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ABSTRACT 

The need for better traffic control techniques has significantly 

increased during the past few years because of the rapidly increasing 

numbers of vehicles in American cities. A modeling method for traffic 

simulation is presented which promises to be a valuable tool for pro

viding this needed control. This traffic simulation method is somewhat 

different from the usual queueing theory approach in that traffic simula

tion is realized by stepping vehicles through the traffic network system 

in accordance with pre specified driver response criteria. Modern 

control theory was used in implementing this method, thus rendering 

it adaptable to standard control systems theory for traffic control 

applications. A computer program was developed for this model in 

which systems programming techniques were employed to minimize 

memory and computer requirements. 
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CHAPTER I 

INTRODUCTION 

Widespread interest in better traffic control techniques has 

resulted in the past few years because of the rapidly increasing numbers 

of vehicles in American cities. A few cities including Austin, Texas 

have installed prototype computer controlled traffic signal systems. The 

control techniques employed by these cities are generally similar in 

that a predetermined traffic signal timing pattern is selected for use 

according to the time of day or in accordance with previously observed 

traffic conditions. Feedback control is not used as the basis for extend-

ing or terminating signal indications in real-time. 

This study describes a modeling technique which promises to 

be useful for traffic stmulation and on-line signal control. For this 

method, simulation is accomplished by stepping individual vehicles 

through a trafhc network system in accordance with driver responses 

to changing traffic and environmental conditions. Since the simulation 

can be used to predict traffic conditions, on-line simulation can then 

possibly be used as criteria for the selections of traffic signal control 

patterns or other control techniques. 

l. 1 Purpose 

It is the purpose of this study to develop a modeling method which 

can be used for implementing the step-through simulation technique.* 

Such a method and a computer program employing Boolean Algebra and 

>',c The idea of using the step-through approach for traffic simulation 
studies for this thesis was suggested by Dr. C. E. Lee, Professor 
of Civil Engineering and Director of the Center for Highway Research, 
The University of Texas at Austin, Austin, Texas. 



modern system programming techniques are presented. Traffic flow 

through a hypothetical intersection controlled by four-way stop signs 

is used to illustrate the method and to indicate the relative efficiency 

of the computer program. Results from a few randomly generated 

vehicles passing through the intersection are discussed optimistically. 

The next logical procedure before using the step-through tech

nique in traffic control systems should be comparing simulation results 

of this technique with actual traffic data. Such comparisons should be 

performed on the various most common intersection types. Upon the 

successful completion of such studies, the modeling method could be 

used for traffic simulation and control. 

The modeling method developed for the traffic simulation and 

control problem is not confined to this problem only, but could be used 

in a variety of other simulation and control situations. One such 

example is its use in missile range control count-down simulation for 

range scheduling purposes.
1 

The method also appears to have possi-
2 

bilitie s of being the basis of a problem oriented simulation language 

or its use with such a language already in existence. 

l. 2 A Brief Summary of Current Simulation Techniques 

The majority of traffic simulation models proposed up to now 

have been developed around queueing theory and statistics. Descrip

tions of many of these models are available in the literature. Refer

ence 3 provides a good summary of some of the more pertinent studies. 

Reference 4 provides a description of the uses of queueing theory and 

cybernetics in feedback traffic control systems. These studies have 

considered traffic simulation for the various types of traffic intersections 

as well as for freeway ramp and car following studies. 

Two simulation studies (References 5 and 6) were investigations 

in which the standard queueing theory approach was not employed. In 
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these, each individual car was considered and the various character

istic information cornputed for it as it proceeded through the inter

section. Reference 5 considered the two-way stop sign single inter

section. Refe renee 6 provided car following simulation. In the 

programs used for the model, however, program complexity, length 

and computer time become undesirable for its use in solving the multiple 

intersection network problem. The model developed in this thesis was 

set up so that this step-through procedure could be easily implemented 

for various and multiple intersection types with minimum memory and 

computer time requirernents. 



CHAPTER II 

MODEL DEVELOPMENT 

2·j~~-p~~s:~litation of some form of reality, devised' 

in an attempt to explain sorrie aspect of the behavior of this reality. 

T,});U-ft( iti sy:i:lthesizing a model we must first obtain or model as many 

thou-ghts as possible pertinent to the particular representation desired. 
, .... ~~~2.:-:~~;t[~'l'~~~ .. ~~~,~~· .... --.. ~ "· -, -· ' . ' 

j\~:tb:e limited complexity of that part of reality which we are . -~ ~·.{:\· . ·. . . . 

~tt~fripting to understand, we are able only to select a finite number of 
,'• '· ·. '·.' 

~pr~ a~stractions or concepts. Hence our model can never replace 

a~ explain all possible behaviors of realitY,"',J.nc~ f.b-st, our thoughts 

are but abstraction r~~l:i~f, jltU.i ·Secondly, these abstractions are 

only a finite subset of a possible infinite number. 

Before condemning model development, however, we must 

recall that it is currently the only technique available for simulating 

or predicting reality and has been used successfully throughout the 

gamut of disciplines. For this reason, it will be employed for predict

ing traffic behavior. One should, however, be continually aware of the 

limitations of models, the traffic network model described herein being 

no exception. 

2. 1 Traffic Network Model 

,;~'~!~~!:e~ ab&ve, the usefulness of a model is dependent largely 

upOft· .. hew well one has characterized the reality of interest. The 
. . . ' ' . 

development of traffic flow network simulators or models has taken 

various forms as noted in Chapter I. The technique employed in this 

thesis is somewhat different in thatitj;~~~pthas beet?- made to simulate. 

o:t".; ~,no~l the actions taken by the driver of each vehicle in the system as 

t~e vehicles move within a street network. ;;j'tllli is •ecomplished by 
' .-. .~."~ .. 

fi,tst pt~s.pecifying what the driver's actions will be in response to several 

4 



sets of inputs that' are available to him concerning the roadway and 

traffic situation.t;
1

'the driver actions are then determined for each 
:;_,>; 

particular combination and for each increment of time. Thus, by 

stepping each driver through the traffic network system, network 

traffic flow can be realized. 

To form·ulate this technique the following approach was taken: 

first, a traffic network system was defined as a network of various 

types of traffic intersections (i.e., four-way stops, two-way stops, 

signal-controlled, etc. ), each with one or more lanes per approach 

(see Fig. 2. 1 ). Next, the set of n inputs required by the driver while 

stepping through the system and the set of m driver responses were 

defined as the driver input set and driver response set, respectively. 

The set of decision response functions was defined as that set of functions 

which associates with each of the possible 2n evaluations of the input 

set a value from the driver response set;. see Fig. 2. 2. 
n 

There are 2 

possible evaluations of the input set, as each input variable of the input 

set has only two possible values, i.e., yes or no. A second set of 

functions denoted as the intersection functions associates a particular 

set of driver inputs and driver responses to the physical characteristics 

of an intersection type> A set of intersection types completely describes 

a network system. 

Some typical vehicle inputs might be: present speed, desired 

speed, and questions such as "Is the vehicle at the intersection," or 

"Is the vehicle stopped.11~ Some typical driver responses are: stop 

vehicle, increase speed, decrease speed, turn right, turn left, etc. 

Since a particular driver response is determined by a set of yes/no 

driver input combinations, the response function may be expressed in 

a standard computer flow chart form. The network system could thus 

be expressed by all such intersection flow charts. Because of the way 

5 
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t,:iich 'intersection type rnay· be expressed as a Sdtn of prochcts (or its 
·, ::>-',; 

dual, a product. of st{)11·S) of the driver input variables '5'fi~i~al decision 
)l ,' 

~~;~ns~.·function might be: 

where 

Ji.;. = xl x2 + x3 x4 

- . 

~~·~~iA1il~.,,~~;;,W1'<'.~~9,,fjl~ .Proximity 
.;~r:;~';;\{~Ji£'·;:(" ~,;,; ·:~·· ,:;,9:·~~@1-'i~;c;, o'' ~~"' ,; 
x·~"-'''ttdl:''at'ae~i:r~a;·spee-d 

'*;.,z: 'V:ehicle at intersection 
~"·'.JI 

x4 ::;·,l,1~s't vebicle at intersection 

A = accelerate vehicle 

{2. l) 

,~{~~tfes$•irl;g these functions in Boolean Algebra, the standard rules 

r~~a.r.(iin:g Boolean simplification apply. 

Figure 2. 3 depicts symbolically the traffic network model. 'As 

:~j':,J~):e.,.J)P:ted in this figure, vehicles enter the network system at the 
.. ~~~s':""~\"'":~~&:·. , - ~ ;· .. -...... . 

~-~ij~~~~ SJ>eed, lane approach, and time. Then the appropriate response 
' . '::·\: _; -:;''- .. ·.") :·- ·- .. · . ' ~ . ' . . . 

is determined; that is, accelerate, decelerate, etc., via the driver 

res,ponse functions. ''~'e ~lie proper responses have been determined, 

the Ye-nicle IS new ~'ii: ~:;~j.'El~t/ '·~~;~:.· :tat ion 
·'.::··'··" !' . ' 

,:.·,>: ~ ' ··-- """" ,. ,,,_ .. , 

c~:&u~s.:;a;.a the vehicle is stepped through the network in accordance 
' ~" ~ - . ' '' . '' ' 

w;~~::·~:pre;specified flow. When the vehicle reaches the edge of the 
.. ·"»',·'· '"'" .•.. ·:, ~':,:9/'·:"'·/./J~·;·\, -·~·: . . 

netw:o~~:sy:stem it is logged out of the model. By observing this process 

for selected vehicle speeds, directions, and time combinations, traffic 

flow through the network model is realized. 

In the section which follows, the four-way stop, single inter-

section network will be considered. 

8 
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2. 2 Four- Way Stop Single Intersection Network 

Consider a four-way stop, single lane, single intersection network 

as depicted in Fig. 2. 4. For the particular system shown, vehicles 

enter the system 450 feet before reaching the near side of the intersection 

and exit 450 feet beyond this point. These dimensions are, of course, 

completely arbitrary and may be selected to describe a particular inter-

section of interest. The intersection accomodates one lane for each of 

the four directions - North, South, East, West - with stop signs on each 

approach lane at the inter section. 

~N~'Ir,..·"Way liltop intersection, as the name implies, requires 

tl)L~t. a}l vehicles stop before entering the intersection. The decision to 
·' :. -'.. . .· .~- . 

·Pl:'~c:e,ed. into the intersection is then based on the particular traffic laws 

of the G>ity or state where the intei·#~cm is located. The rules or laws 
. >,.--,,. · .• · • 

sEtlected for 'the four-way stop model being described are those recom

mended by the National Committee on Uniform Traffic Laws and Ordi

nances, and are similar to those applicable in the state of Texas. These 
7 

rules may be stated as follows: 

a) nWhen two vehicles approach or enter an intersection from 

different highways at approximately the same time, the driver of the 

vehicle on the left shall yield .~rj:$gl}t-of-way to the vehicle on the right." 
,,·:·_t·-~ti~:-~::;;.;~"'i~~"""~' .. : ',· . . 

b) "The driver of a vehicle intending to turn left within an 

intersection or into an alley, private road or driveway shall yield the 

right-of-way to any vehicle approaching from the opposite direction 

which is within the intersection or so close thereto ~s to constitute an 

immediate hazard." 

c) "Except when directed to proceed by a police officer or 

traffic-control signal, every driver of a vehicle approaching a stop inter

secti.on indicated by. a stop sign shall stop at a clearly marked stop line, 

but if none, before entering the crosswalk on the near side of the inter-

10 



NORTH BOUND 

-

t 
1900 

I 
I 

I 
j480'--~-----

WEST ,._ ______ I ___ +--__ ~ EAST 

BOUND I BOUND 

450 ---+ 
p 1445 ..a.. 

I 
I 
I 

~'t I 

/NUMBERS INDICATE POSITIONS IN 
O / EACH LANE FROM 0- 900 

(IN FEET) 

SOUTH BOUND 

FOUR- WAY STOP INTERSECTION 

FIG. 2.4 
ll 



E!(e~tion m~, if none, then at the point nearest the intersecting roadway 
:-~·*~~'". ·," < ' ; • , ' • '. '·, 

V{;l'l«J:e .the .driver has a view of approaching traffic on the intersecting 

roadway before entering the intersection. After having stopped, the 

driver shall yield the right-of-way to any vehicle which has entered 

the intersection from another highway or which is approaching so closely 

on said highway as to constitute an immediate hazard during the time 

when such driver is moving across or within the intersection." 

These rules are used in the model to govern the driver as he 

steps through the inter section. By flow- charting the driver 1 s actions 

as he transverses the network system, the decision response flow chart 

is generated. In developing this chart, the vehicle input and response 

sets are defined. Figure 2. 5 depicts the decision response flow chart 

for the four-way stop. Table 2. 1 lists the necessary driver inputs and 

driver responses used by the driver as he transverses the network system. 

As noted, ·~:i!~~ee 'l'espons~s at-e a.c.tually required by the driver, 

n~rnely, increase, decrease, or maintain speed. 

~";ftt:h~ vehicle, the vehicle speed is simply decreased until 
~.'~~~-. ,.-, .. 

it·S. s.peed is zero. Similarly, when the vehicle is stationary, movement 1s 

initiated· by increasing velocity. 

Tq:f::!Ung movements are not considered responses by the model 
·' .. _.,' ' 

but part of the predetermined vehicle path. (·that is, when a vehicle 

e'nte.f,s,the system, the driver destination has been prespecified as a left 

turn, right turn, or straight through movement. Then, as the vehicle is 

stepped through the network, if a turn is specified for that vehicle, it is 

automatically initiated as he follows the appropriate movement flow path. 

Also indicated in both the vehicle input set and the decision 

response flow chart are the inputs, vehicle less than, greater than, or 

equal to critical distance. :1\~: ~r.i.tical distance criterion is perhaps the 

most sensitive of all vehicle characteristics and certainly one of the more 

12 
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TABLE 2.1 

VEHICLE INPUT AND RESPONSE FOR FOUR- WAY STOP 

Driver Inputs 

Distance less than critical distance 
Distance equal to critical distance 
Distance greater than critical distance 
Vehicle in intersection 
Vehicle exactly at intersection 
First vehicle exactly at intersection 
Right turning vehicle 
Left turning vehicle 
Straight thru vehicle 
Vehicle at desired speed 
Vehicle less than desired speed 
Vehicle stopped 
Car on right 
Car on left 
Car straight ahead 
Car on right exactly at intersection 
Car on left exactly at intersection 
Car straight ahead exactly at intersection 
Car on right right turning 
Car on right left turning 
Car on right straight thru 
Car on left right turning 
Car on left left turning 
Car on left straight thru 
Car straight ahead right turning 
Car straight ahead left turning 
Car straight ahead straight thru 

16 

Driver Responses 

Increase speed 
Decrease speed 
Maintain present speed 



difficult ones to model realistica~: The term critical distance as used 

in the model is defined as that distance which is required to stop or slow 

the vehicle sufficiently to prevent it from colliding with an adjacent 

vehicle or object. ; Thus, when the input, vehicle less than criti~l 

distance, is true, the model should slow the vehicle~t"l'he ~ount of 

slowing or decelerating is important since insufficient deceleration will 

result in a collision, and too much might result in oscillation about the 

proper critical distance as the driver tends to over-correct. 

Appendix 2 provides a description of the critical distance criterion 

and associated deceleration rates. Briefly, the critical distance function 

was obtained by first establishing a relation between acceptable decelera

tion rates and vehicle velocity. Once this function was found, it was 

then used to express the distance required to stop the vehicle as a function 

of the vehicle velocity. 

Vehicle acceleration is also important although not as critical 

as deceleration since the risk of a collision is very small for reasonable 

rates of acceleration. :\For the model, vehicle acceleration is always 

assumed fixed at 2 ft/sec
2

; however, it can be related according to some 

other criterion. 

An accurate traffic model will be quite sensitive to these accelera

tion, deceleration, and critical distance rates. To obtain better relations 

for these rates, one should compare predicted and actual traffic flows. 

Regression analysis or some sim.ilar technique can then be used to obtain 

more realistic relations for the class of traffic being simulated. 

The model operation is as depicted symbolically in Fig. 2. 3. 

Descriptive characteristics for a set of vehicles is first generated by 

specifying for each vehicle an entry time, speed, lane approach, and 

vehicle flow path. This set may be determined either randomly with 

certain characteristics such as turning direction or lanes biased according 

17 



to some observed or preestablished probabilities, or by other such 

means. Then at the appropriate time each vehicle is queued into the 

system model. Upon entry, the vehicle joins the other vehicles already 

in the system and the proper vehicle input set is generated. •r~'~a.ch 
~ '_,,..,.., ) ' 

~;~,iJl<:rem.ent, each vehicle is sequentially examined, first determin-

~g the appropriate dec,t~;~~:'i,$ponse from the vehicle input set in 

a.cs9rdance with the decision response flow chart of Fig. 2. 5, and then, 

a$ directed by this response, updating the vehicle input set. 

Chapter III describes the program written to characterize this 

model. Chapter IV then discusses some results of using this model for 

simulating traffic flow behavior for the four-way stop single intersection 

network with 100 input vehicles. 

2. 3 Multiple Intersections 

The network system described in the preceding section was for 

the four-way stop single intersection network. The procedure used to 

model the multiple intersection network of k intersection types is 

similar to that just described; that is, a set of k decision flow charts 

and the respective vehicle input and response sets are developed. ~icle 
·~: . 

··'t~Y information, however, must include, in addition to the entry 
·.·'., .. , ... ",.:···· ' ·. . 

,in1ortliation previously de scribed, the entry intersection and an expanded 

d~t·a;flow path which specifies the intersection combination sequence . 

. 'i;hen. for the model operations, the vehicle is simply stepped from one 

inte,rsection to the next as pre scribed by the data flow path until it leaves 

th~ network system •. :,:(~t~~p.cl3, .the ~ultiple intersection model is simply 

cotp.pOsed of multiple single intersection models or subsystems. 

18 



CHAPTER III 

PROGRAM DESCRIPTION 

The basic concepts for the traffic network model were discus sed 

in Chapter II. This chapter describes the computer program developed 

to realize these concepts. The program was written in the FORTRAN 

language for execution on a Control Data Corporation 6600 computer. 

Once a model has been developed, the implementation or realization of 

such a model by a computer program can be difficult, if due consider

ation is given to program costs. Program costs are directly propor

tional to such requirements as memory size, computer time, input/ 

output, and program usage. For a multi-processing environment char

acteristic of the CDC 6600 computer system, additional consideration 

must be given to program throughput. Typical of all such environments, 

storage needs should be minimized to permit a more adaptable program 

for loading requirements. It should also be noted that core memory is 

almost always a sensitive constraint with the increased usage of the 

"mini" computer in control systems . 

. ltt con~ideration of the above points, the traffic network program 

described in this chapter was developed in accordance with the following 

criteria and in the order specified: 

(a} program flexibility 

(b) minimum memory requirements 

(c} program structure and usage 

(d) minimum central processor or raw computer requirements. 

3. l Program Structure 

The program structure is similar to the model structure depicted 

m Fig. 2. 3. Figure 3. l illustrates the general basic traffic network 

program. As shown in this figure, there are four major subsystems, 

19 
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the vehicle stack, the decision processor, the vehicle identification 

update, and the network summary (the term subsystem and subroutine 

are used synonymously throughout this chapter). 

The stack is ~s~d to maintain all vehicle identificati~{,, It con

tains primarily two wo'rd types for each object (vehicle, stop sign, or 

input/output dummies) in the systen;ll' The first word type, vehicle 

parameter identification, contains characteristic information of the 

vehicle needed for computing position, speed, direction, etc. The second 

word type, vehicle variable in'formation, contains all the Boolean input 

variables as required in computing the decision response functions. Thus, 

the vehicle variable information word contains the vehicle input set 

described in Chapter II. T,'he decision processor subsystem computes the 

proper driver responses from the Boolean decision response functions 

and the variable information words (vehicle input set). 

The vehicle identification update subsystem uses the response 

set (consisting of only on~ element for the four-way stop, i.e., increase, 

decrease, or maintain speed) to compute the vehicle's new position, 

speed, and direction~. The new set of vehicle input variables is then 

generated by this subsystem in accordance with the new computed parame

ters. If a. vehicle's new position falls outside the system, the vehicle 
' ,' ~~ 

is taken from the stack and its exit from the model is noted. 

The network summary subsystem provides selectable vehicle 

summary printout for either indivitiual or gross summary data. The four 

subsystems are thus utilized in the program as each vehicle is processed 

for each time increment by the program. 

As indicated above, the program structure was developed in an 

attempt to maintain the four constraints of flexibility, memory, usage, 

and computing requirements. Program flexibility was considered to 

be of prime importance since a useful program must be adaptable to 

21 



multiple vehicles with various characteristics traveling through multiple 

and dissimilar intersections. Because of this, the input and decision 

re spouse set concept developed in Chapter II was employed. Each new 

intersection type or vehicle type is specified completely by these two 

sets. Solution of the Boolean decision response functions are then 

easily found by the AND computer operators.
8 

:· .. ~:.:.;·~;~,~~~~;·,m.eqlory 

req.uit-em.ent is maintained by using single words to contain several 
.. ~. ~ -~ 

characteristic parameters and the vehicle. il'l:put information (see Program 

Tablres in Appendix 3~ This ~~~ accomplished somewhat at the expense 

o!~O,:~~u;t~ time as shifting in'1~tbRTRAN is achieved by the 2 ±n com-
. : ' ... ~ . ' ·, .. ~:, 

putafio~-~~~:e~, an assemble language routine for shifting would 

render this expense neglig~~ ·'£hereby considerably reducing present 

compU:ter time requirementf'~ 

so specifying the many vehicle 

' ~ '< I .!• ' ·-... 

~4tttttition to reducing memory needs by 

input variables in one word, the computation 

of the' Y~gi~al decision response functions required very few instructions 

(a~e dec.ision processor subsystem description and Appendix 4).(Easein 

program usage was maintained by the procedure used to in~\-the vehicle .. ,-,:-

·~·-· ... , .· ,, 
characteristics and the decision response funct 

:~;.e.s:pPl'lse functions are read into the program in the 'Standard Boolean 

sum prod~ct representation (see Appendix l ). Minimum .C:t?mputing re

quirem,e.nts .were then observed after the above items were exploited. 

Following is a detailed description of the four primary subsystems 

in which these constraints become more apparent. 

·~·,· ,:.,, .'.:et· •''fi. :mdi '~ "\R-4 
' ... ., __ ·' . ,( 

As indicated above the stack is u$,ed te maintain vehicle identifi-
·Jf. 

cation and consists of two word typ~~r vehicle characteristic information 

attc ve'hicele input information. For each vehicle in the system two entries 

of each word type are made. Appendix 3, Table A3. l, provides the 
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information contained in each entry of each word type. As specified in 

this table, IVCH and IVCHl contain the vehicle parameter information, 

i.e., speed, position, etc. IVEH and IVEHl contains the vehicle input 

information. As noted in the vehicle input words, IVEH and IVEH l, 

two bits are used to specify each input variable. These bits are used 

as follows: 

00 = not applicable 

(H = variable true 

to z val'iable not true 

11 = not used. 

As will be discussed in the Vehicle Identification Update Section, 

the stop signs, and dummy input I output objects also contain stack 

entries. 

Four stack entry types are used in the model, namely the vehicle 

entry, the stop sign entry, the intersection input entry and the inter

section output entry (dummy input/output objects). 

Each entry has the above two word types assigned to it, although 

only the vehicle entry has need for all the information contained in these 

words. The other three entries use primarily the object position 

parameter and the nearest object index (see Vehicle Identification Update 

Section). The stop sign entry is used to indicate the stop sign location, 

i.e., position and approach. The intersection input entry, referred to 

as a dummy object, is used primarily so that the proper nearest object 

can be assigned to the proper vehicle as it enters the intersection.",, The 

intersection output entry is also referred to as a dummy object and is 

used to indicate the end of the intersection for system exit operations 

or in the multiple intersection problem, for entry into the next inter

section. 
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3. 3 :-~~~G~ Processor 

The decision processor subsystem cpmpute.s the proper driver 

response in accordance with the decision response functions. As 

discussed in Chapter II, an intersection is described by the set of driver 

inputs and driver responses which are characteristic of a particular 

intersection. 1~: decision processor examines all input combinations 

associated with a particular response, and if the proper combinations 

of inputs are true, the associated response is indicate 

~~¢'$ii~n !',esppnse function is a Boolean function, the following technique 

w~$ employed to process this response: 

Each driver response is first expressed m a sum product form. 

Two computer words are then used to contain each product term, where 

each variable is expressed by a two bit code as follows: 

00 = "don't care" 

01 = true condition 

10 = not true condition 

11 = not used. 

The set of all such word product terms then describes the response 

function and all such sets describe the intersection type. 

j~.c;J:t single product term or t~,:~w~rd group is then ANDed with 

t".lie inp~~ se~~i ;'If the resulting ANDed word group is identical to the 
·:,;-.~:r 

product term, the response is set true; Accerdingly, if all terms are 

not true, the response is set false. 

i~i.s'operation continues until all response functions have been 

ex~~~te-L,The Boolean sum product functions are read in as system 

decisi<m response data cards, one product term per card. Appendix 4 

provides the input card images for the four-way intersection. As may 

be noted from these cards, the response number corresponding to the 
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bit location within the response word (used by the program) is specified 

for each product term. All card images containing the same response 

number constitute the total sum product Boolean expression. Figure 

3. 2 depicts the first two card images corresponding to the distance less 

than critical distance flow path of Fig. 2. 4 in Chapter II. The two 

Boolean terms expressed by these card images may be written for the 

increase speed response as 

( 3. l) 

and for decrease speed response as 

( 3. 2) 

where 

= vehicle at de sired speed 

= vehicle 1s speed greater than desired speed 

= vehicle in intersection 

The 2 1 s in columns two and three and the 1 in column six repre

sent equation (3. 1 ). The 10 in columns thirty-one and thirty-two specify 

the increase speed response. Similarly, the 2 in column six and 12 in 

columns thirty- one and thirty-two of the second card represent the 

decrease speed term of equation (3. 2) and, in fact, for this case, the 

total decrease speed Boolean expression. The increase speed term, 

equation (3. l ), was necessary to initiate movement from the stopped 

position five feet in front of the stop sign (near side of the intersection) 

or nearest object. Starting movement was initiated in this way since, 

for the four-way stop single intersection example, all cars accelerated 

at the same rate. Hence, the only time the distance to the nearest object 

is less than the critical distance for the intersection is when the nearest 

object is a stop sign. These responses are set only when either 
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equation (3. 1) or (3. 2} is true. The decision processor subsystem thus 

compares each of the system decision response function cards with the 

vehicle input variables and sets the proper response. 

3. 4 Vehicle Identification Update 

The identification update subsystem is the largest of the four sub

systems. It performs the following five major functions: 

(1) Computes the new vehicle speed and position in 

accordance with the specified response and proper acceleration/ 

deceleration value; 

(2) Determines the nearest object; 

(3) Places the vehicle on the proper lane if turning has 

been specified; and, if the vehicle is at the intersection, deter

mines the new nearest object, if necessary; 

(4) Computes the new critical distance; 

(5) Updates the vehicle characteristic word and vehicle 

input word (new driver input set). 

The identification update subsystem computes the new vehicle 

speed according to the standard speed acceleration equation; i.e., 

where 

s = s + a6t 
0 

s = new vehicle speed 

s = old vehicle speed 
0 

a = acceleration 

6t = time increment 

( 3. 3) 

The acceleration, a, is zero for the maintain speed response, 
2 

2 ft/ sec for the increase speed response, and 

2 
[+(6./400.)d-6]ft/sec, 
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f~J,r }'h:e decrease speed response, where d = distance to nearest object. 

'Glte the vehicle's new speed has been determined, the standard 
.... ''¥~· .-, ' 
·-.-_·' 

equation for computing position is used for determining the new vehicle 

~-sition, i. e. , 

where 

p = new vehicle position 

p = old veh:icle position 
0 

s = vehicle sp~ed 

~t = time i:n:crement 

(3. 5) 

:Jl,o determine the vehicle 1 s position relative to the other vehicles, 

as well as to the s~o~,signs within the system, the nearest object's 

stack index is continually updated by each stack ent:t:i~ As each vehicle 
...,,l·~ 

~· ,,. ·JI' • 

is processed by the identification update subsystem, the nearest object 

index is extracted from the vehicle characteristic information word, 

and the distance to this object computed. Hence, each object (vehicle, 

stop sign or dummy input/output object) c. ,-~~'eps track of the 

near.;tst object immediately ahead. 

~ci:s1iim.g may be accomplished as follows (for the four-lane 
~ .... , . 

intersecti<m example only stop signs and dummy input/output objects 

are passed): 

Let A be a vehicle or dummy output object 

B be a stop sign 

C be a vehicle and 

D be a vehicle or dummy input object where the initial 

positions are A > B > C >D. .ThEm, in order for vehicle C to pass stop 

sign B, 
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(i) the nearest object A of B ts found and assumed by 

C as its new nearest object; 

(ii) B is given C as its new nearest object; 

(iii) the pass indicator in vehicle C 's characteristic 

information word and the index of the vehicle's old nearest 

object index B (''Pass" and "Object Index for Pass 11 entries, 

IVCH, Appendix 3) are set. 

When Dis processed, its nearest object is found by first checking 

for the pass flag of its old nearest object C. If this flag is set, the new 

object index, B, is extracted from the proper entry of the character

istic information word and used as the new nearest object. The pass 

flag is then cleared. 

When passing a dummy input object, the same procedure is used, 

where A is a stop sign or a vehicle, B is the input object, and C is the 

vehicle (Dis not used). As the nearest object of B is found, the pass 

flag is always checked first. When exiting from the intersection, that 

is passing the dummy output object, the above procedure is once again 

employed. In this case A is the dummy output object, B the vehicle, 

and C a vehicle or stop sign. The vehicle exiting is kept in the stack 

(although no longer processed) until the pass indicator is cleared or the 

object that was directly behind it, C, extracts the proper nearest object 

index, A. 

Turning movements are initiated in the model when the vehicle 

passes the stop sign in the intersection and, at such time, the following 

procedure is used: 

(i) The stop sign on the vehicle's right (left), depending 

on whether a left (right) turn had been indicated, is found and 

its nearest object determined. 
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('i:i:) This· nearest object is tnen used as the new nearest 

object for the turning vehicle and this vE:hicle in turn is selected 

as the nearest object of the strJp sign. 

(iii) The pass fla-g anq. the vehicle's old nearest object 

are set in the pass procedure above. It should be noted, however, 

that in this instance two objects, the stop sign and the object that 

was immediately behind the vehicle, are both referencing the 

same nearest object, that is, the vehicle. Thus, the stop sign's 

ignor'f'! pass indicator in its characteristic information word 

IVCH, Appendix 3) is set so that the other referencing object 

may obtain the correct nearest object. 

(iv) The turning vehicle is placed m the proper lane five 

feet behind the end of the intersection, if a right turn was 

indicated, or ten feet in front of the beginning of the inter

section, if a left turn was indicated. 

Objects on the right, left, or straight ahead of a vehicle are 

determined for the turning process and for updating the vehicle input 

information word (driver input set) as follows: 

The four lane directions are indicated by 2 bits, where 

00 = 0 = Noroth bound 

01 ::: 1 ::: East bound 

1 0 = 2 :::: South bound 

11 = 3 = West bound. 

Table 3. l lists the four directions and the respective immediate 

right, left, and straight ahead directions. Equations (3. 6)- (3. 8) below 

are used to relate these immediate directions to the vehicle's direction 

as specified in the table. 
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TABLE 3.1 

VEHICLE - DIRECTION RELATIONSHIPS 

Direction of 

Vehicle Immediate Object 

On On Straight 
right left Ahead 

00 (North) 01 11 10 

01 (East) 10 00 11 

10 (South) 11 01 00 

11 (West) 00 10 01 
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where 

~~:~right: 
~~~~~·,, 

d . = (d + l) . AND. 3 
v r 

@.liject on left: 

d :;; 1d +. U . AN D. 3 1 t v 

Ql;>.j:ect straight ahead: 

(d .. + 2) . AND. 3, d <2 
sa sa~ 

d = 
v 

(d - 2}. AND. 3, d 3 = 
sa sa 

d = Direction of vehicle 
v 

d = Direction on right 
r 

dl = Direction on left 

d = Direction straight ahead 
sa 

.AND. = Boolean logical AND operator 

( 3. 6} 

( 3. 7} 

(3. 8} 

Computation of the new critical distance is found for each vehicle 

for each time increment. The critical distance is used by the decision 

response functions (see Fig. 2. 4) to increase, decrease or maintain 

speed, depending on whether the distance to the nearest object is greater 

than, less than, or equal to the critical distance, respectively. The 

critical distance, acceleration and deceleration criteria are closely 

related as described in Appendix 2 and are probably the most sensitive 

of all criteria used in the modeL.'''~ Consequently, these criteria. a.re the 

most likely to be used for adjustment to improve correlations between 

actual and predicted traffic Ho'if_Jieli~e-ih~'computations of these 

criteria are treated as separate independeJl,t.~ubroutines in the program. 

Th~-·~:ritical distance function for the example is computed from the 

ellipse equation (see Appendix 2 ). 

. 2 2 
C = -(A/B)*(B - V )+ H 

0 
( 3. 9) 
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where 

c = critical distance 
0 

v = relative velocity between vehicle and nearest object 

A = 395 

B = 48 

H = 400 

The vehicle characteristics and the input words in the stack are 

updated according to the new position, speed and model environmental 

conditions (positions of other objects in the system). These words are 

then used for processing during the next time cycle. 

3. 5 Network Summary 

The Network Summary subsystem is entered once each cycle for 

each vehicle. Essentially it is used to provide selectable inprocess 

summary information for each vehicle or gross summary data for all 

vehicles during selectable time periods. The information provided for 

individual vehicles is as follows: 

(i) simulated model time, 

(ii) stack entry index, 

(iii) vehicle ident (selectable vehicle identification number 

from0-511), 

(iv) position in lane (feet), 

(v) direction as defined in previous section, 

(vi) turn type (0 = straight thru vehicle, 1 = right turning 

vehicle, and 3 = left turning vehicle), 

(vii) velocity (mph), 

(viii) IVEH and IVEHl stack words as defined in Appendix 3, 

(ix) IVCH and IVCHl stack words as defined in Appendix 3, 

(x) IY, driver response word, as defined in Appendix 3. 
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Gros.s information at selectable time increments provides the 

following summary printout by approach lanes: 

(i) simulated model time. 

(ii) average stop time delay for each movement (i.e., 

straight through, right or left) by turning movements. 

(iii) average time delay for vehicles equal to or less than 

x (selectable speed) mph for each movement. 

(iv) number of vehicles in system for each movement. 

(v) average time in system for each movement. 

In addition to the above information the program prints out 

several other individual and gross information types, although not in 

the network summary routine. However, since this information is 

summary data, it is presented in this section. This information is as 

follows: 

1. Vehicle input card image. .An. exact d~pli~ate of the 

vehicle input card image is provided each time an object is con

sidered for entry by the model. Accompanying this input informa

tion is the time increment for model term1nation (see Appendix 1) 

and the time the object is brought into the model for entry consid

eration. ·(Note that the object is not entered into the stack until 

its entry time is reached. ) 

2. Vehicle exit information. If this printout option is 

selected, each time a vehicle leaves the system the following 

information is provided: 

(i) vehicle identification, 

(ii) stack index, 

(iii) movement type as defined above, 

(iv) direction as defined above, 

(v) time of exit from the system. 
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3. Grand total summary information. At model termina

tion, the grand total of the gross summary information described 

above is provided if specified. In addition to this information, 

the actual time the system was used is also provided. 

3. 6 ~her Subsystems 

Several other subroutines are used in the program but have not 

been described. These routines were written only for ease in program 

development and will not be described here. Appendix 3 provides a 

short description of all routines in the program. 

3. 7 Multiple Intersection Considerations 

As has been indicated, the current program accommodates only 

the single intersection system. It can, however, be modified easily to 

solve the multiple intersection problem. The necessary changes should 

be made in the vehicle exit processing, beginning with statement number 

40, in CHAR, Appendix 5. At this point, the vehicle position and lane 

identification should be changed to place the vehicle in the proper inter

section. Of course a check should be included to see if all intersections 

specified have been entered and, if so, the normal system exit taken. 

The changes necessary for multiple intersection types are more extensive. 

However, the basic structure of the program was developed for the multi

ple intersection problem and these changes should be the add on type only, 

much in the same manner that additional stories are added to a building. 

Primarily, the stack information words must be augmented to include 

any additional parameters and driver input variables that are required 

for the particular intersection types (see multiple intersection descrip

tion, Chapter II). Then, the necessary logic must be added to update this 

information in the vehicle identification update subsystem. 
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CHAPTER IV 

APPLICATION IN TRAFFIC SIMULATION 

The program model developed and described in Chapters II and 

III can be used for traffic flow simulation studies for the single lane, 

single intersection four-way stop. Modifications to the program will 

make it possible to accommodate the multiple intersection problem. 

This chapter describes the use of the program for traffic flow simula

tion through a four-way stop intersection in which 100 randomly generated 

vehicles are entered into the system over a 23 minute time period. By 

following the program usage instructions described in Appendix 1, any 

de sired vehicle input combination can be specified for traffic simulation 

studies. 

Several example problems were run during program checkout, 

one of which will be described in this section. 4",tlt:wr~ progratth)~~s 
~~---~.,.,~·'o'~~,_f.,<tl!t!<,{.,;>;:· ~\,,<' 0 , ~··.:' '•: A 

00 

wr-itten in which the required characteristics of t't'r&·'V~'tri£t•s ~e'¥'e:i. ,1 

generated. As noted from the program usage instruction, Appendix 1, 

several parameters are required for each vehicle in order that they may 

be properly queued into the system. Table 4. 1 lists these parameters 

and the selection technique used in obtaining each of them. As indicated 

in the table and as may be noted in the summary information discus sed 

later, the direction selection was slightly biased due to the technique 

employed. As a result of this bias more vehicles were selected for the 

northbound approach than for the other directions. This, however, is 

quite realistic as in many cases one approach often accommodates more 

vehicles than the others. This is easily confirmed by observing early 

morning and five o'clock traffic conditions. The 100 vehicles were 

entered into the system over a 23 minute time period. The 100 vehicles 

used and the accompanying parameters are listed in Appendix 4 as input 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

TABLE 4. 1 

VEHICLE SELECTION TECHNIQUE 

Parameter 

Entry position 

Vehicle speed 

Desired speed 

Lane direction 

Nearest object index 

Vehicle length 

Object type 

Movement type 

Indent 

Time entering system 

37 

Selection Technique 

Constant at 0 feet 

Random 

Constant at 30 mph 

Random, northbound biased 

Same as lane direction 

Alternate selection between 
18 and 22 feet 

Constant at 0, for vehicle 
random 

Random 

Sequentially ordered 

Random monotonically 
increasing 



card images. The columns of information are in the same order as 

listed in Table 4. l. Thus, for instance, the first vehicle with an Ident 

of 1 entered the system at a time of 12. 3 seconds on a westbound 

approach at a velocity of 6 miles per hour. Similarly, the last vehicle 

with an Ident of 100 entered the system at 1302.4 seconds on a north

bound approach at 27 miles per hour. Table 4. 2 provides the results 

of the simulation run. Only the vehicle exit information and the grand 

total printouts were selected. As noted, the first vehicle left the 

system at 53 seconds and was under 10 miles per hour for 12 seconds. 

Similarly, the last vehicle left the system at 1336 seconds. The model 

terminated at 1403 seconds, approximately 100 seconds after the last 

vehicle entered the system (as specified in the data cards). The last 

vehicle traveled under 10 miles per hour for only 8 seconds, because of 

its faster entry velocity. It exited on the westbound lane after turning 

left off the northbound approach at the intersection. The grand total 

printout provides a summary of the number of vehicles counted into the 

system, the average stop time delay, the average delay below 10 miles 

per hour, and average time the vehicles were in the system. This 

information, as may be noted, is given by lane approach and turning 

movements. The actual tirne the system was used, 1275 seconds, is 

also provided for intersection study purposes. 

'. '• ., 

e to the number of intersec 

ty.pe. 
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TABLE 4. 2 

RESULTS OF COMPUTER RUN, 100 VEHICLES 
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TIME IN SYSTEM: 42o1nOOO STf'IP TTMF OFLAY: !o•lOOOO T!MF DEl AV F('P 'ii'><I\1 fS "''""" 1Q,00000''PH= 13. nnnnr 

VEHICLE LEFT SYSTEM !DENT: ~n ISle 13 TURN TYPF: 0 n!RFCTTON: 2 T!vf: <~4.~0000 

TIME IN SYSTEM~ 3~o00000 STOP TTME DFLAY: !oOOnnO TTM~ f'IFI AV Ff'l./ VF'"<IrLFS IINDFI-1 1 Q,OnnoO·•P'"<= 9,ononn 

VEHICtE LfFT SYSTfM !OFNT: ~1 ISTs 14 TU~"' TVPF: 0 DTI'IFCTTMI: ? Tl«F": 3Q4,'i0000 

TI~E TN SYSTEM• 14.00000 STnP Tl~E OEL~Y= 1o00()00 TTMf f)FI AV FOR "F..,JI"LFS liNf)<'R l n.nnonn"PH• 7.onnnn 

VEHlCI E LFFT SYSTFM TllFr•T= ~2 lSI= jf, TURN TYPr=: 0 f'{RF"CTTM·: n TJ,;F: ::1RI1.<;r•00n 
TIME IN SYSTEM= 16o0n000 STf'IP TT"F DFLAY: J,OOOOO TT~F flEI AY FOR VF'"'II"L~S I•'IDFR llloOnnOO"PH: 9,nnonn 

VEHICLE LFFT SYSTE'1 I OF NT: ?) lSI= !Q TURN TYPF:• () nTPI"CTTI'lN: < TI"'F• 404,nnnon 

TIMF. IN SYSTEM: :l">.onnno c;TM> r'"F f\FLAY: 1,onnnn T'"f flFI AY FOR VF"H 1 rL F S U"'flF o 1 o. onono•,PH= 9,nnoro 

..r::-
I-> 

VEHICLE LFFT SYSTF" lflF'ITc :>4 !51"' 13 TUR'l TVPf: 1 rqRF"CTTf'IN• 1 Tl"f• 43".~noon 

TIME TN SYSTEM: 44.01)000 <;Tf'IP TI"F OF:I_AY~ 1.ooono T!MF nFI AY Ff'IP VF..,ll"l FS "'101'0 10.0'1nno~PI-l: !7,noonn 

VEHICLE LFFT SYSTF" l[)FNT: ;><; rsrc 15 TUR"' TYPF: 0 ntRFCTTON: ? TIMf: 491.nnoon 

Tl,.E IN SYSTEM: ::n.onOC·O STI"P TTMF flELAY= 1o00fi00 TT"'F nr1 AY Fn" ""''"'I r-L F s IJNOFR lO.nf"'nO()~PH: A.nnono! 

VEHICLE LFFr c;vc;Tf" I DENT: ~ .. 1St= 17 TURN TYPI": 0 r·TPFCTTO''= r TT"F:= 4'14,nnoon 

TIME TN SYSTEM: <4.00000 STOP TTME OFLAY: 1.ooonn T!MF Of! AY FOP IJfH!rl FS L"IDfP 10,00000"PH: R.noiJnn 

VEHICLE LFFT SY~TF"' r 1 ,r • r = :>7 IST• !A TlJQN TYPI": 0 f\JPI"CTTMJ: n TI>"·F= c;n1,nonon 

TIME TN SY<;TE"= -~~. 'J rtdl:() C. T ()~o T"'F flf:LAY: !oOOonn TI'1F Dtl 4'( FOR """'I r-LF<; ll'!fl>F< lOoOnnOOI·"PH: 'l.nnonn 

VEH!CLf LFFT Sf~TF~ TDfNT: :>P !S!• 14 TUPM TVPF": 1 nyRFCTTON= < TtuFc ">17.00000 
Tl~E IN SYSTF:t•: 13oOilQOO STOP Th<( OFL~Y: 1oOOOnO TIMF f'F:Il\Y "0" VF"II"LE"S tJNr>I'P ]Q,oonOfl'·'""= 1. () n (' r, '1 

COLLTS!ON T~T= J'lT~A= 14 

VEHICI E LFFT SYSTf ,, TDhJT: ;oq ISJ= I" TURN TYPF: 3 "TRFCTTn"= < TI .. F: <;37,"00Ur 

TlME TN SYSTE~• 3ho0n0~~ STOR T!Uf DFL4Y: loOOOnO TTMF DElAY F"OR VFH!I"LFS IINDI'"P 1 o,n~nOi'l"•PH: 9,nnonn 

VEHICI E LFFT SYSTF"N< !OF11T: 10 l5T= 14 TURN TYPIC: n I'!RFCTTf'\N: 1 TI~F:= 5SS,nnn0o 
TIME TN SYSTEM• 14oOnOOO ~Tf'IP TT~F OFLAY: 1o00nnn TTMF OEI ~y fOP VFHlrlES UNOFR Jo,nnnoO~PH: 1n.nnnnr 
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H'T SVSl~"' 'l)t 1 1 r ~ 
s·rSTEM-~ • '-l "' IJ i' p :t n ~, r nn 

'l:l y~.-; !.:.: ·\ 1 ·ru~t-j ryor = n 1 ~~' c-rrnr- = r' T!~··r-~ ;;;.n • .::..r:nOP 
TT"-.. F f)~! tY= fu,(ll\(jnn TfMC: !""'E! tJ.Y r-pp V~t-!Ir'lXr:, ;Nr)~O 10.0"1000~-PH: 

Vc11ICI E LFFT SYSTf•; TilE'• I= 1? TSI= 1 tJ TIJP'' T'P<': 3 ll_TP,CT1nN: ? TI,.F= <,;.,!,, 00000 

J3,nnor-n 

TI~E TN SYSTEM• •2•0nOOO STOP TTMf DfL~Y= ~.ononn TT~< nFt AY FOP VFHlrtFS UNOFP 10e0~000~PH= J~.nnonn 

VEHICLE LFFT SYSTF~ !Dt.NT: '' !51= 11'- TLH<N TVPF: 3 <·JRFCTTON= 'l TI•1F: C,R],C..OOUO 

TI"'E TN SYSTEM• "A.nnoon STOP T T ''f tlFI.AY: 1.nnonn TTMt: [1Ft AV FOR VFHTri.FS l'''DFP 1 n.onnno•"P'-'= H, nrJonn 

VEH!CtE LFfT SYSTFM lflH.•T: '14 I<;T• 15 TURN TVRF: 1 PJJ<FCTToN:: 1 TI••F= c:;q7,c;noon 
T!Mf IN SYSTE"'• 3fle00000 STOP TT~f DELAY: 1.oonnn TTMF PEl AV FOP VFHirLES IJNOP> 1 o.onooOJ·PH= 'l,ooonn 

VFHICtE LEFT SYSTEM !DPIT: <<; 1ST: 14 TURN TYPF: 3 nJRFCTTnN= 3 Tlf'E= 605,c;nooo 
TIME' IN SYSTEM: '14.onooo STOP TT"E OI'LAY: 1.ooonn TJM~ r.Ft AV FOR IJFH!r:LFS IJNDFR 1 o,onnoOJ,PH= e.nnonn 

\IEH!Ct E LfFT S'I'SH"1 TDF~!T: ., ... IS!= 13 TIJJ.IN TVPf': n f'IRFCTToN: n TP<F= ~,;:o3,c..noon 

TIME IN SYSTEM• "l3.onnno STOP T T•<F flFL~Y= 1.oooon TTMF [lrt AY FOP VF>-<lrt F<; UNOFP 1 o.nnnon••PH: 7.nnono 

VEHICLE LEFT SYSTEM I DENT: .... IS!= 17 TURN TYPF: ~ "TRFCTTo~= ~ ri .... F= !-4?.c;ooon 
TlMf IN SYSTE"• 31).ooonn STn>> TT'<f' [)FLAY: 1 .ooono Tl""F flEt AY FOP I!FHirLFS tJI\iOFP lo,nnooor-<PH= Q,onono 

VEHICLE LEFT SY~TFM !Df'JT: '17 IS!= 11'- TURN TYPE= 1 flTRFCTTnN: 0 TlMF: .,c;O,OOOOO 
TIME IN SYSTEo<: 43o0()000 STM' T''-'E DFL~Y= 1 .oonon TTMF I'Et AY FOP VF'-'lr'LFS UNO~'> 10,01\000"PH: !5.noonn 

VEH!Ct E LFFT SYSTE"" IOF"JT: <Q IS!: 14 TURN TYPF: 0 flTRFCTTON= 0 TT••f= -,o:;c:;,nonoo 
TIMF IN SYSTEf'• 14oOnOOil STIIP TYMI; [)fLAY= 1oOOonn TIMF OEI AV F'OQ VFHitLFS LJNOI'P Io.onooO"PH= A.ooonn 

VF:H!CtE LI'FT SYSTFM !DFrrT: 40 IS!= 13 TIJJ.II\i TYPF: n I'JR~'CTTn~•= 1 rt•.,F= ~,,q.c;.nnor 

TIME TN SYSTEM" 34·00000 STOP TT"'E DI':LAYa 1o00000 TTMF OEI AY FOP VnHrLI:"S lJN[)FP lo.onooo~oJPH: 7.noono 

VEHICLE LFFT SYSTFM !DENT: 41 IS Tc 18 TU~N TYPF: 0 flJ~FCTfn~•= ;> rr,..F= 6~'3.noooo 
TIME TN SYSTEM• ~6.Qn000 STOP TTME DELAY: 1·00(100 TTMf fltl AY F(IQ VEt-tirLFS IINIJFP \o. lnooo••PH= 9.ooono 

VEHICLE LEFT SYSTFM Il>~·,,·T: 4;> rsr= 15 TUR"' TYPFa 0 I'IRFCTTn~'= n TI•·•= ~,~e.c:;ooon 

TIME IN SYSTEM: ~5oOnOOO ~T(IP TT~f OELAY= 1 .oonno T!ME flEt AV FOP IIFHirLFS lt'JI)FQ ln.onooo><P><= Q,noono 

VEHICLE LFFT SYSTF" ltlfNT: 4~ !'51= 16 TUP~ TVPF: 3 I'IRFCTTnN: ? TI ··•= 70?,<;noon 
TIME IN SVSTEo<" ;c;.onooo <;TnP TT~E [)f"L~y,. l•OOnnn Tl..,f t'Et AY FOQ IIF><irt FS lt>tilFC 1 n.onnoo•·PI--4: Q.n'1nnn 

VEHICt E LFFT SYSTE~ lflfNT: 44 IS!= 14 TURN TYPf: 0 I'JRFCTTnN= n TlMf: 714.~0000 
TIME IN SYSTEM= ~S.onono STnP TTMF OFLIY= 1•00000 TI4F OFLAV FOP IIF'HlrLF~ tJN[lFQ lOoOOOOOuRH• 9.nnono 

VEHIClE LFFT c:;YSTF~ TO~'>tT: '" Tc;T: I R TIJQ~' TVPI': 3 l'fPOC(T!nN: :1 Tl•·E= 730,'i000P 
TI"'E 11\i SYSTE~: 1~. tl '· •l ,, I) srn~ T'"f' flfL A Y: 1onnono TT"'> Nt4Y FnR 111'>-<li"LE<; IJN[lFP lO•i>nnnO"'PH= 9,onono 

VEHIC1 E LFFT SYSTFM li>F•·T: 41, IST= 1"> TURt, TVP~: I 11!P>CTJn•J= n T I••F= 73'l • .,nooo 
TI..,E IN SYST£M: 15·0nuno c;ToP rr••r DEUY: 1. oor.nn TTMF OFt AV FOP IIFHlrLFS ti,J('!Fp 1 o. onnno••PH= Q,onono 



V!'HTCI E LFFT sv~Tfl' Tf\F,·T= 47 IS!= ]<l TU'>N TYPF: '''JRF("TTN·= < n··F= I4S.~'cr.oc 

TlMF: IN SvSTt"'= :>4ollP000 <,Tn<' '"'f ll>_L~Y= 1.noono TJM<" nFr AV Fr>P vFHlrtF'i ''~HJFP 1~.,,nr.nor•'-'H= R.l'\f'Or'lfl 

VEI-11Ci E L<"FT S1STF"1 l•l~'·T: 411 I<;T: ]4 TURN TVP<-": 1 ''l'<FCTTn"': 3 TJr·F: 71-4,n~00n 

TIMF IN SYSTFM: )J,On~~O 5TnF TTMF llFLaY: 1 ,()noon TT"F nEt AV Fr>P VFHII"\..F'S (lrH)I'"O lOo0n000"PH: R,ono~c 

VEH!Ct E LFFT SYSTI'·.; TfJFI\JT: 49 !ST= 17 TURN TVOF: l r]PFCTTr>"': 1 T!•·F: 77~,nnnno 
TIME TN 5Y5TE"'= "<:l.•h000 §Tr>D TT·•F [1fl AY: ],00000 TJt'F r>Ft AV Fr>P IIFHll"! FS IIN[11'p ]O.nn~OOt.•IJH: R.nnono 

VFH!Ct E LFFT SYSTf"' TrJf"-'T= o:;o tsr= \::1 TUI'<N TYPF': 0 r>yP>CTTr>ri: n TI"F"= 7<l4,nooon 
TI"''E TN SYSTE.I': :l4o0'l000 STOP TT'-'E OfU•Y= 1o00000 TTI'f nEt AV F'f1P VF'H!rLFS IINO>Il !OoO~OOOMPH: 1o.nooon 

VEHICLE LFFT SYSTEM TOfNT: "'1 1ST• 18 TURN TYPF: 1 'ITPF"CTTn\IJ: 0 TIM!'= R04,~:;onon 

TIME TN SYSTE,.,= 33oOn000 STflP TT~F" flFLAY: 1oOOO~Q THif !'t\ AV Fn~ VF'-<TI"LfS IINOFP lOoOOOOO'-'PH: R,ononn 

VEHICLE" LFFT SYSTFM lDF,tT: "" ISI" 15 TURN TYPF: 0 ~TAFCTTON: 1 T!wf: ~20,<;Q00n 
TI~E IN SYSTEM: ~4.0~000 STnP TT~f DEL~Y= 1·00(100 TT~f !'Et AY Fr>ll VP<Irt.FS ll'lfW'I lo.nnonnMPt-~= 7,nnonn 

VEHICLE LFFT SY5TFM IDF•H: c; :i IS!= 19 TLIP\IJ TYPF"c 1 !'JPFCTTr'l•t= 1 TI»E= "?s.o;onoo 
TI"'E TN SvSTE~<a 14.onooo STnP TT'-'E DFL~Y= loOOO~O TT"F nFI AV F"f1P VI'Hir'LES I"JDFR l0 0 0(IOOOOPH: lo.noonn 

-'=' 
VFHICLE LFF"T SY~TFM !DFNT: <;4 !Sl• 13 TURN TVPF: 0 nTPFCTTOM: 1 T!r<FIZ "3Ro'i000(1 

'..,.·.J T!MF TN SVSTE"= ""·Onnno sTnP T'"'E !'El.AY: lo00(\(10 T!MF Dfl AV F(11< \/fHir'LF~ IIN[J>P !Oof\OOOO"'"H= 'l,noonr-

VFHICLE LFFT SYST~'"M IOF•rT: o:;<; IS!= 14 TUJ.I'I 1'VPf'": 0 fl!P"CT'r'IN: ~ T I•,F: R44.nnooo 
Tl~E IN SvSTEI•: 4CoOnn(IO <;Tno TT"F nFl ~V= 1.oonno T!"F nEt AY Ff1P Vfl-llrLFS LIND>R ln.oonnn"'PH= 12.ononn 

VFHICtE LFfT SV~TFM !DENT• 'i7 1ST• 17 TURN TVPF: 0 nTPF"CTTnN= n T!Mf: R44,<;000n 
TIME" IN SYSTEM• ~7•00000 STOP Tl~f f1FL~Y= loOOOOO T!MF nfl AV FOP VFH!rLFS UNDFR 10o00000MPH: 10.ononn 

VEHIClE LFFT SYSTF~ lfJENT: c;~ IS!= 20 TURN TYPF: 3 nJPFCTTO"'• 0 TINE: R50o00000 
TIME IN SYSTEM• ~o;.Qn000 srnP TT~F D~LAY: 7oOOnnO TTMf Of! AY Ff"R VFHICLfS 11"1(\fD ]Q,nonno•-•PH: 16.nnonn 

VEHICLE LFFT SV~T~M IOF~T= <;A lSI• ?1 TURI\J TVPI': 3 flTPF"CTTn~= 3 TIME= PS?,nOQUO 
Tl~E TN SYSTE~= 34•0r000 STnr TTMF DELAV: ?oOOOOO TTMF nft AY ff1P VF"I-IICLfS U~OFP lOoOnOOO~PH: 9.nooon 

VEHICt E LF"FT SYSTF'r-1 fi)E••T: c;q IST:r 15 T01lN TYPF: 0 ~TRFCTTnN: ~ T!Uf: ~58,00000 
TIME TN SYSTEM• 14oOnnnn STno TI'<F rJfL~Y= ?.nrln'i() rr~~F r1F1 A"f f:('II-J ''FHirlE5 IINOFP ,O.(tf'I('I!"\0"-''-'H: <J.nnoon 

VEHICt E LFFT SVSTI'M !DENT: ~n IST= 1~ TUil"' TYPF: 0 ntPFCTTnN: 0 T!Uf: ~~7,00000 
Tl"''E lN SVSTE""• :OS.onono STOP TIMF Dfl.ftY: loOOOnn TTMF DElAY F"OR VFHirLFS ltNOFR lOoOnOOO~PH: 1o.noonn 

VfHTCt E LFFT SYSTF"' IDH.!T: "1 IS!= lA TURN TYPF: 3 llfR"CTTM,I• (' TIME: 1'>7?,<;0000 
TI"1E IN SV5TEM• 3!\.or,JOO STflP Th•E Or:l.~Y= ;,OOOnO TTMF nft AY F"(Hl VfHlr'LES l"ltli"R IOoOnnOO"-''"'H= 12.nnonn 



r ('. ~ '. ;: ,~· ... f)~ r : ::: .r -: 1 ~ 1 "1 I J Q' r: '('I (.,J r = n r' T f..' r (' r Til~ = l "'f r ~-· {-" :..:- ~:< ? • ~:.. L ('· n f 
"'i iM~ TN '·!':'SlF.,.:~ t,l,,}' no :..-,;n(·; TT•n:: j)f I ,\.Y: "~ annt:t"('· TP·~~ nF1 D.Y f()P VFHl,...L.~ '-.. rf)fc...; j O•Of"tnnO ~!-)H: l?.r,rlOf\:'' 

Vf'",-!!Ct t LFFT SfSTF'-' !Ccr•T: 1-1 !ST" 14 Tul-1'-' TYPF: 1 r,r<,>CTTr'\fv: 1 T!>•F:: ~03,.;000r 

TIME IN SYSTEM• 37.00000 STOP TTUE OFLDY" T,nnonn TJMF nf'l AV FI)P VP<!f'LFS II'IIH'P 1 o.On00 1)"'-'H• A,ononn 

VEHIClE LFFT SYSTF4 IOF"T= 1-4 TST= 15 TURN TVPF: 3 nrRFCTTON= 3 TI~E= OO],nonon 
TIME TN SYSTEM= 15,on,ono STilP TIM~=" DFL AY= 1.nnonn TTMF'" nF1 AV F="llP vr><TrLFc; t"1DFP 1 n,onnnO"""'= to.nnoon 

VEHICLE LF."FT SYSTE,. I LJF:,:T: 1\'i lSI= 1 7 TURN TYPF:: 0 r,rR~'CTTm.•:: n rr"•= a07,nnnnn 
TIME IN SYSTEM• 33o00000 STilP TTME O"l DY:: 1o00000 T!MF nEtAY FOP VFHICLES UNOFR Jn.nnonn''"><= R,noonn 

VEHICLE LFFT SYSTEM IDENTo: ..,, ISle ?0 TURN TYI>F'c 1 PTRFCTTON• n T!>JF:: a3n,nooon 
TIME IN SYSTEM:: 44.onono STOP TTME DELAY: l,Ooonn TTMF l'lFI AV F'C)R VF"HirLFS \INOn> 1 o. nnonn~~"H= t7.noo~n 

VEHICLE LFF'T SYSTFM IDF'JT:: <.7 IST= 13 TURN TYPF':: 3 rJRf'C.TTON= 3 TI•·F= 03h,0~0Dfl 

TIME IN SYSTf:M"' :l4o00001J STOP TTMt DELAY= lo00(100 TIMF OELAY f'OR Vf'hJrLES UND•R 1 n,onnno·•"''"'= ~.nnn~n 

VEHICt E L~FT SYST~M !DENT: <.A IST= ]4 TUPN TYPF: 0 nTR~'CTTnN: ? T!Mf:: 4~4,nnnon 
TIME IN SYSTEN• 33oOOOOO STOP TTME DtLAY: loOOO~O TTMf ~EI AY F'"OA VFH!rLFS UNOF"R 10oOnnnO~PW: A.noonn 

VEHIClE LFFT SYSTEM IDFNT: <.Q IS!= IS TURN TYPf':: 0 £l!Rf'CTTON= n TIMF= 'lf>O.~onoo 

TI"!E TN SvSTE"'= 1hoQOOOO STOP TP•t OF"L~Y= loOOOOO TTMF f\Et AY FOP 1/I'HlrLES LINDf'D lOoOnnoO>-<f'H: 7.nnoon 

:E: VEHICtE LFFT SYSTE1'o !11F"T= ?0 IST: Jl) TURN TVPF:: 1 rrR•r.rro,,:: 1 TI>·F== 'l7?.~nooo 

TIME TN SYSTE.,,. ~SoQO(IOO STilP TTME DfLAY: loOOnno TJMF nEI AV I'C)P Vf'"'IrLr:S 11NDF'O tn.onnOD""H" 10.noonn 

VEHICt_E Lf'FT SYSTF"' !DE~cT= '11 IS!" l 7 TURN TVPf': 1 f'!RFCT!ON= , TI,•F= o>'<'l,c:,ooon 
TIME IN SYSTE"'= 34oQOQQI) STOP TT'•f OFLAV: loOOOOO HME nEt AY F'OR VF"~lrLF~ UNI)fP IOoOOQOO"P"': 1n.ononn 

VEHICt E LEFT SYSTFM !DENT: 7? lSJz 18 TURN TYPF:: 1 PIRFCTION: n Tl~f= ao1,nooon 
TIMF IN SvSTE>J: 1S.ooonn ~Tr'IP TT"'F' DFL~Ys ),1)0000 TTMF OF"I A'f F'OP 1/FH!rLFS IJN£1FP lOoOnQOO•-•Pi-1: 9.nonnn 

VEHICLE LEFT SYSTFM lrJFr•T:: 71 !<;To: 13 TURN TYPFc 0 OIRFCTTI'lN: J TI~F:ln1],00000 

TIMF IN SYSTEM• 3~ovnOOO ST~P TT~E DFL~Y: 1oOOOnO TIMF llEI AY F'OP VF:HlrU'S LINOF"~ lOoO'lnOOMP"': 1n.ooono 

VEHICLE LEFT SYSTF~ JnENT: 74 IS!= 15 TUWN TYPF: 3 G!PF"CTTnN: ~ Tl>-~E:ln33,~nnOn 

TIMF IN SYSTEM• 1hoQn•nn ST~P TTMF OFLIY: 1.onnnn TJMF nEt AV F'OP V>><lr! FC: ll";nr:o 1 n,nnnnn""'"'" 'l,ooonn 

VEHICLE LF'FT SYSTFN IDfNT: 7~ lSI• 17 TURN TVPf': 0 ntpf'CTTON:? Tlwf':104M.nnnQn 
TIME IN SYSTEM: ·~·O•Ono ST~P TIME OELIY: loOOQnn TTMF l'lEl AY FOR VF"'lrLFS ~NOF'P 1Q.Onnno~PH: 10.000nn 

VEHICt E LEFT SY~TFM l!JF•JT= 7<. I~T= 11 ~IIR" TVPf': 0 llTPf'CT!MJ: il T!.,F:!Oh!,<11\I\On 
TIME IN SYSTEM• l4•00'JOfJ ~Tnp rT><F' OF"L~Y= 1o0001t0 TTMF r>fl AY F'"OP 'IF>-~lrt FS IINilf'P 1n.onoOn"P"= lO.'lOOnn 

VE~ICLE LEFT SVSTf'M l11E•,T: ?A IST= I~ TUP" TYPF: n nTRF'"CTTn"" n TIYF:JnhA.~noOn 
TIME TN SvSTE"= 1C:,.Qr,roo STnP TT"E DFL~V= J,ooono TTMf nfl A'f FOP "FHirLFS t'NUFO tr.nnono••P'-'" M.nnonn 



VEHIC:Lf: L<F"T <;YST'" 1 OE >iT= 77 1ST: 1'- TUf<'< TYPF: ~ rp;,..-crrn'l: ~ ri~'~'=1n74,r.cnon 

TI'<F TN SYSTE"'= 4 <;. • 0 r. n r, o STr.< T T M~ ()f:l AY: c;.onono T!t'l' n>t bY I'[H.I Vf'H!f"LFS ti'JIWP lO•O~nno"PH= 17.noonn 

VF HlCi E LE"F"l S YSTF tl )llf '·' T: 7<l 1ST= )f' Tllflt' TYDf': n 11 TRr:-CT T 11t-.!: 3 T I ~1 F: 1 'I P 4. c; 0 0 0 n 

TIME TN SvSTfM: ~l-y..Of"'01'11 <;TnP TT'•F DF'LAY: 1.00000 TTM!' PEl AY FOR vn<TrLFS LINOEP 1o.ononn"r'H= Q.nflonn 

Vf.HlCtE LFET SY~T•~ !rlPJT: Q!! I<;T: 15 TUPN TVPF': 1 rq PFCT TO"= 1 T r ''" = 1 n q 3. '' n non 
TIME' TN SYSTEM= 'l'i.Onono STnP T T "F DFLAY: ),00000 TI''F 0£t AY FnP VF"><IrLfS tlt\JflF"P 1 n. onnoO"·PH= 9,noonn 

VEHICLE LFF"T 5VSTE'< IOE"T= a;> lSI= II\ TURN TYP~': 3 DIP~'CTTnN: 1 T T I' f = 1 l l 'i' • n 0 0 0 o 
TIME TN SYSTEMz 1J.ooooo 5TOP TTUf OFLAY: 1.oooon TTMF ()[LAY FOR Vf"HlrLFS UNOFP 10o00000"'PH= R.ooonn 

VEHICLE LFFT SYSTEM !DE'4T: Al 1ST= 13 TURN TYPF: 0 f') I PF C T T n~•z: 0 ri ... F=l1??,c;noon 
TI"4E IN SYSTE'-'" 4'i.ooono STOP TIME DELAY., 1.ooono TIMr fltl AY F(lR VFHlf"LfS UNnFP !Ooflnono•·PH= 11. nno~r· 
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CHAPTER V 

TRAFFIC CONTROL 

Use of the digital computer for traffic control has increased 

somewhat in the past few years. Several systems in Germany, Canada 

and the United States 
9

• 
10 

have been implemented and are currently 

providing limited traffic control with its use. The need for traffic 

control can be noted from the following quotation which appeared in 

. t" 1 9 
a recent magaz1ne ar 1c e. 

Y':iS'f'''~)~fii~i,'t'~ti,!!lii~·-~ it~~"eeta- irr .edits fder-
-, ' '" . 

ably t~:Sa··titii~ fhan that requit'ed by a motorist." 

The successful uses of the computer in process control and other 

related fields has increased confidence in the computer for the traffic 

control problem. Unfortunately, it is the system or control technique 

of which the computer is but one subsystem, and not just the computer 

alone that is required for solving the traffic control problem. As will 

be discussed subsequently, the model developed in this study appears 

useful for the control problem with and without feedback, as well as 

for the adaptive control problem. 

5. l Control System Types 

Three types of control techniques are prevalent in the control 

field, namely, control without feedback (open loop), control with feed

back (closed loop), and adaptive control. Figure 5. l depicts the typical 
11 

control system. The plant shown in the figure is the part of the system 

which is to be controlled. For the traffic control problem, the plant 

represents the actual traffic network, that is the traffic lights. Thus, 

the inputs ~(t) = (u
1
(t), ... ur(t) )T represent the control signal commands. 
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The controller is the unit which controls the plant in some acceptable 

manner. Thus, for the traffic control problem, the controller is the 

control computer and software control logic. Its outputs are the 

control signals _::(t) selected so that the system performs in the accept-
T 

able manner. The desired system outputs ~(t) = (z
1
(t), ... zn(t)) 

are the inputs 

as specified. 

for the criteria used to insure the system is performing 
T 

The plant outputs, y(t) = (y
1 

(t), ... yn(t)) represent 

the various traffic summary results, such as traffic density, delay time, 

etc. If the controller outputs do not depend on the plant outputs, y(t), 
ll 

then the system is referred to as an open-loop control system or 

contr?l system without feedback. When the controller uses the y(t) to 

generate the control signals, the system is referred to as a closed-loop 

control system or control system with feedback. 

The adaptive control system is one which measures a performance 
. 12 

and modifies its parameters to approach an ophmum set of values. The 

adaptive system may or may not be closed-loop. The adaptive control 

system changes the parameters used in computing the control signals as 

opposed to a simple closed-loop system which only modifies the variables. 

Thus, for the traffic control problem the control signal selection 

technique or model would be modified to accommodate unexpected traffic 

conditions .. The computer traffic control systems currently in use are 

crude forms of both the open and closed-loop systems. None appears to 

be of the adaptive control type, although this typically is one of the more 

difficult control techniques to employ. Following is a discussion of some 

likely ways the traffic simulation model might be implemented to perform 

in the control environments. 

5. 2 Use of the Model in Traffic Control 

Operation of the model in an open-loop control system is depicted 

in Figure 5. 2a. Prior to control operations, the percentages of cars 
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taking a particular path must be determined. Similar percentages 

need to be found for entry speeds and for vehicle lengths, if the necessary 

sensors are not used. The model then functions by queueing vehicles 

into the system according to the presence detectors located at each of 

the system entry points. The proper proportion of vehicles taking a 

particular path is determined by the predetermined percentages. The 

model then predicts the necessary summary statistics, such as the 

stop time delay, traffic flow, etc. The control signals are then modified 

so as to decrease this delay or increase traffic flow, depending on the 

particular desired performance criteria. As noted in the figure, two 

control blocks are indicated. The first block is the traffic model and 

provides predictions of the various network summary statistics. The 

second control block selects the proper control signals in acc~rdance 

with this summary data. 

Open loop operations have three weak points. The first is that 

the numbers of vehicles taking a particular path or traveling at a par

ticular speed, if not computed, are not the actual traffic conditions. 

Secondly, the model has no way of knowing how well it is achieving 

the desired performance. Finally, the model has no way of determin

ing how well it is actually predicting the traffic flow data. 

The closed-loop control technique, depicted in Fig. 5. 2b reduces 

these weaknesses to two. With feedback, if properly applied, the 

model can determine how well it is controlling traffic by comparison of 

desired and actual traffic flow. The traffic control program can use 

search procedures for determining optimum performance criteria by 

making incremental changes in the various control logic criteria. If, 

for instance, an improvement was not observed, the controlling variables 

could be changed back to their original values and a new direction taken. 

This is distinguished from the adaptive control problem in that the 
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controlling logic or control signals are being modified as a function of 

the plant output signals. The closed loop system can thus take various 

forms of complexity depending on the extent to which control over the 

controlling logic is desired. 

The adaptive control system is depicted in Fig. 5. 3 for both the 

open-loop and closed-loop control systems. If the adaptive system is 

used in the closed-loop system, only the first weakness described 

above remains. In the adaptive system, the model is modified accord

ing to the actual traffic conditions. Similar to the closed loop problem 

there are mathematical techniques available such as steepest ascent, 

etc. for determining optimum model operations. The adaptive control 

technique would, of course, be the most desirable system although its 

increased advantages might not merit the increased costs. A study 

of the possible use of the model in traffic control is strongly recom

mended if it is proven that the model can satisfactorily perform traffic 

simulations. 
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CHAPTER VI 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

A mode ling method for traffic simulation studies has been 

developed using a step-through procedure as opposed to the usual 

queueing theory approach. A computer program was written for 

implementing this technique using a hypothetical intersection con

trolled by four-way stop signs. By employing modern systems 

engineering techniques, this model promises to become a valuable 

tool as an aid to real-time signal control. The model developed 

offers the following advantages over similar modeling techniques. 

1. It is readily adaptable to the traffic network problem. 

2. The program used for implementing this model 

requires much less memory and computer time requirements 

than similar simulation models. 

3. The modular design of the model permits ease in 

expansion to include the many and varied intersection types. 

4. The program can be implemented on a small process 

control computer such as the IBM 1800 for real-time traffic 

control. 

It is recommended that a study be performed where actual traffic 

data is compared with the model predictions and the program corrected 

accordingly. The study can then be expanded to include the multiple 

intersection problem. Once the model has been fitted, a useful tool for 

traffic simulation studies can be ascertained. Studies can then be 

expanded to include the traffic control problem. Thus it is recommended 

that the model and program developed herein be the basis of additional 

research. It is also recommended that the modeling technique be further 

investigated for its possible use for other simulation problems as well 
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as for consideration in the development of a new problem oriented 

language. 
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APPENDIX 1 

PROGRAM USAGE INSTRUCTIONS 

Six input card types are required by the model program for 

traffic simulation operation. These six card input types are: 

( l) Program Printout Options, 

(2) Model Operation Variables, 

(3) Driver Response Functions, 

(4) Stop Sign and Dummy I/O Objects, 

(5) Vehicles, 

(6) Model Terminator. 

Following is a description of each of these input card types. 

Figures Al. 1- Al. 5 provide a guide useful for generating these cards 

and indicating their proper order in the data deck. 

Printout Options: Seven printout options are available during program 

execution as represented by the variables KCT(l) to KCT(7). To select 

any option, the variable KCT(j) is set to l. These options are: 

l. KCT( l ), Print Driver Response Input Card. If this 

option is specified, the driver response card images will be 

printed. 

2. KCT(2), Print System Generated Response. If this 

option is specified, the response functions as used by the 

decision processor are printed. This option was provided 

primarily for debugging purposes. 

3. KCT(3), Print Vehicle Information: If this option is 

specified, the object input card image is printed as described 

in the network summary description of Chapter III. 

4. KCT(4), Print Inprocess Summary Information. If this 

option is specified, the individual summary information as 
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described in the network summary section of Chapter III is 

provided every CTT(l) seconds. 

5. KCT(S ), Print Vehicle Exit Information. If this option 

is specified, the vehicle exit information as specified in the 

network summary section of Chapter III is provided. 

6. KCT(6), Print Gross Summary Information. If this 

option is specified, the gross summary information as described 

in the network summary section of Chapter III is provided 

every CTT(2) seconds. 

7. Print Grand Total Summary Information. If this 

option is specified, the grand total gross summary information 

is provided upon model termination. 

Figure Al.l illustrates the format for the printout option 

parameters. 

Model Operation Variables: The three variables needed by the model for 

initializing the program should be provided on one card as specified in 

Fig. Al. 2. These three variables are as follows: 

1. NR-- the number of decision response function cards. 

2. FT-- the time in seconds the model is to run following 

the model terminator card before program termination. 

3. DT-- the time increment used by the model during 

simulation. 

Driver Response Functions: The driver response functions are entered 

into the model with this card. Figure Al. 3 depicts the card format for 

entering this information and the decision process section in Chapter III 

provides an example. The first 30 columns of the card are used to 

specify a product term of 30 variables (only 23 are currently used). 

Columns 31 and 32 are used for entering the response bit location 

(see Table A3. l of Appendix 3). Each column number represents the 
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vehicle input number listed in Table A3. 1. 

Stop Sign and Dummy I/0 Objects, Vehicles and Model Terminator: 

All three of these card types use the same card format as shown in 

Fig. Al. 4. The variables shown in this figure are 

(i) IP - entry position 

(ii) IS - vehicle speed 

(iii) IDS - desired speed (IS< IDS) 

(iv) ID - lane direction 

0 = Northbound 

1 = Eastbound 

2 = Southbound 

3 = Westbound 

(v) INO - (Nearest Object Index (same as direction for 
vehicles) 

(vi) IVL - Vehicle length 

(vii) IC - Object type indicator 

0 = vehicle 

1 = stop sign 

11 = input object 

101 = output object 

(viii) IT - Turn type 

0 = no turn 

1 = right turn 

3 = left turn 

(ix) !dent - Vehicle Identification Tag (0- 511) 

(x) T - Time of entry into stack (seconds) 

(xi) EXT - Model Terminator, "END" for model termination. 

Stop sign objects use the position variable, IP, the lane direction, 

ID, the nearest object index, !NO, and the object type indicator, IC. IP 
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is set to the location of the stop sign, INO to the index of the output object 

(see example, Fig. Al. 5) and IC = 1. The remaining variables are set 

to zero. The dummy input/output objects use these same variables with 

IC = 11 and 101, respectively. 

The vehicles entering into the system use all the variables indi

cated except the EX! variable. 

The model terminator card uses only the EX! variable which is 

set to the word END. The other variables may be left blank. 

Figure A1. 5 provides an example card input and Appendix 4 

provides the input cards for the data run example described in Chapter IV. 
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APPENDIX 2 

CRITICAL DISTANCE CRITERION 

The three most sensitive variables in the traffic simulation model 

are the acceleration, deceleration and critical distance criteria. Each 

of these parameters is computed in independent subroutines which may 

easily be changed to accommodate more exact criterion. The critical 

distance criterion currently used was devised from the deceleration 

function shown in Fig. A2. 1, where the maximum deceleration of six feet 

per second per second approximates the maximum used in everyday traffic 

conditions.
13 

Critical distance was defined in Chapter II as that distance 

which is required to stop or slow the vehicle sufficiently to prevent it 

from colliding with an adjacent vehicle or object. Thus, the critical 

distance function depicted in Fig. A2. 1 was developed so that the vehicle 

could decelerate according to the deceleration function and also be 

consistent with the critical distance definition. As noted, the critical 

distance criterion used in Fig. A2. 1 is the standard ellipse equation. 

Suppose, for example, that a vehicle traveling 30 feet per second comes 

to within 90 feet of a stop sign for a particular time increment. Then, 

in order to stop five feet in front of the stop sign he must begin deceler

ating initially at about 4. 6 feet per second per second. 

Acceleration criterion was selected as a constant two feet per 

second per second. 

The above criteria was selected as a first approximation. Experi

ments in which actual and predicted traffic flow comparisons are per

formed will probably modify these estimates. These functions, however, 

provide useful criteria necessary in the initial development of the pro

gram model. 
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APPENDIX 3 

PROGRAM TABLES AND FLOW CHARTS 



"' ...J 

.. 
Ill 

lll ., 

19 

10 .., 

18 

0 ro ., t') 

1 

. i" l') l"J 

appro 
ach 

10 ., lll 
t') t') t') 

TABLE A3.1 

PROGRAM TABLES 

l"J lll 
l"J l"J 

turn ignore nearest 
pass object 

flag 

• 0 ro <0 (ll 
t') (ll Ill 1.11 

1 11 1 9 8 

* See following page for number-variable relationships. 

l"J 
lll 

direct-
ion 

0 ro 10 
til ... .... 

7 6 

... 
lll 

cesired 
speed 

.., lll ... ... 

5 4 3 

Ill 101 ... 
present position 
speed 

.., 1111 ... 
ident 
tag 

0 ro ... 

2 1 

vehicle 
length 

index of 
IY i11ask 

• 2r2rJ 
=dral~ 

IVCH 

IV CHI 

IVEH* 

IVEHI* 

IY 



Number 

l 
2 
3 
4 
5 
6 
7 
8 

9 
10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

TABLE A3.l (cont'd) 

NUMBER- VARIABLE RELATIONSHIPS 

Variable 

At desired speed 
Greater than desired speed 
At critical distance 
Greater than critical distance 
Stopped 
In intersection 
First vehicle in intersection 
Car on right . 
Car on left 
Car straight ahead 
Exactly at intersection 
Car on right exactly at intersection 
Car on left exactly at intersection 
Car straight ahead exactly at intersection 
Car on right right turning 
Car on right left turning 
Car on left right turning 
Car on left left turning 
Car straight ahead right turning 
Car straight ahead left turning 
Right turning vehicle 
Left turning vehicle 
Straight thru vehicle 

See pages 22-23 for discussion. 
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Subroutine 

l. TRAFM 

2. SUMR 

3. EASY 

4. PARGN 

5. SYSCP 

6. CHAR 

7. NOI 

8. OBVC 

9. SETUP 

10. ACCEL 

TABLE A3. 2 

LIST OF PROGRAM SUBROUTINE 

Purpose 

Main driver subroutine; begins program; 
call main processing routines until time 
for program termination. 

Network summary subroutine; see description, 
Chapter III. 

Subroutine used for reading object data; 
sets up stack entry for each object. 

Subroutine used for program initialization; 
sets up all program parameters. 

Decision processor subroutine; see descrip
tion, Chapter III. 

Identification update subroutine; see descrip
tion, Chapter III. 

Subroutine used for obtaining nearest object 
index. 

Subroutine used to extract stack identification 
information. 

Subroutine used to set up new stack identifi
cation information. 

Subroutine used to compute acceleration and 
deceleration values; see Appendix 2. 
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TIME= 
time+ DT 

PROGRAM FLOW CHARTS 
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enter 
vehicle in 

stack 



print 
decision 

logic 
words 

read print
out select
ion criteria 

read model 
initialization 
parameters 

set model 
parameters 
to initial 
conditions 

read in 
decision 

logic 
equations 

set up 
mask 

parameters 

7 1 

print logic 
equations 



print 
individual 

summary 
data 
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print 
summary 
data 



no 

compare in
puts with 
subsystem 

requirements 

set 
appropriate 

not true 
response 

73 

yes 

set 
appropriate 

true 
response 



compute new 
velocity and 

position 

set 
appropriate 
parameters 

place 
vehicle 

accordingly 

yes 

ACCEL 
(obtain 
acceleration 

values) 

place 
vehicle in 
intersection 



complete 
parameter 

update 
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obtain 
nearest 
object 

compute 
distance 

to nearest 
object 

I 
I 
I 

/ 
/ 

/ 

A=2 ft I sec2 

(positive 
acceleration) 

A=( -6/4Xl)D 
+6ft/sec2 crit. dist. = 

(-A/B)* 

/ / (B2 -C2 ) t+ H 

/ 
I 
I 
I 
I 
I 

where 
I 
where 

D= distance to 
nearest object 

A= 395 
B= 48 
C= velocity 
H= A+S 

obtain para
meter infor

l...---~ mation from 
NOI 

(obtain 
nearest 
object) entry 

update 
stack 
entry 
words 
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APPENDIX 4 

PROGRAM LISTING 



SIMULATION PROGRAM 

PROGRAM TRAFM!lNPUTtOUTPUT) 
COMMON/~Y~/l~Y~l!6Ultl~T~YI6U) 

COMMON/CHV/IPOS,IVfLtiDVLtiDtlNA,IACL,IPSitiDUM!20ltlNSECI11l 
1 , IT, I DUM 1 ( 10 l , IT I M ( 3), FDT, I X IT 

COMMON/STACK I I VEH I 1 UU l , I VEH 11 lOU l 'I VCH 1100) , I VCH11 100) , I Y 
COMMON/MSK/MA~Kt25ltKt25)tNt25l,NR,DttiN~P1,IN~P2,lVII,FI 
coMMON/ ~uMR r 'Kc 1 1 1 u 1 ,c 1 1 ' 1 u > , I Fe, , 1 u, 2 , 4 > 
COMMON/CR~P/H,AtR 
DIMENSION PRI!7t4l 
L=-1 
FDM=O 
IME2=0 
SYSTM=O 
RT=FOT=O 
I SC=O 
CALL PARGN 

5 CALL EASY!IVH,IVH1,IVC,IVC1,T,RT,IV1,JV2,IV3l 
IF!ISC.EQ.Ol13t9 

9 IF!ToGT.RTl10t12 
12 DO 15 1=1tiSC 

IF<lVCH(lleEQ.Ll16tl5 
15 CONTINUE 
13 ISC=ISC+1 

I=ISC 
16 IVEH!Il=IVH 

I VE H 1 ( I l = I V H 1 
I VCH ( I l =I VC 
I VC H 1 ( I l = I V C 1 
RTT=RT+FT 
IF!IVloEQ.Ol94t83 

94 IF!IV2eEQ.ll81t82 
81 IFCT!8t1tiV3l=IFCT!Bt1tiV3l+lSIFCT!8,2,IV3l=IFCTI8t2tlV3l+l 

GO TO 83 
82 IFIIVZ•EQ.3l84,85 
84 IFCT(9,1,IV3l=IFCT!9t1tlV3)+1SIFCT!9t2tlV3l=IFCTI9t2tiV3l+l 

GO TO 83 
85 IFCT!10t1,IV3l=IFCT!lO,ltlV3l+l$IFCJtlOt2tiV3l=IFCT!lOt2tiV3)+1 
83 CONTINUE 

GO TO 5 
Hl FDM=FOM+DT 

I5TIME=FDM-IME2 
IF ClSTIME.GE.llGO TO 341 
FDT=O$GO TO 343 

341 FDT=ISTIME 
343 I ME2=FDM 

IRJ=l 
DO 100 1SI=ltiSC 
IF!IVCH!ISil.EOolll00,201 

201 CONTINUE 
IF!IVCH(ISlll304,307t307 

307 CONTINUE 
GO TO (303,304liRJ 

303 IRJ=2$SYSTM=SYSTM+DT 
304 CONTINUE 
C PROCESS CYCLE 
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CALL SYSCP!ISII 
CALL CHAR!lSitRTI 
IF! IVCH( lSI l l 100t43t43 

43 CALL SUMR<Isi,ISC,RTI 
100 CONTINUE 
90 RT=RT+DT $GO TO 9 
26 IF!KCTI7leEQ.1)3lt32 
31 CONTINUE 

PRINT llO,RT,SYSTM 
110 FORMAT llHlt* GRAND TOTAL SUMMARY INFORMATION FOR TIME =*,F10e5/ 

1* SYSTEM USE TIME=*tfl0.51 
DO 120 J=lt4 
GO TO !121t122tl23t124)J 

121 PRINT 125$GO TO 130 
122 PRINT 126$GO TO 130 
123 PRINT 127$GO TO 130 
124 PRINT 128$GO TO 130 
128 FORMAT!///* WESTBOUND APPROACH*) 
125 FORMAT!///* NORTHBOUND APPROACH*) 
126 FORMAT!///* EAST BOUND APPROACH*) 
127 FORMAT!///* SOUTHBOUND APPROACH*) 
130 J1=8 

DO 18 I =2 t4 
IF!IFCTIJlt1tJI.EQ.OI186tl82 

186 PRI!I,JI=O$GO TO 18 
182 PRI!I,Jl=IFCT!It1,JI/ICTTI61*IFCT!J1,1tJII 
18 J1=J1+1 

Jl=8 
DO 180 1=5,7 
IF!IFCT!Jlt1~JI.FQ.OI187t183 

187 PRI!I,JI=O$GO TO 180 
1R3 PRI<I,JI=IFCT!ItltJII(CTTI61*1FfT!Jl,ltJII 
180 Jl=J1+1 

PD=IFCTI8t1tJI+IFCTI9t1tJI+IFCT!10tltJI 
PR I I 1 ,J l =I FCT ( 1, 1, J I I ( C T T ( 6 I *PO I 
PRINT 61, ( PR I ( I , J I , 1 =2, 41 ,( TT ( 3 I , I PR I ( II, J I , I I= 5, 7 I , 

1!IFCT!LL,1tJI ,LL=BtlOI ,PRI!ltJI 
61 FORMAT< 

1* STOP TIME DELAY ••• RT TURN=*,Fl0.5,* LEFT TURN=*•F10e5t 
2* ST THRU=*,F10,5,/* TIME DELAY FOR*,Fl0e5t* MPH=•••• RT TURN=* 
3tF10.5t* LEFT TURN=*•F10.5t* ST THRU=*,F10e5/* TOTAL VEHICLES C 
40UNTED=••••RT IURN=*tl5 •* LEFI IURN=*t15 '* ST THRU=*ti5 

5/* AVERAGE TIME IN SY~IEM=*•F10.51 
120 CONTINUE 
32 CALL EXIT 

fND 
SUBROUTINE SUMR!ISitiSC,RT) 
COMMON/SUMRY/KCT!lOitCTT!10itiFCT(lQ,2,41 
COMMON/STACK/IVEH!1001tlVEHl!lOOitiVCH!lOOitiVCH1!10QI,IY 
COMMON/CHV/lPOS,IVELtiDVLtlD,INA,lACL,lPSI,IDUMI20ltlNSEC(111 

l.ITtiDUM1!10ltiTIM!31tFDT,IXIT 
COMMON/MSK/MASK!25),K!251tNI251,NR,DT,INSPl,INSP2,IVII,FT 
DIMENSION PRI(7t4l 

C IFCT!1,MI=TOTAL TIME SYSTEM USED 
C IFCT!2tMI=STOP TIME DELAY RT TURN 
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r IF'T('l.,Ml=STOP TP-1F [)[LAY LF~T T'lf.(I\J 
r IFfT(4,Ml=.'",TOP TIM~=" [)[LAY <;T THRIJ 

JF<T!S,Ml=TOT.t\L TI~F llFLAY RT TtJPN 
r IF<T(t..,Ml=T0T.t\l TIMF DFLAV L>="FT ftii·:N 
r IF<T(7,MJ=TOTAL TIMF DFLAY <;T THRIJ 
,- IFrT!R,Ml=NIJMRfR nF VEHICLFc:; RT Tllf~N 

r JFrTc0,~-1l=NIJMFlFR IJF VEHICLFS L"FT TIIRN 
r JFrT(JO,MJ=NUMRFR OF VFHIILFC, ST THRLJ 
r M=l FGR TOTAL, r-1:7 FOR C.U8 TOTt\1 
C THE THIRD DIMfNSinN 15 TO IDFNTIFY APPROACH 

IVEL= IVCH( lSI J.A.tv1ASK!2 l 
IVFL=IVEL/2**K!2l 
ID=IVCH!JSI J.A.MI\SK!4l 
I fl-== I f'J/2**K! '+ l 
JF!KIT!4).F0.1 l1J .3? 

:q TFIRT.Gf.CTT!4l l?l .1? 
?1 TF!ISI.EO.IS\!41,47 
~1 (TT(4)=RT+<TT!ll 
47 VFL=!lSe;22.l*IVrL 

IDT=IVCHI! IS! l .A.MASK! 101 
I llT== I DT /2**K < J 0 J. 
IT=IVCH!ISI J.A.MASK!l4J 
IT=IT/2**K!l4l 
P R I NT l 0 , R T ,r S I .I D T ,I P 0 .C, .I D , IT , VEL .I V f H ( I S I J , I V ~- H 1( l S l l , 

1 I VC H ! I S I J , I V C H 1 ! I S I l , 1 Y 
10 FORMAT(/* TIM[=*,F10e5,* ISI=*,IS,* IDENT=*•l5t* POSITION==*• 

1 I 5 , * D I R F ( T I (J N = * .I 2 , * T l J R N T Y P F = * , I 2 , * V F L 0 C IT Y = * , F 1 n • 5 I 
2* IVEH==•,2!2Xt02n),* IVCH=*•?<2Xt020l•* IY==*•020l 

l ? I F ( K I T ( 6 J • f-- 0 • 1 l ·3 ' , 14 
l":l !F!RT.GE.rTT!">J J?A 9 14 
?f.. IF!ISI.EO.JSIJ419'-4 
4~ CTT!">l==RT+CTT!2l 

PRINT 110,RT 
llO FORMAT !IHI, * SUMMARY INFORMATION FOR TIMF =*,Fl0.5l 

f)() 1?0 J=lt4 
r,n rn Cl2ltl22.1?1,124lJ 

171 PRINT l25$GO T0 130 
17? PRINT 126$GO T0 110 
17") PRINT 127$GO TO 110 
1?4 PPINT 12R$GO TG 110 
l?P FORMI\T!///* WF<;TROlJN[) APPROAIH*l 
1 ?"> FORMAT (I I I* NORTHROI !Nr> APPRGA<H* l 
1?h FORMAT(///* fAST POIJNII APPR0A\H*l 
1'?7 FORMAT(///* SOl!THBOIJNr> APPROA<H*l 
1'l.O Jl=Fl 

no lR I=2o4 
IFCIFCTCJ1,2tJl.FO.OllR6,18? 

1PA PRI!I,Jl=O$GO TO lR 
lP? PRI!J,Jl=IFCT! I,?,Jl/((TT!nl*IFCT!Jl,2•Jll 
lR Jl=Jl+l 

Jl=R 
1!0 lRn l="it7 
IF C IF (T ( J 1 , ? , J l • F0 • 0 ) 18 7, 18 ':I 

187 PPI f I .J l =O$GO TO lFlO 
1R' PRI! I ,J)=IFCT! J,?,Jl/CC1T!6l*TFIT!Jl,2.Jl l 
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180 JJ=Jl+l 
P f'l= IF C T ( 8 , 2, J l + I F C T < 9, 2 , J l + I > C T < 1 0 , ;· , J l 
P R I < 1 t J l = I f C T < 1 , ? , J l I I C T T I 6 ) * PD ~ 

PRINT 61 t !PRI I I ,.J), 1=2 9 4l ,CTTill, !Pf~l (I I ,J). I !='),7l t 
1 I IFCT!LL,2,Jl ,LL=AtlOl ,pqJ ( 1 .Jl 

Al FIJ~Mf\T! 

1* STOP TIME DELAYeeeRT TURN=*,FlO."J,* lJTT T'iFW:::*,FlO•'Jt 
?* ST THRIJ=*,FHl.'i,;i: TIME ;JFLfiY FOR*,F10•"•* "''PH=•••• RT TliPN-::-1 
~ , F 1 0 • 5 , * LEFT T l I R N = * , F 1 () • 5 , ·* c-, T T 1-' r. I • = * , F lf' • r, I * T 0 T A L V F H I C L f:"" <", C 
40tJNTfD=••••RT TURN=*tl5 •* LFFT Tl'RN=*.IS •* ST THRtl=*,l5 

'1/* AVfRAGF TIMF TN SYSTFM=*oFln.">l 
1/0 rnNTINUE 

nn A '3 J = 1 , '+ 
DIJ n '3 I = 1 , 7 

f,l IFCT!I,Z.Jl=O 
14 CONTINUE 

RFTlJRN 
Fl\lf'l 
S!JBROUTINE EASYIIVH,IVHltiVC·TVlltTtRTtlVltlV2tiV3l 
COMMON/MSK/MASK!?5),K!25ltN!?'i) ,NR,DT,INSPltiNSP2,IVII,FT 
C 0 M ~~ 0 N I SUM~ Y I K r T I 1 0 l , C T T ( 1 !) l • l F r T I 1 n , 2 , 4 l 
f)fiT/1 FNDJ1H[I\H1J 

C IP=P0SITI0N!1024l 
r IS=SP~fn !A4l 
C IDS=DESIREO SPfED 1641 
r ID=DIRECTION !1l 
C !DENT = VEHICLI InfNT TAGI512l 
C INO=NFAREST OBJECT INDFX 15171 
C IVL=VF::HICLE LENGTH !64! 
r IC=\/IR 0R 0FUFCT 
r =001 FOR OP.JECT,Oll FOR INPliT OBJECT.lnl FOR OUTPUT ORJf="CT 
r IT=RT OR LT, Nn TltRr-1 OR TtJRN !Otll 

IVC=IVCl=IVH=n 
IVH1=5252"?5?S2'i?S?S2">2">?8 
READ 9tlP,IStlDS,If'l,INO,IVLtiC,ITtiUENT,T,FXI 

q FORMAT!9I5, FIO.S,A~l 

IF!FXI.tO.FN['ll41,42 
41 T=RT+FT+5$GO TO 43 
'~? CONTINlJE 
s FORMATI915,2Fl0.~l 

IF!KCTI3l .f(,).l l3J,l? 
<1 PRINT 3-~,T 

PRINT "> • I P, I c;, I De;, In, I N0, I VL, T r, IT, I flENT, T, FT 
<< FIJRMATI//* VEHICLF INPUT FnR T=li-,FJ0.">l 
<? Jlll=IC$IV?=IT 

Tv'<=If')+l 
.Jl=?S?S2S?t;2S2S~')?~1R 

SFT !JP IVCH!JV(l 
I VC:-= I VC .o. I P 
I.J=II) 
I.J=IJ*2**K!20l 
rvc=Ivc.o.u 
J<;= IC:.*C22./15.l 
J<;=IS*2**K!2l 
IVC=TVC.IJ.Ic; 81 



TT=IT*?**V(]L,) 
I vC =I VC • 0. IT 
J11S=InS*(2?.11S.J 
rns=rns*2**Kf'l 
I VC= I VC .r). I rv·, 
IF( rc.ro.nJR.7 

1-1 !Nr1==Ifl+l 
I fl= I n*2**1<' ( t+ 1 
Ivc=rvc.n.Ifl 
IN0=IN0*2**KCSJ 
Ivc=rvc.o.rNn 
IVIl=TVCl.n.JVL 
IflFNT=IDFNT*?**KflOl 
IVCl=IVCI.n.InFNT 
IF( IC.FO.nll2t2? 

?? IF(II.fO.ll10d6 
16 TFCIC.FO.l111Rt1o 
lR IVC=IVC.O.MASKf9l$GO T0 12 
10 Ivc=rvc.o.K!9J$Gn ro 12 
1n IvC=Ivc.o.MASKI15J 
1.., !0"JTINIIF 
r ~,FT I.IP IVFH 

.11=.!1*2**7 
J?=J77P 
I \/H = I VH. n •. J1 
I VH = I v H • I) • J? 

t,-, rnN T I NlJF 
R>TlJRN 
fi-.,J[l 

S!JF\R0lJTINF P/\'?GN 
C0'v1MONISTACK/IVEH<] 001, IVFH1 ( 100) ,IVCH( 1001 • IVCH1( 1001, IY 
C0'v1M0"JICRnPIH 9 /\,P 

(IIM'v10N IS Y S I I r, Y 5 I ( r) 0 l , I r:v r, Y < r-, n l 
C 0 M ~-1 n N I .'v\ S K I f.t1 A S K I ? '-l l , K ( 2 S l ' N ( 2 '1 l , N R ' f lT , I N :- P 1 , I N S P 2 , I V I I , F T 
(f)~~ M n N I c, IY-1 '? Y I !<: C T ( 1 0 ) , C T T ( 1 'I l , I F r T ( 1 n , 2 , 4 l 
r 0 'v1 ~-1 n N I C H VI I PrJ S , I V F L • I ~ V L , I f' , I N 1\ , T fl (l , I P c: I , I n I J f\1 ( ? n l • I N c:, E C ( l 1 l 

1 , I T , I !' l Jr-11 ( 1 0 l , I T I H ( 1 l 'FfH , I X I T 
fiiM>N<;ION n·:(-,0) 

,- K r T I 1 ) = P R I NT c, Y S T r rv~ I N P' 1 T r f\ r~ n 

C KCT12l=PRif\IT .SYSTff'! GENtRATfri INFORt--'ATION 
r KCTI3l=PRINT VFHICLF INPUT !NFORMATI0~ 

C KCT!4l=PRINT IN PROCESS SUfvHvJM<Y INFORMATION FVERY CTT!ll SECONDS 
C KCT(5J=PRINT VFHICLF fXIT INFORt·1ATION 
C KCT!6l=PRINT SUMMARY INFOR~ATION EVFRY CTT!?l SECONDS 
r KCT(7l=PRINT GRANil TOTAL S'n-1MAPY INFORI-1ATION 
r FT =MAX TIMF INCRFMENT AROVl T 
r CTTC3l LJSE!I FOR T0TAL TIMF l)rl.AY PAf~AMFTER 
r CTT!4l l!SEf! FOR IN PROCFSS .Sl!Mf.'ARY <OtiNT 
r CTT(t:;) lJSFfl FOP SIJMfv1ARY IOlJNT 
r ITT(Al=DELT/\ T F()R COliNT INFORMI\TION 

PPINT 101 
1n1 F()RMAT(lHl) 

RFADR,!KCTIIJ,I=1•7),(rTT!J),J=l•6> 
R F0RMAT!7Il,2Xt6Fl0.3) 

CTTI4l=CTTC1 )$CTT(5l=CTT(2) 
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RF"M'll ,NR,FT,[")T 
F () r.> '-1 A. T ( 1 "' , ? F l 0 • '5 I 
IXIT=0 
TVI J=(: 
!1=1qS.'f>R=t~8. 

H=i\+'1 

TF<'TT!Al.Fil."~l91 ,9? 
o1 rTT!I',)=l. 

f)() C) '3 J J = l ' z 
r>O 91 JJJ=ltlO 

91 IFCT!JJJ,JJ,Jl=O 
INSP1=445$1NSP2=4HO 
r>IJ 1 2 I I = 1 , 1 1 

1? JNsrr<II!=O 
f)() 1 1 I = ] '"I R 
ISYc;I !I l=ISYC:Y! I 1=0 
IK="~'f.IKK=7 

RFI'd1 2,!KK!Il l .11=1 ,30) ,KP 
:-> F () R ~-1 A T ( l 0 I 1 , I ? l 

()() IS'3 -1=1,10 
IF!KK!Jl.F:l.OI62,h3 

A? KK! .J I =0 
6' C01\lTINlJ[ 

IF!KCTCl I.F0.1 141 ,4? 
41 PRINT l'1,ND 9 KK,KR 
1<=; F()RMAT!2Xt *NR:-!S-,p,,;)l,* SY'",TFM INPlJT=*,-,nT1d?l 
t~/ (()I·HI 1\Jli[ 

I<:;yc,y (I ):I<'P 

r>0 11 I 1 = 1 , ? 0 
KK!I1 J=KK!Ili*?**Ii"'K 
IVK=!KK+2 

11 I<:;Y<;I !I I=KKC Il l.n.ISYSI I I l 
r>G 17 I 1=21 ,-,o 
KK! Il l=KK! ll 1*2**1K 
IV=IK+2 

..,? I SY"',Y! I l=KK (I l I .n. ISYSY (I I 
11 rnNTII\IlJF 
r ~fiSK!l)=PGS!TION 

MA<;V ( 1 I =1777r~ 
K ! 1 l = l 

r '-'1ASK!2J=(IIPPF".!T <;Pfl='f) 
~ASV ( 2 l =17h()00f~ 
Kl?l=10 

r MASKC31=DESIRFf) SP~rn 
MASK!31=17hOOOOOP 
Kl31=16 

r MASK!4l=DIRfCTION 
MASK(4l=60000000R 

C MASK151=NEARFST OBJECT INf"'lEX 
1((41=?2 
MASK(51=777nnnonnonR 
KC""I=?4 

~ASK!6)=0RJFCT CHANGF 
K(A}=33 83 



~AS~!~l=1~000nnnnnnrA 

r MASK!7l=ACClUP/\T!nN lf\IJ!(f,TGR!!Yl 

K!7l=lC' 

r ~~ASI<'!Rl=MASK TO d'TAPJ IVFH rt\r.'MTTfR." 
MA<;I' ( R) =17777777'7777f,('.('lf' 
K ( R) = 7 

,- f'v' A <; v ! Cl l U c-, r '> F !l R J N r l JT 0 r< , Jf ( T M ·" " V 

r K!'J) ll<;fl> FIJR ntiH't:T Of.>,Jf(T r>,<f.<l( 

~ASK!ql=Annn0nrnn0 A 
K(Ol=rJOC0"0"1n()(l p 

r MASK!10) lJSFn FOR VFHICL> Jn~="NT 

MAS1'!101=777nnR 
K!li1l=A 

r MASK! 11 )=PASS lNill\ATOf~ 

MASK!11l=4000000"000000 A 
r MASK ! 1 ? l = N f 1\ R F <;T 0 P ,J r C T I N IY X F 0 R P ,'\ S S 

M/\SVI12l=l774nnl"nnnrrornP 
K!l?l=l8 

r MA~I<'!lli=VFHI(Lr LrNGTH 
K ( 1? I =1 
'v1/IC,V ( ]'1,) =77'tl 

r MASK!l41=TURNING INFORMATI0N 
K!14l='734 
MASK!141=6D000rOnnonrR 

C MASK!151 USEO FOR RJT 15 
MASK!151=400~800°~ R 

r K ( 1 5 ) 1 J S E D F 0 R I D IH'-11 ~...,A c; K 
K!1">l='3777777P 

r MA.SK!16l IJSFD TO llFTFRMINF orurrr TYPF 
MASK!l61=6100000"0 P 

r MASK1171 lJSFn FIJR ITI1v1!1l 
r MASK!lRI lJSFn FGR JTI'v1!?l 
r MASK!191 USFf'i F<>R IT1~~~3l 

MAC.Kil7l=7'r~rnnn 

MA<;KI1Al=770n"rrnrr 
MASK!l91=7700~"1nnnnnr 

K(l71=15 
K(1H1=21 
K!l'Jl=27 

r MASK!?OI USFO f-OR APPRUACH !Nil!CATOR 

r 

">1 
6 
7 
">? 
Rn 

MASKI201=1nrnnoonornorP 
k'(?0!=1A 

'Afi<;Kf?l I lJc•n F()R TNI\ PASS fi,NORr
~ASVI21l=l~n~nnonnnnop 

K!?ll=13 
POJI'H htNR,fH 
T F I V r T I 2 I • FQ • 1 I "i l , '52 
PRINT7, !!tlSYSI! lltl~YSYI llti=l ,NRI 
FORMATI2Xt*NR=*ti5t *DT=*tl20·10//l 
FORMAT! * I=*tl"i,*ISY~l=*•O?Ot*ISYSY=*•020l 
CGNTINUE 
FIJRMATI * POSITIIJN,SPLED,OFSTPf-D SPUD,L>IRECT!ON 9 TNO,CLASS,TIJRN, 

ITnFNTtTIMFtSTIJP TIMF*I 
p D I ".IT 1 01 
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DfTIJPN 
r~Jr"~ 

SIJPf.?0tJTINF c;vr,rp( rc I l 
( 0 r-~ 'v1 () N I S T /\ C K I I V F:: H ( 1 0 (' l , I V F H l ( 1 r· rJ l , l \J C H ( l'' n l • ; \ r 11 1 ( 1 0 0 l , J Y 
r 0....., ~~ n N I S Y S I I c Y S I ! 6 C l , I c. Y s v ! s n l 
C 0 ~v1 H 0 N I rv1 S !<'./ M A S K ( ? 5 l , !<'. ( 2 5 ) , N ( ? 'J ) , "J R , I > T 
IF! IVCH! lSI l l 1n,r;,c; 

n UJNTINUL 
MYI=l778 
MVFIX=l 
IV=') 
f)() lf'lrl 1=1 t~JD 

JV!=ISYSI (ll.A.Mvl 
Irl=IVrHt!SJ).A.J~YSI! I l 
IC2=IVFH1!ISIJ.A.I~YSY( I l 
J F! I C 1• EC. IS Y S I ! T l l 4, 2 

t, J F ( I C 2 • E 0 • I c:; Y c. v ( I l l 7 , ? 
? IYI=IYI+1 
: IYFIX=MYFIX*!2**JYI l 
1n0 IY=IY.O·IYFIX 
10 (()f\!TINUF 

( 

r 

RFTtJRN 
r ~1r1 
c.•rflr.?()IIT!Nf: CHAO( I <",J ,RT) 
rr;~M0NISY<"IJ<"VSJ(A~),JcYsY(AnJ 

r 0 rv1 '~ () N I S T A C K I I V E H ( 1 n r l , I V 1=" H 1 ( 1 ~"~ r l , I V C f-l ( l n 0 l , I V C H 1 ( 1 0 n l , J Y 
r n rv• :\10 N I fvl S K I ~>1 /\ s K ( ? "> l , f~. ( 2 5 l , N ( ;:> r:; l , N R , D T , I ;\! :. P 1 , I N S P ? , I \1 I I , F T 
r 0 M'-1 0 N I S lJ ~1 D Y I K r T ( 1 n l • ( T T ( 1 n l , T F ( T ( 1 0 , ? , 4 l 
C 0 ~-1 r~ () N I C H V I I P U S , I V f- L , I D V L , I r: , I N f, , I 1\ C L , I ~- - I , T f' I ! M ( 2 0 l , I N S F C ( 1 l l 

1 , I T , I n LIM 1 ( 1 0 l , I T I ~_. < 3 l , F [) T , I X I T 
JllVl=VFLOrJTY C,T fJrSIRFD VElOCITY !Nf;rx 
IPOS=ClJRRf:"JT POSITION 
I VE L = C t I R P t ~n c; P F: r I l 

r ynvL=nrsyorr c,prrn 
r Tn=niPFCTI0~ 

( 

r 

( 

c 
(' 

r 

( 

r 
c 
(' 

( 

(' 

c 
( 

( 

r 
( 

\ 

J ~~/\ = 1\ c T U 1\ L :) P J r C T I f\~ n F X 
IACL=ACCFLFRATION TNDIC/\TOR 
111ST=I1ISTANCr TO NFARFcT ORJ~rr 
NVFL=NFW VrLOCITY 

IT=TURN INrlJC'\TOR OO=NO TURN, ~"l=r-n TLIPI\!, ll=LT TUf<N 
NPOS=NEW P0SITIO~ 

N/\CL=ACCfL[RfTIO~ 

IPSI=POSITION OF N[;HTsT OiUFCT 
ICn=CRITIC/\L f'liSTANCF,~.LSO lr-<ITICM. UISTANCF INDICATOF~ 
I V I il = 7T P 0 V r L 0 C I T Y I r~ IJ I C A T 0 R 

IVII=INTERSFCTION INf'llX 
INc:;rr=INTF~S[rTION ~TA\K 

INS[((Jll=FIRST vrHICLF AT INTFRSFCTION 
rnn=niRFCTION OF SF'ONn VFHTrLF nT TNTFDsrrrJnN 
INSPl=BEGINNING OF INTFRSFCTION 
INSP2=ENDING OF INTFRSfCTION 

If'l!JM( 1 l=AT nf.SIRrD SPFFO 
I [!I H~ ( 2 l = G T 0 r S I R F I) S P E F 0 
I11LJN1(3l=AT CRITir/\L fllSTANCF 
Jf"lLJ M ( 4 l = G T C R I T I r /1 L D I STAN C F 
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I iJUi'-1 ( ::' l =V~ HI (l_f c,TOPPF" 
.~ Jf"'1Jiv1(6l=VFHI'Lf IN INT[RSFCT!t!~' 

r IrJ1)1''1:(7)=FJf<c;T VFHir:-Lf /\T INT:-r)c•-. TJ: ~~ 

r T ,.., I I ~1 ( R ) ::: C f\ P 0 ~ R I G H T 

r I IJ II~A '/ l = ( f\ P () N L :- F T 
' I 1J ' !'·1 ( 1 0 l = C t\ r:> c; T P A I G H T t1 H F A f'1 
1 Jf">tJ'~( 11 l=Vr-Hl<LF 1 X/\CTLY AT TI\IT'-I~srcrr()l·; 

c ID'!r-'1(12l=CAr:> ON RT :·xi\CTLY /l.T H!Tf~r~r.rcTir!r•' 

r F)IIM(l':\l=(f\T ')N LT 'XACTLY fiT PITFR'~'CT!f·:•.; 

r JrllJi!(]L+)=C/'IR AT CT f""Xf1CTLY /\T T"'Hf~c,rcTIUh 

C I n 1 JM C 1 5 ) = U-. '\ 0 r ~ 1\ T T URN I N G R T 
r Jr)Uiv1(16J=CAD IJN :-n TUR~JING LFFT 
1 rr\IJ\H17l=CI\I~ r!N L 1 FT TliRN!N(:. RT 

In!l'v1(}R)=(I\R !JN Lrrr TiJPI\jJNG l FFT 
r IIJ'''i(19)=CN~ C',T 1\l~rr.r) TIJRNIN'· RT 

C I r) UM ( ? (I l = C ;\ 8 c, T /\ H F A I l T ' I R 1\J Ir~ r, L F F T 
r- I IJ If~ . .-., ( 1 ) = V r HI r l_ r ~ T T I tR 1\l 
r IIJ'J'~1(?l=VF~li'L' tr-rr TIIDN 

C lD1Jr0(3)=VIHICLf c,T THPLJ 
r I T I '-1 ( 1 ) = T l ,._., r I N S Y c. T F 1\1 
C ITI'v1f?l=ST0P Tl~E DFLAY 
C I T I '~ C 3 ) = T !J T /\. L T I .'~ F r r· L 1\ Y 

CALL Of~CV( I;, I l 
C ORTf\IN CHIIRM-Tf PJST!CS 

I VC= I VC H C I c:, I l 
IF! IVC)"39,6,6 

~ IACL=IACL.t.~ 

IF( IfiCl_ )4,c;,4 
1, CALL ACCFI_(IPIJ<;,JPcJ,It,(l ,0\A<L,Tf\lA,I\/Fl) 

"IVt L= lVlL+~:ACL *DT 
IFC"lVFL lc,r:.,1 ,1 

r:.c; N\/FL=0'tGO T·) l 
r:. r>>!IJFL= I VFL 

r 
.P l 

(-,? 

61 

1 7?, 
1 7'? 
") 71 
17!;. 

1 71 

vrL=NVEL 
NP!JS=lPOS+CV[L*DT+Q.'l) 
ICl=INSPl-') 
IF(NPOS.GT.!Cl l1~3,A3 

I r < I nt J~ ( f> l • F: 0. 1 l r, >i , 1 ll 
IF!NPOSeGT.IN~P2)Rl,H4 

I c 1 = I P c; I - 1\J r> t) <; 

IFI ICl.GT.S)8l,8S 
f\JPOC,= I rn, I _r:. 

VFT =N VFL = r: 
CHrCK IF vrHICLF fiT If\JTFRSFCTION 

I F ( I r) l J 1v1 ( 6 l • E Q • 1 ) n A , 6 2 
IF<NPOS.Ft). INSPl !61 ,72 
I llUt·H 6 l = l 
I f'IUM ( 1 1 l = 1 
IFf IT.FO.l ll7?.t172 
InUMU1l=1$If!lJM1(?l=2$GO TO 171 
I F < I T • F ll • ':\ l l 7 '+ , l 7 l 
I fl' J t-1 1 ( 3 ) = 1 $ G n T 0 1 7 1 
Jr"IIJI-'11 (1 )=?'!ii" 1 1~1 (?)=1 

IVII=IVII+l 
r>IJ s q I I = l , l:! 
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I r I IN c;f C 1 I I l • r Q • ·"' l '' q, ':i q 
~ C) \I) N T I f\J l J E 

PDJIH '17 

'7 F~RMATI* LO~IC fPROR l*l 
\1\LL tXlT 

"0 I~lc:,rr!I I l=Jc,r.O.M/\C,K(9l 
PfT', sR,'J9 1 Jc,rn TIJ INl~rrAH VFHT<LF 1~1 rrn•r\cr :-rroN 
fW'K If- V1 HlfLF tJRST VIH ,q J~c:.FfTFlN 

rP IFI!N<:T((lll.r:-Q.Jclll01,1'14 
104 rrr TNS''!11 1.•0."111~1·1"1~ 
l"·l TNS'C11ll=Ir:;I'l:,Y/ltJiv'(7)=1$r.r) Tc' 1!~1 
1 r. 7 T Ill IM ( 7 I = ;' <t, (,() T () 1 0 '"\ 

10< rn"JTir·H'f 
r Kl IJSF/l F0P C/\R ON P!CiHT 
r K? IJSED F-OP CAl:?. ON LIFT 
r Kl USED FOR CAR STRAluHT AHF,\1! 

1<'1=1<'.?=K3=? 
A~ n0 AA IJ1=1,10 

IFI INSFC( !Jl l 167,()6,(:)7 
r,? IRO=INS[C( LJ1 l 

T r~()= I RIJoA. 777P. 
IFI IRO.EQ. lSI 166,~?0 

"· 7 n I n 1 = I VC H ( I ? 0 l • A • rv<" .S K I'+ l 
rr'1=IrH/2**K14> 
I n? = I /12 = I [' 1 
Jill+= Ill 
ID5=IVFH!IPOl.Ao3000"00~00R 

IllS=IfJS/2**27 
I/l6=IVCH!IROl.A.MASKil4l 
JllA=I['IA/?.**K!l4l 
GIJ Tn lllld10lK1 

r ( 1\P ()riJ RT 
11"1 rnl=llll+l'f.IDl=Ifll.A • ., 

rrr rn.ro.rn1 1112,111 
J:? 1<1=1 

I nt J r" 1 1 ? 1 = r n 'i 
\ CH[CK F0R CAP ON RT TURNING RT GR LFFT 

IF! In6ot~o1l1()(),"\0l 
<nn rnuf-1!1'1l=UlllLJMI1Al=2i>r,c) TO 111 
'>()] IF<In6.EO.'l102,111 
< n ;> I nr J"-1 ( l r, l = 11> I /l! JM ( 1 '1 I =? 
r rAP r)f\J L T 
111 G'l TIJ ( 11A,] 14)K? 
114 Ill4=I/l4+1'f.I/l4=IIl4.A.? 

IF! In?.En. Inl+l 11r:.,11A 
11" K?=1 

1~"~ 1 J "'1 ( l 1 l =In 5 
r \H 1 CK FOR CAR ON LT TURNING RT nR LFFT 

IF! lfl6.EQ.lJ<Q4,105 
104 I/l1JM!17l=l$llllJM!1Al=2$CiO TO 116 
<or:. IF! Ir>6oE0.1l'306t116 
<1"1A IntJ"-1!18l=l$l[)UMI17l=2$GO TO 11A 
116 GIJ TO !6A,]l7lK3 
117 JF!Irn.LF.?l11At111") 
11R !nl=[n'l.+?~GO TG 1?() 87 



1''; T[")'::\:cf"'-? 
1 ~ 0 I 11 '=I~~•Ao'::\ 

T F ! I I)~ • F IJ • I " l 1 ? 1 , r, 6 
l'"'l K'::\=l 

I 111 1 '1 ( 1 4 ) = I "~. 
r \Hf~.-K FUR CAP ST AHFI\!) TIINI~H!(, f~'T (lP l T 

IF(In6ol0.1 l1S4,]SS 
1"1, IIJ11'1!19l=1'hlfltJ'.~(,?r):::,~'f,,-,() TO f.J 

1 r:; :._ r [")! 1 \~ c ? n > = 1 ~ If'· 1 '-1 c 1 c: 1 = :o '!-> r.u T n r. 1 

fl, \IJ~ITINIIt 

I [")I 1~-1 ( R l = K 1 
I 'll J '~ ! 9 l = !<' ? 
I f) I J 'A ( 1 (' ) = I<' 1 

T F ! I 'l I J~ ! A l • F r' • l l 71 , 7 ? 
7 1 T F ! "I P 0 S • r 0 • T f\! c, r 1 l 7 ? , 7 R 
7 r I n 1 .1 ~1 c 1 1 l = I '11 J '.-1 c 1 ? > = I n 1 ltv' c 1 "'· l = I n' 1 r.1 c 1 ,, l =- ? 

IF! Isi.f:O.IWJC!l1l ll0'1dl")f> 
]('IS Jf')IIM(7)=2$lNSE\(1J)=('I 

106 IFCNrOSoGT.INSP?l7~,7? 

r VFHICLE LEFT lNTFPcFfTIUN 
7"'. nn 74 IJ1=1•1n 

I\l=TNStC! LJ1 l .11.777[' 
IF! ICloC"().I<:J l7"i,74 

7 ,, r 0 N r I "II 1 r 
P PI ~!T 7 7 

7 7 F 1J P ~1 /1 T ( * L ( l r; I r F R P n P ? ~ l 
CALL E"XIT 

7S INSFCCIJ1l=0 
lVI 1= !VI I-1 

C CAR TAKFN U'JT UF INTFf~SFCT ION 
I f"\IJH ( 6) =2 
I 'l I J t--1 ( 8 l = I i' ' .I~ ( 9 l = I r) I J M ( 1 0 l = ? 
I "U ·.~ ! 1 s l = I f'"' 1 J '-1 f 1 f> 1 = I n 11~1 ( 1 7 l ::: T r 1 1 ~~ ( 1 R l ::: I ' l! :1-1 ! 1 q l = T n 1 1M c ? o l = ? 

7? C0N T T Nll[ 
r <HfCK IF VF~LO'!TY c .• T. flfSIPFn V'LiirTTY 

IFf~VELoGT.I 11 VLl?l,22 

?? IFINVELoF0.I"VLl?~,?4 

? 1 I DlJ'~ I 1 l :::2$ I fltJ~1 < 2l::: 1 'f-C,n TO ?." 
?" Jr)I.J'·1(1J:::l'I;JfllJ~11?l=?'~>C·n rn ?"' 
?r, IDU'~(ll=2'F>IIJ1.J~!2l=2 

C \ H F C K I F VEL 0( I T Y r OLJ f, L T 0 7 F R n 
?S IF!NVELl27,2R,27 
?7 IOlJM(5)=2$GO TO ?9 
? ,o. I fll JM ( 5 l = 1 
?n f[")ST=!PSI-NPOS 
r CHFrK IF DISTANrr =n,If. PASS <ON~!TION 

IF! lrlSTlPtl~,1? 
p, JF!IVCH!!NIIlll7,]6,16 
r srnp VFHICLt 
1A PRINT 4l,ISI,INA 
41 FO~MAT!* COLLISinN lSI= *•Th•*IN/1= *,T6l 

NPOS=IPSI-"> 
I~ST=5'f;NVF.L=O 

Gr:> TO 12 
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'7 J(l=IVCH(lNI\J.A.k':(Cl) 
T F c I r 1 • E 0 • I" i '~ l l 4 7 • '' '"' 

,,? C'INTINIIF 
rvr=rvr.n.77~'10n0nnnnn 

I J= Jvr.fl.vr s~- 1 7n l 
TJ::-cJJ;:'**i"(:'n) 
T .J-c U+1 
TF! IT.rQ.~l1~n,~~1 

·~~ JP~0~Gn TO ~4~ 

., ~ 1 I r ! I T • F 0 • 1 I .,, t, n • ~ t~ 1 
'"' '' ~ I P = R 'f> (,0 T r-, .,, t, -,, 

., '• 1 I R = 1 n 
'>.4< (()f'Hif\'IJF 

lFCT( !R,2,I.Jl=IF<T!IP,2,1Jl-1 
( SFT VFH!(Lf FXIT FL!IG 

GCJ=JTI~!l J;rTT!Al 
Gr?=TTIM(?l/CTT(Al 
Gr~=ITI~(~l/CTT!~) 

IF!GC2etO.Ol~AR,'"'Aq 

'"'.AR Gr?=l 
IP=IR-f, 
I r C T I I R ' 1 , I ,J l = I F C T ! I R , 1 , l J l + 1 't I f- C T ( 1 R • 2 , I J l -: l F C T ( I R , 2 , I J I + l 

< f, Q Ul N T I N I ! f: 
I fl T = I V C H l ! I S I ) • A • r.• /1 S 1". < 1 0 l 
I flT= I flT /?**!<! 1 "I 
I vnn c I ",I 1 = v. < c:; 1 

r , n 
P 0 INT Sl"ti~T.I<;J,TT.I~.DT 

F·'J'~i•11\T( /j't.- vrHrrt r LrFT <,yr,rr:-·t 

1 * I <; I = * ' I ~· ' )!- T I I R ~J T y p f' = * • I ? • * ') I R F ( l I 0 ~·I .,. \< • 1 ..., • ~~ T I rv", F = r, • F l 0 • c:, l 
P 0 I N T S 1 1 , G ( 1 , C, r ? , r T T ! ~ I , r, C -~ 

r 1 1 F () P t~ A T ( -:r- T I '~ ~ I N c, Y ~) T r t·' = * F 1 n • <:: , l( <; T 1 , i · 1 1 · 11· r) F L f\ y = * , F 1 0 • r" 

1 * T I "1 F fJ f L 1\ Y F 0 P V r f II r l F c, II 'I r: ' P * , I '!. n • r • ' 'I' · '" Jf • F l ~ • r. ) 

IVC=Ivc.o.'~A9.! 111 
In= IN/\* 2-:al(, I 1 ? l 
I vc = I VC • r). I r l 
G0 TO ~7'3 

" r 1 c () r : T If'; 1 1 r 
,, ~ I r 1 = I V C H ( I ~J /\ l • /1 • ~~ fl <; K < 0 l 

I F C I C l • E Q. ·-~ 1\ ".V. ( 9 l l R 0 , R 1 
'11 I VC =I VC • (). ' 1 f, q: ! 1 1 l 
r < r T () P J F: C T I ~-' r. F X , P fl <; "· 

r TliRN LOGIC 
r SFT PASS FLAG 
r Pl!T IN/I IN !'/\<;<; ll\lfl 
( P I C K U P S T U P 'l I G N () N r~ T I LT A N 11 C: ll T A I N r J F v; I N A 
r S F T 1 S I I N ::, T 0 P S I G N 1 r--J A 
r CH/\NGF NPOS 
r (H/\NGF OlRFCTIONS 

IF! IT. FQ. 0 l 16 1 , u;n 
r VFHICLE TURNING 
1A~ IC1=INI\*?**~!1?) 

rvc=rvc.o.IC1 
IV) l A l~ I = 1 ' 1 ? 
Jrl=IVCH(Tl.A.~/ISK(lAl 

IF! lCleFO."-H,<',V ( l"il llf'i,li)L~ 
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1 '· ~ 1 • 1 1 r • r Q • 1 1 1 ,..., ~' , 1 ,, .., 
PT TIJRN, ri<t. 'JP cTIJP ·.Ic~: ~v: 

1 f.,..., P·.?-= I V C H I I l • " • \1.'\C", tc I 4 l 

I"'i=l"2 
I " :' = I I'? I ? * {( ~ I "• l 
I f' '' ::: I f' 
l~'h=I1'4+Jflf'~=lf'4.~ • .., 
I r c I ";' • r (j. I "'' 1 l r, 7 , 1 1, '• 

1(-,f, <1\LL wncr,I,..1> 
T ''(~ ( I l =I vr~ I I l • ~ • • N .1'<1 f\ r,f' I c:;' 
I'?=IS1*2~HK(r) 

I V( ti I I l = I vr H I I l • n • I r 2 
SFT INJ\ PJ\c:;S lGf'.IOR> 

IV'iH I l=IV<YI I >.n.MAC.K!21 l 
I NJ\= I \l 
GO H) 170 

C L T TIJRN PICK !Jf' STOP c,JG~! ;)" r'T 
lA~ If'l=IVCHtll.A.MJ\SK!4) 

If'"'=lf'l 
I'""'l=I~"'1/?lHl-f~(t.) 

I rlJ = I Ill + 1 'f. I rll =- I I) 1 • ,, • .., 
IF"! In.rO.l"l l lAA,11',4 

1A7 Nf'()<";::JNC,P:"-r!T,r;n T" 1•.r, 
lAR ~IPO<";=IN'1P1+Jn·r,r,(' T 1 ]I',L. 

17n IVC=IVC.J\ •• N.M~SK14l 
I VC= I VC .o. l i~"-
I r~ S T = I P S I - 1\i f> • l <, 
1,.) T () l 2 

1 At~ C 'HH I NU[ 
~H'INT ?0~ 

'>IV) frtr.>',fiT(* L'1r,Jr rot~'t 1 p ':l!f) 

(I'LL IXIT 
1 r. , T .~ 1 = I r 1 t\ ~: ., v 11 I< 1 1 ., l 

l'''=Ivc.r,.I,..l 
c:r· T Pll. c,c: T r .... Jf'r 

r vr 11 ( I ~! ,., l = ! v,..!! ( l ~I. ) •. ) • ,,, .~ ry ( - ' l 
r>ICK •JP Nr· .. ~ ~.r:-.'='r -.r n:·,JI ,.T P·ir'· v 

1 ..., 

I r 1 = r--J I ~·I I W" X 
C /\ L L ,'-Jn I 1 l ~~ :. , I r 1 l 
'IT tiP IJf' ii!'T PArr<tt 

I'2=I<:I*;··:HK(C:.) 
I II( II I IN/'. l = IV-HI T ~! !\ l • : •• N. 1--1" '.r I r, l 
I VfH I J.',!/', l =I v<•t I Pl' l .Cl. tr'? 

I "' 1\ = I r 1 
O!NT I "JIIf 
I Tv r L = I v ( H ( I "! /\ ) • '· • '·1 1\ r,K ( ? ) 
ITVFL=ITVfl/?**K!?l 
JTVFL=IAn~(NVrL-ITVFL) 

Nf<, IVCHl p:,'iff,rrr Vlfii<L.r :11tT {)F Jt':Tf'W,fCll·lf>. 
fH[<K If f.!f t\f.'l c-,T 'Jf\,JLfT rJitTI'IIT 

I '1 = I VC HI PJ /\ l • J\. J( I 0 l 
IFcirJ.rQ.rt~>>1~.J~r 
01NTJNIJ[ 
'fiLL I(D( ITVrt .Jr,,..·Td<"f"l 
rrt In:,r.r,r. J(f'))~l".·:q 
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<.1 IFcinc:r.Fl.I,.."'l':l?,-<1 
'" I~''li'~(':\l=?'f.F'''r-'1C41=l'~>Cln rn -~r:-, 
-:>? lf'IIH(ll=l'f.Intl~~~'+l=/'tJ,n T'l ~" 

<< Ifl 1.1',1(<l=21>li!L!M!4J=? 
<c IPOS=NPOS'f.IVrL=NVFL 
<f-. CONTINLI[ 
r StT PROPER UJtJNT IN Sllt'"MARY P..V'i\'1f Tl f~·. 

IJ=Ivr.A.MA<;K(20J 
IJ=l.J/2**1(!?01 
IJ=LJ+l 

'~"() If'"(T(l,l,IJl=IFIT(1,1•lJl+F~"'·T 

I r r T ( 1 , 2 , LJ l = I F C T ( 1 , 2 , I . I l + F r, T 
' I ~I\~ r"!. N T T I '-W I t..' f' I r f, T n"' r. 

rvL=rTT(1l*C2?oi1Sol 
I T I q ( 1 l = I T I fft ( 1 l + F n T 
IF( l\/EL.FIJonJ<,7n,-:qs 

~1n JT[M(?l=ITIM!ZJ+rnr 
IF! IToFOo':\l502t"i01 

' r-? I F C T ( 1, 1 , I J l = I F ( T ( 1 , l , I J l + F" T 'f. l F C T ( 3, 2 , I J l = I F C T ( 1 , ? , I J l +F f) T 
Go rn 'JOn 

'' r -:>, I F ( I T o F 0 • 1 l 5 (' t, , 5 " S 
'· n t+ I F C T ( 2 , 1 , I J l = I F ( T ( 2 , l , I J l + F '! T $ l f. C T ( 2 , 2 , I J I = I F C T ( 2 , ? , I J l + F I! T 

Gn T0 'JCn 
r. n '• I r ( T ( I+' 1 • I J) = I F c T ( 4. 1 • I J ) + F ,-. T ·r l F ( T ( 4 • ? 'I .I ) =IF· ( T ( 4.?' I J) + F r~ T 
r "-r, ro~F I Nllf 
< 7 ') I F ( I 'It L •.:; T. f- V L l 1 7 .,, , < 7 2 
< 7 ? I T I \1 ! < l = I T I ~-1 ! ., l + rt lT 

I F ( I T o r 0 o 1 l f-, ·"' ? , f, " -, 
6 'I? I F := T ( 6 , 1 , l . J l = l I ( T ( A , 1 , I J l + F -, T 't I > - T ( f, , ? , I I ' • f T ( (, , ? , I J l + F n T 

G 0 T 0 (, C fJ 
( (' -~ I F ( I T • F (J • 1 ) (-, 0 II • 6 " c, 
, • ,., 1+ I F c T c rs , 1 , I J 1 == r r < r c c; , 1 , I .J ) + r " T 'f 1 r r r 1 <> , ? • : T 1 c:s , 2 , I . J 1 + F :' T 

GO TO AOh 
r ,., '' I F ( T ( 7 , 1 , I .J l = J f r· T ( 7 , 1 , I J l + F r • T <r. 1 F C T I 7 , 2 , I , ' I .c i f c T ( 7 , ? , I J I + F :" T 
r- "A \0 ~lT I N U E 
<71 IVCI-HISIJ=IV' 
,,., 1.1\LL <;FTIIr(I<:,J) 

r:>fT 1 10N 
P·.J'l 

<;lJRDf)lJTJN[ NO! (I c:I, INN l 
C 0 '·1f ~ n N /I"';, !<./ t 1!\ r, K ( ? "i l , f. ( ? 'J l , ~~ < _:> ~ 1 , N R , rn , I N r P 1 , l N r P 2 
C 0 :~ r ~ fl N I STArK I I V E H ( 1 0 " l , I V f H l ( l 0 0 l , I V r t j C l n '' l , I V C H l ( l 0 0 l , I Y 
C () M ~ 0 N I C H V I I P t J S , I V!: L , l I! V L , I ') • T N .~ • I /\ U , I P c. l • I I I: I·~ ( ? n l , I r·J (~ f C ( 1 1 I 

1 ' I T ' I D liM 1 ( l n ) • I T I ~ ( -~ ) • F r ·, T • J \( l T 

PI<~: IJP r)P,Jf(T HJIJIX 
I VC =I VC H ( I S I l 
IN0=IVCoAo~~<:V("il 

I ~!0= I NO/? Y. *K ( r, l 
", T '-ill "' I N 0 
r II(TII/IL NFARf<:T OI'Jrrr rNnrx=Pl~l 

7 I r 1 = l VC H ( J f·l N l o /\ o ~ 1\ ", K C l 1 l 
IFC J(}aiO.M~<;V(ll) 112,1~ 

1 7 I C 1 = I VC H ( I 1\J N l • /, • ~' .\ r K ( J ;' l 
I ( "· = I vc 0 A 0 M /\ ') v ( ? l ) 
IF! l'">•FOo'·'/.r.~: C ?1 l !??•?'~ 
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T'r=rvr.A •• N.~·,.,::.I<<2ll 
r,n Tl") 11 
(IVj T I fllttf 

., 1 

I v ff-1 ( I N N l = I V r: H HJ N l • 1\ •• ~ J • ~-i A .-:.' ( l ~ l 

I '.1 1 r l ( I N N l = I \1 II I ( I "-! N ) • i1 •• N • '·1 /1 r, f · ( 1 :' l 
IF< lVCHl ( INNl.rU.K(9 l 121 ,;:>? 
IXIT=INN 

··~ INN=ICl/?**K!l?l 
ll IPS!== !VCH( INNJ .A.f''/,~.K( 11 
r l\ 11fl vr·III\L[ LFN\,Tfl 

I VL (j T = I V C H l ( I N N l • t, • fv11\ ', K < 1 'J l 
IPq= IPSI-IVL'·T 
~FTIJRN 

r:-Nn 
c;t JflR()IJT I NF OP.rV I I <;J l 
CO'A\1()NICHV II PrJ<;, I VFL, I nvL, In • IN·~, T /I(L, I pr, I, I fllli-1 ( ?0 l, I NSF\ ( ll l 

1 , IT, I I"" I!~ 1 ( 1 r' l , IT I f'-1 ( 1 l • rnT, I X 1 T 
CO~~'!NISYSII~YS!(AnJ,Ir:YSY!A0J 

C (),"H-1() N IS T 1\ \K II VF H ( l(H" l , I VFH 1 ( 1 0 '1 l , I V\ H C l (\I"\ l • I 1/ C H 1 ( 1 011 l , I Y 
C 0Miv1n Nl He, K I M.l\ S K I ? t; l , K C ;:' 5 l , N C ? t; l • N P • 1 > T , IN <;P 1 , I fll c. P? 

C !POS=CURRFNT POSITION 
r IT= TURN INr'IC.I\TOP 
r IVfL=CIJRRINT SPEFI> 
' I~"'~VL=nFSIDrl"~ srFn> 
• rr=~IRFCTION 

r INO=NEAREST OrJ.IEJT lf\li•IXCTf_,_..f'l 
I I ~1.1\ = 1\ ( Tl J .1\ L 0 n J r r T I (ljf) r X 
r I.I\CL=ACCrl rR./\TI0"-1 INf)JI/\TO~ 

r I P .c. I = P 0 S I T I 0 ~I 0 F ;'·J> ,1\ !';> r- r T Of~. J rr· T 
r ~qTAIN \HAPJI·-Fr:> V.'\[ltr.S Fr)l7, 

I VC =I VOl C I :; I l 
r POSITI0"l 

IPOS=IVC.A.MA<;r(l l 
r SPF~fl 

·' N0FVP=NlJf'.1H[R UF TVfH Pi\r),",''fTt::pc; 
NOFVP=lC 
CALL NO! C lSI ol"-llll 
IF! IVC)fl,'),Cl 
<ONTII\lUF 
T 111 L = I \1 r • /\ • M" c:. K C '> l 
TVFL=IVFLI~*•V(?I 

ynvL=IVC.A.~ASK(l) 

T nvL= I DVL/ 2-:HIK C ·1 l 
r riiRF\TION 

In= rvc .l\.'-11\sl< c 4 l 
I rl= I n I 2 **I< ( 1• l 

r NFARFST OGJFCT !NnFX 
IT=IVC.A.MASKI14l 
fT=IT/2**KClhl 

r TJ~f- TNDIC~.TORc:; 

TV=l7 
f)() t., I I = 1 , ' 
T T I ivl I I I l = I V r H 1 ( I ('_ I l • 1\ • M .1\ '"· I< I T I< l 
JTIMI II l=ITIMC II li?**KCJrJ 
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"' P'=Ir+l 
t\CCfltRf,T ION 

IACL=[Y.A.~A~KI7l 

IACL=IACLI?**KI7l 
OPTAIN lVtH PARA~1ETFRS lf'lLJtv(] lTO l'Jtt~-11Rl 
I'<'= 7 

r,rJ 1"' II=1,?"' 
I n t Hvl I I I l = I V F. H I I S I l I? * * I K 
I i't 1"'1 I I I l =I nt JM I I I l • ;\. ":\ 

1 ~"~ TV= IK+? 
Jtt=n 
rv) 20 Il=ltNOFVP 
JrllJM 1 I I I l =I VFH 1 ( IS I l I 2 **I K 
ID'JM1(IIl=IDUMl<IIl./,.3 

?n TI<'=IK+? 
P C0r-.JTINLJE 

PfTURN 
~""Nil 

~IIB~OUTINF SFTIIP{ lSI) 
C0"'1MONIMSKI~ASK12~l,K12~),N<?~l,NR.~T.IN~P],INSP? 
rOMMONISY~II~Y~IIA0ltl~YSY!60) 

CO'vlMONIST.i\CK/IVEH< 100), I VEI-n I 1~0), I VCH ( J ('\() l • TVCHl ( 100 l • TY 
COM.\10N I C HV I I PO S, I VFL , I DVL , I '', IN A, I M: L , I P < I , I f'lUt-1 ( ? 0 l , I W F C ( 1 l l 

1 , I T , I r, t •M 1 I 1 0 l , I T I ~1 ( 1 l , F I" T , T \ T T 
r c,e:-r '!P CHARACTFR V/\Lt.tl='c, FOR, 

I VC =I VC H < IS I l 
IF<IXITefO.Ol22t21 

?1 IVCHl<IXITl=IVfH!IXITl=IVFHl <IXITJ=n 
I VC H ( I X IT l = -1 $I X IT= 0 

?? \0NTINliF 
r N~AP~ST 0BJFCT INDrx 

IVC=IVC.A •• N.M.i\C,K(Sl 
I ~!/\=I NA*?**K ( S l 
I v<> I VC • 0. I N f. 
rr<IV\l7,8,8 

P C0N TIN! II 
r PnqTinN 

IVC=IVC.A •• N.MASKI1l 
IVC=IVCeO.IPQS 

C ~Pi="F[I 

r NOFVP=NUMRFR OF IVFH PARA~fTrRs 

N0FVP=l0 
TVC=IVCeA •• N.MASKI2l 
TVFL=IVEL*2**KI2l 
IVC=IVC.O.IVf='"L 

r TI~r INDICATORS 
IK=17 
no 6 I r = 1 , ? 
I VC H 1 I I S I l = I VC H 1 ( IS 1 l • A • • N • MAc, K I I K l 
ITIMCII l=ITIMI Ill.A.77n 
ITIMI II l=ITIMI II l*2**K! IKl 
IVCHl!ISI l=IVCHl!ISil.O.ITIM<TTl 

6 IK=IK+1 
C PICK tiP IVFH PAR:'IMFTFRc; 
C I'""t1M(1l TO If'ltJM(.I'\) 
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I \/~H ( I,.., I l =I vc: H ( T c I l • /1. • • N • M/1, c v r P l 
IVEH1 <ISI l=IV~Hl( lSI ).A •• N.K!l"-l 
JK=7 
nn 1 r I I = 1 , '2 0 
Jf'IJ~.-1( I I l=l""IH~C I I l*2**IK 
IVEH! lSI l=IVFHC Ic;I l .o. I!>tiMC I I l 

1f'l IY=IK+2 
IK=('l 
D0 ?n ll=ltNOFVP 
I i"'U~l (I I l =I IJLIM 1 (I I l * 2** I I<' 
TVE'Hl C lSI l=IVFH1 ( Ic;J leOe If'IIM1 (IT l 

?I" TK=lK+? 
7 rnNTINtiF 

I VC H C I S I l = I V r 
PFTIJRN 
~NI"'l 

c; LIB ROUT I NF ACC EL ( VPOS ,QPOS, AC('J ,NACL, I ~U\, I VFL l 
rnMM0NICRf'PIH,A,n 
INTEGER VPUS,UPOc;,ACCI,f'IFF 

C NEG ACC=4, POS ACC = 1 
IF!ACCI eF0..4)fl,4 

4 NACL=2 
PFTIJRN 

A DIFF=OPOS-VPQc; 
JF(f'IFF.Lr.Hl~2t12 

'~ t;LQPF=-6.1400. 
~ACL=SLOPF*I"'IIFF+A 

2~ NACL=-NACL 
PFTtJRN 

12 NACL=() 
prTltRN 
FND 
SIJBROl.ITINF ((I'HNVFL, IDc;T,JC!"l 
C 0M'10 N I C P np I H, f, , r 
TCD=-!A1Pl*S0.PTC 0 **2-NVEL•*2l+H 
orTIIPN 
rl\!["1 
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MODEL OPERATION VARIABLES AND 
DRIVER RESPONSE FUNCTIONS 

(' r 11 1 1 '"" 1 1 • "),'"\ • 1 (I • 

c: ~~ 1 :H' • ·"' 7') H' 
:->? ~ L' 

7 1 11"' 
1 1?2 1 1\ 

1 1?1 1 1 1 ('\ 
1 1.? l 1 10 
1 1 1 1 1 1 1 (' 

1 1 ?1 1 r, 
1 l 1 1 " 
1 1 ? 1 1 r, 

1 1 1 1 1 1 1 1 " 
1 1 1 1 l ?? ?1 1 ('\ 

1 l 1 :) ? 1 1 1 n 
? 21 1 0 

1 2 1 1 1 1" 
2 l 1 ?1 l (' 
? 1 1 .?1 1 n 
? ? ?1 1 (' 
1.???1 1 ]('I 

1 2 21 1 1 1 n 
1 1 1 ? ? 1 1 ., 

1 1 1 (' ( 

1 1 ? l ? 1 1 1 " 
l? 1 1 1 1 1 1 (' 
1 ?1 1 1 1 ? 1 r, 
1 21? 1 ? 1 ('\ 
1.?111 21 1 (I 
1 ? 1 1 1 .??. 1 n 
1 1 ? ;'"' 1 1 1 (' 
l 1 ? 1 1 1 l 1 n 
112111 :-> l ~ ' 111?111 1 n 

1 1 1 1 1 1 ~ 1 1 1 1 " 
1 1 l 1 1 1 1 1 ? 1 'I 
1 1 11 ') 1 l? 1 ('\ 

111111?1 1 " 
111111?? 1 ('\ 
1 1 ? ') 1 ? 1 1 ('\ 
11211;' 11 1 " 
11211? ? 1 l 1 li 
111?1?1 1 1 0 

11111?111 1 r, 

11111?1?1 1 (' 
111,:"1?? 1 1 li 

1 1 11111?.'11 1 1 " 
1 11111???1 1 1 l ,.., 

1 ???1 1 ~ 
1 1 ?? 11 1,.., 

1 .?1? 1 1 ('\ 
1 1 ? l 1 1 1 n 

1? 7 1 1 ('\ 
121 1 1 1"1 

1 1 1 1 ?1 1 (1 

1 1 1 1 1 1 1 1 1 1 1 '. 
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STOP SIGN AND DUMMY l/0 OBJECTS 

•· f) u "· 11 
,.., .1 ('1 A (' 1 1 " " " (' I ? 7 " 1 I " {' 

" 
., 

" '>, n, I') 1 1 n (' (\ . ' 
/_, r ('I (' (' ,., () I (\ n 
h r\ ,..., " ('1 1 1 (' .') ('\ n 
l ~ r: .. "1 (' r ? 1 l .I (', () 

/1 "· {' " r -~ L' ("\ n ,.., 
qn,.., " :1 ("I () :"'1 Fl1 (I ('I (' 

'In 0 ) () 1 (' (' 1 n 1 0 I') 

•/ ~ )(\ li u ? 1 l l " 1 
<J 'l n ., r. 1 1 ? " 1 n 1 () ') I') 
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r, 

0 
(1 

() 

() 

() 

n 

() 

n 
(1 

'"' 
n 
') 

() 

() 

n 
n 
() 

n 
n 

"' n 
() 

f, 

?2 
] ? 
/'1 

24 
2A 

2 
20 
?1 
21 
] 7 
?<=. 
?9 
24 
2? 
2fl 
27 
21 
27 
2A 
2A 
21 
2R 
?'"' 
11 

1() 

"" ),_1 

.., 
' 
n 
.., 
' 

'3 
? 
2 .., 
t. 

,"'\ 

? 

-. 
' 
? 
"'\ 

< 
(1 

1 
,] 

"' 
1 

? 
0 
< 

., 
I 

VEHICLE INPUTS 

v 
(1 

r 
("I 

(\ 

n 
(' 

(1 

(1 

n 
r 
(' 

() 

(' 

u 
(' 

(\ 

r 
r 
('\ 

("I 

("I 

(1 

() 

(1 

r 

n 
('\ 

(' 

(\ 

r 
(\ 

u 
,'i 

n 

('\ 

(\ 

n 
1"1 

u 
n 
0 
(\ 

('I 

(\ 

(\ 

(1 

('\ 

1"1 

1 H 

1 R .,.., 
<I 

1 R 

?? 
1 R 
?2 
1 A 
2? 
1 R 
22 
1 R 
27 
] 8 

?? 
1 R 
?? 
1 R 
?? 
lH 
?? 
1 R 
22 
1 n 
n 
1 R 
?? 
1 R 
?? 
1 R 
?? 
1 R 
?7 
1 R 
?2 
1 H 
?? 
1 R 
?? 
1 R ...,., 
I I 

1 R 
?? 
l A 
22 
1 R 
22 
1 H 
?2 
1 ~l 
?Z 
1 R 
?? 
1 R 
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(1 

() 

('I 

n 
('\ 

(\ 

(1 

ll 

() 

() 

('\ 

0 
() 

!l 

('\ 

() 

() 

(1 

() 

(\ 

n 
(1 

() 

() 

(1 

(\ 

(l 

n 
() 

('I 

() 

(\ 

() 

(\ 

n 
u 
('I 

() 

() 

('I 

() 

(\ 

(\ 

() 

u 
() 

0 
() 

() 

(\ 

0 
() 

('\ 

n 

(I 

() 

(1 

(1 

0 
'-\ 

(' 

() 

() 

(I 

() 

() 

() 

("I ., 
., 

() 

1 
l 
(') 

() 

("I 

(' 

' 
() 
..,_ 

() 

1 
("I 

1 
() 

(l 

1 .. , •. ·~ i' .-. 1 
.,_;. '.'-1 '71 
r; p o "; 11 () 71 

t, 1 ;• 7 • 7 1 ' ) 7 () 
'· 1 ,, -~. 1 t, 7 t,? 
,, 1(.1.-.'1•"-4'1 

1 7 r. • (, f~. ? ' 1 
H 1 H f, • 1 R .., t, ? 
') ]CJ":\e"'.2'lt,?, 

)0 ?01.71()1? 
1 l 7 l ' ) • l 4 1 1 ,, 
] z 7 -~ (, • <; 4 l 7 7 
1 -~ 2 4 R • ·'16 -~ 7 0 

1 l, ? " q • c; 1+ ? ., 0 
1 ') 7 H /1 • ' 1 7 ') 0 () 
1A ?CJf,.n.R'l?4 
] 7 < 0 'l • <;A 1 'l 7 

JH ·:nn.•·R0A'I 
l <) ' 1 (, • 1 t, 1 <; 1 
? n ':\ '' 0 • '1 1 f, 7 "i 
? 1 1An • "Jf>9<;6 
7 -:> .., (, ? 0 P 1) I; f. "' 

2 ., -; A R • t, 1 ll 1 r:, 
? ,, ' q "· •. C., ,, ~' ') 0 
?"· 4'J7.0'>)7(} 
? f t, "> q • 0 R 1 7 l 
;:- 7 t, A t, • l R Fl 1 ? 
., .. l 1 R"

0
11 (1()<:.f, 

;•·, "·"1.777?6 
,, " '• ? 0 • t, 4 H 7 4 

'1 '''1.1R"·..,c, 
r,?..,

0
RP,t,()f, 

''> 4 ' • t, R P. 1 4 
., t, r:; "<~ • 1 n <) •• 1 
.., ,, '1 7 1 • ? 7 R R 7 
<A •,')0 0 }?1R'3 

·~7 r,uA.76771 
\R (,()f,• 79t,,Rl 

<') r,?t,.r,?•-,t+G 

4 " n' " • ' 11, ? 4 
,, 1 r-, 4 n. c., nn c::, ,, 

4? n"><.1n11'i 
t, "· A 6 7 • "• 7 f, 0 2 
,, 4 (, 7 () • t, h f', 1 ':\ 
l~ <=. A '1 t, • "- n c, P. 6 
4A 7ut~.lR;..,A7 

47 711.AR??O 
4H 71(1.12010 
4 'J 7 I~? • R R 1 4 7 

"'" 7">'~.12'~2 
">1 771eA7"'R') 
'1? -,Rn.J">C::,A4 
., .., ?Q 1. <t,.()t,() 
<; t, R 0 ."' • <:, 1 R 7 c: 
c, r, R f1 ';\ • q ')t_. /1 7 



n 

r"\ 

I") 

() 

n 
I") 

() 

n 
I") 

1"1 

.1"1 
(\ 

r; 

0 
n 
n 
I') 

n 
n 
") 

") 

n 
1\ 

(\ 

I") 

I") 

I") 

") 

I') 

(\ 

?' 
-, r. 
')? 

' ' 
")') 
( ' 

r, 
L' 
? r:-) 

?7 
1 

2 1 
27 
] L, 

2? 
? Fi 

?:1 
24 
?? ',_ 

.,., 
{, ' 
?U 
?? 

?A 

2? 
?() 

28 

30 
<" .\) 

1 
,"1 

() 

1 

1 

? 
I') 

(') 

1 

J 
2 
,") 

() 

2 
1 

3 

., 
( 

1 
l 
0 

n 
r"\ 

? 
1 
1 

1 

1 

? 

0 

(' 

n 
(1 

(' 

n 
(1 

(\ 

n 

(' 

0 

u 
u 
0 ,, 
'-

" 
" 
n 

" n 
u 
() 

" 
0 
(' 

(\ 

(! 

.,~ .. ; 

.,., 
< I 

1 B 
2? 
lf1 
?') 

'' 
1 R 
?? 
l R 
?? 
l R 
22 
1 R 
22 
1 8 
22 
lFl 
?2 
1 R 
?2 
l fj 

?? 
1 R 
2? 
lR 
22 
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