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ABSTRACT 

This report describes and presents a user's guide for the PASSER IV 

qui ck response procedures for analyzi ng urban freeway corri dor alternati ves. 

Estimates of traffic flow levels on individual paral"lel facilities in an urban 

freeway corri dor are obtai ned, based on equi 1 i bri urn tra ffi c assi gnments. 

System travel ti me al so is computed. The al gori thm i ncl udes speci al features 

to handle route changing and nonhomogeneous routes. A FORTRAN computer program 

based on the procedures is provi ded. 

KEY WORDS: Traffic Assignment, Equilibrium Assignment, Traffic Diversion 
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SUMMARY 

The PASSER IV Qui ck Response Procedures descri bed in thi s report are 

designed to provide the user with an effective tool for performing quick and 

simple analyses of traffic flow conditions in a freeway corridor. Alternative 

approaches for i mprovi ng tra ffi c movement in the freeway corri dor can be 

evaluated with reasonable amounts of easi ly obtai ned data, most of which 

already exists. For a defined set of conditions, the resulting traffic flow 

levels and operating conditions can be obtained for each parallel arterial, 

frontage road, or freeway in the corri dor. 

A compute r program is desc ri bed and a program 1 i sti ng is provi ded to 

assi st in usi ng the qui ck response procedure. 
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IMPlEf£NTATION 

The Passer IV Quick Response Procedures and computer program should be 

use ful to tra ffi c engi nee rs and pl anne rs who need an e ffecti ve tool to qui ckly 

evaluate a wide range of possible projects to improve traffic flow conditions 

ina freeway corri dor. 
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The contents of thi s report reflect the views of the authors who are 

responsi ble for the opi ni ons, fi ndi ngs and concl usi ons presented herei n. The 

contents do not necessarily reflect the official views or policies of the 

Fede ral Hi ghway Admi ni strati on or the State Department of Hi ghways and Publ i c 

Transportati on. Thi s report does not consti tute a standard, speci fi cati on, or 

re gul ati on. 

iv 



TABLE OF CONTENTS 

INTRODUCTION 

THE PRUCEDURE • 

Procedure Background. 

Algorithm Development 

TRAVEL TIME FUNCTIONS ••• 

Freeway Travel Time Functi ons 

Signalized Roadway Travel Time Functions. 

PRUCEDURE FEATURES AND CAPABILITY • 

Original Procedure. 

REFERENCES 

APPENDIX A: FORTRAN PROGRAM 

A 1 gori thm Development •• 

Input Codi ng • 

APPENDIX B: SUURCE PROGRAM LISTING. 

APPENDIX C: SAMPLE OUTPUTS 

APPENDIX D: PARAMETER AND VARIABLE LISTING. 

Mai n Program. . . 
Subrouti ne CALTT 

Subroutine TRIAL 

Subrouti ne RMODEL. 

Subroutine OTDATA. . 
Subrouti ne I NDATA. 

Subrouti ne CALSI . . 

v 

1 

3 

5 

5 

8 

8 

13 

• • • • • • 23 

• • • • • • • •• 23 

• • • • • • •• 26 

27 

. . • .• 28 

. . . . . •. 29 

. . • . . 40 

• • • • • • 54 

63 

64 

65 

66 

• • • • • • 67 

• • • • 68 

69 

• • •• 70 



LIST OF FIGURES AND TABLES 

Fi gure 

1. A lte rnate Urban Freeway Corri dor Paths 6 

2. Urban Freeway Speed Ve rsus vic Rati 0 ••• 9 

3. FHWA Freeway Speed Versus vic Ratio for Freeway-Arterial VMT ••• 10 

4. 

5. 

6. 

7. 

8. 

TTl Urban Freeway Speed Versus vic Ratio . . . . 
TTl Urban Freeway Travel Ti me Ve rsus vic Rati 0 • 

Free Flow Speed Versus Posted Speed wand Signal 

FHWA Signalized Roadway Speed Ve rsus vic Rati 0 

TTl Signalized Roadway Travel Versus vic Rati 0 • 

· · · · • 12 

· · · · . · • 14 

Densi ty n • • 16 

· · · . 17 

· · · · . . • 18 

9. Urban Freeway Corri dor Travel Ti me Functi ons for a Freeway, 

10. 

II. 

12. 

13. 

14. 

15. 

a Frontage Road and an Arterial Street.. • ••••••••• 19 

Travel Time Functi ons for Example Problem • • • • 25 

General Block Diagram ••• . . . . . . . . . . . . . . . . . . • • 34 

Single Calculation Flowchart. • 35 

Delineate Flowchart of Variables. • 36 

Flowchart of Volume Variability. • 37 

Quick Response Coding Form. . . . . . . . . • 38 

16. Sample Data Form ••••• • • 39 

Table 

1. Routine Input Data •••••••••••••••••••••••• 24 

vi 



PASSER IV 
QUICK RESPONSE PROCEDURES 

Problems of increasing traffic demand and traffic congestion along 

freeway corri dors in major Texas ci ti es have made the effecti ve management and 

utilization of existing facilities, as well as the implementation of minor 

geometric modifications for improving traffic flow, important functions of the 

vari ous agenci es (State Department of Hi ghways and Publ i c Transportati on, 

Cities, Counties, etc) involved. Existing analytical methods and related 

computer programs offer proven pe rformance capabi 1 i ti es in addressi ng these 

problems; however, most are seriously deficient in addressing analyses which 

require quick response. That is: they do not permit quick and simple analyses 

of problem areas to allow evaluation of several alternative improvements in a 

cost-effecti ve manner; they do not fully treat conti nuous frontage roads that 

are vi rtua lly uni que to Texas; and they requi re a large amount of fi e 1 d data 

and computati onal effort to conduct the eval uati on. As a resul t, the use of 

qui ck response procedures, mi crocomputer programs, and programmable calculator 

routi nes has become the subject of i ncreasi ng interest and i mplementati on. 

Practical and user-oriented methods have been proposed. The SOAP 

programmable calculator routines can be used in the design, evaluation and 

analysi s of si gnal operati ons OJ. These routi nes incorporate several 

computational techniques for analysis of a single approach to an intersection. 

Routines also are available for calculation, analysis and evaluation of signal 

setti ngs and measures of effecti veness. Other procedures which have been 

developed include evaluation routines based on the trademarked PASSER II-84 

computer program (~) and the Cri ti cal Movement Analysi s procedures (~). 

Qui ck response routi nes have been developed for travel esti mati on 

procedures (4, ~), and si mpli fied methods have been developed for 

transportation analysis (.§.., 1.., ~). Analysis techniques including air quality 
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eval uati on (~) and energy impacts on travel (lQ.) have been proposed. 

Increasing applications have become the norm. The development of simplified 

methods for i mplementi on on programmable calcul ators or mi crocomputers has 

elicited great interest. 

The PASSER IV system of quick response methodologies for analyzi ng urban 

freeway corri dor al ternati ves is intended to provi de transportati on system 

analysts with useful tool s to expediently evaluate several classes of 

Transportati on Systems Management (TSM) feasi ble alternati ves. Thi s report 

presents, as a part of the PASSER IV system, a procedure for esti mati ng 

traffic flow levels on individual parallel facilities in an urban freeway 

corridor, based on equilibrium traffic assignment. 

applied quickly and efficiently to multi ple parallel 

The al gori thm can be 

facilities. A quick 

response routine for the procedure has been developed. 

The mai n body of thi s report desc ri bes the basi sand development of thi s 

al gori thm. A conci se user's manual is attached as Appendi x A. The program 

1 i sti ng is Append; x B. 
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The Procedure 

Urban freeway corri dors are the exi sti ng transportati on backbone of eve ry 

major ci ty in Texas. The ope rati onal capaci ty potenti al of the freeway 

frontage roads and adjacent parallel arteri al streets are major factors in the 

urban area. To effectively manage and to improve these critical 

transportati on facil i ti es, seve ral situati ons and problems must be addressed. 

Several of these problems al ready have been i denti fied, regardi ng the 

e ffecti ve transportati on anal ysi s of urban freeway corri dor t ra ffi c management 

strategies and the application of Transportation System Management (TSM) 

improvements to Texas freeways and parallel facilities. However, the analysis 

of these avai lable alternati ve strategies can be ti me-consumi ng, costly and 

data-i ntensi ve. 

It was recogni zed that si mpl i fi ed methods (qui ck res.ponse techni ques) 

were needed to permit the transportation engineer or planner to expeditiously 

eval uate a wi de range of TSM-based alternati ves usi ng a mi ni mum of data 

complexi ty and effort. As part of the Texas Hi ghway Pl anni ng and Research 

(HP&R) conti nui ng study, "Deve 1 opment of Freeway Corri dor E val uati on System -

PASSER IV," a quick response analysis methodology has been derived for 

expediently eval uati ng several cl asses of TSM-based feasi bil ity studies from 

an operati onal viewpoi nt. The PASSER IV concept provi des the deci si on maker 

with the opti on of e ffi ci ent ly obtai ni ng credi bl e performance measures for 

various proposed scenarios. 

The algorithm presented herein is based on equilibrium traffic 

assignment. It provides estimates of traffic flow levels (and measures of 

effectiveness) on parallel facilities in an urban freeway corridor. 

The algorithm assumes that: 

1. Travelers behave in a manner which minimizes their travel time. 
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Implicit in this assumption is the driver's perception of his travel 

time. Since this algorithm is based on computations of actual travel 

ti mes, its accuracy is affected by di fferences between the dri ver's 

perceived travel time and his actual travel time. 

2. Speed versus volume/capacity (v/c) ratio curves describing the 

parallel paths may be determined. 

3. Piecewi se li near approxi mati ons of these curves can be computed. 

4. The speed at density is deterministic. 

5. The freeway is not metered, or the capacity has been adjusted to 

reflect its presence. 

6. Demand is excess of capaci ty can be accommodated. 

The al gorithm is 1 i mi ted by the accuracy of ori gi n-desti nati on esti mates, 

corri dor vol ume esti mates, and the speed versus vic curves. 

The procedure is microscopic and deterministic. Simplicity and user-

oriented operation have been emphasized. The routine is modular in design, 

permi tti ng other TSM-type alternati ve scenari os to be addressed by subsequent 

addi ti ons and subrouti nes. 

4 



PROCEDURE BACKGROUND 

The algorithmic approach to the alternate path traffic assignment 

problem is based upon Wardrop's fi rst pri nci ple (user opti mi zati on) of 

equi 1 i bri um flows (.!.l). The ori gi nal corri dor scenari 0 for three al ternate 

paths included a freeway, a frontage road, and a parallel arterial street. 

The algorithm initially used travel time relationships for allocating traffic 

to the three paths; however, this has been extended to include up to ten 

alternati ve parallel faci lities. 

Freeway travel ti me is based on the re 1 ati onshi p between ave rage freeway 

speed and volume/capacity ratio as developed by the Texas Transportation 

Institute (TTl). Frontage road travel time and arterial street travel time are 

based on speed, volume, capacity, and signal density. These relationships are 

developed as a piecewise linear function of travel time to volume to capacity 

rati 0 for each alternate path. 

The procedure allocates corridor travel demand to the facilities based on 

travel times. As these volumes are added to each facility, travel time on 

the facility is increased. The procedure iteratively determines the 

allocation of the demand to provide equal travel times for all facilities 

utilizing piecewise linear representations of the travel time curves. 

ALGORITHM DEVELOPMENT 

Traffic flows on three parallel paths are illustrated in Figure 1. 

Travelers wi sh to go from poi nt A to poi nt B. Poi nt A mi ght be a suburban 

community while point B could be a central business district. These travelers 

may choose from among paths 1, 2 and 3 for thei r tri p. Each of these paths 

has its own distance, speed and capacity attributes. For a typical urban 

freeway corridor in Texas, path 1 is the freeway mainlanes, path 2 is the 

frontage road, and path 3 is a parallel arterial street. 

5 



Figure 1. Alternate Urban Freeway Corridor Paths 
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The sol uti on approach presented here for all ocati ng tra ffi c amony these 

"competi ng" paths is based on Wardrop's fi rst pri nci ple of equi 1 i bri urn flows 

ina transportati on network UJJ. Thi s pri nci ple states that i ndi vi dual 

travelers will choose a path that enables minimum travel time under the 

percei ved ope rati ng condi ti ons. Thi s assumpti on of the behavi or of the user 

of the transportation system is known as "user optimization" and is in general 

agreement with observed behavior. The driver perceives (or anticipates) 

certain operating conditions on each path and then chooses the path which he 

thinks will minimize travel time from point A to point B. Traditional 

nonequilibrium traffic assignment techniques have not explicitly addressed the 

allocation of traffic to meet this condition. For example, in an all-or

nothi ng assi gnment, the techni que fi nds the mi ni mum travel ti me between two 

zones under specific conditions; all traffic then is assigned to the path that 

has that mi ni mum ti me. The presence of thi s tra ffi c causes the resul ti ng 

travel ti me on that path to become much greater than the i niti al value, and if 

mi ni mum travel ti mes were to be computed agai n, another path between the two 

zones probably would be chosen. This diversion of traffic is addressed in 

capaci ty restrai nt assi gnment, yet travelers sti 11 may not be on a path that 

gi ves them mi ni mum travel ti me. A number of methods now are used to 

redistribute assigned traffic more realistically in a corridor following a 

traffic assi gnment for the urban area. Many of these methods, however, 

requi re substanti al effort and ti me to use and are not amenable to qui ck and 

simple analyses to evaluate several alternatives for TSM strategies in the 

corri dor. 

The algorithm presented in this paper explicitly treats the path choice 

perceptions of the individual traveler and is sensitive to TSM actions that 

may be app 1 i ed in the corri dor. 
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Travel Time Functions 

In modeling the path choices of individual drivers, it is first necessary 

to model the variation of travel time on a path with increasing traffic. 

FREEWAY TRAVEL TIME FUNCTIONS 

For a typical urban freeway corridor in Texas, as depicted in Figure 1, 

path 1 i ncl udes the freeway mai nl anes, path 2 is the frontage road, and path 3 

is a parallel arterial street. In order to compare travel times along each of 

these paths to satisfy the equal travel time condition (user optimization), 

trave 1 ti mes along each path must be dete rmi ned as a functi on of the vol ume 

and capacity on that path. For freeways, speed has been related to volumel 

capacity (vIc) ratio by the relationship similar to that shown in Figure 2 

(g), taken from the 1965 Hi ghway Capaci ty Manual (HCM) (11). The quanti ty uf 

is the free-flow speed for the facility. 

In work for the Federal Hi ghway Admi ni strati on (FHWA) on the "Freeway

Surface Arte ri al VMT Spl itte r" project, Crei ghton, Hambu rg, Inc. proposed 

modi fi cati on of the re 1 ati on shown in Fi gu re 2 to that shown in Fi gu re 3 to 

model reduction in speed due to congestion for the FHWA Micro Assignment Model 

(..!:.!). For vIc val ues in the range (0, U.8), thi s curve is the same as the HCM 

citation curves shown in Figure 2. For values of vIc greater than 0.8, the 

curve drops li nearly to a val ue of 0 when vIc = 1.U, as shown in Fi gure 3. 

The monotoni cally decreasi ng form of the functi on in Fi gure 3 agrees wi th 

the observed conditi on that average speed decreases as the vIc rati 0 

increases. One logical difficulty, however, is that the speed in Figure 3 

decreases to zero at a volume equal to capacity, especially since Figure 2 

shows a speed of uf/2 when volume is equal to capacity. 
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Uf 

-----------------------

o 1.0 

VOLUME TO CAPACITY RATIO 

Figure 2. Urban Freeway Speed Versus vic Ratio (11) 
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o 

----------

0.8 
VOLUME TO CAPACITY RATIO 

1.0 

Figure 3. FHI~P, Freeway Speed Versus vIc Ratio 
for Freeway-Arterial VMT 
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For the freeway speed model used in this algorithm, speed at capacity was 

set at Uf/2, to approximate average actual speed. In addition, since volumes 

greater than estimated capacity sometimes are observed, the freeway speed 

curve was extended in this research to a speed value of 10 miles per hour when 

vic = 1.5. The freeway speed curve developed by TTl is shown in Figure 4. 

The relation shown in Figure 4 is piecewise linear for vic> 0.8, so that 

mathematically the relationship can be expressed as: 

10 

v 
c < 0.8 

v 
0.8 < C ~ 1.0 

1. 0 < ~ ~ 1.5 

Y... > 1 5 c • 

where Sfwy = speed on freeway at volume v per lane (mph) 

v = freeway volume per lane (vph) 

c = capacity per lane (vph) 

So = free flow speed on freeway (mph) 

SI = speed on freeway when vic = 0.8 (mph) 

S2 = speed on freeway when vic = 1.0 (mph) 

This model provides a determinable relationship between speed and volume 

for the freeway situation. 

From the speed versus vic relation shown in Figure 4, a travel time 

relation may be constructed using 

T (vic) = Travel Time = Distance 
Speed 

for each continuous interval. The resulting travel time relation is shown in 
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o 0.8 1.0 1.5 

VOLUME TO CAPACITY RATIO 

Figure 4. TTl Urban Freeway Speed Versus vic Ratio 
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Figure 5. This relationship shows, as would be expected, that as the volume 

(or volume/capacity ratio) on the freeway increases, travel time increases. 

This developed relationship agrees with expected results. The piecewise 

1 i near nature of the travel ti me curves makes possi ble the eval uati on of 

successi ve critical poi nts on the curves for parallel faci lities rather than 

the solution of a set of mathematical equations. Although modi fication of the 

FHWA's "Freeway-Surface Arterial VMT Splitter" speed versus vic curves were 

used here to derive travel time curves, other curves, such as those of 

Davidson or the FHWA, may be used as long as they are modified to a piecewise 

1 i near form. 

SIGNALIZED ROADWAY TRAVEL TIME FUNCTIONS 

For signalized roadways, the relationship between speed and capacity is 

compl i cated by the si gnal s along the roadway, whi ch provi de a component of 

de-lay in addition to that attributable to vehicles. The effect of this delay 

can be correlated to the signal density and signal timings. The relationship 

developed in this report is a modified version of that in the FHWA's Micro 

Assignment Model (.!.!). This relationship provides for travel time to be 

dependent on vol ume and si gnal densi ty. For si gnal; zed roadways the equati ons 

are: 

- So (n,.w) + ~ -fen) 

= -s + [S2 -Sl][Y-_ 0.s1 
1 0.2 _c 

52 + [ 5 0 ~ 5521 [~ -1. 0 ] 

5 
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o 0.8 1.0 

VOLUME TO CAPACITY RATIO 

Figure 5. TTI Urban Freeway Travel Time Versus vIc Ratio 
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where 

and 

and 

Sart = speed on signalized roadway at volume v per lane (mph) 

v = roadway volume per lane (vph) 

c = capacity per lane (vph) 

n = signal density (signals/mile) 

w = posted speed (mph) 

f( n) = speed reducti on wi th uni t inc rease in v /c 

SO(n,w) = free flow speed for signalized roadway with signal density n 

and posted speed w 

Sl = speed when vic = 0.8 

S2 = speed when vic = loU 

SO(n,w) = 3600/[3600/w) + 12.5n] 

-0.0672n3 + 0.781n2- 3.2232n n < 5.5 
f(n) = 

0.l38n - 6.028 n > 5.5 

A family of curves rel ati ng free flow speed to posted speed and si gnal 

densi ty is shown in Fi gure 6. A fami ly of curves showi ng average speed for 

varyi ng val ues of si gnal densi ty n, posted speed, and val ues of vic is 

illustrated in Figure 7. 

Travel ti me curves may be constructed usi ng the speed curves shown in 

Fi gure 7 and the rel ati on 

Distance 
T(v/c) = Total Travel Time = Speed 

The travel time curves developed are illustrated in Figure 8. 

Looki ng at Fi gure 8, it can be seen that whi le the effect of si gnal 

density is somewhat diminished the travel time relationship behaves as would 

be expected. 

For example, consi der the three-path travel ti me curves i 11 ustrated in 

Fi gure 9. Path 1 is a freeway, path 2 is a frontage road, and path 3 is a 

parallel arteri al street. 
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Figure 7. FHWA Signalized Roadway Speed Versus vic Ratio 
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When there is no traffic on any facility. an individual traveler will 

choose the path which gives him the least travel time. In this example 

(Figure 9). the freeway free flow travel time T10 is least. so the first 

travel er chooses path 1 (the freeway). Subsequent enteri ng travel ers al so 

choose path 1. so long as the loaded travel time on path 1 is less than the 

free flow travel time on path 2. T20• Indeed. no traffic will use the 

frontage road (path 2) until the vic ratio on the freeway is 0.85. at which 

poi nt the (loaded) freeway travel time is the same as the free flow travel 

time on the frontage road. 

As still more travelers desire to go from A to B. they will choose either 

path 1 (the freeway) or path 2 (the frontage road). but by Wardrop's first 

principle they must proportion themselves so that travel time on the frontage 

road remains the same as the travel time on the freeway. The proportions are 

determined by the slopes of the travel time curves at this point. As shown in 

Figure 9, when travel time is in the interval [T 20 ,T'J, the slope of the 

freeway curve is 
Tl (J.O) - Tl (0.8) 

0.2 

while the slope of the frontage road curve is 

T2 (0.8) - T20 
0.8 

The change in travel time (T l ) along the freeway is: 

T 1 = [AT 1 (l . 0) - T 1 (0. 8)] [Ll V 1 ] 
0.2 Cl 

and the change in travel time along the frontage road is: 

" T 2 "[ T 2 (
0 

• 
8 ~ • ~ T 20 ] [" ~~ ] 

20 



(1. 0) 

(0.8) 

Therefore, unless all of the travel demand between A and B has been 

satisfied, for every vehicle added to path 1, 

vehicles will be added to path 2. This relationship continues until the 

travel time on both paths 1 and 2 is equal to TI as shown in Figure 9. 

Looking at the next interval on the travel time axis, [TI, T30 J, the 

change in travel time along the freeway is 

, T 1 = [--.:T 1=---(1_·_0 )-0 ~_2_T--=.1_(_0_. 8_) ] [, ~ J 
and the change in travel time on the frontage road is 

= [ T 2 (1. 0) 0: 2 T 2 (0. 
8

) ] [ '::] 

so that, unless all of the travel demand between A and B has been satisfied, 

for every vehicle that is added to path 1, 

vehicles will be added to path 2. 
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----------------------------------- --

and 

Unless the travel demand between point A and point B has been satisfied, 

for every vehicle added to path 1 (the freeway), 

[
4C3][Tl (1.0) - Tl (0.8q 
C1 T3(0.8) - T30 ] 

vehicles are added to path 3. 

This procedure continues for subsequent intervals along the travel time 

axis in Figure 9 until the travel demand from A to B has been satisfied. The 

relative proportions of vehicles using each path are recalculated for each new 

interval, as defined by the points of inflection of the piecewise linear 

curves, and interval vol umes are accumul ated for each path. The 1 imits of 

each of the travel time intervals are defined by two points of discontinuity 

on one curve or one point of discontinuity on each of two curves. 
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Procedure Features and Capabi lities 

The routine has undergone several revisions during its development; the 

addition of enhancements and modi fications to the original routine is an 

evol uti onary process. Improvements in run ti me, program structure, and numbe r 

of steps and memory utilization have been accomplished to increase the 

efficiency and applicability of the procedure. 

ORIGINAL PROCEDURE 

The original procedure was developed for the algorithm just described to 

consi der a typi cal urban freeway corri dor in Texas. A TI-59 programmable 

calculator was used. Due to memory constrai nts, only three alternate paths 

were allowed. The three parallel paths available could be the freeway 

mai nlanes, frontage roads, and a parallel arteri al street. The input data, 

shown in Table 1, along with embedded data in the routine provide the 

characteristics of the facility and demand volume. The piecewise linear 

segments of each travel time curve are established at volume to capacity 

rati os of .8, 1.0, and l.b. A representati ve series of travel ti me curves is 

illustrated in Figure 10. The free flow speed (or travel time)is the on-Iy 

variable (add number of signa-Is for non-freeway paths) that the user must 

input to descri be the curve. The correspondi ng speeds for vic rati os of .8, 

1.0, and l.5 are fi xed internally. The output for the ori gi nal routi ne are 

system travel time (at equilibrium), traffic volumes on each path, and volume

to-capaci ty rati 0 for each path. 
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TABLE 1. ROUTINE INPUT DATA 

Freeway Frontage Road Arteri al 

Number of lanes X X X 

Di stance X X X 

Speed X X X 

Capacity X X X 

Si gnal Density X X 

Total Densi ty X X 

Total Demand 
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FORTRAN Program 

Gi ven the i niti al roadway characte ri sti cs and the system demand vol ume, 

this program can be used to determine the required travel time and volumes 

assi gned to each roadway. It can be used in three di ffe rent ways in 

calculating the travel time and the volume on each roadway. 

Fi rst, it can be used to compute si ngle travel ti me and vol urnes on each 

roadway. The user may input the current characteri sti cs of roads and 

calculate the system travel ti me for any number of vehicles to pass through 

the system. Second, the program can be used to cal cul ate travel ti me and 

vol ume on each roadway whi le varyi ng one of the parameters, i.e., speed, 

capacity, number of lanes or signal density. This option can be used to 

determine the effects of changes in one parameter to the entire system traffic 

flow. Finally, it can be used to determine the travel time and volume on each 

roadway whi le varyi ng the system demand vol ume. Thi s opti on can be used to 

study the effects of an increase in system demand vol ume to the enti re system 

traffic flow. 

ALGORITHM DEVELOPMENT 

The program is designed in a modular structured format to allow for 

e ffi ci ent codi ng and exec uti on by se -Iecti ng only the necessary modules duri ng 

the executi on peri ode Input to the program is effected through the subrouti ne 

INDATA, whi ch reads the i ni ti al data, checks for any fatal errors, and echo 

prints the input data for user verification. After subroutine INDATA is 

executed, the program has the necessary roadway characteri sti cs for the actual 

calculation of system travel time. 

A bi secti onal al gori thm is used by subrouti ne CALTT to search for and to 

calculate the required system travel time. The initial travel time, Ti' is 

calcul ated based on the average of the maxi mum and mi ni mum travel ti meso The 

28 



maximum travel time, Tmax , is based on free flow speed, while the minimum 

travel ti me, Tmi n' is based on a crawl speed. Both the free flow and crawl 

speeds are based on roadway characteri stics. 

Given the initial travel time, Ti' subroutine RMODEL calculates the 

maxi mum vol ume, V max, whi ch the roadway system can accommodate. Thi s Vmax is 

compared with the system demand volume, Vdem' to determi ne the next travel 

time, Ti +1• If Vmax is greater than Vdem (i.e., actual travel time should be 

less than Ti), then Ti becomes the new val ue for Tmax. If Vmax is less than 

Vdem (i .e., actual travel ti me should be greater than Ti), then Ti becomes the 

new value for Tmin. The next estimated travel time, Ti+l' is calculated as 

the average of T max and T mi n. Thi s bi secti onal search method is repeated 

until the difference between the two volumes is less than one tenth of one 

percent of the system demand vol ume. The fi nal esti mated travel ti me 

determi ned duri ng the search then is used as the system travel ti me to 

calculate the volume on each roadway. 

The subrouti ne OTDATA outputs the fi nal system travel ti me and the vol ume 

on each roadway. It also calculates the volume-to-capacity ratio for each 

roadway as well as the entire system. 

I NPUT COD I NG 

Input data is normally i nstream and attached to the end of the program. 

Si nce most of the data are input column dependent, the user must be careful to 

code all of the input val ues into thei r appropri ate col umns. 

The fi rst card is used as a header card, whi ch may contai n up to 80 

characters to descri be the data set. Example codi ng forms are i ncl uded in 

this report to aid the user in the actual input data coding. The second card 

contains the values for six variables--INDEX1, CHOICE, RDNUM, MIN, MAX and 

INC. These values must be right justified in their proper fields. 
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Columns 8 - 10 

Columns 18 - 2U 

Columns 28 - 30 

Columns 38 - 40 

Columns 48 - 50 

Columns 58 - 60 

INDEXI. The parameter to determi ne whi ch of the 
three opti ons to execute. 

1. Sin g 1 e t rave 1 time cal c u 1 at ion 
2. Allows the user to vary geometric inputs, 

i.e. speed, capaci ty, si gnal densi ty, and 
number of 1 anes 

3. Provi des for a systemati c vari ati on among the 
system demand volume. 

CHOICE. The variable to determine which 
parameter is to be varied during the program 
executi on. 

1. Number of lanes 
2. Not used 
3. Speed limit 
4. Per 1 ane capacity 
5. Si gnal densi ty per mile 

RDNUM. Selecti on of the speci fi c roadway whi ch is to 
analyzed throughout executi on. parameteri zed duri ng 
the exec ut ion. 

MI N. The minimum value for the parameter 1 oopi ng 
during the execution pe ri ode 

MAX. The maxi mum value for the parameter 1 oopi ng 
duri ng the executi on peri ode 

INC. Increment step size for parameter 1 oopi ng 
from MIN to MAX. 

The third card contains the initial values for MINVOL, MAXVOL, and STEP. 

These val ues are necessary if the user desi res to vary the system demand 

volume. If the system demand volume is to be systematically increased the 

user must speci fy thi s by setti ng the val ue of INDEXI to three and i nputti ng 

the range of volumes and the increment step size during the program execution. 

by setti ng the val ue of INDEXI to three and i nputti ng the range of vol urnes and 

the increment step size during the program execution. 

Col umns 11 - 15 MINVOL. The initial system demand volume to be 
assigned is minimum value for volume variation during 
the program execution. 
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Columns 26 - 30 

Columns 41 - 45 

MAXVOL. The maximum system demand volume to be 
used duri ng the program executi on. Program termi nates 
after the maximum demand volume is reached. 

STEP. The increment step si ze used to systemati cally 
increase the system demand vo·lume from MINVOL to 
MAXVOL. 

Card four contains the value for DEMAND in columns 21-30. DEMAND is the 

i ni ti al system demand vol ume to be processed independently of any systemati c 

volume variations. 

Card fi ve contai ns the val ue for NUMRD in col umns 21-23. NUMRD is the 

number of roadways in the system. This program can accommodate a maximum of 

ten roadways. Any number greater than ten wi 11 be treated as a fatal error in 

input data and will cause the program to terminate. 

Card si xis ski pped duri ng the data input. It is used only to speci fy 

the fields wi dth for LANES, DISTANCE, SPEED, CAPACITY and SIGNAL. Card si x 

may be used as a comment card or left blank. 

The remai ni ng cards contai n the actual roadway characte ri sti cs for each 

of the roads wi thi n the syste m. A maxi mum of two cards pe r roadway are 

requi red to input these characte ri sti cs. 

Col umns 11 - 20 

Columns 21 - 30 

Col umns :n - 40 

Columns 41 - 50 

LANES. The number of lanes in the roadway is 
entered. 

DISTANCE. The di stance in mi les between the 
origin and the terminal nodes is entered. 

SPEED. The posted speed 1 i mi t for the roadway is 
entered. If the roadway has multiple speed 
limits, the user may input multiple speed limits. 
If the user wishes to input multiple speed limits, 
the val ue of SPEED must be set to -1. 

CAPACITY. The per-lane capacity volume for the 
roadway i s e nte re d. 
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Columns 51 - 6U SIGNAL. The s; gnal dens; ty per m; le for the 
roadway ; s ente red. 1 f the roadway ; s a freeway, 
the s; gnal dens; ty must be set to zero. 

1 f the opt; on to ; nput mul t; ple speed 1; m; ts ; s selected, ; .e., SPEEO=-l, 

an add; t; onal card must follow the roadway character; st; cs card. Th; s card 

w; 11 conta; n each of the speed 1; m; ts and the; r correspond; ng d; stances. A 

max; mum of f; ve d; ffe rent speed 1 i mi ts and di stances may be ; nput for each 

roadway. I f only one speed 1 i mi t ; s to be used for a roadway, thi s card is 

omitted. 

To code the multi ple speed and di stances, each val ue must be coded with; n 

six columns. 

Columns 1 - 6 

Col umns 7 - 12 

Col umns 13 - 18 

Columns 19 - 24 

Columns 25 - 30 

Columns 31 - 36 

Columns 37 - 42 

Columns 43 - 48 

Columns 49 - 54 

Columns 55 - 6U 

SPEEOl. The posted speed 1 i mi t for the fi rst 
segment of the roadway is entered. 

OISTl. The di stance in mi les covered by SPEEOl 
; s ente red. 

SPEE02. The posted speed 1 i mi t for the second 
segment of the roadway is entered. 

01ST2. The di stance in mi les covered by SPEE02 
is ente red. 

SPEE03. The posted speed 1 i mi t for the thi rd 
segment of the roadway is entered. 

01ST3. The di stance in mi les cove red by SPEED3 
; s ente red. 

SPEED4. The posted speed limit for the fourth 
segment of the roadway is entered. 

01ST4. The di stance in mi les cove red by SPEE04 
is ente red. 

SPEE05. The posted speed 1 i mi t for the fi fth 
segment of the roadway is entered. 

01ST5. The di stance in mi les cove red by SPEE05 
is ente red. 
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If any of the above fields are left blank, they will be considered as 

zero, and the program wi 11 calcul ate the average speed accordi ngly. Thi s 

Calculated, wei ghted average speed wi 11 be used as the speed for the enti re 

roadway. The SPEED1-SPEED5 must lie within the range, 0 < SPEED < 55. 

In the following Figures 11 - 16, the general block diagrams of the main 

program execution is described. The program can select one of the three paths 

to calculate a si ngle travel ti me or vary one of the parameters or vary the 

system demand vol ume. The example codi ng from and a bl ank codi ng sheet is 

included for user to make copies for further coding activities. 
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CALCULATE SINGLE 
TRAVEL TIME AND 
VOLUME ON EACH 
ROADWAY 

= 1 

START 

INPUT DATA AND 
INITIAL CHECK 

ECHO PRINT 
INITIAL DATA 

CALCULATE TRAVEL 
TIME AND VOLUME 
WHILE VARYING 
SYSTEM DEMAND 
VOLUME 

STOP 

= 2 

CALCULATE TRAVEL 
TIME AND VOLUME 
WHILE VARYING 
ONE PARAMETER 

Figure 11. General Block Diagram 
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Figure 12. Single Calculation F10ltJchart 
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Figure 13. 

INITIALIZE 
PARAMETER 
LOOP 

CALCULATE 
SYSTEM CRITICAL 
POINTS 

CALCULATE TRAVEL 
TIME USING 
BISECTION METHOD 

CALCULATE SYSTEM 
VOLUME OF GIVEN 
TRAVEL TIME 

OUTPUT TRAVEL 
TIME AND VOLUME 
ON EACH ROADWAY 
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Delineate Flowchart of Variables 
- - - ...... -~. - ----.,.. - ~ 
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Figure 14. Flowchart of Volume Variability 
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--------------------------------------------------------------------------------------------------------------~ 

o ... 
INPUT· DATA 

1---lf-+-4---4-4-'I---4-+--+- -+-_+_-l----l_l__+__+_~-I_-I_.J_I_I__+__+_I__l,_I_-.- - - r-I-- -. - e- c-- --

INDEX1: N CHOICE: N RDNUM; N MIN: N MAX: 
I--f- r- -- -- - I--f--- - .-+-+--f--I-+-I--HI_4~I-_+_.f__l1_ f_- - -_. -. -_. - -- '-' - -. - -
MINVOL NNNNN MAXVOL NNNNN STEP NNNNN -I--+'-I-t- ... -_. -- -_. --' .--

.. _-- -- -- -_ .. -

N INC: N 

-I-- --,_ - .- -- -- ---

TOTAL DEMAND VOLUME: X -1- -- --:- r- - r- .- r'- -- 1----t---t-l--+---t-I-

N U M _~ ~ ~ _ 0 ,~c- ~ IQ .:...:Al-=D=-I-S+--I~I--I__+_IN-_+_+_lf_I__+__+__f__JI_4-I_t-I-_I__I.-. _ _ -- .-. -. -

LANES DISTANCE SPEED 
1-4-+-+-+-+-11--+-+--1---1-1-4-+-+--+-+-11-1--+-1-+-1-4-4--4-_+_+':::'1-=+-1-- - c- -- I-- --- -. e- --

CAPACIT¥ SIGNAL 
ROW Y 1 X X X -+-I-+=X ___ __ __ _ t-f---+--t,~- _1-- __ _ 

ROW Y 2 ++-HI--I+++-XH-+-+-++-I-f-+++X-+-++-HI--I-+-+-t-Ir-X+-HH-t--I-- __ J-Ir-X_I_+-I-+-+-_I-+-I---f-+X--t---t-_ 1- ___ _ 

RDWY3 X X X X 
t--t-t--tl- - f- e-I-I-- -·1--4-J--f-4-1---4--I--1-

X 

1-1-+-+--+-+-JI-I---t---I--l-+4-+-+---t-t·- f_ , 

+-il--+--+- 1- ._. -

1--l1_4-1--I_+-I-4-+-+-- -.1--. _1-1-l1--+-I--+-+--I_t-4--+-_+_+--II-I--I--+--I-I-4-1--I--I--l--I-·-J.-J- -t-l--+-I-I-- f- --e- - - c-r--I---+-+--+ 

!!~ W Y 7 -+-_+_-I-X-I--I-_I--+_+_-I--I--l-+_+__+_
X

.J_I-I_-+--I-I-4--1-_+_-I-
X
_+_-I-I-+-_ I-- _f-I-+-+-

X
+-1f-+ X 

I--S~PI-D~11-+--fI_QJ-~ !_1-=1+-1_S PO 20 _1-1 .... S_rJ-f-2t-f-_S ..... P-j-D4-3--4_+-.qJ. §J~ SPD4 DIST4 SPD5 DIST5 
f- 1- f- .- -- - -- - -- .- - -

-- -~--- -- __ - -- - - -- .-- - -+-4--f--I-I-_+_-I-+_l1- .-. - -- -f-- . __ .- - -- r-- - -r--- -f- --1-- - .- ._. -- .-- .- --

c-- -. - --- _ .. - .. I- -- --. - 1----- --_. --1--" .-f---.. -- '- - -- -- --- --- -- - - . __ . - - - - --I-- - -- - -. 

X X X X - - - 1-1--4--+-~+-11-- -I~-t-+--I-+-l~- -1-1-- - 1-- --1--1--+-+-1-+ RDWY10 f- -- - f---I-+-f-+--tf- - - .-

-t-+-.-I--I--+--+-+--+-I-II-+-1---+--I--II--+- -- e- - .- -- - - ---.- --r'-

1---4-+-I--I-+-II-4-+-+- -4--I--~--+-+-+---t-+--lI-I--t-+---!-+.-j- I-- - - f_ .-l--l----l-+-+-+--I-I-4- t--t--t---t- r-- - -- - --- -- -- - -. -

_.- - f- -I---t-+-+--+- -+-+-1-1--1--+ -4-1--I--I-+-J-+--+--+-_+_I---l-l- - ---- - 1--- --1-- - - --r-I---'- --

1-l1-+-+++-H-f--+-+-H-+++-t--lH-+-f-I-4-1--+--l--f--jI--t-l--f-+-t-+-I--+--+-+-II-I---I-I---+-+-4 -l-~--+--1---+-- -. - -

1-1---4-1--+_+_+4-1--t- -+_+_+l-I-4-1--+-+-I_I-I--+--I-+--II--+-I--+--l-I---f-+-+-4--f--jI-l--I--I--I-t-f-l--+-+ -Ir-+-I--I--I---il-l-_+_-I-+-ll-+-- -- --

-I-_+_-l----l-l--+--II--+-I_I -1---1-11-+--1---4-1---+-1----1-1-4·_+_+-+--1·- 1- f- - 1- -1---4--1--1·- - .- ----
- -- r-- -I--I--+-l-t-- - - -- -

Figure 16. Sample Data Form 
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THIS PROGRAM IS DEVELOPED BASED ON THE REPORT TITLED 
"AN ALTERNATE PATH ANALYSIS ALGORITHM FOR URBAN 

FREEWAY CORRIDOR EVALUATION". THIS PROGRAM WILL 
UTILIZE THE QUICK RESPONSE ALGORITHM DESCRIBED IN THE 
ABOVE REPORT. IT CALCULATES THE TRAVEL TIME REQUIRED 
FOR A GIVEN SYSTEM VOLUME OF CARS TO TRAVEL THROUGH A 
SYSTEM OF ROADWAYS. PROGRAM WILL ALSO CALCULATE THE 
VOLUME OF CARS ASSIGNED TO EACH ROADWAY. 

~ 

1< 
1< 
1< 
1< 
1< 
1< 
1< 
1< 
1< 
• 

C1<1<1<1<1<1<1<1<1<1<1<1<1<*1<1<1<1<1<1<1<*************;***.* ••• *.*~*.*****1<******* 
C 
C 

C 
C 

C 

C 

COMMON DEMAND,NUMRD,RDWY(10,5),SI(10,4) ,VOLROD(10) 
COMMON MINVOL,MAXVOL,CHOICE,RDNUM,MIN,MAX,INC,STEP 
REAL DEMAND,RDWy,SI 
INTEGER NUMRD,MINVOL,MAXVOL,STEP,CHOICE,RDNUM 
INTEGER MIN,MAX,INC,INDEX1 

C···············*···**···.··*······*····*·····********** •••• 
• 

C* THE INPUT VARIABLES FOR THIS PROGRAM ARE DESCRIBED • 
C. IN THIS SECTION. • 

* 

1< 
1< 

1) INDEX1 - PARAMETER TO DETERMINE WHICH OF THREE * 
SEGMENT TO EXECUTE. * 

1 - SINGLE CALCULATION * 
2 - PARAMETERIZE A VARIABLE * 
3 - PARAMETERIZE VOLUME DEMAND 1< 

C*---------------------------------------------------------1< 
C* • 
C. 2) CHOICE - VARIABLE TO DETERMINE WHICH PARATER IS * 
C* TO BE PARAMETERIZED DURING EXECUTION * 
C* * 
C* 1 - LANE • 
C* 2 - NOT USED * 
C* 3 - SPEED 1< 
C* 4 - CAPACITY * 
C* 5 - SIGNAL DENSITY * 
C* * 
C*---------------------------------------------------------* 
C* • 

3) RDNUM - SELECT THE ROADWAY TO BE PARAMETERIZED 
* 

C·---------------------------------------------------------* 
C* 1< 

C* 
C* 
C1< 

4) MIN - MINIMUM VALUE IN WHICH THE PARAMETER IS 1< 

BE ASSIGNED DURING EXECUTION 
* 

C*----------------------------------- -----------------* 
* 
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5) M~ - M~IMUM LIMIT FOR PARAMETER VALUE DURING * 
EXECUTION * 

* 
C*---------------------------------------------------------* 
C* * 

6) INC - INCREMENT STEP SIZE FOR PARAMETER FROM 
'MIN' TO 'M~' 

* 

* 
C*---------------------------------------------------------* 
C* * 
C* 7) MINVOL - MINIMUM VOLUME TO BE ASSIGNED FOR VOLUME* 

PARAMETERIZATION DURING EXECUTION * ~ 

* 
C*-----~---------------------------------------------------* 

C* * 
8) M~VOL - M~IMUM LIMIT FOR VOLUME PARAMETERI

ZATION DURING EXECUTION 
* 
* 
* 

C*---------------------------------------------------------* 
C* * 

9) STEP - INCREMENT STEP SIZE FOR VOLUME PARAMETER* 
FROM 'MINVOL' TO 'M~VOL' * 

* 
C*---------------------------------------------------------* 
C* * 
C* 10) DEMAND - SYSTEM DEMAND VOLUME TO ~E ASSIGNED TO * 
C* THE SYSTEM OF ROADWAYS * 

* 
C*---------------------------------------------------------* , 
C* * 

11) NUMRD - NUMBER OF ROADWAYS IN THE SYSTEM * 
* 

C*********************************************************** 

C 
C 
C 

C 

C 

C 
C. 
C 

WRITE(6,10) 
10 FORMAT('l' ,11111,30x,'*** INPUT DATA w**' ,II/I) 

IFLAG = 0 

CALL INDATA(IFLAG,INDEX1) 
VOLSYS = DEMAND 

IF (IFLAG .EQ. 1) GO TO 999 

C BRANCH TO APPROPRIATE SEGMENT DEPENDING ON THE INDEX VALUE 
C 
C 

GO TO (1000,2000,3000) ,INDEX1 
C 
C**w************************************************** 

* 
C* INDEXl = 1: THIS SEGMENT WILL CALCULATE SINGLE * 
C* TRAVEL TIME AND VOLUME ON EACH * 

ROADWAY. * 
* 
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C 
1000 

C 

C 

C 

C 

C 

CALL CALSI (IFLAG) 
IF (IFLAG .EQ. 1) GOTO 999 

CALL CALTT (VOLSYS,TRDWY, IFLAG) 

IF (IFLAG .EQ. 1) GOTO 999 

CALL OTDATA (TRDWY) 

GOTO 998 

C***************************************************** 

C* INDEXI = 2: THIS SEGMENT WILL CALCULATE TRAVEL * 
TIME AND THE VOLUME ON EACH ROAD * 
WHILE VARYING THE PARAMETER VALUE * 

* 
C***************************************************** 
C 

DO 100 I = MIN,MAX,INC 
C 
2000 
C 
C INITIALIZE THE PARAMETER VALUE TO BE USED THRU EACH LOOP 
C 

RDWY (RDNUM,CHOICE) = I 
C 

CALL CALSI (IFLAG) 
C 

IF (IFLAG .EQ. 1) GOTO 999 
C 

CALL CALTT (VOLSYS,TRDWY,IFLAG) 
C 

IF (IFLAG .EQ. l) GOTO 999 
C 

CALL OTDATA(TRDWY) 
100 CONTINUE 

GOTO 998 
C 

C* INDEXI = 3: THIS SEGMENT CALCULATE THE TRAVEL * 
C* TIME AND VOLUME ON EACH ROADWAY * 
C* WHILE VARYING THE SYSTEM DEMAND * 

* 
C***************************************************** 
C 
C 
3000 
C 

C 

CALL CALSI (IFLAG) 

IF (IFLAG .EQ. 1) GOTO 999 

C INITIALIZE NEW SYSTEM DEMAND VOLUKE THRU EACH LOOP 
C 

C 

DO 200 I = MINVOL,MAXVOL,STEP 
VOLSYS = I 

DEMAND=VOLSYS 

CALL CALTI' (VOISYS ,TRI:WY ,IFLAG) 
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C 
IF (IFLAG .EQ. 1) GOTO 999 

CALL OTDATA(TRDWY) 
200 CONTINUE 

C 
C 

C 
999 
40 
998 
30 

C 
C 

C* 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 
C 
C 

WRITE (6,30) 

STOP 

WRITE(6,40) 
FORMAT (//,30X,'PROGRAM 
WRITE(6,30) 

ABORTED DUE TO ERROR') 

FORMAT ( , 1 ' ) 
STOP 
END 

SUBROUTINES WILL BE HERE. 

CALTT 
INDATA 
CALSI 
TRIAL 
RMODEL 

*u-SUBROUTINE CALTT*u-

THIS SUBROUTINE WILL CALCULATE THE SYSTEM 
TRAVEL TIME FOR A GIVEN TOTAL DEMAND. 

SUBROUTINE CALTT(VOLSYS,SYSTT,IFLAG) 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 

* 

* 
* 

COMMON DEMAND, NUMRD, RDWY(10,S), SI(10,4) ,VOLROD(lO) 
COMMON MINVOL,MAXVOL,CHOICE,RDNUM,MIN,MAX,INC,STEP 
REAL DEMAND, RDWY, SI 
INTEGER NUKRD,KINVOL,KAXVOL,STEP 

C FIND MINIMUM AND MAXIMUM TRAVEL TIME OF THIS SYSTEM 

C 

TMIN = 1000 
TMAX = 0 
DO 10 I = 1,NUMRD 
TTO = RDWY(I,2)/SI(I,1) 
TT3 = RDWY(I,2)/SI(I,4) 
IF (TMIN .GT. TTO) TMIN = TTO 
IF (TMAX .LT. TT3) TMAX = TT3 

10 CONTINUE 
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C 

C 

FIND SYSTEM TRAVEL TIME FOR THE GIVEN DEMAND. 
IF THE DEMAND IS LARGER THAN 1.5·TOTAL CAPACITY 
WRITE A MESSAGE. 

VSUM = 0 
DO 20 I=l,NUMRD 
VSUM = VSUM + 1.5*RDWY(I,1).RDWY(I,4) 

20 CONTINUE 
IF (DEMAND .GT. VSUM) GO TO ~10 

* 

* 
* 

C ••••••• ·*···········****···········*******··*****·*·***** 

FIND SYSTEM TRAVEL TIME BY USING BINARY SEARCH 
METHOD. 

* 
* 
* 
* 

C ••• *·***********·*********·*****·****************·******* 

C 
TLOW = TMIN 
THIGH = TMAX 
TEST = (THIGH + TLOW)/2 
EPSLON = 0.01 * DEMAND 

30 CALL TRIAL(TEST,VOLUME) 
DIFF = ABS(DEMAND-VOLUME) 
IF(DIFF .LT. EPSLON) GO TO 35 
IF(VOLUME .LT. DEMAND) GO TO 31 
THIGH = TEST 
GO TO 32 

31 TLOW = TEST 
32 TEST = (THIGH + TLOW)/2 
C 

C 

C 

C 
C 
C 

C 
GO TO 30 

35 SYSTT = TEST 
C 
C 

C 
C 

C 
C 

C 
C 
C 

RETURN 
C 
C ERROR MESSAGE 
910 WRITE(6,911) 
9ll. FORMAT (/ / , 5X, 'ERROR: DEMAND IS LARGE THAN 1. 5*SYSTEM CAPACITY') 

IFLAG = 1 
C 

RETURN 
C 

END 
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C 
C 

***SUBROUTINE TRIAL*** * 

C********************************************************* 
C* * 
C* CALCULATE TOTAL SYSTEM VOLUME FOR THE GIVEN SYSTEM * 
C* TRAVEL TIME (TEST). * 
C* * 

C 
SUBROUTINE TRIAL (TEST, VOLUME) 
COMMON DEMAND, NUMRD, RDWY(lO,S), SI(10,4),VOLROD("10) 
COMMON MINVOL,MAXVOL,CHOICE,RDNUM,MIN,MAX,INC,STEP 
REAL DEMAND, RDWY, SI, TEST, VOLUME, VTEMP 

C 

C 

INTEGER NUMRD,MINVOL,MAXVOL,STEP 

VTEMP = 0 
DO 100 I=l,NUMRD 
CALL RMODEL (I,TEST,VROAD) 
VOLROD(I) = VROAD 
VTEMP = VTEMP + VROAD 

100 CONTINUE 
VOLUME = VTEMP 
RETURN 
END 

C********************************************************* 

***SUBROUTINE RMODEL*** * 

C* * 
C* FOR A GIVEN TRAVEL TIME(TEST), THIS SUBROUTINE 
C* WILL RETURN VOLUME OF THE ROAD(I). * 
C* * 

C 
SUBROUTINE RMODEL(I,TEST,VROAD) 
COMMON DEMAND, NUMRD, RDWY(lO,S), SI(10,4),VOLROD(lO) 
COMMON MINVOL,MAXVOL,CHOICE,RDNUM,MIN,MAX,INC,STEP 
REAL DEMAND, RDWY, SI, LANES 
INTEGER NUMRD,MINVOL,MAXVOL,STEP 

C 

C* ASSIGN THE COEFFICIENT OF THE ROAD EQUATION * 
C**************************************************** 
C 

SO = SI(I,l) 
Sl = SI(I,2) 
S2 = SI(I,3) 
S3 = SI(I,4) 
LANES = RDWY(I,l) 
DIST = RDWY (I,2) 
SPEED = RDWY(I,3) 
C = RDWY(I,.:l, 
SIGNAL = RDW1(I,j) 

C 
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C CHECK SIGNALIZED OR UNSIGNALIZED ROADWAY. 
C 

C 

IF (RDWY(I,S) .EQ. 0) GO TO 100 
IF (RDWY(I,S) .GT. 0) GO TO 200 

IF THE SIGNAL DENSITY IS A NEGATIVE VALUE, 
WRITE AN ERROR MESSAGE. 

* 
* 
* 
.* 

C****************************************************-* 
C* 
C 

C 
C 

GO. TO 910 

***FREEWAY MODEL*** 
---

C***************-***********-*******-****-*******-**-- .--

C 
100 

C 
C 

110 

CHOOSE AN EQUATION ACCORDING TO THE GIVEN 
TRAVEL TIME, AND CALCULATE VOLUME OF THE 
ROAD WAY. 

Tl = DIST/Sl 
T2 = mST/S2 
IF (TEST .LE. Tl) GO TO 110 
IF (TEST .LE. T2) GO TO 120 
GO TO 130 

TEST = TRAVEL TIME AT V/C=0.8 
VROAD = ( SO"'*2 - (2* (DIST/TEST) - SO) ",*2) /2 
IF (VROAD .LT. 0) VROAD = a 
VROAD = LANES*VROAD 
RETURN 

• 
----

C 
C TRAVEL TIME AT V/C=0.8 TEST = TRAVEL TIME AT V/C=l 

C 
120 VROAD = C*(0.8 + 0.2-(DIST/TEST - Sl)/(52 - Sl» 

VROAD = LANES*VROAD 
RETURN 

C 
C TRAVEL TIl-tE AT V/C=l TEST 
C 

130 VROAD = C* (1. a + 0.S*(DI5T/TtST - S2)/(10 - S2» 
VOLMAX = 1. S * C 
IF (VROAD .GT. VOLMAX) VROAD = VOLMAX 
VROAD = LANES*VROAD 
RETURN 

C 
,. 

***SIGNAL~ZED ROADWAY MODEL*-* 
,. 
,. 

C,.,.****,.***********************~***********· 
* 
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CHOOSE AN EQUATION ACCORDING TO THE GIVEN 
TRAVEL TIME, AND CALCULATE VOLUME OF THE ROAD. 

* 
C***************************************************** **** 
C 

200 IF (SIGNAL .GE. 5.5) GO TO 201 
FN = -0.067*SIGNAL**3 + 0.781*SIGNAL**2 - 3.2232*SIGNAL 

C 

c 
C 
C 

GO TO 202 
201 FN = 0.138*SIGNAL - 6.028 
202 CONTINUE 

T1 = DIST/S1 
T2 = DIST/S2 
IF. (TEST .LE. T1) GO TO 
IF (TEST .LE. T2) GO TO 
GO TO 230 

210 
220 

TEST TRAVEL TIME AT V/C=0.8 

210 VROAD = C/FN*(DIST/TEST - SO) 
IF (VROAD .LT. 0) VROAD = 0 
VROAD = LANES*VROAD 
RETURN 

" 

C 

C 
C 

TRAVEL TIME AT V/C=0.8 TEST = TRAVEL TIME AT V/C=1.0 

220 VROAD = C*(0.8 + 0.2* (DIST/TEST - Sl)/(S2 - Sl» 
VROAD = LANES*VROAD 

C 

C 
C 

C 

RETURN 

TRAVEL TIME AT V/C=1.0 TEST 

230 VROAD = C*(1.0 + 0.5* (DIST/TEST - S2)/(5 - S2» 
VOLMAX = 1.5*C 
IF (VROAD .GT. VOLMAX) VROAD = VOLMAX 
VROAD = LANES*VROAD 
RETURN 

C ERROR MESSAGE 

C 

C 

C 
C 
C 

910 WRITE (6,911) 
911 FORMAT (' ','ERROR: SIGNAL DENSITY IS NEGATIVE') 

RETURN 

END 

THIS SUBROUTIEN WILL WRITE THE SYSTEM 
TRAVEL TIME, VOLUME OF EACH ROAD, AND 
VOLUME TO CAPACITY RATIOS. 

SUBROUTINE OTDATA (SYSTT) 
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C 

COMMON DEMAND, NUMRD, RDWY(10,5), SI(10,4),VOLROD(10) 
COMMON MINVOL,MAXVOL,CHOICE,RDNUM,MIN,MAX,INC,STEP 
REAL DEMAND,RDWY,SI,SYSTT 
REAL VRATIO(10),CAPCTY(10) 
INTEGER NUMRD,MINVOL,MAXVOL,STEP 

WRITE(6,10) 
10 FORMAT('l' ,20X,'***** OUTPUT OF SIMULATION •••• *') 

C 
C CLCULATE VOLUME TO CAPACITY RATIO OF SYSTEM 

C = a 
DO 100 I = 1,NUMRD 
C = C + RDWY(I,4)*RDWY(I,1) 

100 CONTINUE 

C 

C 

C 

C 

RATIO = DEMAND/C 
VOLSYS=DEMAND 

WRITE(6,20) VOLSYS,RATIO 
20 FORMAT('O',lOX,'SYSTEM VOLUME=' ,F10.0, 

* lOX, 'SYSTEM vic RATIO=' ,F6.2) 

SYSMIN = 60*SYSTT 
WRITE(6,30) SYSMIN 

30 FORMAT ('0' ,lOX, 'SYSTEM TRAVEL TIME=' ,F7.2) 

WRITE(6,40) 
40 FORMAT('0',20X,'VOLUME' ,T40,'CAPACITY', 

* T60,'VOLUME TO CAPACITY RATIO') 

C CALCULATE vic RATIO OF EACH ROADWAY. 
C 
C 

C 

C 
C 

C 
C 

RODMAX = 0.0 
SYSVOL = 0.0 

DO 200 I = 1,NUMRD 
CAPCTY(I) = RDWY(I,4) * RDWY(I,l) 
VRATIO(I) = VOLROD(I)/CAPCTY(I) 
SYSVOL = SYSVOL + VOLROD(I) 

IF (VOLROD(I) .LE. RODMAX) GOTO 200 
RODMAX = VOLROD(I) 
INDEX = I 

200 CONTINUE 
C 
C 

C 
C 

DIFF = SYSVOL - DEMAND 
VOLROD(INDEX) = VOLROD(INDEX) - DIFF 
VRATIO(INDEX) = VOLROD(INDEX) I CAPCTY(INDEX) 

DO 222 J = 1,NUMRD 
WRITE(6,50) J,VOLROD(J) ,CAPCTY(J) ,VRATIO(J) 

222 CONTINUE 
C 
C 

50 FC~MAT('O' ,7X,'ROAD(' ,12,')' ,T20,F6.0,T40,F6.0,T60,F6.2) 
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C 

C 

RETURN 
END 

* 
***SUBROUTINE INDATA*** * 

* 
C****************************************************** 

THIS SUBROUTINE READS INPUT DATA USING THE 
FOLLOWING FORMAT. 

* 

-
C----------------------------------------------------------------* 
C **** INPUT DATA FILE **-* * 
C INDEX= N CHOICE= N RDNUM= N MIN = N MAX = N INC = N * 
C MINVOL = N MAXVOL = N STEP = N * 
C TOTAL DEMAND VOLUME=XXXXXXXXXX * 
C NUMBER OF ROADS =XXX * 
C LANES DISTANCE SPEED CAPACITY SIGNAL * 
C RDWYl X X X X X * 
C RDWY2 X X X X X * 
C SPEEDl DISTl SPEED2 DIST2 SPEED3 DISTSPEED4 DIST4 SPEEDS DISTS * 
C * 
C * 
C RDWYN X X X X X * 
C----------------------------------------------------------------* 
C 

C 
C 

C 
C 

SUBROUTINE INDATA(IFLAG,INDEX1) 
COMMON DEMAND, NUMRD,RDWY (lO,S) ,SI(10,4),VOLROD(lO) 
COM~mN MINVCL,MAXVOL,CHOICE,RDNUM,MIN ,~l:AX, niC,STEP 
REAL DEMAND,RDWY,SI,SPEEDS(5),DISTS(5) 
INTEGER NUMRD,MINVOL,MAXVOL,STEP,CHOICE,RDNUM 
INTEGER MIN,MAX,INC,INDEX1 

READ(5,15,END=110) INDEX1,CHOICE,RDNUM,MIN,MAX,INC 
15 FORMAT(/6(8X,I2» 

READ(5,60) MINVOL,MAXVOL,STEP 
60 FORMAT(3(lOX,I5» 
C 
C 

16 

C 

C 
C 
C 

WRITE(6,16)INDEX1,CHOICE,RDNUM,MIN,MAX,INC, 
* MINVOL, MAXVOL, STEP 

FORMAT(//,T25,'INDEX = ',T35,IIO,/,T25,'CHOICE = 
* 110,/ ,T25, 'RDNUM = ',T35,IIO,/ ,T25, 'MIN 
* 110,/,T25,'MAX = ',T35,I10,/,T25,'INC 
* 110~/,T25, '~INVOL = ',T35, 
* IIO,/,T25,'MAXVOL = ',T35,110,/,T25,'STEP 
* 110,///) 

READ(5,10,END=110) DEMAND 
10 FORMAT (20X,FIO.0) 

READ(5,20,END=110) NUMRD 
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20 FORMAT (20X,I3/) 
WRITE(6,21) DEMAND,NUMRD 

21 FORMAT(/II0X,'DEMAND=' ,FIO.0,10X,'NUMBER OF ROADWAYS=' ,13) 

IF(NUMRD .GT. 10) GOTO 110 

WRITE(6,35) 
35 FORMAT('0',T25,' LANES' ,T35,'DISTANCE' ,T45,' SPEED' ,T55, 

C 
C 

C 

C 

C 

* 'CAPACITY' ,T65,' SIGNAL') 

DO 100 I = 1,NUMRD 
TLENTH = 0.0 
TSPEED = 0.0 

READ (5,40, END=12.0) (RDWY (I, J) , J=l, 5) 
IF (RDWY(I,3) .GT. 0.0) GaTO 65 
READ (5,70) (SPEEDS(J),DISTS(J), J=1,5) 

DO 200 J=1,5 
IF (DISTS(J) .LE. 0.0) GaTO 110 
IF (SPEEDS(J) .LE. 0.0) GOTO 110 

TLENTH = TLENTH + DISTS(J) 
TSPEED = TSPEED + SPEEDS(J)*DISTS(J) 

200 CONTINUE 
C 

RDWY(I,3) = TSPEED I TLENTH 
WRITE(6,30) I,(RDWY(I,J),J=1,5) 
GOTO 100 

65 WRITE(6,30) I,(RDWY(I,J),J=l,S) 
100 CONTINUE 
40 FORMAT(10X,FI0.0,FI0.2,2FI0.0,FI0.0) 
30 FORMAT(10X,'ROAD(' ,13,')' ,T20,F10.0,FI0.2,3FI0.0) 
70 FORMAT(10F6.1) 
120 RETURN 
C 

C 

C 

C 

C 

110 WRITE(6,111) 
111 FORMAT('O' ,5X,'ERROR: ERROR IN INPUT DATA') 

IFLAG = 1 
RETURN 

END 

CALCULATE CRITICAL SPEEDS OF THE SPEED VERSUS 
vIc RELATION. ASSIGN THOSE VALUES TO 
ARRAY SI(10,4). 

SUBROUTINE CALSI(IFLAG) 
COMMON DEMAND,NUMRD,RDWY(10,S) ,SI(10,4) ,VOLROD(10) 
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C 

C 

COMMON M1NVOL,MAXVOL,CH01CE,RDNUM,M1N,MAX,1NC,STEP 
REAL DEMAND,RDWY,S1 
INTEGER NUMRD,MINVOL,MAXVOL,STEP 

DO 100 I=l,NUMRD 

C CHECK SIGNALIZED OR UNSIGNAL1ZED ROADWAY. 
C 

C 
C 
C 

IF (RDWY(I,S) .EQ. 0) GO TO 10 
IF (RDWY(I,S) .GT. 0) GO TO 20 
GO TO 910 

UNSIGNALIZED ROADWAY 

10 S1(I,l) = RDWY(I,3) 
SI(1,2) = 0.5*( S1(I,l)+( SI(I,l)**2 - 2*0.8*RDWY(I,4»**(1/2» 
SI(1,3) = 81(1,1)/2 
SI(I,4) = 10 

C 
GO TO 100 

C 
C SIGNALIZED ROADWAYS 
C 

20 SO = 3600/(3600/RDWY(I,3) + 12.5*RDWY(I,5» 
SIGNAL = RDWY(I,5) 
IF (SIGNAL .GE. 5.5) GO TO 40 
FN = -0.067*SIGNAL**3 + 0.781*SIGNAL**2 - 3.2232*SIGNAL 

C 

C 

GO TO 50 
40 FN = 0.138*SIGNAL - 6.028 
50 CONTINUE 

SI(I,l) = SO 
SI(I,2) = so + 0.8*FN 
SI(I,3) = SO/2 
SI(I,4) = 5 

100 CONTINUE 
RETURN 

C WRITE ERROR MESSAGE 
C 

910 WRITE (6,30) 
30 FORMAT ('1',20X,'ERROR: SIGNAL DENSITY IS NEGATIVE') 

IFLAG = 1 
RETURN 

C 
END 

C 
C 

C 
C· 

C 
C 
//$DATA 

*** INPUT DATA FILE *** 
INDEXl= 3 CHOICE= 1 RDNUM= 3 MIN = 1 MAX= 3 INC= 1 

MINVOL = 1000 MAXVOL = 15000 STEP = 2000 
TOTAL DEMAND VOLUME= 2000.0 
NUMBER OF RDWYS = 3 

LANES DISTANCE SPEED CAPACITY SIGNAL 

RDWYl 3. 6.0 35. 400. 2. 
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RDWY2 
RDWY3 
/ (iI'END 

2. 
4. 

5.0 
4.0 

30. 
55. 

53 

600. 
900. 

5. 
a 





APPENDIX C 

54 





DEMAND= 

ROAD( 1) 
ROAD( 2) 
ROAD( 3) 

*** INPUT DATA *** 

INDEX 
CHOICE 
RDNUM 
MIN 
MAX 
INC 
MINVOL 
MAXVOL = 
STEP 

2000. 

LANES 
3. 
2. 
4. 

1 
1 
3 
1 
1 
1 

1000 
5000 

100 

NUMBER 

DISTANCE 
6.00 
5.00 
4.00 

OF ROADWAYS= 3 

SPEED CAPACITY 
35. 400. 
30. 600. 
55. 900. 

***** OUTPUT OF SIMULATION ***** 

SIGNAL 
2. 
5. 
O. 

SYSTEM VOLUME= 2000. SYSTEM viC RATIO= 0.33 

SYSTEM TRAVEL TIME= 4.80 

VOLUME CAPACITY VOLUME TO CAPACITY RATIO 

ROAD( 1) o. 1200. 0.00 

ROAD( 2) o. 1200. 0.00 

ROAD( 3) 2000. 3600. 0.56 
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DEMAND= 

ROAD( 1) 
ROAD( 2) 
ROAD( 3) 

*** INPUT DATA *** 

INDEX 
CHOICE 
RDNUM 
MIN 
MAX 
INC 
MINVOL 
MAXVOL 
STEP 

2000. 

LANES 
3. 
2. 
4. 

2 
1 
3 
1 
3 
1 

1000 
5000 

100 

N'UMBER 

DISTANCE 
6.00 
5.00 
4.00 

56 

OF ROADWAYS= 3 

SPEED CAPACITY 
35. 400. 
30. 600. 
55. 900. 

SIGNAL 
2. 
5. 
O. 



***** OUTPUT OF SIMULATION ***.* 

SYSTEM VOLUME= 2000. SYSTEM VIC RATIO= 0.61 

SYSTEM TRAVEL TIME= 14.14 

VOLUME CAPACITY VOLUME TO CAPACITY RATIO 

ROAO( 1) 838. 1200. 0.70 

ROAO( 2) O. 1200. 0.00 

ROAO( 3) 1162. 900. 1.29 

***** OUTPUT OF SIMULATION ***** 

SYSTEM VOLUME= 2000 .• SYSTEM VIC RATIO= 0.48 

SYSTEM TRAVEL TIME= 10.18 

VOLUME CAPACITY VOLUME TO CAPACITY RATIO 

ROAO( 1) O. 1200. 0.00 

ROAO( 2) O. 1200. 0.00 

ROAO( 3) 2000. 1800. 1. 11 

***** OUTPUT OF SIMULATION ***** 

SYSTEM VOLUME= 2000. SYSTEM Vic RATIO= 0.39 

SYSTEM TRAVEL TIME= 4.99 

VOLUME CAPACITY VOLUME TO CAPACITY RATIO 

ROAO( 1) O. 1200. 0.00 

ROAO( 2) O. 1200. 0.00 

ROAO( 3) 2000. 2700. 0.74 
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*** INPUT DATA FILE *** 

INDEX 3 
CHOICE = 1 
RDNUM = 3 
MIN 1 
MAX 1 
INC 1 
MINVOL 1000 
,",XVOL 15000 
STEP 2060 

DEMAND= 2000. NUMBER OF ROADWAYS= 5 

ROAb-t--
LANES DISTANCE SPEED CAPACITY SIGNAL 

1 ) 3. 6.00 35. 400. 2.CO 
ROAO( 2) 2. 5.00 30. 600. 5.CO 
ROAD( 3) 4. 4.CO 55. 900. O.CO 
ROAD( 4) 4. 5.50 45. 800. 3.CO 
ROAD( 5) 3. 5.00 50. 900. 2.00 
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***** OUTPUT. OF 

SYSTEM VOLUME= 1000. 

SYSTEM TRAVEL TIME= 4.56 

VOLUME 

ROAD( 1 ) O. 

ROAD( 2) O. 

ROAD( 3) 1000. 

ROAD( 4) O. 

ROAD( 5) O. 

***** OUTPUT OF 

SYSTEM VOLUME= 3000. 

SYSTEM TRAVEL TIME= 5.10 

VOLUME 

ROAD( 1) O. 

ROAD( 2) O. 

ROAD( 3) 3000. 

ROAD( 4) O. 

ROAD( 5) O. 

SIMULATION ***** 

SYSTEM viC 

CAPACITY 

1200. 

1200. 

3600. 

3200. 

2700. 

SIMULATION ***** 

SYSTEM vic 

CAPACITY 

1200. 

1200. 

3600. 

3200. 

2700. 

.~ ... ~ 
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RATIO= 0.08 

VOLUME TO CAPACITY RATIO 

0.00 

0.00 

0.28 

0.00 

0.00 

RATIO= 0.25 

VOLUME TO CAPACITY RATIO 

0.00 

0.00 

0.83 

0.00 

0.00 



***** OUTPUT OF SIMULATION ***** 
SYSTEM VOLUME'" 5000. SYSTEM viC RATIO'" 0.42 

SYSTEM TRAVEL TIME'" 8.66 

VOLUME CAPACITY VOLUME TO CAPACITY RATIO 

ROAO( 1 ) O. 1200. 0.00 

ROAO( 2) O. 1200. 0.00 

ROAO( 3) 3279. 3600. 0.91 

ROAO( 4) O. 3200. 0.00 

ROAO( 5) 1721. 2700. 0.64 

*****. OUTPUT OF SIMULATION ***** 
SYSTEM VOLUME'" 7000. SYSTEM Vic RATIO'" 0.59 

SYSTEM TRAVEL TIME'" 10.98 

VOLUME CAPACITY VOLUME TO CAPACITY RATIO 

ROAO( 1 ) O. 1200. 0.00 

ROAO( 2) O. 1200. 0.00 

ROAO( 3) 4181. 3600. t. 16 

ROAD( 4) 425. 3200. 0.13 

ROAD( 5) 2394. 2700. 0.89 
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***** OUTPUT OF SIMULATION ***** 

SYSTEM VOLUME= 9000. SYSTEM vic RATIO= 0.76 

SYSTEM TRAVEL TIME= 11.95 

VOLUME CAPACITY VOLUME TO CAPACITY RATIO 

ROAO( 1) O. 1200. 0.00 

ROAD( 2) O. 1200. 0.00 

ROAD( 3) 4362. 3600. 1.21 

ROAD( 4) 2167. 3200. 0.68 

ROAD( 5) 2471. 2700. 0.92 

***** OUTPUT OF SIMULATION ***** 

SYSTEM VOLUME= 11000. SYSTEM vic RATIO= 0.92 

SYSTEM TRAVEL TIME= 14.27 

VOLUME CAPACITY VOLUME TO CAPACITY RATIO 

ROAD( 1) 912. 1200. 0.76 

ROAD( 2) O. 1200. 0.00 

ROAD( 3) 4699. 3600. 1. 31 

ROAD( 4) 2775. 3200. 0.87 

ROAD( 5) 2614. 2700. 0.97 
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***** OUTPUT OF SIMULATION ***** 

SYSTEM VOLUME= 13000. SYSTEM VIC RATIO= 1.09 

SYSTEM TRAVEL TIME= 18.45 

VOLUME CAPACITY VOLUME TO CAPACITY RATIO 

ROAD( 1) 1081. 1200. 0.90 

RDAD( 2) 838. 1200. 0.70 

ROAD( 3) S091. 3600. 1.41 

ROAD( 4) 3060. 3200. 0.96 

ROAD( S) 2929. 2700. 1.08 

***** OUTPUT OF SIMULATION ***-* 

SYSTEM VOLUME= 1S000. SYSTEM VIC RATIO= 1.26 

SYSTEM TRAVEL TIME= 27.S1 

VOLUME CAPACITY VOLUME TO CAPACITY RATIO 

ROAD( 1) 126S. 1200. LOS 

RDAD( 2) 1158. 1200. 0.96 

ROAD( 3) 5400. 3600. 1.50 

RDAD( 4) 3715. 3200. 1. 16 

ROAD( 5) 3462. 2700. 1.28 
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APPENDIX D 
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Mai n P rog ram 

CHOICE - Variable to Select the parameter to be varied during program 
exec uti on. 

DEMAND - System demand volume to be assigned to the system of roadways. 

INC Increment step size to vary the parameter values from 'MIN' to 
'MAX I. 

IFLAG - Flag variable to be set whenever an error condition exists during 
program execution. 

INDEX1 - Vari able to determi ne which of the three program segments to be 
executed. 

MAX - Maximum limit for parameter variation during program execution. 

MAXVOL - Maximum limit for volume demand variation during program exectuion. 

MIN Minimum initial value for the selected parameter during program 
executi on. 

MINVOL - Mi ni mum i ni ti al vol ume for vol ume demand vari ati on duri ng program 
executi on 

NUMRD 

RDNUM 

RDWY 

SI 

STEP 

TRDWY 

Number of roadways in the gi ven system. Maxi mum number of roadways 
is set to 10. 

Variable to select a particular roadway to be analyzed during 
program execution. 

Double dimensioned array of the size (10,5), which contains all of 
the characteristics of the system of roadways. 

Doub-( e di mensi oned array of the si ze (10,4), whi ch contai ns a 11 of 
the system i nflecti on poi nts of i ndi vi dual roadways in the system. 
Each roadway has 4 critical inflection points. 

Increment step size to be used while varying system volume from 
'MINVOL ' to 'MAXVOL ' • 

Vari able to hold system travel ti me calculated by the subrouti ne 
CALTT. 

VOLROO - Si ngle di mensi oned array of 10 elements to hol d the vol ume assi gned 
to each roadway calculated by subroutine RMODEL. 

VOLSYS - Copy of vari able DEMAND to be used as a temporary vari able. 

64 



Subrouti ne CALTT 

PARAMETERS USED ARE: 

IFLAG - Variable set to noti fy error condition to the main program. 

SYSTT - Holds the sytem travel time calculated in this subroutine. 

VOLSYS - Hol ds the val ue for system demand vol ume for ei ther si ngle 
travel time calculation on demand volume variation. 

VARIABLES USED ARE: 

DIFF - Difference between system demand volume and total volume 
allowed with gi ven system travel time. 

EPSILUN - 1% of the system demand vol ume used to termi nate bi nary 
search of system t rave 1 ti me. 

NUMRD Contains the number of roadways in the system. 

TEST - Mi d-poi nt of TH IGH and TLOW used as an i nte rmedi ate system 
travel time to calculate the system volume. 

THIGH - Extra copy of TMAX used duri ng the bi nary search of SYSTT. 

TMAX - Ini ti al mi ni mum system travel ti me set to 0 seconds for SYSn 
calculation. 

TIMIN - Initial maximum system travel time set to 1000 seconds for 
SYSTT calculations. 

no Ini ti al system travel ti me calcul ated by usi ng the crawl 
speed of the roadway. 

TT3 - Initial system travel time calculated by using the lowest vic 
ratio of the system. 

VOLUME Contai ns the maxi mum roadway vol ume allowed gi ven the system 
travel time. VOLUME is calculated in the subroutine TRIAL. 

VSUM - Maxi mum system vol ume allowed the gi ven roadway system. VSUM 
is calculated as 1.5* capacity volume of the system. 
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Subroutine TRIAL 

PARAMETERS USED ARE: 

TEST - Gi ven system travel ti me to be used to calculate the system 
vol ume. 

VOLUME - System volume calculated by usi ng the gi ven system travel 
ti me TEST. 

VARIABLES USED ARE: 

VOLROD - Array of 1U elements to hold the volume on each roadway given 
the system travel time. 

VROAD Contains the volume on the selected roadway caluclated by the 
subroutine RMODEL. 

VTEMP Temporary accul ul ati on vari able to sum the vol ume on each 
roadway to obtai n the enti re system vol ume. 

VROAD - Parameter used to pass the vol ume of a parti cul ar roadway 
calculated using the given travel time. 
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Subroutine RMOOEL 

PARAMETERS USED ARE: 

I 

TEST 

VROAD 

Parameter to select the particular roadway from the system of 
roadways. 

Parameter used to pass the gi ven system travel ti me for 
volume calculation. 

Paramete r used to pass the vol ume of a parti cul ar roadway 
calculated using the given travel time. 

VARIABLES USED ARE: 

C 

DIST 

FN -

LANES -

SO 

51 

S2 

53 

SIGNAL 

SPEED 

Tl 

Input per lane capacity value of a roadway system. 

Input distance between the origin and destination points for 
the selected roadway. 

Coefficent used for signalized roadway to calculate volume on 
the selected roadway. 

Number of 1 anes on the roadway. 

Coefficient used when vic < 0.8. 

Coe ffi ci ent used when 0.8 < vic 2. 1.0. 

Coefficient used when 1.0 < vic 2.1.5. 

Coefficient used at crawl speed. 

Si gnal density per mi le of the selected roadway. 

Posted speed on the selected roadway. 

Coefficient used to select the di fferent equations to 
cal cul ate the roadway vol ume. 

T2 Coefficient used to select the di fferent equations to 
calculate the roadway volumes. 

VOLMAX 1.5 * CAPACITY of the roadway used to guard agai nst overflow 
of the roadway. 
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PARAMETER USED: 

SYSTT 

Subroutine OTDATA 

Parameter used to transfer system travel time used to 
calculate volume. 

VARIABLES USED ARE: 

C 

CAPACITY 

NUMRD 

RATIO 

RODMAX 

SYSMIN -

SYSVOL 

VRATIO 

Capacity of the selected roadway. 

Array of 10 elements to contai n capacties of each roadway in 
the system. 

Number of roadways in the system. 

Ratio of demand and the capacity. 

Temporary vari ab"'e to hol d val ue of roadway vol ume duri ng 
execution, initially set to zero. 

System travel time expressed in minutes. 

Accumul ator vari able used to sum up all of the roadway system 
vol ume. 

Array of 10 elements to contai n vic rati 0 of all the roadways 
in the system. 
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Subroutine INDATA 

PARAMETERS USED ARE: 

IFLAG Used to indicate error condition in the input data. 

INDEXI - Used to transfer the value of INDEXI back to the main 
program. 

VARIABLES USED ARE: 

CHOICE - Vari able to select the parameter to be vari ed duri ng program 
execution. 

INC Increment step size to vary the parameter values from 'MIN' 
to 'MAX'. 

MAX Maxi mum 1 i mi t for paramete r vari ati on duri ng program 
exec uti on. 

MAXVOL Maxi mum 1 i mi t for vol ume demand vari ati on duri ng program 
exectui on. 

MIN Minimum initial values for the selected parameter during 
program execution. 

MINVOL MINIMUM initial volume for volume demand variation during 
program execution. 

NUMRD Number limit for volume demand variation during program 
execti on. 

RDNUM Select a particular roadway to be analysed duri ng program 
execution. 

STEP Increment step si ze to be used when varyi ng system vol ume 
from 'MINVOL ' to 'MAXVOL'. 

TLENGTH Total length of the roadway system used to calculate the 
average speed for the enti re system. 

TSPEED Total speed of the system to be used to calculate the average 
speed for the enti re system. 
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PARAMETER USED: 

IFLAG 

Subrouti ne CALSI 

Used to indicate an error condition, i.e., negative signal 
density. 

VARIABLES USED ARE: 

FN 

NUMRD 

RDWY 

SI 

Coefficient used for signalized roadway to calculate volume 
on the se 1 ected roadway. 

Number of roadways in the system used as upper limit for 
loop ite rati ons. 

Double di mensi oned array of the size (10,5), which contai ns 
all of the system roadway characteristics. 

Double dimensional array of the size (10,4), which contains 
all of the system i nflecti on poi nts of i ndi vi dual roadways in 
the system. 
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