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PREFACE

%ﬁ _ This is the third report in a series of reports dealing

with the development of a statewide traffic forecasting

model for the State of Michigan. The previous reports are

as follows:

Vol. 1 Objectives and Work Program

Vol. 2 Development of Networks Models. This model
probably should be referred to as a "Multi-
level Network Generator" which more accurately

defines the actual function of this process,

.

However, in this report and other discussions that have taken

place in the past this traffic forecasting tool has been

referred to as "Segmental Model.
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INTRODUCTION

During the past decade traffic forecasting technigues
have experienced extremely rapid change. Until the mid-
fifties only manual methods of traffic forecasting were in
use by analysets in the transpbrtation field.

The Detroit Area Transportation Study (D.A.T.S.) was
initiated in 1953, As a result of this study several more
sophisticated techniques evolvéd which were to revolutionize
the traffic forecasting techniques then in use. Although
D.A.T.5, was not-the first transportation study to apply
computerized traffic assignment techniques this study was
initiated at a timé when rapid change in traffic forecasting
technigques began. In the early sixties the Michigan Depart-
ment of State Highways conducted origin-~destination surveys
in most of Michigan's major cities. By the late sixties
this included survey data for approximately 35 urban ;reas.
The revolution that was occurring in the analysis of the
origin-destination survey data has been documented in several
reports by the Federal Highway Administration., A selected

list follows:

Traffic Assignment Manual, B.P.R. 1964

Traffic Assignment & Disfributiqn for Small
Urban Areas, B.P.R. 1965

Calibration and Testing a Gravity Model for
Any Size Urban Area, B.,P.R. 1963

This computerized traffic analysis and forecasting

process can be divided into two primary operations.
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l. Development and definition of a highway network
model as suggested in the first report above for
both present and future highway systems,.

2, Creation of a travel matrix or trip table which
is representative of the inter-zonal travel within
each origin-destination study area for both present
and future travel,

Many computer programs were developed to manipulate or com-
plete analysis on these highways network and travel models.
All of this development until the mid-sixties was directed
at urban trénsportation studies.

During the late 1960's several states began to recognize
the potential application of computerized urban traffic
forecasting techniques at the statewide level, The potential
was unlimited as mdst states were gtill using manual traffic
forecasting techniques in the rural porﬁions of each state,

Until thig development most highway network models for
these urban studies were composed of 100 to 300 sub~areas
or zones within each survey area, except for the large
metro—areas., With the advent of statewlde traffic fore;
casting model process many states found need to develop
models involving 500 - 800 zones. This is what Michigan
refers to as a first generation statewide model, The
gmaller urban studies included network models composed of
1000 - 2500 highway segments or links. Statewilide models

often included upwards of 3000 - 5000 highway segments or

links such as the 540 zone highway network displayed in

figure 1.

The urban study in most cases required small computer
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program run times of an hour or less. This was also true
for many of the first generation statewide models. Most
of the research that went into the calibration of a first

f§ generation statewide traffic forecasting model led Michi-

gan to believe that a first generation statewide model would

generally supply gross planning information and therefore

only serve a single purpose. Michigan is in the process

of developing a second generation statewide traffic fore-

casting model which hopefully will serve a dual purpose,.
s 1. Supply general planning information.

2. Supply detailed design information,

With the advent of the second generation statewide model

(1500-2500 zones) computer run time in some instances
became prohibitive and at times bordered on the impossible,
A 2300 highway network appears in figure 2 and this network
contains approximately 12000 links, Many of the predicted

twenty and thirty hour computer rums on this network are

not practical with present computer techmniques, In selected
situations, depending on the type of computer used to com—
plete the analysis, some of these run times could be reduced
slightlj..

i? . The Michigan Départment of State ﬁighways since:1966

has been developing a statewide traffic forecasting model,

Volume I entitled Statewide Model Objectives and Work Program,
December, 1970, is a documentation of Michigans' proposed

statewide model development process. The Michigan model as

éuggested in the work program will include four levels of

zonal detall with a possible fifth being omitted presently.
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1. A 83 County Zone System (Figure 3).

2. A 540 Zone System which contains zones that are a
combination of townships (Figure 4).

3. A 2300 Zone Systems which contains zones which are :
single townships plus districts within urban areas -

4, The fourth level of zonal detail will contain zones
which are parts of townships plus all urban 0-D
zones, This will result in a 9000 zone system.

5. (Opt.) Micro Zone System, Blocks Urban - Square
Mile Grids - Rural

The computer run times for the 540 zone system using

Michigan Department of State Highways transportation plan-

ning package of computer program are displayed below,

TP Net 15 Minutes
TP Tree 1 Hour
2 TP Skim 1 Hour
TP G.M. ' 1 Hour
TP Load 1 3/4 Hours ‘

This transportation planning package of computer programs
is operational on a B-5500 and is similar to the Federal
Highway Administration "360" package of transportation
planning éomputer programs. With the advent of Michigan's

2300 zone system the following computer run times were

estimated, These estimates were based on test rums for peortions
of the 2300 zone system using a B-5500. The B-6700 will greatly
shorten these estimated run timeg because of the additonal

internal core.
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TP Nét 1 Hour

TP Tree 22 Hours
TP Skim No‘Test Data as of this Report
TP G.M. No Test Data as of this Report
TP Load 18 Hours

The second generation statewide model when opera-
tional will often néed to cycle through the transportation
planning package upwards of 10-15 times per year. Assuming
it was physically possible to rum the programs based on
the above computer run times, the scheduling of rums would
still be extremely difficult. Any system significantly
larger than a 2300 zone system would definitely be impossible
with present technology. The department's computer package
has been improved from time to timé to shorten run times.
Several programs such as TP TREE and TP LOAD still require large
pefiods of time to complete., If the department obtains access
to a B=6700 computer some of the above problems will be
alleviated, but run times still will remain long. This problem
gtill exists on 1000K IBM-360, as the department has investigated
and found that run time, even with this machine, is as large as
10 hours with such programs or "build trees".

The segohd major problem facing the staff assigned the
responsibilities for model development, was the fact that
under normal operating situations the model would often be used
te supply transportation information for small portions of the

system, versus the total system runs.

11




Operation of a completéd run fof the whole state to obtain
a solution for a single corriaor would obviously be a
grossly inefficient use of a statewide model and solutions
to this problem had to be explored, TALUS is presently
experiencing a similar situation where analysis is required
for only a small portion of the system, but with present
techniques the total system must be operated,

Some sub-area isolation technique might be a possible
gsolution. Many of the present computerized traffic fore-
caéting techniques allow_for sub—areg assignment, just as
Micﬁigan’s transportation planning package does, but most of
these techniques supfly analysis'data only up to the cordom
of the sub-area and not beyond. As an example refer to figure
6., The urban origin-destination cordon is the heavy dotted
border and the sub-area selected for study is the fine solid
line, With existing techniques a sub-area assignment :could
be completed but this would supply only traffic data for the
sub;area. If any of the sub-area network changes effect the
regional system it would be difficult to determine with the
existing techpélogy. This technique also requires that the
large mod;l be run initially before the sub-area program is
run. Therefore, the comﬁuter run time is still extreﬁely
-long on a statewide basis.

In man; actual highway planning and design décisions
the user is interested in the immediate study area in detail
with the option of obtaining answers at a lesser level of

detail in the outlying areas.

12
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Attempts such as Texas' segmented traffic assignment,
and others, have been directed at a solution of some of the
above problems., After due consideration for existing
soclutions and the scale of the problems discussed above
(The Statewide Studies Unit of the Micﬁigan Department of
State Highways) has developed what is presently felt to be the
most comprehensive solutdiom to the above problem of:

i, Zong computer run times for second and third

generation statewide models.

2, Transportation analysis needs on only parts of
the total systemn,

3. Missing levels of detail as with sub-area isocla-
tion assignments.,

4, Manually coding networks of various levels of
detail.
The Statewide Studies Unit has referred to this
computerized traffic forecasting tool as the "segmental
model", or more specifically, "Multi-level Highway Network

Generator". This report will:

1. Document "segmental model" development techniques.,

2. -Define and explain "“segmental model" computer
programs,

3. Discuss use of program and run times omn a B-5500,

4, Present test results on actual 2300 zone station
model network.

5. Discuss future applications and program refinements,

14
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PROGRAM DEFINITION AND FUNCTIONS

The Michigan statewide traffic forecasting model
development process was initiated in late 1965. From
1965 until January 1970, the staff of the Statewide Study
Unit has been obtaining valuable experience related to
the development of a statewide model for Michigan. As
the report entitled Statewide Model Object Volume II indi-
cates, devélopment of a 2300 zone statewide model highway
netwérk was to be completed in early 1970, Initial computer
run times with thé department's transportation planning
package indicated that the computer program run time for
building all "trees" on this system would be practically
impossible.- Initial model research and development had
indicated that there would be a necessity of developing a
‘second generation model (2300 zone) which was a much finer
system than the 540 zone gystem. The refined system Qould
supply both generallplanning and detajiled design data while
maintaining only one mode. Incorporation of the urban
studies within the statewide. modeling process would iﬁvolve
upwards of 9000 %ones requiring even more sophisticated
technology.

In early 1970 definition and development of a "segmental
model" was initiated. The "segmental model" discussions that
followed resulted in the conclusion that this model should
accomplish the following:

1., Maintain a single master détailed network file

versus the present method of coding and maintaining
several different network link files.

15




2. User specified level of network detail by area based
onr function classificatioen and link type.

3. Elimination of unnecessary highway links as a
result of deletion or compression of selected
links by class therefore saving computer run
times.

4, Automatic compression of trip table to match
network detail by each area, so that traffic
assignments could be completed after a "build
all trees" run.

5, Multi-detail sub-areas with total network. For
example penerate a network with detail areas for
Lansing and Kalamazoo and leave the rest of the
state with a course network.

6. Conversion of master network coordinate files
so new segmental network could be plotted auto-
matically and used as a base map or work map.

Throughout this report two phrases will often appear.
They are "preliminary segmental model" and "refined segmental
model”™. The reason for this is the fact that the "segmental
model'" development process was two-phased. Phase I, which this

report will cover in detail, deals with the development of an

operational preliminary model, Hopefully, this preliminary

model will establish the potential usefulness of this concepf.
Phase II is the planned refinement of the preliminary model.

?5 The refined model would be used as a daily forecasting tool

within the Michigan Department of State Highway's transportatiorn

planning process, Steps 4 and 6 above are planned

as part of the "refined segmental model™ development process.
It is recommended that the ultimate "master network link

file", which sﬁould be used with the "refined segmental model”,

would be a detailed link file for all roads in the state, In

some states the state or federal needs study files might be

16



modified to fulfill this requirement if it was originally
defined in such a manner as to be adaptable te the A-Node
B—Node concept of most highway network models.

Any state which Initiates and applies a concept such
as "gegmental model" will be required to maintain only one
detailed highway network for the entire state, both urban or
rural from that day forward. This is in direct contrast to
many present studies which maintain two or three network
files so that transportation analysis can be completed at

varying levels of detail. Applying the "segmental model"
conéept Michigan will need to maintain only one detailed
network file, It is also possible that in the future;
"segmental model" would allow the Michigan Department of

State Highways to automatically generate urban 0-D study high-
way network models with a single run of the "refined segmental
model" program. This would simplify the present manuagl process
of urban 0-D network definition and development.

The "master network file" used presently as input to the
"segmental model" program is the second generation 2300 zone
statewide highway network model which was discussed in detail
in a statewide traffic forecasting model report entitled,
Development of Network Models, Volume II, March, 1971. This
highway network model was defined using the conventional
node~link concept of network definition wﬁich is commonly used
in most urban traffic assignment processes. The network code
form used for the 2300 zone system appears in figure 7. The

-format and actual codes follow.

17
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B5500 Link Data Card:

Column Contents

1 Card Type, A "2",

3-6 A-Node,

9-12 B-Node.

14-17 Distance.

18 A to BT or S,

19-21 A to B Time or Speed (AM).
22-24 A to B Time or Speed (PM).
25-27 A to B Time or Speed (OFF).
28-31 A to B Capacity (In Tens).
32-36 A to B Count.

40 Direction, 1l-one way, 2-two way.
41 B to AT or S§.

42-44 B to A Time or Speed (AM).
45-47 B to A Time or Speed (PM).
. 48-50 B to A Time or Speed (OFF).
51-54 B to A Capacity (In Tens).

55-59 . B to A Count,

69-70 Link Type.,

71-72 Link Jurisdiction.

73-74 Capacity Class.

80 Delete, A "D" If Link is to be Deleted,

Figure 8 is a copy of the 2300 zone Clintom County
Highway network modelinse map. This is one of Michigan's
83 county base maps, which will serve as a reference map
for the following discussion. Ag with all highway network
definition and coding operations a zonal system within the
study area was initially defined and numbered. The zone
numbers wére four digit numbers, The first two digits were
the county numbers and the last two the statewide zone with
the céunty numbered sequentially, The central-most or
population center was selecfed as the first zone (0l) in each
county. In figure 8 this wouid be zone 1901 where the first
two digits are the county number and last two (0l) are the

zone number within the county,.

19
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f? In this case a population ceﬂter was selected as the fifst
Zzone in the county,. The selection of the first zZone within
each county is critical to the operation of the "preliminary
segmental model"., This is the zone which will represent

the county if the user specifies this county is to be used

as a non-detailed network area. The centroid link for this

first (01) zone must also connect directly to a state
trunkline,

‘The "preliminary segmental model"” performs the following

five functions when creating a segmental network from a

detailed master network file. The computer program does

not perform these functions exactly in this order but for
discussion purposes this should suffice. Program details

will be documented in a later section of this report,

A. Centroid selection or deletiomn.

B, Selection of highway links in detailed network
areas, '

€. Highway network link deletion in non-detailed
areas.,

D, Elimination of unnecessary highway links thru
link compression.

L ' E., Renumbering of remaining centroid numbers for
L direct input into transportation planning package.
ﬁj The user specifies which counties are to contain

detailed network link data and the program assumes the

remaining counties are to contain non-detailed network

data. The master network link file must be in sort by

A-Node, B-Node. Centroid links which are part of the

21



detail counties are selected and saved for the new network
being created. In the non-detailed counties only the
centroid links with A-nodes ending in Ol-are selected and
saved as these are the pre-specified zones which will
represent that county.

All highway links with county codes matching those
county codes specified by the users as being in the detailed
area are selected and moved to a new network file,

In the third portion of this process the preliminary
ﬁcdel deals with the selection of onlf specified highway
1in£ types in the non-detailed counties. The user is
supposedly not interested in generating a detailed network
in this area. The "preliminary segmental model™ does not
allow the user to specify Which link types are to be
included in the new network for this area. Pregently only
links which are specified as state highway links are selected
and saved and all other road types are deleted. The program
therefore saves only links which are presently coded 0l in
the link type column for the 2300 zone system. Figure 8 is
a sample.of the 2300 zone network bgfore a segmental model
run. The newly created multi-level network would look like
figure 9, if the preliminary segmental model process was
halted in the third portion of the program just discussed
and this county was specified—as a non—detailed study area.
Note that even though the network is sufficiently coarser
than the‘original network in figure 8 there are many highway

links, particularly in the urban area, which are not particularly

22
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pertinent to operation of the forecasting model at this
level of network detail for this county.
The fourth task accomplished by the "preliminary

segmental mpdel" is the elimination of these unnecessary

highway links in the non-detailed counties of the state.
These links affect computer run times in the "tree"
~building and traffic assignment programs and elimination

of them does save significant computer run time. These

links are eliminated by a process explained in detail in the

programmer-operator section of this report. A single new

equivalent link is generated to replace any combination of

unnecessary links. After completion of the fourth function

in the '

'preliminary segmental model" process the newly created
multi-level network would be defined as shown in figure 10,

Up to this point the centroid links have the zone end

of the link identified by a zone number which relates this

link to a socio-economic data bank. As mentioned previously

this is a non-sequential zone numbering system. Most trans- E
portation planning computer program packages require a

sequential zone number sco the fifth portion of the preliminary

segmental‘model sequentially renumbers all of the centroid

link zone numbers which is the A-node of each centroid link,

A new centroid link is created using this sequential number
as input to!the transportation planning computer program
package. The present program will also supply the user a
conversion list of original non-sequential zbhe numbers and

their sequential equivalence after passing through segmental
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model. A sampie of this equivalence list appears in figure
11, This listing is useful when completing analysis on a
multi-level network where it 1s necessary to refer back to
original master link file base maps.

The "preliminary segmental model" after completing the
fifth stage calls the transportation planning computer program
TPNET. The program submits the newly created network file
just as 1f it were a newly coded network. The TPNET program
completes the network edit and prepares a metwork file for
use in the transportation planning computer program package
as a base file fo; "tree" building and traffic assignment,
This completes the full cycle for the "segmental model"
process.

If the user wishes to complete a traffic assignment on
the new network the trip téble associated with the master
file is not compatible with the new zone system, becaqse of
the deletioﬁ of zome centroids. In the '"refined segmental
model" this problem will be resolved by having the segmental
model program generate trip table compression cards.

The last few pages should serve as a brief review of the
procedual steps or stages carried out by the "preliminary
segmental model™ program. A copy of the actual computer pro-
gram outputs is available in the section dealing with an actual
test network, Information required to run this program on
a B-5500 computer is discussed in the section following the
"ﬁossible application” discussion. The programmer-operator
portion of this report will discuss fhe actual inter-workings

of the computer program.
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POSSIBLE SEGMENTAL MODEL APPLICATIONS

The Michigan Department of State Highways plans fo
use the "refined segmental model" to efficiently supply
traffic forecasting information required by several divi-
sions and sections within the department, The applications
of this program should not be limited to just this depart-
ment as the following discussion suggests.

Applications exist at the national level such as the
national highway network model, The Federal Highway Admin-
istration would bé able to generate wvarious levels of
network detail suéh as state, county, etc, yet maintain
only one master network file, Detailed county network
analysis coﬁld be completed in one regilon while leaving
the rest of the network at the state level as suggested in
figure 12, The effect of major changes in the study areas
on thru traffic could easily be studied as a complete‘network
in the non*detailéd region is available witﬂ this technique,

One master national highway network file could be main-
tained by the Federal Highway Administration or others,
This same network coul& be used by all states' statewide
modeling units and segmental model could supply the outstate
network for each individual state. For example, Michigan
could run the model and obtain county level network details
for Michigan's contiguous states one day, and California
coﬁld_use the segmental model plus the national network to
generate their outstate network the next day. This would

eliminate the task of all.states defining and developing
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highway networks ocutside their state independently.

States may use this model to save the large computerx
run times required by many of the "second generation"
statewide models, Detailed network analysis could be
éompleted on parts of a total system efficiency by gen-
erating the level of network detail required for just the
study area. Figure lB_is an example where the route location
engineering may wish to study alternate corridors in the
region indicéted as level four in this figure. This will
save computer time by allowing the engineer to obtain
ansﬁers with a much smaller zone and link system yet still
study the effect on thru traffic in the state, Because of
the advent ef many of the statewide transportation system
analysis approaches the states or congultants are finding
it necessary to code two to four levels of network detail.
The refined segmental model will save time by requiring
the coding of only one network. The model will generate
all of the mnetwork as the user so specifies, by area, by
link type and jurisdiction.

With the advent of many systems analysis techniques
at the stateside level there is a definite demand for main-
taining two or three levels of zone and network detail., This
ie necessary because the study of goods movement,.rail traffic
and mass transit each require a specific level of zone and
network detail,.

A specific example of this systems analysis approach

is the process previously defined in a report by Stanford
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Research Tnstitute entitled Svstems Analysis Method for

Comprehensive Transportation Planning din the State of -

Michigan., Figure 14 is a copy of one of the zone systems
they wished to study, The related highway network is
displayed in figure 15, It should be ﬁoted that any state
which adapted a "segmental model" concept early in the
state planning process might be able to use this concept,
plus a total state network, to automatiéally generate any
necessary sub-sets of zone and links system required in the

system analysis process. This could have been done to

- supply S.R.I. with the zone and link data'they needed if the

"segmental model" process had been in existence at an early

date.‘ This technique may have potential application in

any state which is just beginning to develop a statewide model.
Large urban studies after completing their initial

task of analysis on a total éystem find that much sub-

area analysis is required on a piece-meal basis before

the final construction 1s completed. Many of these studies

cannot afford to rerun the total system at the detailed

level for the whole study area. The refined segmental model

will alloﬁ them to complete.analysis of these sﬁb-areas at

a substantial saving in comﬁuter costs, It also eliminates

the task of manually coding the sub-area networks. TFigure 16

is a map of the TALUS study area. The user in each city or

county in a regional study such as this could complete detailed

area analysis at a much smaller cost by using "segmental model",
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Here again the user could study alternate corridor analysis
in a detail study ares such as the one in figure 16 and still
determine the effect of the analygis on a total regionmn.

The develepment effort up to the time this report was
published involved approximately three-man months of analyst
and programmers time plus four or five computer test runs,
Obviously the potential for this type of traffic forecasting

tool has only briefly been explored. The department would

welcome any suggestion as to future applicatioms of this type

of technique. Comments for modification or improvement to the

existing segmental model program would sincerely be appreciated.
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SEGMENTAL MODEL OPERATIONAL PROCEDURES ON A B-5500

This section describes the operational procedurés
required to coperate the "preliminary segmental model'" computer
program on a B-5500,.

It is assumed that the user has a master highway link
deck in the format suggested in figure 7. If a network
is avallable, but not in this format, the user may generate
this format from his highway link deck through the use of a
reproducing punch or other similar equipment.

The user should keep in mind the fact that if a district
or state number was substituted where Michigan has its county
number (column 75-76), this modél could be operated on any
existing highway link deck. This would also require the user
to number the zone system accordingly, as explained in a
previous section,

When using this program the system assumes the A~node
is always greater than the B-node except for the non—sequéntial
centroid link A-nodes, Thé master link file is presenfly on
cards. This file is sorted by A-node and B-node and loaded
on magﬁetic tape. Because of the fact that the "preliminary
segmental model®” automatically calls the network edit program
from the Transportation Planning package, this model uses
the sane pérameters and constraints as apply to the total
Transportation Planning package. No distance should be
greater than 25.5 miles and the maximum speed is 99.9 miles.

The user should note that with the "preliminary segmental

model" program only a maximum of 40 master file highway
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links can be compressed into a single new link. 1Imn the four
test runs completed using.Michigan's 2300 zone highway
network model as the master file, this has not created any
problems. It appears that in tﬁese test cases a maximum
of 15-18 links were compressed and this occurred in only a
relatively few situations.

The "preliminary segmental model™ also assumes that
only 83 counties exist., Therefore, only those users whose
state or district totals femain 83 or less could immediately
use this program as it presenfly exists., The out-of-state
zones in Michigan's 2300 éone model ﬁave a range of 8400 to
9999 and are treatedrdifferently'than instate zones. Both
the zone and network remains the same as defined In the
master link file regardless c¢f which instate counties the user
specifies as detailed. The present 2300 outstate zone and
link system is displayed in figure 17 and 138. X

A flow chart of the "preliminary segmental model" process
appears in figure 19, Because of the fact that the segmental
model program operates aé part of a total package it has been
defined as a series of four programs, This allows the user
to enter ;he series of programs at more than one pre-selected

point depending on the task to be accomplished.

The first program of the series 1s Q01436 which was
designed to'prepare link data for use in the network builder
program., Q01436 will prepare link data for TPNET from three
varying types of link data analysis as indicated on the flow
chart. The outline of Q01436 follows the flow chart and

briefly explains the options.
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TPRET SET-UP
Q01436

This program will prepare data for TPNET (Q01402) and

then execute TPNET., Three basic run modes exist to prepare

for the TPNET execution.

1,

Run

Code = "NOsq"

All input link cards supplied by user are saved.
Centroids are renumbered——user specifies max. centroid,
User supplies TPNET control cards.

TPNET is éxecuted.

Code = "ZNET"

Link information is taken from QT01438 created by a
previous run, :

User supplies TPNET control cards,

fPNET is executed. |

Code = "SQEz" | .

Only part of the link cards supplied by user are saved.
(1) User specifies link type for county roads.

(2) User specifies link type for centroids.

(3) VUser specifies those county numbers for which all
) input link cards are saved.

(4) County-road links which are not im the above list
will be eliminated.

(5) Centroid links not in the specified counties will be
eliminated unless they are the first centroid link
for that county.

Centroids are renumbered--user specifies maX, centroid.

TEPNET is executed.
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The second program of the preliminary model series is
Q01437 which is the actual segmental model. This progfam
is zipped by the master control program (Q01436) if "sQEZ"
is coded in columns 8-11 in the run control card for that
master program. The detailed operations completed in this
program will be discussed in the next section of this report,

A brief summary of this program follows.

Q01437

Description

Program Q01437 is always zipped by QO0L436. 1Input
(tape or card) QL01436 contains link information.
Input disk QW01436 contains control information.

The input links are for a detailed complete net-

work,

Program will delete some links and combine others

to form a network with two levels of detail. Output

tape QLO01436 contains the new set of links for this

two~level network,

At completion of the program, program Q01438 is

executed to renumber the centroid links.

The third program is Q01438 which may follow the com-
pletion of Q01437, TIf the user wishes to apply ounly the
renumber portion of this series of programs, Q01438 may be
zipped directly by Q01436 if "NOSQ" is coded in the master
program control cards. The primary fumction of this program
is the renumbering of the non-sequential socio-economic
data bank zone numbers to sequential zone numbers. This

sequential zone numbering is a requirement of the Transportation

Planning analysis packages. A summary of this program follows,
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Q01438

Description

tf Program Q01438 1is always zipped by another program.

e Input QLO1436 (Tape or Disk) contains lionk informa-
tion. Link type for centroids and the maximum
centroid 1s passed to this program by disk QW0l436,

This program then sorts incoming centroid links by
A-node, B-node, and then renumbers these centroids
serially beginning with 0001 until there are no more
centroids or the user-specified maximum has been
reached.

The output tape contains all dinput highway links
unchanged and the renumbered centroid links. This
output tape is input to the next program which is
zipped (Q01439),

Printer output gives an equivalence table for old

and new centroid numbers,

The final program in the preliminary segmental model
series is Q01439 which is a short program and its function
is to prepare two separate input files for use in the

Transportation Planning package network edit program. A

brief program summary follows.

Q01439

P _ Description

Program Q01439 will be zipped by Q01436 or Q01438,
Input will be tape (link card images) QTO01438

and disk QW01436 (TPNET contrel cards). Program
combines the two input files to form a TPNET
(Q01402) deck setup on disk QW01l439., TPNET is
then zipped, lable equating the card reader to

disk QW01l439,

At this point the network has entered the Transportation
Planning package and any changes or additions to this newly

created multi-level detail network may be handled just as it
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would with any other highway network file. The user may
éi also use this network as input to any of the typical
| transportation analysis programs such as tree builder or
traffic assignment., The user should note that this is
P a totally automated process requiring no manual network
coding.
A copy of a "preliminary segmental model run deck

is displayed in figure 20. This was a 3 county test run where

=5 two counties out of three counties in the 2300 zone master

network file were yun as non-detailed areas. The 47 coded

in the fifth card from the bottom in figure 20 indicates
which county is to céntain detail link data. This run would
supply the user with multi-level network. The fourth control
card indicates that this was a "SQEZ" run.

The first five control cards pertain to the segmental
model run and the remaining control cards are required by

the TPNET program which is called by QO01l439,
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PRELIMINARY SECMENTAL MODEL
Q01437

DETAILED DESCRIPTION

This section deals only with the detailed functions’
of 001437 which is the "preliminary segmental model"
program and how this program accomplishes these functions.
The other three programs in the "segmental model™ process
are relatively dinsignificant and the explanation in the
previous section should suffice.

The basic fuﬂction of this program is to eliminate
certain links so that a two-level network may be built,
A list of county numbers defines the area for which there
will be no cﬁanges in the master link file. In the case
of the national network state numbers might be substituted.
Urban or regional studies could replace the county number
in a master link file with sector or district codes, ‘This
would allow an urban study to generate a network at both
the zone and district level or any combination of the two
yet maintaining only one network file. All out state links
are presently included with all "detail areas". The remain-
ing instate counties define a second level "gross area' from
which the program begins eliminating links, Link elimina-
tion or compression falls into two categories:

1. Elimination based on the given link type coded in
column 69-70 on the master link file card.

2., Elimination of several links by combining links
in the non-detailed area.

The program can be broken into three main sectiomns.
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SECTION I

Incoming link information is separated into three
courses of action in the preliminary segments model program.
1. Certain master network links ére written to the
final tape with no change and those are as follows:
a. Detail Area - all links both centroid and highway.

b. Gross Area — only first centroid 1link is saved
for each county.

2, Certain links. are eliminated from the master network

input file as follows:

a. Detail Area - None

b. Gross Area - (i) a specified link type (county
roads). Presently all roads

.- coded 02 in the liank type

I _ column of the master link

o ' ' ' record.

(i1) centroid links except the
first one for each county.

3. Links which may be eligible for combining are

written to disk. The number of times each node
aumber occurs in the network file is then talliéd.
a., Detail Area - None

ﬁ. Gross Area - all highway links except those

with specified link type (county roads).

SECTION II

The disk containing all candidates for combining is
rewound and read, Utilizing the node-count information we

can determine which links are eligible for combining.
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The eligibility for the compression routine is based o

following necessary and sufficient conditon,

At least one node of a link must occur exactly twice in

the network link file.

EXAMPLE:

Given the following links

n the

Node Node-Count
1 1
2 1
3 1
4 3
5 2
6 2
7 4
8 2
9 1

10 1

Those links saved for compression will be:

f45 6 7 8 9
i VP R S

The resulting compression would give:

4 7 9

. ——— ]

Assuming the same control section, link type, and link

jurisdiction.,

The final network would then be:
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We then have the data divided into two categories.
: ' 1. Links which can be combined are stoxred on a random
disk using the A-node as the relative address.

4 For any given link if one of the A-nodes will be

the beginning (or ending) of a chain, it will be
put in the B-node field and the B-node placed in iw
the A-node field. Because a number will occur 1

twice as an A-node, there are two disk files, i

2. Links which cannot be combined are written on

the final, tape without change.

- SECTION III

When all selected links are stored on the two disk files,
disk 1 is read sequential unﬁil_the beginning of a chain
of links i% found. Both disks are then utilized to search out
each of the chain. When all 1inks in a chain are stored
they are combined to create one link which now will represent
the entire chain. If the control section, link type,-and
link jurisdiction are not the same, more than one final link
will be created. The combined 1ink(s) is (are) written on
the final link tape and control returns to disk 1 to search

for the beginning of a new chain. The new link distance

presently is created by addition of the original master file
link distance. The capacity for the new link in the lowest

of the original capacities. The count and speed are a weighted
‘average, Link type and jurisdiction and control section are

the same as on the original link cards. -
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When all chains have been processed, the program‘te;minates;
and control is passed to a new program where the centroid links
are sequentially renumbered.

Much of the initial programming work has been purposely
kept relatively simple until the department has had a better
opportunity to test this model on several realistic network
situations, It is hoped that after addidonal tests with the
"preliminary segmental model" the "refined segmental model"
wi;l incorporate and require changes to efficiently and

realistically handle all of the network manipulations for

which it was originally designed.
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PRELIMINARY SEGMENTAL MODEL PROGRAM

A copy of the actual preliminary segmental model
computer program listing was not included in this report
as it would be to voluminous., Those_pdtential users who
wish to obtain a copy of the preliminary segmental model
program may address a letter requesting the program to thé

Michigan Department of State Highways, Post Office Drawer K.
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SEGMENTAL MODEL TEST RUN

(Actual Data)

In order to test the "preliminary segmental model”
program with actual network data three counties from the
2300 statewidé model Highway network were selected as a test
case. Figures 21,:23 and 25 are copies of the original 2300
highway network for Eaton, Ingham, and Livingston Counties
which were used as test counties.

County 47 (Livingston County) was selected as the county
~which would contain detailed network information after the
"preliminary segmental model" run. County 23 and 33 (Eaton
and Ingham)‘were left as non-detailed study areas., Figure 20
was a copy of the actual control cards used to obtain the
information for this test fun.

Figures-ZZ, 24 and 26 are copies of the county network
maps after this run of the "preliminary segmental model",
Neote how much more simplified the network appears in counties

23 and 33, when compared to the original detailed network.
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HIGHWAY NETWORK LINK DATA

BEFORE SEGMENTAL MODEL

The following nine pages are copies of the highway link
data from the original 2300 zone network before a segmental
model run has been completed, The first three pages are
the centroid links for each of the three test counties with the
A-node béing the zone centroid, The first two digits of the
zone represent the county number and the last two digits represent
the zone within each county, There are approximately 160 cen-
troid links in thié original network and 116 study zones. The
remaining six pages is a listing of all of the original 2300
zomne highway links., There are approximately 380 highway links.

The format for this data is displayéd in figure 7,
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ZONE CENTROID EQUIVALENT LIST

This is the first listing out of the "preliminarxy
. segmental model" series of comput;r programs., The program
that produces this is the renumber program Q01438., The
user will remember that most ﬁransportation planning packages
require that zone centroids be numbered sequentially. The
L original zone centroids as displayed in the previous listing

were non-sequential; therefore program Q01438 sequentially

renumbers all centroids after the segmental model program
~has generated a new link file, Before segmental model there
were approximately 160 centroid 1inks for 116 zones plus
380 highway links.

Thé informationrsupplied on the followinpg page as the

result of program QO0l438 indicates that the original network

has been compressed to 40 centroid links, 23 zones and 137
highway links and at the same time left the network iﬁ'the
detéil study area complete so ag to be useful in tramsportation
analysis.

This equivalence list is useful when using the original

o base maps as reference material.
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. CENTROLOD EQUIVALENCE LIST
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ND, OF CENTROID LINKS =

2
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TOTAL LINKS =

“Pee Q1

golo 4708
0020 4718

177




e
b
[
i

“"SEGMENTAL MODEL" NETWORK LISTING

The following pages are a copy of the compressed
network ag it appears after segmental model. This is. an
actual copy of the network listing out of the network builder
program TP 1402, Most of this listing is self explanatory.

As a specific example of what the segmental model process
has accomplished a selected section of ﬁighWay in Ingham
County will be discussed. This segment of highway is identified

by the arrows in figure 23 and 24, MNote that this segment of

- Hghway is composed of six highway links in the original network.

Each of these is identified by a check mark on the original

listing. As a result of segmental model this whole section

~of road 1s represented by a single link in the new network,

This 1link is underlined‘in the following sample network
listing. the the new link is representative of the six old
links in that the distance is a sum of the six old di;tances,
the speed and counts are weilghted averages and the capacity is
the lowest of the originalrsix links.

The user should also note that there is only one centroid
link-for each of the non-detailed counties with the zone
centroid (A-node) renumbered. Each of these new centroid links
is.underlined in the following 1isting.' All of the original
zones and centroid links for Livingston County remain unchanged

as this was specified as a detailed area for the test run.
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biJdd

SPAR

SEND

NP

AM
ZONES
FRWY
NODES
MPHD
MPH1
MPH2
MPH3
MPH4
MPHS5
MPH&
MPHT
MPHA
MPHE
MPH10
MPH11
MPHIZ
MPH13
MPH1Y
HPH15
DMAYX
THAX
THRU
CLASS
JURIS
CaPacC
DSCALE
Cs5CALE
Locat
TURND
TURNL
TURNZ
NV DL
NOIN
DELETE

~N

TUrcccCcoCCcoCCCCaCe S

M= » & & 2 = = 2 = & = = & 0 & 82 & &
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NN
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-

o
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1.00

Ll ==
- a -
BN O WA

8191
80,90
80,0
80,0
80,0
80,0
8C.0
80,0
80,0
80,0
80,0
80.0
80,0

80,0.

ao.n
80,0
80,0
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15
15
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NETHWORK

ASNODE B=NODE SF DIST TIME SPEED

i 9736 ‘13 o 0 ] 1,00 3,00 20,1

CENT, 2 sss5 13 1 o0 o0 0.55 1.65 20.1

[LINKS 5656 13 1 0 0 0,75 2,25 20,1

‘ 5860 13 1 0 0 0,55 1,65 20,1
5861 13 1 0 0 0,85 1,35 2041 §

3 5962 13 1 0 0 0,25 0,75 20,4

8 5823 13 1 0 0 4,00 6,00 30,1

5956 13 1 0 0 1,15 2,30 30.1

5 Se6 13 1 0 0 5,20 10,40 30,1

5959 13 1 0 o0 2,00 4,00 30,1

- _

o 6 5971 13 1 06 0 1,50 3,00 30,1

7 5971 13 1 0 0 6,00 12,00 30.1%

5972 13 0 0 2,00 4,00 30,3

5974 13 1 0 0 1,50 3,00 30,1

8 5975 13 3 0 0 2,00 4,00 30,1

13 1 0 0 1,00 2,00 30.1

s977

VOLUKE

D000 00O oQ

QOO0 o0

OO

[« B= N~ -3 QOO OO0 [+ N~]

DESCRIPTION

A=NQpE

9

i0

i1

12

13

14

15

16

i7

18

B=NQOE

5970

5958
5961

. 5955

5950

5965

5968

5980
5981

5976

5986

5987

5989

6047

6048

JU
13

13
13

13
13

13

i3

i3
13

13
13

13
13

i3
13

EHTAL MUUEL TRST =« 2300 ZUNL = LATUNM [NUHAM LiViHGSlQN LUURILIES

Lc ¢t
1 0
1 0
1 0
i o
1 0
1 o0
i 0
1 o
| 0
1 0
i ¢
1 o
10
1 0
1 0

pIST

1.00

1.75

2,00

1,05

1,19

1,20

0.25
2,00

5.25
1,75

1.05
2.00

2.00

1.70

TIME
2.00

3.50

8,00
2420
2410
2.20
2.20

075

6,00

ig,30

Sed5

2010
4,00

400

3,80

SP;EU
30,14

30,1
30,1

30.1
30,1
30,1
30,1

20,1
20,1

30,1
20.1

30,1
30,1

30,1

30,1

[SLRFEN

VOLUME

(= =N N~ OC OO0 (=R =Rl (=R QO 0o oo (=N~ e ] oo

[~ RN )
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NETHORK DESCRIPTION

A*NDDE B=NODE- JU LG CI SF O0IST TYIME SPEED  VOLUME A=NODE B»NODE JU LC Cr SF DIST TIME SPEED  VOLUME
; ' ' | 5702 5697 3 0 0 0 14,09 20,03 42,3 3770
19 5983 '13 1 Q0 0 3,00 6,00 30.1 o . 1205
: ' . , 0 5708 T 0 0 O 1,88 2.87 35,9 3280
5984 13 1 0 © 1,00 2,00 30,1 0 1700
' 0 5706 3 0 0 0 2.08 3,50 35,0 4100
6686 13 1 0 0 2,00 9,00 30,1 0 : 1350
o B
: : 5703 5708 5 0 0 0 1,25 2,50 30,1 1500
20 5962 13 1 0 0 1.20 2,80  30.1 0 1500
) 0
5984 13 1 0 0 2,10 4,20 30,1 0 S704 SToz 7 0 0 0 1,48 2,87 35,9 3880
0 ) 1700
5988 13 1 0 0 2.60. 5.20 30,1 0 5703 5 0 0 0 1425 250  30.1 1500
' 0 1500
_ .o 5706 5 0 0 0 1,00 1,83 32,8 1330
21 5967 13 1 0 0 0.80 1.60 30.% ) ‘ 1500
0 ‘
5706° 5702 3 0 0 0 2,08 3.50 35,0 4100
22 5966 13 1 .0 0 1,10 2,20 .30.1 0 1350
: 0 S7oa S 0 0 0 1,00 1.83 32,8 1330
_ . . . 1500
23 5952 13 4 0 0 1,00 2,00 30.1 0 5709 S5 0 0 0 8,06 11,74 81,2 1050
. 0 ez
_ 5716 3 0 0 0 3461  8.33 5001 6970
5069 5971 P 2 0 0 5,80 9,948 35,14 0 . 3850
: o
) 5709 5706 %5 0 0 © 8,06 $1.78 41,2 1050
5190 5830 3 0. 0 O 0,30 0,40 45,1 7130 812
o 5726 3 0 0 0 585 T80 45,1 7130
: : 4810
5696 S69T 3 0 0 0 1.08 1.48 45,0 3730 5731 3 0 0 0 5018 6.%6 48,3 7130
1300 5106
S697. 5696 3 0 0 0 1,08 1,83 45,0 3730 . STit 5714 2 0 0 0 212 2612 60,1 8900
‘ 1300 . T 3900
S702 3 0 0 0 14,09 20,03 62,3 3770
' 1205 5718 5706 3 0 0 0 3.81 433 50,4 6970
573 3 0 0 0 18,18 25.18 43,3 2680 3850
: 609 5711 2 0 0 0 2,12 2.12 60,1 . 8900

3909
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diduni

A=NODE B=NOOE JU LC €I

5724

573

5732

57213

5734

5723

5851

5709
5714
5865

5908

5709
5132

5736

573

5733

5732
5734
5753

5760

AT33
5736
5753

1

3

0

0

0

o

DIsTY
4,63

3.38

0-?0
1,00
0.73
g.87

1,00
0.77
2,45

TINE
4,63

MNETHORK

SPEEQ
80.1

58,0

85,1

GOaf_

45,1

60c1

44,4
30,1
30,1

30614
35.4

5.4
35,1
85,2

" 85,0

5.1
3014
45,0

VOLUME

9010
3400
6970
4712

T130
4810
%010
3400
7130
5076
9010
1200

T130
5306
1870
3700
7260
2600

3870
3700
3870
3700

3870
3700
5840
5750
3870
aroo
3330
5750

5440
5750
13070
1700
13070

A=NDQE B=NDDE U

5735

5736

3746

5787

3750

5753

5756

5736

5746

575¢

3697

3T

5738
57135

5735
5750

5735
57a7

5733
5T34
6961

3760

LC

1

0
0
0
0

SF

IST

0,48
11.75

12,19

1,00
18.12
1,39
Q.77

0.8

11.75

3.23

12,19
3,23

0.73
2.85

8,63

050

TIME

Q.70
16,87

16481

3,00
25,14
2.78
{e58

%06

16,87

4,53

16,81

'§o93 )

Ge97
3.27
15,19

QeB6

SPEED

3061
41,8

43,6

20,1
83.3
30,1
30,1
30.1

41,8
42,8

83,6
82,8

45,2
45,0
38,3

38,9

YOLUME
3650

13070
1550
3680

668
3270
1379

0

0
36890
609
7260
2400
i3c070
17430
i3cro0
1550

3680
666

3200
1932

aztg
137¢
3200
1942

3870
3ro0
13070
" 3050
33790
0900

3260
1600




FaioJroee DS TN T T 41 i O PO s R I o o O R T i B e e

) . NETHORK DESCRIPTION .
A=NODE #=NODE J¥ LC CI SF DISY TIME SPEED YOLUME a=NODE B=NODE JU LC €I S5F pIsT TINE SPEED VOLUME

5782 0§ 0 0 0  8.99 8,55  35.1 930
' 250 5817 5794 3 0 0 0 17.61 24,80 43.a 1090
6822 3 0 0 0 6,06 8,08 45,4 3260 : 872
1615 5815 % 0 0 0 4,8% 6.47 45,0 ° 1090
_ 3 650
57690  S7T33 3 0 0 0 B.8F7 11.83 45,0 3330 5948 3 0 0 0- 2.85  3.80 451 2690
' 5750 200
5758 3 0 0 0 0.30 0.86 34,9 3260 ‘
1600 5820 5822.. 5 0 0 0 0,63 1,02 40,1 3810
5925 .5 0 0 0 10,32 13,76 45,0 930 650
. 1901 5914 § 0 0 0 15,17 15.17 80,1 9010
: 5882
5782 5758 5 0 0 0  8.99. 8,55  35.1 930 5949 1 0 0 0 2,68 2.68 . 60.4 9010
250 5950
4\*)$]5r91 5795 3 0 0 0 278  3.71 45,0 7980 5822 5620 %5 0 0 0 0.68 1:02  80.4 3819
. | gz 5500 ' 850
-IAJF( 5817 24,49 s 1090 %823 05 0 90 0  1¢12 1.849 85,2 5680
; R L . S N A [0 L N0 0. D - S o I8 kﬂéém 1850
) 5917 3 ] 0 0 3.85 4,20 6450 .
5450 5823 5822 ) 0 0 0 1.12 189 , 85,2 5680
‘ 1650
579% 5791 3 0 0 0 2,78 3.7  A45.0 7940 S826 % 0 0 O Tell 9,88 45,3 3840
: 5600 650
3 5823 3 0 0 0 9,69 10,57 55.¢ 6550 5872 % 0 0 0O 13.7T9 20089 39,7 5330
5 3214 : ' 5825
5814 5815 5 0. 0 0 Q.78 1,14 40,1 3690 5824 &8 13 L 90 0 4,00 B.00 30,.% ]
: . 750 - _ ]
6827 5 0 0 -0 t.62 2,16 - 85.1 3480
650 5826 5823 5 0 0 0 Tei1 9,88 85,1 3810
6828 5 .0 0 0 1,03 1.37 45,2 4140 650
650
. . 5827 5846 30 0 0  2.0% 3,85  3%,.90 7120
581% 5814 5 .0 0 0 0.76 1.14  40.% 3690 T 6204
750
5817 5 0 0 O 4,85 6.47 45.0 1090 5828 $846° & 0 0 0 . De8T 1034  30.1 890
: , : 650 : 2300
5947 3 0 0 0 2,05 3,08 40,0 980 '

200 5829 2832 4 0 0 0 0:.6%9 1:08 39,9 9350
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oJunrd  Stavbntal HODeL TkS1 = 230U ZoWk = BATUN InuHad LLIviNGSIUN CouNlits e ooy PASE

L

NETHORK PESCRIPTI ON

A=NGDE B=NODE- JU LC C! SF DIST TIME SPEEY  vOLUNME A=NODE PBeNODE JY LG €Y SF  DIST TIME SPEED  VOLUME

11183 2300

. ' 5842 3 00 0 0 1,37 2.28 36,1 8910

5830 5190 3 0 O 0 0,30 0,40 45,1 7130 7789
0

5836 4 0 6 0 5,22 8,07 38.9 7200 585¢ 5714 3 0 .0 0 338 3.76 S8,p 6970

i1a81 ' ’ 4712

5855 a o o0 0 2.87 3.46 82,9 9800

5836 5830 a 0 0 0 5.22 8,07 38,9 7200 _ 13133

. 114881 ' ‘

5837 .4 "0 O 0 0,30 0,45 40,1 13060 5855 2 13 1 0 0 0455 1495 20.1 ]

23500 , )

5872 - 5 0 0o 0 1,06 1.59 40,1 9350 5640 & 9 0o 0 0.50 0«75 a0, 13060

. 8750 16000

‘ 5651 4 O 0o 0 2.87 3.6 32,9 9800

5037 5816 4 0 0 0 0,30 0.45 40, % 13060 . g 13133
23400

5840 9 0o o o 1,75 2,63 40,0 13060 5856 2 13 i o 0 0.75 2+25 20,1 0

_ 23454 ‘ 0
5868 [ 0 0 0 0,63 0.95 39,8 10690

4250 5859 5860 "~ 4 0 6 0 0.68 1,02 20,1 8310

‘ . 6000

5840 5637 4 o 0 0 1.75 2,63 0.0 13060 . 5885 4 0 0 0 2.07 2,48 50,1 7130

. 23454 : . 5000

S842 4 0 0 ] 1.31 1.97 39,9 g350 5910 6 0. 0 0 8.69 8:08 35,14 8910

14279 ‘ 8413
5855 4 o 0 0 0,50 0,75 80,14 13060

16000 5860 2 13 H 0 0 0.55 1:65 20,18 0

5861 3 0. 0 0 Doty 0,92 39,8 112890 : 0

: 11500 5859 § 0 0 0 0.68 102 80,1 8310

‘ , 6000

5842 5829 4 o 0 o0 0.69 .04 39,9 9350 5863 & 0 0 0 0,83 0065 39,7 10390

11183 - 6000

5840 4 o 0 0 1.34 1,97 39,9 $359 :

. o 18279 . 3861 2 13 1 0 0 0,45 1:35 20.1 0

5846 3 o o0 0 1,37 2.28 36,8 8910 ‘ - 0

_ 7789 5840 3 0 o 0 0.61 092 39,8 11280

_ 11500

5846 5827 3 0 0 0o 2,01 3,45 35.0 7120 5863 3 ¢ o0 0 0:46 0469 80,1 10980

6204 10750

5828 .4 0 0 0 O.67 1,34 30,1 8%0 5868 4 0 0 0 1,66 24606 3T.5 11330
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Lo Jliei ] St amMEL AL HUDEL ILSi @ A 3Y0 LunE 2o iU st Ly i Nyt LUTUNELES B o 07
NETWORK OESCRIPTION

A=NODE BoNODE JU LC CI SF DIST TIME SPEED  VOLUME AeNODE B=NODE JU LC Cf SF OIST TIME SPEED  VOLUME

' 12561 3800

' - 5925 & 0 0 0 1,02 $.75 35,0 11160

5663 5860 & 0 0 O 0.43 0.65 39.7 10390 2250
6000

56640 3 0 0 0 0.46 0,69 8041 19980 5914 3820 1 0 .0 0 15,17 15417 6041 9010

_ 10750 . 5882

5920 8 0 ] 4] 4,70 7.83 36,1 7720 5920 1 0 0 a 2,80 2,98 $50.1 2010

- : 12226 60200

' 5926 2 o} 0 0 3,40 3,63 53,3 9300

5868 5837 _ 4 ] 0 0 0:63 0.95 39.8 10690 12221
4250

5843 L.} [+ 0 3] {.66 2:.66 37,5 11530 ) 5017 5791 3 4] 4] 0 3.85 8,20 55,1 65850

’ Co 12561 5690

5872 4 0 0 0 1.80 2,10 80.1 9240 5020 T 0 0 0 1.80 2,40 45,1 atsg

~ 12601 . : 8619
5926 4 0 O 0 0,85 1,12 45,6 14110

: 5653 5920 5863 8 0 0 0 4,70 T.83 36,1 7720

: _ 12226

5872 5823 5 0 0 0 13.79 20.89 39,7 5339 5910 2 0 0 0 2.99  3+26 55,1 13510

" 5825 - : 4800

$836 5 0 0 0 1.06 1.59 4001 9350 5918 3 0 0 0 2.80 2.88 ., 50,1 9010

ars0 ' 6000

5668 & 0 0 0 1.80 2.10 40,1 9240 5917 7 0 0 0 1.80 2.40 45,1 4140

12601 8819

5085 5724 3 Q0 0 0 3.64 Q4,85 45,1 7130 8925 5760 5 0 0 O 10432 13:76 45,0 939

5076 1901

5859 & 0. 0 0 2,07 2,48  50.1 7130 5910 & 0 0 0 1,02 1.5 35,0  i11s0

000 o 225¢

5908 5728 1 0 0 0 2.85 2,85 60.1 9010 5926 5668 A 0 0 0 0.85 1,12 85,6 18110

: 200 ] 58693

5910 2 0 0 O 0,70 0.70 60,1 9010 $918 2 0 0 0 3.80 3,83 53,3 9300

: 4800 - , 12221

5989 5859 6 0 0 0 8,69 8.04 351 8910 5947 5815 3 0 0 0 2405 3.08 80,0 980

_ Bay3 ‘ | 200

5908 2 0 o} 4] 0.70 0,70 5061 2010 . 5952 5 0 o] [4] 3,89 Sel? 45,0 1000

4800 . : 84500

5920 .2 o 0 0 2,99 3.26 5504 13510
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LrJunel

A=NCDE B~NODE JU LC

5948
5949

5950

5951

5952

5953

5817

5931

2820

3954

12
5951
5953

5948
53950

5952

23
5947
5951

5966

5950
5934

5963

3
3

+

0
0

DIST
2.85

190

TIME
3.80
253

2,10
8,57
7,03

2,53
8,57

4,01

T.03
5,66
11,83

SPEED
4504
45,1

601
60,1
30,1

35,4
35.0

45,1
35,1

45,4

30.1

45,0
45,1

0.0

35.0
35,0

35,0

NETW®WORK

VOLUME

2690
200
1080
150

%010
5950
18020
5950

OCcCOo00

[= = = R e ]

CESCRIPTION

A=NODE

5958

5955

5956

8957

5958

B=NODE
59489
5953
5955
5957

11

5954
5956
5958

5955

5958

3958

5964

i0
5955

5957

5961

Ju

13
12

SteecbNial bkl FEST = 30U ZUNE = LATUN [HGHAM | AWENGSTUN LUUNILES

NONN

-

Q QO N

SF

o O O O

L=

o o o o

L= T ~ B ~ ]

DIST
3.66
3.30
0.90
3.10

1,10

Q.90

5:30

5.70

1.15
5.290
3.30

5.10

1-007

3.40

1,75
5.7¢9
1.00
2,62

TINE
3066
Se06
1.08

5.10

2020

ie08

.09

Sl 7

230
10.40

?:09

5610

1633

3.40.

3.50
77
1.33

4,49

SPEED
6001
35.9
35,1

60,1

30,1
33,1
35,0
35,1

30,1
30,1
35,0

60,1
45,2
60,1

30.1
35,1
45,2
35,1

VOLUNME

1802¢
5950
0

0
0
0
18020

LV,]
0
n
o

=R =)ol ool

QLOOOOoOQO



A=NODE

5959

5960

5961

5962

5963

B=NUDE .

5962

3960

5959
5961
5971

10
5958
5960
5962
5970

5958
5961
5963

5969

5953
5962

W~

i3

TIME
3,16

4,00

8,23
8,57
8,57

4,00

4,49
8.57

2,06

6013

0.75
3,16
2,06
0.86
4,56

11.83

0,86

SPEED
50.0

30,1

35.0

35.0
“35.1
35.1

30,1
3501
35,1
35.0

35,1

20,1
S0e0
35,0

NETH¥OREK

VOLUKE

9800
3900

OO OoQ

oo QOO OQ

-
o
oQ
(=R

DESCRIPTION

A=NODE

3968

3965

5966

5967

B=NODE

3964

5987
5963
2965

5969

13
5964

5968

Y968

22
5952
3965

5967

21
5948
5968

5983

Ju

0
2

Qo o o

o

DIST

0.60

3.80
060
3.50

.33

2.20

6,00

9. 77

6+00

2029
12.87

.77

Te8T

1,40

7.87

8057

6013

SPEED

35,0

60,1
35.0
3341
60.1

30,1
35.1
35,1
35,1

30.¢
40,0

35%.1-

45.0

30,1
45.0
351

45,1

VOLUNE

o

o0

ic80
850

1080
" 859

1060
1000
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LA S

NETHKFORK DESCRIPTION )
A=NODE B=NODE JU LC CI 5F BDIST TIME SPEED VOLUME A=NQDE BeNODE JU LC CI 5F OIsT TIME SPEED YOLUME

. 5968 18 13 4 0 0  1.10 2,20 30,1 3 5976 2 0 0 0 930 1116  50.% 18020
. 0 6500
5965 7 2 0 0 3,50 6,00 35,1 0
0 5973 5§72 3 0 0 0 1,20 1048 50,1 18020
5967 7 2 0 0 5.00 8,57 35,1 0 : . 6500
O . .
5980 7 2 0 0 4,00 6.86 35,0 0 5974 7T 12 1 0 0 1,50 3.00 30.1 0
: 0 ' 0
5975 7 2 0 0 4,70 B.06  35.0 0
5969 5962 .1 0 0 0 8,56 #4,56 60,1 7370 0
2900
5968 1 0 0 0 4,33 4,33 60,1 £8020 5975 8 13 1 0 0 2.00 4,00 30,1 0
- 5700 : 0
5979 1 0 0 0 4,20 4,20 60,1 18020 5974 T 2 0 0 4.T0 8.06 35,0 0
6250 P - ' 0
. 5978 T 2 0 0 3,00 S5.18 35,1 o
5970 9 13 1 o 0 1,00 2,00 30,1 0 0
_ . 0 ' :
5961 3 0 0 O 84,60 6,13 85,1 4000 5976 16 13 1 0 0 5,25 10450 30,1 ]
1415 - o e
5974 7 2 0 0 S.00 8,57 15,1 0 S970 3 0 D D 8.50 600 . 45,1 4000
0 1300
5976 3 0 0 0 4,50 6,00 85,1 2000 5972 3 0 0 O 9,30 11.16 S0, . 18020
1300 ‘ 6500
' 5977 3 0 0 0 0,62 0.83  aa,p 4000
5971 8 13 I o 0 1,50 3,00 30.% 0 - 2050
. 0 5985 3 0 0 0 T.83 9,840 50,0 14310
T 13 1. 0 o 4,00 12,00 30,1 0 8000
0 . :
5069 T 2 0 0 5,80 §.94 - 35.1 0 5077 8 13 1 0 0 1,00 2.00 30,1 0
0 0
5860 7 2 0 0 S5.00 8,57 35,1 0 5974 3 0 0 0 D.52 0.83 84,9 - 4000
, ‘ 0 2050
5970 T 2 0 0 5.00 B,57 35,1 0 5078 3 0 0 0 1.92 - 2.56 a5,y 2000
0 _ 1850
5972 T 13 0t 0 0. 2,00 4,00 30,4 ‘0 5978 S9Ts 7T 2 0 0 3.00 Sei8 35,1 0
0 0

5973 3 0 0 0 1,20 1.88 50,1 18020 5977 3 0 0 0 1,92 256 85,1 4000
S 6500 . 1850
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Legdmed L

A=NDRE

50719

5980

5981

5982

5983

B=NODE

6089

5969
5980

5986

15
5968
8979

5986

15
5982
5985

20

59814
5981

5984

i9
5967
5082

pIST
1.10

4,20

1.25

1.50

NETHORK

SPEED
44,9

60.1
30.1
60.1

20.1
35.0
30,1
35,1

2001
50.0

50,0

3001
50,0
T
35,1

30.1
45,1
50,1

vOLYME

4000
1800

18020
6250

bDESCRIPTIION

A=NODE

3984

5985

5986

5987

5988

8=NODE
6683

19
20
5982

6048

5976
3981
5984

5988

16
597%
5980
5985
5987

17
59846

20

Ju

13
i3

13

13

__SLAMBINIAL HOUEL The) -+ 23UY ZUNL o LATGN ENGHAM LLVANGEIYH LUURTLILS

Le

¢1

-0

o o

Y

5F

Q2 Qo o o

o O 9O o O

[= N = Y - I - ]

T.83
1,10
0.90

1.90

1.75
1.50
0.6¢0
0.90
250

1,08

2,50

2,60

TIME

1058

2+00
4.20
5¢31

3.94

P80
1032
Qe %0

190

5025
1:50
1037
090
4,29

2:10

4e29

5.20

SPEED

50.2

3001
30,1
35.1
35.1

50.0
50,0
60,1
6041

2001
60,1
3561
60,1
35.0

3001

35.0

30,1

FaLL

VOLUME

TTS5¢
18020
8000

[=ReloRalaoRalalo]

fagi0
BOOO
16020
5750
18029
7450
18029
8150

18020
6400

16020
7450

o Ro o e

oo

ié
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NETHWDRKEK DESCRIPTION

A=NODE B=NODE. JU LC CI SF 0IST TIME SPEED  yOLuME A=NODE  BNODE JU LC GI Sf 0IST TIME SPEED  VOLUME
5985 1 0 0 0 1,90 1.90 601 18020 ‘
' 8150 6628 58948 5 0 0 0 1,03 1.37 45,2 4140
5989 1 0 0 0 1,71 1,71  60.1 . 15020 650
. 8150
6961 5753 3 0 .0 O 8,63 15,18 38,3 3370
5989 17 13 1 0 0 2,00 4,00 301 0 - : 3000
0
5988 1 0 0 0 1,71 1,71  60.1 18020
' 8150
6086 .1 0 0 0 1,10 1,10 6041 18020
8150
6046 5989 1 0 0 0 1,10 1,10 601 18020 )
' 8150
6087 18 13 1 0 0 2,00 4,00 30,1 )
‘ : 0
6038 18 13 1 0 0 1,70 3,40 30,1 0
>
5988 7 2 0 0 2,30 3,98 35,1 0 , S .
0
6089 S976 3 0 0 0 1,10 1,87 48,9 4000
1800
6685 5983 3 0 0 0 1,32 1,58 50,2 18020
: : 8000
6686 19 13 1 o0 0 2,00 4,00 - 30.1 0
0
6822 5758 3 0 0 O 6,06 8,08 45.1 3260
1815
6623 5795 3 0 0 0 9,69 10,57 55,14 6550
3218

6827 5814 5 ¢ o 0 1.62 2,16 45,1 33890
L 650
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AND

3

SUMMARTES By CLASS

- CLASS
, 0 1 2 3 4 5 6 7 ) 9 10 11 12 13 1&8 15 TOTAL
| ,
AVGe SPEED 0 0 0 0 0 0 0 ) 0 0 0 0 0 0 0 0 0
0 TOT. MILES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NOe LINKS 0 0 0 0 0 0 0 0 0 0 0. O 0 0 0 0 0
AVG, SPEED 59 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 59
1 TOT. MILES 119 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 119
NO. LINKS 32 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 32
AVGe SPEED 57 0 0 ) 0 0 0 0 0 0 0 0 0 0 0 0 57
J 2 10T, MILES 18 0 0 a 0 0 0 0 0 0 0 0 0 o . o 0 18
U NOs» LINKS 8 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8
R
1 AVG, SPEED - 44 0 0 0 0 0 ¢ 0 0 0 0 0 0 0 0 0 as
§ 3 TOT. MILES 345 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 345
D . NOs LINKS .88 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 58
1
c AVG, SPEED 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20
T &4 TOT. MILES 56 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 56
1 ND. LINKS 34 0 0 0 0 0 0 0 0 0 0 0 0 o .0 0 35
o
N- AVG. SPEED 41 0 0 0 0 0 0 0 0 0 0 0 0 S0 0 a1
5  TOT. MILES 217 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 217
NO. LINKS 46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a6
AVGs SPEED 35 0 0 0 0 0 0 o 0 0 0 ) 0 0 0 0 35
6 TOT. MILES 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0o 0 11
NO« LINKS 8 0 0 0 0 0 0 0 0 0 0 0 o ‘o 0 0
AVG. SPEED 40 0 3s 0 0 0 0 0 0 0 0 0 0 0 0 0 35
7 TOT. MILES 6 o t9a . 0 0 0 0 0 0 0 0 0 0 0 °. 0 201
NO. LINKS s 0 52 0 0 0 0 0 0 0 0 0 0 0 0 0 56




By

IWINDITS! b

LI NK SUMMARTIES gy CLASS = AND JURISDICTIUN

- CLASS :

; 0 t 2 3 4 5 6 7 ) ¢ 10 11 12 13 18 {5  TOTAL

AVGs SPEED 36 T 0 0 0 o 0 0 0 0 0 0 0 0 0 33

8 TOTs MILES 9 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 12

NOe LINKS 2 0 2 0 0 0 0 0 0 0 o- 0 0 0 0 0 a

AVG. SPEED 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

¢  TOT. MILES 0 0 0 0 0 0 0 0 0 0 o ® 0 0 0 0 0

NO. LINKS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

AVG. SPEED 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 10 TOT. MILES 0 0 0 0 0 0 0 0 0 0 0 o 0 o . o 0 0

u NOs LINKS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R

1 . AVG. SPEED 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0

§ 11 TOT. MILES 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0

D NG, LINKS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1

c AVGe SPEED 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0

T 12 T0T. MILES 6 0 0 0 0 0 0 o .0 "0 0 0 0 0 0 0 0

1 NO, LINKS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0 0 0
0

N AVG. SPEED 0o 28 0 0 0 0 0 0 0 0 0 0 0 0 0 28

13 TOT. MILES o 138 0 0 0 0 0 0 0 0 0 0 0 0 0 0 138

NOs LINKS 0 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 80

AVGs SPEED 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

14  TO0T. MILES 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NOo LINKS 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0

AVGs SPEED 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 10T. MILES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NO» LINKS 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0.

AVG, SPEED as 28 3% 0 0 0 0 0 o 0 0 0 0 0 0 0 108

TOTAL  TOTs MILES 783 138 197 0 0 0 ¢ 0 0 0 0 0 0 0 0 0 1118

0 0 0 0 0 0 0 0 0 0 0 0 0 354 -

NOeo LINKS 220 80 34
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NG OF LINKS IN AND OUT OF EACH NODE
IN NODE OUT IN NODE 0ut 1IN NODE QuT IN NOpE ouT IN NOODE ouT IN NODE OUT N NODE QUT IN NOpDE OUT IN NODE QUT IN NODE OUT

1 1 1 5 5736 5 2 5917 2 8 5983 a
4 2 4 'y 5746 1 4 5920 ¢4 4 5984 &
1 3 1 1 5747 % 2 5925 2 4 5985 &
2 4 2 2 5750 2 ? 5926 2 5 5986 5
2 s 2 3 5753 3 2 5947 2 2 5987 2 -
1 6 1 3 5758 3 2 5943 9 3 5988 13
3 T 3 3 5760 3 ? 5949 2 3 5989 3
2 8 2 1 5782 ¢ 3 5950 13 1 6046 1
1 9 1 3 5791 3 3 5951 3 1 6047 1
2 10 2 2 5795 2 4 5952 4 2 6048 2
1 11 1 3 5814 3 3 5953 3 1 6049 1
1 t2 % 3 5815 3 4 5954 8 1 6685 1 .
1 13 1 3 5817 3 4 5955 4 1 6686 1§
1 14 3 5820 3 3 5958 3 t 6822 | -
2 15 2 2 5R22 2 31 5957 3 1 6823 ,
2 16 2 3 5823 3 5 5958 5 t 6827 |
2 17 2 1 5828 1 ? 5959 2 1 6828
2 18 2 1 5826 1 3 5960 3 1 6961
3 19 3 1 5827 4 5 5961 S ’
3 20 3 1 5828 5 5962 5§ :
i 21 1 1 5829 1 3 5943 3 .
1 22 1 2 583ig 2 4 5964 &
t 23 1 3 5836 3 4 5965 4
{1 5069 1 3 5837 3 a4 5966 4
1 5190 1 4 5840 & 4 5967
1 5696 1 3 5842 3 4 5968 4
3 5697 3 3 5846 3 31 59569 3
3 5702 3 2 5851 2 4 5970 &
1 5703 1 3 5855 3 5 5971 %
3 5704 3 1 5858 | '3 8972 3
4 5706 & 3 5859 3 1 8973 1
3 5709 3 3 5860 3 2 5974 2
1 5711 1 4 5861 & 3 5675 13
4 5T18 & 3 5883 3 5 5976 %
4 5724 & 4 5868 4 3 5977 3
3 5731 3 3 5872 13 3 5978 1
2 5732 2 2 5885 2 3 5979 3
4§ 5733 & 2 5908 2 4 5980 4
3 5734 3 4 5910 & 3 5981 3
3 5735 3, 3 5914 3 4 3982 4
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Lo gyl

TPREPD 403

24
49
T4
99
124
149
174
169
224
249
274
299
34
349
ary
39e
32
449
a7 4
499
554
549
574
5%%
674
849
67 4
599
7Tou
Tu9
774
799 .
B24
849
874
899
o4
949
974
999
1024
1049
174
1099
1124
1149
1174
1199
1224
1247
1274
1299
1324
1389
1374
1399
1424
144%
1474

TEREPD s CINFunmA TGy

CINFURMATIONS
25 26 27
50 51 52
s " 76 77

100 101 19?

125 126 127

150 151 152

175 176 177

200 201 202

225 226 227

250 251 252

275 276 277

300 3061 302

325 326 327

350 351 352

375 376 377

400 401 402

425 426 427

450 451 452

475 4vé  47r

Sp0 501 502

525 526 527

550 551 552

575 876 577

600 601 602

625 &26 627

650 651 652

675 676 67T

700 7ol To2

725 726 727

Tsg 751 Ts2

Tis5 176 Tr?

800 80t 802

825 626 B27

850 B85%1 852

875 &7s 877

900 901 902

925 G286 927

950 951 952

975 9786 917

1000 1081 1002
1025 1026 1o027
1050 1051 1052
1075 1076 1077
1100 11ig! 1197
1125 1326 1127
1150 1151 1152
1175 1176 1177
1200 1201 1207
1225 1226 1227
1250 1251 1252
1275 1276 277
1300 1301 13972
1325 1326 1327
1350 1351 1352
1375 1376 1377
1400 l4p1 lag2
1425 1426 1427
1450 1451 1457
1475 1476 14al7

Stuntatal hnkL

N UH'B"I".'H )

oF O

TEs T = 230l 2une = LAY

usED wuued = HUN3

LIST OF UNUSED NODE NOS. FOLLOWS.

28

53

78
103
128
153
178
203
228
253
278
303
328
353
378
403
028
453
376
503
528
553
578
603
628
653
478
To3
728
753
144
Bp3

828
853

8738
203
928
953

or8 -

1003
1n2d
1053
1078
1103
1128
1153
1178
1203
1928
1253
1278
1303
1328
1353
1378
1403
1428
1453

29

54

79
104
129
158
179
206
229
254
279
108
329
354
379
and
429
454
479
504
529
554
579
404
679
854
679
704
729
TG54
779
ana
829
AS4
BR7%
904

9729
954

979
1004
1029
10586
1079
1104
1129
1154
1179
{204
17229
1254
1279
1308
1379
1354
1379
14n4
1479
1454

30
55
80
{nsS
130
155
180
205
23n
255
280
3n5
i3in
353
L)
405
43n
455
48n
505
530
555
580
605
61n
655
680
709
730
755
780
805
830
85%
gao
gns
930
955
980
1005
1030
1055
1080
1105
113n
1155
1180
1215
1239
1255
1280
iIn5
133n
1355
1380
1405
1430
1455

1afh 2aala tafn

31

56

81
106
131
156
181
206
231
256
281
306
331
356
381
406
431
856

481

S0
531
55%
581
606
6131
656
681
Toé
731
756
781
Boé
B3l

856

8381

206

93t

9%6

981
loo6
in3t
1056
1081
1106
11314
1156
1181
1206
12314
1256
12814
13496
1331
1356
1381
14né
1431
1456
16/t

32
57
B2
107
132
157
182
207
232
257
282
ap7
332
357
382
an7?
532
457
482
507
532
557
582
607
632
657
682
707
732
757
14-¥"
807
B3z
ast
882
Q07
932
957
9872
1007
1032
1057
1082
1107
1132
1157
1182
1207
1232
1257
1282
1307
1332
1357
13R2
1407
1437
1457

1aR 2,

33
58
83
108
133
158
183
208
233
258
Z2813
3o8
333
358
83
408
433
458
383
5H8
533
558
583
408
513
658
6873
708
733
758
783
B0OB
333
BSS8
8813
%08
933
958
9813
1008
1033
1058
1083
1108
1133
1158
1183
1208
1233
1258
1283
13038
1333
1358
1381
1408
1433
1458
taMR

34

59

as
109
134
159
1A 4
209
234
259
284
3p%
334
359
384
409
434
459
484
509
534
559
584
609
614
659
684
709
73a
759
784
aa9
8134
859
884
809
934
959
984
too09
to3a
1059
1084
1109
1134
1159
1184
120%
1234
1259
1284
1309
1334
1359
1384
146%
1434
1459
fanRA

35 36

60 61

85 B&
110 111
135 136
160 141
185 186
210 211
235 215
260 2561
285 286
3t 311
335 336
340 361
385 386
410 4ttt
435 4136
460 46t
485 486
510 511
535 516
580 561
585 5Bé6
610 611
635 636
66n 661
685  §86
710 71t
735 736
760 761
785 786
Bio 811
B3% 836
860 841
885 B86
910 911
935 936
940 941
985 986
1010 1011
1035 1036
1060 1061
1085 1086
1110 1111
1135 t116
1160 §161
118% 1186
1210 1211
1235 (236
1260 1251
1285 1286
1310 1311
1335 1336
1360 1341
1385 1386
1410 141t
1435 1436
1460 1461

1AaRS 1Ak

37
62
8r
112
137
162
187
212
237
262
287
312
337
362
387
412
437
a6
487
5172
537
562
587
612
637
662
887
712
737
762
787
812
837
86>
887
912
937
9&2
a8y
1012
1037
1062
1087
1117
1137
1167
1187
1212
1237
1262
‘1287
1312
1337
13567
1387
1412
1437
14562

CABRAT

38
63

88

113
138

163

188
213
238
2613
288
313
338
363
388
413
438
463
488
513
538
563
588
613
638
663
688
713
738
7563
788
813
B38
6613
888
13
938
963
988
1013
1038
1063
1988
1113
1138
1163
1188
1213
1238
12613
1288
1313
§338
1363
1388
1413
1438
1463

1B

39
64
89
118
139

164
189
214
239
264
289
318
339
364
389
414
439
464
439
514
519
564
589
614
619
664
689
714
739
764
189
814
B9
864
889
914
939
9s4a
989
1014
1039
1064
1089
1114
1139
11634
1189
1214
1239
1264
1289
£314
1339
1364
1389
{414
1439
14664

11na9

R0
65
90
ii1s
149
165
190
215
240
265
299
315
340
365
1%0
415
440
465
499
518
540
565
599
615
sagp
665
590
715
T4
765
790
815
840
8455
890
915
a0
9265
990
1015
1080
1065
1070
11138
11490
1165
1190
i215
1240
1265
12%0
1315
13490
1365
1399
1415
1480
1665

LR

41
66
et
116
1451
166
191
216
241
266
291
316
341
366
391
416
441
466
491
516
581
566
591
616
641
666
691
716
74}
766
791
816
841
B&66
8ot
916
941
266
991
1016
f10al
1066
1091
1116
1141
1166
1191
i216
1241
1266
1291
13196
1341
1360
1391
1416
1441
1446

a2 43

67 68

92 23
117 118
142 143
167 168
192 {93
217 218
242 243
267 268
292 293
337 318
342 343
67 358
392 393
417 418
442 443
457 448
492 493
517 5186
542 533
547 568
592 593
617 618
647 643
867 668
692 693
Tir 718
Taz 7483
767 T48
792 T93
B17 818
Bay 843
867 Bs8
892 893
17 918
942 943
967 968
g92 993
1017 1018
1042 1043
1067 1068
1092 1093
1117 1118
1142 1143
1167 1168
1192 1193
1217 1218
1242 12483
1267 1268
1292 1293
1317 1318
1342 1343
1367 1368
13%2 1393
1417 1418
1442 1443
1467 1468

DR NI I TN BY (1R B YOS

a4

69

94
119
144
169
194
219
244
269
2948
319
344
369
394
419
4448
469
49 4
519
544
569
594
619
644
6569
694
Tiv
Ty4
769
794
819
844
869
a8gy
g19
)
969
994
1019
1044
1069
1094
1119
1144
1169
1194
1219
{244
1269
1294
1319
1344
1369
1398
1419
1644
1469

LaQu..

45

7o

95
120
145
170
195
229
245
270
295
329

. 345

3To
93
420
445
470
495
520
545
570
595
620
645
670
495
720
745
I7o
795
820
8as
870
8495
920
945
70
995
1020
1045
1070
1095
1129
1148
1179
1195
1220
1245
1279
1295
1320
1345
1370
1395
1420
1445
1479

LR EN

aly
496
521
546
571
596
621
646
67§
656
721
746
TTy
796
B2
Bas
BT
894
@21
946
971
996
1021
1086
1071
1096
112%
1146
1171
1196
1221
12456
1271
1296
$321
{346
1371
1396
1421
1446
1afly

LRETR~

ar
72
@7
122
147
172
197
222
247
272
297
32z
3a7
ire
et
422
547
472
597
522
547
572
597
622
647
6l 2
697
T22
747
772
Ter
822
8av7
872
8e7
922
947
$72

C 997

i022
1047
1072
1097
1122
1147
1172
1197
1222
1247
1272
1297
1322
1347
1372
j397
1422
1447
1472

BUI T T

548
ST 3
598
6213
64
673
67y
724
Tud
773
798
821
848
873




16

1520

15 ...
1574
1599
1624
1649
1674
1699
1724
1749
1774
1799
1824
1849
1874
1899
1924
194%
1974
1969
2024
2049
2n7é
2099
2124
2148¢
2174
2199
2224
2249
2274
2299
2374
2349
2374
2399
2424
449
2474
2499
2574
2549
2574
2599
2624
2649
2674
2699
27 28
2749
2774
2799
2874
2849

2874

2R99
2904
2949
2974
2999
3ozd
Ipey
ipra
Ineu

1525
ER-1-1: 4

1575
1600
1625
1629
1675
1700
1725
1739
i775
1800
1825
1850
1875
1900
1925
1950
1975
2000
2025
2050
2075
2100
2125
2150
2175
2200
2225
22590
2275
2300
2325
23i5p
2375
2400
2825
2420
2475
2500
2525
2559
2575
2600
2625
2650
2675
2700
2725
2750
2775
2R 00
2825
2859
2675
2900
292%
2950
2975
3g0o0
3n2s

3050

inrs
3100

1526

ST |
1576
1601
1626
1651
1676
1701
1726
1751
1776
1801
1825
1851
1B76
15014
1904
19514
1976
2001
2p26
2051
2076
2101
2125
2151
2176
2201
2226
2251
2276
2301
2326
2351
2376
2401
2426
2451
24746
2501
25726
2551
25784
2501
26256
2651
2674
2701
2726
2751
2776
2801
2826
26351
2876
2901
2926
2951
2976
g
ipz26
3p51
Inté
LSRN

logo
In27
3059
InTr
in?

LR I

183nA

1‘":/'»!7 3

1580
1405
1630
1655
1680
1705
173n
1755
1780
18n5
183n
1855
1880
19n5
1930
1955
1980
2ons
2030
2055
20R0
2{n5
2130
2155
218n
2265
22130
2255
22Rn
23a5
233n
2131%5
238p
2405
243n
2455
2480
25n5
25%3n
»555
258 n
2605
2630
2655
2680
2705
2730
2755
2780n
2R05
?R3n
PA55
2RAn
29n5
293n
2955
29Rn
3g05
1030
3055
InAn

ANk

1534
155~
1581
1606
1631
1656
1681
1706
173¢
1756
1781
18906
1831
1856
1881
1906
193¢
1956
1981
2005
2031
2056
2081
2106
2131

2156

2181
2206
2231
2256
2281
2306
2331
2356
2381
2406
2431
2456
ZuB 1
2596
2531
2556
2581
2606
2631
2656
2681
2706
2731
2756
2781
2806
28131
2856
28814
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PLANNED MODEL REFINEMENT

As indicated in the first portion of this report the
"preliminary segmental model" program is fully operational
on the department's B-5500., This initial effort was greatly
simplified in order to quickly test the potential applications
of a concept such as this,.

Preliminary test rumns have been completed on a more
sophisticated segmental model concept. In the discussion

to follow the more sophisticated version of the model will

‘be referred to as "refined segmental model." A brief resume

of the differences between the "preliminary segmental model"
and the "refined segmental model" follow. Any potential user
interested in this concept should keep in mind the fact that
only initial testing has been completed on the "refined
segmental model." A total operational model is‘expectgd to
be available in July or August of 1971,

The "refined segmental model" as presently planned will
accomplish the following tasks related to network and triﬁ
table development,

1. Maintain a single "master detailed network file
versus the present method of coding several dif-
ferent network link files,

2., User specified level of network detail by area
based on function classificatien and link type.

3. Elimination of unnecessary highway links as a

result of deletion or compression of selected
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links by class, therefore saving computer run times,

4. Automatic compression of trip table to match
network detail by each area so that traffic
assignments could be completed after a "build
all trees" run.

5. Multi-detail sub-areas with total network, For
example, generate a network with detail areas for
Lansing and Kalamazoo and leave the rest of the
state with a coarse network.

6. Conversion of master network coordinate files
so new segmental network could be piotted auto-

matically and used as a base map or work map.

A flowhchart of the "refined segmental model process'
appears in figure 27, With the "refined segmental model"
the user will be able to maintain a master network file
with six digit A-node B-nodes, After selecting the links
necessary to obtain the level of network detail required the
"refined segmental model" will sequentially renumber all nodes
so that no node number is largef than four digits. The four
digit node number is generally the maximum size allowed with
most network analysis programs. The "preliminary segmental
model" would only allow four-digit node numbers and no renum-
bering waé completed. This six-digit capability will allow
many states to define a total road system or needs study

network in a manner similar to the concept used in network

99




definition. The "refined segmental model” would then allow
the user to complete analfsis on a needs study liank fiie,
or total road system file, using Transportation Planning
programs presently in existence.

The second task of specifying level of network detail
was very limited in the "preliminary segmental model' as
there was only a detailed and non-detailed area allowed,

The user had no choice as to the type of link that was to be

included in each study area. With the "refined segmental
model"” the user will be able to specify four levels of

network detail. In addition to this feature the user will

also be able to specify which link type and/or jurisdiction
is to be present at each level, Figure 28 is an example ?
of a network composed of four levels of details. Level four
or fhe actual study area is the most detailed in this exémple
cand it is surnamed by concentric rings in which the level of
network detail becomes coarser farther from the study area.
The user specifies what link type and jurisdiction are to
be included in each level. Even though the "refined segmental
model" will allow up to four-levels'only two or three need
be used 1if that 1is all that is required.
Elimination of unnecessary links, as a result of user
specified link selection based on link type and link juris-
diction, is the same process as defined in the "preliminary
segmental model." The savings in computer run times using
this link elimination technique is definitely significant
with the large networks that might be in use in the next few

years.
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The fourth task, which was not operational in the "prelim-
inary segmental model", is the ability to generate tri% table
compression cards that could be used to compress a detailed
trip table to the zone level specified by the user in seg-
mental model. The total process diagramed in Figure 27 is
completely automated and allows the user to plot and do
analysis of segmental network without the need for any
manual operation.

The fifth task which is performed by the refined seg-
menfal model is the operation of generating a network with
multi-centered study areas, Preliminary segmental model also
had the capability of accomplishing this but was limited to
only two levels.of detail. Figure 29 is a diagram of the
multi~centered study area concept. This could allow the user
to study urban'centers.in detail while maintaining a coarser
1avel of-detail in the rural areas, ' .

The "refined segmental model" has been defined in a
manner such that networks generated as a result of segmental
model may also be ?lotted using a Cal-comp plotter. A
sub-routige within the program generétes'a list of new
coordinates for the sequentially renumbered nodes. The
ability to plot segmental networks allows the user to‘present
traffic analysis data almost instantly, It also is beneficial
when editing a network. As a final note the refined seg-
mental model program has been modified so the user imnstructions
are similar to Michigan's transportation planning computer

package., The transportation planning package uses a para-
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meter—-options format which is tied in with a key word table,
A sanmple of the keyword table for "refined segmental model"

appears below.

KEYWORD TYPE DEFAULT MAX VALUE OR PURPOSE
NZON I 2300 2500 Number of Zones
: NCNTY I 99 _ 99 Highest County Number
» NAREAS 1 4 4 No. of Different Areas of Detail
NVOLSQ 1 4 25 Vol, Word of Sequence No.
NVOLCS 1 3 25 Vol. Woxrd of Comntrel Section
NVOLCT I 2 . 25 Vol, Word of Count
RVOLCY? I 1 : 25 Vol. WOra of Capacity
.CJS(I,J) i 99 99 List of Jurisdiction Codes

(J Long, J Not to exceed 16)
To be Included in Area I for
Centroid Links

CLT(I,J) I 99 99 List of Link Types
(As Above for CJIS(I,J)
Special Code -~ To Indicate That A1l Links In An Area
are to be Kept Code: CLT(I,1) = 16, CJS(I,1) = 16
HLT, (1,J) I 99 99 As Above for CLT and CJS
{ HIS(1,J) 1 99 99 Except these will be for
Fi ’ Highway Links
HCON(I) I 0 1 Jursidiction and Linktype
' Connector for Highway Links
0 = AND (Both LT AND JS NEEDED)
1 = OR (Either LT OR JS NEEDED)
in area I.
CCON(I) I 0 1 Same as above but for Centroids
CENTLT(I) I 99 g9 Used for Nonsequential Zones
: List of Link Types for all Centroids
*CMPRES L T T If Segmental Model to be Run
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*NETAFPE L T T If Network Tape is Input

#TPSQEZ L T T If TPSQEZ Setup Cards are to

Be Assembled and Writtem to Tape

The keyword table supplies the user with a standard 1list of
parameter and option abbreviations as indicated by this table
under the heading keyword. The user must specify values for
the parameters or they will default to the wvalue specified

in the default column, The last three entrees in this chart
are the program options. Thé user should note that the para-

meter—cption type of computer program operation allows the

user to efficiently adapt to many varying situations easily.

A typical program run set up for the "refined segmental

model" appears below.

INPUT

Title Cards _

Params :
Cptions )

Labels for Label Eguating

CNTY-~Area Equivalence Cards in TPSQEZ Zone-Dist.
Card Format

TPSQEZ Deck Setup Cards

7. TPNET Deck Setup Cards

L9, N R FLI SC
e ©® & & @

(=)}
®

No full scale tests have been completed with the "refined
segmental model.”" A preliminary test has been completed but
this program is not fully operational on a 875500.- A ﬁotential
user interested in a specific application is encouraged to

contact the Michigan Department of State Highways.
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