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ABSTRACT 

There are two major problems involved in traffic control in an urban 

area. The first is the adjustment of the individual signals to maximize 

the number of vehicles passing through the intersections in a given period 

of time. The second problem concerns the synchronization of the. lights 

so that traffic can flow with minimal delay. 

The problems of improving traffic control are dealt with in three 

stages. First it is shown that with only minor assumptions being made 

the problem of maximizing the traffic flow through the individual inter-

sections can be treated as a linear programming problem. In the second 

stage, the problem of synchronizing the signals with each other to minimize 

delay is examined through the use of a computer model to simulate traffic 

flow along a roadway between two intersections. In the final stage 

several methods of synchronizing the signals are evaluated. The procedures 

developed are applied to data for the City of Victoria. 

---- - - ----- - -- -
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CHAPTER 1 

INTRODUCTION 

Recent growth of urban areas has placed tremendous s trains on the 

transportation systems that serve them. There are two ways that the 

capacity of any such system can be increased: either the present system 

can be expanded; or, the efficiency can be improved. In the case of 

the network of roads in the core of a city expansion usually involves 

expensive and disruptive street widening. An alternative is to improve 

the efficiency by adjusting the signals that control the flow of traffic. 

We shall show that even minor adjustments to these signals can _) 

substantially effect the efficiency of the traffic system and so 

postpone the need for physical expansion. / 

There are essentially two major problems involved in traffic control 

in an urban area. The first is the adjustment of the individual 

signals to maximize the number of vehicles passing through the inter­

sections in a given period of time. The second problem concerns the 

synchronization of the lights with each other so that traffic can flow 

smoothly and with minimal delay. 

A signal controlling the flow of traffic at an intersection 

repeatedly goes through a set pattern of light changes. Green lights 

are displayed to some lanes of traffic allowing them to flow freely 

while other lanes are held back by red lights. Then the first lanes 

are halted and others allowed to pass through the intersection. This 

continues until all lanes have had a turn. Each separate combination 

of lights displayed to the traffic at an intersection is referred to 

as a phase of the signal. Thus, one phase may consist of green lights 

to both northbound and southbound tra ffic lanes while eastbound and 
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westbound vehicles are halted. This may b e followe d by a phase in 

which amber lights are displayed to northbound and southbound lanes so 

as to stem the flow of traffic from them. Hence, even the simplest of 

signals goes through a number of differe nt phase s. As the intersection 

becomes more complex (for example, by the inclusion of left turn only 

lanes and advanced or extended greens) the light pattern of the signal 

becomes much more complicated and the number of phases increase. 

The complete set of phases of a signal constitutes a cycle of 

that signal. Thus, a given signal repeats a cycle of phases over and 

over. The time taken to pass through a set of phases is referred to 

as the cycle length of the signal. 

A major problem facing traffic engineers is to determine the 

division of a cycle among the various phases to allow the maximum flow 

of traffic through the intersection. Traditionally this split was 

based upon the percentage of traffic utilizing the various lanes [13]. 

Thus, if northbound and southbound traffic constituted sixty per cent 

of the flow through an intersection they would be allotted a green 

phase for sixty per cent of the cycle length. This method is fairly 

crude and does not take into consideration either the number of lanes 

of traffic in each direction or the delays incurred if, say, numerous 

left turns are being made by the vehicles. 

A second problem involving the traffic control signals is their 

synchronization by a master control so that traffic flows smoothly 

and with minimum delay through the entire street system. This master 

control regulates the time at which each signal begins its cycle. 

Thus, the signal at one intersection can start its cycle a number of 

seconds befor e the signal at anothe r i nterse ction. The diff e rence 
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between the beginnings of the two cycles is referred to as the r e lative 

offset between the two signals. It is the obj ective of the traffic 

engineers to adjust the se relative offsets so that traffic over the 

entire system is minima lly delayed. 

In the past, relative offsets have been set so that a hypothetical 

vehicle travelling at a constant rate of speed could progress through 

the signals without delay (14,11]. However, this method does not take 

into consideration the acceleration time required by the vehicle nor 

the influence of other traffic upon the time taken to traverse a block. 

Thus, while the signals may be adjusted so that a single vehicle 

travelling at a fixed rate of speed would have perfect progressio~ 

through the signals, under more realistic traffic situations undue 

delays could result. 

In this thesis we approach the problem of optimizing traffic 

signals in three stages. First, we show that with only a few assump­

tions being made, the problem of allotting a cycle among its phases 

can be treated as a linear programming problem. In the second stage, 

the problem of synchronizing the signals is examined through the use 

of a computer model to simulate traffic flow along a roadway between 

t wo intersections. In this way, large amounts of information about the 

delay that can be expe cted under various conditions can be gathered 

rapidly and conveniently without disturbing the actual system itself. 

Utilizing the mode l, we are able to de scribe the overall delay of the 

traffic in terms of the relative offsets of the signals involved. In 

the final stage s everal me thods of synchronizing the signals are 

evaluated. 
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Chapter 2 is d e v o t ed to the e xp licit formulation of the problem 

of regulating the ind ividual lights t o maximi ze the t raffi c flow a nd 

the problem of synchronizing the lights t o r e duc e d e lay. As the 

terminology of gra ph the ory is p a rticularly useful for formulating the 

problems , a brief introduction to the relevant terms is provide d in 

the first section . The second sec tion is d evote d to the terminology 

of the signal system itself . The third and fourth sections deal with 

formal statements of the regulation of individual lights to maximize traffic 

flow (the cycle split problem) and the synchronization of the system 

to minimize the delay (the best offse t problem) . Historical background 

is provided in the final section . 

The third chapter deals with reductions that are sometimes 

possible in the best offset problem . The first section shows how any 

signal in the system can be forced to have a fixed offset without 

changing the overall d e lay of the system. In the second s e ction an 

algorithm is developed for totally solving the best offset problem 

under strict conditions. The third and fourth sections show how (under 

c e rtain circumstance s) the best offset problem can be simplified by 

decomposing it into a series of smalle r probl ems . The final section 

of this chapter discus ses some of the pos sible methods that could b e 

used if no reductions to the problem are possible. 

In o rder to investigate the n a ture of the delay in trave rsing a 

block between two signals, a compu t e r model was developed. This 

model is described in the first s ection of Chapter 4 and supporting 

validation is given in the second s ection. The third s ection d e s c ribes 

the t ypi cal pat tern of d e l ay t hat can b e e xpe cted . 
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Chapter 5 applies the results of the previous chapters to the 

downtown signal system of The City of Victoria. The first section 

deals with the cycle split problem as it relates to Victoria while the 

best offset problem is examined in the second section. 

Conclusions of this study and possible directions for further 

research are detailed in the final chapter. Program documentation 

appears in the appendices. 



CHAPTER 2 

FORMULATION OF THE PROBLEM 

The terminology from graph theory provides an easy and concise way 

of formulating the problem of determining an optimal pattern of signals 

and so will be used extensively in this chapter. Most of the graph 

theoretic definitions are based on those of Frank Harary in his book 

Graph Theory [8]. The definitions used to describe the signal system itself 

are based on those used in a survey article by D. W. Ross [13). 

2.1 Introduction to the Terminology of Graph Theory 

By a graph G we mean a non-empty finite set V{G) of elements 

called vertices together with a finite set E{G) of unordered pairs 

of distinct vertices referred to as edges. We will usually denote a 

vertex by V. (i = 1,2,3, . •• ,n) and an edge by [v. , v.]. We say two 
l. l. J 

vertices V. and V. are adjacent if [v. ,v . ] is an edge of G. Two 
l. J l. J 

edges are . said to be incident if they have a vertex in common. An 

isolated vertex is one which is adjacent to . no other vertex. 

Traditionally a graph is represented by dots for the vertices and 

by joining two dots by a line if they are incident. 

Hence, if G is a graph with: 

G can be represented pictorially as in Figure 1. 



7. 

FIGURE 1. Pictorial representation of the graph G_ 

A subgraph H of a graph G is a graph with V(H) £ V(G) and 

E(H) £ E(G). G is referred to as a supe rgraph of H. Hence the graph 

represented in Figure 2b is a subgraph of the graph represented in 

Figure 2a. 

(a) (b) 

FIGURE 2. A graph and o ne of its subgraphs. 



For a graph G we define the graph G' G-{v } by: 

V(G') = V(G) - {v} and 

For a graph G we define the graph 

V(G') = V(G) and 

E (GI) = E(G) - {[v. ,v.]} 
l. J 

G' = G - [v.,v.] 
l. J 

by: 

Hence if G is represented as in Figure 3a then G - {v
1

} and 

G - [v
1

,v
2

] can be represented by Figures 3b and 3c respectively. 

(a) (b) (c) 

A path P in a graph G is a subgraph of G with 

8. 

for some distinct ui's in V(G). We say the path P joins u
1 

and uk. 

Thus if G can be represented as in Figure 4a the subgraphs 

represented in 4b and 4c are both paths whi l e those in 4d and 4e are 

not. 



(a) 

(bl (c) 

(d) (e) 

FIGURE 4. A graph G, two paths in G, and two subgraphs which 
are not paths. 

A graph G is said to be connected if for any two distinct 

vertices v. and v. of G there exists at least one path joining 
l J 

9. 

v. and v .. Thus the graph represented in Figure Sa is connected while 
l_ J 

that in Figure Sb is not. 
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(a) (b) 

FIGURE 5. A connected graph and a graph which is not connected. 

A graph G is said to be a tree if for any two vertices v. and v. 

(v. and v. 
1. J 

and v .. 
J 

distinct) there exists one and only one path joining 

l. J 

v. 
1 

A compone nt C of a graph G is a connected subgraph of G 

such that there exists no vertex in V(G) which is adjacent in the 

graph G to a vertex of C and yet is not in V(C). That is, C is 

a maximal (with respect to the numbe r of vertices) connected subgraph 

of G. The graph represented in Figure 6b is a component of the graph 

in Figure 6a. 



(a) (b) 

FIGURE 6. A graph and one of its components. 

An edge [v. ,v.] of a graph G is called a separating edge if 
1 J 

G - [v. ,v .J has one more component than G. If G contains a 
1 J 

separating edge then we call G a separable graph. 

2.2 Introduction to the Terminology of the Signal System 

In the type of street system with which we will be dealing each 

signal repeatedly goes through a sequence of phases during which 

11. 

certain traffic movements are allowed and others prohibited by displaying 

different coloured lights to the various lanes of vehicles. 

In Figure 7 a signal is represented which has four distinct 

phases (P
1

,P
2

,P
3

, and P
4
). If we number the lanes as in Figure 8 the 

phases may b e summarized as in Table I. 



0 
N 

P
1

: Green for northbound and 
southbound traffic. 

0 
N 

P
3

: Green for eastbound and 
westbound traffic. 

I 
I 
I 
I 

~ 
+ 

I 

I 0 
I N 

P
2

: Amber for northbound and 
southbound traffic. 

4----
--- + 

0 
N 

P
4

: Amber for eastbound and 
westbound traffic. 

FIGURE 7. A simple intersection. 

12. 



1 

2 

4 

3 6-
N 

FIGURE 8. The numbering of the lanes of a simple intersection. 

PHASE LIGHT DISPLAYED TO LANE 

1 2 

G R 

A R 

R . G 

R A 

G: Green 

A: Amber 

R: Red 

3 4 

G R 

A. R 

R G 

R A 

TABLE I. Summary of the light pattern of a simple intersection. 

13. 

Figure 9 represents a more complicated intersection involving left 

turn only lanes. Ten possible phase s for this signal are summarized 

in Table II. 



I 
l 12 

I 
I 

--------
12 J -----
11 

----------
10 

I 
13 
I 

'4> 

4, I 
I 

91 
I 
I 

I 
8 I 

I 7 

I 
I 

4 

5 

-q 6 

14. 

FIGURE 9. The numbering of the lanes of a more complex intersection. 

PHASE LIGHT DISPLAYED TO LANE 
1 2 3 4 5 6 7 8 9 10 11 12 

pl R R G R R R R R G R R R 

p2 R R A R R R R R A R R R 

p3 G G R R R R G G R R R R 

p4 A A R R R R A A R R R R 

PS R R R R R R R R R G G G 

p6 R R R R R R R R R G G A 

p7 R R R G G R R R R G G R 

PB R R R G G R R R R A A R 

p9 R R R G G G R R R R R R 

PlO R R R A A A R R R R R R 

TABLE II. Summary of the light pattern of a mo re complex intersection. 
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We denote the length of time allocated to phase Pk by Tk. A 

repetition of a full sequence of phases is called a cycle while the 

time required to go through a cycle is referred to as the cycle length. 

The problem of determining how best to allocate the cycle length among 

the phases is the Cycle Split Problem. The allocation to the various 

phases can. be easily represented as in Figure 10. 

BEGIN CYCLE 

TIME ALLOCATED TO ---PHASE Pl 

FIGURE 10. Allocation of the cycle to the phase. 

In the system we will be dealing with, the cycle length of each 

signal is the same. Hence, we may talk about the cycle length C of 

a system of signals. 

The signals of a light system are coordinated with respect to 

one another by reference to a master cycle. The offset of a signal 

is the difference in time between the beginning of the master cycle 

and the beginning of the signal cycle. Thus a signal with an offset 

of ten seconds begins its first phase ten seconds into the master 

cycle. This is illustrated in Figure 11. 
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CYCLE FOR SIGNAL BEGINS 

FIGURE 11. The offset of a signal. 

A signal with offset equal to zero will be called a master signal. 

The problem of determining the set of offsets which will best serve to 

improve traffic flow is referred to as the Best Offset Problem (BOP}. 

We say two intersections are adjacent if there is a major 

roadway between the two. This roadway is sometimes referred to as a 

leg joining the two intersections. 

We have now defined the terminology needed to formally state both 

the Cycle Split Problem and the Best Offset Problem. The Cycle Split 

Problem is formulated in Section 2.3 as a standard linear programming 

problem. The Best Offset Problem is formally stated in Section 2.4 and 

is dealt with in some detail in succeeding chapters . 

2.3 Formal Statement of the Cycle Split Problem 

The Cycle Split Problem may be formulated as a standard linear 

programming problem if certain assumptions about vehicle movements are 

made. We assume there is always a queue of vehicles waiting at an 

intersection (in effect assuming the intersection is working at 

capacity) and attempt to maximi ze the number of possible vehicle start s 

(S) through the intersection during a cycle . 
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Suppose the signal passes through phases Pk(k=l,2,3, •.• ,m). Let 

Tk denote the length of time allocated to phase Pk. If we assume for 

each phase Pk, for each leg j (j=l,2,3, ... ,n) going into the 

intersection, and for each type of vehicle movement i (i=l,2,3, ••. ,r); 

there exists a constant cijk corresponding to the largest possible 

number of vehicle starts during a second of type i from leg j during 

phase Pk we may formulate the Cycle Split Problem as follows: 

Maximize 
m 

s = I 
k=l 

n r 

l l cijk Tk 
j=l i=l 

subject to the constraints: 

i) The sum of the times allocated to the phases must 

equal the cycle length, that is: 

m 

l Tk = C 
k=l 

ii) Each phase must receive a minimum allotment of time 

(for example: sufficient amber to clear the intersec­

tion or sufficient green to allow pedestrians to cross), 

that is: 

k= 1 , 2 , 3 , . . . , m 

iii) There must be a minimum amount of traffic flow of a 

given type passing through the intersecti on during a 

cycle from a given leg (for example: at least 25 

vehicles per cycle must be able to turn left off the 

southbound l e g), t hat i s: 

i=l,2, ..• ,r; j=l,2, •.• ,n 



2 . 4 Formal Statement of the Best Offset Problem 

For a give n street system , we construct an associated graph G 

as follows: 

Let V(G) be the set of all controlled intersections 

[v . ,v . ] be in E(G) 
1 J 

if and only if there is a uninterrupted leg between the two 

intersections. 

_p-----,-,- --

] 
J] 

I 

FIGURE 12. 

Figure 12 illustrates this construction. 

Lit 
IT 
IT 

A street system and its associated graph. 

As recent researchers in the field have done [13,1,9], we make 

the major assumption that with every edge [v . ,v.] 
1 J 

of the graph G 

+ 

18. 

we can associate a function f .. ( f .. : R ➔ R u 0) which is a measure 
1J 1J 

of the overall d e lay o f vehicles using the leg as a f unc tion of the 
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difference between the offsets of the signals at either end of the leg. 

We will also make certain assumptions about the nature of each of 

the functions f ... Because of the cyclic nature of the phases of each 
l.J 

light, we assume f .. 
l.J 

is a periodic function with period equal to the 

cycle length of the system of lights. We will assume that the delay 

is always non-negative and that each f . . 
l.J 

obtains a minimum (denoted 

m . . ) • 
1.J 

Let 

For notational convenience let t .. £ R such that f .. (t .. ) = m ..• 

e. 
l. 

denote the offset of signal 

l.J l.J l.J l.J 

V . • 
l. 

The Best Offset Problem may be formally stated as: 

Given a street system with associated graph G 

and delay functions 

L 
i,j 

[v. ,v . ]£E(G) 
l. J 

f .. (8. - 8.) 
l.J l. J 

f . . , 
l.J 

A.s will be shown, ZG is typically a very difficult function to 

minimize using standard methods. The next chapter is devoted to 

reducing the Best Offset Problem for a graph G to a series of smaller 

problems. 

2.5 Historical Background 

In the past, the allocation of time to the various phases that 

a signal repeatedly goes through has been in simple proportion to the 

traffic flow through the intersection [13). In developments of late 

this has been augmented by simple simulation and "hill climbing" 

t echni ques designed to improve traffic flow through the intersections .[5] 



The selection of offsets so as to synchronize the signals is 

somewhat more complicated. Hillier and Rothery [9] were among the 

first to consider the delay over a roadway betwe en two signals as a 

function of the relative offsets of the signals. 

20. 

A method developed under the auspices of the U.S. Federal Highway 

Administration [14] involves approximating the delay function by a 

series of parabolas. The optimization requires setting the derivatives 

of the overall delay function to zero and solving the resultant set of 

equations for a candidate minimum. This is repeated until one is 

"sufficiently certain that one has the global minimum or is at least 

close to it." 

The first step in a method developed by the Road Research 

Laboratory [12) is to calculate a performance index based on the 

overall traffic delay and the number of vehicles stops on the leg for 

an initial set of signal offsets. These are altered by a fixed amount 

and the performance index is recalculated. This is done repeatedly as 

long as the performance index decreases. If it increases at any point, 

the search is made in another direction. This continues until a local 

minimum is obtained. The order in which the signals are to be adjusted 

must be stated. The City of Vancouver relies on a method very similar 

to that of the Road Research Laboratory written by J.C. Clapham [5]. 

The City of Victoria presently utilizes the more traditional 

method of selecting a number of roadways from the entire grid and 

setting the offsets of the signals so that a vehicle travelling at a 

fixed rate will have perfect progression through the lights. This 

method has the obvious advantage of not requiring extensive calculations, 

but the disadva ntage t ha t the overal l del a y may no t be minimi zed . 
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This thesis approaches the problem of optimizing the signal system 

for the downtown core of the City of Victoria in three phases. In the 

first the problem of determining the optimal settings for individual 

lights is formulated as a linear programming problem. This approach 

was taken at the suggestion of J.C. Clapham [5]. 

In the second phase of the project a computer simulation of the 

traffic flow between two intersections is used to determine the 

characteristics of the delay functions. This model differs from those 

used previously in the field as it is somewhat more comprehensive. As 

suggested by Ross in his survey article, each delay function is then 

approximated by a sinusoidal function [13). 

The third phase involves applying various function minimization 

techniques to the overall delay function to compare their effectiveness. 

Results show that the concept behind the traditional method used by the 

city (i.e. selecting a number of legs from the entire grid and 

optimizing over them) is satisfactory but the method of setting the 

offsets so that a hypothetical vehicle travelling at a fixed rate of 

speed would have perfect progression is shown to be unsatisfactory. 

By utilizing knowledge of the delay functions obtained through the 

computer simulation it is possible to adjust the offsets so that the 

delay is substantially reduced. 



CHAPTER 3 

REDUCTIONS TO THE BEST OFFSET PROBLEM 

In this chapter we formaliz e some of the reductions known to 

traffic engineers and which can sometimes be applied to the Best Offset 

Problem. An algorithm for completely solving the proble m when the graph 

involved consists of a set of components each of which is a tree or an 

isolated vertex is presented. A procedure for breaking the problem up 

into a series of smaller problems is also given. 

Throughout this chapter we will assume (unless otherwise stated) 

delay function 

[v. , v.] of G. 

+ 
f .. (f .. : R + R u 0) is associated with every edge 

l.J l.J 

]. J 

3.1 The Selection of the Master Signal 

The first proposition allows us to add a constant to the offset. 

of every light without changing the overall delay. This enables us to 

make any one of the signals a master signal (i.e. have a zero offset). 

Proposition 1: 

If R is any constant then 

PROOF: 

i,j 
[v . ,v.] e: E(G) 

]. J 

i,j 
[v. ,v.] £ E(G) 

1- J 

f . . ( ( e . + R) - c e . + R> ) 
1-J ]. ) 

f .. (0. -0 . ) 
l.) ]. ) 
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3.2 The Solution of the BOP if G is a Tree 

The next two propositions enable us to solve the BOP if G is a 

tree (or a tree combined with isolated vertices). Proposition 2 gives 

us a method of extending (under certain circumstances) a solution of a 

subgraph of G to a larger subgraph of G while increasing the delay 

minimally. Proposition 3 justifies assigning offsets arbitrarily to 

isolated vertices. 

Proposition 2: 

If G' is a supergraph of G such that: 

V(G') = V(G) u {vn+l} and 

for some in V(G) 

then ZG ' (S1' 82' 83•···,en , ek-tk , n+l) = ZG( 81' 82' · · · ,en) + ~,n+l 

for any offsets (81,e2, ·• •ren). 

PROOF: 

(a) (b) 

FIGURE 13. The graph G and the graph G'. 

r for i . = 1,2,3, •. • ,n 
e+ l. 

Let 
l. e -t for i n+l = k k,n+l 



Proposition 3: 

~ + + 
= '---- f .. c e. -s . > 

i,j lJ 1 J 

[v. ,v.] sE (G') 
1 J 

i,j 

+ + 
f .. c e. -e . > 
lJ 1 J 

+ 
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+ + 
fk l (ek-e 1) ,n+ n+ 

[ v. , v . ] sE ( G') - [ vk, v 
1

] 
1 J n+ 

i,j 
f . . (8.-8.) 
lJ 1 J 

[ V. , V . ]€E ( G) 
1 J 

+ + + 
fk l(ek-e 1) ,n+ n+ 

+ f (t ) 
k,n+l k,n+l 

+ ~,n+l 

The offsets of isol ated vertices may be chosen arbitrarily without 

affecting the overall delay. 

PROOF: 

Without loss of generality assume v
1

,v
2

, ... ,vk are the isolated 

vertices. Let H = G - {v
1

,v
2

, ... ,vk}. We will show for any choice of 

8. (i=l,2, ... ,n) 
1 

I I I 

and 

ZG( e 1 ,e 2 , ... ,ek,ek+l'···,en) by showing both are equal to 

Note that since v
1

,v
2

, ... ,vk are isolated vertices E(H) = E(G). 



Let 

I 

~{81 for i = 0: 
l. 6. for i = 

l. 

i,j 
f .. ( 6 . -6.) 

l.J l. J 

[v. ,V.]£E(G) 
l. J 

i,j 
f .. (6. -6.) 

l.J l. J 

[v. ,v.]£E(H) 
l. J 

1,2, ••• ,k 

k+ 1 , k+ 2 , ••• , n 

i,j 

+ + 
f .. (6.-0.) 

l.J l. J 

[v. ,v.]£E(G) 
l. J 

i, j 

+ + 
f .. (6. -0 . ) 

l.J l. J 

[v. , V.] £E (H) 
l. J 

i, j 
f .. (6.-0.) 

l.) l. J 

[v. ,v.]£E(H) 
l. J 

25. 

In the case where G is a tree, or a tree combined with isolated 

vertices, Propositions 2 and 3 enable us to give an algorithm for 

is 
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m. . • 
i,j 

l] 

[v . ,v . ] e:: E(G) 
]. J 

We will assume G has at least one edge , otherwise G consists 

of isolated vertices and from Proposition 3 we know that the offsets can 

be chosen arbitrarily. 

The algorithm is as follows: 

STEP 1. Choose any edge 

and e = -t 
s rs 

[v ,v] in E(G) and let e = O 
r s r 

STEP 2 . . If all the edges have been chosen, set the offsets of the 

remaining (isolated) vertices arbitrarily to complete the 

algorithm, otherwise continue to STEP 3. 

STEP 3. Choose any edge not already chosen but which is incident 

with a previously chosen one. Determine the offset of 

the vertex just added as in Proposition 2. Then go back 

to STEP 2. 

Justification of the Algorithm: 

STEP 1. If [v ,v] is in E(G), e = O, and e = -t then 
r s r s rs 

f (8 
rs r 

8 ) = f (t ) = m which is minimal. 
s rs rs rs 

STEP 2. If all the edges have been chosen, then the offsets of 

those vertices incident with at least one edge have been 

determined. The offsets of the remaining isolated vertices 

can b e chosen arbitra rily by virtue of Proposition 3. 
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STEP 3. Any edge chosen from a tree so as to be incident with an 

already chosen edge must join a vertex which has not 

already been chosen to a vertex which has been chosen. 

The requirements of Proposition 2 are met and so the 

delay incurred by adding the new edge is minimal. Since 

the delay over each edge is minimal the overall delay is 

determined in this manner m .. 
i,j l.J 

[v. ,v.JEE(G) 
l. J 

We illustrate the algorithm by application to the graph G 

illustrated in Figure 14a. As per step 1 we choose any edge (say 

[v
2

,v
3

]) and set e
2 

= 0 and e
3 

= -t
23 

yielding the graph in 14b. 

Since not all the edges have been chosen we apply step 3 choosing edge 

[v
1

,v
2

] and setting e
1 

= +t
12 

thus yielding the graph in Figure 14c. 

Choosing edge [v
3

,v
4

] and setting e
4 

= e
3 

- t
34 

= -t
23 

- t
34 

we 

obtain the graph in Figure 14d. We apply step 3 once more setting 

e
5 

= -t
23 

- t
35

. Applying step 2 and setting e
6 

= O arbitrarily, we 

finish with the graph illustrated in Figure 14e. 



(a) (b) 

(c) (d) 

0 
vs v6 

(-t23-t25) (O) 

(e) 

FIGURE 14. An example of the application of the algorithm for 
solving the BOP if the graph is a tree. 

28. 



Hence, 

m .. 
i, j lJ 

[v. ,v.)E:E(G) 
l J 

f .. ( 8 . - 8.) 
i,j lJ l J 

[v. ,v.)E:E(G) 
l J 

3.3 The BOP On Graphs With More Than One Component 

29. 

The following proposition allows us to solve the BOP on a graph 

with a number of components by solving it for each component separately. 

Hence if G consists of a number of components which are trees we may 

optimally solve the BOP on G by solving it for each of the trees 

separately as in the previous section. 

Proposition 4: 

If G is a graph with components c
1

,c
2

, ... ,Cm then the overall delay 

in G is the sum of the delays in each of the components. 

PROOF: 

Without loss of generality let for 

k = 1,2, ... ,m. 



f .. (0. - 0.) 
i,j 

l] l J 

[v . ,v . ]e:E(G) 
l J 

i' j 

[v . ,v .] e: 
l J 

m 

=LC 
k=l i,j 

[ V • , V . ] e:E ( Ck) 
l J 

f . . (0 . -0.) 
l] l J 

f .. (0. - 0.) 
l.J l. J 
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The next proposition is a variation of Proposition 1 which allows 

us to make one signal in each component a master signal. 

Proposition 5: 

If G is a graph with components c
1

, c
2

, c
3

, ... ,Cm then for each of 

the components Ck we can add any constant I\ to the offsets of the 

PROOF: 

' . 
Let (0

1
, 0

2
, ... , en) be a set of offsets and let ce

1
,e

2
, .•. ,8n) 

be the set of offsets obtained by adding ~ to 8. 
l. 

if v. 
l. 

is in 



z (8 ,0 , ..• , 0 > 
G l 2 n 

= 

f .. ( 8 , - 8. ) 
J.J l J i,j 

[v. ,v.] EE(G) 
l J 

L f .. (8. - 8 . > 
i,j 1] l J 

m 
[v . ,v . ]E: u E (Ck) 

1 J 
k=l 

m 

=LL f .. (8 . - 8 . ) 
l] 1 J k=l i,j 

[v. ,v . ]E:E(Ck) 
l J 

m 

=LL 
k=l i,j 

I 

f .. (8. 
l] l 

I 

8 . > 
J 

[v. ,v.] EE(Ck) 
l J 

i,j 
[v . ,v . ]E 

l J 

=L 
i,j 

[v. ,v . ]EE(G) 
l J 

I I 

f .. (8. - 0 .) 
l] l J 

I I 

f .. (8. - 0 .) 
l] l J 

I I I 

= ZG(81 ,8 2 , • •. , 8n) 

31. 
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3.4 The BOP on Separable Graphs 

Proposition 6 allows us to reduce the BOP on a separable graph G 

to two smaller problems and provides a method of combining the solutions 

of the two smaller problems together in a minimal manner thus forming a 

solution to the original problem. 

Proposition 6: 

If G is a separable connected graph with [v ,v] being the 
r s 

separating edge and c
1

,c
2 

the two components of G - [v ,v] 
r s 

then 

there exists a constant R which can be added to the offsets of one of 

the components to make the delay over the edge 

PROOF: 

[v ,v] minimal. 
r s 

Without loss of generality assume vr £ c
1 

and vs£ c2 and let 

R = -t + 0 
rs r 

I I I 

(8
1

,e
2

, ... ,0n) be the set of offsets obtained by adding R to the 

I I I 

offsets of those vertices in c 2 . We will show ZG(e
1

,e
2

, ... ,8n) = 

+ m 
rs 

V 
r 

FIGURE 15. The separable connected graph G. 



I I I 

ZG(8
1

,8
2

, ••• ,8n) 

= 

I I 

f .. (8 . - 8.) 

i' j 
1.J 1. J 

[v. ,v . ] E:E (G) 
1. J 

I I 

f .. (8. - 8.) 
i,j 1.J l. J 

[v.,v.]£E(C
1

)u{[v ,v ]} uE (C
2

) 
1. J r s 

L I I C I 

f .. (8. - 8 . > + f .. (8. 
i,j 1.J l. J i,j 1.J 1. 

[v.,v.] £E(C
1

) 
1. J 

[v. ,v.]£E(C
2

) 
1. J 

I 

+ f (8 - 8 ) 
rs r s 

33. 

I 

- 8. > 
J 

f .. (8. - 8.) +C f .. ((0 .+R)-(0 .+R)) 

i, j 
1.J 1. J 

[v. ,v.]£E(C
1

) 
1. J 

i,j 1.J 1 J 

[v. ,v.]£E(C
2

) 
1. J 

+ f ( 8 - ( 8 + R) ) 
rs r s 

=L f .. (8. - 8.) 
1.J 1. J i,j 

[v. ,v.]£E(C
1

)uE(C
2

) 
1. J . 

=L f .. (8. - 8.) 
1.J 1. J i,j 

[v. ,v.]£E(G)-[v ,v] 
1. J r s 

=Z [ )(8
1

, 0
2

, .•. ,0) 
G- v ,v n 

r s 

= z [ 
1 

<0
1

,0 2 , •.. ,0 > G- v ,v n 
r s 

+ f (8 -(0 +R)) 
rs r s 

+ f < e - < 0 +R) > rs r s 

+ f (8 -(0 +R)) 
rs r s 

+ f (t ) 
rs rs 

+ m 
rs 
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Proposition 6 allows us to state the following algorithm for solving 

the BOP on a graph G in terms of solving it for a series of subgraphs 

of G. 

For a graph G, remove separating edges until the components 

are either: i) isolated vertices, ii) trees or iii) non-separable 

graphs. Solve the problem for each of the components, then 

reconstruct the original graph G by replacing the separating 

edges and making the delay over each of these minimal as in 

Proposition 6. 

For example, given the graph G as in Figure 16 we may remove 

separating edges until we obtain the graph in Figure 17. The components 

of this graph can be solved separately and then the original graph G 

reconstructed as in Proposition 6. 



35. 

tIJ 
0 0 

FIGURE 16. Graph of a street system • 

..... ..... rn•········· ~ 
: 

tC1 [I] 
6 

0 0 

FIGURE 17. Graph of a street system with separating edges removed. 
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3.5 The BOP on Non-reducible Graphs 

The problem remains of minimizing the overall delay function on 

graphs which are not separable, contain no isolated vertices and are 

not trees. The following is a brief discussion of possible ways of 

solving this problem. 

a) The Davidon, Fletcher, Powell Method 

This algorithm was originally proposed by W.C. Davidon [61 but 

did not become popular until 1963 when examined by R. Fletcher and 

M.J. Powell [7). It is among the most efficient methods of function 

minimization currently available. 

The central idea of the method is that by starting from a current 

point (x.) 
l. 

a new point (xi+l) is found by the relation 

where g. 
l. 

= x. - a..H.g. 
l. l. l. l. 

is the gradient vector evaluated at X. 
l. 

and H. 
l. 

is the i
th 

approximation to the matrix of second partial derivatives. By differen­

tiating the second order Taylor expansion of the objective function 

about the minimum it is possible to show that -H.g. 
l. l. 

is a good 

direction in which to search while a. prescribes the step to the 
l. 

minimum in this direction. The algorithm does not guarantee location 

of a global minimum - only a local one. 

b) The Complex Method 

This method is based on the "complex" method of M.J. Box [3]. The 

algorithm proceeds as follows: 

1) An original complex of K > N + 1 points is formed consisting of 

a feasible starting point and K - 1 additional randomly generated 

points. 
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2) If at any time the explicit constraints are violated the point is 

moved a small distance inside the viola t ed limit. If an implicit 

constraint is violated, the point is moved one half of the distance 

to the centroid of the remaining points. 

3) The objective function is evaluated at each point. The point 

having the greatest function value is replaced by a point located 

further away from the centroid of the remaining points and on a 

line joining the rejected point and the centroid. 

4) If a point repeats in giving the greatest function value on 

consecutive trials it is moved one half the distance to the centroid 

of the remaining points. 

5) The new point is checked against the constraints and is adjusted 

as before if the constraints are violated. 

6) Convergence is assumed when the values of objective function at 

each of the points are within a given tolerance for a number of 

consecutive iterations. 

c) Optimizing Over Selected Trees 

Another possible solution to the BOP on non-reducible graphs 

involves the selection of a subgraph which is a tree and which has as 

its vertices all the vertices of the non-reducible graph. Since this 

subgraph is a tree we can apply the algorithm of Section 3.2. That is: 

STEP 1. Choose any edge 

e = o e = -t r ' s rs 

[v ,v ) 
r s 

in the tree and let 

(Recall that the delay function 

f or t h is l eg t akes on its mi n i mum a t t ) . 
r s 

Hence, 

f 
rs 



f < e -e > = f < o- < -t > > rs r s rs rs 

= f (t ) 
rs rs 

= m 
rs 
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STEP 2. If all the edges of the tree have been chosen the algorithm 

is complete otherwise continue with STEP 3. 

STEP 3. Choose any . edge in the tree which has not already been 

chosen but which is incident with one which has. Determine 

the offset of the vertex just added as in Proposition 2 

of Section 3.2. Go back to STEP 2. 

The traditional method of approaching the BOP (used by the City of 

Victoria and numerous other cities) is a variation of this method. 

However, since no simulation is done, the traffic engineer must estimate 

the optimal relative offset ( t ) . 
rs 

This is done by choosing a t 
rs 

so 

that a vehicle travelling at a fixed rate of speed would progress through 

the intersections with no delay. This method has the advantage of 

specifying the legs over which the delay is to be minimal and requires 

little computation to determine the off sets. However, as will be shown, 

the overall delay is significantly greater than it need be. 

Section 2 of Chapter 5 gives some computational results from these 

methods as-they apply to the Best Offset Problem for the downtown core 

of the City of Victoria. 



CHAPTER 4 

THE TRAFFIC DELAY MODEL 

To investigate the nature of the delay function f .. 
l.J 

associated 

with an edge [v. ,v.] a model was developed to simulate the traffic 
l. J 

flow along a leg between two intersections. This model is described 

in the first section of this chapter and supporting validation is given 

in the second section. The typical delay function 

in the last section. 

4.1 Description of the Model 

f .. 
l.J 

is described 

The model is designed to simulate traffic flow along a leg of a 

traffic system given various parameters about the traffic flow, physical 

layout of the leg, and the light patterns of the intersections at each 

end. By timing vehicles traversing the leg, the model yields a value of 

the delay function f .. 
l.J 

for a particular difference in offsets of the 

two intersections (8. - 8.). Stepping one of the offsets through an 
l. J 

offset of O to C (the cycle length of the system) while maintaining 

the other at a value of O yields information on the nature of the 

function f .. over its entire domain and so allows us to approximate 
l.J 

it by a function g ... 
l.J 

As the system to be simulated is continuous in nature, a "time-slice" 

model was utilized rather than one based on critical events. During 

each time-slice and for each vehicle in the system, the future velocity, 

acceleration and position of the vehicle are calculated based upon its 

present status, the road system, the light patterns and the positions 

of the other vehicles. In addition, vehicles are added to the leg and 

removed as the need arises. The time taken by each vehicle to traverse 
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the leg is noted and when a required number have finished, the simulation 

for that particular relative offset ceases. The offset for one inter­

section is then advanced and the simulation is repeated with the new 

relative offset. This continues until the offset for the intersection 

has been stepped through the entire length of the cycle. 

There are essentially six factors that determine whether a driver 

would slow down, increase his speed, or maintain his present speed: 

i) The colour of the signal ahead. If it is red or amber and 

the vehicle is nearing the stop line, then the driver must 

slow down in order to stop at the light. If it is green 

then there is no need to slow down. 

ii) The movement of the vehicle required at the intersection. 

If the vehicle is to turn in either direction then it must 

slow up to make the corner. If the vehicle is going straight 

then no reduction in speed is necessary. 

iii) The distance to the vehicle directly ahead. If the distance 

to the vehicle ahead falls below a certain level the driver 

must reduce his speed so that if the vehicle ahead stops 

suddenly there will be no accident. If there is no vehicle 

ahead, or if the vehicle ahead is sufficiently distant, then 

there is no need for a reduction in speed. 

iv) The distance to the vehicle in the left turn lane. If the 

driver is going to enter the left turn lane then not only 

must h e maintain a reasonable distance to the vehicle directly 

ahead but also between himself and the vehicle in the left 

t urn l ane . Th is i s also true i f t he v e hicle in t h e left turn 

lane is blocking the lane the driver is in presently. 
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v) The distance to the vehicle in the r ight turn lane. As in 

the case of the left turn only lane the drive r must maintain 

a reasonable distance to the car in the right turn lane if 

he is going to shift into tha t lane or if the re is a vehicle 

in that lane blocking the present lane. 

vi) The speed limit. If the previous five factors indicate no 

need for a reduction in the speed of the vehicle then the 

driver is free to accelerate up to the speed limit. 

The following is a step by step description of the calculation of 

the future status of a vehicle given the present status of the leg and 

the vehicles on it. 

STEP 1. Compute the velocity required by the vehicle at the next 

time slice due to the colour of the relevant signal (VELl). 

If no speed reduction is required set VELl equal to the 

speed limit. 

STEP 2. Compute the velocity required by the vehicle at the next 

time slice in order that it be able to perform the 

particular movement required at the next corner (VEL2). 

For example, for a right turn, the vehicle is assumed to 

come to a stop to allow pedestrian traffic to pass. 

STEP 3. Compute the velocity r equired by the vehicle at the next 

time slice in order to maintain a reasonable distance to 

the vehicle ahead (VEL3). 

STEP 4 . Compute t h e v e l ocity required by the vehicl e at t h e next 

time slice in order to maintain a reasonable distance to 
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the last vehicle in the left turn only lane (VEL4). (This 

is appropriate only if the vehicle is going to shift into 

that lane or if there is a vehicle in the left turn only 

lane which is blocking the present lane.) 

STEP 5. Compute the velocity required by the vehicle at the next 

time slice in order to maintain a reasonable distance to 

the last vehicle in the right turn only lane (VELS). (This 

is appropriate if and only if the vehicle is going to shift 

into that lane or if a vehicle in that lane blocks the 

present lane.) 

STEP 6. Compute the minimum (VW) of the values of VELl, VEL2, VEL3, 

VEL4 and VELS. This ±s the velocity required by the 

vehicle at the next time slice. 

STEP 7. Compute the acceleration required (AW) to obtain the 

velocity of VW by the next time slice. 

STEP 8. Reset (if necessary) AW to within upper and lower bounds 

so as to maintain realistic accelerations and deaccelerations. 

STEP 9. Compute the velocity of the vehicle at the next time slice 

(FV) based upon the present velocity and AW. 

STEP 10. Calculate the distance traveled by the vehicle. 

STEP 11. Calculate the new position of the vehicle. 

STEP .12. If the vehicle has passed through the leg continue with 

STEP 13 otherwise go t o STEP 14. 
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STEP 13. Remove the vehicle from the system and record the time 

taken to traverse the l e g. The iteration for this vehicle 

is complete. 

STEP 14. If the vehicle is in a position to shift into the left 

or right turn only lanes a nd if such a shift is desired 

continue with STEP 15 otherwise go to STEP 16. 

STEP 15. Relocate the vehicle in the left or right turn only lane. 

STEP 16. If the vehicle has just entered the leg continue with 

STEP 17 otherwise go to STEP 18. 

STEP 17. Record the time the vehicle entered the leg. 

STEP 18. Record the position, velocity, acceleration, etc. of the 

vehi cle for the next time slice. 

STEP 19. End of iteration for one vehicle. 

Vehicles may enter the simulation in two ways. At regular intervals 

(de pendent upon the traffic volumes) vehicles are fed into the leg at the 

very ends of the lanes. This is in keeping with the assumption that a 

separate de l ay function exists for each leg. In addi tion, vehicles may 

enter the leg at one of the intersections thus simulating vehicles turning 

onto the leg from a side street. Whethe r a particular v ehicle is to turn 

left or right, or proceed straight at the next interse ction is randomly 

determined based on the proportion o f ve hicl e s making such maneuvers. 

As described in Appendix B t he mode l prese ntly r e cords the individua l 

t imes r e q u i red to traverse the leg . With slight modifications , the 
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simulation could also note the average velocity, amount of time vehicles 

spend not moving, the number of panic stops and similar measures of 

traffic flow. As the model is used to examine the d e lay functions f .. 
.l.J 

it is sufficient for our purposes to note only the total simulated delay 

experienced by the vehicles traversing the leg. 

As defined, the model simulates a leg with two way traffic and both 

left and right turn only lanes in both directions. By suitable choice 

of the parameters involved the model can also b e used to simulate one 

way traffic as well as legs that do not have left or right turn only 

lanes . 

In order to simulate one way traffic it is sufficient to specify 

that no vehicles enter lanes going in the other direction. To simulate 

a leg with no left turn only lane or no right turn only lane , the missing 

lane is given a leng th (say fiv e f eet) which alwa y s cause s a vehicle in 

that lane to overhang into the adjacent lane thus simulating a single 

lane. This is illustrate d in Figure 18 . 

01 I I 

□: 
I 

□: I 
I I I I I I I I 
I I I 

I I 

in r e al ity s i mula t e d 
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4.2 Validation of the Model 

The most important characteristic of any model is its ability to 

simulate real life situations. A model may be extremely elegant and 

efficient but if it does not realistically port ray that which it is 

supposed to, it is virtually useless. 

As a first step in validating the FORTRAN implementation of the 

model described in the previous section, a portion of Hillside Street 

in Victoria was marked off at 50 foot intervals to the East of the signal 

line at Quadra. An additional checkpoint was located 25 feet from the 

line. For each checkpoint fifty vehicles were timed from when the light 

turned green until they reached the checkpoint line. The average observed 

timings are plotted against those predicted by the model in Figure 19. 

12 

10 

8 

6 

4 

2 

50 100 150 

Model 
observed~ 

200 250 300 

Distance from signal line (in feet). 

FIGURE 19. Acceleration away from a light. 
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In a similar fashion the times taken for vehicles to come to complete 

stops from given distances were also measured . The average observed 

timings are compared with the model in Figure 20. As can be seen, the 

model quite accurately simulates both acceleration from a light and 

braking to a stop. 

12 
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.:: 
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Ul 

.:: 6 ·.-i 
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Model-
2 observed /l 

so 100 150 200 250 300 

Distance to signal line (in feet). 

FIGURE 20. Deacceleration to a stop. 

In order to validate the model under conditions including a number 

of vehicles and varying light patterns, fifty situations were observed 

and timed and were then simulated using the model. Figure 21 summarizes 

the observed and the model times. 
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FIGURE 21. Observed vs. simulated times. 

As a final check on the validity of the model a movie of the section 

of Douglas Street between Broughton and Fort was made. By replaying the 

film over and over it was possible to time all the vehicles traversing 

this block over a period of 10 minutes. The same block was simulated 

in the model with a similar flow of traffic. Figure 22 compares the two 

distributions of times taken to traverse the leg. A chi-squared test 

showed no significant difference between the two. 
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FIGURE 22. Distributions of times to traverse a leg. 

4.3 The Typical Delay Function 

Utilizing the computer model described it is possible to examine 

the delay function for the various legs in some detail. By maintaining 

the offset of one light of the leg at a value of O while stepping the 

other through an offset from Oto C (the cycle length of the light) and 

plotting the average time taken to traverse the leg, we obtain a function 

similar to the one in Figure 23. To obtain the total delay function for 

the leg, it is necessary to multiply the average delay by the number of 

vehicles utilizing the leg. 

The form of the delay function shown in Figure 23 is fairly 

sinusoidal in nature, which agrees with the delay functions observed or 

predicted by other authors [13,9 ) . 



30 

25 

20 

15 

• • • f 

• Average 
Best least squares 
Sinusoidal approximation 

49. 

10-------------11------------------------10 20 30 40 50 60 

Relative offset (in seconds). 

FIGURE 23. A typical average delay function. 

Material in this section shows that not only is acceleration and 

deacceleration portrayed accurately by the model, but timings involving 

a number of vehicles in a variety of situations are comparable. Timings 

of vehicles traversing a leg in real life and the corresponding simulated 

timings produced distributions which were similar. On the basis of this 

evidence, it appears as if the model described in the first section of 

this chapter simulates real life situations accurately and so can be 

utilized in the investigation of the delay functions f ..• 
1) 



CHAPTER 5 

APPLICATION TO THE CITY OF VICTORIA 

Mr. D. Wilde and Mr. L. Roberts of the Traffic and Transportation 

Planning Department of the City of Victoria were very cooperative in 

providing traffic flow information for the downtown core of the City, 

thus enabling us to apply the theory described in the previous chapters 

to an actual urban situation. This was done in three s eparate stages. 

First, the linear programming technique described in Section 2.3 was 

applied to the data to optimize the allotment of time to the phases of 

the individual signals. Then, based on these phases times, the computer 

model outlined in Section 4.1 was utilized to determine the delay function 

for each leg of the test area. Finally, a number of different strategies 

for minimizing the overall traffic delay were compared. 

The data provided covered most of downtown Victoria as shown in 

Figure 24 for the afternoon rush period. The associated graph, 

constructed in consultation with the Traffic and Transportation Planning 

Department, is illustrated in Figure 25. 



FIGURE 24- The test area -
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5.1 The Cycle Split Problem as it Applies to the City of Victoria 

In our application of the linear programming methods described in 

Section 2.3 to the Cycle Split Problem for the downtown area of Victoria, 

each intersection is assumed to have four incident legs numbered as in 

Figure 26. 

1 

2 

4 

3 

FIGURE 26. The numbering of the legs at an intersection. 

The phases of all the signals in the test area fall into the 20 

categories listed in Table III. Naturally no single signal goes through 

all 20 of these phases. For example, it would be illogical for an 

intersection to have an advanced green for northbound traffic followed 

immediately by an advance green for southbound traffic. Figure 27 

illustrates the possible sequences of phases for a signal, while existLng 

sequences are listed in Table IV. 
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COLOR OF LIGHTS 

PHASE DESCRIPTION SOUTH- WEST- NORTH- EAST-
BOUND BOUND BOUND BOUND 

1 Advance green to southbound G R R R 

2 Advance green to northbound R R G R 

3 Green to northbound and southbound G R G R 

4 Amber to southbound (before delayed A R G R 
green to northbound traffic) 

5 Delayed green to northbound (Also R R G R 
one way with no southbound traffic) 

6 Amber to northbound (after delayed R R A R 
green to northbound traffic) 

7 Amber to northbound (before delayed G R A R 
green to southbound traffic) 

8 Delayed green to southbound (Also G R R R 
one way with no northbound traffic) 

9 Amber to southbound (after delayed A R R R 

green to southbound traffic) 

10 Amber t o northbound and southbound A R A R 

11 Advance green to eastbound R R R G 

12 Advance green to westbound R G R R 

13 Green to eastbound and westbound R G R G 

14 Amber to eastbound (before delayed R G R A 

green to westbound traffic) 

15 Delayed green to westbound (Also R G R R 
one way with no eastbound traffic) 

16 Amber to westbound (afte r delayed R A R R 
green to westbound traffic) 

17 Amber to westbound (before delayed R A R G 
green to eastbound traffic) 

18 Delayed green to eastbound (Also R R R G 
one way with no westbound traffic) 

19 Amber to eastbound after delayed R R R A 

green to eastbound traffic) 

20 Amber to eastbound and westbound R A R A 

TABLE II I: The 20 possible phases . 
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FIGURE 27. Possible sequences of phases. 
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INTERSECTION PHASE SEQUENCE INTERSECT ION PHASE SEQUENCE 

1 2-3-10-13-20 21 3-10-13-20 

2 3-10-13-20 22 3-10-13-20 

3 3-10-13-20 23 3-10-13-20 

4 3-7-8-9-13-20 24 3-10-13-20 

5 3-10-13-20 25 3-10-15-16 

6 3-10-15-16 26 3-10-18-19 

7 3-10-18-19 27 3-10-13-20 

8 3-10-15-16 28 3-10-13-20 

9 3-10-13-20 29 3-10-13-20 

10 1-3-10-13-20 30 3-10-18-19 

11 3-10-13-20 31 3-10-13-20 

12 1-3-10-12-13-20 32 3-10-13-20 

13 3-10-13-20 33 3-10-11-13-20 

14 3-10-13-20 34 3-10-13-20 

15 2-3-10-23-20 35 3-10-15-16 

16 3-10-15-16 36 3-10-18-19 

17 3-7-8-9-18-19 37 3-10-13-20 

18 3-10-15-16 38 3-10-13-20 

19 3-10-13-20 39 3-10-13-20 

20 3-7-8-9-18-19 40 3-10-13-20 

Table IV: The existing sequences of phases. 
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Before applying the linear programming techniques discussed in 

Section 2.3 it is necessary to determine approximations to the constants 

cijk" That is, we must estimate the average number of vehicle starts 

from leg j (j = 1,2,3, or 4) of type i (i = 1 for left turns, 2 for 

right turns and 3 for straight through) during phase k (k = 1,2,3, .•• , 

or 20). 

To calculate these constants we make the assumptions about traffic 

flow summarized in Table V. These are based on figures used by the 

traffic departments of both the City of Victoria and the City of 

Vancouver. Most are self-explanatory but it should be noted that a 

vehicle start rate of 1/20 per second is assumed for vehicles turning 

left or going straight while facing a red or amber light. This was an 

arbitrary constant designed to allow for the vehicles that usually pass 

through the intersection after the signal turns amber and before the 

flow of traffic abates. In Table V 'unopposed green' refers to a signal 

pattern in which traffic going the opposite direction is held back (an 

advance green for example). The term 'opposed green' refers to a 

pattern in which traffic does flow in the opposite direction (an 

ordinary green). Thus, during an opposed green fewer vehicles are able 

to make left turns than are able to do so during an unopposed green. 

Based on the assumptions listed in Table V it is possible to 

approximate the constants cijk fairly easily. For example consider 

the leg of an intersection illustrated in Figure 28. 
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SITUATION VEHICLE STARTS PER SECOND PER LANE 
(under heavy traffic conditions) 

1) 

2) 

3) 

Vehicles turning left under: 

a) unopposed green 

b) opposed green 

c) red or amber 

Vehicles turning right under: 

a) unopposed green 

b) opposed green 

c) red or amber 

Vehicles going straight under: 

a) unopposed green 

b) opposed green 

c) red or amber 

1/2 

1/10 

1/20 

1/7 

1/7 

1/7 

1/2 

1/2 

1/20 

TABLE V. Summary of assumptions upon which the calculation 
of the constants c. 'k are based. 

l.J 

1 

FIGURE 28 . A simple l eg. 

0 
N 
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To calculate the number of vehicles per second leaving leg 1 (j=l) 

by turning left (i~l) during an advance green for southbound traffic 

(k=l) we need only set c
111 

equal to 1/2 as there is an average of 

1/2 vehicle per second per lane able to make a left turn during an 

unopposed green and there is only one left turn lane. If there had been 

two left turn only lanes then the constant would have the value (1/2)·2. 

To calculate the number of vehicles per second going straight 

through the intersection (i=3) from leg 1 (j=l) during an advance green 

for southbound traffic (k=l) we need only set c
311 

equal to (1/2)·3 

as there are three lanes reserved for traffic which does not turn and 

an average of 1/2 vehicle per second per lane is able to go through the 

intersection during an unopposed green. 

A more complex situation arises when a lane is used for more than 

one type of vehicular movement. For example, consider the following 

leg of an intersection. 

1 

6 
N 

FIGURE 29. A more complex leg. 
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The calculation of c
211 

(that is the number of vehicles per second 

turning right (i=2) from leg 1 (j=l) during an advance green for 

southbound traffic (k=l)) is slightly more involved as we require 

additional information about the number of vehicles using the curb lane 

to turn right as compared to the total number using that lane. 

For example, suppose 10 vehicles use the lane to turn right in a 

given period of time and 90 use it to proceed straight through the 

intersection. The total time required for the 100 vehicles to pass 

through the intersection is 7xl0 + 2X90 = 250 seconds (1/7 vehicle per 

second is able to turn right and 1/2 vehicle per second is able to go 

straight.) Thus, the rate at which the vehicles turn right is 

c
211 

= 10/250 = 1/25. 

Using this approach to calculate all the required c . . k's 
1] 

for the 

Cycle Split Problem of a single intersection we were able to apply a 

standard implementation of the Simplex algorithm to the linear programming 

problem as stated in Section 2.3. 

In a number of cases the present_ allotment to an amber phase is 

only 3.0 or 3.6 seconds. At the request of the City of Victoria this 

was brought up to a standard of 4.2 seconds. Hence in some cases the 

present allotment does not satisfy the inequalities of the problem as 

stated. Table VI provides a summary of the results of applying this 

technique to the intersections of the study area. The first column is 

the intersection number while the second and third columns give the 

estimated maximum flow before and after optimization. The fourth column 

indicates whether the constraints of the problem are presently being_ 

broken (by i nsufficient ambe r phases) whi le the last column shows the 

percentage improvement for those inters ections where the present allot­

ment does not break the constra int s. 
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Maximum Flow Constra ints 
(vehicles per cycle) Presently % Improvement 

Intersection Presently Optimi zed Vi olated? (if applicable) 

1 186 189 No 1.66 
2 135 139 No 2.41 
3 154 144 Yes 
4 105 100 Yes 
5 154 155 No 0.36 
6 175 171 Yes 
7 . 165 161 Yes 
8 163 168 No 2.66 
9 122 118 Yes 

10 140 146 No 3.96 
11 104 101 Yes 
12 230 239 No 3.83 
13 204 209 No 2 . 28 
14 199 187 Yes 
15 169 162 Yes 
16 234 231 Yes 
17 179 176 Yes 
18 157 162 No · 3 . 20 
19 118 122 No 3.11 
20 148 153 No . 3. 77 
21 92 93 No 1.23 
22 139 142 No 1. 74 
23 97 101 No 4.24 
24 80 83 No 4 . 34 
25 166 167 No 0 .62 
26 134 142 No 5 . 98 
27 177 185 No 4.71 
28 64 72 No 11.80 
29 93 100 No 7 . 04 
30 91 109 No 20 . 31 
31 116 126 No 9 . 33 
32 95 105 No 10.98 
33 162 160 Yes 
34 112 113 No 0.89 
35 159 161 No 0.90 
36 157 156 Yes 
37 135 137 No 1.37 
38 114 116 No 1.53 
39 83 95 No 13.59 
40 143 139 Yes 

Table VI: Summary of results of applying linear programming 
techniques to the Cycle Split Problem. 
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5.2 The BOP for the City of Victoria 

In the second stage of the project the phases determined in the 

first stage were used in the computer model described in Chapter 4 to 

simulate traffic along each leg of the test area. In general the average 

delay functions appeared similar to the one illustrated in Figure 30 • 

. 
>t 
Ii! 

H 
Q) 
A 

Relative offset. 

FIGURE 30. A typical average delay function. 

Before applying the various minimization techniques outlined in 

Chapter 3 and in accord with the suggestion of Ross [1] each delay function 

was approximated by a sinusoidal curve of the form g(x) = a sin((b+x)!~> + c. 

The graph of this function is given in Figure 31. Note that this function 

is periodic with period equal to the cycle length of the signal system 

for the City of Victoria (i.e. 60 seconds). 
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c+a 

a 

c-a 

-b 15-b 30-b 45-b 

FIGURE 31. The graph of g(x) = a sin((b+x)!~> + c 

Results of this approximation are summarized in Table VII. The 

figures are given for the average delay function - to obtain the delay 

function for the leg it is necessary to multiply by the number of vehicles. 

The root mean square error is defined as: 

N 
C (g(x.) - f(x . )) 

2 

i=l i i 
r.m.s.e. = 

N 

where: g(x) is the approximating function, 

f(x) is the approximated function, and 

approximation. 
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V . v . number of a . ·; b . . c . "/N root 
1 J vehicles lJ N . . lJ 1) .. 

1) 1) mean 
traversing square 
leg per hour (N .. ) 

1) 
error/N .. 

1) 

1 2 1195 1.17 35 . 55 29 . 96 1.37 

2 3 2085 1.44 16 . 96 55.56 1.11 

2 13 1299 5 . 155 17 . 49 34 . 15 1.26 

3 4 1980 5.19 43.24 21.07 1.05 

3 14 291 3 . 43 13.35 24 . 88 0 . 68 

4 5 1927 8.99 47.83 17.76 0 . 99 

5 6 1645 5 . 01 47 . 02 21.25 0. 77 

5 15 517 4.14 14.26 25 . 81 1.68 

6 7 1600 7 . 77 44.98 17 . 06 1.09 

6 16 500 11.30 5 . 01 29.79 2.32 

7 8 1588 7.08 38 . 68 19 . 54 1.34 

7 17 550 10.54 24 . 89 31.27 1.63 

8 9 1407 8 . 21 55.93 23 . 23 1.50 

8 18 780 5.77 58 . 32 23 . 70 1.09 

9 1 0 1472 7 . 54 45.68 17.26 0 . 77 

9 19 837 7 . 61 1 2 .37 38.11 1.44 

10 11 1343 6 . 71 4 2. 15 14 . 86 0 . 73 

10 20 1001 11.47 22.37 29.87 1.51 

11 21 531 4.56 18.34 30 . 36 1.62 

12 13 1856 7 . 93 11.82 38.11 1.47 

12 22 1565 8.36 4 . 01 36.92 1.38 

13 14 2083 3.88 2.61 28 . 19 0.90 

13 23 1252 6 . 97 7 . 08 37.21 1.93 

14 15 2067 6 . 64 17 . 09 26 . 81 1.44 

14 24 277 4.38 16 . 30 27.29 1.46 

15 16 2059 1.65 32.89 39.61 1.36 

16 1 7 1965 3 . 97 37.87 20 . 86 0.73 

16 25 500 8.50 53 . 73 27.29 2.18 

17 18 1609 7.97 41.11 20 . 11 1.50 

17 26 700 6 .39 20 . 51 22 . 97 1. 70 
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V. V . number of a.·; b .. c. ·; root l J vehicles lJ N . . lJ lJ N . . 
lJ lJ mean 

traversing square 
l eg per hour (N .. ) error/N .. 

lJ lJ 

18 19 1857 6 . 38 58.27 28.32 1.93 

18 27 919 6.05 1.80 24.88 2.28 

19 20 1362 5 . 23 31.57 30 . 98 1.87 

. 19 28 497 6.18 16 . 87 35 . 74 2. 09 

20 21 1344 6.78 51.63 19 . 19 0.90 

20 29 1326 5 . 72 27. 52 24 . 74 0 . 90 

22 33 1798 0 . 39 4. 63 56 . 71 1.12 

23 24 1269 4 . 48 26 .76 40.44 2.10 

23 34 1297 7 . 09 30 . 60 44 . 91 2 . 09 

24 25 1410 10.00 1 1 . 11 41.67 1.37 

25 26 1 387 10 . 33 23 . 66 36 . 32 2 . 68 

25 3 5 550 8 . 11 27. 59 39 . 41 2. 82 

26 27 840 3.81 3. 13 25 . 94 2 .34 

26 30 700 3 . 71 36 . 15 20. 96 1.39 

27 28 1 009 7 . 23 0. 66 23 .71 1.55 

27 31 793 6 . 36 0. 56 23 . 62 1.58 

28 29 1113 3 . 72 22.12 22 . 76 2 . 06 

29 32 1552 5.27 32.35 23.88 1.04 

30 31 377 5 . 00 55.48 21.58 1.45 

30 36 750 2.33 31.80 17.39 1.76 

31 32 382 8.93 5.04 33.62 1.97 

31 37 792 4.26 53 . 18 17 . 49 1.97 

32 38 1589 3 . 93 36.68 16 . 94 1.59 

33 40 1476 3 . 74 11.64 54 . 25 0 . 67 

35 36 1 330 2 . 49 14 . 34 33 . 25 1.60 

36 37 1403 12 . 09 6.56 44.55 2.01 

37 38 1473 1.37 18.34 30.13 1.04 

38 29 1533 3.67 47 . 11 18 .7 2 0 . 83 

TABLE VII : Summary of approximation of delay functions by sinusuidal curves. 



Hence, the overall delay function was approximated by: 
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In the third stage the various methods of minimizing the overall 

delay function were evaluated. The first step was to establish lower 

and upper bounds on the function. 

From Figure 31 it can be seen that the function g(x) = a sin((b+x)~~) + c 

takes on its minimum of c - a when x = 45 - b. Therefore each function 

g. . takes on its minimum of c. . - a. . when 8 . -8 . = 45 - b . .• 
1.) l.J l.) l. J l.J 

Hence, a lower bound on the overall delay function can be determined 

by calculating: 

g .. (45-b .. ) 
l.) l.J 

i,j 
[v. ,v . ] £E(G) 

1. J 

i,j 
a. . sin ( (b . . +45-b .. ) 

6
2

1T
0

) 
l.) l.J l.) 

[v. ,v.]£E(G) 
1. J 

+ c .. 
1.) 
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Similarly an upper bound for the overall delay function can be 

determined by calculating: 

u=L g .. (15-b .. ) 
1] 1] 

= 

= 

i,j 
[v. ,v.]EE(G) 

1 J 

. 2TT 
a .. sin((b .. +15-b .. )
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In the case of the City of Victoria, the lower bound was approxi-

mately 1.69 million seconds (about 469 hours) while the upper bound was 

about 2.48 million seconds (approximately 689 hours). 

To provide a basis for evaluati ng the various possible methods of 

mi nimi z ing the overal l de l ay function the mean and average of the f unction 



were calculated. These calculations are summarized below: 

i) mean: 

= 
60 60 
f { 
0 0 

c . . 
i,j l.) 

[ V . , v . ) £E ( G) 
l. J 

60 

f 
0 

(the expected value of ZG) 

ZG(81,e2,·••te4o)d8ld62···d840 

6040 

~ 2.08 million seconds (578 hours) 

ii) variance: 

60 60 

= I I 
0 0 

i, j 

60 

f 
0 

2 
a .. 
.2:.L 

2 

[V. ,v.)£E(G) 
l. J 

~ 1,888 million seconds 

[hence, the standard deviation is equal to about 0.043 
million seconds) 

As a further check, ten thousand sets of random offsets were 
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generated and the overall delay function evaluated for each set. The 

distribution is shown in Figure 32 . 
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FIGURE 32. Distribution of values of the delay function 
(based on 10,000 sets of random offsets) • 
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2.4 

. A FORTRAN implementation of the Davidon, Fletcher, Powell method 

of minimizing a function of several variables was applied to the problem 

to locate local minima [4]. Various initial points were utilized but 

all converged to a value of approximately 1.73 million seconds (481 hours). 

Convergence was within 10 iterations. 

The complex method of function minimalization was also applied to 

the problem [11]. Numerous sets of starting offsets were tried along 

with various program parameters but all failed to converge. As suggested 

by C. Bird [2] this failure to converge was probably due to the large 

number of variables involved. 

To check the effectiveness of s e lecting a subset of the edges of 

the graph associated with the street system which form a tree and contain 

all the vertices of the graph, a FORTRAN program was written to assign 

each o f the edges a random weight and then t o form a mini ma lly weighted 
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spanning tree utilizing Prim's algorithm [10]. The offsets of the lights 

were then determined as described in Section 2 of Chapter 3. Since the 

delay functions for each of the legs were approximated by a function of 

the form 

g .. (0.-0.) =a .. sin((b .. +(8.-8.))
6
2

7T
0

) + c .. 
1J 1 J lJ lJ l J 1J 

the minimal delay occurs when 

b .. + (8.-8.) = 45. That is, 
lJ l J 

m .. = a .. sin (b .. + ( 8. -8 . ) ) ~;) + c .. 
lJ lJ 1J 1 J l) 

= sin(45*
2

7T) + 
aij 60 cij 

= a .. (-1) + C •• 
l) l) 

= -a .. + C ••• 
l) lJ 

Utilizing the offsets obtained in this manner, the total delay 

function was evaluated. The process of selecting edges to form the tree 

and subsequent minimization was repeated numerous times to obtain results 

for a variety of trees. 

A tree generating an overall delay of 1.80 million seconds (500 hours) 

was found within the first minute of CPU time (30 trees examined). After 

5 minutes of CPU time (150 trees examined) one generating an overall delay 

of 1.78 seconds was found. By extending the time limit to 60 minutes 

(1750 trees generated) a tree yielding an overall delay of 1.77 million 

seconds (492 hours) was detected. This tree is illustrated in Figure 33. 
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12 22 33 40 

1 2 13 23 34 

3 14 24 

4 

5 15 

6 16 25 35 

7 17 26 30 36 

8 18 27 31 37 

9 19 28 

10 20 29 32 38 

11 21 

39 

FIGURE 33. Tree yielding an overall delay of 1.77 million seconds. 
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The present method used by the City of Victoria for determining the 

offsets of the signals for the system involves selecting a tree (based 

on the amount of traffic utilizing the associated legs) and then setting 

the offsets so that a vehicle travelling at a fixed speed (22.5 m.p.h. 

in the case of Victoria) would have perfect progression through the 

lights [3]. Figure 34 illustrates the tree presently being used in the 

City of Victoria. Utilizing this method of setting the offsets resulted 

in an overall delay of 2.0 million seconds (561 hours). Utilization of 

the same tree but setting the offsets as described in Section 2 of 

Chapter 3 resulted in an overall delay of 1.80 million seconds (500 hours). 

This represents an improvement of about 11%. 

The results of the various methods of minimizing the overall delay 

function are summarized in Figure 35. As can be seen, the Davidon, 

Fletcher, Powell method resulted in a value quite near the lower limit. 

However, selecting a tree in the traditional manner and then optimizing 

over it as in Section 3.2, resulted in an overall delay that is only 

slightly larger. This method has the advantage that it allows the 

planner to specify those legs over which the delay is minimal. 
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12 22 33 40 

1 2 13 23 34 

3 14 24 
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5 15 

6 16 25 35 

7 17 26 30 36 

8 18 27 31 37 

9 19 28 

10 20 29 32 38 
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39 

FIGURE 34. Tree pres ent ly used by City o f Victoria . 
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overall delay function. 
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CHAPTER 6 

CONCLUSIONS 

In the last few years, traffic engineers have shown considerable 

interest in the minimization of delays at signalized intersections. In 

almost every urban area this type of delay is the major contributor to 

traffic delay. This study has emphasized the importance of determining 

the correct allocation of a cycle to the phases of a signal as weli as 

the optimal synchronization of the signals. 

As seen in Chapter 2, the problem of determining how best to split 

the cycle length among the phases of a light can be formulated as a 

linear programming problem if we assume that a queue of vehicles is 

waiting at the intersection (in effect assuming the intersection is 

working at capacity) and also that there exist constants which describe 

the possible number of vehicle starts of a particular type from a given 

leg during a phase of the light. Applying this technique to data for 

downtown Victoria resulted in projected improvements in flow of between 

0.4% and 20.3%. It is noteworthy that the improvements for major inter­

sections were typically less than those for relatively minor intersections. 

This may be due to the fact that the major intersections have been 

adjusted more than the minor ones and so were closer to the optimal 

setting. 

The first step in examining how best to synchronize the signals to 

minimize traffic delay wa s to create a model t o simulate traffic along 

a given leg. The model developed portrayed traffic conditions fairly 

accurately as was shown in Section 4 .2. By fixing the offset of one 

light at zero while stepping the other through an offset from zero to 

the cyc l e l ength of t he system, it was possible to examine the delay 

) 
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function for that leg in some detail. In Section 2 of Chapter 5 it was 

seen that these delay functions could be approximated by sinusoidal curves 

with period equal to the cycle length. 

In Chapter 3 we examined some reductions that could be made to the 

problem of synchronizing the signals. An algorithm for completely solving 

the problem was formally stated for the case when the associated graph 

had components which were either trees or isolated vertices. The last 

section of Chapter 3 examined possible methods of solving the synchroni­

zation problem when no reductions could be made. These methods were then 

applied to the data for downtown Victoria to evaluate their effectiveness. 

The present method of synchronizing the signals for the City of 

Victoria involves selecting a tree containing all the intersections and 

then setting the lights so that a vehicle travelling at a fixed rate 

would have perfect progression over the legs associated with the edges 

of the tree. This yielded an overall delay of approximately 2.02 million 

seconds (561 hours). By using the same tree but minimizing as described 

in Section 4 of Chapter 3, this was reduced to about 1.80 million seconds 

(500 hours). It is clear that the fixed rate method of synchronizing 

can be significantly improved upon through the use of simulation to 

determine the exact nature of the delay functions. 

To check if better results could be obtained by a different choice 

of trees, a number of different trees were selected by application of 

Prim's algorithm to weights randomly assigned to the edges of the graph. 

Within the first 60 seconds of CPU time a tree which generated an overall 

delay of 1.80 million seconds (500 hours) was found. Within 5 minutes, 

one generating an overall delay of 1.78 million seconds (494 hours) was 
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found. Increasing the time to 60 minutes of CPU resulted in a slight 

decrease to about 1.77 million seconds (492 hours). This shows that 

the present method of selecting a tree over which to minimize delays is 

probably satisfactory. 

The Davidon, Fletcher, Powell method of minimizing a function of 

,,,,--\ a number of variables was also successfully · applied to the problem. 

~ This resulted in finding a set of offsets which yielded an overall delay 

of 1.73 million seconds or about 480 hours (only 0.04 million seconds 

greater than if it were possible to minimize delay over the entire 

graph). This method, however, has the distinct disadvantage that the 

planner can not specify those legs over which optimization is to occur. 

One problem encountered in this study was the amount of computing 

time required to simulate traffic along a given leg in order to determine 

the characteristics of the associated delay function. An avenue of 

future research would be to develop better analytical methods for deter-

mining this function. The use of factor analysis and linear regression 

techniques upon the results of the present study might prove fruitful. 

Further, if one is only interested optimizing over a given tree rather 

than minimizing over the entire graph, one need only determine the 

relative offset for a leg which will yield the minimal delay over that 

leg rather than the characteristics of the entire delay function. This 

approach could lead to significant reductions in the amount of computer 

time required. 
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APPENDIX A 

OOCUMENTATION OF SUBROUTINES USED IN PHASE I 
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SUBROUTIN~ SPLIT 

THIS SUnROUTINE IS COPYRIGHT 1974 BY ROBERT J ~ TAYLOR 
VICTORIA, BRITISH COLUMSI~ 
CANADA 

PURPOSE: 

METHOD: 

NOV., 

TO OPTIMALLY ALLOCATE THE CYCLE L~NGTH OF 
AN INTERSECTION TO ITS PHASESs 

THE METHOD INVOLVES SOLVING THE DUAL OF THE 
LINEAR PROGRAMMING PROBLEM FORMALLY STATED 
IN CHAPTER 2 AND DISCUSSED IN DETAIL IN 
CHAPTER 5 OF THE COVERING WORK , 

APPROXIMATIONS ARE MADE TO THE CONSTANTS 
CCI,J,K) AS OUTLINED IN CHAPTER s ~ RASED 
ON THESE CONSTANTS AND THE DCI.J)'S 
AND A(K)'S PROVIDED, AN INITIAL SIMPLEX 
TABLEAU IS GEN ERATEDo THIS IS SOLVED 
USING AN IMPLEMENTATION OF THE SIMPLEX 
ALGORITH M. IF THE PROBLEM IS INFEASIBLE 
AS STATED, THE RESTRICTIONS ON THE 
AMOUNT OF TRAFFIC FLOW ARE REDUCED ~ND 
THE PROBLEM RE-FORMULATED9 THE CYCLE LENGTH 
IS M-INTAINED AT 60 SECONDS FOR THIS STUDY 

VARIABL ES (INCLUDING THOSE IN CALLEO ROUTINES): 

A.(I,J) 

ALDT(K) 

AMIN(K) 

C(I,J,K) 

(I=l,2, ••• ,15); (J=l,2, • • • ,35) 
SIMPLEX TA BLEAU. 

(K=l,2,o•e,20) 
OPTIMAL ALLOTMENT TO PHASE K• 

(K=l,2,eee,20) 
MINIMUM ALLOTMENT TO PHASE K~ 

(I=l,2,3); (J=l,2,3,4); (K=l,2,,.~,2~) 
NUMBER OF VEHICLE STARTS PER SECOND OF TYPE 
I FROM LEG J DURING PHASE K~ 
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2 c:; 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

D( I• J} 

ECK) 

EBTA 

EBTG 

EBTR 

FLOVI 

I 

ICOLJ 

ICON(K,J) 

ID 

ID EN T(I) 

IDI R (J) 

IJK 

IN 

INT 

IP 

ISUB(K) 

(1=1,2,3}; {J=1.2.3.4) 
NUMBER OF VEHICLE STARTS PER HOUR OF TYPE I 
FRO~ LEG J ~ 

(K=l•2••& • t20) 
NUMBER OF VEHICLE STARTS POSSIBLE DURING A 
SECOND OF PHASE Kw 

TIME IN CYCLE LIGHT FOR EASTBOUND TRAFFIC TURNS 
AMBERa 

TIME IN CYCLE LIGHT FOR EASTBOUND TRAFFIC TURNS 
GREEN. 

TIME IN CYCLE LIGHT FOR EASTBOUND TRAFFIC TURNS RED a 

FACTOR BY WHICH ORIGINAL TRAFFIC CONSTRAINTS 
ARE MODIFIED TO PRODUCE A FEASIBLE PROBLEM , 

DO-LOOP P4RAMETER o 

CONDITION OF LEG J DURING PHASE K~ 

(K=l,2, • •• ,20); (J=l.2,3.4) 
CONDITION THAT LEG J IS IN DURING PHASE K. 
(1: UNOPPOSED GRE EN; 2: OPPOSED GREEN; · 
3: RED OR AMBER) 

COMPLETION CODE OF THE SIMPLEX ROUTINE. 
(1! OPTIMAL SOLUTION FOUND; 2: ORIGINAL 
PROBLEM INFEASIBLE. 3 : ORIGINAL PROBLEM UNBOUNDED) 

(I=l,2t••••6) 
ALPHANU~ERIC IDENTIFICATION OF INTERSECTIONa 

(J=l,2,3.4) 
INT ER SECTION NUMB ER OF THE NEXT INTERSECTION IN THE 
J DIRECTIONe 

TEMPORARY STORAGE LOCATIONs 

INTERSECTION NUMBERe 

INTERSECTION NUMBER. 

TEMPORARY LOCATION USED IN SELECTING CORRECT 
CCI,J,K). 

(K=l,2, ••• ,20) 
PHASE NUMBER OF THE KTH PHASE OF THE SIGNAL. 

A '51 
l\ 52 
A 5 3 
/\ 54 
A 55 
A 56 
A 57 
A 58 
A 59 
A 60 
A 61 
A 62 
A 63 
A 64 
A 65 
A 66 
I\ 67 
A 68 
A 69 
A 7 'J 
A 71 
A 72 
h 73 
A 74 
A 75 
A 76 
A 77 
A 78 
A 79 
A 80 
A 81 
A 8? 
A 83 
A 84 
A 85 
A 86 
A 87 
A 88 
A 89 
A 90 
A 91 
A 92 
A 93 
A 94 
/\ 95 
A 96 
A 97 
A. 913 
A 99 
A l 00 
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0 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
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C 
C 
C 
C 
C 
C 
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C 
C 
C 
C 
C 
C 
C 
C 
C 

I TE\1P( I) 

ITYP 

!TYPE( I) 

J 

JP 

J! 

J2 

K 

KP 

Kl 

K2 

L 

LAB c LC I) 

LN 

M 

MPl 

MP2 

MP3 

MP4 

( 1=1,2,e oe, 15) 
TEMPORARY STORAGEa 

TYPE OF LANE Io 

(l -=1,2,., • .,,10) 
TYPE OF LANE 1., 

1: LEFT TURN ONLY• 
2: RIGHT TURN ONLYe 
3: STRAIGHT THROUGH TRAFFIC ONLYo 
4: LEFT & STRAIGHT TRAFFIC. 
5: RIGHT & STRAIGHT TRAFFICo 
5: ALL TYPES OF TRAFFIC ALLOWED , 

TYPE OF MOVEMENT., 

TEMPORARY LOCATION USED IN SELECTING CORRECT 
C{ I ,J,K) o 

DO-LOOP PARAMETER. 

DO-LOOP PARAMETER. 

DO-LOOP PARAMETER. 

TEMPORARY LOCATION USED IN SELECTING 
CORRECT C(I,J,K)e 

TEMPORARY STORAGE. 

DO-LOOP PARAMETER., 

ROW OF VARIABLE TO ENTER BASISa 

(1=1,2, .... ,15) 
LABELS OF THE INITIAL BASIS VECTORS., 

LEG NUMBER. 

NUMBER OF EQUATIONS IN SIMPLEX TABLEAU~ 

M + l 

M + 2 

M + 3 

M + 4 

A ) 0 l 
fl. 102 
A 1 03 
A ! 0 4 
A l 05 
A '06 
A !07 
A ! 08 
f\ !. 09 
A !1 0 
A ! 1 1 
A 1 I 2 
A 1 13 
A 11 4 
A 11 5 
A 116 
A 117 
A 118 
A 119 
A ! 20 
A 1 21 
A. 122 
A 1 23 
A 124 
A 125 
A 1 26 
A. I 2 7 
A. ! 28 
A. l 2 9 
f\ 1 3 0 
A 1_ 3! 
A. 132 
A 133 
A. l 34 
A 135 
A ~ 36 
A 1 37 
A ! 38 
A l 39 
A J 40 
A. ! 41 
A 142 
A ! t1.3 
A 144 
A ! 45 
A 146 
A ~ 4 7 
A 148 
A 149 
A 150 

(X) ..... 
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C 
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N 

NAVIB 

NBTA 

NBTG 

NBTR 

NC 

NLL 

NLS 

NLT 

NLTMl 

NOW(K) 

NP 

NPP?. 

NPP14 

NP1i 

NP2 

NP3 

NP4 

NR 

NRL 

NSIC 

OPP ( I, J) 

NUMBE R OF VARIABLES IN SIMPLEX T~BLEAU ~ 

NU~8ER OF ARTIFICIAL VARIABLES IN 8ASIS. 

TIME IN CYCLE LIGHT FOR NORTHBOUND TRAFFIC TURNS 
AM3ERo 

TIME IN CYCLE LIGHT FOR NORTHBOUND TURNS GREEN c 

TIME IN CYCLE LIGHT FOR NORTHBOUND TURNS RED~ 

NUMBER OF COLU~NS IN SIMPLEX TABLEAU , 

NUMBER OF LEFT TURN ONLY LANES. 

NUMBER OF STRAIGHT THROUGH LANES IN LEG. 

TOTAL NU~BER OF LANES IN LEG , 

NLT - 1 

(K=l,2,~ ao ,20) 
PRESENT ALLOTMENT TO PHASE Ke 

NUMBER OF PHASES IN A CYCLE FOR THE INTERSECTIO~, 

NP+ 2 

NP+ 14 

N + 1 

N + 2 

N + 3 

N + 4 

NUMBER OF ROWS IN SIMPLEX TABLEAU, 

NUMBER OF RIGHT TURN ONLY LANESe 

NUMBER OF SECONDS IN A CYCLE~ 

(I=l,2,eoe,10); (J=l,2,3) 
NUMBER OF VEHICLE STARTS PER SECOND OF TYPE J FP. OM 
LANE I OF THE PRESENT LEG DURING AN OPPOSED GR ~E~ 
PHASE. 

A 151 
A 152 
A 153 
I\ 154 
A 1 c;s 
A. 1 56 
A 1 57 
A 1 58 
A ! ">9 
A 160 
A 161 
A 162 
A ! 63 
I\ 1 64 
A 165 
A 166 
A 167 
A 1 68 
A 169 
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A 1 71 
A 1 72 
A 1 73 
A l 74 
A ! 75 
A l 76 
A 1 77 
A 1 78 
A 1 79 
A 180 
A 181 
A 18 2 
A ! B 3 
A 113'~ 
A ! . 85 
A 1 86 
A 1'37 
A 18 8 
A ! 89 
A 19 0 
A. 1 91 
J\ l qz 
A 193 
A 194 
A 195 
I\ 1 96 
A 197 
A 19!3 
A ! 99 
A 200 
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C 
C 
C 
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C 
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C 
C 
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C 
C 
C 

PIV OT 

RED(I,J) 

SBTA 

SBTG 

SBT R 

SUM 

SUMN 

TEM 

TF(Jd,L) 

TOL ER 

TOPP(J) 

TRED(J) 

TUN OP::>(J) 

UNO PP(I,J) 

VEL(I) 

VGS FL(I) 

VALU E OF THE PIVOT EL EM ENT I N THE GAUSS-JO RDAN 
ELIMINATI ON,, 

{1=1, 2 ,. ~. ,IO); {J~l,2,3) 
NUM BE R OF VEHICLE STARTS OF TYPE J F R OM L ANE I 
OF THE PRES ENT LEG DURING A RED OR AMBER PHAS E~ 

TIME IN CYCLE LIGHT FOR SOUTHBOUND TRAFFIC 
TU RNS AMBER .. 

TIME IN CYCL E LIGHT FOR SOUTHB OUND TURNS GR EE N~ 

TIME IN CYCL E LIGHT FOR SOUTHBOUND TURNS RED~ 

TE MPORARY STORAG E FOR CALCULATING VA RIOUS SUMS ~ 

TOTAL TI ME PRESENTLY ALLOTT ED. 

TEMPORARY STORAGE e 

(J=l,2,3,4); CI=l, 2 ,3); (L=l,2,3) 
NUM9E R OF VEH ICLE STARTS OF TYPE I FROM LEG J 
WH EN THAT LEG I~ IN A PHASE OF TYPF L ~ 

TOL ERANCE FOR SIMPLEX ALGOR ITHMe 

(J=l,2,3) 
NUMB E R OF VEHICL E STARTS PER SECOND OF TYPE J 
FR OM TH E PRESENT LEG DURING AN OPPOSCD GRE EN 
PHAS Ee 

(J=l,2,3) 
NUMBER OF VEHICLE STARTS P ER SECOND OF TYP E J 
FROM TH E PRESENT LEG DURING A RED OR AMBER 
PHA SE• 

(J=l,2, 3 ) 
NU MB ER OF VEHICLE STARTS P =R SECOND OF TYP E J 
FROM TH E P RE SENT LEG DURING AN UNOPPOSED GREE~ 
PHASEe 

{I=l,2,e ee ,10); (J=l,2,3) 
NUMB ER OF VEHICLE STARTS OF TYPE J FROM LA NE I 
OF THE P RES ENT LEG DURING AN UNOPPOSED GREEN 
PHAS E. 

CI=l,2,ee e ,10) 
NUMBER OF VEHICLES ENTERING LANE I PER HOU R. 

(I=l,2, eea ,1 0 ) 

A 2 01 
A 20 2 
A 2 0 3 
A 2 0 4 
A 2 0 5 
A 2 0 6 
A 207 
A 208 
A .2 0 9 
A 21 0 
A 211 
A 21 2 
A 213 
A 214 
A 215 
A 2 ! 6 
A 2 1 7 
A. 218 
A 219 
A 2 20 
A 221 
A 22 2 
A 223 
A 2 2 4 
A 2 25 
A 22 6 
A 2 2 7 
A 2 28 
A 2 2 <J 
A 2 30 
A 23! 
A 232 
A 23 3 
A 234 
A 235 
A 23 6 
A 23 7 
A 2 .38 
A 2 39 
A 24 0 
A 241 
A 242 
A 24 3 
A 2 4 4 
A 245 
A 246 
A 2 47 
A 24 8 
A 249 
A 2 5 0 
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C NUI./IBER OF VEHICLES PER HOUR GOING STRAIGHT A. 25 ~ 
C FROM LANE I • A 252 
C A 253 
C VGSL VEHICLES GOING STRAIGHT FROM LEG e A 254 
C A 255 
C VL VEHICLE S GOING LEFTe A. 256 
C A ~57 
C VR VEHICLES GOING RIGHTo A 258 
C A 2'59 
C vs VEHICLES GOING STRAIGHT. A 260 
C A 26! 
C VT TOTAL Vl::HICLES IN LEG. A 262 
C A 26~ 
C VTLFL( I) (I=I,2, . ... ,10) I\ 264 
C NU MBE R OF VEHICLES P ER HOUR TU RNING LEFT A 265 
C FROM LANE I • A 266 
C A 267 
C VTLL VEHICLES TURN I NG LEFT FROM LEG .. A 268 
C A 269 
C VTRFL{I) (I=l,2, • ., .,10) .f\ 270 
C NU ~B ER OF VEHICLES P ER HOUR TURNING RIGHT~ A 2 7 1 
C A .2 7 2 
C VTRL VEHICLES TURNING RIGHT F ROM LEGe A 273 
C A. ?.74 
C w TEMPORARY STORAGE USED IN CALCULATION OF NU MBER A 275 
C OF VEHICLES ENTERING EACH LANEo A 276 
C A 277 
C WBTA TIME IN CYCLE LIGHT FOR WEST BOUND TRAFFIC TURNS A 279 
C AMBER. t\ 279 
C A 2 '30 
C WBTG TIME IN CYCLE LIGHT FOR WESTBOUND TRAFFIC TU RNS G~CE~ A 28 1 
C A 2 '32 
C WBTR TIME IN CYCLE LIGHT FOR WESTBOUND TURNS RED,. A 2g::i 
C A 284 
C WG WHEN EAST/WEST LIGHTS TURN GREE N.., A 2i35 
C A '286 
C WPS(K) (K=l,2, • .,.,20) l\ 28 7 
C WHEN IN CYCLE PHASE K STARTS ., A 288 
C A 289 
C Zl TOTAL NUMBER OF VEHICLE STARTS PER CYCLE WITH A 290 
C PR ESENT ALLOTMENT. A 291 
C A 29 2 
C 22 TOTAL NUMBER OF VEHICLE STARTS PER CYCLE WITH A 2 q::'I 
C OPTIMAL ALLOTMENT. A 294 
C A 295 
C 23 PER CENTAGE INCREASE OF VEHICLE STARTS PER CYCL E " 296 (X) 

C AFTER OPTIMIZATION. A 297 ,i:,. 

C A 2q3 . 
C A 299 
C INPUT: FOR EACH INTERSE CTION, FOUR CA P OS DES CR I fl I ~,,IG A 300 
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C 
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CARD 

COL ., 

2-4 
a 
9-12 
13-!8 

19-24 

25-30 

31-33 

34--~-6 
37-39 

57-80 

CARD 

COL ., 

2-4-
8 
C>-12 
13-18 

19-2 4 

25-30 

31-33 

34--36 

37-39 

57-80 

TRAFFIC FLOW AND THE NUMBER OF LANES, FOLLOWED 
BY TWO CARDS DESCRIBING THE PHASE SEQUENCE 
OF THE LIGHT. (A BLANK CARD INDICATES THE END 
OF THE DATAo) 

1: (DESCRIPTION OF SOUTHBOUND TRAFFIC AT THE INTERSECTIO~) 

INTERSECTION NUMBERo 
CARD NUMBER (l)e 
INTERSECTION TO THE SOUTH. 
VEHICLES PER HOUR GOING STRAIGHT SOUTH THROUGH 
THE INTERSECTIONo 
VEHICLES PER HOUR TURNING LEFT FROM THE SOUTH­
BOUND LEG. 
VEHICLES PER HOUR TURNING RIGHT FROM THE SOUTH­
BOUND LEG~ 
NUM9E R OF SOUTHBOUND L ANES (INCLUDING TURN ONLY 
LANES)o 
NUMBER OF LEFT TURN ONL Y LAN~S FROM SOUTHBOUND L~G ~ 
NUM B~ R OF RIGHT TURN ONLY LANES FROM SOUTH-
BOUND LEGo 
ALPHANUMERIC IDENTIFICATION OF INTERSECTION, 

2: (D ESCR IPTION OF WESTBOUND TRAFFIC AT THE INTERSECT! □~) 

INTERSECTION NUMBER. 
CARD NtJMBER ( 2) • 
INTERS ECTION TO THE WESTe 
VEHICLES PER HOUR GOING STRAIGHT WEST THRO~GH 
THE INTER5ECTIONo 
VEHICLES PER HOUR TURNING LEFT FROM THE WEST­
BOUND LEGo 
VEHICLE S PER HOUR TURNING RIGHT FQOM THE W~ST­
BOUND LEG. 
NUMBER OF WESTBOUND LANES (INCLUDING TURN ONLY 
LANES). 
NUMBER OF LEFT TURN ONLY LANES FROM WEST­
BOUND LEG. 
NUMBER OF RIGHT TURN ONLY LANES FR OM WEST­
BOUND LEGe 
ALPHANUMERIC IDENTIFICATION OF lNTERSECTIONo 

A. 301 
A 302 
A 303 
A 304 
A 305 
A 306 
A 307 
4. 30'3 
A 309 
fl. 31 0 
A 31 1 
A. 312 
A 313 
A. 314 
A 315 
A 316 
A 31 7 
A 318 
A 319 
A 320 
A 32! 
A 322 
A 323 
A 324 
A. 325 
A 326 
A 32 7 

A 3213 
A 329 
A 330 
A 331 
A 33? 
A 333 
A 33,~ 
A 335 
~ 3~6 
A. 3.37 
A 33R 
A 339 
A 340 
A 34 1 
I\ 342 
A :343 
A 344 
A 345 
A 346 
A 347 
I\ 348 
A 34 9 
A 350 

CD 
U1 . 



C CA.RD 3 : (D ES.CRIPTION OF NORTHBOUND TRAFFIC AT THE INTERSECTIO"I) A 351 
C A 352 
C COL " A. 353 
C A 354 
C 2-4 INTERSECTION NUMBER. A 355 
C 8 CARD NUM8!::.R { 3). /\ 356 
C 9-12 INTERSECTION TO THE NORTH. A 357 
C 13-18 VEHICLES PER HOUR GOING STRAIGHT NORTH THROUGH A 3'38 
C THE INTERSECTION. A 359 
C 19-24 VEHICLES P ER HOUR TU'R NING LEFT FROM THE NORTH- A 35') 
C BOUND LEG., A 361 
C 25-30 VEHICLES PER HOUR TURNING RIGHT FROM THE NORTH- A 362 
C BOUND LEG. A 363 
C 31-3 3 NUMBER OF NORTHBOUND LANES ( INCLUDING TURN ONLY A 36/l. 
C LANE 5) o A 365 
C 34-36 NU MBE R OF LEFT TURN ONLY LANES FR O"'I NORTHOBUND A 366 
C LEG. A 367 
C 37-39 NUMBER OF RIGHT TURN ONLY LANES FRn M NO~TH BOU ND A 368 
C LEGe A 369 
C 57-80 ALPHANUMERIC IDENTIFICATIO~ OF INTERSECT I ONo A 370 
C A 371 
C A. 372 
C CARD 4- : {DESCRIPTION OF EASTBOUND TRAFFIC AT THE INTERS ECTION) A 37 3 
C A 374 
C COLe A 375 
C A 376 
C 2-4 INTERSECTION NUMBER. A 377 
C 8 CARD NUMBER ( 4). A 378 
C 9-12 INTERSECTION TO THE EASTo A 379 
C 13-18 VEHICL ES PER HOUR GOING STRAIGHT EAST THROUGH A 380 
C THE INTERSECTION. A 381 
C l 9-?. 4 VEHICLES PER HOUR TURNING LEFT FROM THE EAST- A 3132 
C BOUND LEG. A 383 
C 25-30 VEHICLES PER HOUR TURNING RIGHT FROM THE EAST- A :,8t~ 
C BOUND LEGe A 38'3 
C 31-33 NUMBER OF ~ASTBOUND LANES (INCLUDING TURN ONLY A 386 
C LANES),. A 38 7 
C 34-36 NUMBER OF LEFT TURN ONLY LANES FROM E AST- A 3,',J) 
C BOUND LEG. A. 389 
C 37-39 NUMBER OF RIGHT TURN ONLY ' LANES FROM EAST- A. 390 
C BOUND LEGo A 39] 
C 57-80 ALPHANUMERIC IDENTIFICATION OF THE INTERSECTION,. A 392 
C A 39 3 
C A 394 
C CARO 5: (FIRST CARD DESCRIBING THE PATTERN OF THE LIGHT) A .395 
C A 396 00 
C COL . A 3q7 0\ 
C A 398 

. 
C 2-4 INTERSECTION NUMBER. A 39 9 
C 6 CARD NUMBER ( 5). A 40 0 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

7-9 
10-12 

13-15 

16-18 
19-21 

22-24 

2 5-33 
34-42 
43-51 
57-80 

NUMBER OF THE FIRST PHASE THE LIGHT ENTERS ~ 
MINIMUM ALLOTMENT TO THIS PHASE ( IN TENTHS OF 
SECONDS WITH NO DECIMAL POINT). 
PRESENT ALLOTMENT TO THIS PHASE (IN TENTHS OF 
SECONDS ~ ITH NO DECIMAL POINT)e 
NUMBER OF THE SECOND PHASE THE LI GHT ENTERS• 
MINIMUM ALLOTMENT TO THIS PHASE {IN TENTHS OF 
SECONDS WITH NO DECIMAL POINT). 
PRESENT ALLOTMENT TO THIS PHASE (IN TENTHS OF 
SECONDS WITH NO DECIMAL POINT). 
DESCRIPTION OF THIRD PHASE OF LIGHT. 
DESCRIPTION OF FOURTH PHASE OF LIGHT. 
DESCRIPTION OF FIFTH PHASE OF LIGHTe 
ALPHANU~ ERIC IDENTIFICATIO~ OF THE INTERSECTION . 

CARD 

COLa 

2-4 

6: {S ECOND CARD DESCRIBING THE PATTERN OF THE LIGHT) 

6 
7-9 
10-1 2 

1 3-15 

1 6 - 2 4 
2 5 -3 3 
34- 4-2 
43-51 
57-80 

OUTPUT! 

COLe 

2-4 
5-7 

8-17 

INTERSECTION NUMBER. 
CARD NUMBER (6)e 
NUMBER OF THE SIXTH PHASE THE LIGHT ENTERS . 
MINIMUM ALLOTMENT TO THIS PHASE {IN TENTHS 
OF SECONDS WITH NO DECIMAL POINT)o 
PRESENT ALLOT MENT TO THIS PHASE ( IN TENTHS OF 
SECONDS WITH NO DECIMAL POINT) . 
DESC R IPTION OF THE SEVENTH PHASEo 
DESCRIPTION OF THE EIGHTH PHASE e 
DESCRIPTION OF THE NINTH PHASE . 
DESCRIPTION OF THE TENTH PHASE. 
ALPH, NUM ERIC IDENTIFICATION OF THE INTERSE CTION o 

FOR THE INTERSECTION AN OPTIMAL ALLOCATION 
(IF THE PROBLEM IS FEASIBLe) OF THE CYCLE 
TO THF. VARIOUS PHASES IS PR ODUCED a WARNINGS 
ARE GENERAT ED IF THE DATA APPE ARS INCORRECT. 
CARDS SUITABLE FOR US E IN TH E S UBROUTINE SIMU 
ARE ALSO P RODUCED . (ONE CARD IS PRODUCED FOR EVE~Y 
EDGE INCI DE NT WITH THE INTERSECTIONe) THE FORMAT 
OF THE CARDS IS AS FOLLOWS: 

INTERSECTION NUMBER (I SAY). 
NUMB ER OF THE INTERSECTION AT THE 
OTHER E ND OF THE LEG (J SAYla 
TIME IN CYCLE THAT LIGHT I TURNS GREEN 
FOR VEHICLE S ENT ERING THE LEG {Fl0e4) e 

A 401 
A 4 0 2 
A 4 03 
I\ 404 
A 405 
A 406 
A 407 
I\ 408 
A 409 
A 41 0 
A 411 
A 412 
A 413 
A 414 
A 415 
A 416 
A 417 
A 418 
A 419 
A 420 
A 421 
A 422 
A 423 
A 424 
A 425 
A 426 
A 427 
A 428 
A 4 2 9 
A 4 3 0 
A 431 
A '~32 
A 43 3 
A 434 
A 4 3 5 
A 436 
A 437 
A 4"38 
I\ 4 3 9 
A 44 0 
A 44 1 
A 4 4 2 
A 443 
A 444 
A 445 
A 446 
A 447 
A 448 
A 449 
A 450 

0) 
'-.I . 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 
C 
1 

C 
C 
C 

18-27 

29-37 

38-47 

48-57 

58-67 

TIME IN CYCLE THAT LIGHT I TURNS AMBER 
FOR VEHICLES ENTERING THE LEGa 
TIME IN CYCLE THAT LIGHT I TURNS RED 
FOR VEHICLES ENTERING THE LEG. 
TIME IN CYCLE THAT LIGHT I TURNS GREEN 
FOR VEHICLES LEAVING THE LEGe 
TIME IN CYCLE THAT LIGHT I TURNS AMBER 
FOR VEHICLES LEAVING THE LEG. 
TIME IN CYCLE THAT LIGHT I TURNS RED 
FOR VEHICLES LEAVING THE L ~ Go 

CALLED ROUTINES! 

GJELIM 
SIMPLX 
MINRAT 
SWAP 

(INDIRECTLY) 

(INDIRECTLY) 
(INDIRECTLY) 

COMMON A,TOL'::R,N,NPl ,NP2,NP3,NP4,M,t-1Pl,MP2,MP.3,MP4-
COM MON LABEL 

RF AL U~OPP(l0,3),0PP(l0,3},RED(l0,3) 
RE AL TUNOPP(3),TOPP(3),TRED(3) 

INTEG E R VEL(lO),ITYPE(lO},VTLFL(lO},VTRFL(lO),VGSFL(l O) 
REAL NBTG,NBTA,NBTR,ALOT(20),WPS(20),N0~(20) 
INT EG=R ICON(20,4)/1,3,2,3,3,3,1,1,3,3, 3 ,3,3,3,3,3,3, 3 , 3 ,3,3, J ,3, , 

1,3, 3 ,3,3, 3 , 3 , 3 ,1,2,1,1,3,3,3,3,3,3.1,2,1 ,1,3,3,3,3,3.3.3.3,3,3,3, 3 
2 ,3,3,3, 3 , 1 ,3,3,3,3,3, 3 ,3,3,1,3,2,3, 3 ,3,1 ,1,3,3/ 

REAL C(3, 4 ,20),AMIN(20).TF(4,3,3).E(20),D(3,4) 
INT E GER IDI R (4),ISUB(20).ITEMP(15) ,IDENT(6) 
DOUBLE P RE CISION A(15,35},TOLER,LABEL(30).TEM 

INITIALIZATION SECTION 

TOL ER=0.00001 
NSIC=60 

START OF LOOP FOR EACH INTERSECTION OF THE SYSTEM 

CONTINU E 
FLOW=0. 9 5 
WRIT E ( 6 ,7 0 ) 

FOR EACH LEG INTO THE INTERSECTION READ IN THE TRAFFIC FLOW IN= □ 

/\ 451 
A 452 
A 4 5 3 
A 454 
A 455 
A 456 
A 457 
A 458 
A 459 
A 460 
A 461 
A 462 
A 463 
A 46 4 
A 4 65 
A 4 6 6 
A 467 
A 46 13 
A 4 6 9 
A 470 
A 4 71 
A 472 
A 473 
A 474 
A 475 
/\ 476 
A 477 
A 478 
"479 
A 48 0 
A 481 
A 48 2 
A 4 8'3 
A 4 ,'34 
A 485 
A 4 13 6 
A 4 8 7 
A 48 8 
A 489 
A 490 
A 491 
A 492 
A 1~93 
A 494-
A 4 9 5 
A 496 
A ti97 
A 4 9 8 
A 4 9 <) 
A 5 00 

CXl 
CXl 



C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

2. 
3 

C 
C 
C 
4 

5 

6 

7 
C 
C 
C 

DO 33 Jl=l,4 
READ (5,71) IN,LN,IDIP(Jl),VGSL,VTLL,VTRL,NLT,NLL,NRL,IDENT 
WRITE (6,72) IN,LN,IDIR(Jl),VGSL,VTLL,VTRL,NLT,NLL,NRL,IDENT 

CHECK IF ALL THE INTERSECTIONS HAVE BEEN DONE 

IF (INeEOo O) GO TO 69 

CALCULATE THE MINIMUM TRAFFIC FLOW CONSTRAINTS (IE. THE DIJ 1 5) 

D(l ,Jl )=VTLL 
0(2,Jl)=VTRL 
0(3,Jl)=VGSL 

CALCULATE THE POSSIBLE NUMBER OF VEHICLE STARTS PER SECOND OF 
TYPE I FROM LEG Jl DU P ING A PHASE OF TYPE K 

IF (NLT , GT,,1) GO TO 5 
IF (NLT~ GT .O ) GO TO 4 
DO 3 I =1, 3 
DO 2 K=l,3 
TF(Jl,l,K)=O.O 
CONTINU c 
CONTINU =: 
GO TO 33 

DETERMINE THE TYPE OF EACH LANE 

CONTINUE 
ITYPE(NLT)=6 
GO TO 7 
CONTINU E 
DO 6 I=l wNLT 
I TYPE( I )=3 
CONTINUE 
ITYPE(l)=l 
IF ( NLL.EO.O) I TYPE( l }=4 
ITYP::(NLT)=2 
IF {NRLoEOe O) ITYP E(NLT)=5 
CONTINUE 

CALCULAT E THE NU MBER OF VEHICLES ENTERING EACH LANE 

VEL(l)=O 
VEL(NLT)=O 
IF (NLL eE0. 1) VEL(l)=VT~L 
IF (NRL. EQ.l ) VEL(NLT)=VTRL 
NLS=NLT-NLL-NRL 
VT=VTLL+VTRL+VGSL-VEL(l)-VEL(NLT) 
W=VT/NLS 

A 501 
A 502 
A 5 03 
A 504 
A 505 
A 506 
A 507 
A 5013 
A 509 
A 510 
A 511 
A 512 
A 5 13 
fl 51 4 
A 515 
A 516 
A 527 
A 518 
A 5!9 
A 52 0 
A 521 
A 522 
A 523 
.\ 524. 
A 525 
A 526 
A 527 
A 528 
A 529 
A 530 
A 531 
A 5 32 
A 533 
A 534 
A 535 
A 5 36 
~ 53 7 
A. 538 
A 539 
A 5 1~0 
A 54! 
A 542 
A 543 
A 544 
A 545 
A 546 
A 547 
A 548 
A 549 
A 550 

00 
I.O . 



IF ( NLLeNE.1) VF.L ( l)=W 
IF ( NRL .. NE,, 1 ) VE L ( NL T )=W 
NLTMl=NLT-1 
IF (NLTMl.LT.2) GO TO 9 
00 8 I =2 • NL TM 1 
VEL( I ) =W 

8 CONTINUE 
9 CONTINUE 
C 
C CALCULATE THE NUMBER OF VEHICLES TURNING LEFT FOR E~CH LANE 
C 

DO 10 I=l , NLT 
VTLFL(I}=".l 

1 0 CONTINU E 
VTLFL( 1) =VTLL 

C 
C 
C CALCULATE THE NUMBER OF VEHICLES TURNING RIGHT FOR EACH LANc 
C 

DO l l l=l.NLT 
VTRFL(I)=O 

l · CONT INUF: 
VTRFL( NL T) =VTRL 

C 
C CALCULATE THE NUM9ER OF VEHICLES GOING STRAIGHT FOR EACH L~N E 
C 

DO 1 2 I =l t NL T 
VGSFL( I)=VEL(I)-VTLFL(I)-VTRFL(I) 

12 CONTINUE 
C 
C FOR EACH LANE CALCULATE THE POSSIBLE NUMB ER OF VEHICL E STARTS 
C BAS ED ON TH~ TYPE OF THE LANE AND THE NUMBER OF VEHICLES 
C TURNING LEFT, RIGHT OR GOING STRAIGHT,, 
C 

C 

DO 29 I=l , NLT 
VL=VTLFL(I ) 
VR=VTRFL(I) 
VS=VGSFL(I) 

C FOR LEFT TURNS 
C 

J=l 
ITYP=ITYPE(I) 
GO TO (13,14,14,15,14,16 ) , ITYP 

C 
C FOR LEFT TURN ONLY LANE 
C 
13 UNOPP(l,J ) =Oe5 

OPP(I,J)=Ool 
RED( I,J)=0,,05 

A 551 
I\ 552 
A 553 
A 554 
A 555 
A 556 
A 557 
A 558 
I\ 559 
A 560 

" 561 
,\ 562 
A 563 
I\ 564 
A 5 6 5 
A 566 
A 567 
A 568 
I\ 569 
A 57!) 
A 571 
A 572 
A 573 
I\ 574 
A 57'3 ,, 576 
A '577 
A 57i3 
A 579 
:\ 580 
A 531 
I\ 582 
A 5,93 
A 584 
A 585 
A 586 
A 587 
A 589 
A 5 8 9 
A 590 
A 59 ! 
/\ 592 
A ')93 
A 594 
A 595 
A 596 I.O 

A 597 0 . 
A 598 
A 59q 
A 6 0 0 



C 
C 
C 
1 4 

C 
C 
C 
15 

C 
C 
C 
16 

1 7 
C 
C 
C 

C 
C 
C 
C 
l o 

C 
C 
C 
19 

C 
C 
C 
2 () 

C 

GO TO 17 

FOR ANY LAN~ ALLOWING RIGHT TURNS 

UNOPP(I,J)==Oo05 
OPP(I,J)=0.05 
RED( I.J)=,J.05 
GO TO 17 

FOR A L ANE ALLOWING LEFT TURNS AND STR~IGHT THROUGH TRAFFIC 

UNOPP(I.J)=VL/(2o0*VL+2eO*VS) 
OPP( I• J) =VL/ ( 1 O*VL+2*VS) 
RED( I,J)=0.05 
GO TO 17 

FOR A LANE ALLOWING ALL 3 TYPES OF MOVEMENTS 

UNOPP( I,J)=VL/(2eO#VL+2*VS+7*VRJ 
OPP(l,J)=VL/(10~0*VL+2oO*VS+7oO*VR) 
RED( I,J)=Oo05 
CONTINUE 

FOR VEH ICLES TURNING ~IGHT 

J= 2 
GO TO (18,19,18.18,20, 21 ), ITYP 

FOR LEFT TURN ONLY LANES, STRAIGHT THROUGH ONLY LANE S, 
AND LANES ALLOWING LEFT AND STRAIGHT THqOUG H TqAFFICo 

UNOPP(l,J)=Oe05 
OPP { I , J ) = 0 .. 0 5 
RED( I,J)=Oo05 
GO TO 22 

FOR RIGHT TURN ONLY LANES 

UNOPP(I,J)=Ool4285 7 
OPP(l,J)=0,142857 
RED( I,J)=Ool42857 
GO TO 22 

FDR LANES ALLOWING RIGHT TURNS AND STRAIGHT THROUGH TRAFFIC 

UNOPP(I,J)=VR/C7e0*VR+2 ~0*VS) 
OPP( I,J)=VR/(7,0">l=VR+2 a O* VS) 
REDCI,J)=VR/(7*VR+20oC*VS) 
GO TO 22 

A 601 
A 6 02 
A. 603 
A 61J4 
A 605 
A 6 <'.) 6 
A 607 
A 608 
A 609 
A 610 
A 61 J. 
A 612 
A 6:!3 
A 61 t-1, 

A 61 5 
A 616 
A. 617 
A 618 
A 619 
A 620 
A 621 
A. 622 
A 623 
A 624 
A 625 
A 626 
A 627 
A 628 
A 62Q 
A 6.30 
A 631 
A 63:'.? 
/\ 633 
A. 634 
A 635 
A 636 
A 637 
A 638 
A 639 
A 640 
A 641 
A 642 
A 643 
A 644 

· A 645 
A 646 
A 6'~ 7 
A 648 
A 649 
A 650 

ID 
I-' 



C 
C 
2 '. 

2;? 
C 
C 
C 

C 
C 
C 
2 3 

C 
C 
C 
24 

C 
C 
C 
2'5 

C 
C 
C 
2 ':> 

C 
C 
C 
27 

211 
C 
C 
C 
C 

FOR LANES ALLOWING ALL TYPES OF MOVEMENTS 

UNOPP(I,J)=VR/(7.0*VR+2oO*VS+2~0*VL) 
OPP(I,J)=VR/(7eO*VR+2.0*VS+l0eO*VL) 
RED(l,J)=VR/C7*VR+20*VS+2C*VL} 
CONTINUE 

FOR VEHICLES GOING STPAIGHT 

J=3 
GO TO (23,23,24,25,26,27), ITYP 

FOR LANES ALLOWING ONLY LEFT TURNS AND RIGHT TURNS 

UNOPP(I,J}=0.,05 
OPP( I,J)=0.05 
RED( I,J)=Oo05 
GO TO 28 

FOR LANES ALLOWING ONLY STRAIGHT THROUGH TRAFFIC 

UNOPPCI,J)=Oe5 
OPP(l,J)-=0.5 
RED(I,J)=0.05 
GD TO 28 

FOR A LANE ALLOWING LEF~ AND STRAIGHT THROUGH TRAFFIC 

UNOPP(l,J)=VS/(2*VS+2*VL) 
0 PP C I , J ) =VS/ ( 2 *VS+ 1 0 * VL } 
RED( I,J)=0.,05 
GO TO 213 

FOR LANES ALLOWING RIGHT AND STRAIGHT THROUGH TRAFFIC 

UNOPPCI,J)=VS/(2*VS+7 ~VR) 
OPP(I,J)~VS/{2*VS+7* VR) 
RED( I,J)=0.05 
GO TO 28 

FOR LANES ALLOWING ALL TYPES OF MOVEMENTS 

UNOPP(I,J)=VS/(2*VS+2eO*VL+7*VR) 
OPP(I,JJ=VS/(2*VS+lO*VL+7*VR) 
RED( I,J)=0e05 
CONTINUE 

CALCULATE TOTAL NUMBEF OF VEHICLE STARTS ALLO;W ED DURING THE 
THREE TYPES OF PHASES 

A 651 
A 652 
A 653 
A 654 
A 655 
A 656 
A 657 
A 658 
A 659 
A 660 
A 66! 
A 662 
A 663 
A 664 
A 665 
A 666 
A 667 
A 668 
A. 669 
A 670 
A 671 
A 672 
A 673 
A 674-
A 675 
A 676 
/\. 6 77 
A 678 
A 679 
~ 68 0 
A 68! 
A 682 
A 683 
/\ 684 
A 685 
A 686 
A 61'F 
A t:>88 
A 6 8 9 
A 690 
A 691 
A 69 2 
A 69 3 
A 6 94 
A 695 
A 696 
A 6g7 
A 698 
A 699 
A 7 00 

0.0 
N 



29 

3 C 
3 1 

C 
C 
C 
C 

32 
C 
C 
C 
31 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

34 
35 
36 
C 
C 
C 
C 

CONTINUE 
DO 31 J=l,3 
TUNOPP(J)=O 
TOPP(J)=O 
TRED(J)-=O 
DO 30 I=l .NLT 
TUNOPP(J)=TUNOPP(J)+UNOPP(I.J) 
TOPP(J)=TOPP(J)+OPP(I,J) 
TRED(J)=TRED(J)+RED(I,J) 
CONTINUE 
CONTINUE 
DO 32 J2=1•3 

RECORD THE NUMBER OF VEHICLE STARTS OF TYPE J2 FROM LEG J! 
WHEN THAT LEG IS IN A PHASE OF TYPE 1,2, AND 3 , 

TF(Jl,1,J2)=TUNOPP(J2) 
TF(Jl,2,J2)=TOPP(J2) . 
TF(J1,3,J2)=TRED(J2) 
CONTINUE 

END OF DATA MASSAGING FOR ONE LEG INTO AN INTERSECTION 

CONTINUE 

FOR EACH OF THE POSSI8LE PHASES • • e 

DO 36 K=l,2 0 

FOR EACH OF THE LEGS GOING INTO AN INTERSECTION• ~ • 

DO 35 J=l,4-

FOR EACH TYPE OF VEHICLE MOVEMENT• • • 

DO 34 I=l ,3 

CALCULATE THE CONSTANTS C(I,J,K) 

ICOLJ=ICON(K,J) 
C(I,J,K)=TF(J,ICOLJ,1) 
CONTINUE 
CONTINUE 
CONTINUE 

FOR EACH OF THE PHASES SET THE MINIMUM ~ND PRESENT TIME 
ALLOTMENTS TO ZERO 

DO 37 K=l,2 0 
AMIN(K)=Oe :J 

A 701 
A 702 
A 7 ()3 
A 7 0 4 
A 705 
A 706 
A. 707 
A 708 
A 709 
A 710 
A. 71 ! 
A 712 
A. 713 
A 71 '• 
A 715 
A 716 
A 717 
A 718 
A 7!9 
A 72 0 
A 721 
A 722 
A 723 
A 7 24 
A 725 
A 726 
A 727 
A 728 
A 729 
A 730 
A 73! 
A 732 
A 733 
A 734 
A 735 
A 73n 
A 737 
A 738 
A 739 
A 740 
A 741 
A 742 
A 74- 3 
A 744 
A. 745 
A 746 
A 747 
A 748 
A 749. 
A. 750 

\.0 
w . 



NOW(K ) =o.o 
37 CONTINUr-
C 
C READ I N THE PRESENT AND MI NIMUM T IME ALLOTMENTS FOR T HE PHASES 
C 

WRITE (6,.73 ) 
DO 39 I = 1 • 2 
READ ( 5,74 ) INT ,L N,( ITEMP (J),.J =l , 15 ),I D~NT 
WR I TE ( 6 . 75 ) INT. LN .( 1TEMP(J ).J=lol5 ). IDEN T 
DO 3 8 J =l , 5 
IJK= ( J - 1 )*3+1 
I F ( ITEM P ( I J K ) • E Q a O ) GO TO 3 8 
AMIN( I TE'-\P ( IJK ) )=I TEMP ( IJK + l )/ 10. 
NOW ( I T EMP ( I J K ) ) =ITEMP(I J K+2)/l0, 

39 CONTINUE 
39 CONTINUE 

WRITE (6 , 73) 
C 
C FOR EACH OF THE P HASES DETERMINE THE TOTAL NUMBER OF VEHICLE 
C STARTS POSSIB LE P ER SECOND 
C 

DO 42 K=l , 20 
SUM=OeO 
DO 41 J=l , 4 
DO 40 I=l , 3 
SUM=SUM+C CI,J,K ) 

4 G CONT 11'.JUE 
41 CONT I NUE 

E ( K)=SUM 
42 CONTINUE 
C 
C CALCULATE THE NUMBER OF PHASES THE LIGHT GOES THROUGH 
C AND RECORD F.ACH OF THF.SE 
C 

NP=O 
WRITE ( 6 , 76) 

C 
C CALCULATE THE TOTAL TIME PRESENTLY ALOTTED 
C 

SUMN=O.O 
DO 43 K=l , 20 
IF (NOW(K)eEOeO ) GO TO 43 
SUMN=SUMN+NOW ( K) 
WRITE ( 6,77) K , AMIN ( K) ,. NOW ( K ) 
NP=NP+l 
ISUA(NP)=K 

4'! CONTINUE 
C 
C CHECK IF THE TOTAL TIME ALLOTTED IS "::OUAL" TO THE CYCLE LENGTH 
C 

A 751 
A 752 
A 753 
A 754 
A 755 • 
A 7'56 
A 757 
A 758 
A 759 
A 760 
A 761 
A 762 
A 763 
A 764 
A 765 
A 766 
A 767 
A 76>3 
A 769 
A 770 
A 771 
A 772 
A 773 
A 774 
A 775 
A 7 7~ 
A 777 
A 778 
A 779 
I\ 780 
I\ 7131 
A 732 
A 783 
A 784 
I\ 785 
A 786 
A 787 
A 7 88 
A 7 8 9 
A 790 
A 791 
A 792 
A 793 
A 7C)l~ 

A "!95 
A 796 I.O 

A 797 
J:>. . 

A 798 
A 799 
A 80 ') 



C 
C 
C 

44 
45 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

4 6 
C 
C 
C 

47 
48 
C 
C 
C 

C 
C 
C 

IF (ABS(SUMN-NSIC)aGTe0.01) WRITE (6,78) 

CHECK IF PR E SE NT ALLOTMENT FOR EACH PHASE I S INSUFFICI ENT 

DO 4-4 K=l,2 0 
IF (NOW(K)eLT.AMTN(K)) WRITE (6,79) K 
CONTINUE 
CONTINUE 

FOR EACH TYPE OF VEHICLE MOVEMENT• e o 

DO 4 8 I= 1 , 3 

FOR EACH LEG INTO THE INTERSECTION• o • 

DO 47 J=l,4 

CALCULATE THE TOTAL NUMBER OF VEHICLES PRESENTLY ~BLE TO us~ THE 
!NT€RSECTION IN EACH PHASE OF THE LIGHTo 

SUM=OeO 
DO 46 K=l,20 
SUM=SUM+C(I,J,K)*NOW(K) 
CONTINUE 

CHECK IF INSUFFICIENT FLOW 

IF (SUMeLT,D(I,J)*FLOW/3600*NSIC} WRITE (6,80) I,J 
CONTINUE 
CONTINUE 

PR EPARE TO SET UP THE SIMPLEX TABLEAU 

NPP2=NP+2 
NPP14=NP+l4 
M=NP 
N=2*NP+l4 
~Pl=M+l 
~ P2=M+2 
MP3=M+3 
MP4=M+4 
NPl=N+l 
NP2=N+2 
NP3=N+3 

ZERO OUT THE ENTIRE TABLEAU 

DO 50 I=1,MP4-
DO 49 J=l-,NP3 
ACt.J>=o.o 

A ,901 
A 802 
A 803 
A 804 
A 805 
A 806 
A 807 
A 808 
A aog 
4. 81 0 
A 81 1 
A 812 
A 813 
A 8!4 
A 815 
A 816 
A. 81 7 
A 818 
A 819 
A 820 
A 1'321 
A 822 
A 823 
A 824 
A 825 
A 826 
A 827 
A 828 
A 8~9 
A 830 
A 8 31 
/\ 832 
A 833 
A 8 3 '~ 
A 835 
A 836 
A 8 3 7 
A 838 
A 839 
A 840 
A 841 
A. 84'.' 
A 134 3 
A 844 
A 845 
A 846 
A 847 
A 848 
A f\49 
A 850 

\P 
V1 . 



4q 
.5 ) 

C 
C 
C 

5 l 
52 

53 

5 4 

55 
C 
C 
C 

C 
C 
C 

C 
C 
C 

5 6 
C 
C 

CONTINUE 
CONTINUE 

FILL IN THE REST OF THE TABLEAU 

DO 52 I=l,M 
A ( I • l ) =- l ., OD 0 
A(I,2)=1•0D0 
A ( I , 1 + 2 ) =- 1 • 0 
A(I,NPP14+1)=-lo0 
A( I ,NPl )=E( !SUB( I)) 
A( I,NP2)=-100-I 
D051 J=l.12 
IP=( J-1 )/4+1 
JP=J-( IP-1) :;<4 
KP=ISUB(I) 
A( I,J+NPP2)=-C(IP,JP,KP) 
CONTINUE 
CONTINUE 
DO 53 J=l,NPP14 
A(MP3,J)=J 
CONTINUE 
A(MP4, 1 )=-NSIC 
A(MP4,2)=NSIC 
DO 54 J=l,NP 
A(MP4,J+2)=-AMIN(ISUB(J)) 
IP=(J-1)/4+1 
JP=J-( IP-1 )>:C4 
A(MP4,J+NPP2)=-(D(IP,JP)*FLOW/3600)*NSIC 
CONTINUE 
DO 55 I=l,~ 
L ABE:L ( I) =A ( I, NP2) 
CONTINUE 

PERFORM THE SIMPLEX ROUTINE 

CALL SIMPLX 

CHECK IF PROBLEMS ENCOUNTERED IN SIMPLEX RQUTIN E 

ID=A(MP4,NP3) 
IF ( ID.NE.1) GO TO 67 

FOR EACH PHASE ZERO THE ALLOTMENT 

DO 56 K=l,20 
ALOT(K)=O.,O 
CONTINUE 

DETERMINE THE ALLOTMENTS TO THE PHASES 

A 85! 
A 852 
A 853 
A 854 
A. 855 
A 856 
A 857 
A 858 
A 859 
A 860 
A 861 
A 862 
A 363 
A 864 
A 865 
A 866 
A 867 
II. 868 
A 86 9 
A 87 0 
A 871 
A 872 
A 1373 
A 874 
A 875 
A 876 
A 877 
A 87 8 
A 879 
A 880 
A ~81 
A 882 
A 88"3 
A 881~ 
A 88 5 
A 8 ;36 
A B87 
A 868 
/\ 889 
A 890 
A 891 
A 892 
A 893 
A 894 
A 895 
A 896 
A 897 
A 898 
A 899 
A 90 0 

\.0 
O'I 



C A 901 
WRITE ( 6 , 81 ) A. 902 
DO 58 I =l , M A 903 
00 57 J =l,N A 904 
I F ( A( MP3 ,J) .NE~LABEL( J )) GO TO 57 A gos 
TEM= A( MPl ,J) A 906 
wRITE { 6 , 82 ) JSUB (I), TEM A 907 
ALOT ( ISUB (I)) =TEM A 908 

57 CONTINUE A 909 
58 CONT I NUE A 910 

WR I TE ( 6 ,73) A 911 
C A 912 
C CAL CUL AT= THE PRESENT TOTA L FLOW AN D THE PRO J ECTED FLOW A 913 
C A 9! I+ 

Zl=O.,Q A 915 
Z2=0a0 A 916 
DD 59 K=l , 2C A 917 
Zl=Zl +E(K J *NOW{K ) A 918 
Z2=Z2+E(K ) *ALOT(K) A 919 

5 9 CONTINUE A 920 
C A 921 
C DETERMINE THE PERCENTAGE INCREASE A 922 
C A 923 

Z3=Z2 / Z1*100-100e0 A 924 
WRITE ( 6 , 133) Zl , Z2 , Z3 A 925 
TEM=-A(MPl , NPl ) A 926 

C A 92 7 
C DETERMINE WHEN IN EACH CYCLE EACH OF TH~ PHAS~S BEGINS A 928 
C A 929 

WPS( l) =O,O A 930 
DO 60 K=2 , 20 A 931 
WPS ( K ) =WPS ( K-l)+ALOT ( K-1 ) A 93 2 

6 '.) CONTIN UE A 933 
C A 9 .31+ 
C DETERMINE WHEN THE VARIO US L I GHTS CHANGE COLOUR A 9~5 
C A 936 

SBTG=o.o A 937 
NBTG=OaO A 938 
I F ( ALOT ( l ).NEe C e O ) NRTG=WPS ( 3) A 9.39 
IF ( ALOT ( 2 ) oNEoOeO ) SRTG=WPS(3 ) A 940 
IF ( ALOT ( 8 ) eNE.OeO ) GO TO 61 A 941 
IF ( ALOT ( 5 ) oNE.0o0 ) GO TO 62 A 942 
SBTA=WPS(lO ) A 943 
NBTA=SBTA A 944 
SBTR = SBTA+ALOT ( lO ) A 945 
NBTR=SBTR A 946 \0 

GO TO 63 A 947 --J . 
6 ' NBTA=WPS ( 7 ) A 948 

NBTR=WPS ( 8) A 949 
SBTA='IIPS{ 9 ) A 950 



6 .) 

63 

64 

65 

6 6 
C 
C 
C 

SBTR=SBTA+~LOT(9) 
GO TO 63 . 
SATA=WPS(4) 
SBTR=WPS ( 5) 
NBTA=WPS(6) 
NBTR=NBTA+ALOT( 6 ) 
CONTINUE 
WG=NBTR 
IF (NBTReLTeSBTR) ~G=SBTR 
EBTG=WG 
WBTG=WG 
IF (ALOT(ll )eNE.OoO) WBTG=WPS(13) 
IF (ALOT(12)oNE o OeOl EB TG=WPS(l 3 ) 
IF (ALOT(l S ) . NE oOoO ) GO TO 64 
IF (ALOT(15) eNEoOe O) GO TO 65 
:.RTA=WPS(20) 
WBTA=EBTA 
EBT R=EBTA+ALOT(20} 
WBTR=EBTR 
GO TO 66 
WBTA=WPS(17) 
WBTR=WPS(l8) 
EB TA =lvPS ( l 'J) 
EBTR=EB TA+ALOT( l9 ) 
GO T O 66 
EBTA=WPS (14) 
EBTR=W P S (l'5) 
WBTA=WPS(l6) 
WBTR= 4BTA+ALOT(16) 
CONTINUE 

WRITE OUT TH E DA TA F OR US E IN SUBRO UTINE S ! MU 

WRITE (6,84) 
IF ( ID I R ( 1 ) o NE• 0 ) 

1 • SBT R 
IF ( ID IR ( 2) • NE o O ) 

1 , EBTR 
IF (IDIR(3) e NE eO ) 

1 ,NBTR 
IF ( lDI R (4) e NEe 0 } 

l, WB TR 
IF ( ID I R ( 1 ) •NE• 0 ) 

1,SBTR 
1I F ( IDI R (2) .NE e C ) 

1 , EBTR 
IF C ID IR ( 3 ) •NE• 0 ) 

~ ,NBT R 
IF ( ID IR ( 4) "NE• 0 ) 

l , WBTR 

WRITE 

\JtJ R !TE 

WRITE 

WRITE 

WRITE 

WR I TE 

WRITE 

WRIT E 

(6, 85 ) 

( 6 ,85) 

( 6 , 85 ) 

(6,85) 

(7,85 ) 

(7, 85 ) 

(7, 85 ) 

(7, 85 ) 

IN,IDI R(l),NBTG,NBTA,NATR ,SBTG,S BTA 

IN,!DI R { 2 ), WB TG.WBT A ,W BTR , E6TG , EBTA 

1N,ID! R{ 3 ), SB TG,SBTA.S9TR.NBTG,NBTA 

1N,IDIR(4),EBTG,EBTA,EBTR,WBTG,WBTA 

IN, IDIR(l), NB TG,NBTA,NBTR, S9T G,SBTA 

IN,ID! R ( 2 ), WBTG , .BTA, WBTR . EBTG, EB T A 

IN,IDIR(3),SBTG,SBTA,SBTR,NBTG,NBT~ 

IN,IDIR(4), EBTG, EBTA , EB TR,WBT G,W BTA 

A 951 
A 952 
A 953 
A 95L~ 
A 9 55 
A 956 
A 957 
A 958 
A 9 59 
A 960 
A 96! 
A 962 
A 9 63 
A 964 
A 965 
A 966 
A 967 
A 968 
A 969 
A 970 
f.. 971 
A 972 
A 973 
A 9 74 
A 975 
A 976 
A 977 
I\ 978 
A 979 
A 9 8'.) 
A 9'31 
I\ 9.':32. 
A 983 
A 984 
A 9 -'35 
A 986 
A 987 
A 988 
A 989 
A 9 90 
A 991 
A 99~ 
A 993 
A 994 
A 99S 
A 996 
A 997 
A 99f3 
A 999 
A 1 000 

I.O 
o:> . 



C 
C 
C 
67 
C 
C 
C 

C 
C 
C 

C 
C 
C 
63 

C 
C 
C 

C 
C 
C 

C 
C 
6 9 
C 
C 
C 
C 
C 
7 .:_i 

7 1 
7?. 
7 3 
7 1~ 
7 5 
7 6 
7 7 

79 

7 9 

8 ? 

GO TO 1 

PROBLEM S IN THE SIMPLEX ROUTINE 

CONTINUE 

CHECK IF PROBLEM IS INFEASIBLE 

IF (ID.EQ .2 ) GO TO 68 

OTHERWISE THE PROBLEM IS UNBOUNDED 

WRITE ( 6, 36) 
GO TO 1 

PROBLEM WAS INFEASIBL EeeeTRY RE DUCING TRAFF IC FLOW 

FLOW=FLOW-0.05 
WR ITE (6,87) FLOW 

CHECK IF FLOW TOO LITTLE 

IF (FLOW.GTm 0. 75) GO TO 45 
WRITE (6,88) 

GO B ACK AND DO IT ALL OVER FOR ANOTHER INT ERS ECT ION ~ 

GO TO 1 

STOP 

FORMAT (1Hl,///,1X,'ALLOTMENT OF CYCL E TO PHASE ',///) 
FORMAT (1X,I3,14,I4,3F6 ~0 , 3 !3,17X,6A4) 
FORMAT (1X, 3 I 5 , 3Fl0el , 3I6 ,1 0 X,6A4) 
FORMAT {//) 
FO RMA T ( lX, I3, lX, 11, 5 (313) , 5 X, 6A 4) 
FOR MAT (1X,I S ,I5,lX,5( 3 1 3 ), 17X,6A4) 
FORMAT (//) 
FORMAT (lX,'lN PHASE',15,' FOR A MINIMUM OF ',F6 u 2 ,' SECONDS; 

1 NOW ALLOC ATED •,F6e 2 ,' SECONDSe') 
FORMAT (lX,' WAR NINGeee ePPESENT ALLOTMENT DO~ S NOT SUM TO CYCL ~ LEN 

1 GTH. ' ) 
FOR"'!AT ( lX ,' WARN !NGee ePRESE NT ALLOT MENT T D P HA SE ',1 4 ,' I S NO T S 

lUFFIC!ENT') 
FORMAT (1X,•WARNING •• • PRESENT ALLOTME NT OF CYCLE DO~S NOT ALLO# SU 

Al001 
t\1002 
A1 00 3 
/\ !. 004 
A l 0 05 
A 1006 
Al00 7 
Al0 0 8 
A 1. 009 
A 1 01 0 
Al Oll 
1\1012 
Al013 
Al 014 
A!015 
Al016 
Al017 
Al018 
Al019 
Al020 
A1021 
i\1022 
/\ 1023 
Al024 
Al025 
/\! 026 
Al027 
Al02F3 
A1029 
Al030 
A 1031 
Al032 
Al033 
Al 03 4 
A10 3 S 
A.103~ 
A1037 
Al0 38 
A1 039 
Al040 
A!041 
Al 042 
A1043 
A!0 44 
Al045 
Al0 46 
Al047 
A1048 
A1049 
~1050 

U) 
U) . 



8 1-
82 
81 

84 

8 5 
86 
87 

8 8 

lFFICIENT VEHICL E STARTS OF TYPE •.1s. 1 FROM LEG •.rs.• .•) 
FORMAT (//,lX,'AFTER OPTIMIMIZATION',///) 
FORMAT (lX,'IN PHASE ',15,' FOR •,F8v2,' SECO~DS a ') 
FORMAT (///,lX,'MAXI~UM FLO~ OF VEHICLES BEF ORE OPTIMIZATION =',FB 

le2,' VEHICLES PER CYCLE ',/,lX,'MAXlMUM FLOW OF VEHICLES ~FTER 
2 OPTIMIZATION =',F8o2,' VEHICLES PER CYCLE ',/,lX,'PERCENTAGE I 
3NCREASE =',FB,2,///) 

FORMAT (lX,'THE FOLLOWING CARDS ARE TO USED IN THE SIMULATION',/// 
1 ) 

FORMAT (1X,2I3,6F10e4) 
FOR~AT (lX,'PRORLEM FORMULATED INCORRECTLY') 
FORMAT (lX,'PROBLEM INFEASIBLE AS STATED; TRAFFIC LEV EL REDUCED TO 

1 • ,F8e3) 
FORMAT (lX,'PROBLEM INFEASIBLE AS STATED•) 
END 

Al051 
A1052 
:\1053 
A1054-
A'055 
Al056 
A1057 
A!058 
A1059 
A ;_ 06 0 
.\!06! 
J\106 ?. 
A! 063 
Al064 
A1065-

I-' 
0 
0 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 
C 

,. 
2 

3 
C 
C 
C 
4 

SUB ROUTIN E SIMPLX 

THIS SUBROUTINE IS COPYRIGHT 1974 BY ROOERT J e TAYLOR 
VICTORIA, BRITISH COLUMBIA 
CANADA 

NOV. 1974 

PURPOSE: TO SOLVE THE DUAL OF A LINEAR PROGRAMMING PRO~LE~ 
BY USING THE SIMPL EX ROUTINE a 

VARI ABL ES : 

(LISTED IN SUBROUTINE SPLIT) 

CALLED ROUTINES: 

GJELIM 
MINRAT 
SWAP 

DOUBLE PRECISION A(15,35),TOLER~LABEL(30),DABS 

COMMO N A,TOLER,N,NP1,NP2,NP3,NP4,M,MP1,MP2,MP3,MP4 
COMMON LABEL 

SET UP BOTTOM TWO ROWS OF TABLEAU 

DO 2 J=l ,NP l 
DO l I-=1,M 
IF (A( I,NP 2) e GT eO eODO) A(MPl,J)=A(MPl ,J)+A( l,J) * A(I,NP3) 
IF (A(I,NP2)aLTeOe0D0) A(MP2,J)=A(MP2,J)+A(I,J) 
CONTINU E . 
CONTINUE 
DO 3 J=l,NPl 
IF (A(MP3,J)eGTeOe0D0) A(MP1,J)=A( MP1,J)-A(MP4,J) 
IF (A( MP3 ,J)eLTeOeODO) A(MP2,J)=A(MP2,J)-laODO 
CONT INUE 

DETERMINE NUMBER OF ARTIFICIAL VARIABLES IN BASIS 

NAVIB=O 
DO 5 I=l,M 
IF (A(I,NP2JeLTeOe0D0) NAVIB=NAVIB+l 

B l 
g 2 
9 "3 
B 4 
B 5 
13 6 
B 7 
8 l3 
g 9 
B 10 
8 11 
8 12 
B 13 
B 1 '~ 
B 15 
8 16 
8 1 7 
B 18 
B 1 9 
B 2 0 
8 21 
B 22 
8 23 
B 24 
8 25 
B 26 
B 2 7 
B 2.8 
B 29 
9 30 
9 31 
9 32 
8 31 
B 31~ 
8 35 
B 36 
3 37 
B 38 
B 39 
B 40 
8 4 1 
B 42 
B 43 
B 44 
B 45 
8 46 
B 47 
B 48 
8 49 
R 50 

..... 
0 ..... 



5 

6 

C 
C 
C 

C 
C 
C 
7 

8 
C 
C 
C 

9 

l G 
C 
C 
C 

C 
C 
C 
1 l 

1 2 
C 
C 
C 

C 
C 
C 

CONTINUE 
IF (NAVI B.EO.O ) GO TO ll 
DO 6 K2=1,N 
IF (A(MP2,K2 ).GT.TOLER) GO TO 7 
CONTINUE 
IF (A( MP2 ,NPl)eLT.TOL ER ) GO TO 11 

ORIGINAL PROBLEM IS UNBOUNDED 

A(MP4,NP3)=3eODO 
RETURN 

DETERMINE VARIABL E TO ENTER BASIS 

DO 8 K2=1,N 
IF (A(MP2,K2).GT.TOLEPaANDoA(MP3 ,K2) .GT30~0D0 ) GO TO 9 
CONTINUE 

ENTER SECOND PHASE OF SIMPLEX ROUTINE 

GO TO 11 
K=K2 
DO 10 K2=1,N 
IF (A(MP2,K2)eGTeTOLEPoANDeA(MP3,K2).GTsO~ODO~~ND , A(MP2,K2) ~GT . A(M 

1P2,K)) K=K2 
CONTINUE 

DETERMINE WHICH VARIABLE SHOULD LEAVE THE BASIS 

CALL MINRAT (K,L) 
I F (A(MP4,NP3)oEOs2oOOO) RETURN 
CALL GJELIM (MP2,NP1,L,K) 
CALL SWAP (L,NP2,MP3,K) 
CALL SWAP (L,NP3,MP4,K) 
GO TO 4 

DETERMINE IF A VA R IABLE CAN ENTER THE BASIS 

DO 1 2 I= 1 , N 
IF {DABS(A( MP2 ,I))eLT ~TOLEReANDoA(MP1,I)*GToTOLER , AND ~A(MP3,I) ~ GT 

10,.0DO) GO TO 13 
CONTINUE 

OPTIMAL SOLUTION FOUND 

A(MP4,NP3)=1.0DO 
RETURN 

DET E RMINE VARIABLE TO ENTER BASIS 

B 51 
B 52 
8 53 
8 5lL 

B 55 
B 56 
B 57 
'3 58 
8 59 
8 60 
B 61 
B 62 
B 63 
8 63 
8 64 
B 65 
13 66 
A 67 
B 68 
A 69 
B 7 0 
B 71 
B 7 2 
8 73 
A 74 
B 75 
B 76 
B 77 
8 78 
B 79 
8 80 
B 8 ! 
B 8?. 
8 83 
R 8li 
B 85 
B 86 
B 87 
B 88 
B 89 
B 90 
8 91. 
B 92 
8 9 .1 
8 94 
B 95 
B 96 
8 97 
B 91'3 
F3 99 

I""' 
0 
r,..) 



l 3 

14 
C 
C 
C 

Kl=I 
K=Kl 
00 14 I=Kl,N 
IF (A(MP1,I).GT.A(MP1,K)aANDaDABS(A(MP2,I)).LT ~ TOLER~AN□ ~ A(MP3,l) , 

lGTaOeODO) K=I 
CONTINUE 

DETERMINE VARIABLE TO LEAVE THE BASIS 

CALL MINRAT {K,L) 
IF (A(MP4,NP3).E0.2a000) RETURN 
CALL GJELIM (MP2,NP1,L,K) 
CALL SWAP (L,NP2,MP3,K) 
CALL SWAP (L,NP3,MP4,K) 
GO TO 11 
END 

8 100 
B 10! 
B l 02 
B ! 03 
B ! 04 
B ! 05 
B ~- 06 
B 1 07 
f3 ? 08 
8 ~ 09 
13 110 
B 111 
B 112 
R 113 
B 1 ! 4 
B 115-

I-' 
0 
w . 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 

SUBROUTINE GJ ELIM ( NR , NC , L , K ) 

TH I S SUBROUTINE IS COPYRIGHT 1974 B Y ROBERT J . TAYLOR 
VICTORIA, RRIT I SH COLUMBIA 
CANADA 

PURPOSE : 

VARIABLES : 

NO V ,. 1 974 

TO PERFORM GAUSS- J ORDAN ELIMINATION ON A 

(LISTED JN SUB ROUTINE SPL I T ) 

DOUBLE PRECISION A( 15 , 35 ), TOLER . LABEL ( 3 0 ) , DA8S 

COMMON A,TOLER,N , NP1 , NP2,NP3 , NP4 . M.MP1 . MP2 , MP3 , M?4 
COMMON LABEL 

PIVQT:::A(L,K ) 
DO 2 I::: 1 , NR 
IF ( IeEO.L) GO TO 2 
DO 1 J=l,NC 
IF (J.EOeK) GO TO l 
IF ( DABS ( A(L, J) )eLTeTOLERaOReDABS(A ( ! , K ) ) o LT4TDLE R ) GO TO 1 
ACI , J)=A(l,J ) -A(L,J ) *A ( I.K )/PIVOT 

1 CONT I NUE 
2 CONTINU E 

DO 3 J =l , NC 
A( L , J)=A (L ,J )/PI VOT 

3 CONTINU E 
DO 4 I =l, NR 
A( I,K)=-A( I,K )/ PIVOT 

4 CONTINUE 
A{L,K)=le0D0 /PIVOT 
RETURN 
END 

C 
C 
C 
r 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

1 
2 
"3 
{( 

5 
6 
7 

8 
C> 

1 () 
1 1 
!2 
1 3 
1 4 
1 5 
1 6 
17 
18 
19 
?. 0 
21 
22 
23 
24 
~5 
26 
27 
?. 8 
29 
3 0 
"3 '. 
3? 
33 
3 4 
35 
::.'!6 
37 
38 
39 
40 
41 
~ 2-

I-' 
0 
it> 



SUBROUTINE SWAP (Il,Jl,I2,J2) 
C 
C 
C THIS SUBROUTINE IS COPYR I GHT 1974 BY R08ERT J a TAYLOR 
C VICTO R IA, BRIT I SH COLUMBIA 
C CANADA 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 

NOV a 1974 

PURPOSE: TO SWAP ONE ELEMENT OF A WI TH ANOTHEP. o 

VARIA BLES : 

( LISTED IN SUBROUTINE SPLIT) 

DOUBLE PRECISION A(15,35),TOLER,LA6EL(30),TEMP 

COMMO~ A,TOLER,N,NP1,NP2,NP3,NP4,M,MP1,MP2 , MP3 , ~P4 
COM ~ ON LABEL 

T E MP =A.( I 1 , J l ) 
A ( Il ,J l )=A( I2,J2) 
A(I2,J2)=TE MP 
RETURN 
END 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

' I) 

D 
D 
D 
I) 

D 
0 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
l 2 
13 
1 ,. 
1 5 
16 
17 
1 8 
19 
20 
2 1 
2 2 
2 3 
24 
25 
26 
27 
2 8 
29 
3 0-

f-' 
0 
01 . 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 

SUBROUTINE MINRAT (KeL) 

THIS SUBROUTINE IS COPYRIGHT 1974 BY ROBERT J ~ TAYLOR 
VICTORIA, BRITISH COLUMBIA 
CANADA 

NOV., 1 974 

PURPOSE! TO DETERMINE WHICH VARIABLE SHOULD LEAVE THE BAS!So 

VARIABLES ! 

(LISTED IN SUBROUTINE SPL IT) 

DOUBLE PRECISION A(15,35),TOLER ,LAB EL ( 30 ) 

COMMON A, TOLER , N, NPl , NP2 , NP3,NP4,M , MPl e MP2 , MP3,MP4 
COMMON LABEL 

DO 1 I= 1 , ..., 
IF (A(I,K).GTaTOLER) GO TO 2 

1 CONTINU E 
C 
C NONE ARE POSITIVE, THEREFORE ORIGINAL PROBLEM IS INFEASIBLE ~ 
C 

A(MP4,NP3) =2 .0DO 
RETURN 

2 Ll=I 
L=Ll 
003 I=Ll,M 
IF (A(l,K),LTeTOL ER ) GO TO 3 
IF ( A ( I , NP l ) / A ( I , K) •LT• A ( L, NP l ) / A ( L, K) ) L= I 

3 CONTINUE 
RETU RN 
END 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

- c:-

E 
'= 
E 
c= 

E 
E 
E 
c:-

E 
E 
E 
i= 

E 
f:: 
E 
E 
E 
E 
E 
E 
r:: 

E 
F. 
E 
E 
E ,. 
E 
E 
E 

l 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
l 3 
~- I f 

! 5 
16 
!7 
18 
19 
2 0 
2 ! 
2 2 
23 
2 4-
2 5 
2f> 
27 
2 l3 
2 9 
3 0 
31 
32 
3 3 
."'1 4 
3 5 
"'!6 
37 
3 .9 
39 
4 0 
I+ 1 -

..... 
0 
0' . 



APPENDIX B 

DOCUMENTATION OF SUBROUTINES USED IN PHASE II 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE SI MU 

THIS SUBROUTINE I S COP YR IGHT 1974 BY ROBERT J o TAYLOR 
VICTORIA, BR ITISH COLUMBIA 
CANADA 

PURPOSE: 

METHOD: 

NOV ,, t 9 7 4 

TO SI MUL AT ~ TRAFFIC ALONG A S INGL E L EG OF A 
ROAD WA Y BETWEE N TWO INTERSE CTIONS TO EVALULAT E TH E 
EFF ECTS OF DI FFERENT RELATIVE OFFS ETSo 

TH F SU BROUTINE IS A FORT RA N IM PL E ME NTATI ON 
OF TH E MODE L OUTLI NED IN CHA P TER 5 OF TH E 
COVER ING WOR K., 

VARIABL ES (INCLUDING THOSE IN CALL ED ROUTINES): 

ABD 

AL ENLT(K) 

ALENRT(K) 

AL ENST 

ALL 

ALV 

A'4 I 

ANX T 

APLIT(K) 

ASLIT(K) 

A T (K) 

DI RE CTION OF TRAVELe 
!! F ROM I TO· J ,. 
2! FR OM J TO l e 

(K=l,2) 
LENGTH OF LEF T TURN ONLY LANE GOING IN 
DI RE CTION Ko 

(K=l, 2 ) 
LENGTH OF P IGHT TURN ONLY L ANE GUl NG IN 
DI RE CTION Ke 

LENGTH OF L ANES BE TWEE N INT ERS~ CTIONS l AN D J J 

LO WER LI MIT ON ACC ELERATION. 

AV ERAG E LENGTH OF VEHICLEs 

TI ME LIGHT TURNS AMBER. 

ACC ELERATION OF VEHICLE AHE AD . 

(K=l ,2 ,3,e e .,10) 
COL OUR OF PRI MARY LIGHT F OR LA NE K. 

(K=l, 2 , 3 , • •• ,I O ) 
COLOUR OF SE CONDA RY LIGHT FOR LA NE K~ 

(K = l,2, 3 t ••• t1 00 0) 

A l 
A 2 
A 3 
A 4 
A 5 
/\ 6 
A. 7 

A. .'3 
A g 
l\ ,. 0 
A 1 1 
A !2 
A 13 
A 14 
A 1 5 
A 16 
.A. 1 7 

A 18 
A l 9 
A. 2 0 
A 21 
A 2 2 
A 2 3 
A 24 
A 25 
A :?.6 
A 27 
A 2 8 
A 29 
A 30 
A 3 1 
A. 3 ? 
A 3 3 
A 3 A 
A 3 '5 
A 3 6 
A 37 
A 3 i3 
A 39 
A 40 
A lj. 1 
A t~2 
A 43 
A '•4 
A 45 
A 46 
A 1,.. 7 
A fl ~ · 
A 4 9 
A 50 

I-' 
0 
ex, 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

AVERAGE TIME FOR VEHICLE TO TRAVERSE LEG WITH 
RELATIVE OFFSET OF (K-1)*2o 

AUL UPPER LIMIT ON ACCELERATION0 

AVE AVERAGE T[ME OF VEHICLE TRAVERSING L~G ~ 

AW DESIRED ACCELERATION OF VEHICLE. 

BLANK CONTAINS • ' (USED FOR PLOTTING OF DELAY FUNCTIO ,_. ) ., 

BLOB CONTAINS'@' (USED FOR ROUGH PLOTTING OF DELAY 
FUNCTION)• 

BOT TEMPORARY STORAGE FOR COMPUTATION OF STANDARD 
DEVIATI ONo 

BS BASE SUBSCRIPT (1 DURING ODD ITERATIONS AND 7 DURING 
EVEN ITERATIONS). 

BSPl BS+ 1 

BSP2 AS+ 2 

BSP3 BS+ 3 

BSP4 BS+ 4 

BSP5 BS+ 5 

ass INDICATED ODD OR EVEN ITERATION(! FOR ODD AND 
2 FOR EVEN)• 

CARDOP(I,J) (I=l,2,3,.eo,200); {J=l,2,3,,. •• ,12) 
ITH ROW OF MATRIX REPRESENTS THE STATUS OF THE ITH 
VEHICLE. 
J=!,7 POINTER TO NEXT VEHICLE IN SA~E LANE 
J=2 ,8 NUMBER OF LANE 
J=3,9 L EFT, RIGHT, STRAIGHT FLAG 
J=4,10 VELOCITY 
J=5, 11 ACCELERATION 
J=6,12 DISTANCE FROM FAR LIGHT 

COL COLOUR OF LIGHT FOR LANE IN QUESTION • 
1: GREEN. 
2: AMBER. 
3 ! RED. 

CPLCK.L) (K=l,2•••••10); (L=l,2,3) 
TIME IN CYCLE THAT PRIMARY LIGHT FOR LANE K TURNS 

A 
A 
A 
A 
0. 
A 
A 
A. 
A 
A 
A 
A 
A 
A 
I\ 
A 
A 
A 
A 
A 
A 
A 
A 
A. 
A 

51 
52 
53 
5,~ 
55 
56 
57 
58 
59 
6 0 
61 
6

,., ,_ 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 

A 76 
A. 77 
A 78 
A. 79 
A 80 
A 81 
A 82 
A. 83 
A 84 
A 85 
A 136 
A 87 
A 88 
A 89 
A 90 
A 91 
A 92 
A 93 
A 94 
A 95 
0. 96 
A 97 
A 98 
A 99 
A ! 00 

.... 
0 
I.O 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

CSL(K,L) 

DLP 

DNS 

DNXT 

OT 

EDN 

EPS 

FA 

FDL 

FL 

FLRS 

FV 

GRI 

GT 

I 

11 

I3 

I5 

!AA. 

IAG 

IAR 

IAT 

COLOUR Le 

(K=l,2,eee,10); (L=l,2,3) 
TIME IN CYCL~ THAT SECONDARY LIGHT FOR LAN E K 
TURNS COLOUR L a 

DISTANCE THAT LAST CAR IN LANE IS FROM LIGHT4 

ESTIMATED DISTANCE NEEDED FOR VEHICLE AHEAD TO STOP J 

PRESENT DISTANCE TO VEHICLE AHEAD ~ 

DISTANCE TRAVELLED BY VEHICL E IN TIM~-SLICEe 

ESTIMATED DISTANCE TO VEHICLE AHEAD UMDER PRE SEN T 
CONDITIONS. 

TIME INCREMENT . 

FUTURE ACCEL ERATION OF THE VEHICLE~ 

FUTURE DISTANCE TO LIGHTo 

FUTU RE LANE OF VEHICLE. 

FUTURE LEFT-RIGHT-STRAIGHT FLAGe 

FUTURE VELOCITY OF VEHICLE. 

TIME LIGHT TURNS GREE N~ 

TOTAL GREEN TIME OF LIGHT FOR LANE I N QUESTION ~ 

DO-LOOP PARAMETER . 

POINT ER TO VEHICLE TO BE REMOVED. 

DO-LOOP . PARAMETERe 

DO-LOOP PARAMETERe 

TIME (NEGLECTING OFFSET) LIGHT TURNS AMBER . 

TIME (NEGLECTING OFFSET) LIGHT TURNS GREEN ~ 

TIME (NEGLECTING OFFSET) LIGHT TURNS RED ~ 

PRESENT TIME IN CYCLE IF IT HAD TURNED GRE EN 
AT OFFSET ZEROo 

A l.01, 
A 102 
A , 03 
A. !OL~ 
A ~05 
A 1 06 
A J 0 7 
A ~ 08 
A ~ 0 q 
A 110 
A l 1 1 
.\ l ~ 2 
A 113 
A 1 14 
4\ 11 5 
A 1 ~. 6 
A. l!7 
A 118 
A 119 
A ! 20 
A ! 21 
A ! 22 
A !23 
A 124 
A 125 
A. 126 
A ! 27 
A 128 
A 1- 29 
A. l. 3 0 
A l 31 

. A 1 ~2 
A 13 3 
A 1 34-
A '35 
A 136 
A ! 37 
A ! 3 8 
A 1 39 
A !4 0 
A l 41 
l\ l 42 
A 143 
A l 4 4 
A 145 
A ! 4-6 
A lt~7 
A 1 48 
A 1 4 9 
A l 50 

I-' 
I-' 
0 . 



C IBP POINTER TO LAST CAR IN LANE,, A. 151 
C A 1 52 
C IDENT ALPHANUMERIC IDENTIFICATION OF LEG. A 153 
C A ,. 5,~ 

C !ETA TI ME IN CYCLE WHEN LIGHT I TURNS AMBER FOR I\ !55 
C TRAFFIC ENTERING LEG. A 156 
C A 157 
C IETG TI ME IN CYCLE WHEN LIGHT I TURNS GREEN FOR A 158 
C TR/>.FFIC ENTERING LEGe A 159 
C A 16 0 
C IETR TIME IN CYCLE WHEN LIGHT I TURNS RED FOR A 16:!. 
C TRAFFIC ENTER ING LEG,. A 162 
C A 163 
C IIN NUMBER OF INTERSECTION 1. A 164 
C A ! 65 
C IJF DIRECTION OF TRAVEL: A 166 
C 1 : FROM I TO Je A 167 
C 2: FROM J TO I• A 168 
C A 169 
C IJK DIRECTION OF TRAVEL: A ! 70 
C 1 : FROM I TO J,. A l 71 
C 2: FROM J TO le A 172 
C A 173 
C ILRS LEFT-RIGHT-STRAIGHT FLAG FOR VEHICLE A. 174 
C ENTERING SIMULATION. A 1 75 
C A 1 76 
C ILTA TIME IN CYCLE WHEN LIGHT I TURNS AMBER FOR TRAFFIC A. J77 
C LEAVING LEGe A 178 
C A 1 79 
C ILTG TI ME IN CYCLE WHEN LIGHT I TURNS GREEN FOR A 1 -90 
C TRAFFIC LEAVING LEGe A 181 
C A 182 
C ILTR TI ME IN CYCLE WHEN LIGHT I TURNS RED FOR TRAFFIC A 183 
C LEAVING LEG• A 184 
C A 185 
C IPNT POINTER TO FREE VEHICLE TO BE ADDED TO A 18 6 
C THE SIMULATION111 A 187 
C A !BA 
C IRID ! ALPHANUMERIC IDENTIFIER OF LEG~ A ! 89 
C A 190 
C IRID2 ALPHANUMERIC IDENTIFIER OF LEG $ A 191 
C A 192 
C ITIME TIME IN CYCLEo A 193 
C A 194 
C IX RANDOM NUMBER GENERATOR SE!::D, A 1 95 
C A 1 Q6 .... 
C IXl TEMPORARY STORAGE LOCATION• A l97 I-' 

I-' 
C A !98 . 
C JXX TEMPORARY LOCATION FOR NUMBER OF INTERSECTI01'1 I " A 199 
C A ?.0 0 



C lY USED IN CALCULATING YFL• A 2 C· l 
C A 202 
C J DO-LOOP PARAMETER. A 203 
C A 204 
C J]. DO-LOOP PARAMETER. A 205 
C A 206 
C JETA TIME IN CYCLE WHEN LIGHT J TURNS AMBER FOR A 20 7 

C TRAFFIC ENTER ING LEG9 A 208 
C A 209 
C JETG TIME IN CYCLE WHEN LIGHT J TURNS GREEN FOR A 21 0 
C TR~FFIC ENTERING LEG~ A 211 
C A 212 
C JETR TIME IN CYCLE WHEN LIGHT J TURNS RED FOR A 213 
C TRAFFIC ENTERING LEGe A 214 
C A 215 
C JIN NUMBER OF INTERSECTION J., A 216 
C A 217 
C JJ DO-LOOP PARAMETER {EQUALS JTHETA MINUS 1 ) .. A 218 
C A 219 
C J J Ml J J-1 A 220 
C A 2? 1 

'-- -
C JLTA TIME IN CYCLE wHEN LIGHT J TURNS f\MBER FOR A 222 
C TRAFFIC LEAVING LEG. A 223 
C A 2 2 4 
C JLTG TIME IN CYCLE WHEN LIGHT J TU RNS GREEN FOR A 225 
C TRAFFIC LEAVING LEGe A 226 
C A 227 
C JLTR Tl ME IN CYCLE WHEN LIGHT J TURNS RE D F OR A 2?.8 
C TRAFFIC LEAVING LEG. A 2 29 
C A 230 
C JS INITIAL OFFSET FDR INTERSECTION J .- A 231 
C A 232 
C JTHETA OFFSET OF INTERSECTION J. A 233 
C A 234 
C JXX TE MPORARY LOCATION FOR NUMBER OF INTERSE CTION J ., A 23'5 
C A ?.36 
C K DO-LOOP PARAMETER. A 237 
C A 238 
C Kl TO K6 TE MPORARY STORAGE LOCATIONS. A 239 
C A 240 
C KK DO-LOOP PARAMETER. A 24~ 
C A 242 
C L NUMBER OF LANES GOING IN APPROPRIATE DIRECTION . A 24 3 
C A 244 
C NA NUMBER OF ACCIDENTS THAT OCCUHRREDu A 245 
C A 246 I-' 
C NALT NEXT AVAILABLE LOCATION IN ARRAY Te A. 247 I-' 

C A 248 "' ' C NBS NEW BA SI C SUBSCRIPT. A 2.4 9 
C A 250 



C NBSPl NBS+ 1 I\ 251 
C A. 25~ 
C NBSP2 NBS+ 2 A 25 .1 
C I\ 254 
C NBSP3 NBS + 3 A 255 
C A 256 
C NBSP4 NBS+ 4 A 257 
C A 258 
C NBSP5 NBS+ 5 A 25g 
C A 26 0 
C NBSS NEW BSS. A 26'. 
C A 262 
C NC NUMBER OF VEHICLES. A 263 
C A 264 
C NLA NUMBER OF LANES FROM I TO Je A 265 
C A 266 
C NLC NUMBER OF LANES FORM J TO 1 .. A 267 
C A 268 
C NLL NUMBER OF LEFT TURN ONLY LANES ~ A 269 
C A 270 
C NLR NUMBER OF RIGHT TURN ONLY LANES. A 271 
C A 272 
C NLT TOTAL NUMBER OF LANES IN LEG" A 273 
C A 274 
C NLTMl NLT - 1 A 27S 
C A 276 
C NNN LAST VALUE RETURNED FROM !TIMER. A 277 
C A 278 
C NRL NUMBER OF RIGHT TURN ONLY LANE A 279 
C A 280 
C NSIC NUMBER OF SECONDS IN CYCLE» A 281 
C I\ 282 
C NTC NUMBER OF VEHICLES TO BE S Il,1ULATED ~ .A 2'33 
C A 2 84 
C OPTSPD AVERAGE MAXIMUM SPEED ALL04EDo A 2>"\5 
C A 286 
C PA PRESENT ACCELERATION~ A 2137 
C A 288 
C PARMt PARAMETER USED IN CALCULATING FUTURE VELOCITY . A 289 
C A 29 0 
C PCOL PRESENT COL OUR OF NEXT LIGHTe A 291 
C A 292 
C PDE EXPECTED DISTANCE TO LIGHT IF PRESENT VELOCITY A 293 
C WERE TO CONTINUEe A 294 
C A. 295 
C POL PRESENT DISTANCE TO PRIMARY LIGHT. A 296 .... 
C A 297 ..... 
C PDM PRESENT DISTANCE TO NEXT LIG.HT MINUS A BUFFER " 298 w 

C DISTANCE OF FOUR FEET,, A 299 
C A 300 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

PFFV 

PFV C I) 

PIC(K} 

PL 

PLCIUI.L) 

PLRS 

PNIL 

PNILL 

PNIRL 

PNT 

PPNT 

PROB 

PRO BL . 

PROBR 

PV 

RD! 

SD 

SDTL 

SUM 

SUMS 

T (I) 

POINTER TO FIRST FREE VEHICLEe 

( I=l,2,3, ••• ,100) 
POINTER 7 0 NEXT FREE VEHICLE (0 IMPLI ES NO 
SUCH VEHICLE)e 

(K=l,2,3,eee,60) 
USED TO PRINT ROUGH PLOT OF DELAY FUNCTION , 

PRESENT LANE OF VEHICLE (0 ! ~PLIES NOT IN THE 
SIMULATION AT THE PRE SENT TIM~). 

(1=1,2); (L=l,2,3 •••• ,10) 
POINTER TO LAST VEHICLE IN LANE L {l INDICATES 
EVEN OR ODD ITERATION). 

PRESENT LEFT-RIGHT-STRAIGHT FLAG ~ 

POINTER TO VEHICLE AHEAD IN SAME LAN~~ 

POINTER TO VEHICLE AHEAD IN LEFT TURN ONLY LANE J 

POINTER TO VEHICLE AHEAD IN RIGHT TURN ONLY LA~E . 

POINTER TO VEHICLE. 

POINTER TO LAST CAR IN LANE. 

PROBABILITY OF VEHICLE ENTERING LANE FROM SIDE 
STREET DURING TIME-SLICE 9 

PROBA BILITY OF VEHICLE TUR~I NG LEFT, 

PROBABILITY OF VEHICLE TURNING RIGHT o 

PRESENT VELOCITY. 

TI ME LIGHT TURNS RED. 

STANDARD DEVIATION OF TIME TAKEN TO TRAVERSE LEG 

STARTING DISTANCE TO LIGHT, 

TOTAL TIME OF VEHICLES TRAVERSING LEG a 

SUM OF SQUARED TIMES OF VEHICLES TRAVERSING LEG ~ 

(I:1,2,ooe•lOOO) 
TIME THAT VEHICLE I TOOK TO TRAVER SE LEG J 

A 30 1 
A 302 
A 303 
A 304 
A. 305 
A 306 
A 307 
A 3 08 
A 309 
A 310 
A 31 ! 
A 313 
A 31 ll 
A 315 
I\ 31 6 
A 3!. 7 
A 318 
A 319 
A 320 
A 321 
A 322 
.A. 323 
A 324 
A 325 
A 3'.?6 
A 327 
A 32.8 
i\ 329 
A 330 
A 3 31 
A :33~ 
A 3T3 
.I\ 334 
A 335 
A 3~~ 

A 337 
A 338 
A. 3::'9 
A 340 
A 3li. 1 
A 3li.2 
A .343 
A 31,1.4 
A 345 
A 346 
A 347 
A 348 
f\. 349 
A 350 
A 351 

1--' 
1--' 
~ 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

TE(I) 

TEMP{K) 

TIME 

TOP 

TTIMI:: 

TVEL{K) 

VEL 

VELl 

VEL2 

VEL3 

VEL4 

VEL5 

VEL T 

VES(K) 

VGS ( K) 

VGSX 

VICL(K) 

VICLX 

CI=l,2,3ae,l000) 
TIME THAT VEHICLE I ENTERED THE LEG, 

{K=l, 2,3,aee,12 ) 
TEMPORARY DATA STORAGE. 

SIMULATED CLOCK TIMEe 

TEMPORARY STORAGE FOR COMPUTATION OF 
STANDARD DEVIATION. 

TOTAL TIME. 

(K=l,2,3, • .,e,10) 
TIME VEHICLE LAST ENTERED LANE K~ 

NUMBER OF VEHICLES ENTERING LANE ~ 

DESIRED VELOCITY DUE TO NEXT LIGHTo 

DESIRED VELOCITY DUE TO MOVEMENT TO BE MADE 
AT NEXT CORNER. 

DESIRED VELOCITY DUE TO VEHICLE AHEAD~ 

DESIRED VELOCITY DUE TO VEHICLE IN LEFT TURN 
ONLY LANE,. 

DESIRED VELOCITY DUE TO VEHICLE IN RIGHT 
TURN ONLY LANE. 

TOTAL NUMBER OF VEHICLES TRAVERSING LEG P E R HOUR . 

(K=l,2) 
VEHICLES PER HOUR ENTERING LEG STRAIGHT 
TRAVELLING IN DIRECTION K• 

(K=l,2) 
VEHICLES PER HOUR GOING STRAIGHT (TRAVELLING 
IN DIRECTION K). 

VEHICLES PER HOUR GOING STRAIGHT. 

(K=l,2) 
VEHICLES PER HOUR ENTERING A NO TURN LANE 
GOING IN DIRECTION Ke 

VEHICLES PER HOUR ENTERING A NO TURN LANE 
IN APPROPRIATE DIRECTION. 

A 352 
A 353 
A. 354 
A. 355 
A 356 
A 357 
A 358 
A 359 
A 360 
A 361 
A 362 
A 363 
A 364 
A 365 
A "366 
A .367 
A 368 
A 369 
A 370 
A 371 
A 372 
A 373 
A 374 
A 375 
A 376 
A 377 
A 378 
A 379 
A ~80 
A 38! 
A 3132 
A 383 
A 384 
f,, 385 
A 386 
A 387 
A 388 
A 389 
A 390 
A 391 
A 392 
A 393 
A 394 
A 395 
A 396 
A 397 
A 398 
A. 399 
A 400 
A 4 01 

..... 

..... 
u, 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

VILL(K) 

VILLX 

VIRL{K) 

VJRLX 

VNXT 

VT 

VTL(K) 

VTLX 

VTOT(K) 

VTR{K) 

VTRX 

vw 
w 

X 

YFL 

z 

CALLI'IG: 

(K=l,2) 
VEHICLES PER HOUR ENTERING A LEFT TURN LAN E 
GOING IN DIRECTION Ko 

VEHICLES PER HOUR ENTERING A LEFT TURN LAN E 
IN APPROPRIATE DIRECTION. 

(K=l,2) 
VEHICL ES PER HOUR ENTERING A RIGHT TURN LANE 
GOING IN DIRECTION Ko 

VEHICLES PER HOUR ENTERING A RIGHT TURN LANE 
IN APPROPRIATE DIRECTION -. 

PRESENT VELOCI TY OF VEHICLE AHEAD. 

VEHICLES PER HOUR TRAVERSING LEG IN APPROPRIAT E 
DIRECTION -. 

(K=l,2) 
VEHICLES PER HOUR TURNING LEFT OFF LEG 
(TRAVELLING IN DIRECTION K)3 

VEHICLES PER HOUR TU RN ING LEFT. 

(K=l,2) 
NUMBER OF VEH ICLES LEAVING LEG TRAV EL LING IN 
DIRECTION K e 

(K=l,2) 
VEHICLES PER HOUR TURNING RIGHT 
OFF LEG (TRAV ELLING IN DIREC T ION K) 

VEHICLES P ER HOUR TURNING RIGHT. 

DESIRED FUTURE VELOCITY OF VEHICLE a 

TEMPORARY STORAGE LOCATION o 

TEMPORARY STORAGE LOCATIONe 

RANDOM NUMBER BETWEEN O AND la 

AVERAGE TIME BETWEEN VEHICLES ENT E RING LAN E$ 

WHEN CALLING THE SUBROUTINE THE FOLLOWING 
VARIA BLES MUST BE DEFINED. 

ALENL T (K) (K=l 9 2) 

A 402 
A 403 
A t~04 
A 405 
A 406 
A 4 0 7 
A 408 
A 409 
A 410 
A 41 ! 
A 412 
A 413 
A 4!4 
A 4 15 
A 416 
A 4 !. 7 
A 418 
A 419 
A 42 0 
A 42! 
A 422 
A 423 
A 424 
A 425 
A 426 
A 427 
A 428 
.\ 429 
A 43 0 
A 431 
fl. 432 
A 433 
A t~34 
A 4 ~ 5 
A 43 6 
A 437 
A A3'3 
A 439 
A 44 0 
A 441 
A 44 .~ 
.\ 443 
A 444 
A 445 
A 44 6 
A 447 
A 448 
A 449 
A 45 0 
A 451 

I-' 
I-' 
0\ 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

FOR EXA MPL E! 

AL E NRT(K) 
AL ENST 
[ E TA 
IETG 
IET R 
I IN 
ILTA 
ILTG 
ILTR 
J ETA 
JETG 
JIN 
JLTA 
JLTG 
JLTR 
NLA 
NLC 
NSIC 
NTL 
NTC 
VES(K) 
VGS(K) 
VTL(K) 
VTR(K) 
VT R(K) 

(K=l ,2) 

(K=l,2) 
(K=l,2) 
(K=l, 2 ) 
(K=l,2) 
(K=l,2) 

SUPPOSE WE ARE TO SIMULAT E TRAFFIC ALONG THE LEG 
BETW EEN INTERSECTIONS NUMBERED 1 AND 2 
WITH TH E PHYSICAL LAYOUT AND TR AFF IC FLOW AS SHOW~ 
BELOWe 

A 452 
A 453 
A 454 
A 455 
A 456 
A 457 
A 458 
A 459 
A 46 0 
/\ 46! 
A 462 
A 46 3 
A 464 
A 46 5 
A 46 6 
A 467 
A 4 6 8 
A 469 
A 47 0 
A 47 1 
A 472 
A 47 3 
A 4 7 4 
A 475 
A 476 
A 477 
A 478 
A 479 
A 48 0 
A 4 81 
A 4 82 
A 4 3 3 
A 4 R4 

I-' 
I-' 
-..J . 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

l J OA 
I 

<-------------185'--------------> 
<--75 1 --> 

<-60'->I 

-------1 _______________________ _ 

3 50 <--+-- 400<-- ­
A180 1 

50 V 

_________ ( ______________ ) 

I 
--+-->300 

--->500 I 

( I= 1 ) 

0 -7 
7-30 
30-35 
35-54 
54- 0 

0-6 
6-16 
16-36 

--------------------------, ___ _ 
(<40•> 

<-so•-> 

V I 20 

(J=2) 

FURTHER SUPPOSE THAT THE LIGHTS HAVE A CYCLE 
LENGTH OF 60 SECONDS. 1000 VEHICLES ~RE TD BF 
TIMED FOR EACH DIFFERENT RELATIVE OFFSE T, 
AND TH~ LIGHT PATTERNS MAY BE SUMMARIZED 
AS BELO~: 

INTERSECTION Hl: 

SECONDS! ADVANCE GREEN TO EASTBOUND 
SCCONDS : GR EEN TO EAST & WESTBOUND 
SECONDS : AMBER TO EAST & WESTBOUND 
SECONDS: GREEN TO NORTH & SOUTHBOUND 
S ECONDS: AMBER TO NORTH & SOUTHBOUND 

INTERSECTION #2: 

S ECONDS: AMBER TO NORTH & SOUTHBOUND 
SECONDS: ADVANCE GREEN TO E~STBOUND 
S~CONOS: GREEN TO EAST & WESTBOUND 

A 485 
A 486 
A 4-87 
A 488 
A 499 
A 490 
A 49! 
A 492 
A 493 
A '~94 
A 495 
A 496 
A 4 97 
A 4913 
fl. 499 
A 5 0Ct 
A 50! 
A 50?. 
A 503 
A 5 0 4 
A 5 0 5 
A 5 0 6 
I\ 507 
I\ 508 
A 509 
A 510 
A. 51 1 
A. 5!?. 
A. 51 3 
A 51 4 

A 515 
A 516 
f... 5 ! 7 
A 518 
A r.; l 9 
A 5?0 
A 5 21 
A 522 
A 5 ,23 
A. 524 
A 525 
A 526 
A 527 
A 528 
A 5 29 
A 530 
fl. 5.31 
A 532 
A 533 
A 534 

..... ..... 
00 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

36-42 SECONDS: AMBER TO EAST & WESTBOUND 
42-0 SECONDS: AMBER TO NORTH & SOUTHBOUND 

OUTPUT: 

UPON ENTERING THE ROUTINE THE VA~IABLES WOULO 
HAVE THE FOLLOWING VALUES! 

AL ENL T ( K) 
ALENRT{K) 
ALENST 
IETA 
IETG 
IETR 
I IN 
ILTA 
ILTG 
IL TR 
JETA 
JETG 
JETG 
JETR 
JIN 
JLTA 
JLTG 
JL TR 
NLA 
NLC 
NSIC 
NTC 
VES(K) 
VGS(K) 
VTL( K) 
VTR { K) 

(K=l,.2) 
(K=l .2) 

(K=l.2) 
(K;:;:l ,?.) 
(K=l,2) 
(K=l,2) 

50, 75 
40, 60 
185 
30 
0 
35 
l 
30 
7 
35 
36 
36 
16 
42 
2 
36 
6 
42 
s 
4 
60 
1000 
50 0, 400 
3')0 , 350 
180, 50 
120, 100 

FOR EACH DIFFERENT RELATIVE OFFSET TH E 
NUMBERS OF THE INTERSECTIONS AT THE ENDS ARE 
PRINTED ALOMG WITH THE DIFFER!='.NCE IN OFFSETS, 
THE AVERAGE TIME TAKEN TO TRAVERS E TH E LEG WITH 
THIS RELATIVE OFFSET. AND THE STANDARD DEVIATION 
OF THE TI~ES TAKEN TO TRAVERSE THE L~G , 
UPON RETURN FROM THE ROUTINE ALL . 
INPUT VARIABLES ARE LEFT UNCHANGE~ AND TH E 
AVERAGE TIMES TAKEN TO TRAVERSE THE LEG ARE 
RETURNED IN THE ARRAY AT. A ROUGH PLOT OF THE 
AVERAGE TIME TAKEN TO TRAVERSE THE LEG 1S ALSO 
PROOUCEO o . 

ROUTINES CALLED: 

A 53.5 
A 536 
A 537 
A 538 
A 539 
A 540 
A 541 
A 542 
A 54-3 
A 544 
A 545 
A 546 
A 547 
A 548 
A 549 
A 550 
A 551 
A 552 
A 553 
A 554-
A 555 
A 5~6 
A 557 
A 558 
A 559 
A 560 
A 56! 
A 56? 
A 563 
A 564-
A 565 
A 566 
A 567 
A 568 
A 569 
A 570 
A 57! 
,\ 572 
A 573 
A 574 
A 575 
A 576 
A 577 
A 578 
A 579 
A 580 
A 5'31 
A 582 
A 583 
A 584 

.... .... 
I.O . 



C 
C 
C 
C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

1 
C 
C 
C 

C 
C 

INITR 
ITER 

CO~MON NA ,IX,JTHETA ,T,NTC,ALENLT,ALENRT,ALENST ,ALL, ALV , AUL , BS 
CD~MON CARDOP,CPL,CSL,EPS,lIN,JIN,NC,NLA,NLT,NSIC,OPTSPD 
COM~ON PARMl ,PFFV,SDTL,TE,TIME,TTIMC,VG5,VTL,VTR,VES,1RID1,IR10 2 
COMMON PLCIL ,IDENT ,V ELT ,I ETG,IETA,IETR,ILTG ,ILT A,ILT R,J ETG,JETA 
COMMON JETR,JLTG,JLTA,JLTR 

DIME NSION VG5(2), VTR( 2 ), VTL(2), VES(2}, T (l O OO ) 
INTEGER BLANK/' 1 /,8LOB/ 1 @'/,PIC(l00),PLCIL(2,10),VELT,AS,PFFV 
RE AL AL ENLT(2),ALENRT(2),CARDOP(200,12),CPL(l0,3),CSL(l0,3) 
REAL TE(lOJO),AT(!CCO) 

INITIALIZATION SECTION 

ALL=-11 , 0 
ALV=2?.., 0 
AUL=s~o 
EPS=0.,75 
NC=80 
OPTSPD= 4 t~,. 0 
PARM1=3 50 o0 

CALCULAT E NUMBER OF LEFT AND RIGHT TURN LA NES 

NLA=NLA+2 
IF (ALE"-'LT(l ).GT,5.C· ) NLA=NLA-1 
IF (ALEN RT(l ).GT.5.0) NLA=NLA-1 
NLC = 1\JLC +2 
IF (ALENLT( 2 ).GT.s.o) NL C=NLC-1 
I F (AL E N~T(2).GT.5o0 ) NLC=NLC-1 
ML T=NLA+NLC 

IF LEFT Qq R IGHT TURN ONLY LANE DOESN'T EXIST CREATE A SHORT ONE 

DO l I=! , 2 
IF (ALE NLT(I)eLTe5.0) ALENLT{I )=5e0 
IF (ALENRT(I).LT.5.0) ALENRT(I)=s.o 
CONTINUE 

STEP OFF SET OF JTH SIGNAL FROM OTO CYCLE LENGTH 

DO 4 JJ=l,NSIC 

INITIALIZE TIME TAKEN TO TRAVERSE LEG FOR EACH VEHICLE 

A 585 
A 586 
A 5137 
A 588 
A 589 
A 59 0 
" 591 
A 592 
A 59 3 
A 594 
A 595 
A 596 
A 597 
A 598 
A 599 
A 600 
A 601 
A F., 0 2 
A 603 
A 604 
/\ 6 0 "5 
A 606 
A 6'J7 
A 6 0 8 
A 609 
A 6l 0 
A 6 11 
A 612 
A 6 13 
A 614 
A 6 15 
A 6 1 6 
A 6 ! 7 
A 6!8 
A 6 19 
A 6? 0 
, ... 621 
/\ 622 
A 6 23 
A 62 4 
A 6 2.5 
A 626 
A 6 27 
A f:>~ 8 
A 6?..9 
A 6 30 
A 6 3 ! 
A 632 
A 6 33 
A 634 

I-' 
N 
0 . 



C 

2 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

3 

C 
C 
C 
4 
C 
C 
C 

5 

6 

C 
C 

DO 2 I=l.1000 
T ( I ) =O 
CONTINUE 

CALCULATE OFFSET 

JTHETA=JJ-lsO 

INITIALIZE FOR A SIMULATION RUN WITH THIS OFFSET 

CALL INITR 

SIMULATE USING THIS OFFSET 

CALL ITER 

CALCULATE AVERAGE TIME TO TRAVERSE LEG 

SUM=O.O 
SUMS=O.,O 
DO 3 13=1,NTC 
SUMS=SUMS+T(l3)*T(I3) 
SUM=SUM+T(I3) 
CONTINUE 
AVE=SUM/NTC 
AT(JJ)=AVE 
TOP=NTC*SUMS-SUM*SUM 
BOT=NTC :t:. ( NTC-1) 
SD=SORT(TOP/BOT) 
WRITE (6,7) IIN,JIN,JTHETA,AVE,SO,VELT,IDENT 

END OF SIMULATION WITH THIS OFFSET 

CONTINUE 

OD ROUGH PLOT OF DELAY FUNCTION 

WRITE (6,8) 
DO 6 JJ=l,NSIC 
DO 5 K=l,10 0 
PIC(K)=BLANK 
IF (K.LT.AT( .JJ)) PIC(K)=BLOB 
CONTINUE 
JJMl=JJ-1 
WRITE (6,9) JJMl,PIC 
CONTINUE 
RETURN 

A 635 
A 636 
A 637 
A 638 
A 639 
A 6l~O 
A 64 ! 
A 642 
A 643 
A 6l~4 
A 645 
A 646 
A 647 
A 648 
A 649 
A 650 
A 651 
A 652 
A 653 
A 654 
A 655 
A 656 
A 657 
A 6S8 
A 659 
A 660 
A 661 
A 662 
A 663 
A 664 
A 665 
A 666 
A 667 
A 668 
A 669 
A 670 
A 67~ 
A 672 
A 673 
A 674 
A 675 
A 676 
A. 677 
A 678 
.A, 679 
A 680 
A 6 -~ ! 
A 682 
A. 683 
A 684 

~ 
N 
~ . 



C 
7 
8 
9 

FORMAT (3I4,2FB . 2,l6~ 34X.2(A4.2X)) 
FORMAT (lHl) 
FORMAT c1x.13.2x.10 0 A1) 
END 

A 685 
A 68 6 
f.. 687 
A 688 
A 6 89-

..... 
Iv 
Iv 



C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 

1 
C 
C 
C 

C 
C 
C 

C 
C 
C 

SUBROUTIN~ INITR 

THIS SUBROUTINE IS COPYRIGHT 1~74 BY ROBERT Je TAYLOR 
VICTORIA, BRITISH COLUMBIA 
CANADA 

NOV., 1 974 

COMMON NA,IX,JTHETA,T,NTC,ALENLT,ALENRT,ALENST,ALL,ALV,AUL,BS 
COMMON CARDOP,CPL,CSL,EPS,IIN,JIN,NC,NLA,NLT,NSIC,OPTSPD 
COMMON PARMl ,PFFV,SDTL,TE,T!ME,TTIME,VGS,VTL,VTR,VES,1RlD1,IRID2 
COM~ON PLCIL,IDENT,VELT,IETG,IETA,IETR,ILTG,ILTA,ILTR,JETG,JET~ 
COM MON JETR,JLTG,JLTA,JLTR 

DIME NSION VGS(2), VTR(2), VTL(2), VES(2), T(lOO O ) 
INTEGER BLANK/' 1 /,BLOB/ 1 @ 1 /,PIC(l00),PLCIL(2,10),VELT, BS,PFFV 
REAL AL ENLT(2),ALENRT(2),CARDOP(200,12),CPL(1 0 , 3 ),CSL( I 0,3) 
REAL TE( 1000) ,AT( l 000) 

INITIALIZATION SECTION 

BS=7 
IX=967532465 
NA=O 
SOTL=ALENST+400o0 
TIME=o.o 

CLEAR ALL LANES 

DO 1 I=l,10 
PLCIL(l,I)= O 
PLC IL( 2, I ) =O 
CONTINU E 

CALCULAT E TIME IN CYCLE THAT LIGHTS CHANGE COLOURS 

DO 4 I=l,NLT 

TEST WHICH DIRECTION LANE FLOWS 

IF (I.GTeNLA) GO TO 2 

FOR LANES GOING FROM I TO J 

Kl=IETG 
K2=IETA 
K3=IETR 
K4=JLTG+JTHETA 

B ! 
8 2 
8 , 
A 4 
f3 5 
B 6 
B 7 
g 8 
8 9 
B 10 
B 1 l 
B 12 
B 13 
8 14 
g 15 
B 16 
9 1 7 
B 18 
8 1 g 
A 20 
9 21 
B 22 
B 23 
A 24 
8 25 
B 26 
B 27 
B 28 
9 29 
B 30 
'3 31 
~ ;32 
9 33 
B 34 
13 35 
8 36 
3 37 
B 38 
B 39 
B AO 
B 4 1 
B 42 
B 43 
B 44 
~ 45 
B 46 
8 47 
B 48 
B 49 
8 50 

~ 

"' w . 



C 
C 
C 
2 

C 
C 
C 
3 

4 
C 
C 
C 

5 
6 
C 
C 

C 
C 

K5=JLTA+JTHETA 
K6=JLTR+JTHETA 
GO TO 3 

FOR LAN~S GOING FROM J TO I 

Kl=JETG+JTHETA 
K2=JETA+JTHETA 
K3=JETR+JTHETA 
K4=ILTG 
K5=ILTA 
K6=1LTR 

RECORD WHEN LIGHTS CHANGE COLOURS 

CONTINUE 
CSL( I .1 }=MOD{Kl ,NSIC) 
CSL( I,2)=!140D(K2,N5IC) 
CSL( I,3}=MOD(K3,NSIC) 
CPL(I,l)=MOD(K4,N5IC) 
CPL( 1,2)=MOD(K5,NSIC) 
CPL( I,3)=MOD(K6,NSIC) 
CONTINUE 

CLEAR ALL VEHICLES FROM SYSTEM 

DO 6 I=!, NC 
TE(I)=-1.,0 
DO 5 J::::l , l 2 
CARDOP(I~J)=OoO 
CONTINUE 
CONTINUE 

RETURN 

END 

8 5' 
8 52 
8 53 
9 54 
B 55 
8 56 
B 57 
8 58 
B 59 
B 60 
B 61 
B 62 
B 6'3 
9 64 
9 65 
8 66 
B 67 
B 68 
R 6g 
8 7 0 
8 71 
8 7?.. 
8 73 
9 74 
B 75 
B 7 6 
B 77 
B 78 
B 79 
A 80 
B 81 
8 82 
B 8J 
B 84 
8 85 
!3 1'3 6 
B 8 7 
8 '38 -

I-' 
N 
ii::. 



C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

1 
C 
C 
C 

C 
C 
C 

? 

C 
C 
C 

C 
C 
C 

SUBROUTINE ITER 

THIS SUBROUTINE IS COPYRIGHT 1974 BY ROBERT J 0 TAYLOR 
VICTORIA, BRITISH COLUMBIA 
CANADA 

NOV ,, 1974 

COMMON NA,IX,JTHETA,T,NTC,ALENLT.ALENRT,ALENST,ALL,ALV,AUL,BS 
COMMON CARDOP,CPL,CSL,EPS,IIN,JIN,NC,NLA,NLT,NSIC,OPTSPD 
COMMON PARMl,PFFV.SDTL,TE,TIME,TTIME,VGS,VTL,VTR ,VES,IRID ! ,IRID2 
COMMON PLCIL,IDENT,VELT,IETG,IETA.IETR.ILTG,ILTA,ILTR,JETG,J ETA 
COMMON JETR,JLTG,JLTA,JLTR 
DI MENS I ON VGS(2J, VTR(2}, VTL(2), VES(2), T(lOOO), TVEL(I 0 ) 
DIME'NSION VTOT(2), VILL(2), VIRL(2), VICL(2) 
INTEG=R BLANK/' '/,BLOB/•~•/,PIC(100),PLCIL(2,1 0 },VELT,GS,PFFV 
INTEGER ABD,BSP1,BSP2,BSP3,BSP4,BSP5,BS S ,COL,FL,FLRS,PCOL,PL,PLRS 
INTEGER PNIL,PNILL,PNIRL,PNT,PPNT,APLlT(l O),ASLIT(l O),PFV(80) 
REAL ALENLT(2),ALENRT(2),CARDOP(200 ,12),CPL(10,3),CSL( !0 ,3) 
REAL TE(lOOO),AT(lOOO) 

INITIALIZE TIME VEHICLE LAST ENTERED LANE 

DO 1 I =1, 1 0 
TVEL(l)=OeO 
CONTINUE 

INITIALIZE POINTER TO NEXT AVAILA BLE LOCATION INT 

NAL T=l 

SET UP POINTERS TO AVAILABLE VEHICLES 

DO 2 I=l,NC 
PFV(I)=I+l 
CONTINUE 
PFV(NC)=O 
PFFV=l 

CALCULATE NUMBER OF VEHICLES USING THE LANES 

DO 7 IJK=l,2 
VTOT( IJK)=VGS( IJK)+VTL( IJK)+VTR( IJK) 
VILLX=o.o 
VIRLX=OeO 
VICLX=OeO 

DETER~INE NUMBER OF LANES IN THIS OIRECTION 

C l 
C 2 
C 3 
C 4 
C 5 
C 6 
C 7 
C 8 
C 9 
C 10 
C 11 
C 12 
C 13 
C 14 
C 15 
C 16 
C 17 
C !. R 
C l 9 
C 2 ◊ 
C 21 
C 22 
C 23 
C 24 
C 25 
C 26 
C 27 
C 28 
C 29 
C 30 
C 31 
C 3?. 
C 33 
C :14 
C "'15 
C 3b 
C 37 
C 313 
C 39 
C 40 
C 41 
C 42 
C 43 
C 4'► 
C 45 
C 46 
C 47 
C 48 
C 49 
C 50 

I-' 
Iv 
V, 



L=NLA C 51 
I F { IJK .EQ e 2} L=NLT-NLA C 52 

,: C 53 
C DET ERM IN E VEHICLES USING LEFT LANE, RIGHT LANE , ANY CENTRAL L ANE C 5 l+ 
C C 5 5 

VTLX=VTL(IJK) C 56 
VTRX=VT R{IJK) C 57 
VGSX=V GS(IJK) C 58 
VT=VTLX+VGSX+VT RX C 59 
IF (LeGT o2) GO TO 3 C 6 0 

C C 6 1 
C F OR TWO LAN ES C 62 
C C 63 

\<J=VT /2 C 6 /i 

V ILLX = 'd C 65 
VI RLX= 1N C 66 
VICLX=W C 6 7 
GO TO 6 C 68 

C C 6 9 
C C 7 0 
3 W=VT/(L-2) C 71 

VILLX=W C 7 2 
I F ( W.LT . VTLX} V ILLX=VTL X C 7 3 
I F (L e GTe 3 ) GO TO 4 C 74 

C C 7 5 
C FOR THR EE LANES C 7 6 
C C 7 7 

VI RLX=W C 78 
VICLX= W C 79 
GO TO 6 C 80 

C C 81 
C C f3 2 
l+ W=(VT-VILLX)/(L-3) C En 

VIRLX= W C 8h 
IF (WeLT e VTRX) VIRLX=VTRX C 85 
IF (L.GT.4) GO TO 5 C 86 

C C 8 7 
C FOR FOU R LA NES C 88 
C C ,99 

VICLX= 1'f C 90 
GO TO 6 C 9 1 

C C 9 2 
C FOR FIV E OR MOR E LAN ES C 93 
C C 9 /X. 
5 W=(VT-VILLX-VIRLX)/{L-4) C 95 

VICLX=W C 9 6 I-' 
r:v 

C C 9 7 er. 
C C 9 8 

. 
6 CONTINUE' C 99 

VILL(IJK)=VILLX C ,_ 0 ,) 



7 
C 
C 
C 
q 

C 
C 
C 
C 
C 
C 

q 
r 
'-
c 
C 

1 . 

VIRL(IJK)=VIRLX 
VICL(IJK)=VICLX 
CONTINUE 

BEGINNING OF A NEW TIME-SLICE 

TIME=TIME+EPS 
ITIME=TIME-IFIXCTIME/NSIC)*NSIC 

CALCULATE COLOURS OF LIGHTS FOR EACH LANE 

FnR FIRST INTERSECTION FOR THE LANE 

DO 9 l=ltNLT 
GRI=CPL( I t1) 
AMI=CPL( I.2) 
RD I=CPL( I• 3) 
IXl=AMI-GRI 
IX1=IX1+60 
IAA=M8D(IX1.NSIC) 
IXl=RDI-GRI 
1Xl=IX1+60 
IAR=MOD( IXl ,NSIC) 
IXl=ITIME-GRI 
IXl=IX1+60 
IAT=MOD( IXl oNSIC) 
COL=3 
IF (IAT.LT.IAA) COL=l 
IF ( IAToGE .. IAAoANDolATaLToIAR) COL==2 
APL IT( I )==COL 
CONTINUE 

FOR SECOND INTERSECTION FOR THE LANE 

DO 1 0 I =1 • NL T 
GR I= CSL ( I • 1 ) 
AM!=CSL(I.2) 
RDI=CSL(I.3) 
IXl=AMI-GRI+60 
IAA=MOD(IXl,NSIC) 
1Xl==RDI-GRI+60 
IAR=M~D(IXl.NSIC) 
IXl=ITIME-GRl+f. 0 
IAT=MOD(IXt.NSIC) 
COL=3 
IF (IAToLT.IAA) COL=l 
IF (IAT.GE.IAAoAND.IAToLT ~ IAR) COL=2 
ASL IT( I )=COL 
CONTINUE 

C 1 0 1 
C 102 
C ' 03 
C t 04 
C 1 05 
C ~06 
C 10 7 
C 1 08 
C 1 09 
C 1 1 0 
C 111 
C 112 
C 11 3 
C 114 
C ,_ 1 5 
C 116 
C ! I 7 
C 118 
C 11g 
C 120 
C l. 21 
C 122 
C )23 
<: 124 
C ~ 25 
C ! 26 
C 127 
C l 28 
C l 29 
C l 30 
C ! 31 
C 132 
C ! 33 
C 134 
C 135 
C 136 
C 137 
C 138 
C 139 
C 140 
C 141 
C 142 
C l 43 
C 144 
C 1 45 
C 146 
C ?. 4 7 
C 148 
C 149 
C ! 50 

t-' 
l'v 
-.J . 



C C 1 c:; ! 
C DETERMINE WHICH HI\LF OF MATRIX CARDOP TO usi=: C 152 
C C 1 53 

IF CBS.EOel) GO TO 11 C 15~ 
BS=l ' C !55 
BSS=l C !56 
Nf\S=7 C 15 7 

N8SS=2 C 153 
GO TO 1 2 C !59 

C C 160 
C C ! 61 
1 : BS=7 C 162 

BSS-=2 C 163 
NBS=l C 1 64 
NBSS-=l C 165 

C C !. 66 
C SET UP SUBSCRIPTS FOR LATER USE C 167 
C C 168 
1 2 BSPl=BS+l C !69 

BSP2-=BS+2 C 170 
BSP3=8S+3 C 1 71 
BSP4=BS+4 C 172 
BSP5-=BS+5 C 1 7 3 
NBSPl=NOS+l C 174 
NOSP2=NBS+2 C 175 
NBSP3=NAS+3 C 1 76 
NBSP4=NOS+4 C 1 77 
NBSP5=NBS+5 C 178 

C C 179 
C CLEAR POINTER TO LAST VEHICLE IN LANE C 180 
C C 1 8 ! 

DO 1 3 I=l,NLT C 182 
PLCIL(NBSS.I)=O C 183 

1 3 CONTINUE C ~ 84 
C C 18 5 
C SIMULAT E MOVEMENT FOR EACH VEHICLE C 186 
C C 187 

DO 36 I=l,NC C 188 
C C 189 
C DETERMINE PRESENT STATUS OF VEHICLE C 190 
C C 191 

PNIL=CARDOP(I,BS) C 192 
PL=CARDOP(I,BSPl) C 193 

C C l 9t~ 
C CHECK IF VEHICLE ISN'T IN THE SIMULATION AS YET C 195 
C C 196 I-' 

r-, 
IF (PLeEO.O) GO TO 36 C ! 97 00 

C C 1 9 8 
. 

C C 199 
A1;30=1 C 2 0 0 



C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
1 l\. 

C 
C 
C 
1 5 
C 
C 

C 
C 
C 

IF (PLeGTeNLA) ABD=2 
PLRS=CARDOP(I.BSP2) 
PV=CARDOP(I,BSP3) 
PA=CARDOP(I,BSP4) 
PDL=CARDOP(I,BSP5) 

CALCULATE VELOCITY REQUIRED DUE TO COLOUR OF LIGHT 

VELl=□PTSPD 

CHECK IF MAKING RIGHT HAND TURN 

IF (PLeEOeNLAeDRoPLoEOoNLT} GO TO 16 

PDE=PDL-PV*EPS-4e0 
IF (PDE.LTeOoO) PDE=O , O 
PCOL=ASLIT(PL) 

CHECK IF APPROACHING FIRST LIGHT FOR LANE 

IF (PDLeGToALENST) GO TO 15 , 

DETERMINE LANE NUMBERS OF LEFT AND RIGHT TURN LAN~ S 

NLL=l 
NLR=NLA 
IF ( ABDoEOel) GO TO 14 
NLL=NLA+l 
NLR=NLT 

DETERMINE COLOUR OF LIGHT 

PCOL=APLIT(NLL) 
IF (PLRSoEOo2) PCOL=APL!T(NLR) 
IF (PLRSeEO e3 ) PCOL=APLIT(PL) 

IF LIGHT IS GREEN NO NEE D F OR SPEED REDUCTION 

IF (PCOL oE 0 . 1) GO TO 16 

PDM=PDL-4.0 
IF (PDLoGTeAL ENST) PDM=PDL-ALENST-4$0 
IF (PDMoLToOeO) PDM=O e O 
IF (PDLoGToALENST) PDE=PDE-ALENST 

IF VEHICLE IS CLOSE ~NOUGH TO LIGHT REDUC ~ SPEED 

IF (PDEeL EoPARM l) VELl=OPTSPO*SORT(PDM/PA RMl ) 

C 201 
C 2D2 
C 203 
C 20 4 
C 205 
C 206 
C 207 
C 208 
C 209 
C 210 
C 211 
C 212 
C 21 3 
C 214 
C 215 
C 2!6 
C 217 
C 218 
C 2 19 
C 22 0 
C 2 21 
C 222 
C 223 
C 224 
C 225 
C 22.6 
C 227 
C 228 
C 229 
C ?30 
C 231 
C 232 
C 233 
C 234 
C 235 
C 236 
C 237 
C z3q 
C 239 
C 24() 
C 24! 
C 242 
C 243 
C 24 4 
C ?.4-5 
C 2 4 6 

· C 24 7 
C 2 LL8 
C: 249 
C 25 >) 
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C 
C 
1 6 

C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

17 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

CONTINUE 
IF (VELl.LT.O.O) VELl=OoO 

CALCULATE VELOCITY REQUIRED DUE TO MOVEMENT TO BE MADE 

VEL2=0PTSPD 

IF AT FIRST LIGHT OR GDING STRAIGHT NO REDUCTION ~ ECES S ARY 

IF (PLRS.EQ.3.0R.PDL.GTvALENST) GO TO 17 

PDE=PDL-PV*EPS-4o0 
PDM=PDL 

IF DISTANCE WARRENTS IT REDUCE SPEED 

IF (PDEeLE.PARMl) VEL2=0PTSPD*SQRT(PDM/PARM1} 
CONTINUE 

INSURE VEHICLE STILL "CREEPS" AHEAD 

IF (VEL2.LT.l.O) VEL2=1o0 

CALCULATE VELOCITY REQUIRED DUE TO VEHICLE DIRECTLY AH E AD 

VEL3=0PTSPD 

CHECK IF NO VEHICLE IN LEFT TURN LANE 

IF (PNIL.EOoO) GO TO 18 

DETERMINE CHARACTERISTICS OF VEHICLE AHEAD 

VNXT=CARDOP{PNIL,BSP3) 
ANXT=CA RDOP(PNIL,9SP4) 
DNXT=PDL-CARDOP(PNIL,BSP5) 

CHECK IF ACCIDENT HAS OCCURRED 

IF (DNXT.LEaALV) GO TO 31 

EDN=(2.0*VNXT+EPS*ANXT>+DNXT-(2aO*PV+EPS*PA) 
IF (EDNeLToO.O) EDN=OoO 
DNS=o.o 
IF (VNXT.GT.OeOOl) DNS=(VNXT/3.50)*(VNXT/2 o 0) 
PDE=EDN+DNS-26e0 

C 251 
C 25? 
C 253 
C 254 
C 255 
C 256 
C 257 
C 258 
C 259 
C 260 
C 261 
C 262 
C 263 
C 264 
C 265 
C 266 
C 267 
C 2613 
C 269 
C 270 
C 271 
C 27'? 
C 273 
C 274 
C 275 
C 276 
C 277 
C 278 
C 279 
C ?.RO 
C 281 
C 28 2 
C 283 
C 284 
C 285 
C 286 
C 2S7 
C 288 
C 289 
C 290 
C 291 
C 292 
C 293 
C 294 
C 295 
C 296 
C 297 
C 298 
C 299 
C 30() 
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C 
C 
C 

C 
C 
lB 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
19 

C 
C 
C 

C 

IF (PDEeLT.O.O) PDE=O.O 
PDM=DNXT-26e0 
IF (PDM.LT.o.o) PDM=O.o 

IF VEHICLE IS CLOSE REDUCE SPEED 

IF (PDEaLEaPARMl) VEL3=0PTSPD*SORT(PDM/PARM1) 

CONTINUE 
IF (VEL3aLTeOeO) VEL3=0 .0 

CALCULATE VELOCITY DUE TO VEHICLE IN LEFT TURN ONLY LAN E 

VEL4=DPTSPD 

DETERMINE NUMBER OF LEFT TURN LANE 

NLL=l 
IF (ABDaEOa2) NLL=NLA+l 

CHECK IF ALREADY PAST END 0~ LEFT TURN ONLY L~NE 

IF (PDLeLTaALENLT(ABD)-ALV) GO TO 20 

CHeCK IF NECESSARY TO REDUCE SPEED 

PNILL=PLCIL(BSS,NLL) 
IF (PLeEOoNLL) GO TO 20 
IF (PNILL. EO.O } GO TO 20 
IF (ABD.Ea.t.AND.PL.GE.3) GO TO 20 
IF (ABDeEOe2oANDePL.GEeNLA+3) GO TO 20 
IF (PLRSaEOel) GO TO 19 
IF (CARDOP(PNILL,BSP5)+ALVeLE.ALENLT(ABD)) GO TO 20 

DET ERMINE STATUS OF VEHICLE IN LEFT TURN LANE 

VNXT=CARDOP(PNILL,BSP3) 
ANXT=CARDOP(PNILL,BSP4) 
DNXT=PDL-CARDOP(PNILL,BSP5) 

CHECK IF ACCIDENT HAS OCCURRED 

IF (DNXT.LTeALV) GO TO 31 

EDN=C2eO*VNXT+EPS*ANXT)+ONXT-(2eO*PV+EPS*PA) 
IF {EDNeLTaOeO} EDN=OoO 
DNS=OeO 
IF {VNXT.GT.0.001) DNS=(VNXT/3e50)*(VNXT / 2 . 0) 
PDE=EDN+DNS-4.0-ALV 

C 30 l 
C 30<:' 
C 303 
C 304 
C 305 
C 306 
C 307 
C 308 
C 109 
C 310 
C 311 
C 312 
C 313 
C 314 
C 315 
C 316 
C 31 7 
C 31 8 
C 319 
C 320 
C 321 
C 322 
C 323 
C 324 
C 325 
C 326 
C 3 2 7 
C 3213 
C 3?. 9 
C 33 0 
C 3 31 
C 3 3 2 
C 333 
C 3 3 4 
C 3 35 
C 336 
C 3 3 7 
C 338 
C 339 
C 34 0 
C 34 1 
C 342 
C 343 
C 344-
C 345 
C 34 6 
C ~t~ 7 
C 341'3 
C 349 
C 350 
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C 
C 
C 

C 
C 
?r) 
"- '·' 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
2 1 

C 
C 
C 

C 
C 

IF {PDE&LTeOeO) PDE=OoO 
PDM=DNXT-26e0 
IF {PDMeLTeOeO) PDM=OoO 

IF VEHICLE IS CLOSE REDUCE SPEED 

IF {PDEeLEePARMl) VEL4=0PTSPD*SORT{POM/PARM 1 ) 

CONTINUE 
IF (VEL4eLTeOeO) VEL4=0o0 

CALCULATE VELOCITY DUE TO VEHICLE IN RIGHT TURN ONLY LANE 

VEL5=0PTSPO 

DETERMINE NUMBER OF RIGHT TURN ONLY LANE 

NRL=NLA 
IF (ABD.EQ.2) NRL=NLT 

CHECK IF ALREADY PAST END OF RIGHT TURN LANE 

IF (PDLeLTeALENRT(ABD)-ALV) GO TO 22 

CHECK IF NECESSARY TO REDUCE SPEED 

PNIRL=PLCIL(BSS,NRL) 
IF (PLeEOeNRL) GO TO 22 
IF (PNIRLoEOeO) GO TO 22 
IF (ABD.Ea.l~AND.PLeLE.NLA-2) GO TO 22 
IF (ABDeEOo2oANDePLeLE,NLT-2) GO TO 22 
IF CPL~S.EQo2) GO TO 21 
IF (CARDOP{PNIRL,BSP5)+ALVeLEoALENRT(ABD)) GO TO 22 

DETERMINE STATUS OF VEHICLE IN RIGHT TURN LANE 

VNXT=C~RDOP{PNIRL,8SP3) 
ANXT=CARDOP(PNIRL,BSP4) 
DNXT=PDL-CARDOP(PNIRL,BSP5) 

CHECK IF ACCIDENT HAS OCCURRED 

IF (DNXTeLTeALV) GO TO 31 

EDN=C2eO*VNXT+EPS*ANXT)+DNXT-(2.0*PV+EPS*PA) 
IF CEDNeLTeOeO) EDN=OeO 
DNS=OeO 
IF (VNXTeGTeOeOOl) DNS=(VNXT/3o50)*(VNXT/2e0) 

C 35 1 
C 352 
C 353 
C 354 
C 355 
C 356 
C 357 
C 358 
C 359 
C 360 
C 361 
c · 362 
r :363 
C 364 
C 365 
C 366 
C .367 
C 368 
C 369 
C 370 
C 371 
C 372 
C 373 
C 374 
C 375 
C 376 
C 377 
C 378 
C 379 
C 380 
C 391 
C 3F3 2 
C 383 
C 394 
C 385 
C 38 6 
C 387 
C 338 
C 3139 
C 390 
C 391 
C 392 
C 393 
C 394 
C 395 
C 396 
C 397 
C 398 
C 399 
C 400 
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C 
C 
C 

C 
C 
22 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

PDE=EDN+DNS-4.0-ALV 
IF (POEoLTeOeO} PDE=OeO 
PDM=DNXT-26.0 
IF (PDM.LT.o.o) PDM=O.o 

IF VEHICLE IS CLOSE REDUCE SPEED 

IF (PDEeLEePARMl) VELS=OPTSPD*SQRT(PDM/PAR~l) 

CONTINUE 
IF (VEL5eLTeOeO) VEL5=0$0 

CALCULATE STATUS OF VEHICLE AT NEXT TIME-SLICE 

CALCULATE FUTURE ACCELERATION AND VELOCITY 

VW=AMIN1(VEL1,VEL2,VEL3,VEL4,VEL5) 
IF (VWoGT.OPTSPD) VW=OPTSPD 
AW=(VW-PV)/EPS 
tF (AWeLTeALL) AW=ALL 
IF (AW.GT.AUL) AW=AUL 
FA=AW 
FV=PV 
IF (ABSCFA).GTeOeOOl) FV=PV+FA*EPS 
IF (FVeLTeOeO) FV=OeO 

CHECK IF VEHICLE HAS LEFT SIMULATION AREA 

DT=(PV+FV)/?-.O*EPS 
IF (DTeGEePDL) GO TO 27 

CALCULATE FUTURE LANE NUMBER 

FL=PL 
fF (PLRS.EQoloANDePDL-DToLE.ALENLT(ABD)) FL=(Aq O- l )*NLA+l 
IF (PLRS.Ea.2.ANDoPDL-DTeLEoALENRT(ABD)) FL=NLT-(NLT-NLA)*(2-A8D) 

CALCULATE FUTURE LEFT-RIGHT-STRAIGHT CODE AND DISTANCE TO LtGHT 

FLRS=PLRS 
FDL=PDL-DT 

CHECK IF VEHICLE HAS JUST ENTERED TIMED AREA 

IF (FDLeLTeALENSTeANDoTE(l)oE0.-1.0) TE(I)=TIME 

ADJUST POINTERS TO NEXT VEHICLE ETC. 

C 401 
C 4-02 
C 403 
C 404 
C 4 0 5 
C 406 
C 407 
C 408 
C 409 
C 410 
C 411 
C 412 
C 413 
C 414 
C 415 
C l~l 6 
C 417 
C 418 
C 419 
C 420 
C 42 l 
C 422 
C 423 
C 424 
C 425 
C 426 
C t~27 
C 428 
C 429 
C 430 
C 431 
C 432 
C 433 
C 431~ 
C 435 
C 436 
C 4 3 7 
C 438 
C 439 
C 440 
C 441 
C 442 
C 443 
C 444 
C 445 
C 446 
C 447 
C 448 
C 449 
C 45 0 
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2 3 

C 
C 
C 
z 1~ 

C 
C 
C 
2 5 

26 

C 
C 
C 
2 7 

C 
C 
C 

C 
C 
C 

C 
C 
2 8 
C 
C 
C 

29 

PPNT=PLCIL(NBSS.FL) 
IF (PPNT.EQ.O) GO TO 24 
IF (FDLoGEeCARDOP(PPNT.NBSP5)) GO TO 24 
PNT=CARDOP(PPNT,N8S) 
IF (PNT.EO.O) GO TO 25 
DLP=CAROOP(PNT,NBSP5) 
IF (FDL.GTeDLP) GO TO 25 
PPNT=PNT 
GO TO 23 

THIS (SO FAR) IS THE LAST VEHICLE IN THI5 LANE 

CARDOP( I.NBS)=PLCIL(NBSS,FL) 
PLCIL(NBSS,FL)=I 
GO TO 26 

THIS IS NOT THE LAST VEHICLE IN THIS LANE 

CAP.DOP(PPNT,NBS)=I 
CARDOP(I.NBS)=PNT 
CONTINUE 
GO TO 3 0 

REMOVE VEHICLE FROM SIMULATION 

PFV(I)=PFFV 
PFFV=I 
IF (PLCIL(NBSS,PL).EQ.I) PLCIL(NBSS.PL)=O 

RECORD TIME TAKEN TO TRAVERSE LEG 

IF (TE(I)eF.Oe-leO) GO TO 28 
X=TI~E-TE(I) 
T(NALT)=X 
NALT=NALT+l 

CHECK IF SIMULATION COMPLETE 

IF {NALT.GT3NTC) RETURN 

CONTINUE 

CLEAR RECORD FOR THIS VEHICLE 

TE(I)=-leO 
DO 29 Jl=l,12 
CARDOP( I ,Jl )=OeO 
CONTINUE: 
GO TO 36 

C 451 
C L~52 
C 453 
C 454 
C 455 
C 456 
C 457 
C 458 
C 459 
C 460 
C 461 
C 462 
C 463 
C 464 
C 46 5 
C 466 
C 467 
C 468 
C 469 
C 470 
C 4 71 
C 472 
C 47 3 
C ,~ 74 
C 475 
C 476 
C 477 
C 478 
C 479 
C 48 0 
C 481 
C 4 82 
C 48 3 
C 484 
C 485 
C 48 6 
C 487 
C 488 
C 489 
C 49 0 
C 491 
C 49 2 
C 493 
C 494 
C 495 
C 496 
C 497 
C 4g3 
C 499 
C 50 0 
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C 
C 
C 
3 :) 

C 
C 
C 
3 , 

C 
C 
C 

C 
C 
C 
3 2 

C 
C 
C 
3 3 
34-

c 
C 
C 

3 5 
36 

C 
C 
C 

C 
C 

RECORD STATUS OF VEHICLE AT NEXT TIME-S LICE 

CONTINUE 
CAROOP(I,NSSPl)=FL 
CARDOP(I,NBSP2)=FLRS 
CARDOP(I,NBSP3)=FV 
CARDOP(I,NBSP4)=FA 
CARDOP{l,NBSP5)=FDL 
GO TO 36 

REMOVE VEHICLE FROM SIMULATION (ACCIDENT) 

CONTINUE 
I 1 = I 
NA=NA+l 

CHECK IF LA S T VEHICL E IN THIS LANE 

PL=CARDOP(Il,BSPl) 
IBP=PLCIL(BSS,PL} 
IF ( IBP e EQo 11) GO TO 33 

FIND VEHICLE IMMEDIATELY BEHIND ON E BE ING REMOVE D 

IBP=CARDOP(IBP,BS) 
IF (IBP . NE.Ill GO TO 32 
CARD OP(IBP,BS)=CARDOP(Il,BS) 
GO TO 34 

ADJUST POINTERS AND CLEAR STATUS ARRAY 

PLCIL(BSS,PL)=CARDOP(Il,BS) 
PFV( I 1 ) =PFFV 
PFFV=Il 

CL E AR RECORD FO R THIS VEHICLE 

T E Cil)=-le O 
DO 3 5 I 5= 1 , l 2 
CARDOP( 11, 15)=0.0 
CONTINU E 
CONTINU E 
NLT Ml=NLT-1 

CHE CK TO S EE IF ANY VEHICLES AR E TO BE ADDED TO SI MvL ATION 

DO 43 I= 2 ,NL T M1 

CHECK IF NO VEHICL E AVAIL ~DLE 

C 501 
C 5 02 
C 5 0 3 
C 50 4 
C 505 
C 5 0 6 
C 5 0 7 
C 5 0 8 
C 5')9 
C 51 0 
C 511 
C 512 
C 51 3 
C 5 ! 4-
C 5 1 5 
C 51 6 
C 5 1 7 
C 51 8 
C 519 
C 520 
C 52 1 
C 5 22 
C 5 2 3 
C 52 4 
C 5 2 5 
C 5?6 
C 52 7 
C 528 
C 52 9 
C 530 
C 5 31 
C 532 
C 5 ::-3 
C 53 4 
C 53 5 
C 5 36 
C 5:: 7 
C 538 
C 539 
C 5 4 0 
C 5 4 ! 
C 5 42 
C 5 43 
C 544 
C !'>4 5 
C 5 4 6 
C 547 
C 548 
C 5 49 
C 55 0 
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C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

IF (PFFV.EO.O) GO TO 8 

CHECK IF ATTEMPTING TO ADD VEHICLES DIRECTLY TO LEFT TURN OR 
RIGHT TURN ONLY LANES 

IF (IoEOeNLAoOR.IeEOeNLA+l) GO TO 43 
IJF=l 

DETERMINE NUMBER OF VEHICLES ENTERING LANE 

IF ( IeGTeNLA) IJF=2 
VEL=VICL(IJF) 
rF ( 1.r::a.2.oR.I.EO.NLA+l) VEL=VILL{ IJF) 
IF CloEOoNLA-1.0RoloEOoNLT-l) VEL=VIRL(IJF) 

CHECK IF NOT TIME TO ADD ANOTHER VEHICLE YET 

Z=3600/VEL+TVEL(I) 
IF (ZeGToTIME) GO TO 43 
TVEL(I)=TIME 

DETERMINE NUMBER OF VEHICLE . TO BE ADDED 

IPNT=PFFV 
PFFV=PFV(IPNT) 

DET E RMINE PROBABILITY THAT VEHICLE ENTERS BY TURNING FROM SID E 
STREET 

IF (ASLIT(I) .EOol) GO TO 37 
GT=CSL( I ,2 )-CSL { t, 1) 
IF (CSL(Itl).GT oCSL(I,2)) GT=60-CSL(I,l)+CSL(I,2) 
PROB=(l.O-VES(IJF )/VTOT (IJF)} * (NSIC/GT) 
CALL RANDU (IX,IX,YFL) 

CHECK IF VEHICLE ENTERS BY TURNING FROM SIDE STREET 

IF (YFL~GEoPROB) GO TO 37 

VEHICLE TO Be ADDED UPSTREAM 

Fv=o.o 
FA=OoO 
FDL=ALENST-26e0 
TE(IPNT)=TIME 
GO TO 38 

VEHICLE TURNED INTO SIMULATION AREA FROM STREET 
/ 

C 551 
C 552 
C 553 
C 554 
C 555 
C 556 
C 557 
C 558 
C 559 
C 560 
C 561 
C 562 
C 563 
C 564 
C 565 
C 566 
C 567 
C 568 
C 569 
C 570 
C 57! 
C 572 
C 573 
C 574 
C 575 
C 576 
C 577 
C '578 
C 579 
C 580 
C 581 
C 582 
C 58~ 
C 584 
C 585 
C 586 
<: 587 
C 58!3 
C 589 

.c 590 
C 591 
C 592 
C 593 
C 594 
C 595 
C 596 
C 597 
C 598 
C 599 
C 600 
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37 

38 
C 
C 
C 

C 
C 
C 

39 

C 
C 
C 
4 1) 

C 
C 
C 
4 · 

C 
C 
C 
4~ 

FV=OPTSPD 
FDL=SDTL 
FA=OeO 
TECIPNT)=-leO 
CONTINUE 

DETERMINE IF VEHICLE IS TO TURN LEFT OR RIGHT 

FL=I 
PROBR=O,.O 
PROBL=OeO 
IF (IeEa.2.0ReiaEQeNLA+!) PROBL=VTL(IJF)/VILL(IJF) 
IF { I.Ea.NLA-leOR.I.EO .. NLT-1) PROBR=VTR( IJF)/\/IRL(IJF) 
ILRS=3 
CALL RANDU (IX,IX,YFL) 
IF (YFLeLEePROBL) ILRS=l 
IF {YFLeGEeleO-PROBR) ILRS=2 
FLRS=ILRS 

ADJUST POINTER TO VEHICLE AHEAD 

PPNT=PLCILCNBSS,FL) 
IF (PPNTeEOeOl GO TO 40 
IF (FDL.GE.CARDOP(PPNT,NBSP5)) GO TO 4 0 
PNT=CARDOP(PPNT,NBS) 
IF (PNTeEOeO} GO TO 41 
DLP=CARDOP{PNT,NBSP5) 
IF (FDLeGTeDLP) GO TO 4 1 
PPNT=PNT 
GO TO 39 

VEHICLE ADDED IS LAST IN LAN E 

CARDOP(IPNT,NBS)=PLCIL(NBSS,FL) 
PLCIL{NBSS,FL)=IPNT 
GO TO 4 2 

VEHICLE ADDED IS NOT THE LAST IN THE LAN E 

CARDOP(PPNT,NBS)=IPNT 
CARDOP{IPNT,NBS)=PNT 

RECORD STATUS OF NEW VEHICL E 

CONTINUE 
CARDOP(IPNT,N BSPl )=FL 
CARDOP( IPNT,NBSP2)=FLRS 
CARD OP(IPNT,NBS P3)=FV 
CARDuP(IP NT,N BSP4)=FA 
CARDOP(IPNT,N BSP5)=FOL 

C 60 l 
C 6 02 
C 6 03 
C 6 0 4 
C 6 05 
C 6 0 6 
C 6 0 7 
C 6 0 8 
C F, O q 
C 6 1 0 
C 611 
C 612 
C 611 
C 614 
C 6 15 
C 61 6 
C 617 
C 6 1 8 
C 61 9 
C 6 2 0 
C 62 1 
C 62 2 
C 62 3 
C 624 
C 625 
C 6 2 6 
C 6 2 7 
C 6 2 8 
C 6 29 
C 6 30 
C 6 31 
C 6 32 
C 633 
C 634 
C 6 35 
C 63 6 
C 6 37 
C 6 3 8 
C 6 39 
C 64 0 
C 64 1 
C 642 
C 643 
C 64 4 
C 6 45 
C 64 6 
C 64 7 
C 6 4 8 
C 6 49 
C n 50 
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C 
C END OF ITERATION FOR ONE VEHICLE 
C 
43 CONTINUE 
C 
C BEGIN ANOTHER TIME-SLICE 
C 

GO TO 8 
C 
C 

END 

C 65~ 
C 65?. 
C 653 
C 654 
C 655 
C 656 
C 657 
C 658 
C 659 
C 66 0 
C 661-
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APPENDIX C 

DOCUMENTATION OF SUBROUTINES USED IN PHASE III 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTIN E TREE 

THIS SUBROUTINE IS COPYRIGHT 1974 BY ROBERT J o TAYLOR 
VICTORIA, BR ITISH COLUMBIA 
CANADA 

PURPOSE: 

METHOD: 

VARIABL ES: 

0(1,J) 

A(K) 

B(K) 

C(K) 

CGIJ(K) 

CGJI(K) 

EI ( K) 

EJ(K) 

NOV , 1 974 

TO CHOOSE A SPANNING TR EE OF T HE GR APH ASS OCIATE) 
WITH A GIV E N STR EE T SYST EM AND TO SET TH E OF F S ~ TS OF 
TH E SIGNALS SO THAT THE DELAY IS MINI M~L" 

RANDOM WE IGHTS BETWEE N 2 AND 3 ARE AS SIGNE D TO A_L 
EDGES OF TH E GRAPH; E DGES THA T AR~ NOT IN TH E GR~ PH 
AR E ASSIGNE D A LA RGE WE IGHT; EDGE S THAT ARE TO 
BE INCLU Dc D IN THE TR EE AR ~ AS SIG NE D A WE IGHT 
OF 1. USING P RIM'S ALGO R I T HM A MI NI 4AL S PANNING 
T~EE IS FO RMEDo THE OFFSETS OF TH E S IGNAL S AR E 
CALULATED AS DESC R IBED IN CHAPTER 5 OF THE COVERING 
WO RK. 

(I=l,2, ••• ,1 0 0); (J=l,2,.e a , 100 ) 
WEIGHT OF EDGE FROM INT E RS~ CTION I TO J . 

(K=l,2 • ., • • ,1 0 0) 
A VALUE FO R KTH LE Ge 

(K=l,2, •••• 100) 
B VALU E FOR KTH LEGo 

(K = l,2, • ., .,100) 
C VALUE FOR KTH LEGe 

(K=l ,2, •• .,, 100) 
NUMBER OF VEHICLES GOING FRO~ I T O J e 

(K=l ,2,e • • .100) 
NUMBER OF VEHICLES GOING FRO ~ J TO I ~ 

(K=l,2, •• o,100) 
NU MBER OF TH~ FIRST SIGNAL OF LEG K. 

{K=l,2•••• ,100) 
NUMBER OF THE SECOND SIGNAL OF LE G K, 

A l 
A 2 
A "3 
A 4 
A 5 
A 6 
A 7 

A A 
A 9 
A 1 0 
A. l l 
A 1 2 
A 1.3 
A 1 4 
A 1 5 
A. 1 6 
A 1 8 
A 1 9 
A 2 0 
A 21 
A 2?. 
A 2 3 
A. 2 4 
A 25 
A 2 6 
A 27 
A 2 8 
A ?.9 
A 30 
A 3 1 
A 3 2 
A 33 
A 34 
A 3 5 
A 3 6 
A 3 7 
A 38 
A 39 
A 4'.) 
A 41 
A 42 
A 4 '3 
A 4 4 
A 4 5 
A 4 6 
A 47 
A 4 8 
A 49 
A 50 
A 51 

I-' 
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0 . 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

I 

IEI 

IMIN 

INTI 

INTJ 

IX 

J 

JEJ 

JMIN 

K 

N 

NL 

NMl 

NSIC 

OFF(I) 

OT 

RMIN 

s 

TAKEN(J) 

XIETG(K) 

XILTG(K) 

DO-LOOP PARAMETER 

NUMB ER OF THE FIRST SIGNAL OF LEG K• 

NUMBER OF INTERSECTION ON ONE END OF EDGE TO BE 
ADDED. 

NUMB ER OF SIGNAL I. 

NUMBER OF SIGNAL Je 

RANDOM NUMBER GENERATOR SEED, 

DO-LOOP PARAMETER 

NUMBER OF THE SECOND SIGNAL OF LEG K~ 

NUMBER OF INTERSECTION ON ONE END OF EDGE TO BE 
ADDEDo 

DO-LOOP PARAMETERe 

NUMBER OF SIGNALS (VER TICES) 

NUMBER OF LEGS (EDGES) 

N - l 

NUMBER OF SECONDS IN THE CYCLE o 

(I=l,2, •• ·.,100) 
OFFSET OF SIGNAL Io 

OPTI MAL RELATIVE OF FSET FOR THE LEG. 

MINIMUM WEIGHT OF THE EDGESe 

00-LOOP PARAMETER. 

(J=l ,2,•• • , 100) 
INDICATES IF JTH INTERSECTION INCLUDED IN TREE 

0: NO 
1: YES 

(K=l,2,eee,100) 
TIME THAT SIGNAL I TURNS GREEN FOR VEH ICL ES 
ENTER ING LEG Ko 

CK=l,2, •••• 100) 

A 52 
A 5~ 
A 54 
A 5~ 
A 56 
A 57 
A 58 
A 59 
A 60 
A 61 
A 62 
A 63 
A 6t~ 
A 65 
A 66 
A 67 
A. 68 
A 69 
A 70 
A 71 
A 72 
A T3 
A 74 
A 75 
A 76 
A 77 
A 78 
A 79 
A 80 
A 81 
A 82 
A 8:3 
A 84 
A. 85 
A 86 
A g7 
A 88 
A 89 
A 90 
A 91 
A ()2 
4 93 
A 94 
A 95 
A 96 
A 97 
A . 98 
A 9q 
A ! 00 
A 101 

.... 
,i:,. .... . 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

. c 
C 
C 

XJETG(K} 

XJLTG(K) 

YFL 

Z4 

CALLING! 

OUTPUT: 

INPUT: 

TIME THAT SIGNAL I TURNS GREEN FnR VEHICLES 
LEAVING LEG K. 

CK= 1 • 2 , • ,. • , l O O ) 
TIME THAT SIGNAL J TURNS GREEN FOR VEHICLES 
ENTER I NG LEG K. 

(K=l,2,eee,100) 
TIME TKAT SIGNAL J TURNS GREEN FOR VEHICLES 
LEAVING LEG Ke 

RANDOM NUMBER BETWEEN O AND lo 

TEMPORARY LOCATION. 

WHEN CALLING THE SUBROUTINE ~HE FOLLOWING 
VARIABLES MUST BE DEFINED. 

NSIC 
N 
NL 
EI ( K) 
EJ(K) 
A(K) 
B(K) 
C(K) 
CGIJ(K) 
CGJI(K) 
XIETGCK) 
XILTG(K) 
XJETG(K) 
XJLTG(K) 

K= 1 , 2, • • • , NL 
K::: 1 • 2,., •,., NL 
K=l,2e••••NL 
K= 1 • 2 •••••NL 
K=l,2,eee,NL 
K=l,2,e.ae,NL 
K=l,2,eee,NL 
K=l,2,eae,NL 
K;:; l , 2, • • • t NL 
K=l,2,oee,NL 
K=l ,2,oae,NL 

OUTPUT CONSISTS OF A LISTING OF THE EDGES 
INCLUDED IN THE TREE AS WELL AS THE OFFSETS OF THE 
SIGNALS (EXPRESS~D IN SECONDS AND% OF CYCLE). 

FOR EACH EDGE FORCED TO BE INCLUDED IN THE TREE 
THERE SHOULD BE A SINGLE CARD INDICATING THE NUMBERS 
OF THE SIGNALS AT EITHER END OF THE LEGa 
FORMAT(I3,2X,13)• 

A 1 02 
A 103 
A !04 
A 1 05 
A 106 
A l 07 
A ! 08 
A 1 09 
'- 1 l 0 
A !11 
A 112 
A 113 
A 114 
A 115 
A 116 
A l 1 7 
A 11,3 
A 1 I 9 
A 120 
A 1 21 
A 122 
A. 1 23 
A 124 
A J. 26 
i\ J 27 
A 128 
A ! 2Q 
A 130 
A ! 3 1 
A 132 
A 1 3] 
C\ !34 
A 1 3 5 
A 136 
A 137 
A 1 38 
A I 39 
A 1 40 
A 141 
I\ 142 
A 143 
A 144 
A 145 
A l 46 
A 14 7 
A 148 
A 149 
A 150 
A 1 51 
A 152 

I-' 
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C 

C 
C 

C 
C 
C 
C 

C 
C 
C 

l 
2 
C 
C 
C 

3 
C 
C 
C 
4 
C 
C 
C 

C 
C 
C 
C 
1 6 

COMMON N,NL,El, EJ,A,B,C,CGIJ,CGJI.NSIC 
COM~ON XIETG,XILTG,XJETG,XJLTG 

DIM E NSION Q(l00,100). OFF(!OO)• A(lOO), 8(100), C(lOO) 
DIMENSION CGJI(lOO), CGIJ(lOO) 
DIM E NSION XIETG(IOO), XILTG{lO O). XJETG(l OO), XJLTG(IOO) 
INTEGER EI(lOO),EJ(lOO),TAKEN(lOOl.S 

INITIALIZATION SECTION 

RMIN=lOOOOO,O 
IX=654231753 

SET THE ~EIGHTS TO A LARGE VALUE 

DO 2 I= l ,N 
DOlJ=l,N 
O(I,J)=RMIN 
CONTINUE 
CONTINU E 

FOR THOSE EDGES THAT EXIST SET THE WEIGHTS TO BETWEEN 2 ANO 3 

DO 3 K=l,NL 
IEI=El{K) 
JEJ=EJ(K) 
CALL RANDU CIX,IX,YFL) 
Q(IEI,J E J)=YFL+2o0 
Q(J ~ J,I ~ I)=VFL+2.0 
CONTINUE 

READ IN AN EDGE THAT SHOULD BE INCLUDED IN TH ~ TREE 

READ (5,15.END=16) INTl,JNTI 

ASSIGN IT WEIGHT 1 

Q(INTI,JNTI)=leO 
O(JNTI,INTI)=loO 
GO TO 4 

SET TAKEN TO INDICATE THAT NONE OF THE INTERSECTIONS HAVE BEEN 
INCLUDED IN THE TREE AS YETo SET ALL THE OFFS ETS TO On 

DO 5 I=l.N 
TAKEN(l)=O 
OFF( I )= O. ~ 

A 1 53 
A 154 
A 155 
A 1 56 
A l 57 
A 158 
A 159 
A 16() 
A 16.1 
A 162 
A 163 
A 1 64 
A 165 
A 166 
A 167 
A 168 
A 169 
A 170 
A 171 
A l 72 
A 1 73 
A 174 
A 1 75 
A l 76 
A 177 
4 1 78 
A l 79 
A J 80 
A 1 Rl 
A 182 
A 183 
A !84-
A 185 
A ~ 8 6 
A 187 
A 188 
A 1 89 
A 1 90 
A 19l 
A 192 
A l g3 
A 194 
A 195 
A 196 
A 197 
A 198 
A 199 
A 20 0 
A 20! 
A 202 

.... 
,j::,, 

, w 



5 
C 
C 
C 

C 
C 
C 

C 
C 
C 

6 
7 
C 
C 
C 

8 
9 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

CONTINUE 

CHOOSE THE FIRST INTERSECTION AND GIVE IT OFFS ET ~QUAL TO 0 

TAKEN(l)=l 
OFF(l)=O.O 

FOR EACH OF THE EDGES TO BE INCLUDED IN THE TREE 

NMl=N-1 
DO 10 S=l,NMl 

FIND THE ONE THAT IS CLOSEST 

RMIN=lOOOl)O.,O 
DO 7 I=l,N 
IF (TAKEN(I)eEOoO) GO TO 7 
DO 6 J=l,N 
IF (TAKEN(J).Ea.1.oR.O(I,J).GE.RMIN) GO TO 6 
IMIN=I 
JMIN=J 
RMIN=Q(I,J) 
CONTINUE 
CONTINUE 

DETERMINE THE CORRESPONDING EDGE 

DO 8 K=l,NL 
IEI=EI(K) 
JEJ=EJ(K) 
IF (IMINeEO.IEioANDoJMIN$ EQeJEJ) GO TO 9 
IF (JMINoEQelEioANDeIMINe CQ,.JEJ) GO TO 9 
CONTINUE 
CONTINUE 

WRITE OUT THAT THE EDGE WAS INCLUDED 

I=IEI 
J=JEJ 
WRITE (6,12) I,J 

DET ERMINE THE OPTIMAL OFFSET FOR THE LEG 

OT=45.0+B(K) 

DETERMINE THE OFFSET OF THE INTERSECTION JUST ADD~D 

IF (TAKEN(IEI)eEO.t.AND3 CGIJ(K)eGE.CGJI(K)) OFF(J)=OT+XIETG(~)+OF F 
1 CI )-XJLTG(K) 

IF (TAKEN(IEI)eEO.t.AND.CGIJ(K)eLTeCGJ!(K)) OFF(J)=-OT-XJ ETG(~)+ DF 

t\ 20 3 
A 204 
A 205 
A 206 
>\ 207 
A 208 
A 209 
A ?.1 0 
A 21 ! 
A 212 
A 21 3 
A 21 4-
A 215 
A. 216 
A 217 
A 218 
A 219 
A 2~0 
A 221 
A 222 
A 223 
A 224 
A 225 
A 2 2 6 
A 227 
A 228 
A 229 
A 230 
A 23! 
A 232 
A 233 
A 2 34 
A 235 
A 23 6 
A 237 
/l, 238 
A 239 
A 24 0 
A 241 
A 24 .2 
A 243 
A 244 
A 245 
A 246 
A 247 
A. 2 48 
A 249 
A 2 5 0 
A 251 
A 252 
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C 
C 
C 

1 0 

C 
C 
C 

1 1 
C 
C 

C 
C 
C 
1 2 
13 
1 1 .. 
1 5 

1 F ( I ) +XI LT G ( K ) 
IF (TAK EN(J EJ}. EQ,l.AND s CGIJ(Kl . GE .CGJl(K)) OFF(I)=-OT-XI ETG(~)+O F 

! F(J)+XJLTG(K) 
IF (TAK EN (J EJ). EO.l.AND.CGIJ{K).LT . CGJI(K)) OF F ( l)=OT+XJ ET G(K)+OFF 

l(J)-XILTG(K) 

INDICATE THAT THE INT ERSECTION IS NOW INCLUDED IN TH E TREE 

TAK E NCJ MIN)=l 
CONTINU E 
WRITE (6,14) 

OUTPUT THE OFFSETS AND THE% OFFSE TS 

DO 11 I= 1, N 
OFF(I)=AMOD(OFF(I)+lO . O~ NSIC,NSIC* l•O) 
Z4=0FF(l)/NSIC * lOO.O 
WRITE { 6 .13) I,OFF(I),24 
CONTINU E 

RETURN 

FOR MAT (lX,'EDGE ',16,'-',16,' OP T IMIZED') 
F ORMAT (I6,5X,F8.l,' S E CONDS •,F8 a l,' % 1 ) 

F OR MAT ( l Hl ,///,• OPTI MAL OFFSETS'•///,' l~TERSECTION 
FORMAT (I3.2X,1 3 ) 
END 

OFF SET'/) 

A 25 3 
A 254 
A 255 
A 2 5 6 
A 257 
A 258 
A 259 
A 260 
A 2 61 
A 26 2 
A 263 
A 264 
A 265 
A 266 
A 2 67 
A 268 
A 269 
A 2 70 
A 271 
A 272 
A 27 3 
A 274 
A 275 
A 2 7 6 
A 277 
A 2 7 8 
A 2 7 9 
A 280 
A 28 1 
A 28 2 -
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