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Default Value 

rlaPt73flr 
mow vehiclrt 
garaue ~~rtwiuiumm~t 
~ti10r work euuiument 
6Ulldio9L 
f~miture 
Nfice su99nrt 86ui9ment 
cemuait3comm.Euulum8nt 
6anerai LUIDOS~ comuuters 
digitsi elwtrOniCswitChin9 
ouerator swans 
digital circuit eaulum~nt 
u~bli~ teleuhoite term. 
Eaulument 
Poles 
awlal cable, metallic 
aerial cabls. non metallic 
und8r9round cabin, metallic 
tmdererouad cable, non metallic 
burled cable, metallic 
buried sable. non mstaliic 
lotrabuiiding cabi& mataillc 
lntrabuiiding cable, no9 mttalii~ 
cwduit sustsms 

EXPENSE ASIGNMENT 

Icrnamic Llfr Yet Saluane K 
6.24 llzl 
1222 -ion 
13.64 3.2l 
46.93 1.67 
15.92 6.66 
10.76 6.91 
7d0 3.76 
6.12 3.73 
1651 2.97 
9dl -0.62 

10.24 -1.69 
7.60 7.97 
30.25 -69.96 
26.61 -23.03 
26.14 -17.53 
25.00 -16.20 
26d5 -l4,56 
n57 -6.39 
25.6l -6.56 
16.16 -15.74 
20.11 -10.52 
56.19 -10.34 

B179a. Expense Assignment 

Definition 
The fraction of certain categories of indirect expenses, including the loop component of general support, as 
well as network operations, other taxes, and variable overhead, that are assigned to loop UNEs 
(distribution, concentrator, feeder and ND), and thus to universal service, on a per-line basis, rather than 
the default assignment based on the relative proportions of the direct costs associated with these UNEs. 
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Exmnm lsslBPmcut Porcant to be 
assiuaa6 uer 11~0 

ecneral Suuuort LOUIS 
Rrnituro - Caultal CWs OK 
Rmiturs-Exuensos OK 
Olllco E6ulumeat- Caultal Costs OK 
Olllco Euuiument- Exuensos 0% 
Esnsral Pureoss Comuuter -Cauital 0% 
costs 0% 
Esneral Purpose Comuutw - Exuensss 0% 
Motor Yehlclss - Cauitai Costs 0% 
MotorYshiclss-Exusases 0% 
Buildings-Calltai Costs 0% 
Bulldin9s-Exwnsos 0% 
6ara6a Work E9ui9mont -Caultai Cysts 0% 
Gara@a Work Etiuiummtt -Dmenses 0% 
6titsr Work Euulum8nt -Cauital Costs 0% 
Other Work Euulument-Exuensas 0% 
iletworkO6rratiDas 0% 
6tbar Taxes 

1 
0% 

Varlablo Ouerksad 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

STRUCTURE FRACTION ASSIGNED TO TELEPHONE 

B180. Structure Percentage Assigned to Telephone Company 

I 
I 
I 
I 
I 

Definition 
The fraction of investment in distribution and feeder poles and trenching that is assigned to LECs. The 
remainder is attributed to other utilities/carriers. 
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Default Values 

O-5 
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100900 
200650 
650-650 

650-2550 
25505.000 
5.006-10.000 
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SW1 
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.33 

.25 
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.25 

.25 

.25 

.25 

.25 

.25 

mra Prrce~ 
llstrlhuti~ 
Bwlrd 

.33 

.33 

.33 

.33 

.a3 

.33 

.33 

.33 

.33 

issigled N 

Indsrgnun 
d 

1.00 

.50 

.50 
50 
A0 
-33 
33 
3s 
.33 

Aerial Borltd 1 ilndw9rmd 

.50 

.33 

.25 

.25 

.25 

.25 

.25 

.25 

.25 

d0 .50 
A0 A0 
A0 .33 
d0 .33 
A0 .33 
d0 .33 
A0 .33 
A0 .33 

OTHER 

B181. Income tax rate 

Definition 
The combined federal and state income tax rate on earnings paid by a telephone company~ 

Default Value 
39.25% 

B182. Variable overhead factor 

Definition 
Forward-looking cmporate overhead costs, expressed as a fraction of the sum of all capital costs and 
operations expenses calculated by the model. 

Default Value 
10.4% 

B183. Other taxes factor 

Definition 
Operating taxes (primarily gross receipts and property taxes) paid by a telephone company in addition to 
federal and state income taxes. 

Default Value 
5% 
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B184. Billing/bill inquiry per line per month 

Definition 
The cost of bill generation and billing inquiries for end users, expressed as an amount per line per month. 

Default Value 
$1.22 

B185. Directory listing per line per month 

Definition 
The monthly cost of creating and maintaining white pages listings on a per line, pa month basis that is to 
be eligible for universal service support. 

Default Value 
$0.00 

B186. Forward-looking network operations factor 

Definition 
The forward-looking factor applied to a specific category of expenses reported in ARMIS called Network 
Operations. The factor is expressed as the percentage of current ARMIS-reported Network Operations. 

Default Value 
50% 

B187. Alternative Central office switching expense factor 

Definition 
The expense to investment ratio for digital switching equipment, used as an alternative to the ARMIS 
expense ratio, reflecting forward looking rather than embedded costs. Thus, this factor multiplies the 
calculated investment in digital switching in order to determine the monthly expense associated with digital 
switching. ‘Ibis factor is not intended to capture the cost of software upgrades to the switch, as all 
switching software is part of the capital value inputs to HM 5.0a. 

Default Value 
2.69% 

B188. Alternative circuit equipment factor 

Definition 
The expense to investment ratio for all circuit equipment (as categorized by LECs in their ARMIS reports), 
used as an alternative to the ARMIS expense ratio to reflect forward looking rather than embedded costs. 

Default Value 
0.0153 
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B189. End office non line-port cost fraction 

Definition 

The fraction of the total investment in digital switching that is assumed to be not related to the connection 
of lines to the switch. 

Default Value 

70% 

B190. Per-line monthly LNP cost 

Definition 

The estimated cost of permanent Local Number Portability (LNP), expressed on a per-line, per-month 
basis, including the costs of implementing and maintaining the service. This is included in the USF 
calculations only, not the UNE rates, because it will be included in the defmition of universal service once 
the service is implemented. 

Default Value 

$0.25 

B191. Carrier-carrier customer service per line 

Definition 

The yearly amount of customer operations expense associated with the provision of unbundled network 
elements by the LECs to carriers who purchase those elements. 

Default Value 

$1.69 

B192. NID expense per line per year 

Definition 

The estimated annual NID expense on a per line basis, based on an analysis of ARMIS data modified to 
reflect forward looking costs. This is for the NTD only, not the drop wire, which is included in the ARMIS 
cable and wire account. 

Default Value 

$1 .OO/line/year 

B193. DS-O/DS-1 Terminal Factor 

Definition 

The relative terminal investment per DS-0, between the DS-1 and DS-0 levels. 

Default Value 

12.4 
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B194. DS-l/DSJ Terminal Factor 

Definition 
The relative investment per DS-0, between the DS-3 and DS-1 levels. 

Default 
9.9 

B195. Average Lines per Business Location 

Definition 
The average number of business lines per business location, used to calculate NID and drop cost. This 
parameter should be set the same as B6. 

Default 
4 

B196. Average trunk utilization 

Definition 
The 24 hour average utilization of an interoffice trunk 

Default Value 
0.30 

EXCAVATION AND RESTORATION PARAMETERS 

B197. Underground Excavation, Cost per Foot 

Definition 
The cost per foot to dig a trench in connection with building an underground conduit system to facilitate 
the placement of underground cables. Cutting the surface, placing the 4” PVC conduit pipes, backfilling 
the trench with appropriately screened till, and restoring surface conditions is covered in the following 
section titled, “Underground Restoration Cost per Foot.” These two sections do not include the material 
cost of the PVC conduit pipe, which is covered under “Conduit Material Investment per foot.” 

I 
I 
I 
I 
I HM 5.0a Appendix B Page 69 



I 
I 
,I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
u 
I 
I 
I 
I 
I 

Default Value 

I I 

5.000- 23% $6.00 67% $20.00 10% S10.00 
10,000 

10.000+ 16% S0.00 72% $30.00 1% 518.00 

Ua~Fmc~~Kl~~~a~~~Qsf~~a~r~a~cu~~~~%r 
lmtlca%. 

B198. Underground Restoration, Cost per Foot 

Definition 
The cost per foot to cut the surface, place the 4” PVC conduit pipes, b&fill the trench with appropriately 
screened till, and restore surface conditions. Digging a trench in comection with building an underground 
conduit system to facilitate the placement of underground cables is covered in the preceding section titled, 
“Distribution Underground Excavation Cost per Foot.” These two sections do not include the material cost 
of the PVC conduit pipe, which is covered under “Conduit Material Investment per foot.” 
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Default Value 

I tfaderrrrttadiiaataratian 

I ~Cat/Bastarr ettt/itastBra Ca~~~~tan 
mlb8lt eaacrata 

tstsDarFaat 

Slmfllr CaadaftP1aCaataat.s 
Oackfill stabifizatira I - 

Frac 
-ma 

- 
34% 

- 
34% 

3V% 

22% 

- 
16% 

6% 

6% 

3% 

- 
2% 

z rod 

Per Frac Paw Frac OirUf 
Fast -tfan mm/f -tlan t 

t 

Sal 63% $5.00 Jr5K sl.00 
5 

so.1 75% $5.00 25% 8.00 

#i 

5 

SO.1 uo% $5.00 20% St.00 
0 

1 
cUngSsghgR%s Concrete % 6 

nsGIl0n XtVtgoagttttPLa9mmtt6 StWt~Uon f SwhivH % + Comx& X gktts Sott % 
+ 

stitmteBa~% 

B199. Buried Excavation, Cost per Foot 

Definition 
The cost per foot to dig a txnch to allow buried placement of cables, or the plowing of one or mm cables 
into the earth using a single or multiple sheath plow. 
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Default Value 

O-5 00% $0.0 28% $1.90 10% $3.00 
0 

5-100 00% $0.0 28% $1.90 10% $3.00 
0 

100-200 00% $0.0 28% 81.90 10% $3.00 
0 

200-050 50% so.0 37!3 a.90 10% $3.00 
0 

050-050 35% so.0 51% 8.95 10% $3.00 
0 

009-2550 20% fl.2 59K $215 19% $3.00 
0 

2550-5.000 0% St2 16% $2.15 10% $3.00 
0 

5.009- 0% sl.2 A?% f9.00 19% $20.0 
la000 0 0 

10.009+ 0% Sl.2 54% Sl5.0 25% S30.0 
0 0 0 

vo~~tioa%/rv~oonmsll~~~~~c~~~~ 
mmb % Borncable %emlPnsbHoe/#WlC K 

‘U 

0% $5.00 0% al.0 2th $0.00 
0 

0% $5.00 0% al.0 Ph $0.00 
0 

1% $5.00 0% SW.0 2% so.00 
0 

Ph $5.00 0% al.0 Ph 50.00 
0 

4% Is5.00 1 3% 1 sly 1 4% Is9.00 

I I I 

0 0 1 1 0 
rtersnbmcmmtw X BacMoe K Iend 

B200. Buried Installation and Restoration, Cost per Foot 

Definition 
The cost per foot to push pipe under pavement, or the costs per foot to cut the surface, place cable in a 
trench, backfill the trench with appropriately screened fill, and restore surface conditions. Digging a trench 
in connection with placing buried cable is covered in the preceding section titled, “Distribution Buried 
Excavation Cost per Foot”. 
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Default Value 

Burisdlusta11ati~na~dR~st~ratimtC~stsuerF~at 

B201. Surface Texture Effect 

Definition 

The increase in placement cost attributable to the soil condition in a main cluster and its associated outlier 
clusters, expressed as a multiplier of a fraction of all buried or underground structure excavation 
components in the clusters. The multiplier appears in the “Effect” column, and the fraction appears in the 
“Fraction of Cluster Affected” column. The surface conditions are determined from the CBG to which the 
clusters belong. 

Default Value 

111=-l Effect Texture Description of Texture 
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LABOR ADJUSTMENT FACTOR 

B16. Regional Labor Adjustment Factors 

Definition 
Factors that adjust a specific portion of certain investments by a labor factor adjustment that account for 

I 
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I 
I 
c 
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I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 

regional differences in the availability of tnined labor, union contracts, and cost of living factors. Both the 
portions of different categories of investments that are affected and the size of adjustment are included as 
parameters. 

Default Value 
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I B16a. Labor Adjustment Factor Weightings 

I 
Definition 

The fraction of the installed investment affected by the regional labor adjustment factor. 

I 

I 
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Default Value 

n~#i~lal~~orAdi1S1PIe~tFattar 
Fra~lo~ofl~~lledl~u4SMe~tAneCl~d 

ContractwTre~chlng 625 

TelcoConstructloo-Crtwr I64 

TelcoCoostructlon-Fiber .364 

TelcolaM-Nl0sltrol1 .5n 

PIlO PlaCllltl .518 
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OVERALL INPUT DATA DEVELOPMENT PROCESS 

National Access 

PNR Customer 
Location: 

Geocoding and 
Gross-up 

L , 

PNR Clustering t 

I 

PointCode 
Translations 
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LINE TYPE COUNTS BY STUDY AREA 

/iiyiiq7/y/~/~ 

+ 
I I r- - Develop Bus to Res 

splits 
Ji 1 

Res, BUS. spec and 
Pub counts fmm 43.08 

SLB MUII~ from 43. 
01 
- Develop type ratios to 

. 

total co”“ts 

- Collect total line 
CO”“tS T 

-If ARMIS detail is available, use 
ARMIS counts 
- If ARMIS detail is not available, 

- apply general ARMIS factors to tolal 
line counts and Bus to Res splits 
from USTA or RUS lo develop 
detail 

1 

Line Tvpe by 
Study Area 

fik 

ARMIS line type detail 

Data include: 
- State code 
- LEC name and NECA code 
- Count of Res. Bus, SLB, Special and 
Public lines 
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WIRE CENTER SELECTION PROCESS 

Data include: 
- &character CLLI 
- 2-character state code 
- NECA company name and ID code 
-V&H coordinates 
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GEOCODE AND GROSS-UP PROCESS 

Customer locations that do 
not geocode lo B-decimal 

place accuracy 

Target cwnt 
Of cus10rn*r 
locations by 

CB 

-Place “unlocated” cuskmler 
locations uniformly around the 

-Assign B-decimal lafflong to 

Data include: 
-WC CLLI code 
- Latitude and longitude of each 

customer location 
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CLUSTERING PROCESS 

Cluster 
engineering 

/ 

parameters 

1[ 
PNR clustering algorithm 

Main clusters 

55 
centmid latbng, aspect 
ratio, assign LEC NECA 

code and line counts and 
calculate aspect ratio 

Data include: 
-Cluster ID 
-WC CLLI code 
- LEC NECA code 
- Centroid atitude and longitude 
-Aspect ratio 
- Line and location counts 
- Identity of nearest other cluster 
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“POINTCODE” PROCESSES 

- Calculate radial distances between 
main clusters and WC 
. Calculate radial distances between 

-Compute omega and alpha angles 
-Compute rectilinear distances 
between main clusters and WC 
- Compute rectilinear distances 
between outlier and main clusters 

- Assign density zone associated 
with covering CBG(s) I----- - Compute rectilinear distances 
between main clusters and WC 
- Compute rectilinear distances 
between outlier and main clusters 

Data include: 
- 2-character state code 
- 8-character CLLI 
- LEC name and NECA code 
- Covering CBG ID 
- Alpha, omega and radial distance 
-Area, aspect ratio, lines density 
- Terrain characteristics 
- Line, household and housing unit counts 
- Firm and employee counts 
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General Rules Governing the Creation 
of the HM 5.0a Distance Files 

1) Three distances are computed for each wire center (WC). They include WC to 
tandem WC to OS tandem, and WC to STP locations. 

2) The SLED is the official data source for computation of the distance files. 

3) BOC WCs home on the nearest BOC tandems and BOC STPs in the same state and 
LATA. There are some cases where LATA boundaries cross state lines. In this case, 
BOC WCs will first attempt to home on a tandem or STP in the same state and LATA 
where the WC is physically located. However, if tandems or STPs do not exist in the 
same state as the WC, then the WC will home on the nearest BOC tandem and STP 
pair. 

4) Independent WCs will home on the nearest independent tandems and independent 
STPs in the same state, when such tandem/STP facilities are available. When 
independent tandem/STP facilities are not available, independent WCs will home on 
the nearest BOC wire center. In cases where independent wire centers home on BOC 
wire centers (any of which always have tandem, OS tandem, and STP connectivity), 
the CLLI of the homed-on BOC wire center will be tracked. LATA boundaries are 
meaningless when making ICO distance computations. 

5) The set of eligible BOC tandems will be the same set used to compute distances in 
HM 3.1, with the following adjustments: 1) non-ILEC tandems will be removed from 
the HM 3.1 list of tandems and STPs; and 2) in most cases, at least one BOC 
tandem/STP pair will be placed in each LATA (in Hh4 3.1 there were some LATAs 
without BOC tandems or STPs). The set of eligible independent tandems will consist 
of all existing independent tandems in the study state. 

6) BOCs will be limited to one OS tandem per state in small states (determined by 
population) and two OS tandems in large states. The set of OS tandems will be hand- 
selected from the list of current OS tandem locations in the study state. Independent 
tandem distances will be computed based on the current locations of all independent 
OS tandems. 

7) BOCs will be limited to a single STP pair per LATA. The set of independent STPs is 
the set of all independent STP pairs in the study state. Embedded STP pairing 
relationships will be maintained for BOCs and independent companies. Note that 
embedded STP homing relationships are not maintained. LATAs without any STP 
pairs will be assigned a hand-selected pair of wire centers to serve as the STPs. 
Hand-selection is rare and only occurs in a few areas (i.e., Alaska, Puerto Rico, etc.). 
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8) There are several cases that must be specifically addressed when creating the distance 
database. Although these cases are discussed in items 3 and 4 above, they are 
individually presented here for clarity. The same set of rules apply whether 
determining distances from WCs to tandems, OS tandems, or STPs. These cases are 
identified immediately below. 

Case 1: For BOC companies, WC is in the same LATA, same state, and has 
the same OCN as at least one tandem. The action in this case is to determine the 
path length to the nearest tandem in this state and LATA, with the same OCN. 

Case 2: For BOC companies, WC is in a different LATA than any BOC 
tandems in the state. In this case, determine the path length to the nearest BOC 
tandem in this state. If such a WC belongs to a different BOC than the 
predominant BOC in the state, the same rule applies. 

Case 3: For ICOs, the WC has a different OCN than any tandem in the state. 
The action in this case is to determine the path length to the nearest BOC wire 
center in this state and track the CLLI code of the homed-on BOC wire center. 

Case 4: For ICOs, the WC is in the same state and has the same OCN as at 
least one tandem. The action in this case is to determine the path length to the 
nearest tandem in this state with the same OCN. 

9) Distances between facilities are computed as right angle runs. 

10) WC to STP distances will be computed as the total distance from the WC to each STP 
in the pair. 

11) In cases where one member of the STP pair lies outside of the study state, the distance 
to the one STP in the state will be doubled as a proxy for the out-of-state STP. Proxy 
STP pairs will only be used in cases where an actual STP pair is unavailable. 

12) Tandem to tandem distances will be computed as a fully-interconnected mesh 
network of all tandems with the same OCN. BOC tandems will interconnect within 
LATA boundaries. 

Distance File Contents 

The following calculated and non-calculated information will be contained in the state- 
specific distance files: 

Calculated Information 

1) The WC to tandem homing arrangements that result from the application of the rules 
defined in this memo. This information is necessary when computing interoffice ring 
distances. 
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2) The WC to tandem distance. 
3) The WC to STP (A-link) distance. 
4) The WC to OS tandem distance. 
5) The STP to STP (C-link) distance. 
6) The number of tandems by company code. 
7) The number of STP pairs by company code. 
8) The tandem to tandem distance for a fully-interconnected mesh of tandems by 

company code. 
9) The total tandem to STP (A-link) distance by company code. 

Non-Calculated Information 

Non calculated information include the NECA data that is necessary for interoffice ring 
calculations. These data are included for each CLLI in the study state. 

1) Vertical coordinate 
2) Horizontal Coordinate 
3) NECA Company code 

Additional Information 

The distance tile calculations require the following database fields, which are taken from 
the indicated source. 

Field m 

LATA 
OCN 
CLLI 
STATE 
VERTICAL COORDS 
HORIZONTAL COORDS 
STP PAIRS 
OS TANDEM INDICATOR 
LOCAL TANDEM INDICATOR 
STUDY STATE 
BOC OCN 

SLED 
SLED 
SLED 
SLED 
SLED 
SLED 
LERG 
SLED 
SLED 
USER INPUT 
USER INPUT 

I 
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Release 5.0a 

Appendix E 

Equation Listings for the 

HM 5.0a Network Engineering 

Logic Modules: 

Distribution 
Feeder 

Switching and Interoffice 



Workbook: RSOA-distributionxls Equation Listing HAI Model, v5.OA 
Worksheet: cluster input data Distribution Module 

COlUlIUl Name Description 



Workbook: RJOA-distribution.& Equation Listing HAI Model, v5.OA 
Worksheet: cluster input data Distribution Module 

Column Name Formula Description 

AF hu-2 

AG hu-4 

AH hu-5-9 

AI 1 hu IO-19 
A., 1 hu-20-49 
AK 1 hu-50+ I I 
AL 
AM 
AN 
A0 
AP 

AQ 
AR 

mobile 
other 
businesses 
employees 
cluster fraction of wire center 
lines 
average outlier loop length 
total outlier lines 



Workbook: RBOA-distributiomxls Equation Listing HAI Model, v5.OA 
Worksheet: calculations Distribution Module 

Column 
r 

Name Formula Description 

r\ I CRG =‘cluster innut data’!D2 1 reseats orincioal CBG for cluster 
‘. --- 

B cluster =‘cluster input data’!E2 repeats cluster or outlier ID from cluster input data 

C Main feeder distance (fi) =lF(P2=O,‘cluster input Distance along main feeder route from wire center 
data’!I2*COS(Plo/l 80*DM2)*IF(diff~sful,ds~c~mult,I),O)*IF(fdr~steer~enable,f to point at which subfeeder cable departs to connect 
dr-rte-air, 1) with cluster; includes adjushnents for dif%adt 

surface routing increase, if selected, and for route/air 
ratio, if feeder steering enabled 

D Basic subfeeder distance (A) =IF(PZ=O,‘cluster input perpendicular distance from main feeder route to 
data’!I2*SIN(P1()/l80*DM2)*IF(diff~sfoI,dshlc~mult,l),0) center of cluster, adjusted for difficult surface 

rerouting, if selected 

E Total feeder distance (ft) =C2+D2 Calculates sum of main and subfeeder distance for 
cluster 

F Fiber Indicator =1F(OR(E2>fiber~dist,E2+T2+W2+O.S*AX2+0.5*AW2R12~max~cu~dstnc,CK2=l Computed value of I indicates fiber feeder required 
,DN2+DPZ<D02),1,0) for this cluster; fiber required if feeder distance > 

fiber feeder crossover distance, max distance from 
wire center to extremity of cluster > maximum 
allowed copper distance, outliers present, or 
tiber+DLC costs less than estimated copper feeder 
life cycle costs 

G aspect ratio =IF(AND(NOT(rect-clusti~switch),’cluster input data’!P2>0),‘cluster input selects input aspect ratio if rectangular cluster 
data’!P2, I) calculations arc enabled, otherwise, makes clusters 

square 

H Rock placement multiplier =lF(rock~hrd”s=“HARD”,hard~lc_mult,sofult) Selects hard rock factor when shown in cluster input 
data, otherwise inserts sotl rock factor for use in 
calculation of rock multiplier 

I Rock multiplier adjusted for =IF(OR(ISBLANK(rock_depth),rock_depth>bdrock~thrcsh),I,HZ-(H2- Adjusts rock multiplier linearly with bedrock depth; 
depth I)/tdrock-thresh*rock_depth) if bedrock is below placement depth, the factor is 

unity; at zero depth, the factor is the basic 
placement factor in column H 

J Difficult surface multiplier =IF(ISBLANKCcluster input data’!U2),1,IF(ISNA(VLOOKUP(‘cluster input Obtains difficult surface condition placement factor 
data’!LJ2,surf~tcxt,2,FALSE)),1,VLOOKUP(’cluster input from inputs sheet. 
data’!U2,surf_text,Z,FALSE))) 

K Lot frontage, A =IF(P2=O,MAX(66,SQRT(O.5*02)),0) Computes lot frontage in feet from average lot size 
using assumption that depth is twice the frontage. 
Minimum value is 66 feet 

r lotdenth ft =2*K2 c”m”utes lot denth as twice the frontaee 



Workbook: R50A-distribution.xls Equation Listing HAI Model, v5.OA 

Worksheet: calculations Distribution Module 

Column Name Formula Description 

half the user-set maximum cable distance; used to 

boundary; includes adjushnent for aspect ratio if 

application of factor increases number of branch 



Workbook: R50A-distribution.xls Equation Listing 
Worksheet: calculations 

Column 

X 

Y 

Z 

AA 

AB 

AC 

AD 

AE 

AF 

AC 
AH 

AI 

Al 

AK 

Name 

pairs required per branch 
cable 
branch cable cross section 

number of maximum branch 
cables 
backbone cross section 

number of max backbone 
cables 
Backbone Taper Factor 

effective subscriber road cable 
distance 

required subscriber road cable 
piIS 
subscriber road cable cross 
section, per cable 
number of max mad cables 
unadjusted road subscriber 
cable investment 
effective road TI cable 
distance 

required mad Tl cable pairs, 
per cable 
number of road TI cables 

FOl?llUl~ 

=IF(AND(P2=O,VZ>O),(lines_adjN2)/VLOOKUP(’cluster input 
data’!$R2,density_inputs,2),0) 
=1F(P2=0,1NDEX(cable_range,MATCH($X2-Z2*m~~~~bl~,~~bl~~~~g~,-1),1),0) 

=TRUNC(X2/max_cable) 

=IF(P2=O,INDEX(cahle~range,MATCH((l/(S2)*V2*O.5*(Y2+Z2*m~~cable))- 
SABZ*max_cable,cable_range,-l),l),O) 

=IF(V2/@2*U2)<=2,1,0.5) 

=IF(OR(P2=O,Q2<2),0,5280’MAX(SQRT(’cluster input 
data’!02*aspect),SQRT(‘cluster input 
data’!02/aspect))+MAX(O,52SO*MIN(SQRT(’cluster input 
data’!02*aspect),SQRT(‘clustcr input data’!02/aspect))- 
2’VLOOKUP(density,density_inputs,9)))*IF(diff~sfc~l,dsmc_mult,l) 
=IF(P2=1 ,(lines_adj)/MAX(l ,BQ2)NLOOKUP(‘cluster input 
data’!R2,density_inputs,2),0) 
=IF(P2=I.INDEX(cable_range,MATCH(AE2-AG2*m~~cable,cable~r~ge,- 
I,. I Ml -,,-,,-, 
=IF(P2=1,TRUNC(AE2/max_cable),O) 
=IF(AND(P2=I,BH2=O),AD2*AG2*max~ccable~inv+AD2*VL~KUP(calculation 
s!AF2,cableeinv,2,FALSE),0) 
=IF(P2=l,‘cluster input data’!N2*(SIN(PI()/lEO*‘cluster input 
data’!MZ)tCOS(PI()/l gO*‘cluster input data’!M2)),O)*IF(diff~sf_sfc>l,ds~c~muIt,l) 

=IF(OR(P2=O,AK2=O,BH2=l),0,2*total~TIslAK2NLOOKUP(‘cluster input 
data’!RZ,density_inputs,2)) 
=IF(OR(P2=O,BH2=1),O,CEILMG(total~TIs/m~~Tls~cable,I)) 

Description 

Pairs required per branch cable with cable sizing 
factor 

assigned branch cable cross section; if maximum- 
sized cables are present, this value covers remaining 
lines not served by maximum cable 
calculates number of “overflow” branch cables 
required by cluster 
assigned backbone cable size; computed from 
branch cable size and number of branch cables to 
ensure preservation of hinder-group integrity 
computes number of backbone “overtlow” cables 
required 
factor accounting for tapering of backbone cable 
when more than hvo branch cables connect to each 
backbone cable 
computes length of cable required to serve outlier 
locations; length computed as the major dimension 
of the outlier area plus the minor dimension less two 
drop lengths, adjusted for difficult surface routing if 
elected by user 
cable pairs, including sizing factor, required to serve 
sub&bus centered-on o&r position 
assianed road cable cross section in addition to any 
nec&.ry maximum-sized cables 
computes number of maximum-sized road cables 
total road cable investment for outlier without 
adjustments for aerial, buried, or underground use 
TI road cable distance assuming rectangular routing 
between end points, with difficult surface routing 
adjushncnt if elected by user 
required cable pairs, including two pairs per TI on 
cable and cable sizing factor 
number of TI cables required, controlled by 
maximum allowable TI pairs in cable 

HAI Model, vS.OA 
Distribution Module 



Workbook: R50A-distributiomxls Equation Listing 
Worksheet: calculations 

Column N2Wlle Formula 

=IF(P2=l,INDEX(cable~range,MATCH(AJ2,cablc~rangc,-l),l),0) 
=lF(AND(P2=l,BH2=O),AI2*A~*VLOOKUP(AL2,cable~inv,2,FALSB),O) 

AT buried placement 

=($AN2)*CF2 

=1F(BH2=1,0,1F(P2=1,A12+1F(C13~=C12,0.5’ 
(SQRT(‘cluster input data’!02*aspect),SQRT(‘cluster input 
data’!02/aspect))+MAX(0,528O*MIN(SQRT(’cr input 
data’!OZ*aspcct),SQRT(‘clustcr input data’!O%spect))- 
2*VLOOKUP(density,density_inputs,9)))),2*S2*U2*T2+V2*W2)) 

=lF(OR(BH2=l,‘cluster input 
data’!RZ~=inputs!SB$l2),O,((l+CEILING(A~*CE~LOOK~~clust~ input 
data’!R&dcnsitv inputs,8).l))*(voIe inv+volc labor*((l- . 
wtggol~_set)~~g~le_set’labor~~dj)*~ro~~~~~lt+~iff~~f~-I)))) 
=IF($BH2=I,O,AR2*CD2*VLOOKUP(‘clustcr input 
data’!SR2.densitv inuuts.7)*(rock mult+diff sfc-l)*((l- 
~g-e,,B,)+wtp_exEaV~l~~o~-~,~) 

,. 

=IF($BH2=I,O,IF(P2=0,(2’S2’U2*$T2*(l+sp~tubes+$AB2)+%V2*$W2*(l+sp~tu 
hes+$Z2)),(A12+1F(C13~=C12,0.5*AD2,0))’(inv) 
=IF($BH2=I,O,AR2*CF2*VLOOKUP(‘clustcr input 
data’!SRZ,density_inputs,6)*(rock_mult+diff_sfc-1)*((1- 
wtg_excav)+-wtgexcav*labor_adj)) 

HAI Model, v5.OA 
Distribution Module 

Description 

assigned Tl cable cross section 
total TI cable investment for this outlier. unadiusted 
for aerial, buried, or underground stru&c ’ 
total cable investment for cluster or outlier, 
including branch, backbone (for clusters) and TI 
road, and customer road cables (for outliers): 
connecting cable investment, if any. is computed by 
feeder module 
computes underground fraction of total cable 
invcshncnt using input underground structure 
fraction 
computes buried cable investment, including 
addi&nml cable investment for t&d cable,&ing 
computed buried structure fraction 
total aerial cable investment computed with 
calculated aerial structure fraction 
computes total structure distance for cluster; for 
outliers, includes total distance for Tl cables plus 
one-half the sum of the major outlicr dimension and 
the minor outlier dimension less two drop lengths; 
for tcmxinal outlicrs, total also includes one-half the 
suuscriber road cable distance 
computes total pole investment, including pole 
setting, with adjustments for local surface and rock 
conditions and labor rates 

computes total buried placement investment, with 
adjushncnts for local surface and rock conditions 
and labor rates 
computes total conduit investment, including spare 
tubes 
computes total underground placement investment, 
with adjushncnts for local surface and rock 
conditions and labor rates 



Workbook: R50A-distribution.xls Equation Listing HAI Model, v5.OA 
Worksheet: calculations Distribution Module 

C”lU”l” Name 

AW vertical connecting cable 
length, t? 

I 

BC SAI size 

-, 

cables 
BL 1 riser cable cross section 

Formula 

=1F($P2=I,0,2*U2*(S2-I)*(T7.+depth)) 

Description 

backbone cables to connect subfeeder to RTs; 

used to connect subfeeder to RTs when branch 
cables are subdivided; investment computed in 
feeder module 

1 structure rewired to smwxt vertical connecting 
cable; may be shared&h backbone structure in 
certain cases 
stmc.ture required to support horizontal connecting 
cable; may be shared with branch structure in 
certain cases 

=(3S*‘cluster input data’!ACZ+Z*(‘cluster input data’!XZ+SA-loops+‘cluster input 
data’!AA2))/@2*U2) 
=IF(BH2=I.O,TRUNC(SAI~cap/m~~SAl)) 

computes SAI capacity as the sum of the feeder and 
distribution connections 
computes number of maximum-sized SAIs required 
for cluster 

=IF(OR(P2=I,BH2=l),O,INDEX(SAI~range,MATCH(SAI~cap 
BB2*max_SAl,SAl_range,-l),l)) 

assigns SAI size for determination of investment 

=IF(OR(PZ=I ,BH2=l),O,BB2*max_SAI_inv+VLOOKUP(BC2,SAI~inv,3,FALSE)) 1 computes total SAI invcstnxnt 
*s2*u2 I 
=IF(BH2=1 ,TRUNC((SAI~cap)/na~SAI),O) computes number of maximum-sized indoor SAIs 

required 
=IF(BH2=I,INDEX(SAI~range,MATCH(SAI~capBE2*max_SAI,SAI~r~ge,- 
1 ),I ho) 
=IF(BH2=I,BE2*max_SAI~inv+VLOOKUP(BF2,SAI~inv,2,FALSE),O)*S2*U2 
=IF(AND(P2=O,clusti-area<O.O3,‘cluster input data’!R2~30000),1,0) 

=IF(BH2=O,O,(‘cluster input data’!AC2*1500+‘cluster input data’!A02*200)/((1- 
inputs!%FS30)*‘cluster input data’!O2*5280”2)) 
=(r?*‘cluster input data’!AC2+‘cluster input data’!AAZ+SA_loops+‘cluster input 
data’!X2)/2 
=TRUNC(BJ2/max-1iser)*2 

assigns indoor SAI size for determination of 
inveshnent 
computes total indoor SAI investment 
indicates whether high-rise calculations are to be 
invoked; requires line density > 30,000 lines/sq mi 
and cluster area < 0.03 sq mi 
estimates number of ‘“floors” using assumed floor 
areas per household and employees 
computes required cable pairs, including cable 
sizing factor; two equally-sized cables assumed 
computes number of maximum-sized riser cables 

=INDEX(riser ranpe,MATCH(BJZ-$BK2/2’max riserxiser raw-l),l) 1 assiens riser cable size 



Workbook: RSOA-distrlbution.xls 
Worksheet: calculations 

Equation Listing HAI Model, v5.OA 
Distribution Module 

Column NZXlle I.“. ,.L”.P UrlC, .#z..YU 

BM riser cable investment =IF(BH~=~,(BK~*~~_~~~~~_~~~+~*VLOOKUP(BL~,~~~~~~~~~,Z,FALSE))*~S*CE computes total riser cable investment; limits 

lLING(MIN(Bl2,5O),l),O) l.*,iL4inn+, -- ~’ 

r)w I to+21 TI s rwuired oa route I =IF(P2=l,CN2,0) YL. 

BO total repeaters required per 
cable 

repeats count of TI s traversing or terminating at 
current outlier 
computes repeaters required for Tls in outlier 
segment by considering aerial and ugiburied 
structure fractions, number of Tl, distance, and 
allowable cable loss behveen repeaters 

:opper distance 

BP total installed repeater =BOZ*repeatcr-in” computes total investment in Tl repeaters per cable; 

investment pet cable multiplied by number of Tl cables in output sheet 
WV 

BQ mad RT indicator/copper =IF(AND(PZ=l,CR2=O),MAX(l ,CEILlNG(AI2/max~cu~dstnc,l)),O) computes factor to add RTs in outlier distribution if 

distance multiplier total outlier customer distance exceeds maximum 
c 
E 
a 
‘ 
c 
t 
1 
I 
I 

BR 

BS 

BT 

total road RTs =IF(AND(p2=l ,BQ2>O),BQ2*CEILING(lines_adj/BQ2~T~ftl~24,l),O) 

total installed terminal =IF(A~D(p2=l,BRuo),BRz*(TOBd_RT_inv+road~COT~r-RT~inv~CU~inv-m 
investment per cable ad*calculations!R2~T-~ll,O) 

average loop length in cluster =IF(PZ=O,OS’(T2+W2+AW2RIZ+AXZ)+E2,0) 

:alculates number of small RTs to sen’e subscribers 
assigned to outlicrs 
:omputes total RT investment, including common 
:quipment and channel units, for outlier 
atimates average loop length within cluster, 
,ncluding common feeder distance for all cluster 
lines; includes effects of connecting cable when 
present 

BU 

BV 

BW 

distribution mute distance in 
cluster 
maximum loop length in 
cluster 
equivalent SA loops 

calculates total mute, or structure, distance for 
cluster 
calculates maximum loop length within cluster 

computes equivalent special access loops for Users 
with access to precise input data concemlng types 
and numbers of multiplexed special access lines m 
cluster 

BX adjusted total lines =lines-sa-lines+SA-loops 

BY number of DLC LD terminals ~IP(GR(p2=l,(~+CSZ)/(S2*U2~=input5!6C+CS2) 
/(S2$U2)/(inputs!$D$96*inputs!$D$97*(l+inputs!SDSl lO)),l)) 1 

adjusts input line total for rc-computed special 
access loop total for users having access to precise 
special access facility data for cluster 
computes number of lowdensity remote terminals 
required for cluster; includes effects of branch and 
backbone subdivision, ifrequired 



Workbook: R50A-distributionxls Equation Listing 
Worksheet: calculations 

Column 

BZ 

CA 

CB 

cc 

CD 

CE 

CF 

CG 

CH 
CI 
CJ 

CK 

CL 
CM 

Name 

LD terminal investment 

number oiHD RTs 

HD RT inveshnent 

fiber strands required 

effective buried fraction 
distribution 
effective aerial fraction 
distribution 
effective u/g fraction 
distribution 
cluster serial number 

outlier number 
outlier order 
outlier root ID 

cluster -_ attached outlier 
indicator 

cumulative lines in chain 
number of Tls r&d -- 
tenninal outlier 

=VLOOKUP(‘cluster input data’!R2,density_inputs,3) 

=RlGHT(LEFT(B2,SEARCH(“.“,B2)-I),SEARCH(”.”,B2)-2) 

=RlGHT(B2,LBN(B2)-SEARCH(“.“,B2)) 
=IF(P2=l,LEN(CH2)/3,0) 
=IF(lSBLANK(CH2),O,LEFT(CH2,3)) 

=IF(AND(P2=O,P3=l),l,O) 

=IF(lSBLANK(CH2),O,tF(AND(CJ3=CJ2,CG3=CG2),CL3+CU2,CU2)) 
=IF(P2=O,O,IF(CI3>CIZ,O,CEILING(CUuRT_fi,I))) 

Description 

computes total investment in low-density remote 
terminals, including site, ccmnnon equipment, and 
channel units 

calculates number of high-density remote terminals 
to serve cluster: this calculation and that in BY are 
mutually exclusive 
calculates total inveshnent in high-density remote 
terminal, including site, wmmon equipment, and 
channel units, as well as CO multiplexing equipment 

calculates number of fiber strands required to serve 
cluster according to computed RT totals and user-set 
number of strands per RT 
computes effective buried structure fraction 
according to local surface and rock conditions 
computes effective aerial structure fraction 
accordine to local surface and rock conditions 
repeats input underground structure fraction set by 
user 
extracts basic cluster serial number from cluster or 
outlier ID in cluster innut data 
Extracts outlier extension from cluster ID 
Commutes outlier level from outlier number 
extracts number of outlier on which current outlier 
chain homes 

HAI Model, v5.OA 
Distribution Module 

indicates for clusters whether any outliers are 
attached; used in specifying whether fiber feeder is 
reauired 
accumulates line count within outlier chain 
calculates number of Tls required to serve last 
outlier in chain 
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Workbook: RSOA-distribution.& Equation Listing HAI Model, v5.OA 

Worksheet: calculations Distribution Module 

Column Name Formula Description 

ose connecte 

LCFacton!$D$3+LCFactors!$C$3) 



Workbook: R50A-distributionxls Equation Listing HAI Model, v5.OA 

Worksheet: calculations Distribution Module 

Column Formula Description 

*(LCFactors!$C56+LCFactors! to serve c “SkT 
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Workbook: R50A-distributionxls Equation Listing HAI Model, v5.OA 
Worksheet: calculations Distribution Module 

Column Name Formula Description 

outliers to determine total per-line inveshnent for 

data’!AF2+‘cluster input 
data’!AM2r-VLOOKUP(density,density_inputs,lS)*(‘cluster input data’!X2-‘cluster 

ut data’!AB2+‘cluster input data’!AA2+SA~loops+lFCcluster input 
O,O,(‘cluster input data’!AH2+‘cluster input data’!Al+‘cluster input 
cluster input data’!AK2)fcluster input data’!AC2*‘cluster input 

computes NID investment for cluster OT outlier 

dicates when wireless 



Workbook: R50A-distribution.xls Equation Listing HAI Model, v5.OA 
Worksheet: calculations Distribution Module 

Column Name FOMlUlil Description 

EE outlier subsctiber mad cable =lF(P2=1,IF(CU2~=1,0,IF(CU2~=2,0.5*ED2,IF(CU2~=3,5*ED2/12,1.5*ED2)))‘C computes average distance from outlier center to 
adjustment to average loop uw subscribers served bv subscriber road cable. wtd bv 

’ length wtd by lines lines in outlier I 

EF 1 cumulative weighted outlier 1 =lF(CG3=CG2,EF 
adjustment 

3+EE2,EE2) accumulates weighted outlier adjust across all 
outliers in cluster 

EG 1 weighted average outlier [ =IF(OR(P2=l,‘cluster input data’!AR2=O),O,EF2fcluster input data’!AR2) 1 conmutes wtd averaee adiustment for cluster 



Workbook: R50A-distributionxls Equation Listing HAI Model, v5.OA 

Worksheet: output Distribution Module 

Column 

A F B 

C 

t 

D 
E 

F 

G 

I 
H 

I 

J 
I 

K 
L 

F M 

N 

0 
P E Q 

R 

IE 
s 
T 

Name FOITXlUll Description 

CCXlp”y 
operating company indicator 

wire center 

CBG number 
quadrant 

=‘cluster input data’!B2 
=‘cluster input data’!CZ 

=‘cluster input data’!A2 

=lF(calculations!P2=O,‘cluster input data’!DZ,O) 
=lF(calculations!P2=O,‘cluster input data’!F2,0) 

reports operating company name 
reports operating company type indicator from 
‘cluster input data’ 
reports g-character locati?n identifier (specifies wire 
center) 
reports principal CBG identifier for cluster 
reports which wire center quadrant the cluster falls 
in 

main feeder distance, fi 

subfeeder cable distance, A 

total distribution route 
distance in cluster, R 
total lines 

=calculations!C2 

=calculations!DZ 

=calculations!BU2 

=lines-adj 

reports main feeder distance, modified by difficult 
terrain or mute/air multiplier as required 
reports subfeeder cable distance, modified by 
difficult terrain distance multiplier if required 
reports total structure distance for distribution plnnt 

reports total line count, including adjusted special 
access lines, public lines, business and residential 
lines 

density -- line&q mi =IF(calculations!P2=O,‘cluster input data’!R2,0) reports density expressed as total lines per sq mi of 
cluster or outlicr area 

area, sq mi 
business lines 

=‘cluster input data’!02 
=‘cluster input data’!X2 

reports cluster or outlier area in sq mi 
reports total business lines, including single- and 
multi-line service 

residential lines =‘cluster input data’!Y2 reports total residential lines, including first and 
multiple lines 

individual SA lines -- VGIDS- =SA~loops reports special access total voice grade/DSO 
Cl enuiv eauivalcnts 
I -1--. 

public lines 
households 
single-line business lines 

distribution cable inv. 

=‘cluster input data’!AA2 
=‘cluster input data’!AC2 
=‘clustcr input data’!AB2 

I 
I =IF(wireless cap ind=O,calculations!A02,0) 

underground 
distribution cable inv, buried 
distribution cable inv, aerial 

reports total public lines 
repats total households in cluster or outlier 
reports total single-line business lines; total 
included in business line count I ~~~~~~~~ 
reports total inveshnent in underground distribution 
cable 
reports total investment in buried distribution cable 
reports total investment in aerial distribution cable 


