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Applymg unll mvesrment costs ana Structure factors to caLcuLate roraL loop plant
Iw,t!srmt!nl costs - .-\iter the Loop \1odule has determined the number and size of all loop
camponent5 in the network. it calculates the total loop Investment costS The Loop· 
\1odule costs out the nerwork sheet by matching the calculated copper and fiber cable
sizes \1, Ith per foot plant costs for copper feeder. copper distnbutlon and fiber The
Investment ~osts for other plant types are calculated using the same basiC method
Because mam feeder segments typically serve multiple CBGs along the feeder route.
formulas assign the feeder segment costs to each associated CBG and then to each
household using the "Segment Type" and "Household Count" variable described above

.-\iter these investments have been detennined. structUre cost factors (i.e.. the
Distribution Cable Multiplier. Feeder Cable Multiplier and Fiber Multiplier) are applied.
As explained earlier. different strUctUre factors apply to each combination of plant type
(Aerial or Underground). Density Zone and terrain type.

For example. the cable structUre percentage for a eBG that was served by cable
feeder but which had a Segment Type 2 of SLC and a Segment Type 3 of AFC 
meaning that other CBGs further out along the main feeder route are served by SLCand
AFC feeder - would be 8001i. while the SLC Structure percentage and AFe StructUre
percentage would be 10010 each. The copper factor for that eBG would then be weighted
by 800!o and the fiber factor would be weighted by 20'11. These weighted factors are
multiplied by the corresponding copper and fiber feeder investments and the results are
summed. The structUre factors for distribution cable are similarly weighted and appiiedto
develop the total investment costs for distribution including structUre.

4. DescriptioD of Model Outputs and CODnection to Nest Module .

The Loop Module produces total investment costs by eBG for distribution cable.
associated structure. feeder cable and electronics and a total ofall these loop investment
costs. The Loop Module then feeds this Total Loop Cost. plus Loop Cost per Household.
Household Density Range and average Total Loop Length for each CBG to the
Convergence Module. which combines them with switching, signaling and transmission
investments.

F. WIRE CENTER INVESTMENT MODULE

1. Overview

This Module produces netWork investments at the wire center, interoffice
transpon. signaling and operator systems levels in the following categories:

SWitching and wire center investment - This category includes investment in local
and tandem switches. along with associated investments in wire center facilities. including
buildings. land and power systems and distributing frames.
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Signaling neTWork Invesrment - Tills Includes InVestment In Signal Transfer
POIntS Service Control Points ("SCPs") and sllznalinsz lir.ks. - -

Transport Invesrment - This category consists of investment In transrrussion
systems supporting local interoffice (tandem and direct) trunking. mtraLATA toll facdltles
(tandem and direct) and access facilities (tandem and direct) The model also separateiy
calculates investment in operator trunks

Operator Systems Investment - This includes investments in operator systems
positions.

The Wire Center Investment Module. as shown in Figure 1. contributes Wire
center-related investments to the Convergence Module, which in tum combines these with
loop-related investments for application to the Expense Module.

The Wire Center Investment Module adds several netWork components to the
modeling process that are omitted trom the SCM. The SCM estimates only end office
switching investment and does not address complete wire center investments that would
include tandem switching. transport, signaling and operator services investments.
Furthermore. the SCM estimates monthly costs by multiplying loop and switching
investment per line by a single constant and does not allow the user to vary capital or
expense factors to reflect the values pertaining to a specific company or study area.

May 1&,199&
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Fi~ure 5 Wire Center Module
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2. DescriptiOD or IapulS aDd AssumptiollS.

For the wire center module to compute switching and transmission investments. it
must be given tota1line counts for each wire center and wire center geographicalloC&tions
must be known for distance computations. It also requires subscriber traffic assumptions.
as well as inputs describinJ the distribution of total traffic among local intraoffice. local
interoffice. intraLATA toll interexchange access and operator services. This module uses
as inputs overall line counts obtained from the BCM Data Module and line counts per wire
center obtained from the Line Multiplier Module.

Many of the calculations in the wire center module rely on traffic assumptions
obtained from Sellcore documents. 27 These inputs. which the user may alter. assume 1.3

Bell Communications Research. lJ.tTA Sw,rd,,", S:vn,1ftS G,"mc R.qtI,nmmu. s,ct,orr J7:

TraffiC Capac,tyand £""'1'0""""'. TR.·TSY-000517.1ssue 3. Mardl1980.
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busy hour call attempts ("SHCA") per resldenual subscnber and 3 5 SHCA per busmess
,me each wIth an average holding !Ime of 150 secor-ds O:her Inputs, which also may be
.:hanged by the user. :ipecif..· the traction of interoffice traffic, the fraction of traffle' that
t10ws to operator serVlces. the local fraction of overall traffic. as well as the breakdowns
.Jf direct-routed and tandem-routed locaL IntraLATA toll and access traffic The defauit
\alues for these parameters are as follows

Interoffice fraction of total traffic
Local fraction of total traffic
Operator services fraction of totai traffic
Tandem-routed fraction of local interoffice traffic
Tandem routed fraction of intraLATA toll traffic
Tandem-routed fraction of access traffic

065
075 21

0.02
040
0.20
0.20

These values were determined from conversations with AT&T and MCI representatives.
as well as from publicly-available stUdies ofusage produced by LECs.

3. Esplanation of Key All0ritbms

The following sections describe the key algorithms used to generate investments
associated with switching. wire centers. interoffice transpon. signaling and operator
svstems functions.

a) Switcbing investment calculations
The Wire Center Module computes investment per line for end office and operator

tandem switching. by separately developing the wire center investments required for each .
switch in the modeled netWork.

The Module assigns at least one end office switch to each wire center. It sizes
switches in the wire center by adding up all the lines in the CBG's served by the wire
center and then compares this line total to the maximum allowable switch line size. This
parameter is user-adjustable, but set at 100.000 lines with a fill factor of 0.80. yielding a
maximum effective switch line size of80.000. The model will equip the wire center with a
single switch if the number of switched access lines served by the wire center is no greater
than 80.000. using the default assumptions. In general. a switch may serve any line coum
between zero and 80.000. Thus, ifa wire center serves 90,000 lines. the model will
compute the investment required for two 45.000 line switches29

. The wire center module
also compares the SHCA produced by the mix of lines served by each switch with a user-

:1 The fraeuon of local uafftc is determined by Dial Equipment MiDutes ("DEM") sgristics
reponed by each camer to the: FCC; the: typical value oftbis fraction is approximately O.7S.

If multiple switches are required in the wire center. they are sized equally to allow growth on
both ~'tches.

...... 4 ~ 4 DO&'
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adjustable processor capacity (set at 1.000.000 SHCA) to detemune whether the switch IS

:rne-Itmlted or processor limited

End office sWitches may exhaust their capacity by running out of processor capacity.
exceeding port i1rruts. or by exceeding traffic I switching matnx, capacity Typically. they
are hrruted by processor capacity or by line port capacity While processor capacity
requirements are typically stated in tenns of the effective number ofSHCA that a
processor configuration may handle. the processor is also affected by use of rates custom
calling features. the need for processing 55' messages and other processing taSks.
Including both a processor limit and a pon limit allows the model to consider the overall
switch capacity in practical tenns. The model's specific default values were set according
to the engineering judgment of the Hatfield Model developers and are based on practical
values for current end office switches.

Once the model detennines the end-office switch line size. it obtains the investment
per line from an investment function that relates per-line switchinI investment to switch
line size. The data to define this function were obtained from a publicly-available study of
the central office equipment market published annually by McGraw_Hill. 30 This study
shows the average investment per new line ofdigital switching paid by BOCs to be $104
and by independents to be $241 in 1994. The model combined these figures with average
BOC (1 1.200) and independent (2,761) switch line sizes derived from data published in
the FCC's Statistics ofCommunications Common Carriers. along with information on
much larger switches obtained from switch manufacturers to develop the complete
investment function. 31 Figure 6 shows the resulting investment curve.

30

31

Nonhcnl BusiDas lDfomwioll SIIIdy: U.S. C.lItI'aJ OjJic. Equi".", MarUt - /994. MeUmw
Hill.

Federal CommUDicalioas Commission. StQllmcs o/COftflml1liCllliDIIS COIMfOft Cawr.n. Tables
2.3 and 2.~ 1994 editiOD.
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Figure 6 Switching Investment Function
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The wire center module uses existing tandem locations for computing interoffice
transmission distances. These tandem locations are obtained from the LERG data.
Tandem and operator tandem switching investment are computed according to.
assumptions contained in an AT&T repon on interexchange capacity expansion costs filed
at the FCC. 32 The investment calculation usigns a price to switch "common equipment."
switching matrix and control structure and adcls to these amounts the investment in trunk
interfaces. The numbers of trunks and their related investments. are derived from the
transpon calculations described below.

Wire center invesunents required to suppon end office and tandem switches are
based on HAl usumptions about the size of room required to house a switch (for end
offices, this size varies according to the line sizes of the switch). construction costs. lot
sizes. land acquisition costs and investment in power systems and distributing frames.

The model computes required wire center invesunents separately for each switch.
For wire centers housing multiple end office switches. the wire center investment
calculation adds switch rooms to house each additional switch. Tandem wire center

J: AT&T. "An updaled stud). of AT&Ts Competitors' Capacity to Absorb Rapid 0emaDd Growth".
filed with the FCC in CC Docket No. 79·252. April 24.199' ("AT&T Capactty Cost Study")

••_... l1li I! l1li et!..!~
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calculatIons assume the maximum switch room size. power and distnbuttng frame
1~"'eStments Tandem switches also Include .a separate iand InVestment

b) Transpon calculations

Transport calculations are driven primarily by the traffic and routing assumptions
listed above. along with the total mix of access lines served by each SWitch The model
deternunes the overall breakdown of traffic per subscriber according to the traffic
assumptions and computes the numbers oftNNcs required to carry the traffic. These
calculations are based on the fi'actions of tOtal traffic assumed for interoffice. local direct
routing, local tandem routing, intraLATA direct and tandem routing and access direct and
tandem routing. These traffic fi'actions are applied to the total traffic generated in each
wire center according to the mix of business and residential lines and appropriate per-line
offer load assumptions. These trunk: loading assumptions include a maximum trunk
utilization of21.5 CCS. which is user-adjustable. JJ

Tandem transport distances are computed from existing wire center and tandem
locations. The model conservatively assumes rectilinear routing. It does this by adding
the north-south and east-west distances between end offices and their homed tandem
locations to produce the overall facilities distance. This is superior to calculating the
airline distance between the endpoints because facilities routes usually follow streets and
highways that typically are oriented in north-south and east-west directions. The resulting
distances are somewhat greater than they would be if calculated as airline miieage.

Direct-route distances for local. intraLATA and access traftic are set as user
definable inputs. It is not possible to compute these values ftom wire center locations,
because actual exchange area definitions determine which routes will c:any local versus
intraLATA toll traffic. Because interexchange carrier points ofpresence ("POPs") are not
available for entry into the model to compute access route distances, the default distances
for direct transport are 10 miles for local direct routes, 2S miles for intraLATA direct
routes and 25 miles for access tacilities. These route distance assumptions are developed
from conversations with AT&T and MCl representatives who have studied publicly
available LEC documentation.

Transport investment is based on a user-defined per-channel-mile figure. The
default value is 530 per DSO channel mile. This is computed based on a 1S-mile
transmission facility consisting ofa l44-fiber cable installed in conduit at a total cost per
foot of S14. Terminal equipment is assumed to have a 4 DS-3 capacity with an installed
investment of 552.000 per end. This fiber and installation investment is based on BCM
fiber assumptions. The terminal equipment investment derives ftom pricing and
installation assumptions for a fWly-equipped AT&T (now Lucent Technologies) DDM~

The 27.5 CCS value is based aD an AT&T estimate of maximum per uu.ak usage one can expect
on t)l'lcaJ SlZe UUDIt group. See. AT&T Capaaty Cost Sbldy.
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1000 180 \1bps optical multiplexer The specific assumptIons are that the multtplexer
investment IS 542.000 and installation IS S10.000

c) Signaling network calculations

The Wire Center \1odule uses existing switch and STP locations for computing
SIgnaling link distances. The model uses the STP paJT locations in each LATA. as
reported in the LERG and computes the total link distance to each switch as the sum of
the distances from each wire center to each STP location. Routing is again rectilinear as
descnbed for transport calculations. The investment per link-mile is assumed to be the
same S30 per DSO channel-mile figure discussed earlier The laner value is appropriate
because signaling links typically share transmission routes carrying common and dedicated
transport trunks.

The model always equips at least two signaling links per switch. It also computes
SS7 message traffic according to the call traffic assumptions described earlier. User inputs
define the number of ISUP ("ISDN User Part") messages. along with the message length.
required for interoffice call control. Default values are six messaps per interoffice call
attempt with twenty-five octets per message. These values are those assumed in the
AT&T capacity cost stUdy. 34

Other inputs define the number and length ofTCAP ("Transaction Capabilities
Applications Part") messages required for database lookups. along with the percentage of
calls requiring TCAP message generation. Default values. also obtained from the AT&T
capacity cost study, are two messages per transaction. at 100 octets per message and 10%
of all traffic requiring TCAP generation. If the message traffic from a given switch
exceeds the link capacity (also user-adjustable and set at 56 kbps and 40% occupancy as
default values). the model will add links to carry the computed message load. The total
link distance calculation includes aU the links required by a given switch.

Signal transfer point capacity is expressed as the total number of signaling links
each STP in a pair can terminate (default value is 720 with an 80% till factor). The
investment per pair is set at 55 million and may also be changed by the user. These default
values derive from the AT&T capacity cost study.

Service control point ("Sep") investment is expressed in terms ofdollars of
investment per transaction per second. The transaetion calculation is based on the fraction
of calls requiring TCAP message generation and the total TCAP message rate in each
LATA considered by the model is used to detennine the total sep investment. The

See. AT&T Capacity Cost Study.



Hatfield ModeJ Version 2.2. Rel.ase ,

default SCP Investment IS $:0.000 per transaction per second and is based on a number
~(

reocr"!ed In the .-\T&T capacity cost study' .

d) Operator systems calculations

Operator tandem and trunk requirements are based on the operator traffic fract:or:
Inserted by the user Into the model and on the overall maximum trunk ...·alue of:";' 5 CCS
discussed above Operator tandem investment assumptions are the same as for local
tandems The ~1odel assumes that subscriber databases required for operator services are
mcluded in overall operator tandem common equipment investment ofS1million This IS

the same value assumed for local tandem common equipment that was derived from the
AT&T capital cost study.

Operator positions are assumed to be based on current personal computer terminal
technology The default operator position investment is S3500 to purchase a high quality
personal computer tenninal with a suitable interface to the operator tandem. The total
investment is based on the engineering judgment ofthe Hatfield Mocle1 developers. The
\1odel includes assumptions for maximum opemor "occupancy" expressed in CCS. The
default assumption is that each position can be in service 27.5/36 ofeach hour. This value
is related to the maximum trunk occupancy assumption described above. Also because
many operator services traditionally handled by human operators may now be served by
announcement sets and voice response systems. the model includes a "human intervention"
factor that reflects the fraction of calls that require human operator assistance. The
default factor is I0, which is believed to be a conservative estimate. (A factor of ten
implies that one out often calls will require human intervention).

G. CONVERGENCE MODULE

The Convergence Module combines the loop investment produced by the SCM
with the wire center, switching, uanspon. signaling and operator systemS investments .
calculated ~y the wire center investment module. The output of the Convergence Module
is the complete collection ofnetWork investments for use by the expense module.

There are. as noted elsewhere in this document.. several loop components missing
from the SCM. most notably serving area interfaces (SAls). the interface betWeen feeder
and distribution cables. terminals or pedestals and associated distribution cable splices. the
interfaces betWeen distribution cables and subscriber drops. along with associated splices
required to tap into the distribution cables. the drops extending to each customer's
premises and the netWork interface device ("NIn") that maries the boundary betWeen the
c~stomer's inside wiring and the netWork.

See. AT&T Capacity Cost Study.
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The convergence module adds these components to the loop investment produced
by the Be\1 The ~1D. drop and temunaL'splice ....aiues are addeci fOi each line dlrectl~

The ....alues used. which are user-adjustable. are $30 for the ~ID. obtained from
discussIons wah subject-matter experts. S~O for the drop. taken from the SET
Incremental Cost Study.-'6 and $35 for the terminal and splice. based on the englneenng
.Judgment at the model developers.

The SAl investments depend on whether copper or fiber feeder cable is used the
particular eBG If the feeder cable is copper. the SAl is a simple cross-coMect
arrangement. whose investment is obtained from a table listing SAl installed prices by total
lines served For optical feeder cable. the SAl consists of an optical multiplexer with an
associated cross-coMect. cabinet. powering arrangement and prepared site

The BCM "stNcture" investment for distribution and feeder facilities are of
panicular interest. The BCM developers use the term "structure" to refer to investment in
poles. conduit and the necessary installation labor to place aerial and underground cable.

Structure investment may be shared among utilities. typically local exchange
carriers. cable television operators and electric companies. To the extent that more than
one utility may place cables in common trenches. conduits. or on common poles. it is
appropriate to share the costs of these structUral items among them. The Convergence
\t1odule thus separately repons the strUctUre investment to the Expense Module. where
the user may select the fraction of distribution and feeder structure investment to be
assigned to telephone service.

B. EXPENSE MODULE

1. Overview

The Expense Module provides per-line and per.mo~ cost summaries for each
Basic Network Function ("BNF") by calculating capital carrying cost, operating expenses.
network operation expense and attributable suWOn expenses for each of eleven
unbundled netWork fimcUons, plus public telephone terminal equipment.

The Expense Module uses the output of the Convergence Module to capitalize the
investments needed for each BNF. reflecting TSLRICprinciples as presented in Appendix
l. The module requires invesunent, revenue and expense data reponed by individual
LEes in their annual ARMIS reports. The Module's other requirecl inputs are data on
individual camer (debt-equity ratio. cost of debt and cost of equity) capital stNeture
parameters.

36 1993 New Hampshire Inc:n:menral Cost Study
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The Expense \10dule uses these data to c:alculate operational expense ratios using
the .:ompaiable plant speCific and network operations expenses and Investments. along
\\."lth the LEC's leverage. revenues. tax rate. cost of debt and equity and econotTUC service
lives for vanous types of network equipment,4 .

This section will describe the inputs and assumptions of the Expense ~odule.

including Convergence Module inputs. ARMIS data. capital structure parameters and
expense factors built into the module. It will also explain the key algorithms used to
detennine capital costs and operating expenses.

Note that the Expense Module does not use these bisrorical daIa on embedded expeases as direct
elemenlS ofLEe TSLRJC. bIber. it develops dfic:icDL forward-looking values for these
expenses that'are exuapolaled from re1alicmsbips that may bavc exisIed bisrorically.

May 11, 19M
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Figure 7 Espense Module
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2. Description of Inputs and AssumptioDS

a) Convergence Module Outputs
The primary input to the Expense Module is the Convergence Module output

which outlines the investments required to "build up" a vinual telephone netWork for the
area or carrier under study. These investments include the hardware. software.
engineering .and installation of the netWork elements. They are sorted by household

MlIIV 1 f; 1 gq,;
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densIty range The Convergence \1odule produces investments In the followlng
~ategones

• Distribution (aerial and underground copper cable and associated structure)

• Feeder (aerial and underground fiber and copper feeder cable and
associated structure)

• Switching (end office and local tandem switching investment)

• Wire center (end office wire center and local tandem wire center
investment)

• Operator services (operator tandem switching, tandem wire center. trunks
and operator positions)

• Transpon (common and dedicated)

• STPs

• SCPs

• Signaling links

• Drop investment per line

• NID investment per line

• Terminal and splice inve5t1uem

In addition. the Convergence Module output sheet summarizes line and trunk
counts. tandem routing fractions. OEM units and utilization ratios. Line counts include
residential. business. special access and public access lines.

b) ARMIS Data

The ARMIS data used in the Expense Module includes investment and operating
expenses and revenues for a liven carrier and state. This data is used to derive the total
investments, expenses and revenues for each BNF. The investment. expense and revenue
categories are listed below and described in detail in the Key Algorithms section.

(l) plat specific operaDoas
• general suppon - land. buildings. vehicles. fUrniture. office equipment and

other equipment

• wire center switching - analog and digital electronic switching. operator
systems

• wire center transmission - circuit equipment, transmission

• information origination and termination· station apparatus. customer
premises wiring. public telephone. terminal equipment

Mav 16. 1991 AI!
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• cable and wtre facilities - poles. cable. conduit

(2) plant non-specific operations
• provlslonmg

• power
• plant operations

• network administration

• testing

• engineering
• access expenses

Version 2.2. Release 1

In addition. ARMIS data includes local netWork service revenues by the following
categories:

• Access Revenue - end user, switched and special access revenue

• Basic Service Revenue

• Long Distance NetWork Revenue

c) Capital Structure Parameten
The Expense Module requires carrier-specific capital strUcture parameters to

calculate the carrier's Weighted Average Cost of Capital ("WACC"), which is a discount
factor used to calculate capitalized costs ofBNFs. Parameters required are debt-equity
ratio, cost of debt and cost ofequity.

d) Facton BaDt Iato die bpeDJe Modale
The module uses a number of ratios and tieton to calculate monthly per-line loop

and annual switching costs. These factors are explained in detail in the Key Algorithms
section.

May 16. 1991
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3. Explaaation of Key All0rithms

The Expense Module is driven primarily by the calculated annual capital cost and
operating expenses of the carrier(s) under study. All costs are summarized for each of the
eleven BNFs. The algorithms used to detennine these amounts are described below.

a) Capital Costs
The model calculates annual capital cost for each BNF based on the net plant

invesnnem. the expected depreciable life. the return on the net asset and the grossed-up
income tax on the return of the net asset. The model usumes straight-line depreciation
and assumes that cash flows are in arrears (i.e. return from assetS, tax gross-ups and
depreciation are applied at the.end ofeach year).

MIY 1&.199& 41
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The discount rate ("WACC") used In capltalizmg annual capital costs IS based on
the :apltal mUClure and the cost of debt and equity for the gIven entity

The model calculates the investments required for each B~r The model then
determmes the appropnate life of these investments based on the econonuc life spans for
each of the baSIC network elements

Once the element' s life span has been determined. annual depreciation amounts are
calculated (total investment ~ depreciable life in years) and summarized over the
discounting period to determine the annual accumulated depreciation (annual depreciation
x equipment life service years). The annual accumulated depreciation is then subtracted
from the total investment to determine the Annual Net Asset Amounts.

The return amount from the assets are then calculated by multiplying the Annual
~et Asset by the return component of the cost of capital ("WACC"). Then the annual tax
gross-up is determined by applying the nominal tax rate to the return amount [«nominal
tax rate of 40%) • percent equity· return amount)/(l. nominal tax rate)].

The Total Annual Return is the sum of the annual accumulated depreciation. return
on assets and tax gross-up amounts. The Total Annual Return is tben discounted over the
expected life period to determine the Net Present Value ("NPV") ofthe Annual Returns.

The last step in the algorithm is to calculate the Levelized Capital Cost and spread
this cost over the different density ranges based on the proportion of the total investment
associated with that particular density range. This done by dividing the NPV by the
Present Value Factor ("PVF"). The PVF equals the sum of the discoum factors for each
of the years of the equipment's depreciable life. Because the depreciable life varies by
network equipment category, it may easily be changed by the user.

The capital cost as a percent of the investment is computed by dividing the
Levelized Capital Cost by the total investment.

b) OperanDI EspeDsa • GeDeral

Operatina expenses are derived based on historic expense factors calculated from
balance sheet and expense account information reponed in each carrier's ARMIS report.
These expense factors are applied to the investments developed by the Hatfield Model to
arrive at associated operating expense amounts.

For expenses driven by their associated capital investments. these capital
investments are used as the basis for expense factor calculations. Other expenses. such as
network operations, vary directly with the number of lines provisioned rather than with
capital investment. .Thus. experise for these elements are driven by the number of access
lines supponed. Uncolleetables. sales and marketing factors are calculated as percentages
of revenues.
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The Model includes twO types of operating expenses network-related and non
networi<-related. The Expense Module relies on historical data from .-\R..\fiS reports filed
by the company under study to develop factors that can be applied to the investment
outputs of the model to estimate network-related and non-network-related operattng
expenses in the Hatfield \iodel

c) Network-Related Espenses and Espense Facto"
The Expense ~odule assigns netWork-related expenses to each of eleven Basic

~etwork Functions ("BNFs") plus public telephone terminal equipment. The module also
assigns the cost of capital. expenses. total investment and attributable support expense to
each BNF.

These operating expenses are added to the annual capital cost derived from the
:"lPV to determine the total Expense Summary for each BNF. Each netWork-related
expense is described below: .

Network Support - This category includes the expenses associated with
motor vehicles. aircraft. special purpose vehicles. garage and other work
equipment.

CenrraJ Office SWitching - This includes end office and tandem switching as
well as equipment expenses.

Central Office Transmission - This includes circuit equipment expenses
applied to transport investment.

Cable and Win - This category includes expenses assoCiated with poles.
aerial cable. undergrouncVouried cable and conduit systems. This expense
varies directly with capital investment. .

Network Operations - The NetWOrk Operations category includes. power.
provisioning, engineering and netWOrk administration expenses.

d) Non-NetWork-Reiated OperatiDI Espenses and Espense
racton

The Expense Module usigns non-netWork related expenses to each density range
based on its proportion to total expenses in each category. Each ofthese expenses is
described below:

Variable support - Historical variable support expenses for LEes are
substantially hip than those ofsimilar service industries operating in more
competitive environments. Based on studies of these variable suppon
expenses in competitive industries such IS the interexchange industry. the
model applies a conservative ten percent (1()OAt) variable support factor.
Funhermore. it was verified that the support expenses captured by this
factor are genuinely variable with operational scale. A regression analysis
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was undertaken utilizing 1995 AR.\fiS 43-01 Holding Company data This
analysis regressed Corporate Operations expense (the dependent vanable) as
a function of revenues (a surrogate for total costs) .less Corporate Operations
expense (the independent variable) This analysis demonstrated that fixed .
suPPOrt expenses were not statisticaUy Significantly different from zero. and
that a fixed percentage amount for variable suPPOrt expense was
appropriate.

General Support EquIpment - The Investment Module calculates
investments for furniture. office equipment and general purpose computers
The Model uses actual 1994 company investments to determine the ratio of
investments in the above categories to total investment. The ratio is then
multiplied by the total local service investment estimated by the Model and
treats the result as an additional investment needed to provide local service.
The recurring costs of these items are then calculated in the same way as
recurring costs for investment categories estimated directly by the
investment module ofthe Model.

e) ReveDues
The only clearly used revenue figure is that for calculating the uncoUectables

factor. This factor is a ratio ofuncoUeetable expense to adjusted net revenue.

4. Outputs of the ExpeDle Module

Results of the Expense Module are displayed in a series of reports which depict
detailed investments and expenses for each BNF for each density range. summarized
investments and expenses for all BNFs. unit costs by BNF and total annual and monthly
network costs. These are presented in Section IV. below.

Basic Network ·FuDctioa (BNF) outputs

The Hatfield Model produces cost estimates for eleven Basic NetWork Functions
("BNFstl), pi", public telephone terminal equipment. These BNFs represent an
unbundling ofthe local exc:hanse netWork into discrete functions. which can be used singly
or in combination to fiJmish semce5. The BNFs are desc:ribecl below and their inter
relationships are illustrated in f"1pR 7.

1. Loop Distribution - The individual communications channel to the customer premises
originating from the DLC remote terminal or SAl and terminating· at the first point of
termination at the customer'5 premises. In the Hatfield Model. this BNF also includes
the investments in N1D, drop and terminal/splice.

2. Loop ConcentrtztDrlMultiplaB - The DLC remote terminal at which individual
subscriber traffic is multipleXed/de-multiplexed and connected to loop disaibution for
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tennination at the customer"s premise The Hatfield \iodel OLC equipment
Investment in this B~'"F

3 Loop Ff!eder - The facilities on which subscriber traffic is carried from the line sIde of
the Vwlre center SWItch to the Loop Concentration facility The B~'F includes copper
feeder and fiber feeder cable. plus associated structure investments (poles. conduits.
etc )

4 End Office SWltchmg - The facility which provides the functionality required to
connect appropriate lines or trunks to and from a desired communications path at the
first point of switching. This functionality include such things as testing, translation
and routing, As modeled in the Hatfield Model. this BNF includes the end office
switching machine investments and associated wire center costs. including distributing
frames. power and land and building investments.

5. Operator Systems ~ The systems that provide for the processing and recording of
special toll calls, public telephone toU calls and other types of calls requiring operator
assistance. as well as Directory Assistance. The investments identified in the Hatfield
Model for the Operator Systems BNF include the operator positions (e.g.• personal
computers). operator tandem investments (including required subscriber databases).
wire center and operator trUnks.

6 Dedicated Transport - The full period. bandwidth specific interoffice transmission
path betWeen LEC wire centers or 'between LEC wire centers and an !XC Point of
Presence ("POP"). It provides the ability to send individual and/or r:nultiplexed
switched and special services traffic between wire centers. Interoffice transport
investments that provide dedicated transport are usiped to this B~.

7, Cammon Transport - A switched trunk between two switching systemS on which
traffic is commingled to include traffic to and from multiple !XCs. as well as LEC
traffic. These trunks may originate at an end office and terminate at a tandem switch.
or at another end of&ce. IDterotlice transpOrt investments that provide common
transport are U1iped to this BNF.

8, Tande", Switdting - The &cility that provides the function ofconnecting trunks to
trunks for the purpose ofcompleting inter-switch calls. Similar types of investments
as are included in the End OtIice Switching BNF ue also reflected in the Tandem
Switching BNF.

9. Signaling LinJcs - Transmission tacilities in a signaling netWOrk which carry aU o~t

of-band signaling traffic between the switches and STPs. between STPs and between
STPs and SCPs. Signaling link investment is developed by the Hatfield Model and
assigned to this BNF.
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10 Signal Transfer Pomt ("STP") - This facility provIdes the function of routing TCAP
and [SCP messages between network nodes (end offices. tandems and SCPs) The
\1odel estimates STP investment and assigns it to thIs BNF

I I SI!r'\'IU Comro' Poml rscp") - The node in the signaling netWork to which requests
for servIce handling information (e.g.. translations for local number ponability), are
directed and processed. The SCP contains service logic and customer specific
information required to process individual requests. Estimated SCP investment is
assigned to this BNF

Figure 8 Local Exchanle Baic Network Functions

Local Exchange Basic Network Functions
(BNFa)

IV. n.LUSTRAnvE MODEL RESULTS

A. OVERVIEW

This section displays illustrative outputs ofthe HM. The main outputs exhibited
are the TSLRlCs of the eleven BNFs, the unit volumes of these BNFs and the monthly
TSLRlC per unit ofthese BNFs. These outputs are further disagrepted across density
zones for the loop BNFs.
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The unit TSLRlC of the BNFs are then processed to develop an estImate of the
!.mn TSLRIC of the collection of these B~"Fs that comprise switched iocal servIce and 
carner access ser-..'lce

There are several reasons why a TSLRlC for switched local service plus carner
access is not the simple sum of the complete collection ofBNFs. This is due largely to the
fact that the LEe's network TSLRICs also include the COsts of providing narrowband
specIal access loops and the interoffice transport associated with these dedicated loops.
Thus. while all of the local switching TSLRIC. all of the common transport and tandem
switching TSLRICs and all of the signaling and operator systems TSLRICs are properiy
attributable to switched service; only a ponion of the loop and dedicated transport
TSLRlCs are so anributable.

Outputs trom the Line Multiplier Module and the W'n Center Module are used to
detennine the portions ofloop costs and dedicated transport costs that are anributable to
nonswitched local services. The remaining costs that are associated with switched service
TSLRIC are then displayed.

B. D.LUSTRATIVE OUTPUT

Table 23 displays illustrative results from the HM for Pacific BeU-Califomia.
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Table 23 Unil Cosl by Network Elemenl -- Patrie: Dell- California
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Table 23 (continued) Unit Cost by Network Element -- radic Bell - Calirorni.

Version 2.2, Release 1
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C. DISCUSSION

V.rsion Z.Z. Re..... 1

Examination of these numeric results suggests that the derivation of the COst of
tandem· switching should be reviewed. This is because the reponed unit cost of tandem
switching exceeds the unit COSt of end office switching. If revisions to the model are
necessary to address properly this issue. this modeling will be>updated.

In addition. one of the strengths of this model is its tlexible ability to accept newly
available dau and/or modeling logic flows. As a result. as additional data become
available. or new modeling demands are identified. HAl will enhance this tool.
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Appendix 1

PRI~CIPLES TO GUIDE STUDIES OF LOCAL EXCHANGE
TOTAL SERVICE LONG-RUN INCREMENTAL COST (TSLRIC)

1. TSLRJC measures oaly the loae-raa costs of providial the elemeat ia questioll.
Costs must be measured over a sufficiently long period oftime so that any element
specific costS become variable.

2. TSLRJC musures Daly tbe!tI1'WtlrtS-lDoIdII, costs of Providial the elemeat ia
questioa.
TSLRlC must measure forward-looking costs. not historic. embedded or book costs.
Economic costs are forward-looking ancl are based on the most efticient generally
available technology.

3. TSLRlC is bued oa tbe costs tbat aa qjiciMt, c__~ competitor would
incur - i.e., the costs of aue1I that are optimally connpred. sized ad operated.
Proper measures ofTSLRlC must exclude the costs ofinef&cient design or operations.
because those costs cannot be recovered in competitive markets and would weaken
incentives for LECs to operate efficiently.

4. TSLRlC indudes oaly lbe NldltiQIUIl costI of providin. the particular aetwork .
elemeat(s), boldin. coutant die supplier's output of aD odler items.
TSLRIC includes only those added costs that are attributable to production ofthe
netWork element(s). Costs that are properly attributable to other outpUts of the LEC.
or costs that are fixed and shared with other netWOrk elements so that they would be
incurred even if the netWork element(s) were not supplied. are excluded tTom
TSLRIC.

5. TSLRlC it baed OD tile .tire demand ofdUllS ad UMn of a aetwork
elemeat.
TSLRlC iDcJudes the economic costs ofservina the total demllid ofall uses and users
of a netWorkel~ includins the demand of the supplying LEC.

6. TSLRlC sbould reOect allY sipif'acut .....pbic COlt difl'ereaces.
TSLRlC estimates should reflect any sipifiCIIU popapbic differences in cost, to the
extent that these cost differences are reliably measurable.

.
Definitions ofthe above cost terms are supplied in Appendix 2 to this document.
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