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SCOPE OF THE FINAL/SUMMARY REPORT

The final/summar§ report on Study Number 2-8—63—60 is intended to
cover  the "highiights of thé.foﬁfQYéarustudy;A>The>se9éral:objectives
of the study are 1isted>together»with a summary as to how each was -
met,- | | |

The.various research reports -and technical memoranda thch evolved
from the projécf.are also listed herein, The major coﬂtributioﬁsrtp -
the'state-éf—the—art of traffic assignment are.briéfly outlined to
provide an overview of the project.

| The‘final/summary répoft d6es not attémpt tb‘summarize the tech-
nical'findings,reported 1n each of thesresgar¢h repqrts_or‘techniéglrz
memorahda{ Raﬁher it aftempts to outline héw the prqjegt fqnds were

spent and to}identify’the output from the ;esearéh.



' AN OVERVIEW OF THE PROJECT

Objectives and Accohplishments

>The objgctiVes for each of:the fiscal yearé dealt:With the speéific
research tasks undertaken, These ébjectives ﬁogether with a summary.as
to howieéch objective is satisfied are reviewed fér each of the fqur
years, . In any review of the individual proposals for renewal of Study
Number 2f8-63r605 (or for that matter any- research proposal),it should -
be_réali;ed that there is a disﬁinct.difference between the statement
of the»oﬁjectives and the outline of the plan of study by which the
objective was expected to be.accomplished at the time the proposal was
_written.}_m

All tesearch has (or should haye) the flexibility to accomplish
the objeétive by alternativé ﬁeans that might become aP§areﬁt in the
conduct of_the researcﬁ. Indeed, it is possible that in view éf sub-
squent fésearéh findings, work on an 6bjec£ive'ought>;ovbe terminated
because it was imﬁ;operly defined. Also, alternativeAoppdrtunitiés
eXpdsé& or evolving over the term of a project might offer more promise
for useful results, |

Relative to Study 2-8—63—60, these comments are relevant to
Objective 3 ofithe trip géneration phase for tﬁe 1965—667fisc$1 year,
In thié»instanée,.thevquective was met but not in the maﬁner outlined
in the piaﬁ of stu&y incorporated into the remewal proposal forithat

year,



REVIEW OF THE 1963-64 FISCAL YEAR

,ijectives ‘

Improve sensitivity characteristics of traffic

assignments through program. revisions and
testing ‘of networks under consideration in

'varlous Texas 01ties.

" Conduct a critical study to improve techniques

of diverting trafflc in traffic assignment
studies,

Begin to study a incorporate techniques
to assign traffic effectively to systems

' where traffic desire serv1ce would overload
.-proposed facilities. L 3= ,

Begiﬁifn study end incorporate methods of

“computing and presenting pertinent program

output visually to reduce costs and drudgery
associated with effective use and presentation
of results, : :

Accomplishments

- A-study of the effect of zone size (geograph-

ical area) on traffic assigmment was con-
ducted. This work involved the assignments
only; & draft of the report was prepared in

R 1964 65 and" completed in 1966—67

' This obJectlve was met by "in-house work

by T.H.D.

This objective eventually led to the incres

- mental loading - volume/capacity restraint

procedure developed in the latter phases of
this study and identified for testing and
evaluation under a mnew project. - -

. Work was initiated on the development of prog~-

rams for the IBM 1401 and IBM 709/90/94 to
provide the following plot capab111ty on the

CAL-COMP 565,

(a) plot-netwomk descriptiOn
options:. directional or noo—dir-
‘ectional street "type"
(freeway, arterial, -local)
by color.
.(b) plot loaded network
. ‘options~ dlrect1ona1 or non-dir-
o " ‘ectional, street type by .
color volume of ‘flow
. _ range by color. "'
(c) plot trees R



Study techniques of assigning trafflc to
very large systems.

Ve

Study techniques of forecasting interzomnal
movements in metropolitan areas and incor-
porate necessary improvements into the

_existing‘programs.

Prepare a guide manual for planning and
design engineers using the trafflc 3331gn-

-ment programs.

Coﬁplete minor needed programs and operatlng.‘
revigions and prepare a machlne operator s
manual,

Review available computer programs prepared by
others for other computing systems, incorporate
necessary changes in existing programs, and write

new programs to make effective use of the 'IBM 1401

computing system,

A procedure for traffic 3351gﬁment on very
large networks was developed ‘and outlined
by C.W. Blumgntritt. ~(This work provided -

_‘the.basis fof the TEXAS-Large Systems

Traffic Assignment Programs.)

The Fratar procedure was revised.

A draft of a "guide to traffic_assignment"
was prepared. (This draft was completely

.abandoned; see objectlve #5., 1965-66 and -

2 1966-67.)

8.

Texas Control programs were modified to
‘incorporate a non—dlrectional volume as
" well as turns. ‘

A new contrbl program (Revised Texas Control)

was written and the traffic assignment pro-

1;_grams most frequently used were modified to
operate under it.

The. follow1ng IBM 1401 programs were ertten
. and wrlte—ups prepared, '

(a) edit llnk data'? Research Report
60-1

(b) edit and block trlp volumes -
Research Report 60- 2. "



REVIEW OF THE 1964-65 FISCAL YEAR

-’Dbjéctives

Prepare new pvograms and adopt existing programs -

for incidusion in the traffic assigmment package

as they are neédéﬁ by %he Téxaslﬁighway Department;

Complete and implement developed plottlng technlques
for the traffic assignmant computer program.

Test existing Bureau of Public Roads capacity
restraint programs and ‘evaluate their msefulness

in gmproving traffic assignment techniques,

3.

Accomplishments

A user's manual for the Revised Texas

- Control written in 1963~64 was prepared -

Research Report 60-5.

The plot programs, initiated in 1963-64
(0bj. #4), were completed and incorporated
under Revised Texas Control. A user's
operating manual (Research Report 60-3)

and a manual on the utilization of computer.

plottlng (Research Report 60 4) were prepared. -

Accomplished by<THD. :



4. Continue the programming of a new traffic assignment _ : 4. Basic programs for the TEXAS-Large Systems
system for handling large networks. .- ‘Traffic Assignment Package were written
. . . o L e : and tested using partitioned and non-par-
titioned network of Corpus Christi, ' The
follow1ng major programs were developed'
Main control and Inmput-Output
Attached Initialization
Build-Network Description
‘OQutput Network Description
Build Trees
Build Trip Volumes
Output Trip Volumes
Sum Trip Ends
Load Netwerk
Output Loaded Network. .
Convert Binary Trip Volumes

5. Analyze measurable parameters such as population, - 5. Carried forward to 1965-66 Fiscal Year.-
income, car ownership, land use, socio-economic . ‘ ' ’ : ‘
aspects, etc., in order to determine their cor- -
relation and effect on trip generation and dis-

‘tribution in urban areas.



REVIEW OF THE 1965-66 FISCAL XEAR

Objectives

Traffic Assignment Phase

To provide additional tabular display of individual .

intersection for the respective intersections as

\gptovided by thentabular output of the traffic
" assignment: padkage. S :

To increase the capacity of the program to handle

‘a maximm of 1600 four-way intersection turning

movements.

To incorporate an effective turn prohibitor in the
program initially to be at least one prohibited
turn per intersection. :

" To investigate means of obtaining more realistic

traffic assignments.

To draft a manual on basic traffic assignment

procedures.

L.

Accompliohments

"Intersection stringing" program (actually
a print selected nodes program) was written
in 1966-67; the operating write-ups are
included in Research Report 60-6.

This objective was &ropped,since‘the con~
giderable effort required to increase the

- number of turning movements was considered

not to be justified in view of the impending

‘ conversion to the IBM. 360 System. -

~ A new Search Minimum Paths program was.

written and tested which incorporated an
effective turn prohibitor.‘ C

' Researeh involving the~effect of zone size

and the degree-of—-detail in the coded network
was initiated. This research: was carried
over into 1966-67. Existing (1964) trips
were made to three dlfferent coded networks
for Waco. Results are reported in Research

‘Reports 60-8, 60-10, 60-11, and a Technical

Memorandum dated January 10 1968.

This objective was moved to the 1966-67 flscal
year by the Project Advisory Committee Ain
March 1966 . [



6.

01

7.

To perform programming changes, additions, and.

testing necessary to support production usage
of the system.

‘To investigate the incorporation of certain

“plotting programs in the traffic assignment
package. ‘ o

6.

. The Large Systemé programs were tested on a

4 subnet system (Dallas-Ft.Worth). Basic

‘ revisions were made as a reSult of the
-continuous testing. - '

. Special purpose programs were written and
‘tested to support usage of the Large Systems -
" ‘programs, programs include: -

. binary‘trip'tape“to BCD and converter ‘
~block and unmblock trip data (2 programs)
magnetic tape imventory..

Modifications were made in the Output Network

Descriptions program to provide improved format,

The Prepare Network Description program was
revised too as a result (a complete revision

~in the method of haa@&ing link parameters was
_necessary)

The Fratar forecast program was optimized to

reduce ‘execution times by a factor of 5 to 10

»depending upon the size of the trip table.

The effect of the location of the- partitiom
lanes was critically rev1ewed

‘rSeveral improvements were made in the‘plot '_ ‘
programs for the Revised Texas Control System.. .
. Certain program functions were combined so. as

to require a smaller number of programs.

- Modifications were also made to adopt the pleot .

programs to the CALCOMP 760.

The problems in conyerting the.plot_prégrams
to the Large Systems Package were identified. -



Trip- Generation Phase

1. Multiple Regression Model of Trip Gemeration

'a'

To'analjze measurableiparameters such as
population, income, car ownership, land
use, socio-economic factors, etc., and to

"~ determine their correlations with respect

to generation of traffic.

To develop a comprehensive model to determine

" the major factors affecting the motivation of

people which will be composed of the most signi-
ficant measurable parameters as the basis for the
prediction of future trip production.

2. *Trip Gemeration Ra;e;AnalySis

a.

I

b.

To develop trip generation rates by land

area for each classification of trip purpose.

To evaluate the variation of the generation
rate for each classification of lane use,
particularly as related to the wvariability
introduced through sampling.

To .determine the spacial limits within which the
generation rate can statistically be assumed to
be constant and to evaluate the magnitude of the
errors involved in using this average rate to

. estimate trips at the zonal level.

3. A comparlson of the Texas Procedure of Zonal Trip Gen-
eration Projection With the Multi—Regression and Trip -
Rate Analysis Models.

a'lv

, To evalyate the variation in the zonal trip ends

as determined by the trip generation projection
procedure now in use in Texas with that of the
multi-regression and trip rate analysis model.

Dﬁelling unit data were edited. Responsibility

 for processing the space use data was assumed

by TTI. (Work was carried over to the 1966—67
FY.) »

(Work was carried over to the 1966-67 FY;)

(Work wes carried over to the 1966-67 FY.) A
Technical Memorandum dated March 28, 1968 and
an earlier one dated October 23, 1967 &emonst:ate

‘that useful results beyond those included in
" Research Reports 60-12 and 60-13 could be accom-

plished only with a very substantial cost. There-

' fore, it was.concluded that the comparisons sug-

gested in the plan of study for 1965-66 should

not be made.



A

REVIEW OF THE 1966—67»FISCAL‘YEAR

Objectives

To prepare an Operating System. (User' 8) manual for

‘the large systems assignment package.

To prepare a mgdern”manual'of the traffic assign-
ment process as practiced in Texas. Such a manual
4s-to include a chapter or chapters explaining the
output. data and its usé in planning and design.

To investigate“and program a basic eapacity restraint
feature for the large systems assignment package.

To provide a Spider network. a331gnment capabillty

" for the large systems assignment package.'

To continue an investigation of thé factors relatingi»

to residential and non—residgntial trip generatiom.

3.

vACeQEpiishments

A User's Manual for the TEXAS-Large Systems

- TPraffic Assignment System (TEXAS-BIGSYS)
' was prepared - Research Report 60-6. -

A manual on Texas traffic assignment practice
and the use of data in planning and design
was prepared. Research Report 60-9,

A basic capacity restraint program was
written as a stand-alone program for the
IBM 360 Model 50. The program utilizes

‘an incremental loading (percent.ef zone-to-
. zone trip interchanges) process.

Testing,

- further development, and evaluatiomwere

' identified as an objective of Study No.

" the User's Manual.

2-10-68-119.

A séries of Spider programS»were'incorporéted

under TEXAS-BIGSYS and program write-ups in
_The programs originally
had a capacity of 3,500 nodes; this was later
increased to 3,600. Program write-ups were
included in Research Report 60-6.

Trip'generation»rates for residential land

‘use were calculated and analyzed using the
Waco data; rates andlyzed werep

trips/person, -
trips/person 5 years and older, tripsfdwelling '

~.unit, and trips/net residential areag



6.

To provide additional miscellaneous utllity
programming support for the 1arge systems
padkage. ‘ .

Multiple regression technlques were 3iso
used to analyze trip generation. Models
were evolved for origins and destinations
as well as for productions and attractions.
Models for origins and destinations were
directional (i.e. separate models were:
evolved for home-to-work and work-to-home,
etc.). For productions amd attractlons o

' the purposes used were home based work,:
“home based non-work non—home based, and

total,

These analyées are reported in Research

~ Report 60-12, Further research on trip

generation was also incorporated into

Study No. 2-10-68-119.

A_utility,program‘tovconvert.binary tfip'
to BCD was developed. Plot programs were

-incorporated under TEXAS—BIGSYS control;

these are:
(a) plot. network description
(b) plot loaded network (With or w1th—
out volumes)
(c) plot trees.

Trip conversion programs were written to
" handle 1ncompatibillty (both directions)
‘between the Revised Texas trip format and

the TEXAS-BIGSYS format.

A-partitionjline.edit routiné was written

and tested; this routine was incorporated

in the Prepare Network Description program.
Corrections were made to the’ Output Loaded

'Network progrmm.”

The build trees program.waStmadified to
provide additional off-line information.



vT

To imvestigate means of combining the most

- desirable properties of the Fratar Fore-

cast procedure and the Pattern Trip. pro-
cedure, so-that a more flexible forecast

model is available for general application.

To inveStigate‘and recommend proeeduresite'be
followed in reprogramming the large systems

‘package for third generation computing equip—-

ment.

- To iﬁveetigate ‘the avallﬁbility:and adequacy of

sources of information, such as employment and
retail sales data, that affect trip generation,
and recommend methods of obtalning these data
on a small area (Survey Zone) basis.

Changes were made in the Load Network

. program to skip a redundant record and

printout the origin and subnet of the
tree . lost.

A program to  build a trip tab&e for

gelected zeonal interchanges from a
complete trip table was written and

tested.

A selected 1ink program was also

written. The zone pairs between which
the minimum path includes the selected
1link(s) are printed off-line; laading .
the selected 1ink(s) is optional - if
exercised, assigned volumes are also
printed off-line.

A computer programmable procedure was

" formulated and outlined in a Technical

Memorandum dated September 1967. This - .
procedure would incorporate certain

 aspects of the gravity model, pattern

trip procedﬁre, and Fratar proce&ure._‘*
Programming, testlng, and' evaluation
vere written into. Study No. 2-10»68 119

A Summary of expected program avallabllity
and recommendations for. THD use was prepared .

- and revised: A Technical Memorandum dated

October 13, 1967 was the flnal rev131on of
these recommendatlons._

State and Federal sources of employment |
~and retail sales information were reviewed
and summarized —,Research Reportﬂﬁo- »



10. To compare a three purpose and a six R 10.
purpose gravity model with the Texas '
procedure.

Gravity models were calibxated for one
purpose, (total) three purpose (HBW, HBNW,
NHB), and seven purpose (HBW, HB Shop, HB

" School, HB Business, HB Social-Recreation,

11. To complete all phases of the research
. proposed on the Study and prepare a final
report.

V§T'

-BB;Other and NHB) for existing (1964) inter—
-val auto driver trips. The total trip

tables thus obtained were compared to each

of them and to the O-D trip table. These

trip tables were also loaded on the E-2
{1964 study network). The analyses are

.reported in Research Report 60*13



summaiyg§f>Majbr AccompliéhmentS;:
Thé several<;ééearEh-fepoitsraﬁd technicél memofanda érodﬁqéd i5:thé!Course
of thé:iésearCH a?e 1isted in'Tab;es=1'ahd 2 reépectively. | | ”
The regearch throughout the'foif;year period of the projéégfmfght.be
divided intogtwo geﬁéralrcatagoriés;'these‘are;'
| Il) _éqmputer program develdpment

(2) analysis and evaluation

Although there were numerous smaller ¥alles.sand accomplishments uﬁder each of
these, there are’a'few major eléments which'merit mention in this final/summary

report,

16



Computer Program DeVelqpment
.The-princigal aqcompiishmen£s in the area'of compute;‘pgog;am Q¢vélopﬁep§
include:‘- | |
() .Reviséd'Texas Control gaékage
%2) Texas~#arge>8y9tem Traffic'Assignmenﬁ Paqkage KTexa57Bigsys)-
(3) Plot programs | |
All the computer p:ggramsiinVOlvéd in thevabove Were-wripten for the
IBM 7094, 32K computer. The change-over ;t,dr'the IBM 360 'system - with a 512K
model 50 at the HighWay Deparémeht in Austin‘and a 512K model 65 at Texas A&M -
of course, made the individual programs obsolete, :waeyer,~iéheft life" utili~
zation is to be éxﬁedted énd'un&vqidabie %n a rapidly changing technology.
Néverfhelessisignifitaﬁt use was'madé'of the prbgrams'de§eloped. Thé
TEXQ@Sé@GSYS programs made iﬁ‘pbssible‘tc,analyze'large traffic systems as a

single'netwb:k. This capability was e&féctiVely'utilized in the’Dallas~Eo;£-

:Tbg.gqnéaét used in.TEXASfBIGSXS cbntihuéé*tbfhé&é pqténtialvapplication
in théxéﬁéiysié pf extremely léggg networks sucﬁ‘as*the ehtirer.S. higﬁway
syétem whére the,cdné-qabacity-pf tﬁé newéStJAnﬁ_iargésf céﬁp@ters is néﬁ
suffieient. The capability.developed_undertproject 60.résearch also has .
applicatidn‘in making it_poésible to make traffic assignment to larger net-~
- works fhaﬁwauld.othefﬁiié?bééppséi&iﬁ ﬁithlémall’cﬁne sizeucomputers.'»Ihis;¢an,
previd’g."hi,ghygy ...zdepaxtme,n;s, ’having :va.;:,rsm;i‘:lr,viﬁ.iégmputer ,wi-t,:h ,the‘icapab'ility_ of _makiﬁg
ﬁféffic assighmentgtq.ﬁetworké‘ofAarmuchrlarger,size than that possible with
their "ip—housé" computer,

The 6oncepts developed upder this research are also being utilized as the

basis for additional computer program development under Study Number 2-10-68-119,
: 17 ,



Analysis and Evaluation:

The research relatlve to analysis and evaluatlon of the various data
,proces31ng phases 1nvolved in urban transportatlon plannlﬂg studles mlght
be summarlzed~in the folloW1ng prlnglpal f;ndlngs for the purpose of this
flnal/summary report |

(i). Zone sizes of up to one~half square mile can be used. in
- areas such as Waco without adverse effect on the trafflc
agssignment results,

(2) Thevdegree of detail currently used in the coding of urban
networks is most suitable with the all-or-nothdng assignment,
Added detail does not improve the results but substantlally
lncreases the cost and effort invedsed,

%3) %With the level~of-service of speed concept, turn penaltles
' are not needed to aveid "stair-stepping”. Further their
use does not improve the logic of the minimum path- more
often than not, the path without & turn penalty ig as.
logical or more 1og1ca1 than the one with the penalty.-

(4) The‘grav1ty model does not reproduce the  0~D- trip table
or yield an acceptable one for smaller study areas, It
‘grossly over-estimates the number of zone to zone 1nterchanges
of lew frequency. Nor does it reproduce the zone-to-zone
interchanges of the largest frequency; the gravity model trip
pattern appears to be wuﬁ down and not related to the real
world observatlons.

(5) %Multlple regression is superior to rates for the estimation
"of home end trips. However, rates or growth factors calculated
directly from land use and land use activity information are
probably appropriate  for non-home trip ends.

18



TABLE 1
LIST OF REPORTS ON STUDY NO, 2-8-63-60
A , |
No. . Title

60~-1 Texas As&M Traffic Assignment,nink-Data' .
' © Editor for IBM 1401 Data Processing System

"60-2 = Texas AsM Traffic Assigmment Edit Print Trip
volumes for IBM 1401 Data Procéssing System -

60-3 Traffic Assignment Plot Systems for IBM 1401
and 709-20-94 Data Processing System

60-4 Utilization of Computer Plotting in Traffic
' Assignment Analysis ; y,

60-5 Operating System Manual for Revised Texas
Traffic Assignment System

60-6 User's Manual for Texas Large Systems
Traffic Assignment Programs

60=7 ., Availability of Secondary Data for Determining
- .. Employment and Sales by'Traffic Zones ..

60-8 Effect éf Zone Slze on Trafflc Asslgnment
: Results-

60=~9 Manual of Texas Traffic Assignment Practice

60-10 The Effect of Turn Penalties on Traffic
Assignment-ReSults

60-11 The Effect of Network Detail "on Traffic
Assignment Results

%§&512~ iAwParLialmAn§%¥ﬁiﬁﬁéffinp-Géneration_

60~13 = An Evaluatlon of‘the Gravity Model Trip
Distribution.

60-14 Final/Summary Report on the ‘Traffic Assignment
Study

19



TABLE 2

 LIST OF TECHNICAL MEMORANDA ON STUDY NO, 2~8~63-60
1. Recommendations for IBM 360 Traffic Assignment -
2, Outline of a Proposed T.H.D. Trip-Distribution.ProcedufE-
3. Partial Analysis‘of Turn Movements

4, 1970 Trip End Estimation for Waco

‘Project Cost

The total esfimated cost of tﬁéjéfﬁhyrhé& béen estimated at $254,000. The
actual costs for éaéﬁ fiscal.yéar aszécofdéd inithé records of tﬂe Texas.A&M
University Fiscal OffiCe are: |

| | 1963-64 & 59,810;18

1964-85 42,980,290
1965-66  67,262,41
1966-67 ~ 74,364.80

Total ~  § 224,417.68

20
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