the port could vary upwards of 100% depending on the

switch vendor and switch size.

BCPM solves this problem: by directly estimating switch investments in six separate
functional investment categories. The number of categories was kept as small as possible
for simplicity while still providing enough granularity to perform meaningful UNE and
universal service studics. A further challenge was to create a set of categories that could
integrate investment data from the two Audited LEC Switching Models (ALSMs), SCIS
and SCM. After carcful analysis of the ALSMs, the BCPM Sponsors arrived at the

following functional investment categories:
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e Processor Related: This category includes both the SCIS Getting Started and EPHC
primitives, and the equivalent equipment investments from SCM. The group agreed
that switch peripheral processors should be placed here.

s Line Termination - MDF & Protector: This category is identified separately because
these items form a discrete UNE in many states. Includes the Outside Plant block,
Central Office block, protector frame, and protector block.

» Line Port - line cards end associated equipment.

e Line CCS - includes Umbilical Trunk CCS.

* Trunk CCS.

s S57 - Service Switching Point (SSP) equipment.

The BCPM sponsors created mapping processes to combine and cross-reference the

detailed investment outputs from SCIS and SCM into this set of six calegories.

Although the model was created using SCIS and SCM investments, future swilch curves
could be developed using any engineering-based model that produces investments for the
above functional categories. These additional investments could be used as additional

samples in the switch curve development or as alternatives to the ALSM data.

The BCPM sponsors chose to develop the regression model using the Lucent SESS and
Nortel DMS-100 switches. These two switches are the predominant switches for large
LECs today and are expected to be so for the foresccable future in the United States.
Discussions with the sponsor companies’ engineering subject matter experts indicate that
few placements of small standalone switches, such as the Nortel DMS-10 are expected in
the future. Most small exchanges will be served by SESS or DMS remotes.

Switch Curve Development

Regression Model Conceptualization

The switching regression model included 2 separate investment equation for each of the

six switch functional investment categories. In addition, an overall total investment
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equation was needed to ensure that the individual bucket equations reconciled back to a
reasonable total.

Data Collection

The BCPM sponsor companies (BellSouth, Sprint, and US WEST), performed ALSM
model runs for more than 1,700 central office swilches and compiled the inputs and
results using the mapping process described above. The ALSM runs were either
performed with a zero discount level, or discounts were mathematically eliminated from
the results. This ensured that the effect of possible discount differences between the
companics was eliminated, and makes the regression resulis applicable for any company
with the input of appropriate discounts irto BCPM. Since the sample size was relatively
large, some outliers in terms of input date (number of lines) were eliminated. Switches
that had no lines in the input data were eliminated. Hosts and Standalones with no trunks

were climinated.

Table 1 - Switch Sample

Number of Samples | Maximum Line Size | Mimmum Line Size
Standalone 511 95,733 1,621
Host 34 76,112 1,017
Remote 868 12,794 209

The process of creating a regression model and testing it with real-world data was

repeated several times with different combinat:ons of vanables and coefTicients until a
robust and statistically sound model was produced. Any independent variables that did
not contribute to the ability of the model to precict total category investment were

eliminated. The independent variables that werc used in the final version of the model

were as follows:
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» Total Lines

s Calls per Line

e Trunks

o SESS Indicator (0 orl)

A variable measuring CCS per line was fourd to be statistically insignificant in the model
and was eliminated. However, this input was left in BCPM with a zero value in case

future regression models require it.

The following independent varisbles were created from the existing data:

¢ 5E Indicator * Total Lines
o 5E Indicator * Trunks

These variables allow for differentiation in cost charactenistics between the Lucent and

Nortel switches.

Analysis of Regression Results

The estimated investment category equations are shown in Table 2 for stand alonc
switches, in Table 3 for host switches, and in Table 4 for remote switches. Each set of
investment category equations was estimated jointly to take advantage of cross equation

information.
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Table 2. Stand Alone Switches: Estimated Investment Cat

Independent Total Processor Line Line Port | Line CCS | Trunk
Varlable Investment Term CCs
Lines 358.74 18.46 15.74 157.96 13274
(73.49) (9.81) (122.50) (64.49) (43.08)
Trunks Jd6d $22.64
15.73 (148.10)
Calls 822,200 | 419,110
@24 | (s
SE Dummy 220880 | 398850 162,030
(-1.56) (-6.49) (e148)
SE Dummy *Lines 5744 34 -108.64 4547
-9.23 (16.83) (-37.33) (10.15)
SE Dummy*Trunks -241.34
(:60.64)
Constant Liosron | N S
1749
R’ 093 0.81 0s1 | 089 0.89 0.96

Notes: t-values in parentheses under estimated coefficients™. 557 investment category treated as
residuoal,

¥ The I-value is used Lo delermine whether the coefficients are stalistically significant, thal is, the
likelihood that the coefficient Is actually something other than zero. The critical value for this
large sample size and a 95% confidence level is 1.960. Therefore, for any coefficient whose
t-value is grealer than 1.960 we can assume with 85% confidence that the coefficient does
differ significantly from zero,
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Independent Total Processor Line | Line Port | Line Trunk
Variable avestment Term ccs | ccs
Lines 34187 5.98 16.57 164.12 12936
51 (2.15) (97.35) | (5421) | 39.04)
20. 9.6
Calls 1062100 | 486620
@668 | (mase
SE Dummy =604 800 851,270 __{_;_;,!_IQ__ ]
(:3081) | (1002) (0.8%)
SE Dummy*Lines =TL64 45.03 -114.89 .40
SE Dummy * Trunks -155.01
(-24.90)
(16.38)
R’ 0.90 0.65 097 | o091 | o088 | 091

Notes: t-values In pa, :ntheses under estimated coefficients. 557 Investment category treated my

residual,
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Table 4. Remote Switches: Estimated Investment Category Equations

Inde Total Processor Line | Line Port | Line
Varisble Investment Term CCs
Lines 39502 25.53 22.04 21786 | 13643
125.1 (10.64) | (12570) | (93.3%) | (46.89)
Calls 138,340 124,620
(38.16) 40.22
SE Dummy 296,350 154810 | 3449% 134,090
(20.14) 15.89 (39.49) (12.09)
SE Dummy* Lines =113.60 14.97 -10.59 -154.85 15.60
(2577) | (@68 | (3629 | (S010) | (585
R 0.93 0.6 087 | 092 | 04

Motes: t-values in parentheser under estimated coelficients,

BCPM 3.0 Switch Curve Application

BCPM calculates the universal service switch investments in two major steps. The

Switch Functional Investment Development Process computes the total discounted switch
investment, by functional investment category, for each wire center in the study (Figure

1). The model can use category investments generated internally (through the switch

regression model), externally (for example, from an ALSM), or from a combination of
sources. The second step, the Service Specific Investment Process, calculates the per unit

switching investments for universal service (Figure 2).

INDETEC International

Page 139

000146




BCPM 3.1 Swilch Curve Methodology

As Figure | shows, the regression coefficient table, or switch curve, that results from the
regression analysis is an énpuf to the Switch Functional Investment Development Process
(Figure 1), within BCPM. BCPM users can easily examine and modify the regression
cocfficients by selecting the “Inputs™ button in the program. The BCPM sponsors
recommend, however, that the coefficients should only be changed as a result of a
thorough and statistically validated regression analysis.

Estimating Switch Investments
The Switch Functional Investment Development Process applics the switch regression

coefficients in the following manner:

Compile Input Data

In addition to the switch curve coefficients, the model compiles other inputs (independent

variables) to the investmen! estimation including:

» standalone/host/remote status of cach wire center

s switch vendor (or Lucent/Norte! market share) for each wire center
s number of switches at cach wire center

e number of engineered lines per switch at each wire center

¢ number of enginecred trunks per switch at cach wire center

o usage and traffic characteristics

* busy hour calls per line

* busy hour CCS per line

Complete descriptions of these inputs, their development and default values can be found
in the BCPM 3.0 Model Methodology and the BCPM 3.0 Switching Inputs documents
located on the BCPM 1.0 CD-ROM.
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Estimate Standalone and Host Investments

The regression model estimates investments for the total switch, as well as the line pon,
processor-related, line CCS, MDF, and trunk CCS functional categories. The SS7 bucket
is treated as the residual term in the switch estimation, and is forced to a value input by
the user.™ BCPM is supplied with default inputs of $150,000 for the DMS-100 and

$300,000 for the SESS (non-discounted) for the S§7 equipment,

Use of the total investment equation for a "truc-up” climinates the possibility of a large
cumulative error in the total investment that could be gencrated by adding together
individual bucket estimations.

The steps in the host/standalone investment estimation process arc as follows:

1. Estimate total switch investment using the regression coefficients.

2. Estimate the category investments using the regression coefficients: Port, Processor,
Line CCS, MDF, and Trunk CCS.

3. Input $57 residual category investment (from Global Defaults worksheet).

4, Calculate “adjustment ratio™: (estimated total inv. - S57 inv.) / (sum of estimated
category inv, - 587 inv,).

5. Multiply estimated category investment by the “adjustment ratio™ to yield adjusted

category investment.”’

Estimate Remote Investments

BCPM assumes that no direct trunking takes place from remotes, hence the lack

of a trunk term. SS7 equipment is likewise normally placed in hosts or standalones only.

® §57 invesimen! was trealed as a residual since there was little variation across the swilch
types in the dala sample used for the regression analysis.

¥ The purpose of sieps 4 and 5 is 1o simply 1o "true ua”® the sum of the category invesiments by
reconciling the sum with estimaled lotal Investment
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The steps in the remote investment process are as follows:

Estimate total switch investment using the regression coefficients.
Estimate the category investments: Port, Processor, Line CCS, and MDF.

Calculate “adjustment ratio™ (estimated totel inv.) / (sum of estimated bucket inv.).
Multiply estimated bucket inv. by the “adjustment ratio™ to yicld adjusted bucket

Ea . A

investment.**

A test of this category investment estimation process 15 10 determine the degree of
prediction error; that is, the extent to which, on average, each estimated category
investment differs from the actual investment. Table 5 presents these prediction errors.
As indicated in Table 5, the prediction error is coasistently very low and never exceeds
5%.

Table 5. Functional Category Investment Process Prediction Error,

Tolal Processor | Line Line Line Trunk 557
Invesimenl Term Pon CCS €es ]

Stand -0.95 % -1.59 % DO0B% |055% |-1.16% |-13T% 2.26%

Hosl -1.18 % -265 % -3.34 % -143% [084% |-225% 1.22%

Remole |-197% |-084% |-167% |-442% |-095% [NA NA ]

Switch Curve Estimation Completed
The BCPM switch investments by functional category are now passed to the discounting
module, which calculates the discounted investments (Figure 1, step 1.3). The
discounted investments are then passed to the investment selection process (Figure |, step
1.4).

* Since line termination Invesiment does vary across the switches in the sample used in the

regression analysis, an equation explaining such investment can be estimaled. Hence, there
is no “residual® invesiment category for remote swilches.
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Figure 1: BCPM Switch Functional Investment
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Figure 2: Service Specific Investment
Development Process
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Benchmark Cost Proxy Model Results

Wi mim
TOTAL SUMMARY
BELL SOUTH
FLORIDA
WIRE CENTERS [196]
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FROCESSDNG - FLECUMI T eS| « FLECUNY

000154




Section 4

BellSouth -- Proposed BCPM 3.1 Inputs

000155




BELLSOUTH TELECOMMUNICATIONS, INC.

FLORIDA
BENCHMARK COST PROXY MODEL 3.1 (BCPM 3.1)

DOCKET NO. 880696-TP

MODEL INPUTS AND ASSUMPTIONS

Introduction
The Benchmark Cost Proxy Model (BCPM 3.1) includes default values based on

nation-wide experiences of several different companies. However, rather than using
default input values, BellSouth has used BallSouth Flonida-specific values for the major
cost inputs including structure costs, cable costs, drop cos's, swilching costs, interoffice
transport cosls, serving area inlerfaces, and other components of the network. In
certain instances, the BCPM may require inputs at a level of detail (e g, mix of plant by
soil type and population density) at which BellSouth-specific data is nol available. In
such instances, BellSouth has reviewed those inputs and cetermined that the default
values are representative of the forward-looking costs expected to be incurred by
BellSouth in Florida. The following discussion describes, by major category of input,
whether defaull input values or BellSouth values were used.

INVESTMENT INPUTS

§tmctura!

The structures input tables include the costs of placing conduil for underground cable,
the contractor labor and engineering costs associated with placing buried cable, and
the costs of placing poles, anchors and guys Specific inputs required include the per
foot unit costs, the percentage of time specific activities cccur, and the percentage of
the structures costs assigned o the telephone carier BellSouth used the default
percentage of lime each activity is expecled lo occur since these percentages are
consistent with BellSouth subject matter expen estunales, but used BellSouth Flonda-
specific unit costs per foot as well as BeliSouth Florida-specific structure sharing
percentages to reflect values representative of BellSouth's costs in Florida. BellSouth's
structure unit costs are based on a review of the len oulside plant contractor master
conlracts BellSouth uses in Florida.

Cable

BellSouth Florida-specific cable costs for both copper and fiber cable were used
Material prices for copper and fiber cable were oblained from Property and
Procurement Services Management (PPSM) reflecting actual purchase pnces paid by
BellSouth. Telephone company engineering and labor costs, derived from BellSouth's
in-piant loading factors, and levelized inflation factors were Lsed 10 convert the current
material prices 1o a forward-looking installed investment (less contractor costs which
are handled separately in the Structures tables of BCPM 3.1).
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Drop Terminals
The study reflects the fact that all terminals of size less than 100 pairr are treated as

exempt material in BeliSouth and are included in cable costs via the in-plant factor for
{he cable costs. Therefore, tarminal costs less than 100 pawr are shown with zero cost
in the BCPM input tables.

F r Distribution o

BellSouth-specific feeder distribution interface costs for Flonda are used The material
ptices are obtained [rom PPSM records of actual purchases by BellSouth  Engineering
and labor cosls were developed from in-plant lactors

igital Loop Carrier (DLC
BellSouth does not use all DLC system sizes available n BCPM 3 1 Therefore, the
defaull values in BCPM 3.1 for DLC were raviewed by BellSouth experts and
delermined to be representative of the costs BellSouth would incur in Flonda to provide
integrated DLC in the various system sizes designed by the mode!

Central Office Switch

The switch module in BCPM 2.1 includes many BellSouth Flonda-specific switch inputs
Additionally, the switch regression curve s used in BCPM are based heavily upon
BellSouth's swilch costs

Interoffice T
The interoffice transport module in BCPM 3 115 based on BellSouth Flonda-specific

transport costs

Signaling
Default values in BCPM 3 1 for signaling investments were reviewed by BellSouth

experts and determined 1o be representative of BellSouth's costs

Conduit | Manhole

The handholes, manholes and conduit costs per duct foot in BCPM 3 1 are based on
BeliSouth-specific values taken from Ihe master oulside plant contracls

Plant Mix

Since actual BeliSouth data on plant mix is not avalable by soil type and poputation
density, BellSouth used the default values for the mix of copper distribution, copper
feeder and fiber cable by placing type [aerial, buried, underground) These default
values reflect a reasonable approximation of the variations i plant type expecied by
BellSouth as soil type and densily vary

Density Fill {Utilizalion)

BellSouth uses the default cable sizing factor of 100% for distnbution cable  This
factor, when combined with the input value of 2 distnbution pairs per housing umit, is
designed to yield an actual fill representative of BellSouth's projected 1l for distribution
cable The copper leeder cable sizing factor is designed to produce a fill equal to the
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projected fill for BeliSouth's feeder cable in Flonda. The values input to BCPM 3.1 for
cable sizing do not reflect actual fill of the cable. These factors are used lo determine
the appropriate cable sizes lo be deployed.

CAPITAL COST AND EXPENSE INPUTS

i
BellSouth's proposed eaconomic life and future net salvage percentage for each
category of plant is used to determine depreciation expense in BCPM 3.1,

Financial Data
BellSouth used a rate of return of 11.25% Additionally, BeliSouth used Flonda's gross

receipis and ad valorem tax rates,

Support Assets
BellSouth developed BeliSouth-specific support investment ratios for input into BECPM

3.1 using forward-looking 1998-2000 projected investments. Suppon assets are '
determined in BCPM based upon ratios of support asset account investments relative
o network plant investment.

nse

BellSouth developed BellSouth-specific expenses per line (or expenses as a percent of

investment) using forward looking perod expenses. Expenses developed on a per ling

basis were based on projected forward looking 1998-2000 expenses and average

1998-2000 projected total physical lines to develop forward-locking expenses on a per

line basis. Other expenses are expressed as a percentage of investment (e g, COE

digital switching plant-specific expenses as a percentage of COE digital swilching

investment) using forward looking 1998-2000 projected data These forward-locking

plant-specific expense factors are the same factors used in BellSouth’s TSLRIC cost

studies submitted July 31, 1998 in Florida 980000A-SP: Undocketed Special project |
Fair and Reasonable Rates. !

The table on the following page shows the development of the expenses expressed on
a per ine basis.
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6ST000

a

Network Suppon
General Suppon

1aT

Other Property Plant
Network Operations
Marketing

Seivices

Executive & Planning
General & Admin
Uncollectibles

Tolal Expenses

BELLSOUTH EXPENSES PER LINE

1958-2000
Expenses

b

10,755.204 45
568,701,312 45
129,608 954 35

9,580,706.59
851,910,305 53
598,586,850 80
1,078,693,062 82
4515364212
1,123,983 530 84
$1509,801,000

Ao n

54,577,074 580

Annual Monthly % attnbuted
Total Physical Expenses Expenses to
Linas PerLine Perline Basic Service
(See Note 1)
€ d e [
25212407 50.43 S0.04 T3 54%
25212407 52256 5188 76.85%
25212407 55.14 5043 B5.74%
25212407 50.38 50.03 7983%
25212407 53379 5282 79.86%
25212 407 57374 S1.08 £8.25%
25212407 S4280 53.57 12.84%
25212407  S1.79 $0.15 6558%
25212 40T S44.58 53712 65 54%
25212.407 56,24 5053 61 4%
25212407 518154 151

Basic Local Sve

Mo. Expen
Per Line

:

B [bEEEERk

Note 1: Percentages altnibutable to Basic Local Service developed on Workpaper B

Workpaper A
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DEVELOPMENT OF EXPENSE PERCENTAGES ASSIGNED TO UNIVERSAL SERVICE

BellSouth Telecommunicalions, Ine. -BellSouth

1947

ARMUS 43.03 ARBES 2304 ARMLG 4304 irdyratate Termeed Urverriad Serace hmowrty Peoed
in | Apcourt et gton Totsl Hea Haletenen Com L Locs S Com Ln Lol Sw Tots LUrws 5ot
(&) 8 i<i (o i€} iFi iSi
D+BI 2 SEENDTE" FD+E CeFIA
Eapenag Dals
1 610 Network Suppor Espenae 10,144 000 Ln 4000 1,483,000 39,000 % 556 000 1504265 TARDNS  TIEN
2 8120 General Support Expense 550079000 Ln 010 55247000 1JETO00 244858000 TT.75T #43 42217540 TSN
3 END  Information CrgTerm Expense 13185000 Ln 5080 29,151,000 0 MATEADD 0 METEA000 85 T4%
4 E510  Osher Property & Plant Exp 9029000 Ln 5000 1,485 000 130 000 £.540 000 1.275,447 7215847 AN
5 653  Hetwork Operatons 854 729000 Ln 8O0 1ES811000 JOSMS000  SEI2M000  1XOETESTY TwA2ET) TR M
6 S610 Markeing Expense 545352000 Ln TOOO G555TO00 14006000  3E2.268 000 B30B0 248  ATDJEMG  EG25%
7  EB820  Services Expense 1051159000 Ln 7310 30,242 000 23000 120958 000 15012688 125000688 12 %
8 END0 Executve and Planning Exp A9 047000 Cont a THM o5 Tetme 71754 B0 ) <5 870 554 5202765 RISIE G5
8 E&70 Genersl & Admwnssirasises Exp 1217283000 Cut im S8 im e 1EEE1TI50 0SS 00T 6568943 1M MNOTTE TATASDIM £554%
10 Total Corp. Oper. Exp 126830000 Ln TIM TTAAS000 21 768000
11§70 UncoBechibles 158 501 D00 HMM4an  S1 MW
12 Total Expentes 4 472 39,000 SEIM2000 TINTOND 2724000 45118240 JAOTG4ARSH SOEOW
13
14 Basic Local Senvice Revenues |Hegulated) B.657 518,000
15 Tolal Operating Revenues (Regulaied) 14,115 083,000
18 % Bask Service 1o Total B M%
17 Basc Local Sve Uncolechibies TR

HOTE 1 Expenses ssaocuabed win local swichng se Oeveioped by tang e locsl swilcheng ewpenses from ARLES (cokumn C) for each siale, deided by the slerstasle
Duadl Equepmaent Manctes (DEM). multphed by the cal DEM Thie resu®y for all nene BedSouth stales a0 summed and shown in Column E
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St -Cikhal Inpets

Manual inputs
Global lnputs

557 SESS 300,000.00 557 Investmcnt - SESS
55T DMS 150,000.00 S57 lnvestmeni - DMS
|Fagincering Option D Iefault Engmecrod CCS snd Calls per Line
Jus¥ Opiwm D Calculation of USF Insesmment por Lise
11 Mull - “licavy Busncss” | .oading Mulnpler]
[Nt Mull 1.2 Mmimum [osdmg Maltiples|

Pen it 03 Husuness Mepctration Hatio
[EscentCCS Option L Inchde Rescrved CCS lavesment ia Line Port or Usage?
fLT_MDF_Prot USF Pey 100% Portion of limc prosecior aad MDF stributable 1o USF,
|Line Pon USF Par 100% Portion of | me por stnbutsble 10 USF.
| el syl ostrnimt 80,000 1 me Capacay Lonura
foCSCapConstraing 1,800,000 CCS Capacity Constraint
[CalisCapConstraint 600,000 Calls Capacity Constraint
floc TDM Calls 0.98 Direct Rowted Fracton of |acal IsteroiTice Trallic
|5 Threshold 4000 Small Office Standalose Threshold
J11_Theeshold 3500{ Senall ONTice Host Threshold
{R_Threshold 500 Semall Office Remote Threshold
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S hmp-Cikobal e

SWhiscAdjFactorTable
[Swritch Type: Proce beor MODF & Protector | Line Port Line CCS Trunk CCS H
sE 19322 06171 09301 0.9561 0.9715 0.9931
\ER 0, 7959 0DoeiTl [IELE 1.9630 09935 NA
Jonasai 09769 0617l (LGS (L9685 0.9806 09782
foaese 0.9254 16171 0.9950 0.9791 NA NA
Partitioning Percantages for Small Swilches
Processor [T UnePod  |LUneCLS| TrunkCLS | MOF/Prot 557
Standalono 3% 23% % 6.17E-02 458602 236602
[Host 19% 26% 0% 7.92E-02 570E-02 1.05E-02
[Fomote 33% 28% 34% 0% 5.91E-02 0%
Vendor Discounts for Small Swilches
[ Vondor 1 [ Vendor 2 [ Vendor § |
[Efoctve Duscount 0.00% 000%  0.00%
Irwesiment Parameters for Small Swilches
Vandor 1 [ Vendor 2 | WVondor 3
Sdarsdabore Irrvosimanl por Swilch | & : > - T =
$ 4260 § - §
ﬁ-hu invesimeni por Swilch | $ 58026260 § -  §
5 4269 S - 5
hﬂ- o Invosimont por Swilch | S 5426076 $§ - S -
| ] 5 14458 § - § -




S LR

ARsg Amsay
Amay Ay | Pergars | Parcesd
Porcant | Pascant Tol | Mssidence | Business Datmadt Cwtwan
Blsts Liotad Cabs Cala Linss Linas gl natrsdC abel ina
AL [ 17| TAeiw] 3050 13 S50 |
AK 5% | 614w V1 FE! FL]
a2 TP ] 1308 38 170 3 360 |
A [ 1T 131 2381 K] 360 |
CA TN I a).9N [YTEn 14 J 60
o TE 17%]  69.70%] 030 FX} J00
o The | 1% v o EX) 360 |
b | §300%]__ 35000 X} Y80
ne LI EVIEDY TR ERD b J 60
n T 1% 6938%]  30.64%| 748 3294 |
A PO 10%]  da et 30 4% 14 360
n [ %] sfER%] 2010 21 JE0
m i P 100 36.70P FE] 360
n 1% V] 63.72%] 161N 13 300 |
B [ ] T0.04%] 2008 X} T80 |
Ty [ 16%]  1561%] 2437 FE] 300 |
T [ 17 ew9i%] Y001 FE] 360 |
13 (Bl UL LT T FX) K1)
LA 3% T 30E-03]  10A%a  2A 1% 33 3 60
] L FE] 360
WD [T 17%] 6dme 15 01% FX] 300
LA 444, 6]  S0een] a4 Dt 3 380
\a Bite LN AT R 13 L]
[T 'Iﬂi [T EN [rrsn M) N P J B
[T R ES TAA | FERLLD 33 h |
[ M i Tiaral I8 31%| FX ] 360
MT I T 13 360
5] [ [Ea T1.50%| AT 13 is)
Ny Behe]  66.55%] 3D .4TH ] 360
sH 4) T ST A4, T2 13 160
[T 3 Ti%]  66.30%] 30 714 ] L]
N (R 1]  Taap] 24.51% 15 360
MY 4% I At aata] 14 Md% 14 S8l
T ] T6%] T1.00%] 20 G0 F] — 380 |
nD T [ i? 26 21 38 360 |
ol (b Rl TLITW 38 % i3 30
o i 1% 1] 2h0i% K] 360
rm i To%] 71075 24 91 13 360 |
A K4 188  on11%] V] el i) 360 |
[ 1% 19 a4 1] 38 24 Jed
[T T 1] TLDW] 28 V1% ) 360 |
w [ 1] J1iP% 7119 FE} 360
7] ) 1] TN N K] 160
™ P 93E-02] Tive  37.01% FX] 60
™ [T 1] 610 9111 19 360 |
i T Tive] 71 0%  Ji0i% 19 580
vi Tira, 1] “F0.30%] 19 TPl iy R
Va § il 19%)]  6i6r 340w 74 360 |
WA [ 1% T0.04%]  J0BaYe 14 4 60
(XY = TI%]  7H.00%]  34.00%, X ] 3
wi Tt 6% o9eT™h] 303N i3 J 80

000163




[FWsumDelzaltinputs

e e il
Akt of namber of | numberof | localEAR P g
| Rt o by | by hasar mnbesr of | bumy howr | locslTAS | Minutes par | b of boll | il Wnutes
o loealEAS | locslAS | buwy b toll | lod calle par | Mlives par onll pas | blieaten pae | pad call pat
e i s il per T Rl e L T ol s Teuminmay
renidence bne | buminesd Bem | ceadence Bne L L ] T rensdann e ind
7 117 0.4 09 220 220 b ¥ 420

2|6lx|lz |z (8 ]8]2 5 5] 2] 2|z 2| o s| 2 5|5 5] 515 |8 |8 s 2|2 |5 |2 m o= 2 7 R R |2 2 o |5 |5 5| B

000164




el | Ltaatal
L
Cobouisind | Caleulstad [R—LY e -
Engomersd | Esglesarsd e Beiting | Tewe Lk L L B

— T T

AL < - Bon B o] T
M . - 30117| 00| 00SI7|  oboes o TN
Al . ¥ 50117| 0OTa| 0O0S/f|  0oDo8? B ELL|
r . : 17| o©OOfaa| 008 = |
TA . - JG117| _oorsa]  GOaTi| 006k W A
o . - A0117]  Gofs]  00s77|  Obes o T
3] . - @01V7| oD/aa| 0ODSI1| ODMes ) T
ot . - W0117] 0G|  OOATF|  Oo6ar P L
[ . - mOI17| 0O0i3a]  GOSIT|  ooead o £
n 248 334 | 0009w 01i13| OOBMD] oo T i)
[ - - 50117] _0O/3| 00Srl| GoeAd [ 0|
W . - C0117] 007 0DsIT|  ODoa? o |
in - - CON7|  0O0F3a| 00577 oobar sr £
i - - CO17| OO07a| OO0SI1| Ooear a0 BT
™ - - CO117] OO0/a| OOSTF|  00oe? &P ELL|
A . - Co117] OO0/| 00ST7|  0o6Ar s i
[T . - T6117| OOF38| 0O0D577| 0 06az o i
LY . - T0117| 007A| ODAIT| 00082 o na
LA - - oonT| o 005iT| ooea o EL
T . - G0117| 0O073| 0057|0062 ) i
[ - - (1111 ooraal  oosY! [] B L
A - - CO01N7| OOfaa] 0OO0S/7| 00687 " WA
i - - GO117] OOfa| 00&77| 00682 e A
[ - - GoiT| o0fa8] 00%7| oDma s |
T - - nbI17| 0073A] O0S77| 00682 o |
) - . Bo11T| o©Ora| O0O0si7| ODead o) T
Wi - - BI117| GOIM| OOST|  O0Sar ) K
] . - OJ117|  ooDfia| GOSITT| ooeA? By M
WY . - [FIEE] [Te] opsrr [T F] P i
[T . - 03117 (1] 00577 0 DOAZ by |
Y] . - G 117] ODFa| Go0471|  oooad o ma
N . . 03117| oofaa]  oosT? o oang AP A
Y = . 00117] ©OO0FaA| GOAIT|  006ar ) M
"3 - - ©aii)] OOFMA| OOSI7| 0DBE} [T Y
) - - DaT| oofaal  G0SI7]  006A2 s, L]
o - * Dai7|  oOjaa|  00&7F| obeas e £
o - - 04117 00738 0057|0062 ) D
- 5 . Tai17] DOFiA| 00%7| 006l o i
Fa - . Banr [T1E] O 05TT [T F] i T
" . . Daiir| ooraa DOaTf| OoDA2 [ i
M - - Oaiif| O0f3a| 00a77|  Oo6ed iy Ha
3 = = Goiif| ooraa| o 0 0oB2 W i
[T . - ooiil] 0 [] 0 Dhed e i
™ - - Do117| ODT3A| 00W7| ooeed [ M
™ . - Toii7| Goraa]| ooa7| @ i T
(5] - - Goiil| ODfa|  OOSIF|  OoBAd Py BL
w1 . . BLiiF| OOF3A| OOAIF| 00687 [ e
Va . . [T L) 0 DAl [ BT
wa - - OCiVf| GOl 6 © DA i H
WV - - DL117| 0O7A| ODAI7| © ora ma
[T . . GLi?| Goraa) 0 ooid ma

000165




2 BRI SRR ERIEE SRR R EERIEEREREEEE
£ SERREEIEEEIEIEREBEREREIE G RIS RIS EIEIEIEIEEEERIEEE
B HHEHEEEEEHEEEEEEEEEEEEEE HHEEHEHS
i HE e e Y R A A R S R
552
“u LR EEERERE R EERIEEEIEEEEEEEEIEERIEERIEEEE]E
1
i . |
g SHEMEEHEEAHEEHBHEHABHEE L E alelzls|slslE 15l
&
2

000166




g
[l

Rasares COO Bl
B E Bamats

Fewerve CLB
FLn: 50 et

764

s|s|=|z[s|n|=|3 ]z |8|R |5 (5| 5|2 2|2 2 2|5 |5 |5 5|5 |5 5| 6|5 |5 2|z |5 == o] |2 |2 (R & |2 e |0 (6 |k 3 2| §

=
>

H 1<

L]




1129

KY
KV
M
By
O
ra
LT
V&
WA
-y

000168




691000

A H C | £ | E 1 ¥ [ [ | H | 1
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SEN*Total
LinevSER*Total
1 [Switeh Type Variabie Total Lines Trunks Calls Line CCS SEIVSER Lines SEN*Trunks |  Coastant
L] |
5 |StandAlencCociTickents “ e | ~ | ‘ Sy
6 [Toaal bow 358.74 1464 §22.200 0 220 880( -57.44 ) ol
? [rn 157.96 0 0 0 0 -105.64 o} 0
b [Lme s 13274 0 0 0 -162,030 4547 0 of
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11| 557 Shaws == sl —
L | _ _
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15 | Total lew LEIE) CIKE 1063100 0 504 500 SjE) [ 0|
s 16413 0 0 0 0 5L ] 0|
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= 165 [ ] 0 0 0.00] 0] o]
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B
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BCPM Loop Cost laputs
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2000

Inputrep.xls

BCPM Spucing Iuputs

Spacing Tables
Feeder Spacing Table
In Feet
Manhole Relatve Pole |
Density Spacing Pole Spacing | Guy Spacing Units

0 5 250 1 500 6,00

6 725 250 1500 6

101 258 250 1500 6,

201 ppll 250 1500 6,
651 S50 150 1000 667
E51 530 150 500 in
2551 £50 150 S00 11
5001 550 150 500 113
10001 550 150 500 13

Distribution Spacing Table
In Feet
Manhole Relative Pole |
Density Spazing Pole Spacing | Guy Spacing Units

0 725 250 1500 6.

] 15 250 1 500 6.

101 725 250 1500 6.

201 T35 250 1500 6.
651 3¥0 150 1000 6.67
851 550 150 500 13
2551 450 150 SO0 11
5001 550 150 500 13
10001 550 150 500 13

172798 3:18 PM]
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Equipment Price Inputs

1834
Units Syster
Descniption Material Onher | Utilizanion | Discounr | Requured | Capacity
[Fiber [ip Cable (Per Fiber) $ ns 1 850 310% 2 Vanes
Fiber Patch Pancl (Per Fiber) S 167 % 17 RSO0M  ST.0% 7 Ve
Sonet Terminal Shell (OC3) s 16710 3 &[] NA 31.0% 1 84
DS3 Card $ 3749 § 1M 6107  45.0% 1 %
D51 Card S 564§ 19 1000%  450% 1 I
Sonct Terminal Shell (OC 12) $ 35656 5 15M4[ NA 41.0% I 336)
OC3 Card $ 6418 8 235 NA 39.0% 1 84
3 DS3 Card (OC12) $ 10670 § M6 A% 460% 1 84
Sonet Terminal Shell (OCA8) $ 75742 8 39om2[ NA 41.0% 1 1344
OC3 Card S 14435 $ M| NA 57.0% 1 84
3 DS3 Card (OC48) $ 1060 § 282 220%  S60% ! 84
DSX3 Cross Connect Shell S 7016 § 954 17.0% 380% I 443]
DSX3 Cross Connect Card $ 596 § 17 270%  5)0% | 28
[DSX1 Cross Connect Jack Field |5 1490 § 5210 850%  50.0% | 56,
[Thanncl Bank Sheif $ 46 3 MM 850%  33.0% I .
Channel Bank Card $ 199§ 12 85.0%  330% I 0.041667]
Fiber (0C3) $ 16710 $ 87 NA 41.0% [ NA
Fiber Repeater (OC12) $ 35656 $ 18M| NA 41.0% [ NA
[Fiber Repeater (OCA8) $ 75742 § 392 NA 41.0% 2 NA
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[ “Digital Elcctromics

Jopa s ou 3 75,000 00 [Matcral & Installaton for Fiber Optics Termal st CO and Customer Loc
Ceaper TI 5 2,500 (0 [Average Cost per [15-1 on copper (both lermanak & repeater )
[P TermFrame 1 o [Matenal & Installston for Fber Tormenstson Framel st CO
i Hand 5 o (Mgl & lnasllason for DA nope egusprment
b trowne F ol 65 4% e Fill Facton fon Elecionscs
[ g 2% bl Factons for High Capacity Opis: Mubiplevers
|5 maliDLC Dy onnt 0* | Semall [0.C Flectroncy Dascount *s
[ ae peDLC Thacount 0 o[ Large DLC Flectronss Descount *
[MaxCOTINCL i 2006 [Mavunum Centeal Oilsor Termmal [MC-L Soe
IMaxCOTDLCS = 672 [Maxumum Ceontral Otfsce 1ermanal INC-5 Swe
[COTIMCL Perlme 5 15 5% [Contral Otfsce 1ormanal DLC L Per hine Investment
[COTDILCSPerLine 5 18 4 [Conral Office Termunal DLC-S Per I Iy eximeni
~ Financial Data
Returmi nk qusn 14 4% | Ketumm O E guan
1 et aae & 5"l et Kate
| Je o Bt S0P b Hatwi
Tas Data
FederalTarRate 35 0% oJhodersl Tan Kaie
Sisie TavHaie 5 3% Simie Tan Make
A\ akowemlivursnc e 09 sl Ad Valoiem lnsstsme, ok
TanKuic U Onbser Tan Hate
Tax Depreciation
ook S malCures CGAS|Use Survnal Cunes
ook C ont enbon M Y e | C ooy catmon
LG VG ELGIELG VG
ook WL HIL Kemasmny Lile| WL ki
Calculatcd Rosults
DLC-SDwconunt SREF|IM.C Small - Precng raio alier Dncount
IHLC-L D oisind sHEFIN.C Large - Prcung ratso siley Dvscounst
b C ona Halso SREF [ Fobnr cable vont paisi sl e osil
‘opperCouilatio sHEH [Copper Cable Uont tato slier docoust
SoppeTleange (ML g ol copgen cable
Viersisa 3 lapul Change: Eutrmded inlr Lime (-'thih
JFCOTIM CLPerl e b s K ange 5 15 58 {Conival { Hine Innnul-r}l Col 1er lne lonventinenat fow Fubended Range Line Cards
k{}‘l DL CSPerlincE s B siage % 18 5 Jenteal (Hlme Tevmanal ILC-5 Per buse liovesbimend ko | viondod Bange 1me Cands
IRTOLCLPerlanck \Rasge 5 IKT 50 [ Heviwsbe Bovmanal P C-1 P b bnvestinend fon | vicsdod Range e Cards
[RTDLC S Perl sncE sRange 5 125 00 [Mewiote §ovimansd T U5 Per e Investment o | swombod Bange Line Cands
[Hscak PosnE Rangs i 0 eahn J fecal et (s toed ) wbem Eviended Kasge line cards sre Regueied i DLC
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BCPM Expense Inputs

Expense Inputs

Aggregate Support Inputs

Levels Resdence Husiness
Aggregate Support Level ar L1 1363 | § 3126
Aggregate Support Level at s ioo| s £1.00
Aggregaie Suppont Level ar: s 4000 | § 40.00
Aggregate Support Level ar: 5 50001 % 0.00
Aggregate Sopport Level an: s 6000 | § 6000
Aggregate Support Level al s 00| S 70,00
Aggregaie Support Level ar $ EDOOD | § 50.00

Support and Expense Factors for Tier | Companies

o Support Ratio Table

(=] Support Accounts

=] 1 2 3

N Investment Sapport Accounts Small Modum Targe

ﬂ {6112 Motor Vehicle 0.739%) 0.739% 0,837
[6114 Special Purpose Vehicles 0.001%, 0.001% 0.000%
{6115 Garage Work Equipment 0.032% 0.032% 0.018%|
6116 Other Work Equipment 0.627% 0.627%| 0.833%

122 Furniture 0.233% 0.233% 0.086%!

|61213 Office Suppon 0.701% 0.701% 0.276%
J6124 General Purpose Computers 2.965% 2.965%) 2 662%
Total Support Ratio §298% 5298% 471%

Inputrep.xls TRR9RR:17 AM]




BCPM Expense Inputs

Per Line Monthly Operating Expenses for Small, Medium and Large Companies

Resldence Expense Table Hewdental
Cout USUAR Fixed Cost per Line Eapense *v per Imvesment
Element Account Small Mcdium Large Small Modm Large
Network Support Expense 6110 3 0158 015] % 003 0.0000 00000 0.0000}
[General Suppon 6120 5 .20 % 12015 145 MNIA A NA
COE Switching 6210 5 034 |8 034 |% 0.0000 0.0000 00359
ICOE Transmission 6230 5 0238 0231 8§ - 00000} 0.0000] 00194
Information Orig/Term 6310 5 0.07 | $ 007 (% 037 N/A NIA N/A
Poles &1 3 176 |8 276 |3 0.0000 unmu[ 0.0155
@ [|Aenal Copper Cable 64211 5 - |8 5 - 0.0000 0.0000 0.03
& [Aenal Fiber Cable 64212 5 - s 5 . 0.0000 0.0000 0.001
Q©  |Underground Copper Cable 6422.1 H - |s H . 0 0.0000 0.0214
g Uinderground Fiber Cable 4222 s - s «Is 0.0000 u_mml 0.00
C) [Buried Copper Cable 6421.1 5 - |s 3 . 0.0000 0.0000 0.0
[Buried Fiber Cable 64232 s - |3 - |s - 0. 0.0000 0.0014]
|Conduit Investment Sysiem t441 4 - IS - IS - 0.0000 0.0000 0.002%
[Other Property Plant 6510 5 003 |S 003|% 0.03 o.m n.um[ m
[Network Operations 6530 3 133 |8 133 % 225 0. 0.0000
- 6610 5 035 % 035 |% L7 N/A N/A NA
Services 6620 $ 242|8 24208 0.46 N/A N/A NA
|Executive and Plann 6710 s 0148 0.14 | % 0.10 N/A N/A NA
|General and Administrative 6720 s 215(S 215(83 24 N/A N/A N/A
[Uncollecubles 6790 $ 0178 01753 032 N/A NA NA
Total Expense Per Line Expense |5 14|35 11345 9.14
Inputrep.xls TAR9R R:17 AM|




BCPM Expense Inputs

Per Line Monthly Operating Expenses for Small, Medium and Large Companies

¥S2000

Business Expense Table | Business
Cost USDAR | Fuued Cost per Line Expense %s per Investment
Element Account | Smal Medium Large Small Medim Large
Network Support Expense 6110 $ CNER 0Ls)s 0.03 0.0000{ 0.0000 0.00004
{General Support 6120 3 1208 120§ 145l NA N/A NA
[COE Switching 6210 5 0348 0345 0.0000 0.0000} 0.03$
[COE Transmission 6230 5 023|$ 0238 - 0.0000 0.0000 00194
Information Orig/Term 6310 H 0078 0078 037 N/A NA NA
[Poie a1l Is 2768 276 |8 0.0000 0.0000 0.0155
Acrial Copper Cable 64211 s s s 0.0000| 0.0000 0.0399)
Aerial Fiber Cable 64212 H 5 $ . 0.0000 0.0000 0.0019
Underground Copper Cable 6422 | s s $ . 0.0000 0.0000 0.0214
Underground Fiber Cable 4122 H - |Is 3 . 0.0000 0.0000 0.003
Bunied Copper Cable 6423 1 s s s . 0.0000 0.0000 00
Buned Fiber Cable 6423.2 s s $ . 0.0000 0.0000 0.0014
it Investment System 6441 s - 1% «I's - 0.0000 0.0000 0.0025|
[Other Property Plant 6510 5 003]$% 003|$ 0.03 0.0000 0.0000 0.
Network Operations 6530 s 133]s 13318 225 0.0000 0.0000 0.
Marketing 6610 s 035]s 0355 171 N/A NA N/A
Services 6620 s 24218 242(s 0.46 N/A NIA NIA
Executive and Planning 6710 s 0148 014 (s 0.10 N/A N/A N/A
and Administrative 6720 s 2158 215 s 2.44 N/A N/A NA
Uncollectibles 6790 5 017]s 0175 0.32 NIA NIA NA
otal Expense 3 EJE 11348 A |
Inputrep.als 72898 817 AM)
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952000

Inputrep xls

Capital Cost Inputs

BCPM Capital Costs Inputs

Economic Future MNet
Life Tax Life| Salvage Sarvival
Account {vears) | (vears) | (percent) Cunve Gompertz C | Gompertiz G | Gompertz S
Land 1] of %] Square Life Q00000000 000000000 0. 0OOOO000]
Motor Viehicle 8 3 16 CGA&S | 3R000000] -D00167T0620|  0.00936039
Special Purpose Vehicles 7 3 o CG&S 1.0T162956] -0.00114623 0.0003 1873
[Garage Work 12 s 0% CG&S| 0260000000 -0.17998568)  -0.02879616)
|U|:hrr Work 15 5 s CG&S 0.71000000] -0362995441 01028
Buildn 45 iLs . CG&S 1. IR428730] -0.10144570 0.01557655
Fumiture 15 $ 0% CG&S| 095000000 -262877800] 015608743
Em: Support ik 115 $ §% CG&S| 0950000000 057143143 000484797
|Ueneral Purpose Computers L1 5 0 CG&S|  0.99000000| -92 68154400 -0.54973087
Switchi 10 5 0% CG&S|  1.13339740] -0.21745512 0.02396884
ICircuit DLC 9 5 0% CG&S|  1L.O3000000| -0.578373200 O
Pole M 15 Bl CG&S|  1.03000000| -0.09352546 -0,00225
|Acrial Copper 14 15 -14% CG&S 1.02000000] 118860420 0.02146242
1 Fiher__ 20 15 % CG&ES| 102000000 -1.18R604201  0.02146242
M 12 15 CGAS 1102494000 -0.33410041 0.024011
Underground Fiber X0 15 CG&S 1.10245400] 033410041 0.024011
Bn:mtg_nppu- 14 15 CG&S 1.06000000| -0.07T9635 000449,
Bunied Fiber 0 15 CG&S 1.06000000]| -0.079635 0.
onduit 55 15 CG&S 1.71629560| -0.0011462) 0.00038173

12898 8:18 AM]
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FPSC DOCKET 9806%-TP
EXMIBIT RMB 4
PAGE 1 0F 1

Loop Network

EXAMPLES
Shorter Loop

FDI - 3000 FEFY DISTRIBUTION DENSITY 9-§

X “ﬂr-\ ,,.r

FEEDER DENSITY 0-5 ¢ NI~y ﬂ
@ Copper Feeder 2
CENTER

'

# *
Distribution =Y <f—@ 11990 FEET
Copper Terminal
Longer Loop FDI - 18000 FEET
o DISTRIBUTION DENSITY 0-5
FEEDER DENSITY 0-5 '-"-(" NI
WIRE Fiber /;;\ Feeder k X B\% | [
CENTER \y Drop ‘: .
Distribution ’
OO <f—@ 11000 FEET
Copper

Terminal




	980696 - 848
	980696 - 849
	980696 - 850
	980696 - 851
	980696 - 852
	980696 - 995
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	980696 - 999
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