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REBUTTAL TESTIMONY
OF DR.L KEVIN T. DUFFY-DENO
ON BEHALF OF BELLSOUTH TELECOMMUNICATIONS, INC.
BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION
DOCKET NO. 980696-TP
SEPTEMBER 2, 1998

INTRODUCTION

PLEASE STATE YOUR NAME AND BUSINESS AFFILIATION.
My name is Kevin T. Duffy-Deno. | am the Managing Director-Market Research
at INDETEC International, a telecommunications consulting firm.

ARE YOU THE SAME KEVIN T. DUFFY-DENO WHO FILED DIRECT
TESTIMONY IN THESE PROCEEDINGS?
Yes.

WHAT IS THE PURPOSE OF YOUR TESTIMONY?
The primary purpose of my testimony is to respond to Mr. Wood's assertion in his
testimony of August 3, 1998 on page 20 that:

“By developing costs based on the actual locations of most customers, this release
of the HAI Model provides a degree of precision in its results that simply cannot
be duplicated by a model such as the BCPM which uses a more simplistic
approach of arbitrarily distributing end users along roadways or within an

2
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artificial grid structure.”

My testimony provides theoretical and empirical evidence that refutes Mr.
Wood's assertion. This evidence consists of a relative evaluation of three key
features of the HAI Model Release 5.0a (HAI 5.0a) and the Benchmark Cost
Proxy Model Release 3.1 (BCPM 3.1): (1) the customer location methodology:
(2) the customer aggregation methodology: and (3) a comparison of the minimum
distance, as the crow flies, required to connect cust .ners and the distribution
plant provisioned in HAI 5.02.

PLEASE SUMMARIZE YOUR PRIMARY FINDINGS AND CONCLUSIONS.
The following summarizes key evidence that counters Mr. Wood's assertion that
HALI 5.0a is more “precise” than BCPM J.1.

e The rate of successful geocoding is extremely low in the rural, low-density
areas of Floride. Consequently, the HAI Mode! customer location methodology is
reduced to estimating the lion's share of customer locations in these areas. HAI
simply places such customers on the perimeter of relatively large Census Blocks,
ignoring the importance of placing customers along interior roads.

. mHM‘lmcllimﬂmth:mndclmmlyIMcmmm
remains unsubstantisted because AT&T has refused to allow anyone access to the
underlying geocoded and surrogate data to BellSouth for Florida.

o The rectanguler HAI clusters to which the HAI model engineers plant, do not
fully encompass the underlying geocoded and surrogate locations upon which these
HAI clusters are based. The geocoded and surrogate locations themselves are not

3
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. u,wﬁugm?mmmhwcmmm
BCPM's customer location methodology effectively identifies the actual distrit ution
ofcmmﬁlmm

. MMﬁMMihmhmﬁmmdﬂmuundedw
mﬂdhcﬁnhhmdmhmw&mﬁdbyﬁnﬁ:l
mmumimmmmuammmm:uh
mummm In the lowest densiiy zone, the model's estimated
m&mmwnﬂmﬁqmmmmmm
Mﬁmhmﬂhmm Hence, HAI 5.0a"s distribution plant
substantially underestimates the requisite plant by a substantial margin to provide
MMMhnﬁm

. hmmﬂwmﬂwiﬂmﬂimmﬂﬂﬁhmlion
nfmﬁhcﬁﬂihﬁmph.tmuﬂkmlmnfﬂcmmmm
BCPM's modeling of distribution plant is internally consistent with BOPM's
modeling intent. The minimum connecting distance analysis of BCPM 1.1 indicates
that BCPiM is only 465 miles short in the lowest density zone and short in only 32%
ofits ultimate grids. =~

HOW IS YOUR REBUTTAL TESTIMONY ORGANIZED?

Section I provides an overview of HAI 5.0a's and BCPM 3.1's customer location
methodology and n evaluation of the two methodologies. Section IIl provides
similar information for the model's customer aggregation methodologies. The
MMdmﬂnhMmﬁmw A summary of
key points is provided in Section V.
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ARE THERE EXHIBITS TO YOUR TESTIMONY?
Yes. The following is a list of the Exhibits that accompany my testimony:

KDD-1
KDD-2
KDD-3
KDD-4
KDD-5

KDD-6

KDD-7
KDD-§
KDD-9

KDD-10
KDD-11
KDD-12
KDD-13

KDD-14

KDD-13

!

The Road Network in Dixie County, FL

Geocoded Locations in Nixie County, FL
Geocoded Locations in Levy County, FL

Geocoded Locations in Washiagton County, FL

Satellite Observations in the Y wnkeetown Wire Center, FL
mawmwrmmmﬂme

March 2, 1998 AT&T ex parie to the FCC

Concentric Ring Analysis of the Yankeetown Wire Center, FL
Figure 1. Yankeetown Wire Center: Distribution of Actual and
BCPM predicted Counts.

BCPM Ultimate Grids in the Yankeetown Wire Center, FL

HAI Distribution Cable Requirements

HALI 5.0a Clusters in the Yankeetown Wire Center, FL

Figure 2. Stylized PNR Polygon Cluster and the HAI Equivalent-
area rectangle (Access Database); Figure 3. Formation of the HAI
5.08 Rectangular Clusters

Using Minimum Spanning Trees to Estimate Subscriber
 Dispersion and Minimum Network Length

The “Shorter- Than-Minimum-Spanning-Tree" Fallacy

T ELos {
S et s SURY = by TR ____;;_._-J
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CUSTOMER LOCATION
HAI 5.02 Customser Locstion Methodology

HOW DOES HAI 5.0a LOCATE CUSTOMERS?

As explained in the HAI Model Documentation, “address geocoding” is used to
spatially locate customers. First, an address database is acquired from a source
mﬁM'.mmmmnmwmmm.
These addresses are then input to geocoding softwasc, which then determines the
latitude and longitude of the address on a ms  of the road-network.

When customers cannot be accurately address-geocoded, their loc ations are
placed uniformly on the perimeter of the Census Block in which they are located.
These estimated customer locations are called “surrogate™ locations.

OF THE COMPLETE ADDRESSES METROMAIL PROVIDES, CAN THE
LOCATIONS OF ALL CUSTOMERS BE ADDRESS-GEOCODED?

No. 2.0. Box and Rural Route addresses cannot be accurately geocoded. Since
P.O. Boxes and Rural Route addresses occur much more frequently in rural areas,
this affects the ability o geocode in rural areas substantiully more than it affects
geocoding in the urban areas.

Failure 1o sddress-geocode may also result from incomplete information in the
road network database, For example, consider a fictional Mrs. Emma Jones who
lives st IETMM To accurstely geocode Mrs. Jones' location, one needs

6
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three pieces of information in the road network database. First, the physical road
segment Town Road, the portion of road berween two intersections, needs to be in
the database. Second, the physical road segment must be identified with the name
“Town Road.” Finally, the address range associated with “Town Road" must
include 120"

The leading reRson why customer . cations in rural areas cannot be accurately
address-geocoded is this road network informaion requirement. As an example.
Exhibit KDD-1 shows the road network i1 Dixie County, Florida. Physical road
segments are shown in black, named road s>gments are shown in blue, and named
madwﬂiﬂ:mmnmnwlnnd. Customer locations can only
be accurately geocoded to the red road segments. The portion of total road
segments that are named and numbered is quite low. Less than 1% of the physical
roads in Dixie County are named and aave address ranges.

WHAT SHARE OF CUSTOMER LOCATIONS COULD BE ADDRESS-
GEOCODED IN FLORIDA?

The sponsors of HAI 5.0s filed with the FCC an ex parte on February 3, 1998
which presents the geocode rates obtained by the HAI Model developers, by
density zone, for the 50 states, For the < § line per square mile density zonc, the
HAI Model developers could accurately address-geocode the locations of only
34% of customers in Florids. The national average was reported as being 15% for
this density zone. Table 2 below shows all of the geocode rates for Florida.

Table 2. HAI 5,0a Address-Geocode Rates for Florida:

= -]
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CBG Density Zone

Density Zone MC! Reportsd Successtul

Geocode Rate

0-8§ 4%
5100 82%
100 - 200 80%
200 - 850 85%
850 - 850 84%
850 - 2.650 78%
2,550 - 5,000 64%
8,000 ~ 10,000 46%
10,000 + 50%

1S THERE ANOTHER WAY TO EXAMINE THE GEOCODE RATE IN
FLORIDA OTHER THAN THAT PRESENTED IN TABLE 2?

Yes. Another set of geocode success rates has been provided by AT&T to the
Fec to support HAI 5.0a. These data are success rates by Florida wire center,
These data, shown in Table 3, reveal that no residential customer locations could
be successfully address-geocoded in 25 wire centers in Florida, or 5.3% of the
t>tal wire centers in Florida.

Table 3. Distribution of HAl Address-Geocode Success Rates for Florida
Wire Ceaters.

Geocods Rets  WC Count WC Shar

0% 25 533%
0-10% 85 13.868%
10 - 20% 25 8 13%

19 4.05%

g




30 - 40% 20 < 26%
40 - 50% 25 5.33%
50 - 60% 20 4.26%
80-70% 43 9.17%
70 - B0% 78 18.63%
80 - 90% 105 22 30%
90 - 100% 43 2.17%
100% 1 21%
Total 468 100.00%

Rebunal Testimony of
Kevin T. Duffy-Deno
Docket No. 930696-TP
September 2, 1998

Another way to examine these wire center level data is to categorize wire centers
into density zones using wire center level Aensities (density in Table 2 refers to
Census Block Group density, the measure of density used by HAI 5.0a). This
approach suggests that the address-geocode rate in the lowest density wire centers
is lower than the 34% reported in Table 2. In fact, on average, the success rate in
the less than § line per square mile dec sity zone is 22%. These data for all HAI
wire centers in Florida are shown in Table 4. Wire center area is taken from
BCPM 3.1 as the HAI Access database does not provide these data.

Table 4. HAI 5.0a Address-Geocode Rates for Florida:

Wire Center Density Zone
DX WC Count Average Geocods Rate
<8 19 22.43%
.20 T 23. 0%
20-100 g1 46.82%
100 - 200 52 88.17%
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200 - 850 79 72.78%
850 - 850 20 70.84%
850-2,550 62 70.16%
| 2,880 - 5,000 55 60.17%
48,000 - 10,000 18 40.87%
. »10.000 2 21.10%
_*i* '
. Youl 489 84.74%

Q. HAVE YOU EXAMINED THE ADDRESS-GEOCODE RATE FOR RURAL

FLORIDA?

A. Yes,1 bave. Table § shows the 1995 Census housing unit count for three
umymmmm Dixie and Levy Counties are located on
u.mwummm Washington County is located just
-uatmhﬁﬂmam Al three counties are characterized by low housing
unit densities (1.¢., less then 15 housing units per square mile). These counties
‘were selected using s MapBasic random selection program from a list of the
state's counties with densities less than 25 housing units per square mile and
known to contain a BellSouth owned wire center. Wire centers containing Native
WWWMMNMM?WMN}MH

they were selected.

Also shown in Table $, for each county is the number of Metromail complete
m‘mummm 11, 1998, the number of these addresses
that can be geoooded, and hence, the share of 1995 Census housing units that can

be geocoded. .
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Table 5. Address-Geocoding in Low-Density Counties of Florida

1996 Consus  Metromall  Geocodable Census Count
Housing  Complets  Addresses  Geocodable

Units Addresses
Dixie 7.8 218 0 0%
Levy 14,0114 T.074 3,748 ™
Washington 8,481 3,784 2.253 2%

Tﬂidﬂ“tﬂﬂnﬂr&nﬂuﬂlmrmrhuﬁm[ﬂm housing
wuj'uﬁ&wmmmm and can be extremely low, zero
in fact, consistent with the HAI Model sponso: findings.

YOU MENTIONED THAT THE ADDRESS-GEOCODE RATE DIFFERS
BETWEEN RURAL AND URBAN AREAS. CAN YOU PROVIDE
EVIDENCE OF THIS IN THESE RURAL FLORIDA COUNTIES?

Yes. The geocode rates shown in Tables 2 - 5 do not show the fact that customer
locations in towns are much more likely to be geocoded than those out of town.
As evidence of this, consider the three maps of wire centers in these countie<
provided as Exhibits KDD- 2, 3, and 4. These maps show, by red diamonds, the
geocoded locations in these wire centers. No customer locations could be
geocoded in Dixie County (KDD-2). Usually one sees that in rural counties,
geocoded locations tend 1o occur in clusters, centered on towns. This is the case in
both Levy (KDD-3) and Washington (KDD-4) Counties. In Levy County, the
geocoded locations are clustered sround the towns of Inglis, Williston, Bronson,
and Chiefland. In Washington County, the geocoded locations are clustered

11
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around Chipley, at the intersection of Interstate 10 and route 77.

In fact, the 34% geocode rate for the lowest density zone in Florida reported by
the sponsors of HAI 5.0a likely oversiates the geocode rate in the truly rural areas
for this reason. The density zones used to report these geocode rates likely
contain both towns and out-of-town areas. Hence, an aggregate geocode rate is
wm%mhwfu!&m-aﬂnwm

IS IT LIKELY THAT ADDRESS-GEOCODED LOCATIONS ACCURATELY
REPRESENT THE TRUE DISTRIBUTION OF CUSTOMER LOCATIONS IN
THESE WIRE CENTERS?

No. By examining sctual locations relative to geocoded locations, one can see that
indeed, geocoded locations tend to be only in and around towns, despite there
being housing units scattered throughc ut the wire center.

DID YOU EXAMINE A WIRE CENTER IN RURAL FLORIDA FOR THIS
PHENOMENON?

Yes. Address-geocoded locations were obtained for the Yankectown wire center
in Levy County. In addition, setusl customer locations were obtained through the
analysis of a satellite image for this wire center.

WHAT KIND OF SATELLITE IMAGE WAS USED FOR THE FLORIDA

ANALYSIS?
The satellite image used is referred 1o as 8 “10-meter product”. That is, one pixel
equals 10 meters on a side. The image was taken on December 4, 1995 from an

12
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altitude of 520 miles. It was purchased from SPOT Image Corporation and
analyzed by ERIM (Environmental Research Institute of Michigan).

HOW WAS THE SATELLITE IMAGE ANALYZED BY ERIM?

Since the image is digitized. it can be loaded into a personal computer and
enlarged on the computer monitor. ERIM's experienced imag~ry analysts then
visually identified bouses on a Census Blnck by Census Block basis.

WHAT DID YOUR ANALYSIS REVEAL?
ﬁmuf&?mmwwmm—!muhnﬂmurm
mmﬂhwm&nﬂdﬁuwm Si.c hundred
and thirty-three of the 2,119 housing units in this wire center could be geocoded
to the HAI Mode! standards. It is clear that geocoding does not capture a
significant portion of the customer locatiors in Florida low-density areas.
Mmm.EﬂH"bhEMMmﬂm“ﬁmm
the wire center.

CUSTOMERS WHOSE LOCATIONS CANNOT BE ADDRESS-GEOCODED
ARE PLACED ON THE PERIMETER OF CENSUS BLOCKS. IS THERE
EVIDENCE THAT CUSTOMERS ARE ACTUALLY LOCATED OTHER
THAN ON THE PERIMETER OF CENSUS BLOCKS?

Yes there is. 1t is true that people tend to live along roads. It is also true that
roads are not limited to the perimeter of Census Blocks. For example, in Florida,
44% of the populated roads in the low-density Census Blocks (densities greater

than 0 but less than equal 1o 20 housing units per square mile) are “interior roads.”
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The share of populated road mileage that is interior to Census Blocks for the four
lowest density zones in Florida is shown in Table 6.

Table 6. Fiorida Interior Roads

Denaity % of Populated Roads that
{HU | SQMI) are Interior to Census Biock

<§ 482
§-20 395
20-100 383
100 - 200 327

In addition, when INDETEC geocoded customer locations in the counties of Levy
and Washington we found that 312% and 27%, respectively, are located on interior
roads. These findings are inconsistent with the placement of all non-geocodable
customets on the perimeter of Census Blocks. Thus, HAI inappropriately
disregards the fact that customers in rural areas live along both interior and
perimeter roads.

'S THE PLACEMENT OF SURROGATE LOCATIONS ON THE PERIMETER
OF CENSUS BLOCKS A “CONSERVATIVE” ASSUMPTION AS THE HAI
PROPONENTS CONTEND?

No. By “conservative” | assume the reference is with respect to the dispersion of
customer locations. Exhibit KDD-6 provides an example of where uniform
placement of customer locations along roads both exterior and interior to a Census
Block yields a greater dispersion (as measured by the Minimum Spanning Tree
distance) than uniform placement along the Census Block boundary.
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In addition, uniform placement along Census Block boundaries is not
conservative if artificial clusters are formed along contiguous Census Block

HAVE THE DEVELOPERS OF HAI 5.0a PRESENT=D AN ALTERNATIVE
mmm'r TO THE SURROGATE PLACEMENT YGU DISCUSSED
ABOVE?

Yes. On March 2, 1998, AT&1 filed with the ¥CC an ex parte that presents an
“slternative methodology for determining; the location of customers who were not
geocoded to their precise street address location by the HAI Model, v5.0a." This
ﬂmh“bmrmmuwbhmn-m

WHAT IS THIS ALTERNATIVE METHODOLOGY THAT HAI PRESENTED
TOTHEFCC?

The methodology discussed in this ex parfe locates customers whose addresses
cannot be accurately geocoded within a Census Block on the basis of both interior
and boundary roads, This methodology uses the internal Census Block road
network much in the same way that BCPM has used all along. The ex parte
states, “We are currently using the same roads that are claimed to be used in

BCPM3.” (Emphasis added).

IS IT TRUE THAT A MODEL WHICH ADDRESS-GEOCODES SOME
CUSTOMER LOCATIONS IS NECESSARILY BETTER THAN ONE THAT
DOES NOT USE ADDRESS GEOCODING?

No. First, the mere use of address-geocoding does not necessarily make a model's
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customer location methodology better than one which uses some other technique
10 lo~ate customers. This argument is especially suspect in the low-density areas
where the address-geocode rate is extremely low. Consequently, the assertion of
mrdlmlﬂmnfmhnlﬂmdepmdlcﬁﬁﬂllyum
MMMMWH\‘MMWM

Second, the degree to which & model uses address-geocoding needs to be
determined. Fumu.a&immdm {ae address-geocoded and surrogate
m“wmlr’bdtﬁmthe perimeter of the PNR polygon clusters in the
Hﬂmm Once HAI transfurms the PNR clusters, generating new
HAI clusters that encompass a different geographic area than we PNR clusters,
the customer latitude and longitude information is discarded. This information in
no way enters the Access database used by HAI .00

WHAT IS YOUR OVERALL ASSESSMENT OF THE HAI CUSTOMER
1.OCATION METHODOLOGY?

First, the HAI customer location metbodology is severely limited in its ability to
mmﬁ.mhllyinmﬂm Since the rate of successful address-
mhh&hmﬂhwdmﬁtrmﬂmmw“liuhuﬁlymm
inadequate estimate of customer locations. This estimation places customers on
the perimeter of Census Blocks, disregarding the fact that customers live along
m-.hﬂ_mwhmwmmmnmﬂmlm
mi'mmﬁrmencvmmmmm
low-density areas, this conclusion is counterintuitive given the limitations just
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described. Furthermore, AT&T has not provided any quantitative evidence to
substantiate this claim, nor has it provided the underlying data for the geocoded
and surrogate locations as requested by BellSouth in discovery, to permit such an
analysis.

BCPM 3.1 Customer Location Methodology

WOULD YOU PLEASE BRIEFLY REVIEW BCPM'S CUSTOMER
LOCATION METHODOLOGY?

BCPM 3.1 assumes that customers are locatr. on or near roads and uses detailed
m&wwmdmus Census housing units counts within
Census Blocks. Specifically, a “fishnet” o’ microgrids, each roughly 1,500' by
I.Tw,hﬂmdmlwh:m. Census Block housing umt counts are then
allocated to each microgrid based on each microgrid's share of total Census Block
road mileage. The end result is a statistical distribution of customer locations
across the microgrids of a wire center. That is, the process yields the /ikely
(estimated) location of customers within a wire center.

HOW ARE HOUSING UNITS DISPERSED WITHIN A MICROGRID?
The customer location methodology results in a housing unit count for each
microgrid. However, BCPM effectively assumes, for purposes of estimating
distribution cable distances, that housing units are evenly distributed along the
roads within & microgrid.

DID YOU ODI\JPARE BCPM's CUSTOMER LOCATION PREDICTIONS
WITH ACTUAL CUSTOMER LOCATIONS?
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Yes. A key test of any customer location methodology is whether the model's
is of paramount importance in the rural, low-density area since Census Blocks w2
quite large in these areas,

The first step was to choose a BellSovh - Florida wire center in a low-density
area. As described earlier, this selection was made randomly and resulted in the
vmmminuwcm. RIM then analyzed two satellite
photographs that covered this wire center anc identified house locations. These
locations (latitudes and longitudes) were then digitized with the result being the
map presented as Exhibit KDD-5. As Exhibit KDD-5 shows, house locations are
scattered through out the wire center.

The next step is to overlay this map with concentric circles each with a radius |-
mile greater than the previous circle’s. This yields “rings” around the central
office “bull's eye™ with a width of | mile. The idea is to count the number of
actual houses that fall within each “ring.” These counts are summed and then
plotted against the ring's outer-edge distance from the central office. The result is
the distribution of actual houses as measured against distance from the central
office.

The map shown in Exhibit KDD-8 (with the concentric rings) is next overlaid
with BCPM's microgrids. As noted ealier, housing units are allocated to the
mmhﬁb'hﬁmhndmmhwuhneuﬂiuﬂemdmlup
Udﬂﬂ'mnﬂufﬂ!mkmﬁd,mhw::mwwdwmwm
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ring and the number of BCPM predicted housing units is summed for each ring.
This step yields the distribution of BCPM predicted housing units as measured
against the distance from the central office.

The actual house and BCPM housing unit distributions for Yankeetown are shown
graphically in KDD-9, Figure 1, As one would expect, the majority of houses
(ﬁ!ﬁ]umﬂbhﬂd;ﬂh!nﬂuﬂhmﬂofﬂmnﬁhﬂmﬁm
hwnWﬂ'MlMMhhMﬂ“?MMMm
mlverycluumlmll. Shmh“mh are single, detached-houses and the
W‘mlﬂmﬂhwunmmm
What we are looking for is the tendency of actual locations to lie where BCPM
predicts them to be.

For example, 62% of actual locations are within 3 miles of the central office. The
comparable figure for BCPM's predicted housing unit locatio:s is 66%. At 10
miles, the percentages are 86 and 88. Morcover, the simple correlation between
the actual house counts and BCPM's predicted housing unit counts across the
rings is 0.99. Hence, BCPM's customer location methodology, using this
benchmark, accurately identifics the actual distribution of customers within this
wire cenier.

DID YOU PERFORM A SIMILAR EVALUATION OF THE HAI CUSTOMER
LOCATION METHODOLOGY?

No. BellSouth requested in discovery that AT&T provide the customer location
data necessary to perform this snalysis. AT&T claimed that the information is
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proprietary and refused to produce it. Thus, AT&T has refused to provide the
data needed to conduct a comparable test of the Hatfield model.

WHAT IS YOUR OVERALL ASSESSMENT OF THE BCPM CUSTOMER
LOCATION METHODOLOGY?

mmﬁ'ﬂw is extre nely low in the arcas of primary
interest for universal service, most, if not al . cuomer locations must be
estimated in the low-density arcas. Using n ad information is a logical approach
for estimating customer locations. Not ocly is the relationship between Census
Block road mileage and housing unit counts smpirically verif:ble but the
mhmﬂ-wum. That is, road data ar~
reasonably complete for every Census Block in the country. Address databases
are not.

Moreover, the soundness of BCPM's approac h has besn validated by comparing
the customer locations predicted by the BCP! { model with real-world customer
locations. As presented above, such a test of JCPM's road-based methodology
indicates tha it effectively predicts the actual distribution of houses, as a related
10 distance from the central office, in the Yan: ectown wire center.

CUSTOMER AGGREGATION

HOW DO THE COST PROXY MODELS USE THE CUSTOMER LOCATION
INFORMATION?
The next step in the modeling process is to aggregate customers into telephone
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serving areas. These serving areas are the findamental units that are served by the
wire-based network. A brief presentation of the models’ aggregation process is
necessary as it bridges my discussion of the customer location and distribution
plart methodologies.

HAI 5.0a Custemer Aggregation Methodolog-

HOW DOES HAI 5.0a FORM ITS TEL:PHONE SERVING AREAS?

Onoe tie addmesigiocoded sad srmogate customer locations are determiined, s
process developed by PNR and Associates (PNR) determines clusters of
customers. mﬁmhmmmmummnmm in section
5.5. The documentation indicates that there are several criteria used to determine
the ultimate size of a cluster. These s7ated criteria are: (1) no point in a cluster
may be more than 18,000 feet distant (based on right angle routing) from the
Ml“ﬂ{i}MMmynmd 1,800 lines in size; and, (3) no point
in a cluster may be farther than two miles from it's nearest neighbor. The end
result of this process is a set of iregularly shaped polygon clusters.

WHAT ARE OUTLIER CLUSTERS?

The process described above applies to the “main” clusters, which consist of § or
more Jocations. PNR also identifies very small clusters, called outlier clusters,
which consist of 4 or less locations. These outlier clusters are “homed” on a
parent main cluster and are strung together in HAI 5.0a by T1 road cable. In
BellSouths's Florida service territory, there are 5,948 main clusters and 210 outlier
clusters. The main clusters sccount for 99.99% of the locations and 99.99% of the
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lines identified by HAI $.0a

hﬂlMﬂﬂﬂh’ﬂ."mm"hM 5.0a are synonymous with

_ “main clusters.”

_WSUM meTIEMPOLYﬂON CLUSTERS LOOK LIKE?
: MﬁﬂTﬂMhMBﬂﬁoﬂhmMan

wwudhmmnmuhmmdhlewwmmlydemtm
actual PNR polygon clusters for a wire ceniut in Florida.

A g

PLEASE BRIEFLY REVIEW BCPM'S CUSTOMER AGGREGATION
METHODOLOGY?

Onwe housing units and business lines are allocated smong the microgrids in 3
&'m,m{ummmmmﬁmmmd]
are aggregated into telephone Carrier Service Areas (CSAs), referred 1o os
“ultimate grids.” Ultimate grids range in size from  siagle microgrid (n the
high-density areas) o Spproximately 12,000 feet by 14,000 feet, roughly 6 square

hnﬂ“m:mwmdﬁwwﬁmmwnf
u*mhm.wummﬂmwmwi
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VISUALLY, WHAT DOES THE BCPM 3.1 ULTIMATE GRID NETWORK
LOOK LIKE?

Exhibit KDD-10 shows the Yankeetown wire ceater with actual locations,
overlaid with the BCPM ultimate grids. Also shown is the number of housing
units predicted to reside in each ultimate grid. There are 51 ultimate grids in this
wire center. The maximum sized grid is 8.3 square miles. BCPM 3.1 places
z,mhqﬁuwuumhummmmmnmmasumuim
locations.

ONCE “ULTIMATE GRIDS" ARE FORMED, HOW ARE CUSTOMER
LOCATIONS TREATED WITHIN THE ULTIMATE GRID?
Customers are still located within the ultimate grid in the microgrids to which

they were originally assigned.

HOW DOES THE BCPM CUSTOMER AGGREGATION METHODOLOGY
DIFFER FROM THAT USED BY HAI 5.0a7

The PNR methodology is a “nearest neighbor™ methodology whereby a cluster is
formed from the “bottom up.” Distance to the nearest neighbor is a primary guide
in this process. The BCPM methodology starts with a macrogrid, a 1/25% of a
degree latitude and longitude grid consisting of, at the most, 64 microgrids, and
socks to determine if this ares can be broken into smaller serving areas. Hence,
the BCPM methodology is a “top down” approach. Density, or concentrations of
lines, is the primary guide in the BCPM process. Both methodologies yield
serving areas of varying sizes, with larger areas serving the lower-density zones.
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DISTRIBUTION PLANT ESTIMATION

WHAT IS THE NEXT STEP IN THE MODELING PROCESS ONCE
CUSTOMERS ARE AGGREGATED INTO SERVING AREAS?

The next step is to design a distribution network to serve these areas from the
current location or the central office. *y focus in this section is on whether the
models estimate enough “distribution™ plant to ser ¢ customers in the locations
assumed by the models.

HAI 5.0a Distribution Distance Estimation

HOW DOES HAI 5.0a ESTIMATE THE AMOUNT OF DISTRIBUTION
CABLE DISTANCE NEEDED TO SERVE CUSTOMERS IN THE
LOCATIONS WITHIN THE PNR POLYGON CLUSTERS?

This is a multiple step process. The first step is a transformation of the irregularly
shaped PNR polygon clusters into rectangles. The second step is placement of
customers within these rectangles. The last step is the design of a branch and
backbone network to serve these customers.

HOW DOES HAI 5.0a TRANSFORM THE PNR CLUSTERS?

HALI 5.0a converts PNR's irregular polygons into the model’s rectangular serving
areas in two steps. First, for each of PNR's polygon clusters, HAI 5.0a forms a
“minimum bounding rectangle,” a rectangle that exactly bounds the cluster’s
“convex hull,” by enclosing the polygon’s four most northerly, southerly, easterly
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and westerly coordinates. (See Exhibit KDD-11 for an illustraticn.) This
minimum bmm rectangle has a North-South, East-West orientation.

Nﬁ.msmmmmﬂmwmmwmuﬂm
ares” rectangle. The model performs this second step by forming a rectangle with
hlﬁﬂﬂhmﬂﬂﬁm?ﬂkpﬂypﬂdmhﬂﬁmhﬁmuﬂu"of
mmmm An aspect ratio is the ratio of a rectangle’s
mllwk‘. Hﬂiﬂluuﬂ:rw* equivalent-area rectangles as the

mmmmmum That is, wese are the areas to which
Ihlﬂﬁinodd"hﬂhﬂﬂ-"

WHAT DO THE MAIN, “EQUIVALENT-AREA" RECTANGULAR
CLUSTER.B LOOK LIKE IN FLORIDA?

Exhibit KDD-12 shows the Yankeetown wire center and the rectangular clusters
as derived from the cluster Access database sccompanying HAI 5.0a. In this wire
center, HAI 5.0a assumes there are 15 main clusters and 3 outlier clusters.
Minety-nine point eight percent of the locations assumed to exist in this wire
center are placed into the main clusters. The largest main cluster is 13.8 square
miles. In the State as a whole, the largest HAI 5.0a cluster is 20.2 square miles in
size.

ONCE THE RECTANGULAR MAIN CLUSTERS ARE FORMED, FOR
MODELING PURPOSES, HOW ARE CUSTOMERS LOCATED WITHIN
EACH RECTANGULAR CLUSTER?

HAI 5.0a assumes that customer lots are, essentially, evenly distributed within ,
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each cluster,

HOW DOES HAI $.0a DESION THE DISTRIBUTION NETWORK WITHIN
THE MAIN, RECTANGULAR CLUSTERS?

Distribution plant is modeled in a simple branch and backbone configuration.
HAI 5.0a assumes customer lots are essentially evenly distnibuted within cach
main cluster. Each lot is assumed (o be twice as *-!l as it is wide. The size of
cach lot is simply the area of the polygon cluster divided by the number of
locations. 1f the model determines that more than one DLC is needed, then
connecting cable 18 also placed 1o connect the centroid of the main cluster (where
the subfecder torminates) with the DLC:.

DO THE EQUIVALENT-AREA, RECTANGULAR MAIN CLUSTERS
CONTAIN ANY INFORMATION ON THE LOCATION OF THE ADDRESS-
GEOCODED AND SURROGATE LOCATIONS USED TO DEFINE THE PNR
POLYGON CLUSTERS?

No. The equivalent-area rectangles are a modeling tool used by HAI 5.0a to
estimste the amount of distribution cable needed to serve customers in the
locations within the associated PNR polygon clusters. The address-geocoded and
surrogate locations are used only in the determination of the PNR polygon
clusters, Once the shape and area of the PNR polygon clusters are determined, the
information on the geocoded and surrogate locations is no longer used by HAI
5.0,

A visual representation may help. KDD-13, Figure 2 shows a stylized PNR

26




Rebuttal Testimony of
Kevin T. Duffy-Deno
Dockst No. 980696 TP
September 1, 1998

CAN YOU PROVIDE A VISUAL DEMONSTRATION OF THIS ISSUE?
Certainly. KDD-13, Figure 3 shows a ciuster of customer locations, some
geocoded, some surrogate. This polygon cluster is transformed by HAI 5.0a into
a rectangle that is tsed in the estimation of distribution plant. Although HAI 5.0a
constrains the area of the rectangular cluster to the area of the PNR polygon
cluster, the resulting rectangular cluster may bear little resemblance to the shape
of the underlying PNR polygon cluster of customer locations. The oniginal
customer locations as well as the original dista-ce between these locations are not
m@dhmﬂmm

DO YOU HAVE A CONCERN WITH THE HAI 5.01 DISTRIBUTION
NETWORK DESIGN WITHIN THE MAIN RECTANGULAR CLUSTTRS?
Yes. There is an assumption that reinforces the effect on the estimated
distribution distance caused by the compression of customer dispersion discussed
above. This assumption concems the placemer.! of the branch and backbone cable
within the main rectangular clusters.

After producing the customer lots, HAI 5.0a places backbone distribution cable
vertically and branch cable borizontally. Because branch and backbone cable
extends to within one lot width (depth) from each rectangle’s boundary, low-
density rectangles are characterized by locations (i.e.. structures) that must be
compressed around the interior lots in order 1o be reached. Now this is not a
problem in clusters that are densely populated. However, in sparsely populated
clusters, the assumed lots are very large and the compression around the interior
lots is much greater. The total effect of the transformation process coupled with
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this assumption concerning branch and backbone length is a tendancy to
underestimate the distribution distance. Again, Exhibit KDD-11 illustrates how
ﬂ:i:lmduunhnﬁﬁnﬂm.

WHAT MEASURE CAN BE USED TO QUANTIFY THE EXTENT TO
WHICH THE HA: 5.0a UNDERSTATES DISTRIBUTION DISTANCE?

The Minimum Spanning Tree (“MST™) can be used ‘3 provide an appropriate
lower bound for quantifying customer dispersion. The MST is the most
conservative measure of the minimum distance required to connect all customer
locations. As such, it provides a measure of customer dispersion.

Simply, the MST of a set of points is that set of connecting line segments whose
total length is the shorrest possible for this set of points. The attached paper,
“Using Minimum Spanning Trees to Estimate Subscriber Dispersion and
Minimum Network Length” (Exhibit KDD-14) provides further rationale for the
usefulness of the MST. The attached paper also provides a step-by-step example
of how a MST is calculated.

IN REALITY, ARE NETWORK DISTRIBUTION DISTANCES LIKELY TO
EXCEED THE MST DISTANCE?

Yes, for the simple reason that actual distribution distances likely exceed the MST
distance. For example, actual distribution paths must adhere to rights of way
(e.g., streets). The MST ignores any such constraints and simply measures the
shortest way 10 connect houses with a straight line. As such, a MST segment will
traverse straight across a lake rather than follow a road around the lake to reach
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CAN YOU PROVIDE AN ANALOGY TO HELP EXPLAIN THE MST
CONCEPT?

Yes. Suppose that an interstate highway is to be constructed directly between
Muw We know that as the crow flies, the aerial distance
between these two cities is approximately 65 miles. Clearly, the constructed
interstate that connects these two cities cannot be shorter than 65 miles. If it were
then cars would have to “fly” over the gaps in the .ighway. Realistically, the
amount of interstate highway distance constructed would be greater than the
“crow” distance as natural barriers, rights-of-way, and other obstacles would have
1o be factored into the routing of the highway.

Hence, the MST distance should be considered as a “reality check,” not as the
amount of distribution distance that a model should estimate, A model should
estimate a distribution distance that exceeds the MST distance.

SHOULD THE MINIMUM SPANNING TREE DISTANCE DE CONSIDERED
A 'LOWER BOUND' FOR A REQUIRED AMOUNT OF DISTRIBUTION
DISTANCE?

The MST should not be considered as a “lower bound™ for a required amount of
distribution distance. Such a lower bound likely exceeds the MST for the reason
given above. Our analysis is based on the premise that if a model's calculated
distribution distance is less than the MST distance, then it is less than the
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minimum distance requirad for a functional distribution network.

IS IT TRUE THAT THE MST DISTANCE MAY NOT BE THE SHORTEST
DISTANCE CONNECTING A SET OF POINTS?

Wym yes. By adding points (nodes) one may be able to reduce,
under certain conditions, the distance needed to connect the original set of points.
However, in most cases of interes., i.c., greater than § locations, it is very
difficult to find a connecting distance that ‘s less than the MST distance. Exhibit
KDD-15 discusses this in more detail.

DOES THE MST TEST THAT YOU ARE PROPOSING CONSIDER ACTUAL,
LE., “REAL-WORLD,” CUSTOMER LOCATIONS?

No. It is important to realize that the test [ am proposing is one for examining
whether HAI 5.0 estimates enough distribution cable distance to connect the
customers in the locations assumed by HAI 5.0a, Le., in the PNR clusters, not in
their “real-world” locations, A comprekensive database on the real-world
locations of alf customers is mof available. Hence, this is a test of a model's

“internal consistency.”

DID YOU USE THE MST TO DETERMINE [F HAI 5.0a UNDERESTIMATES
DISTRIBUTION DISTANCE FOR BELLSOUTH'S FLORIDA SERVICE
TERRITORY?

Yes. We first calculated the MST distance for each PNR irregular polygon falling
within BellSouth's wire centers in Florida. The MST distance represents the
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minimum distance required to connect the geocoded and surrugate coordinates
encompassed by each polygon. For each corresponding equivalent-area,
rectangular main cluster formed by HAI 5.0a, we then compared the MST
distance with the distribution route distance calculated by HAI 5.0a. In muking
mi:mm“mmmmmmmhh
distribution route distance calculated by HAI 5.0s.

DID YOU ACQUIRE THE COORDINATES FOR THE GEOCODED AND
SURROGATE LOCATIONS FROM THE ACCESS DATABASE THAT
ACCOMPANIES HAIS.0a7

No. As discussed carlier, the Access database that accompanies the HAI model
does not contain any information on the original locations in the PNR polygon
clusters. A data request was made of AT&T to obtain the MST distance, based on
a program supplied to AT&T by StopWatch Maps. We received for each HAI
5.0a cluster the MST distance, but was not provided any geocoded or surrogate

locations.

HOW ARE YOU DEFINING “UNDERSTATEMENT OF DISTRIBUTION
DISTANCE™

An understatement or “shortage™ occurs if the MST distance is greater than the
distribution route distance calculated by HAI 5.0a. Again, this does not imply
that the MST is a lower bound for a required amount of distribution distance. It
simply means the model is not providing for enough distribution distance 1o
connect all the customer locations identified by PNR in the underlying polygon
cluster using the shortest distance configuration that is theoreticolly possible.
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WHAT DID YOUR CALCULATIONS OF THE PERTINENT MINIMUM
SPANNING TREES REVEAL?

Using the HAI 5.0a default drop lengths, we calculated the difference between the
MST distance and the distribution route distance calculated by HAI 5.0a for each
main cluster. Table 9 presents a su—ymary of our findings, again by density zone.
Table 9 shows the cumulative amount by which the HAI 5.0a calculated
mﬁﬁﬂmmhm& the MST distance (“shortage”), the
cumulative MST for the clusters that are short, the average shortage, the number
of main clusters that are short, the number of main clusters in each density zone,

12

13

14

15

16

and the percentage of main clusters that are short.

HAI 5.0a does not use the 5 - 20 and 20 - 100 density zones but considers only the
aggregate 5 - 100 density zone. To provide greater detail for low-density areas,
we provide data for these two subcategories.

Table 9. HAI 5.0a Distribution Route Distance Understatement:
Default Drop Lengths, BellSouth Florida

Data for Only Main Clusters That Are Short
T BZ . WATNCDist  WBTior % 8hort Number Number Numberof

Route Fest  Bhort BC of C  of MC in MC Short in

Bhorags Bhort oz 0z (%)
<3 ATHANTT 05E008T 42 2% 138 157 BMAEIN
8§20 A4 081 1ATREASY DA% 205 M MR IIW
20 - 100 1.790.800 TAd44T3 20.10% 142 418 J4.2T%

100 - 200 00003 1384878 AT t]] T 11EE%N
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200 - 880 162,303 SIT08)  IT e n B4 8.30%
850 - 850 10800 40358 ZT28TH B 218 210%
850 - 2,550 W2 1099437 14 B5% 41 1491 284%
2.550 - 5.000 B4048  B248B4  10.25% n 1376 2.29%
8,000 - 10,000 35108 200811 1208% 2 832 260%
» 10,000 18,648 130308 1431% 18 Fat) 4%

A48 TR0 1N T S5 121TH

As Table 9 indicates, HAI 5.0a significantly inderestimates the required distance
to simply connect the customers, as the crow fes, to the network. The
understatement by HAI 5.0a of distribution distance is greatest in wne lower
density areas, specifically, zones with fewer than 20 lines per square mile.
Generally, the understatement declines as density rises. Estimated distnbution
distances that are short of the MST distance characterize 87% of the main clusters
in the lowest density zone. This shortage in the lowest density zone is, on
average, 42%. For BellSouth's entire Florida service temitory, HAI 5.0a
undersiates distribution distance by at least 9.9 million feet (1,866 miles) using
the HAI 5.0a default drop lengths.

IS IT LIKELY THAT THE PLACEMENT OF SURROGATE LOCATIONS ON
THE PERIMETERS OF CENSUS BLOCKS LEADS TO AN
OVERSTATEMENT OF THE MST DISTANCES FOR THE PNR POLYGON
CLUSTERS?

No. Exhibit KDD-6 shows that a placement of locations on interior and boundary
roads can lead 10 greater dispersion than placement just on the Census Block
perimeter. Hence, this counters the argument that the MST distances calculated

34




10

12

20
21
2
23
24

23

Rebunal Testimony of
Kevin T. Deffy-Deno
Docket No, 980696-TP
September 2, 1998

for the PNR clusters are “too long,” and the shortage in distribution distance .-
overstated, because of the location of the surrogate points along the perimeter of
the Census Block boundaries.

IS IT MORE APPROPRIATE TO FOCUS ON THE GROSS SHORTAGE OR
NET SHORTAGE IN DISTRIBUTION DISTANCE?

It is more appropriate 1o focus on the gross shortage in distribution distance.
First, a definition of terms is in order. A gross shortage is the total shortage that
occurs across main clusters when only the distribu jon distance shortages are
added together. A net shortage is the total shortage that occurs when both
shortages and “surpluses™ are added togethe- across main clusters.

Now, the shortage in one cluster (for which the MST distance exceeds the
distribution distance calculated by HAI 5.0a) cannot be offset by another cluster
for which the opposite is true. There ure two reasons. First, the MST is not a
“lower bound” distribution distarce for a functional network. Second, and more
fundamentally, distribution cable is not fungible across distribution arcas.
Because a physical network is being modeled, 100 feet of distribution distance
beyond the MST amount in cluster X cannot be used to offset a 100 feet
deficiency in distribution distance in cluster Y. Each and every cluster should
have an appropriate amount of distribution distance so that everyone on the
modeled network can “talk.” not just the “average" customer.

BUT IF THE OBJECTIVE IS A COST ESTIMATE, THEN WHY DOES IT
MATTER THAT THE MODEL IS SHORT IN SOME CASES IF THERE ARE
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CABLE DISTANCE NEEDED TO SERVE CUSTOMERS IN THEIR
MICROGRID LOCATIONS WITHIN THE BCPM SERVING AREAS?

BCPM employs two modeling 1o0ls in this estimation. First, each ultimate grid is
divided into 4 potential “distribution quadrants,” with the “cross hairs” being at
the road-centroid of the ultimate grid. Subfeeder then extends into each ultimate
grid to the road-centroid of the ultimate grid. In low-density areas, this is where
the DLC is located. Horizontal and vertical connecting cable extend from the
DLC to each populated distribution quadrant of th. ultimate grid. The connecting
cable terminates at the road-centroid of each populated distribution quadrant.

HOW IS THE AMOUNT OF BRANCH AND BACKBONE CABLE
DISTANCE NEEDED TO SERVE THE CUSTOMERS IN EACH POPULATED
DISTRIBUTION QUADRANT DETERMINED?

This is determined with the aid of another modeling tool. An area equal in size to
1,000’ times the amount of road mileage within a populated distribution quadrant
is conceptualized. This area is assumed to be & square cousisting of equal sized
cristomer lots. Branch and backbone cable is then “laid™ to serve each lot.

HAVE YOU APPLIED THE MST REALITY TEST TO BCPM IN FLORIDA?
Yes, I have. [ performed a test on BCPM 3.1 for BellSouth's service teritory in
Florida. The relevant unit of analysis in BCPM 3.1 is the Carrier Serving Area or
“ultimate grid." The MST is computed for cach ultimate grid based on the
assumption that customer locations are evenly distributed along roads.

HOW SHOULD THE TERM “DISTRIBUTION™ BE USED TO ANALYZE
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BCPM'S DISTRIBUTION NETWORK USING THE MST TEST?

customers o each other and 10 the network. Hence, “distribution” cable should
include all cable on the customer’s side of the subfeeder termination point in the
serving area, i.c., ultimate grid. This distance includes branch, backbone, drop.
and connecting cable distance. For the purpose of the MST test, connecting cable

A. MMEMMhﬂﬁmﬁumﬁuhkﬁmmm
is always defined as “distribution™ cable regardless of the location of the FDI.
Q. WHAT ARE YOUR FINDINGS FOR BCPM?
A.  The findings are presented in Table 10.
Table 10, BCPM 3.1 Distribution Route Distance Understatement:
Defait Drop Lengths BellSouth Florida
Data for Only Grids That Ars Shor

Oz BCPHDisl WBTlor % Shom Number of Number of Number of Gride
Grids OrideinDZ Shoet in O %)

Route Fest  Shwrt Grids

Shorage Shon
<5 1138007  SMTATT  21.00% 2% 8OS  31.78%
5-20 621728 3991302  165.84% 108 703 15.08%
20+ 100 245 800 TI0088  45.40% n ™S 29%
100 - 200 (-3 Th] 208084  29.50% [ 538 140%
200 - 850 88,887 1T7987  40.80% 12 18 o8I%
850 - 850 18399 10,563  S4.08% 4 58 0an%
850 - 2,880 100.680 224700 45.00% 16 4978 037%
2,550 - 8,000 ROM MIT0 TN 4 12 033%
8,000 - 10,000 26,807 20507  100.00% 1 0 180%
> 10,000 12.948 12980 100.00% 1 8 2000%
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2454010 10881924 2281% £0 1808 38%

In Table 10, the data are for the ultimate grids for which the MST distance
exceeds the amount of distribution cable estimated by the model (i.c., “short”
grids). In addition, BCPM 3.1 does not use the 5 - 20 and 20 - 100 density zones
but considers only the aggregate § - 100 density zone. To provide greater detail
for low-density areas, we provide data for these two subcategories.

WHAT DOES TABLE 10 SHOW?

In the areas of interest for universal service, i.e., the /iwo lowest density zones, the
data in Table 10 show that BCPM 3.1 does not estimate enough distribution
distance 1o connect customers in their estimated locations in 24% of its ultimate
grids. Considering the entire BellSouth Florida service territory, BCPM's
estimated distribution distance falls short of the MST distance in 4% of the
ultimate grids. The total “shortage” is at least 2.5 million feet or 465 miles of

WHAT IS YOUR OVERALL ASSESSMENT OF BCPM'S DISTRIBUTION
DISTANCE ESTIMATION PROCESS?

The resuits indicate that BCPM is much more internally consistent than HAI 5.0a.
That is, BCPM more effectively estimates a minimum required distribution
distance (i.c., the MST distance) to connect customers in the locations estimated
by the model.

CAN ONE COMPARE THE BCPM MST RESULTS WITH THOSE OF THE
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HAI MODEL MST TEST?

Yes, but it is important that one keep in mind what the MST test represents. The
test is a test of a model's internal consistency, in other words, whether the
respective model does what it purports to do, assuming that one accepts s
particular modeling assumptions.

With respect to the HAI model, the test addresses vhether the HAI model
estimates the minimum amount of cable diste.ice, via the rectangular main
clusters, o connect customers in the locations identified by the model, i.c., in the

corresponding PNR main clusiers.

With respect to BCPM, the test addresses whether BCPM estimates the minimum
amount of cable distance, via the road-reduced arcas and connecting cable
configuration, to connect customers in the locations identified by the model, i.e,

in the microgrids that comprise an ultimate grid.

Hence, the conclusion one can make is that BCPM is morc internally consistent
than HAI 5.00. That is, BCPM is much more likely to estimate the minimum
amount of distribution distance needed to connect customers in ks serving areas,
i.e., ultimate grids, than is HAI 5.02 1o connect customers in ity serving arsas i.c.,
main PNR pelygon clusters.

DO THE RELATIVE RESULTS OF THE TWO MODELS' MST TESTS
CHANGE IF THE DEFINITION OF A “SERVING AREA™ IN THE HAI
MODEL IS EXPANDED TO INCLUDE THE ASSOCIATED OUTLIER
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CLUSTERS?
A Hotmuy Table 11 presents the results of the HAI MST test, in the same
3 ﬁrmltlf’fiﬂu?ndlﬂ.forlﬁlmﬁn:md:ﬁmdinlhhma As
4 Table 11 indicates, the addition of the outlier clusters reduces by 0.89 million feet
5 (169 miles or 9%) the total shortage for BellSouth's Florida territory. In the
6 lowest density zone, < 5 lines per square mile, the share of “servings areas” that
7 are short declines from 87% to 76%. The comparable figure for BCPM 3.1 (from
8 Table 10) is 32%. Including outliers improves the HAI model's showing in this
g test because the T1 road cable distance between the outliers is estimated assuming
10 rectangular routing while the MST is the straight-line distance.

1
12 Table 11. HAI 5,0a Distribution Route Distance Understatement:

Default Drop Leagths, Expanded Serving Area Definition,
BellSoutl Florida

-

Aspss Thal Are Bhan

Tor % Bhort Numberof Number ol Number of
Routs Fesl  Short BA SAShet BAWMDZ 8ASBhorin
Snortags DZ (%)

£
g
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300 B4 B53%
415 BDIN
nr 12.22%
804 8.30%
ne 2.78%
1401 1%
1,370 11%%
832 2 Bi%
M §.84%
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6.TOEAE  34.00%
15,788078 28 40%
1007531 0580288 24 32%
205074 1380514 21.TM
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PLEASE SUMMARIZE THE MAIN POINTS OF YOUR REBUTTAL
TESTIMONY,

There are three points [ wish to emphasize that pertai= -espectively to the Hatfield
models’ customer location, customer aggregation, and provision of distribution
plant.

First, the rate of successful address-geocoding in the rural areas of Florida is very
low. In fact, not a single location could ba geocoded in 25 wire centers in Florida.
HALI 5.0a relies on an estimation process for those locations that cannot be
address-geocoded. Due to the limited ability to address-geocode customers in
rural areas, HAI §.0a"s customer location methodology is reduced essentially to
placing customers along the perimeter of Census Blocks.

The proponents of the HAI model have not provided any quantitative analysis of
the predictive accuracy of the geocode-surrogate methodology relative to actual,
real-world customer locations. In comparison, it has been demonstrated in this
testimony that BCPM yields a reasonably accurate depiction of the distribution of
customers across the randomly chosen Yankeetown wire center.

Second, the degree to which a mode! uses address-geocoding needs to be
determined. For example the address-geocoded and surrogatc locations are used
only to define the perimeter of the PNR polygon clusters in the HAI preprocessing
stage, Once these clusters are formed, the customer latitude and longitude
information is discarded. This information never enters the Access database used
by HAI 5.0a.
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Third, a key validation test is whether the models estimate enough distribution
cable distance to at least connect customer: as the crow flies, in the locations
identified by the models.

Once customers have been located and aggr gated .nto serving areas, HAl 5.0a
and BCPM use different modeling tools in t.¢ estimation of the distribution
distance needed to connect customers to eacl other and to the network. The focus
should not be on the assumptions behind thew¢ tools but on the estimated
distances that result from the application of these tools. Specifically, the focus
should be on whether the models estimate enc ugh distribution cable distance to
connect customers in the locations identified t y the models. In the case of HAI
5.0a, these are the geocoded and surrogate loc itions within the PNR polygon
clusters. In the case of BCPM 1.1, these are tl ¢ microgrids within the ultimate

grids.

The minimum spanning tree (MST) test, offere | in my testimony, is a test of a
model's internal consistency in this regard, i.c., whether it does what its purports
1o do based upon its own modeling assumptions. When applied to HAI 5.0a and
BCPM 3.1, the test indicates that the HAI 5.0 contains a substantial shortfall. In
the lowest density zone, the model's estimated ¢ stribution distance (including
drop and connecting cable) is less than its MST listance in 87% of its main
clusters. For the same density zone, BCPM 3.1' estimated distribution distance
(including drop and connecting cable) is less tha- its MST distance in
substantially fewer ultimate grids. Overall, the HAI 5.0a shortfall totals at least
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DOES THIS CONCLUDE YOUR TESTIMONY?
Yea.
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Geocoded Customer Locations
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Yankeetown Wire Center
Levy County, FL
Satellite Observations and Geocoded Customer Locations
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Effect of Surrogate Point Placement On
Minimum Spanning Tree Length

By Phil Bolian, Stopwatch Maps
For INDETEC International

The documentation of the HAI Model Version $.0a claims that the placement of surrog ite points
uniformly about the periphery of a Census E.ock causes those points to be “maximally separated
from one another™ [Section 5.44, first paragraph). [he documentation claims that this
placement is highly conservative ... that is, that i causes the greatest dispersion of points

possible.

In fact, it does mot cause the greatest dispersion of points. This paper will illustrate this by
placing the same number of surrogate points in two other configurations:

e Uniformly within a Census Block
e Uniformly along interior roads as well as the periphery

We will then determine the dispersion (as measured by & Minimum Spanning Tree) of each of
the newly placed sets of points, then compure each to the Minimum Spanning Tree for points
placed about the periphery of the Census Block. We will find that the surrogate points in these
mmmdmwjmwdmaudmormdupemdmminﬂtmw placement

about the periphery.

For every case, let us construct a square Census Block, conveniently (for calculation) exactly
16,000 ft. by 16,000 fi. Let us place 16 subscriber locations as surrogate points in that Census
Block.

In the first case, we place these points uniformly ——— —
along the periphery of the Census Block, exactly ¢ o o o o
as is done for the current HAI Model. When we i

calculate the Minimum Spanning Tree of this set ; 16,000

of points, we find it to be 60,000 fi., the length of ® by ®
the full perimeter minus the distance between two 18,000 A

adjacent points. .

| Uniform Placemant Along ®
Suppose, instead, we were to place our points = | Boundary
uniformly distributed within our square Census |
Block. One might think thst this would make ) Minimum Spanning Tree Length:
them less dispersed. But then there is & set of ¢ “murm e
"im’mnn;uﬂuulnmm On the next page, '
as the first figure, we see one of the possible o ——, o
configurations of Minimum Spanning Tree for ¢ ¢ ¢ ‘ =
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this uniform placement within the square (but, of course, every configuration of Minimum
Swuﬁnngi:Mplmofpﬂuuhuuuﬂyﬂum length). Surprisingly or not, it
is again 60,000

Minimum Spanning Tree Langth:
60,000 1. . Menimum Spanning Langth
*— o — o - i
............................................ i —&

Inuﬂwhmdt.ﬂwphamufmmwpﬂnumﬂfumdymmtpuiﬂ:q’oh&mmBlock
hm:mdwmmﬂpommmenﬂmmﬂummumhwc
investigated here. In fact, it is Jess dispersed than the second alternative, Said yet another way,
miﬂmnfmmwwmmmwd:ﬂmlt:MWmmsmM

Wchtwmninudﬂndiwdmdmifmﬂyplmmpolmlnufngfnﬁmulﬂlock,
mmmmmmmmwmsmi:mﬂummm.ﬁu
placement available. We do not even address the fact that if two adjacent Census Blocks have
mmmmmmwmmmm-mmwuum
closer together than if they had been spread throughout the areas of each Census Block
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Ms, Magalio Roman Selas EX PARTE OR LATE FILED

Secretary

Federal Communications Comrorission

1919 M. St NW, Room 222 REC=,

Washingron, D.C. 20554 - VED

RE: Ex Parie Presevution = Py Crat Models R - 2 1oy
CC Dodkst No. 9645 o
h-‘ h
Dear Ms. Sales: ey

Amnached 1o this submission &re two tems. The first is 8 bri~( description of an
shermuve methodolegy to desermine the locatica of cusomers who were not geocsded
to their presise strevt address location by the HAI Modsl, v5.0s. The sscond is 8 diskere
Mhm“h“mdﬁmwuﬁ-ﬁ“
addresses to their precise street locstion :

Two copies of this Notice are baing submiried 1o the Secretary of the FCC in
sceordance with Sestion 1.1206(a)(1) of the Commission's rules. A copy of the diskette is
being provided 10 ITS.

Sancerdly,
Mcchacl M/&_
Michss! Licberman :
Ansclvnenus
ez. Bob Loube
Brad Wiummer
Chuck Keller (w/o dislene)
Natalic Wales (win diskene)
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Description of Alternative “Road” Surrogating Methodology

The current PNR procadure followsd to detorming austomer locetions is to:
A Gﬂﬂmhﬁnhhm“mmlﬂh

8. Aasign Tt customer a geoCo0e by BEsUMIng That unibastes
cusiomers sctually s : mn:nwumm

In genarl, over 70 peroent of all custamar locations are detsrmined by stage A, and the
mmmwunmwn whﬁﬁm

mmm-ﬂlhw-n“--ﬂ-lium
surmogating Rother than the of WNSCEN CUEtOMers
o i g et o oy B0 s e
uniccrted CusOMeTs &y located 2pecifiod Geralty o woportions recassardy
Mﬂi-m-dmnﬂnﬂmhﬁ-i-ﬂu&mm

1) Find ail the roachs of $10 type that houses could be located on. We ae
using the same roeds that e Clakmed 1 be wsed In BCPAD: AZ1, A24, AZS,
ul.unmmmmmmmm.mm

2) Sent Sagrnerd ceniioid end twn remove duplicsts ssgments. DupScstes
mhh““mmmlhﬂmlm

3) mwuunmmmm (Tiger Line

4) Buiid an crgoned kst of off This is done all of tha
) o - SOPMers, by ongering potylings

5) Vsing boundary moads. stariing In 1he south west, continuing along connectsd
lirves, using € remsining fer SoUTh wost segment when bresks occur,

o) m“—umhnmummmm
WSing the emenng far soulh west segrnent whon breuks oo

n mnﬂmhﬂnm

= Dauble he distence of tiarier eds because houses can be locamss on
Gither side of theso rands -~ a2 GPPCIO 1D Onfy 0N ONe Blde of exiarier roeds.

+  Infigie or defists the sssumed Cirmnce of 98 segments of @ perdculsr rond
fype bessd on the assumed rustve Consity of Gustomer locations glong this
type of resd vorsus the averegs type of road.

6) Based on the number of surragety points t be inserted, computs the distancs
batwsan prirks o be insened g3

D8P = Numberof Survgetos / Total Equivalent Roed Distance,

8) g at 8 distence of DBP/2 into segment 1, and for every DOP « ' road
m.mn“nm—.mmmm
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Figure 1. Yankeetown Wire Center: Distribution of Actusl
and BCPM Predicted Counts

= Yankeetown WC Hnuﬁ hl-tﬂbuﬂon:
Satellite Observations vs. BCPM 3.1
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Yankeetown Wire Center

Levy County, FL
BCPM 3.1 Ultimate Grids Labeled with Housing Units and Satellite Observations
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HAI Distribution Cable Requirements

Whether the distribution plant modeled by HAI 5.0a is adequate 1o serve
customers in their "actual” locations as identified by PNR and Associates

(PNR).

Thcdlﬂihnimmunﬁlnmddulbyuui.namm&wmm
mmhhmmhdfcluﬂmnfmmﬂdmﬂmmlmlﬁum
that underlay the rectangular clusters. The rectangular clusters are used in
HAI 5.2a in the design of the network.

Hence, HAI 5.0a's estimate of the required investment in rural, low-
density areas is too low,

mmhwhumh}ms.hfwhmuf
Wﬂmm@mﬁmwﬂhh%@'iuummh
underlying polygon (convex hull) clusters,

and surrogate locations. The rectangle shown is derived from the North-
Smuh,Em-WmupactnﬁnandmuNummhull cluster.

Specifically, the rectangle has the aspect ratio of the rectangle that just
covers the convex hull cluster (a minimum bounding rectangle) and the

<

area of the convex hull cluster jtself The rectangle cluster is what is
directly used by HAI 5.0a in its design of the network.

HAI 5,0s assumes that customer locations (1., lots) are evenly distributed
within the rectangular cluster. For simplicity, assume there are 9
locations. This yields the following figure.

WP
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HAI 5.0a subtracts off two mmﬁmudmnm-mm
to determine the length of the backbone cable. It also subtracts off two lot
ﬂhhm—nrudwhﬂmdﬂmnimtheknmhorme
brunch cable. hmnmmm.mmmm&mm.
Backbone and branch cable is laid in only the midd!s Jot. A drop serves

Shuhdcﬁﬂt&upluwhhthnhmdmdmmh 150 feet, the
bouse in each lot must be 150 feet from a branch cable. That is, the
anmeQrﬂqumu
indicated in the figure,'

Tﬁhmhmonmimpﬂuﬁoufammmﬁdeliﬂmﬂdiqfuu
realistic amount of cable. Assume that the area of the convex hull is 1§
square miles. Huu,lhumoflbem;bhﬂmmmlhcmof

wide (4,820, Thus, the total distance of cable, including the 150’
in this cluster = 9,640° + 2°4,820' + 9°150' = 20,630 or 3.91 miles.

'Mnﬁhﬂbyllﬂl.hlhﬂhlmhhﬁnumnhﬁaﬂhmﬂdﬁh{h
mw}umymmwm-‘m
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clusters. In reality, customers are more widely dispersed. Not only will
more cable be required but also the 18-kt copper criterion will likely be
violated more often, thus requiring additional electronics.

Analysis: A determination of whethor HAI 5.0a is not modeling enough distribution
M'hhmhdmnmhmmmefmbﬁum.
First, the distribution plant route miles modeled by HAI 5.04 for a specific
rectangular cluster is found. Then, the "minimum spanning tree” distance
in the underlying polygon cluster is calculated.® If the amount of
Mﬁonplnmﬁlumndﬂedbylﬂliﬂuhhulhmh
ﬁﬂmm“mm“mlmﬂmﬂmsmhm
Wﬂgmthllumm:hcu:tmuialha'mnl'lomiou

Examples:  Example #1

HALI 5.0a groups a set of “actual” customer points into a clusrer,
according to a set of aggregation rules. The two key aggregation criteria
mﬂmmhucluwhmmzmlﬂﬁmium
neighbor and that no customer is more than 18-kt from the centroid of the
clustar, measured rectilinearly. Below is shown u hypothetical cluster that

meets these criteria.
- 10 Customers
. Hortzorsal Dvst = 3 1308 my
- Vertcal Dopt = J 4858 mi

Cragonad Dust = 3 T34 mu

‘A“Mﬂhﬂhh“hﬂymwmdmtm:nmmnr

ﬂumwiﬁlw
? Actual is in quotes to that this refers 1 PNR's location of customers using geocoding or its
surrogate methodology. mwhﬂh—m“mmwﬂhﬂu

INDETEC International Page 3
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HMtbeummlnﬂnugftwilhlh:Mwupeq ratio; the sire of
that rectangle is determined by its area ... and that area is set to be the
area of the convex hull ... in thi= case, 3.07 square miles.

HAI then construets Jots within this constructed rectangle. Each lot is
twice as high as it is wide,

INDETEC International &
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Constructed Lots

EschHegt=0T8m =41181
EschWidh = 030 mi = 20501

In this example, there is no backbone cable, only 2 branch cable. The
DLC site is at the centroid of the rectangular cluster, 150-ft. drops
connect to the customers.

Cabling to Serve Customers
Branch Cable Length = 617710
10 Cvops, each o 150 %

__P_____
1

|

Total Cabls Length = 7677 R = 1.45 mi.
Less than 14 of the Minimum Spanning Tree lengthl

INDETEC International
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But note how closely the customers are squeczed toward the branch cable.
The arangement is unrealistic, both from the standpoint of cable length -
and from the standpoint of area served.

Customar Ayea Served
Heght= 300
YAdm e 100« 8177 « 1080 = 83500

K e Y ey
| S D W R "

Area Served = 1,616,700 8q. it = 0.0690 sq. ml.
But Actuel Cluster Arsa = 3 T sq. mi
Aroa Modelad is 1Md4 r; Cluster Area

Hence, for this example, the distribuiion plant route miles modeled by
HAI 5.0a are only 25 % of the minimum amount required to connect the 9
customers in their "actual” locations. Moreover, the area modeled as
containing distribution plant is only 2 % of the area of the polygon
(convex hull) cluster.

Example #2

The next example considers a much larger cluster, similar in size and
density to which HAI 5.0a models in low-density areas.

10 Customar Points ® Moz Dvel = 5 748 my

VerDst s 4 587 my
™ ®
L] ® ® L]
o °

Evary pourt lous Dan
2 ervles from neightor L
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'WMTH a

Lengh « 13 53 my .,
'Y S /
\\ 4 .
\ ~
Y o~
7 L
»
Corrmx Hul of Arva s 13418 mi
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Constructad Lots

Each Lot Widih = 0819 Each Lot Hesght = 1 830 my

INDETEC International
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Constructad Customer Locstions and Cabling
Ech cusiomer st 150 & drop hore Dranch catie

|

Total catle longh = (30819) « (10 x 1505280) = 7~ 4y
Plramum Spannng Tree 1 13 58 mv

Total Customer Area Served

ey ————¢ Pl
| T e e o

00K 2(108R + (2457 m 1 5200) + 1081) = 3955400 5g 1
o0 2 m

A of e Clumia 13 10 41 5q m
Arse Servedis 1/34 of the Cluster Ares

Hmu,hd:humph,hdmihnhnphtmdddbyﬂuimhmly
20 % of the minimum amount necessary to serve these 9 customers in
their "actual” locations. Moreover, the area that contains distribution plant
represeats only 1 % of the total area of the polygon cluster of "actual®

Example #3

MmummmMﬂuhﬂudwhhﬁgmﬂMn
This commonly occurs in rural areas where Census Blocks tend to be large
and the roads tend to be long, Thus, the distance constraints employed by
the HAI clustering algorithm tend to group together strings of subscribers
along a several mile segment of road. Sometimes the road Is straight,

INDETEC Intemationsl 1 Page 10
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sometimes it is curved, and sometimes it bends, Bt very typically, the
convex hull of the resulting cluster is long and skinay.

Thﬂmbdnwmum;mdlhinmmhﬂlchuwum;mucm
in rural meas. mmmmwmmm.
relatively straight line (road), The length of this string is 29,000’ with a
width of less than 1,000, The minimum bounding rectangle for this
dmhllaummnmmhwmmnﬂuun.u In
ﬁhmﬁ.hqﬂnﬁummﬁ:hummurmmwl
square

Length = 26,000 o
Thickness < 1.000 8
Area approx 18g mi
Aspeci Rafio = 1 2§

'
Equveiert Reclanpie it |
SP00R Hxd 190 W

Mmﬁbﬁmhﬁ:dmﬁ:lﬁﬁﬁnﬂﬂ.l?wnﬂu
in size. The HAI distribution module algorithm then assumes each lot is
rwiec'udnepuithu'ldc. This yiclds lots that are 3,048 deep and 1,524'
wide.

MthMMdmnmoﬂmofh
(East-West). Since twice the lot depth exceeds the North-South dimension

'Hﬂhﬁhﬂﬂ%hﬂ“m“uhmmﬁdhwhwmﬁ
of the equivalent ares rectanguler cluster, The sspect ratio of « lot s independent of the aspect ratio of the
rectangular chuster and is always 2. Thus, in this example, the sum of the lot denths (3,048 x 2 = 6,096

INDETEC Imernational Page 11
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of the cluster, HAI 5.0a defaults 10 no backbone ~=ble with o two East-
West branch cables emanating from the DLC, The cable extends for only
1,524", the width of one lot, Assuming 150" drops yields a total route
distance of 2,424"°

In other words, HAI $.0a assumes that only 2,424' of cable is required to
mﬁmmnmﬂlyidmﬁmeMuhiumm
along a road 29,000 in length. Since the 6 customers are assumed to be
MWHIMMH.W#MMMM
distance. Hence, HAI 5.0a places only 8.4 % of the cable necessary to
serve these customers in their locations with 1 the convex hull.

OwnﬂmmmIMmMcﬁmumuutthm
mumotwmmuwmwms.omm
low-density areas.

The first effect results from the distortion of the original pulygon cluster of
“actual” customer locations caused by the formation of the rectangular
clusters. mmw&mmmdmmﬂ;m
mmhdhmlnimmbuundiqmukonhepnlmdmm
the area of the polygon cluster.

The second effect results from the branch and backbone cable length
algorithm that essentially forces customer premises 1o be concentrated
around the center lot(s) of the cluster. This results from the requirement
mumﬂmmmmmmmmmm
(width) from the rectangle cluster's boundary. This constraint has the
mdﬁamdim{bmhnmdinminluge.lw-dmityclm
where the individual lots are very large.

The bottom line conclusion is that HAI 5.0a is not placing enough
distribution cable 1o serve customers in their "actus!” locations, as
identified by PNR's polygon clusters. This underplacement appears to be
the most severe in the low-density clusters.

"HAI $.08 actually models 1,674 of branch cable for this cluster. In calculating the branch cable length,
Husnmumh-p-nﬁhhmmmhmmmmum

INDETEC Isternational 1 Page 12
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2.  Stylized PNR Polygon Cluster and the HAI 5.0a Equivalent Area
i Rectangle (Access Database)

Figure 3. Formation of the HAI 5.0a Rectangular Clusters
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Using Minimum Spanning Trees to Estimate
Subscriber Dispersion and Minimum Network Length

Phil Bolian, Stopwatch Maps
For INDETEC International

L. Background

A Minimum Spanning Tree is a construct from graph theory. It is commonly used in network
dnd;nu:mofhdvaﬁwnfﬁepulmtohmﬂbyunﬁwﬁ.mdu-
benchmark for the shorfest passible length of a network 10 = rve those points.

f points (we would say “subsciber ["““‘

The Minimum Spanning Tree of s set of points is that | -
set of connecting line segments whose total length is the
shortest possible for this set of points. |

If you know the distance from every point 1o every other e
point in a set, it is pot difficult 10 construct, and to
determine the length of, the Minimum Spanning Tree of

those points. The famous algorithm for calculating it, .

published in 1957 by R.C. Prim of Bell Labs', uses this

simple logic: A Minimum Spanning Tree

o First, find the two points that are closest o each - o
other and connect them

. mmﬁﬂw.wmmmmw.mmmmmmnm
alrcady-connected point and any not-yet-connected point, and connect those points

As Prim pointed out in his paper, there is one and only one shortest total length,

" R. C. Prim, "Shortest Connection Matrix Network and Some Generalizations,” Bell System Technical Jowrnal 36,
1389-1401, November 1957
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Whihthnlﬁnimmwum:nmmuvayuﬁ:ﬁdngnmuofﬁ:dcgrunfdhpersm
ofa-unrpulnu.m_mmobjmiwummuldmhmiuuninulinminglmjnimum

possible telephone network:

¢ First, telephone networks are not constructed by chaining together one subscriber 1o crother,
Rlﬂtﬂ.lﬂdﬂﬂﬂilhﬂlhunopdmdlwhnpoﬂbh.mddmidmpl&m
terminaly connect those cables to subscribers, (Those terminals represent additional points in
the network, introduced at will by the designer.) Perhaps one could construct a shorfer
network than a Minimum Spanning Tree when using this method.

= Dnhoﬁnhﬂ._hﬂmmohhﬂﬂmunWTmnmdmr&mm
point to another. If thos> points represent rcal subscriber-, these lines could possibly run
mhﬂhﬁmﬂm.mmmghlﬁu,mmmmbuﬂdﬁ:p. Surely
the Minimum Spanning Tree is a significant wnde: statement of the realistic routing of
network cable.

Both points have merit. Let's take them in order.

ThchﬂnimSMTmmdounmdhwthimodw&mufﬁiﬁmupﬁm
That's hat keeps the construct simple, and casy to calculate. The construct that attempts
minimu:a total length by adding additional points as necessary is known as a Steiner Minimum
nu.mmmummmmmmmmmmm
designing road networks two centuries ago.

anmmnrmnﬂmrﬁmofdﬁnﬂpdmf«ﬂﬁah:ddh;ddiﬂmﬁpoim(fummg
uSthﬁﬂme}ﬂﬂmﬁ&h-wmmlesme,m
there are some. Even in those special cases, however, there is an absolute limit to the
improvement. In a paper published in 1990, D. Z. Du and Frank Hwang (Hwang is of Bell Labs)
mmmnnmmmmmmwmormemwm
than about 13 percent’,

The calculation of a Steiner Minimum Tree for a large number of points is known to be a
monstrous effort, taking immense amounts of computer time. Because it seldom improves on a
MMmMTm':Mﬂmhwyw.hmmmsm
Tmmuwm-nmhwmm

The second objection has greater significance, and illustrates why the Minimum Spanning Tree is
m:&m&.uu-m&hmnﬁummm Because a

’uzmlh‘ﬂw‘ﬁhﬂi“ﬂﬂﬂﬂdﬂuh“hﬁﬂwhﬂﬂh
Censar for Discrete Mashematics & Theoretical Computer Science of Rutgers Unbversity, 1990
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Minimum Spanning Tree has no respect for rights-of-way, and a telephone network must respect
MMMMMTMWyWMmIMmumMMMM

A More Realistic Tree

minimum network would be
Tree of the points served.

hmi;ﬁwquhwmmtmmub'rnlmi:
part of a network, running along what would bs streets or
roads. Even having tailored this sub-network to this exact
luofpoim,wnndllu}m'lhoflhcmh:ﬂ:ﬁ:m
1o be 18% greater than the length of the Minimum
Spanning Tree for those same points. To account for
future growth, real telephone networks can not be tailored
so tightly o a static set of customers, and are therefore
even less efficient of l:ngth than in the illustration at the

right.

‘ml:nuwthdamnm-of-ﬂ:mbmwby
telephone engincsrs 10 convert arbitrary straight line
M{MHHEMEHI%MMTM]
to realistic cable runs is the square root of 2, or 1.414. It
would be no great leap to consider that a reasonable

mﬂulhl.dllﬁmtkhﬁhofﬂummw

II. How a Minimum Spanning Tree Is Formed

The principal reason that a Minimum Spanning — — —— ——
Tmhmmnhuadu:mofdupmim Ten Customer Points

of a set of points is that it is a relatively easy o

metric to calculate,

This section illustrates the calculation of a
Minimum Spanning Tree for the ten points shown °

at the righ, siep by step.

So that we will be able to identify those points in ° &
this discussion, let's label cach with a letter, as we | " ;'

show directly below.
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The Same 10 Points, Labeled ' Minimum Spanning Tree of the Points
‘. J. ‘I Ji

Be Be
ce ce
I. l.
De D
I. H® k“i. H®
F. F.
aé a®

We've also shown, to the right abows, the resulfing Minimum Spanning Tree that we have
calculated for these points, Even before we show the steps that et us 1o this tree, let's remember
what a Minimum Spanning Tree is ... it is the shortest set of line segments that can cornect all
the points of a group, using only those points themselves (not introducing any additional points).

The procedure for determining that shortest set of line segments is really very simple:
« First, find the shortest of all distances between any two points, and connect those two points

» Then, until all points have been connected, repeat the following: Determine the shortest
remaining distance any comnected point and any not-yet-connected point, and connect those
two points

We haven't shown the actual distance numbers Sop 100
bere, but the shortest distance between any two of A J
these points is between A and B. So we'll begin ';\. .

by connecting those two.

-'-..-I:.-.-'_'—!.;-ﬂ';—li =



Step 209
A
@ J
nv/.
ce
'l\
= e® H®
®
Ge
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 swplofy
‘e
"\
ch
. ®
Dpe
e® H e
'.
o®

From A, B, and J, the shortest connection to any other pint is from B to C. So we'll connect

them, as seen on the right, above.

The process continues followiag the same rules until all points have been connected. We show

the complete sequence below.

Stepd ol ®

a®
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IMl. Minimum Spanning Tree vs. Actual Cable Route

h B ——
Spacaing Tree sl s postible cable ot 1o sore A Cluster of Rural Subscribers.
a cluster of subscribers in a rural area. — — —

We must remember that Minimum Spanning Tree '
is an arbitrary, mathematical measure ths has no |L .
respect for natural obstacles nor humanly | Lake =
restricted of rights-of-way. It simply measures the )
distance from one subscriber point (o >

another, using the shortest set of straight lincs et

possible. If that should lesd through a cow | - " o
pasture, a body of water, or a high mountain, the | - e
calculation does not care, And it certainly does | ] =

not consider that cables basically run along roads
.. the calculation makes use of nothing other than _
ﬁemufuﬁofmm,mdthedhunoenfmhmml&ﬂmmhoﬂm

So the Minimum Spanning Tree that woula be _ S
producsd for this configuration of subscribers is

5 o . e TR TS SAeh- addedia consact Minlmum Spanning Tree

the points from one to another, always with a
straight line, and always using the shortest set of
line segments possible. The fact that several of
these line segments run obliquely across a road is
natural ... the calculation is not even aware of
roads. And the fact that one of the scgments runs
across & lake is, once again, a natural result of a
mathematical procedure that always seeks the
shortest straight-line distances and knows nothing 2448

of obstacles. ,l'"--"-gq g
. ‘w1203 "N

Here we have shown the length, in feet, of cach of | | '——
the line segments of the Minimum Spanning Tree. | Length = 10,437 R

The total length is 10,437 feet. We will be hard -

pressed 10 devise 8 realistic cabling route that can match that length, because cable routes -
unlike abstract mathematical procedures — are compelled to honor natural and man-made

restrictions.

The cable route is compelied to follow roads. In this case, we have run the cable along the side
of the road that favors the largest number of subscriber points,. We show here the length nf each

— —
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lcnathnfd:mhlionmbh.ndﬂuluﬁhofﬂchdrop We find that to correspond to the
connections of the Minimum Spanning Tree, we must use 14,054 feet of distribution cable and

2,006 feet of drops, a total of 16,060 feet.

Clearly this length is greater than that of the
Minimum Spanning Tree for this set of points, Cable Route

Just as we would expect it 10 be. In this case, the '_"'"“r"‘?ﬂﬂ“‘"—
16,060 feet is 1.54 times the Minimum Spanning - 247 :
Tree length of 10,437 feet, a significant multiplier. . |

[ -

The multiplier will vary with different e |
configurations of subscribers in different natural : ke o~ e

and man-made settings. But it should be clear that ~._ -
except in the most trivial of circumstances the u\_,,,.f' .
mdmkwﬁnmhm&-wﬁmu 202 247 2d
the Minimum Spanning Tree length. L, B (1

& 5118 1

&2 T —

14,054 + 2,008 (Drop) = 16,080 f.
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The “Shorter-Than-Minimum-Spanning-Tree” Fallacy

By Phil Bolian, Stopwatch Maps
For INDETEC International

lthuMﬂymuhMmeTmmdwmnﬂyum
existing nodes of a graph. It is also true that - in a few very special cases - the deliberate
Mmofﬂﬁuﬂmﬁdﬁﬂ@unﬂ%lﬁﬂuﬂhﬁe”ﬁimmﬂmﬂu
Tree. In a telephone network, additional nodes may be introduced at will, Thus one might argue
ms:ianmwummmmmmmmmwym
than the measure of « Minimum Spanning Tree, That argument would «ertainly require an
example to illustrate the case. However, such examples are difficuii to develop.

In a June 10, 1998 ex parte to the FCC, AT&T and MCI preseat an example purportedly
ﬂlmniu;md-hkﬂm:wtﬁlmh:&h footage than the measure of the

UﬂMrﬁrATﬂmdm.hmwydlednummw their point. In fact, it
proves them wrong. Let's examine the circumstances AT&T and MCI cite.

Imagine e suburban block, with ten houses on either side of the street. Imagine them evenly
spaced. hﬁlﬁmmmhhﬁlhlm&ﬂ.mﬂktﬂlﬁmmm&mﬂof
one house 10 its cross-street neighbor be 90 feet (in a later example we'll reverse those
distances). The Minl.aum Spanning Tree length for these original locations is 1,800 feet

j Minimum Spanning Tree
|

gl I&—TTT——T-— — i —— = dlia
100 & - 8 M (] [ L] 5 g

9x100 + 10 x 90 = 1800 ft

INDETEC International I
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Now, if a single cable is run down cne side (or the middie) of the street, and drops are extended
to each house, the following configuration results. In this case, the DRD is idenvical to that for
the Minimum Spanning Tree,

| Distribution and Drops
I 555 O B O SO
4&1mi&£i-i.u'—-

| 9x100 + 10x90=1800 ft

Now, let’s reverse the numbers, such that the lot size is 90 feet and the distance to a cross-street
neighbor is 100 feet.

i
|

i Minimum Spanning Tree
"2 -8 S8 —8 85 8 B 8 8
100
@ @ & 8 @« @& w8 @ n
90

100 + 9x90 + 9x980=1720 ft

The Minimum Spanning Tree by necessity runs the full block length through the houses on both
sides of the street. In this case, when we construct the distribution and drop configuration we
find that it is Jonger, not shorter, than the Minimum Spanning Tree. The Minimum Spanning
Tree is, to be exact, 5% shorter than the configuration AT&T and MCI cite.

INDETEC lInternational 1
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Distribution and Drop
L 8 “ L] L | ] [ ] o o
100 ‘ - o B
$"H g0 % =% % & u a &
980
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