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ABSTRACT

This dissertation is concerned with a discussion of various
aspects of traffic assignment and the witing and devel opnent of a
conputer progranme to investigate the effects of sone of the factors
influencing the solutions given by certain capacity restrained

assi gnment techni ques.

A short review of the planning process is followed by a survey
of nodern traffic assignnment processes with particular reference to
capacity restrained methods, and a discussion of factors affecting
these solutions. A detailed discussion of the assessnent of the
convergence of capacity restrained methods is included. Pr ogr ammes
are witten to allow the use of three different |oading nethods and
three different speed/flow relationships in the investigation of the
approach to a solution of three different capacity restrai ned nethods

as indicated by five different measures of convergence.

Suggestions are nade for the devel opnent of the programmes and
areas in which they may be used for further research into the functioning

of capacity restrained traffic assignment techniques.



INTRODUCTION

In recent years attitudes to planning have tended to polarise
towards two extremes. One school of thought assuwed that everything could
be solved analytically while the other assumed that there was no substitute
for plain common sense (101}, One of the mair rcascns for this divergence
of opinion was the arrival of the electronic computer which opened up
vast new horizons for problem solving, for the first time making it
possibie to apply rigorous mathematical approach to many planning problems.
A mathematical approach has become the rule than the exception in transport

planning.

The past decade has seen a number of achievements in transport
planning such as the developmant of 2 new breed of transport models
designed more closely to answer the problems of the moment. Technical
advances inéludc the introduction of synthetic trip end estimation
procedures, multiple route assignments, vse of speed/flow equations as
part of the trancport model, and tie develcpment of a suitable method
for the economic evaluation of alfernative transport networks. Following
these almost immediately were new wodels which included an allowance for
the effect of traffic congcstion on trip distribution, generation and

modal split as well as assignment.

Yet there are still avenues for rescarch inte development of means
of increasing the sensitivity and accuracy of théfmodels and the model
J
results, 1In this dissertation the auchor is concerned with a discussion
of various aspects of trafffc asgsignment and the writing and development
of a computer programme to investigate the effects of sowe of the factors
influencing the solution giver by certain capacity restrained assignment

techniques,



5 18 THE LAND USE/TRARSPORTATION STUDY - TRAFFIC ESTIMATION

In a broad sense the objectives of the land use/transport-
ation planning process is to develop a pattern of land use and
transport to serve it which will enable people and goods to

travel safely and economically.

The problem of planning for the motor car had arisen in
U.S. as far back as the early 1950's, 1t was realised then that
movement desires were controlled by land uses at origins and
destinations. This approach was successfully applied in the Detroit
Area Traffic Stucy (1953) (1 25), and it is still used in the
larger urban trausportation studies supported by the U.S, Bureau
of Public Roads (104). And in fact to qualify for financial
assistance for road construction, Urban arcas over 50,000 popul=-
ation in U,S.A, must carry oulb a continuing comprchensive land

use/transportation study.

In Great Britain highway planning in urban arcas started
with the emphasis placed on forecasting demands for road traffic alone,
This could be seen in The London Traffic Survey (1960) (1:6), the
SELNEC Highway plan of 1962 (126) and the Merseyside Conurbation
Traffic Survey to mention a few. The first full-scale attempt in
Creat UYritain to relate land use and transportation in planning
for a sizeable urban avea was the West Midlands Transportation
Study (102) commissioned in April 1964. The objcctivc was to
undertake a comprchensive survey of all forms of transport in the

West Midlands (Conurbation; to analyse its relationship to types



of land use and all other factors affecting the demand for and
movement of tranuport; and to make forward projections with the
aim of providing puidance on the desirable pattern of road devel-

opment and public transport facilities.

The land use/transportation planning process is a dynamic
process in the sense that it must respond to changes oF land vsecg,
economic conditions and travel patterns. Where there is a degree
of frec choice it becomes a bechavioural science; that is, a science
concerned with human conduct. PBut transportation cannot be wviewed
outside de¢isions coming from the individuals, Where a group of
people are involved, political, economic and sociai factors play
an important part in their cholce making. Moreover these factors
cannot ha limited to a small community, their effect may well be
nationwide or worldwide. For example the channel tunnel is a
government decision which will have various effects on transport-
ation within the British Isles as a whole, in Northern Europe and

in the bridgeheads of Kent and Flanders.

Hogden (106) has observed that it is often easy to obtain
very accurate information in one part of transportarion planning
process vhile assunptions and relatively inaccurate approximations
are made in other parts. This is especially true of traffic

assigmment studies.

1.1 THE GOALS AND ORJECTIVES

The transportation planning process has a number of goals

and objectives.



The first set of goals and objectives (110) could be taken as to

include attempts to

L. Minimize travel time

p Minimize travel cost

3. Provide adequete transportation system capacity

4. Provide adequate transportation system safety

5, Provide adequate transpeortation system reliability

The second set of poals and objectives (110) might be to

) 7= Provide for equitable distribution of regicnal accessib-
ility for employment, nealth, cducation shopping and
recreation

r A Forster desirable arrangement of land use and transport-
ation facilities

3. Minimize community disruption

4. Minimize the impairment of the enpvironment
The above objertives must be measurecable so thai costable
and quantifiable criteria may be properly cxpressed. Objectives

containing these attributes can be called 'operationsal objectives'

Yid TRAFFIC ESTIMATION

The transportation planning process as we know it tcday
has been made possible only through widespread use of large

storage clectronic computers. The process consists of interdepen-



dent steps which can be divided up as shown in the chart for the
West Midlands Transportation Study given below, The comprehensive
nature of the planning process requires that large amounts of

data must be gathered. The type of data colleected, however, should
be based on the requirements of the poals and objectives described
above. Having gathered the data, the traffic estimation is made

using the models discussed below.
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I THE MODELS FOR TRANSPORT PLANNING

Models are built during the analysis of the inventories
collected at the survey stage. The inventories form the base
upon which the planning process takes shape. Typical elements

for which inventories and analysis are required are;

¢ Economic factors affecting development

2. Population

i Land use

4, Transportation facilities

5, Travel patterns

6., Terminal and transfer facilities

T Traffic Centrol features

8. zoning ordinances, subdivision regulations, building

codes ete.
9, Finaneiaul resources

10, Social and community-value factor

In the analysis and calibration phase, the data obtained
through the inventories are analysed and techniques are developed
{model calibration) for estimat ing future travel demands. Tasks

usually included in this phase are

1. Derivation of models for estimating population and
economic activiiy (110)

2 Land use forecasting techniques (110)



3. Trip generation (101, 110)

4. Trip distribution (101, 110)
5 Modal split (101, 110)

6. Traffic Assigmment (101, 110)
7. Evaluation {101)

1.3.1 DERIVATIOR OF MODELS FOR ESTIMATING POPULATION

AND ECOROMIC ACTIVITIES (101,110)

This task involves the development of methods of fore-
casting pepulation, eaployvwent, income and car-ownership for the

Study area or region.

The population estimating proccdures widely used in t he
past transportation studies have been hased on estabiished
techniques from the ficld of demography. The most widely used
methods in population forecasting can be placed in turee

categories: (110)

a) Trend-based methods, which employ graphical or mathematical
projection of the curve of past population growth.

b) Ratio methods, which are based on the relationship of
population growth in one area to that in another

c) Component methods, which are based on analysis of net

migration and natural population increase

The methods of forecasting economic activity for transport-

ation study purposes may be categorised also as follows



i)

ii)

iii)

iv)

v)

Trend Line Projection, which employs time series data

for the desired cconomic indicator which is to be
forecast., The process involvees fitting a trend line

to historical data,

The step-down method, which relates the economic activity
in the study area tc that of a larger cconomic region
which includes the study area

Sector Analysis, which is similar to the component method
used in population forecasting as meutioned above

The Economic Base Multiplier Method, which assumes that
the local economy depends primarily on a group of 'basice'
sectors. These are the ones whose roles are primarily
expanded to points outside the study area. 1t is asscumed
that the changes in the 'basic' sectors will generate
changes in the 'non basic' sectors of the local economy.
Past data is analysed to develop a 'muliiplier ratio' between
total employment and basic employment. Thus f furure
demands on the 'basic' secturs are estimated, a forcecast of
the local economy can be made.

The Input-Outpnt Model, which is a method that explicitly
relates the interaction of the major economic activities
which affect one another. 1t consists of statements which
equate the output (or product) of each subsystem of the

inputs (or consumption) of the other systems.

1.3.2 LAND USE FORECASTING TECHNIQUES

The distribution of the end products of the regional popul-

ation and economic forecasts to the small areas (analysis zones)

located within the region is part of the land use forecast. Since



travel is largely dependent on the spatial arrangement intensity,
and character of the land use, this phase becomes an extremely

important component of the transportation planning process.

A number of techniques hav- been developed for forecasting

land use and some of them are outlined below (110).

1 Judgement and trend analysis, which involves simple visual
extrapclation of data

2. Density-Saturation Gradient Method, in which the arca is
divided into concentrie ring zones about the high-value-
corner usually the (CBD). Regularities in  historical
land developments are observed, and curves which estimate
these patterns are developed, One then makes intuitive
judgements about the nature of further development, and
extrapolaces futuce land usage on basis of historical
patterns.

. Accessibility Model, which describes in explicit mathe-
matical form some of the factors which Influence land
development such as measure of activity in a zone (total
employment) and travel separation factors between zones
in the area.

4, Intervening Opportunity Model, which is based on the
hypothesis that the prebability of a residential cpport-
unity being choscen for development is a monotomically
decreasing function of the number of intervening
opportunities between a point within the centre of the
city and a location where a newcomer would find a site

in which to build.



5i Multiple Linear Regression Techniques, which develops an
equation of the form discussed in (Sect. 1.3.3) expressing
the measure of land use in terms of vacant land, land
value, accessibility to employment and other measures like

zone size and population.

1.3.3 TRIP GENERATION

The trip generation phase of transport planning examines the
relationship between the number of trips made and certain quanti-
fiable parameters. Scme of the quantifiable parameters usually
included are houcchold income, car-ownership, intepnsivy of land use

and distance of the origin from the central area.

Trip generation models are established according to trip
purpose, such as journey to work, journey to school or to the
shops ete; and the techniques used in the models fall into the

following main groups

L, Regression Analysis, which uses multiple regression tech-
niques to calibrate a model when more than two variables
are being considered. The general form of a multiple regression

equation is

where
Y = number of trips for specified purpose p

b I Ry Ak parameters fixing a unique linear function
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xl ...... Xk zopal planning input factors (the independent
variables) such car-ownership housechold income and other

quantifiable parameters

U is a disturbance term.

Category Analysis, which assumes that there are three
factors which are of prime importance in affecting the
amount of travel a household generates. These variables

are

a) car-ownership (101, 114)

b) houschold structure and (101, 115)

c) houschold income (101, 114)

Qther variables considered to influence the numbeir of
tcips are population, residential demsity, nature of

public transport available and the nature of highway system.

The trips are also stratified according to trip purpose
person types and whether home-based or not. The method

is further based on the assumption that a nurber of ranges
within each variable can be established in such a way that
all houscholds can be described by a limited pumber of
categories of household. A trip rate is then assumed for

each category of household.

Mode Availability, which makes separate trip generation
analysis by disaggregating the trip generation variable into
categories of modal opportunity groups. The groupings

might be as follows:
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i) individuals who have only publie transport available
ii) individuals who have public and private transport
ayvailable

iii) individuals who have only private transport available

This factor (modal opportunity group) can then he included

in either multiple regression equations or category analysis.
But this entails more work as it would be necessary to

devise a more deotailed househovld interview questionnaire to
provide the basic information on mode availability to
different members of the household at different times of the
day and for different trip purposes. Transport Accessibility,
which uses the ease of travel to and from a zone by all modes
as a parameter for estimating the total npumber of trips. In
fact all trip generation and attraction rates which are
measured at a given instant of time expiricitly or implicitly

measure the effect of trausport accessibility.

1.3.4 TRIP DISTRIBUTION

This is the analysis of the trips between zones, The trip
patterns between all zouwes for the base or survey year, tegether
with network information are uvsed to establish relationhsips
between these journeys, their gecographical origins and destinations
and the transport facilities they will use. Trip distribution
analysis can be made before or after modal split, If distribution
has to be carried out after modal split then it has to be assumed
that journey generations and attractions can be divided for each

zope into car and public tramsport journey generations and attractions.



Models used in trip distribution are divided principally
into direct and indirect models., The former estimates the number
of trips between two zones in one step; the total number of trips
generated and attracted in any one zonc may then be found by
adding the individual valuves. The indirect models distribute the
total trip generation of A zone between all the zones of attraction.
Indirect models are used in most studics at present; growth facior

and gravity models (101, 110) belong to this group of models,

Growth factor models use the base-year informaltion for
immediate design purposes and use the growth factors determined to
estimate future flows. Gravity models on the other hand analyse
the existing travel data in order to st up relationships between
trips and measures of attraction, generation and travel resistance.
The model used in the SELNEC transportation study is an example

of the gravity model,

1.3.5 MODAL SPLIT

In the analysis of the urban travel it is important to be
able to reproduce traffic flows on the transportation networks,
To accomplish this objective, it is esgential to first estimate
how people will travel, Most travel teking place in Urban zrea
is made either by private car or mass transit. Apportioning
person trips between mass transit and private transporcation is
called modal split. The modal split model is accomplished either

before or after trip distribution phase if the level of mass transit



in a reglon is not expected to be significant to the extent that
it will influence the growth structure of the area, then it may
well to employ the modal split after distribution. 1f however
the study area is well served by mass transit and the service is
expected to continue in the fulure, it may be preferakle to use

the modal split model before the trip distribution.

The parameters affecting modal split fall into two groups
those associated with the generating end of the journcy such as
journey purpose and mode availability, and those associated with
the possible routes and journey destination such #s relative travel
cost or time spent parking. Thus if modal split is Incorporated
at the generation phase it will omit journey characteristics, and
if included after distribution it will omit generation factors.
The carrying out of wodal split after distribution will therefore
mean that the rvesulting public transport journeys will have been
distributed using private car travel times (101), This error may
be rectified by redistribution of these journeys using public
transport travel timec, but even then, there must be some inherent

errors in the resultant trip ends,

Modal split models have been applied to the transport model
in one or two forms, First, by relating the number of trip ends
in a zcne to certain journey characteristics, theraeby introducing
modal split before trip distribution. Alternatively, models of
modal split could be incorporated after the distribution phase
and taking the form of diversion curves or regressior type of
equations relating the percentage using public tranmsport to the
factors individuals are assumed to consider when chocsing their

mode for a particular journey. In fact modal split models range



from simple travel time ratios between the mass transit and the

highway system, to more complicated and complex models.

1.3.6 TRAFFIC ASSIGNMENT

The next stage in the traffic estimation process after the
distribution of trips by various modes of transport between the
zones In the study area, is trafific ass’goment. Traffic Assign-
ment is the process of allocating a given set of trip interchanges
to a specific transportation system. This process may be consid-
ered in two majin parts. First, the determination of individual
routes through the network and secondly loading these trips into
the paths selected. The criterion assumed when choosing the paths

is the minimum distance, time or cost between the Lrip ends.

The required input is the complete distribution of the
transportation systuem and a matrix of interzonal trip movements,
The output is an estimate of Lraffic volumes on each link of the
system sometimes directional turning movements at intersections.
If it is assumed that there is a relationship between the volume
of traffic in the system and its resistance to Lravel then the
assigned volumes may be used to determine new patterns of modal

choice and trip distribution,

There are five basic purposes for assigning traific to a

network (121). The assigmnment facilitates:



L. The assessment of deficiences in the existing transport-
ation system by assigning the present distribution of

trips to the existing system.

Zi Evaluation of the cffect of limited improvement by assigning

estimated future trips to the modified network

i Development of constructional priorities by assigning

trips predicied for intermediate years.

&. Testing of alternative transportation system proposals

3. Provision of design hour volumes and turning movements

This dissertation Is largely concerned witi aspects of traffic

assigoment, wvarious techniques of which are discussed in

Chapter Four,

1.3.7 EVALUATION

On completion of the traific forccasting process, the

results must be examined @n' evaluated (101). Evaluation can

be considered under four headings, numerical, operational,

environmental and economic evaluaticn.

The numérical evaluation checks the computational validity

of the forecasts; the aim being to cnsure the output cbtained



from the traffic forecasting process preclsely reflect the input
assumptions. 1In carryiug out Lhese checks, attention is usually
directed particularly towards programming e¢rrors and errors from

input information.

The operational c¢valuation checks if a proposed network
adequately satisfied the forccasc travel patterns. That is an
attempt is made to answer the following questions; Can the
roads take the traific without unreasonable delay? Will the
conditions on the railway network be acceptableor will the trains
be grossly overcrowded? This of course depends upon a detailed
examination of the traffic flows and travel specds on different
parts of the network and an understanding of the capacity

limitations of different types of transport system.

The next stage of evaluation ig environmental., Environ-
mental evaluation is to a large extent a matter of judgement and
it would be impossible to lay down hard-and-fast rules appropriate
to all circumstances, AL the moment techniques for measuring
the effect of transport systems on the envircament are not well
developed but the most serious effects of lncreased traffic
clirculation may be taken to be noise, visual intrusion , severance,
vibration, pollution and danger to pedestrvians, Before any
proposalis rejected on environmental greunds, therefore, two
specific questions must be answered. The first is, if we reject
the plan, are we sure that tie best alternative (which may in
fact be the do nothing at all) will not have an even worse cffect
on the environment? The second is, {f we reject the plan on
environmental grounds, is the environment worth the entire cost

incurred to ensure its preservation?
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Economic evaluation attempts to find the best network,
where the best network in cconomic terms is defined as one which
for a given budget constraints ylelds maximum benefit to the
community by minimising the cost of travel, Costs in this
definftion incluvde the cost of accidonta capital outlay for
improvements and new facilities, together with land costs and
maintenance costs, Benelits are measured by savings in
operating costs, journey time savings, and a reduction in the
number and scverity of accidents. Detailed discussions on this

subject can be found in reference (101).
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2, MODELLING THE PRIVATE TRANSPORT HIGHWAY NETWORK

2.1 NETWORK REPRESENTATION

The choice of sections of the actual network to be included in
the analysis is entirely at the discretion of the engineer and depends
upon the size of the survey and the purpose for which it ie required,
The main purpose for which network descriptions are used are: to
facilitate the derivation of information on the relative time or cost
of travel by alternative modes £o that the trip distribution and modal
split analysis can be carried out, and to assign to the most appropriate
routes the elements of the matrix of demands for movenent. Local streets
are usually omitted because their inclusion will make the network
unnecessarily complicated and since they only distribute the traffic
locally the flows on them will be insignificant. %ue usual practice is
to analyse the primary and secondary distributors only but care must be
taken to ensure that where sizeable flows have diverted to local streets

to avoid areas of congestion, the local streeces are included,

2,1,1 NETWORK DESCRIPTION FOR COMPUTER ANALYSIS

This dissertation ic¢ concerned with the assignment of traffic to
the private transport network heace the discussions helow have been largely
restricted to this network., However, it might be useful to mention here
that the public transport network difrers from the private transport
network in that it comprises a system of fixed services following

specified routes at predetermined frequencies,

2,1,1.1 NETWORK FOR PRIVATE TRANSPORT

The highway system for private transport is defined by a series
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of links and nodes, A link is usually described as a length of road
which has no major intersections (204). There are two types of nodes -~
intersection and centroid nodes. llowever nodes usually represent a
junction at the intersection of a number of roads except in the R R L
method (226) as described later. Links are generally one-way but when

there are no capacity considerations they may be two-way.

A study area is divided intc several traffic zones. The aim being
to define areas of uniform traffic generation and attraction, This
greatly simplifies the trip generation/attraciion prediction process.

The traffic to and f.om each zone is considercd to be generated and
absorbed at a particular point in the zonc called the =zone centroid.

The zone centroid represents the cenlre of gra ity of traffic movement in
the zone, Its location is in practice deteimined either by analytical
means or by experience. When the centreid is not o» an arterial 1l.k

(and in many programs e.g. the TNET (224) weodel, the centroid is not
allowed to lie on the network) it is connected to suitable netwerk links
or Intersection nodes by means of dummy links with zcro length and journey
time inserted. The concept of traffic originating at the centroid of a
zone is unrealistic, and it is impossible because of the expense of
computer time, to ascign a percentage of the originating or arriving
traffic to all nodes in that particular zone. Minimum trees would then

be required between every pair of nodes in the network rather than between

every pair of zone centroids,

An alternative method of network representation has been developed
by the Road Research Laboratory (226). 1In this method, the nodes are
placed at the centre of each road and each link represents the time taken
to travel from road centre to road centre, Since there is now a danger

of calculating roads which proceed to their destination by a series of
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U-turns, each side of the road is signed and a minimum tree algorithm
(section 4.1) constrained so that each route will enter and leave each
road centre at the some side of the road, This representation requires a

larger amount of storage four the basic network, but has four main advantages

i) Turning penalties are included automatically since journey times are

measured across the junetion.

ii) All turning volumes at all junctions are found immediately, since each
link represents a single turning movement. The flows along each road

easily found.
iii) C and Q turns are handled without any difficulty,

iv) Banned turns are simply represented by giving the particular link

infinite journey time,

2,1.1.,2 REPRESENTATION OF INTERSECTIONS

For traffic planning and design «f intersecticns, the amount of
turning traffic in each direction is normally required. The network
description for computer analysis may be designed to movements at selec . ed
junctions, It is essential to make selections 2s economically as possible,
Finer representation will entail a greater number of network links and
nodes which will increase computer time, This statement does not apply

where nodes have been located at the centre of traffic links (RRL method).

Although the additional time required to pass through an existing
interchange may be easily found, this is not necessarily so for planned
intersections. When the precise nature of the intersection is not vet
known an estimate of the time increment must be made. By indexing the

end of each link with a sign and adding a penalty (say 30 seconds) to the

minimum free everytime a sign change is experienced it is possible to
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impose a global turn penalty (204), 1If a particular movement suffers
long delays the delay can be represented by inserting an extra link., A
better technique recently developed,is to code the exit type at the end
of each link and tabulate the turn penalty for each interceection type,
e.g. refercnce 226, banned turns are easily dealt with in this way by

coding the particular turn as having infinite delay.

The travel time through an intersection has quite frequently
been included in the travel time of the link. This means that no
distincticn is made between different paths through the intersection bhut
a common increment corresponding to a certain distribution of turning
movements is assumed, When this is so, routes having only a few inter-
sections are favoured. This is desirable when it is thought that
travellers choose routes that pass through as few intersections as possible.
When declay deoes not depend on traffic movements specifically the
possibility of zig-zag routes is opened up. This is particularly

apparent in the grid networks that are common in American cities,

2.2.2. PUBLIC TRANSPORT NETWORK DESCRIPTIONS

This dissertation is not really concerned with public transport
network but the following is included to demonstrate the principal

differences becween the public and private transport networks.

Public transport network differs from the road network in that it
comprises a system of fixed services following specified routes at
predetermined frequeacies. The links and nodes may be defined as usual
but the network will consist of a number of individual publie transport

services, each service being described by the nodes it passes chrough,

the time between nodes and the frequency. A minimum time between any one



node and another will be found in a similar manner to that described for
the private transport network, except that the total time will consist of
both link travelling time and waiting time. TIn addition time penalties
may be added for interchanges between services at certain nodes, to

prevent trips being made on routes composed unrealistically of many service

clements,

2.2 SPEED-FLOW RELATIONSHIPS

The network deseription is not fully cowplete until the network
elements have been described in terms of length and speed or fixed time
(cost) penalties depending on the method of assignment being used. For an
iterative capacity restraint method it is essential that each link has a

characteristic speed/flow reiationship.

Hordrop (203) observed in 1952 that incre=ses in the amount of
traffic gencrally produce corresponding decreases in speed. He further
defines link capacity as the flow at which the minimum acceptable average

journey speed is produced.

The journey time is dependent on both intersection and link delays,

In geneval TAB (the journey time) may be expressed as

xAB + lAfrA where

xAB is the intersection dzlay

LA is the length of link A

r, 1is the running speed along link A.

A
1t is extremely difficult and costly to incorporate detailed analysis of
intersection delays into a large transportatioun study network. This may

be overcome by considering a journey time per link which includes some
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allowance for the intersection delays along the link, Wardrop has
agsumed that most of the major intersections causing delay in an urban
area are controlled by traffic signals of the vehicle-activated type.

These act like fixed time signals under congested conditions.

He found that running speed

Vg = a(l-%)

and that the delay per intersection
(@) = b(l-q/LS)

where I.S iz the absolute capacity of the junetion, a and b are constants,

g is the flow on the road in both directions and Q is the capacity of the

road, With 'f' intersections per mile and a journey spred of 'V' m.p.h

then 1/V IIVR + £.d.

L}

1/(a(l - q/Q)) + £.5/(1 - q/Lg).

Hence a journey time for a link including delays at intersections along

the link muy be readily found using calibrated equations,

The running speed and intersection delays d-pend on euvironmental
and traffic conditions. Of course, every street provides a different
level of service and it would be an impossible task to estimate the
running speed and delays along every link in a large network. For this
reason, attempts have been made to relate speed under free and congested
conditions to the typc of road its location., Furthermore, Thomson (210)
has described area speed/flow relationships for Central Leondon, This
was intended as an aid to major policy decisions concerning transportation

investment but may be of use in network assignment. For these formulae to

apply to towns with characterisitcs different from those of London, it
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would be useful, ideally, to modify them to cover a range of values of
road widths, number of intersections per mile and absolute capcity factors.
Since this is not a simple matter, the D 0 E (209) has suggestted that

v = 31 . Q:7q + 430

for most general cases the equation should be R
3w

or 24 m.p.h whichever is less where Vp = running speed, in m, p.h, q =

flow in p.c U/hr and W is the carriageway width in feet.

2,21 THE SPEED/FLOW CURVE

This is an attempt to relate the number of vehicles that pass a
fixed point on a link in a certain time perjod to the average speed at
which these vehicles move. Much research has been conducted in the field

and the vesults in the main indicate a speed/flow curve of the form shown

below.
A
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FI1G,2.2.A THE SPEED/FLOW CURVE

AB represents the normal speed/flow relationship; as flow slowly
increases the speed drops. BC is an unstable region in which speed may

either be higher or lower at a given flow and CD is the region of forced
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flow. Here traffic moves unnaturally at a slow pace due to congestion

at another point in the system.

Within the range of zero and capacity flows traffic may bc
travelling at one of two speeds. Obviously it is impcssible to predict
the peed at a given flow without knowing it to be normal or forced. For
direct prediction another form of the speed flow curve must be used that
does not give rise to ambiguity. Some of the forms currently used are

discussed in the following secction.

2.2.2 REIRESENTATION OF THE CURVE FOR COMPUTER ANALYSIS

In practice the speed flow curve is usually represented
authentically in the region of flow up to limiting capacity caly. At
or beyond thie point total travel time becomes infinitely large and

traffic is forced into alternative routes, The curve AB is shown lbelow.

A

hﬁh_hhﬁ“““ﬂaﬁ

SPEED

(A

FI1G.2.2.B PRACTICAL SPEED/FLOW CURVE

A variation on this curve currently use by the D 0 E (209) is
indicated by the line AC. At flows greater than capacity the travel time

increases by a large amount for relatively small changes in flow. It is
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assumed that additional delays incurred at high flows result from queueing
time at link ends. This being so, the end result may be the same as that

for curve AB.

The IMPACT model used by Outram (208) employs a waiting time

function to reflect the time spent queueing. This has the foirm

g = Scf(l + Sc * T/2 * N ¥ L * (r/C - 1))
where g = speed on the link
gc = speed at capacity C
L = length of the road
N = a constant
T = time on the link

¥ = flow on the link

Generally, considerations of qucueing time is an uncommon
refinement and a basic curve of the form AB or AC ouly is used. The
network links are divided into Eroups, each group having a certain speed/
flow relationship. The basic parameters are usually free flow speed and
limiting capacity. For high speed roads a typical design speed is 100 Km
hr, for local distribution roads in towns the design speed may be only
50 Km/hr. Free flow speeds are taken normally to be about 90% cf design
speed. The capacity of a motorway is typically 2400 pcu/hr/lane, that of

a local distributor may be 600 pcu/hr/lane.

2.2,3 THE USE _OF SPEED/FLOW CURVES

In capacity restrained assignment methods the speed/flow curve
may be used to match link speeds and flows after loading the traffic.
The resultant speed will normally be that indicated on the characteristi

curve at the assigned flow. However, as an aid to convergence of the
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process this speed mzy be modified, Techniques for this purpose are

described in Chapter 4.

2.2.4 THE DOE ADVICE NOTE 1A SPEED/FLOW RELATIONSHIPS

The DOE circular advice note la (209) was issued in November
1971. It contains six different forms of curves for use on Urban voeads

(see Fig. 2.2.C).

Generally the curves have been split into three components.
Speed is assumed constant up to a limiting free flow and then decreases
at a constant rate to a lower speed at limiting capacity. Beyond limiting
capacity, speed is assumed to decrease at a slower rate, This portion of

the curve is represented by the following formula

V=V /(1 + v, /(8.L).(E - 1))

where V = speed at demand flow Q(Q Qg, the limiting czpacity)
V.= speed at limiting capacity (lem/hr)
L = link length (Km)

E = Q/Q. where Q is the demand flow (pcu/hr/land).

Road types to which the relationships apply and iimiting flows

and specds arc shown in the table below.
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Curve
No.

Road type

Free Flow

Speed

Flow

Limiting
Speed

Capacity

Flow

Dual 2/3 lane
motorway

Dual 2/3 lane
A P road -
limited access

Dual 2/3 lane
AP road -
restricted capacity

Single 2/3 lane
A P road -
Quter arca
Single 2/3 lone

A P road -
Intermediate area

Single 2/3 lane
A P road -
Inner area

80

65

50

35

25

1700

1400

600

500

350

250

66

56

30

25

25

15

2409

2200

11co

1000

600

500

S

sveed

TABLE 2.A

Loy

*

FIG, 2,2.D SELNEC SPEED/FLOW CURVE




&:2,5 THE SELNEC MODEL SPEED/FLOW CURVES

In the SELNEC assignment model the speed/flow curves were of the
general form (223);

52=as-bF I R I R I S oon-laanlq.oo-‘lcno(zoi)

where S was the speed on the link

F was the corresponding flow
and 'a' and 'b' were constants which were characteristic of the type
of link invelved, that is, they allowed variation in speed/flow curve

for different road types, road width, and link lengths,

The relationship is shewn diagramatically in fig.2.2.D by the
curve ABCDO, The realistic portion of the curve was ABC which represented
the situation in which speed fell from a maximem of SM (at minimum flow)
to a lower limit 8M/? where flow was an optimum FM (= capacity). Under

these conditions 'a' and 'b' have the following values
Sm 2
4 ¥M

a=§ and b =

In reference 223 Qucram reported that the survey data was analysed by J.
Smith (VR PC) and speed/flow relationships produced for each of the seven
types of road classifications (see table 2.4) employed in the study. In
these relationships 'a' was assumed (o be a linear function of the road

width and road length, so that equation(2.1i)became
82 = 8(a,W + a,L 4 a,) - bF (2.ii)
1 2 3 ® % 8 A " » ® s oo - ® 8 ® 8 = 9 -

where W is the width of road, L is the length of road and dgs Ay, a, are
constants, The values of these constants are given as shown below in

table (2.2).

So far non-congested road conditions have been assumed., In order

to assign a speed under flows which exceeded capacity, it was assumed that
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the average link time would be the sum of the time under optimum condition:
and a waiting time to represent the time spent queneing at link ends,
Queue length is proportional to the difference between the assigned flow
and the optimum flow (F - FM) and since vehicles would clear the junction

at the maximum flow rate F the waiting time was assumed to be

M?
proportional to (F - FM)/FM, i.e. F/FM - 1. This gave rise to an implicih
speed correctien proportional to 1/(F - FM) where T FM’ Thus tha final
part of the curve was hyperbolic in shape. The waiting tw is represcnted
by

L =t (F - FM)

where F is the assigned flow and, t0 a walting time constant.

It would be vunrealistic to add a large waiting time to the trip
at every stage of a journey because congestion at one point would relieve
congestion at a subsequent point. Consequently t, wes made of a level
éo that the individual link waiting times added to a »ealistic cvarall

trip waiting time,

Since the calibration of the above model further imprxovement has
been made in other versioms, Particularly significant is that carried

out by Outram (208) on queueing assignment.

The values of the constants employed in the speced/flow relationsh:

. are as follows TABLE 2.B
Route Lyp: ay a, 2, b Description

1 2.0 3.0 25 0.12 Motorway
2 2.0 3.0 25 0.12 Limited access roadse
3 2,0 3.0 25 0.12 ) Access roads to and
4 2.0 3.0 25 0.12 ) from Motorways
5 0.75 1.0 15 0,055 Two way streets
] 1.0 2.0 20 0.09 Dual carriageway
K 2.0 1.0 15 0.055 One-way street
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2.2.6 SPEED/FLOW RELATIONSHIP AS USED ON THE MALTS STUDY

A preliminary inspection of the journey times collected in the
survey, to investigate the effect of congestion on route choice, indicated
that the free flow espeed of traffic varied throughout the study area and
differed depending on whether the road was radial or circumferential. On
the strength of this analysis, the following free flow speeds (idealised

travel times) were adopted for the purposes of analysing trips (225).

(i) down town links 12 m.p.h,
(ii) intermediate radial links 25 "
(iii) intermediate ring links 20 "
(iv) intermediate dual coarriageway links sc
(v) outer radial links 35 =®
(vi) outer ring links 30 "
{vii) outer dual carriageway links 40 "

The variation of speed with flow was examined for each of these
categories using the device of speed density curves to provide a clearer
definition of the limiting points in the speed flow curves. This
analysis was limited to links on which the proportion of heavy vehicles
and buses was less than forty percent and for which density values could

be calculaced from at least welve observations.

Attempts wore also made to account for the loss of road space due
to kerbside parking. In this case an allowance of seven feet was deducted
from the half width of roads where parked vehicles existed in the peak
hour. For each categery of road, speeds were then plotted against density
measured in vehicle/mile/foot width of carriageway available in the

direction of movement.

In the case of dual carriageways, the spceds on isolated sections
" i Jii e o |
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of limited length were seen to conform with speeds on the adjacent two-way
links. This inplies that the widening of short, isolated length of roads
does not increagse the traffic speed but merely reduces traffic density;
Discounting these links it was then apparent that radial and ring dval
carriageways could be grouped together. Also no sufficient difference

could be detected between one-way and two-way streets in the city centre.

Accordingly, regression snalysis was made of the relationship

of speed and density for four groups of links,

(i) Down town links

(ii) two-way radial links

(iii) two-way ring links

(iv) dual carriageway radial and ring links

]

The limiting density equivalent to a stationary queve of traffic was
assumed for this analysis. The resulting speed/density relationchips
were used together with daka on the performance of motorways preczentod

in Highway Capacity Manual, to develop a family of speed/flow curves,

Mathematically, the form of these curves can be approximately

represented by the fnillowing equations

(v %) pyorlvw D2 4 B 8

t =
wvhere t = travel times in mins/miles
V = volume in p.c, /ft width/hr

and CX\,{B ¥ Gad c{ = constants
The values for X ,3 , g‘, & shown below have been calculated for
i

each road type to give the appropriate speed for assignment,




s I

CURVE TYPE &8 /f{ ﬁ

L 0.10 L.00 240 3.5
2 0.10 2,40 430 78
3 0.10 2,25 330 2.3
4 & 6 0.10 3.24 650 1.8
5 0.10 6.76 840 1.3
7 0.10 8.40 1000 1.1
8 MW 50 0.11 6.76 1300 1.0
9 MW 60 0,10 2,56 1300 1.0
10 My 70 0.10 4.41 1400 0.7

TABLE 2C CONSTANTS USED IN THE MALTS SPEED/FLOW RELATIONSHTPS
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LINK TYPES

DESCRIPTION OF THE LINK

MALTS SELNEC DOE
1 7 7 Down town links
2 6 6 Intermediate radial links
3 5 5 Intermediate ring links
4 6 6 Intermediate dval carriageway
links and outer ring links
5 3 3 Outer radial links

T:BLE 2.D DESCRIPTICN OF THE LINK

TY PES

AS USED IN MALTS AND SELNEC

SPEED /FLOW RELAT IONSHIPS

LINK TYPE ROAD FFS FFL LG Ve
WIDTH Mph P.c.v/h P.c.v/h Mph

1 40 12 500 1000 9

2 30 25 550 1100 15

3 24 20 400 750 15

4 40 30 600 1700 19

5 40 35 1100 2000 19

TABLE 2.E

LINK CHARACTERISTICS
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LINK TYPE CONSTANTS
SELNEC MALTS Al A2 A3 Ab
7 1 2.0 1.0 15 0.055
6 2 1.0 2.0 20 0.09
5 3 0. 75 1.0 15 0,055
6 4 1.0 2.0 20 0.09
3 % 2.0 3.0 25 0.12

TABLE 2.F

SELNEC SPEED/FLOW CONSTANTS
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3. ROUTE SELECTION CRITERIA

In practice the network offers many routes between one zone

and another yet it is unlikely that all available routes will be used.

It has been observed also that not all travellers follow the same

route between two points. This may be explained by either or both of

the following reasons:

(a)

(b)

Alternative routes are evaluated differently by

different persons. (313)

In congested conditions driveis react in such a way

that & state of traffic equilibrium is reached. (313)

However, the factors affecting the choice of route are related to the

three classical elements of traffic engineering.

(A)

(B)

()

The roac and its enviroament.

The major factors are:

(1) the trip distance;

(2) the travel time;

(3) fees e.g. tolls o toll roads;
(4) the type of road;

(5) the traffic flow condition

The Vehicle characteristics e.g. local by-laws often
exclude vehicles exceeding a specified weight from

certain streets.

The subjective element in the choice route . Drivers

place different values on road characteristics depending

on their age, sex, temperament, personal status, etc.
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3.1 BEHAVIOURAL CIOICE

Most drivers in urban areas are subjected to similar pressures
and on average they will react to a traffic eituation in much the
same way. But it should be remembered that not all drivers are
equally familiar with a locality. Commuters who trzvel between the
same origin and destination every day may have developed far more
local geographical knowledge than the occasional traveller. In a
holiday area visitors are likely to keep on well sign-posted routes

whereas local commuters make use of their local knowledge.

Generally it is assumed that drivers attempt in their own minds
to mintinise journey distance, time or cost. A recent investigation in
Newcascle (301) illustrates this well. There the chosen routes for
home based work trips by private car were compared with calculated
minimum routes. In all, six different route choice criteria were used;
they were journey tiwe, journey distance, journey cost (both total cost
and perceived cost) and two congestion time factors., The first factor
was the ratio of excess actual journey time divided by actual journey
time. The second facter differed in that an attempt was made to relate
congestion to link characleristics. It has been suggested that traffic
flows may increase substantially on a link without causing a large
reduction in journey speed and so the first congestion factor criterion

was considered a little too sensitive for the route selection process.

Some work by Benesh (307) in the U.S. on the relative accuracy of
time and distance criteria led to the conclusion that routes are chosen
g0 as to minimise a function of both time and distance. In four studies

he found that a third of travellers attempted to minimise time while two




thirds minimise distance but he further suggested that this approach
be investigated more fully to find out whether the fornula is
universally applicable. Later work conducted in Italy (308) demonstrated

that drivers on longer journeys attempt to save time rather than distance.

J.1.k, WARDROP'S PRINCIPLES

When the effect of some future improvements of a road system is
to be judged, some estimate must be made of the distribution of traffie
on the various roads affected including not only new roads but all
existing roads from which traffic may be diverted, This is usually
done by making some rather arbitrary assumption about speeds on the
new roads, and, given the results of an origin and destination survey,
by assuming that every vehicle will travel by the auickest route.
However, it has been seen thac speed is a function of flow, go that
redistribution of traffic upsets the pattern of speeds. The problem
is to discover how traffic may be expected to distribute itself over
alternative routes, and whether the distribution adopted ig the most
efficient one. It is therefore, worthwhile to consider the theoretical

aspects of this problem as postulated by Wardrop.

Consider the case of a given flow of traffic 0O, which has the
choice of D alternative routes from a given origin to a given destination,
numbered 1, 2 .... D. Suppose that the flow Q is divided amongst them

so that a quantity q; follows route i. Then:-

D
. 20, i=1,2....Dad = q. =Q.
1 i=1 1
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The problem is to determine q9; subject to these conditions,

Suppese that the speed&low relaticn is linear on each route in
the range of flows considered, and that the flow on route i is qi‘ before

the addition of q;- Then if Vi is the speed on route i Vi = a, - ai’

' 1

g are constants for route i, depending on

(qi + qi) where a, and a

street widths and intersections, etc. 1f 1i is the length of the

route, the journey time is:

1

t - '

E N
i a, - a (qi F qi)

This may be written in simpler form:

t, = Gl Feaaas K1)

wvhere bi and p; are new constants depending on 11, a;, ai' and qi'.
It ie interesting to note the similaricy of this expression to that for

average delay at fixed time signals.

Consider two alternative criteria based on these journey times

which can be used to determine the distribution on the routes as follows:

(1) The journey tirne on all recutes actually used are equal,
and less than those which would be experienced by a single

vehicle on any unused route.

(2) The average journey time is a minimum, The first
criterion is a likely one in practice, siunce it might

be assumed that traffic will tend to settle down into
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an cquilibrium situation in which no driver can reduce his journey

time by choosing a new route.

On the other hand the second criterion is the most efficient
in the sense that it minimises the vechicle-hours spent on the journey.
In practice of course, crivers will be influenced by other factors such
as the state of the roads and the cowfort or discomfort cf driving in
general, However, it is clearly difficult to allow for these psychologica

factors. Let's consider each criterion separately,

3.1.1.1. PRINCIPLE OF EQUAL TRAVEL 'TIME

The problem can be stated as follows. Given Q, bi’ b2 AT bD’

P, P, ....... P and the relation (1), which routcs must be used so

£* "2 D

that the journey time is the same on each, equal to t; say, and t is
less than the journey time which would be experienced by a single
vehicle on any other route used? Also what ig the value of t? Suppose
that bl i b2 & .......(bD. Any one of these quantities bi is the
journey time on rcute i when additional flow q; © 0. Suppose that

bj <ED bj + i for route number j. Then clearly only the first j
routes must be in use, for equation (1) shows that the journey time on

any route i cannot be less than bi. On the other hand, all of the

first j routes must be used. It follows that:
(1.-=L) wvheret =i, 2 ) (2)
93 P -5 where £ =1, 2 ..... }

these equations being obtained by rc-writing equation (1). Summing

over the first j routes gives:
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- % = p; b, sogse 03D

i=1 :

o
n
M=
o
L

fobe
n
H

This equation gives the value of Q for which t is the appropriate journey
time, If Q is calculated for each value of t, it is possible to find
the solution to the problem by picking out the value of t which corresponds

to the given Q.

3:1.1.2 PRINCIPLE OF MINTMUM AVERAGE TIME

In this case the problem is as follows. Given Q, bi’ b2 cen e

bD’ Pl’ P2 ceecens PD ar before, find q;, 95 +v... 9 satisfying the

conditions such that the average journey time T is a minimum.

Now | = e ,qi - sammene G
i=1 Q

Note that if Zi is the averapge nunber of additional vehicles on route
D
i at an instant then Zi =q ti. Let Z = zi be the total number

of additional vehicles on the routes.

then T=

21N

Now the criterion considers that T should be a minimum, Since Q is
constant, this is equivalent to Z - the total number of additional

vehicles en route being a minimum.

Suppose that the solution has an additional {low 9 on route i,
i=1,2.....D. Then if i and j are any two routes in use, the value

of Z must not be altered by the transfer of zn infinitesimal of fleow

J; from route i to route j. This means that:
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a (q.t,) d (q.t.)
d (q;t; i e R ———— (6)
Hence d (qiti) = €& SRS R
dqi

for all the routes in use, where {? is a constant iadpendent of the

route number. A route j will not be used if f d gt 3 5 B,
dq. "“
i

for in that case, transfer to it if an increment Sq frem any route in

use will increase the value of Z.

d(qiti) bi
Now et B er— 2
aq; El - qi
= 3

and so d (qiti 1 o
,_,EEI___

Thus if bj < F £ b.i o only the first j routes will be used.

Hence 1 - gi = bi
Pi €

and s0 P, - q, = P ;EE- where 1 = 1, 2, ...... ]
y €

Summing all over j routes gives:

There it can be shown that:

e v \
T = 1\li=1 ' - = P, b,
— -— — - - i
Q L i=1
= P, -Q
f=1 1
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And the distribution of flows is given by:

J {b"
= = Ean =
L pnl f’":lp Q\.h
r e Banas
= P b
=1 /
q = 0 B = £3 #1)y socane D

The result of using the two methods in calculating the average journey
time is illustrated in Tig. 3.1 The plot is on inverse scale, It
could be seen that the advantage given by the minimum average method

is not very great in this case.

k. 2 MEASURES OF NETWORK RESISTANCE

The important point considered here is what measure of network
resistance should be used in assessing the way in which zones should be
ranked away from a zone of origin., In mrst transportation studies
distribution models have used travel time. However, a better measure,
the total journey cost to the traveller, pehavioural cost or perceived
cost, may include both the munetary cost of travel and more subjective
factors such as comfort, convenience, md the value placed on the
passenger time. Although perceived costs should ideally be used as
the measure of travel resistance on & link, they are difficult to use
in practice because of the problem of associating values to some elements
of total perceived costs, such as the value placed on different standards
of comfort and convenience. Most earlier transportation studies have,
therefore, developed route choice procedures simply using travel time

as the measure of travel resistance on each link and at each intersection.
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This has the advantage of being relatively simple to measure and
also appears to be one of the more important variables determining
route choice, However, in this country nmowadays behavioural cost is

the measure of geparation most frequently used.

In diversion curve assignment (section 4.3) measures of network
resistance have been chosen from travel time, distance saved, travel
time ratio, distance ratio, travel time and distance saved, distance
and spced ratio, or cost ratio. It must be noted that these variables
used in diversion curve assignment apply only to two alternative

routes for each zone pair.

S ki EVALUATION OF COSTS

Much work has becn done in this field., Burrell (310) suggested
that car drivers attewpt to minimise their cost of travel, but owing
to their lack of knowledge of the ctate of the road network and variations
placed on values of time, distance and other factors, routes other than
the minimum cost paths are used. Multiple routing techniques which try
to express this variability mathematically have been and are being
developed (305). An expression for trave! cost will generally contain
both time and distaace, Overgaard (303) has combined them to form the

cost furction (in time uynits) as given below,

cC = t + 2 * L

Where t is the travel time in minutes and L is the distance in kilometers.

Here the factor '2' means that one kilometer corresponds to two minutes;
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it may of course take any relative value. Expressed in cost units

the overall cost function becomes:
C = ¢Cd *# D + Ct *# T + Ck

where C 1is the cost of using a given route
Cd is the travel time in cost/mile
D is the distance travelled in miles
Ct is the cost/minute
T is the journey time (minutes)

Ck 1is the lump sum to cover fixed charges (e.g. road tolls)

This is the basis of the generalised cost function 2s used in the SELNEC
Study (302). There, allowances were made for travel by different modes
and the generalised cost can be represented as fellows:
k k k k k k _

e

= - P
cij &l t1j+82 Cij+a3dij+ j+

where k is the mode of travel betweea i and j
tfj is the time talen to make the trip
d;: is the distance travelled to make the trip
P: is ihe terminal cost at j (e.g. parking)
k

is the modal handicap (or penalty).

The values of time, ap and a, are assumed to be proportional to income

2

and will, therefore, rise at the same rate as the growth in incomes

k
@bout 3% per annum). The other weighting component, a,, the perceived

'j'
cost of travel per mile is assumed to stay constant at 1966 prices

provided that petrol costs increase at the normal growth rate. This
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is certainly reasonable for car operating costs but is doubtful for
public transport fares. The SELNEC value of time is based on Quarmby's

(312) paper on work at Leeds.

If these constanis arve introduced directly in the measurement of
impedance defined abeve, the eifect will be to increase the impedance
with the increase in the value of time. This is thought to be an
unreasonable hypothesis as it would imply that people travelled shorter
distances. Hence a more reasonable hypothesis will seem to be that as
income increases the relative importance of the direct cost component
decreases; this is thought to be best expressed by measvring impedance
in 'time-like' units. The cost function for forecasting purposes ic

expressed as:

k k P k " k k k
Gy = E .t 4e ¢ 3 dy +B 44
ij al. ij 51 a,l al

where the values of time, &1 and az, are assumed to grow at the same

rate as real incomes (3% per annum).

3.2.2. THE VALUE OF TIML

Transport planning is concerned with the future. It is, tnerefore,
important that modelling techniques have built in flexibpility to allow
for changes in socio-economic factors. One of these factors, the value

of time, is of extreme importance in the assignment process.

The generalised cost function used in the SELNEC study has been

mentioned above. On observation it will be seen that an increase in real




income and subsequent rise in the value of time will tend to depress

the distance component (Cd * D) if {ixed costs of operation are assumed.
Conversely, a fall in the real value of time will elevate the distance
comfort's importance in the overall generalised cost function. 1In a
stagnant economy where incomes retain the same real value but operating
costs increase in time, the distance component will again gradually

assume greater importance.

Although experience has shown (304) that in urban areas diversity
of activities results in relationships betwcen peak and average daily
volumes, which are relatively stable, it is nevertheless to be expccted
that differing categories of trips and land use w:ill have differing peak-
hour characteristics. Lane, Powell and Prestwood Smith (304) have argued ti
in peak-period when travel! demands are greatest, the effect of congestion
is critical and assessments cf its effects on modal split, distribution
and generation as well as ascsignment are essential. Therefore, in order
to synthesise correct conditions of considerable ccagestion the whole
transport model is run for peak and off-peak conditions. This procedure
encounters model dif{ficulties besides additicnal computation. For
example, travellers in thes peak periods are prepared to suffer greater
discomfort and travel costs than in off-peak conditions, Whilst these
effects may be synthesised with particular speed/flow relationships,
distribution functions and assignment algorithms, actual conditions
are not simply divided into peak and off-peak categories. There is a
continous change throughout the day, TFor the present until new foims
of synthesis can be achieved, perhaps using some incremental procedures,
examination of traffic variations are usually restricted to two or at
most three peak and off-peak periods. In many studies (304) the practice is

to divide traffic into three components, peak-time traffic, average
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daily traffic between the peaks and off-peak (evening, night and

early morning) traffic.

For these assignments time-cost indices reflecting both working
and non-working time values are used. In conputing vehicle operating

costs, Dawson (308) assumed that 17% of car travel is in working time.

Most commercial vehicles may be assumed to be travelling for reward
but public service vehicle passengers are not generally assumed te be |
& work., For a traffic composition of 80% private cars, 10% P.S V's |
and 10% commercial vehicles approximately 23% journeys may be assumed

to be occuring in working time.

From Quarmby's (312) work and the DoE's recommerdation it ie
assumed that the value of time is related to the rate of renumeration
for that time. Since most transportation studies obrain and use
information about households, it is usually ccnvenient te express
working time as a percentage of household income, Current value of
average working time is about 90 p/hr. The nca-working time is normally
taken as between 25-33% of the value of working time. The DoE assumes
that the real value of non-working time will grow that 3% per annum
while the working time values are expected to rise at 3%™ per annum.
These forecasts may not however, hold in the light of the present

inflation and world economic depression.

3.2.3. VEHICLE OPERATING COSTS

A meaningful relationship for evaluating the vehicle operating

costs can again be attributed to Dawson (308). He concluded that feor an

average traffic composition of 80% cars, 9% vans and light commercial

vehicles, 9% heavy commercial vehicles and 2% P.S.V's the cost per vehicle
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mile was, in 1970:

1.82 + 76 + 0.0(108?\!(:2 pence
Ve

where Ve is the speed in m.p.h. The relation was derived from studies of
fuel consumption which showed that it could be expressed by a formula
of the form:

b 2

Cost per vehicle mile = a <+ Ve + C Ve

where a, b and ¢ are conatants.

In addition accouni was taken of depreciation, lubrication, tyre

costs and maintenance.

This relatively complex relatiraship betwecn speed and cost
introduces further complications to tiie iterative asdggnment process,
However, transportaticn studies have normally assumed an average vehicle
speed. In the urban area for example, the avevage speed usually assumed
is about 20 m.p.h. and the single cost per vehicle rmile is used throughout
the study. For the work therein the author imiends to use the ccst per

vehicle mile of 5.5 pence.

3.3 COST VERSUS TIMZ FUNCTIONS

The traveller is assumed to choose his route of travel by his own
perception of minimum 'cost'. However, the perception of travel cost
rarely matches the real cost of travel. Often the perceived cost of
travel may include such intangible items such as comfort, frequency and
convenience. This problem is particularly significant in consideration of
chocice between modes. This consideration is becoming increasingly important
in urban transportation. As a matter of fact, Lane, Powell and Prestwood

Smith (314) record that travel time is as good a measure of travel resistance
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as any. An additional advantage is that travel time is easy to measure
and does seem to be the predominant element in route choice at the same

time.

Warner (315) in his modal split model used among other independent
variables the cost ration and time ratio. On the other hand Lave's (314)
behavioural model which has an equation in the form of Linear Probability
function uses cost differences, time differences, cowfort etc.,, as the
independent variables. This means that cost and time differences, and cost
and time ratios are good criteria for route selection by Quarmby (312) who
used a similar method to Lave's adamitted that the best method of describing

cost and time factors is in terms of differences rather than ratios (316),



4, TRAFFIC ASSICNMENT

4.1 HISTORICAL DEVELOPMENT OF THE TRAFFIC ASSIGNMEN! PRCCESS

The subject of traffic assignment process can be traced to
earlier traffic engineers who illustrated trip interchanges
by some form of desire lines showing the magnitude of the trips
on the shortest airline distance between the origin and
destination of the trips. The problem of the transportation
planner is the routing of those trips over the existing and

proposed networks,

In the carly 1950's route choice decisions were often
based on personal 'guess work' of travel time, distance arnd user
cost, 1In the U,S. AASHO developed a standard traffic diversion
curve as recommended policy for predicting usage of new urban
freeways. This was based on emplirical considerations of percen-
tage use of the freeway to a travel time ratio, This travel
time ratic was expressed as the travel time through the express
way divided by the travel timz wvia the existing stvreet system.
Other variables used are discussed in Chapter 4, 1In fact the
method was designed io answer thez question: Given an existing
flow of traffic on 2 road between two points in a transportation
network, what will be the flow on a new road coastructed between

these two points?

Studies using diversion curves dcalt in general with a free-
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way and parallel existing routes, As the urban problem became
more complex it became necessary to develop for a technique of
analysis for the entire road system. However the manpower and
time roquirements needed to perform the calculations maneally
prohibited such extensive approaches to highway planning. A

maja break through in the fiecld of traffic assigmnment came in

1957, when two papers were presented on the problem of finding
minimum time or distance path through a network. One of them

was by Moore (412) eantitled 'The Shortest Path Through a Maze'

and the otherby Danctzig (416) called "The Shortest Route Problem',
About this time work was being carried out on assignment problem
for the Chicago Area Transportation Study. The Armour Researca
Corporation performad a research lwcestigating anlelectronic
computer program for an intermediate size computer was soon
produced. This was further refined by the Chicago study team into
a program for a large high speed cowputesr that could assign
traffic to the existing and proposed street system for the entire
Chicago area. Concurrently work was being done .ndependently

in Washington and Detroit on other versions of a minimum path
program, Today this minimum path technique is the basis for the
all-or-nothing assignment procedure. Further reseavch work led,
in 1960, to the development by the General Electrical Department
in Co-operation with the District of Columbia, of an assigmment
program capable of prohibiting selected turns from the minimum
path, This modification led to the capacity restrained technique
of traffic assignment, Capacity restraint has become the most
widely used technique. This technique is used to match the supply
and demand for capacity in the whole or part of the network in

an iterative manner until ssme balance of overall time or cost of
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travel in the system is achieved. This balance is detected by
Convergence indicators, and it is believed by the auther that
thebehaviour of the convergence indicators varies according to
the Congestion experienced in the network. Capacity restrained

assignment is the main subject of this disseration.

4.2 ASSUMPTTIONS AFFECTING TRAFFIC ASSTGNMENT TECHNIQUES

In examining the results of the assignments of both
existing and future traffic, it is importanc to understand the
assumptions on whizh the assignuents themselves were based to

know how well the processes have performed,

The principal assumption is that every driver will select
that single route giving the lowest travel time (minimum distance
or minimum cost) between the origin and destination of any trip.
In using this assumption in the West Mlidlands Transportation
Study (102), the flows obtained were considered to be subject to
some qualifications. These qualifications were that, since the
minimum=-path method could assign large volumes of traffic to
routes, or parts of routes, which had becen allocated fast travel
times, without regard to the capacity or congestion of these
routes, it could cause some roads to be unduly cver-loaded with
a resultant reduction of traffic volumes on adjacent and parallel
routes, As a result of above, traffic flowe predicted on
individual links could in some cases be over-cstimated, with a

corresponding underestimate on adjacent links. 1In spite of this,
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however, the estimated flows in corridors or across Cordons and
screen lines could be correctin so far as the trip matrix is
correct, The third casc is that where two or more routes run
parallel to one another the fastestL of these could attract the
majority of the traffic following in that direction even though

it was fractionally faster than others,

The second major assumption is that all trips to a traffic
zone are directed to the zone centroid and conversely trips
leaving the zone originate from the same point., A corollary
to the assunption is that the intrazonal trips, being short trips
wholly contained in each zone, are not assigned to raods in the
main netwvork. Thus the assignment results imply that intra-
zonal trips are wholly constructed on local roads not included
in the main road network. Such small discrespancles as arise on
this score are, however, off-set to some extent by the compulsory
assignment to roads in the designated network of all interzonal

trips, which in practice are somerimes run on local roads only.

Other assumptions worth taking note of are:=-

1) that traff:c of all types (e.g. motor cycles and heavy
goods vehicles) would use the same route between any

pair of zoncs

2) that all traffic between a pair of zones travels along
the same sclected route, irrespective of the time of

day or other special factors.



3)  that zounes providing equal atiractions for a certain
class of trips, and linked with another zone by roads
with equal travel times, will attract from the other

zopes cqual number of trips.

4.3 ASSIGNMENI TECHNIQUES

As stated in section 1.3.06 traffic assignment is the process
of allocating a given set of trip interchonges to a specific
transportation system, The process may be considered in two

main ctages:

first the determination of individual routes through the network;

and sccondly loading these trips onto the paths selected.

The discussion in this chapter is concerned principally with
these two stages. The basic assumption in the discussion of
techniques is that all trips have their origins and destinations
at zone centroids and that unless otherwise stated individuals
choose a particular route su as to minimise tlie travel cost for

the journcy.

Recent advances in coOamputer technology have permitted
traffic assignment to become an iterative mathematical process.
The object here is to obtain a stable solution to a very complex
problem. A capacity restrained model is presently used to obtain

a solution satisfying two basic requirements, These requirements

are that:
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a) routes are chesen 80 as to satisfy the real desire
of all trip makers to reach destination at minimum

cost Lo themselves,

b) the network loadirg used and the specds assumed on
the links are in accord with the speed/flow rvlation-

ships for the links.

Various techniques have been developed based on these
requirements all of which are claimed to perform satisfactorily
in the circumstances under which they have been used. Two aspects
vhich significantly improve the simulative performance of the
models are curreatly under review, These are the time dynamic
nature of travel (travel decisions in particular) and the varia-

bility of driver choice (multipath assignment).

The remainder of the chapter contains a discussion of

minimum path algorithms follewed by a review of assignment

procedures,

4.4  MINTMUM PATH ALGORITHMS

In any sizebale network there may be several origins and
destinations all of which are accessible by many competing routes,
Many different algorithms (mathematical methods) exist for the
determination of 'quickest routes', sometimes called minimum paths
or trees, through a network. One of the early workers in finding

the minimum paths was a German, Pradel. He developed an electro-



mechanical instrument in which each link of the network was repres-
ented by an electrical resistance corresponding to the length

of the link. Each link was also assigned u counter device., To
determine the travel time over a given route an electric current
was passed through the links of the route. The travel time
required to be measured could be read as resistance from a bridge
arrangement. 1In this way different routes wvere examined. When
the fastest route was found an electric impulse led through the
route caused the counting devices to record any incereases in flow
on each link corresponding to the flow of the route, At the same
time Moore (408) and Dantzig (413) were both working on methods
of application of electronic computer,Since then many other algor-
ithms have been developed to serve the same basic function, but

in sowme cases in a refiped way for specific expediency. Three

of these algorithms have becen explained in detail as seen below,

4.4.1 MOORE 'S ALGORITIIMS

Moore's algorithms (4C8) is applicable to any measure of
link 2nd intersection travel resistance, For the purposes of this
discussion it is assumed that the problem is to build the minimum
cost trees for zone centroid A, 1In eszence the mathod involves
scanning a network, comparing current and past cumulative costs
to all routes in turn and then storing information on the minimum
cost paths initially to adjoining network nodes and eventually

to distant zone centroids. 1In detail the procedure is as follows:
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b)

c)

d)

e)
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let 't' be a matrix of costs associated with the graph
of the network, so that t(m,n) is the cost of the
link from node 'm' to node 'n'. Tf no such link exists,

t(m,n) = infinity.

let there be 'p' nodes and let node '"i' be the origin.

Set up two arrays A (k) and B (k) where K =1, 2 ... P.

Set all the A(k) equal to infinity, and all the B(k)

equal to zero, and then set A(i) equal to zevo,

for allm=1,2 ,...00y Pandn=1, 2, .,..... P see
if t (M,n) + A (m) is less than A (n), If so eaot

A(n) = t{m,n) + A(m) and B{n) = m,

Repeat (d) until no further alterations can be mad-,
The arrays A and B now hold the minimum cost tree for
the origin node 'i' to 'k', this is the sequence of

nodes 1, ....coesB (B(k)),; B(k), K.

This is a commonly used technique that requires a winimum

of computer working space.

4.4.2

THE DANTZIG ALGORITHM

This method usualiy uses additional store in the form of

look~up tables, and as a result can be computationally very fast.

The main steps are



i)

ii)

iii)

iv)
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let ¢ be the associated matrix of the ncetwork's graph
set up as in Moore's algorithm, and alsoc reserve the

same twv arrays A ahd B. Node i is again Lhe origin

Set B (1) not equal to zero, all the remaining B(k)

equal to zero,

Set A(k) equal to zero for all X

Let X = Min (A(m) 4+ Min (C(m,n)))
il n

for all m and n such that

B (m) is not zero (i.e. m is in the tree) and

B {n) is zero (i.e. n is not in the tree) and

C (m,n) is not infinite (i.e. there is a link from

m to n).
Then when m and n are the values of the miniwum case,
set

A(n) = X and B (n) = m

Repeat step (iii) until B(k) is not zere for all

The minimum tree ies now complete.

Initially the origin is the only node in the tree, and at

are included.

each step one further node (and one link) is added until all nodes

To select the node to be added, a search is made for
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all the nodes that are not in the tree and which are connected
by one link to a node in the tree, The cost of the path to each
of these nodes (which is the cost to the node in the tree plus
the cost of the single link) is also found for this set of nodes.

The node with the minimum path cost is selected,

4.4.3 CASCADE ALGORTTHMS

These methods involve holding the network as two full n x n
matrices, A and B, where n is the number of nodes, Initially the
elements A(i,j) wiil be the cost of a single link from node i to
rode J or Infinity if there is no such arc. The method consists
of two'passes'. In the first pass  the matrix is multiplied by

itself using Boelean Matrix multiplicaltion, Intermediate results

are inserted immediately,

In the secord pass, the process is repeated in the reverse
direction, i.e. working from a(n,n) towards a(1l,1). The matrix
now holds all the minimum trees for 21l origins, i.e. a (i,j)
holds the costs of the shortest routes from i to j. This is the
fastest computational process, but requires extensive amounts of
store. An example of thic method is the Shimbel Algorithm (419).
This can be seen in reference 418 where Martin sheowed a diagram
which indicates which algorithm is quickest for differing numbers

of nodes, links and link/node ratio),

Martin in the above reference came to the conclusion that

Moore's algorithm is generally superior in both speed of computation
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computer storage requirements but it is widely held that more
recent developments of the cascade algorithms are faster, for
example, shortest distance by a Fixed Matrix Method - by,

J.D. Muickland - L. BS = TNl - 64, 1368.

4,44 IMPORTANCE OF MINTMUM PATH ALGORITHM

The relative importance of the minimum path algorithm in
the assignment process is demonstrated in the working paper issued
by Washington D,C, Metroplitan area transportation planning
state (as mentioned by Head (107)}. They found that 3 hours of
the total computer run time cf 6 hours 35 minutes for a complete
assignment was devoted to building the minimum paths. (Since then
run times have shorts~ned cornsiderably but the proportion of total
time occupied by trec¢ building has not altered significantly).
The residual time included assimulation of the .etwork data,
loading of the npetwork and computation of thc total vehicle-hours
in the system as well as some sctting, control and contingency

time.

Although the computation of minimum paths is an ipmportant
element in the assigrment process, it is only significant in the
economy of the process, The adoption of a different algorithm
should not affect the end result. In modern rescarches much time

is being spent investigating caj city restraint methods, and the
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behavioural accuracy. However, all-or-nothing assigmment (4.2)
is still used at some stages in large transportation studies, and
exclusively on some smaller ones., In all-or-nothing assignment
the selection of trees for loading occupies the major part of

computer time,

4.5 ALL-OR-NOTHING ASSTGNMENT

This is the simplest of all assignment methods. Tt assigns
all of the trips bctween each origin - destination pair to the
single shortest route between them. Most capacity restrained
assignments (4.4) effectively use combinations of all-or-nothing
assignment method, The modelling for the SELNEC Transporcation
Study, for example, employed the mcthod to make a trial estimate
of link loads, the link travel times, and costs were then adjusted

to take account of the flow that resulted,

4.5.1 THE METHOD

As stated in (4.5 ) the method leads all of the trips from a partic-
ular origin-destination pair oo thesingle shortest route between
them, Times on all the links are fixed before the traffic is
assigned. Peak are fixed before the traffic is assigned for peak

period assignments and off-peak velocities for 24 hour assignments.

Even if there are two routes exactly the same time all of the
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traffic is assigned to one of these routes only.

The basic procedure in all-or-nothing assignments

involves:

1) The description and eoding of the network into

links and nodes

2) The determination of minimum cost from each zone
with originating traffiec to all other zones. (This

stage is often referrved to as 'build trees')

3) The assignment of all the flows from each zone to every
other zone by the appropriate minimum paths, and the
aggregation of total flows on each link in the defined

network,

%.5.2; DEFICIENCIES AND ADVANTAGES OF THE METHOD

A major failing of all-or-nothing assignment is a disregard
of the capability of links to perform under the applied loads.
After assignment the hitherto quickest routes, now fully loaded
may well be conjested and hence slower than other competing routes
that have been assigned a lesser amount of traffic. Because all

of the traffic between an origin and a destination is allocated to



a single shortest route between them the flows in the network

are very sensitive to the values on individual links of the
measure of network impedance used in determining the choice of
routes, If time is used then even the smallest changes in

times on some links may result in completely differenl selections
of routes and hence gross changes in volumes of traffic in the
various parts of the network. 1If ceost is used as in the SELNEC
model, changes iu any of the variables or parameters used to
determine cost produce the same vesult. Links may quite easily
change from being very heavily loaded to having hardly any load
at all as a result of seemingly insignificant changes in variables
or parameters. Corsidering the difficulty of making precise
estimates of link impedances this is clearly a serious failing

in the model.

bDespite its obvious failings the method is still fairly widely used
at some stages of annlysis. 1Its major advantages are its
simplicity and its requirement of far less computertime than other
methods., Generally ii gives a clear indication of where the
traffic would like to go if it were able to and the experienced
transportation planner is able to re-allocate excessive flows to

lightly used parallel routes,

4,6  PATH DIVERSTON METHODS

This class of assignment techniques diverts trips to

alternative paths in a manner which does not depend explicitly on
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network speed/flow relationships. The models belonging to this

class can be subdivided into three groups;

1) Diversion curve method

2) Path enumerating methods

3) Markov methods

These methods may of course be used in eonjunction with
some of the capacity restrained techniques already discussed to
obtain solutions in accord with specified speed/flow relation-
ships. It is considered by many e.g. Burrcll (410 ) , Dial
( 411 ) that because path diversion techniquess load more links
in each assigmment the use of these methods to furnish loadings
on the network, speeds up the convergence of a capacity restrained

process,

4.6.1 DIVERSION CURVE METIOD

These methods were widely used in the early days of traffic
assignment to answer the question: Given an existing flow of
traffic on a road between two points in a transportation network
what will be the flow on a new road cors tructed between these
points. For any trip from one zonc to another there are usually
several alternative routes, which can be chosen by the person
making the trip. Each route has its own 'travel resistance'

derived from its charactersitics of distance, travel tiime, speed



and level of service. Basically the methods considered only two
routes though California Method (422) based on time and distance
differences, has been adapted for network assignment problem

Path Diversion Curves are usually empirical relationships econstruc=-
ted from data collected in surveys of the usage of alternative
routes, e.g. a study may be made of the travel time saved by

using route A as compared with route B and also of the proportions

using A and B.

Diversion curves have been developed using the following

variables

1) fTravel time saved (432)

2) pistance saved (432)425)

3) Travel time ratio (433 and 434)

4) Travel time and distance saved (43%'425)
5) Distance and speed ratio (432)

6) Cost ratio (405)

7) Distance ratio (432)

A further development is to introduce two variables intc the model
of travel resistance, as for example in the Claifornia diversion
curves (422), These are based on a measure of travel time and
distance saved, and as such provide a better explanation of how
drivers choose a route, The principles stated in the California

method are as follows:

1) Factors other than time and distances are ignored



2) The method to be produced should be one which can be
expressed mathematically

3) The greater the travel time saved the greater the use

4) The greater the distance saved the greater the use

5) When travel time and distance savings are small scme
drivers will use the freeway (motorway) and some will
not

6) A few drivers will travel any amount of distance to
save time, and some drivers will select the shortecst
route interms of distance, however much travel time
is consumed,

The model developed was as follows:

P = 50 + 50 (D +4%t)

where
P = percentage using freeway
d = distance saved in mile. via the freeway

t = time saved in minutes via the freeway

1f diversion curves are used it is usually necessary to
consider separate networks, one with and one without the proposecd
modification and calculate all-or-nothing costs or times on both
networks, as input to the diversion, Reference is then made to
the diversion curve to obtain the propertion of trips to be
allocated to each route. Each proportion is then loaded by an
all-or-nothing assignment to its appropriate network and two load-

ings added to obtain the final assignment incorporating the

results of the diversion analysis,
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Diversion curve assignment have normally only generated two
alternative routes for each zone pair, but clearly in a complex
urban network and particularly for longer trips, there are likely

to be more than two alternative routes available.

4.,6,2 PATH ENUMERATING METHODS

These methods cxplicitly find two or more paths between a
given origin and destination and separtely assign trips to them,

There are two broad subdivisions under this heading:

a) Second and third shortest routes

b) Models involving modification of link times,

4.6.2,1 SECCND AND THIRD SHORTEST ROUTES

The second and third shortest routes between origin and
destination pairs are fairly easily retained provided that computer
storage space is available, The trip distribution matrix can
then bc loaded on to the stored routes on & chosen proportional
basis, There is nothing new in the methodology of the approach

s0 no particular methods are discussed in this dissertation.
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4.6.2,2 MODELS INVOLVING MODIFICATION OF LINK TIMES

Typical of these models is the fact that a shortest path
algorithm is used iteratively by modifying the times of certain
links., Once an acceptable set of alternative paths is determined

stored trips are shared out amongst them according to a

'diversion curve' assumptions (425).

An example of the use of the technique of mod™fying link
times without recourse to flow/velocity relationships, is that
due to Burrell (410). This method generally known as "™ultiple
Route Assignment' determines alternotive paths between nodes

rather than zones, This is discussed below.

he6.2.3 BURRELL'S METHOD

The basic assumption in this approach is that the traveller
does not know the actual link "time' but each link is associated
with it and distribution of 'supposed' link time for which he
selects a 'supposed' time at random. The traveller, uses the

route which minimises the sum of his 'supposed'! link times,

Ideally each traveller would make his own selection of
'supposed' link times, but, to reduce computer time, in practice
it has been assumed that all journeys starting in the same zone

have the same set of 'supposed' times. 1In fact this assumption

means that the method differs from the usual concept of 'multiple
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routes' assignment, that traffic between a given origin and
destination is assigned to several alternative paths, However
the fact that a different set of 'supposed' link times is
associated with each origin zonc allows many different 'quickest'
routes between pairs of nodes having many reasonable routes
between them, so that the trips between pairs of nodes may be shared
between many routes, This is the fundamental feature in this
method of 'path enumcration', that is, a method which explicitly
finds two or more paths between origin and destination and
separately assigns trips to them, Clearly the method could be
brought into line with the usual concept of 'path enumeration' or
'multiple routing' by dividing the trips generated in ecach zcne
into groups and selecting a set of 'supposed' link times for each

group, but these would be at a considerable cost in computer time.

The main object in most assignment procedures is usually to
find the total number of trips loaded on each link. 1In large
networks, the maximum proportion of trips on a link generated
from any one zone is usually less than 10%, (404), Thus although
the method selects the quickest route from each generation zone
on the arbitrary basis of randomly chosen 'supposed' liak times,
the total traffic on each link is relatively insensitive to the
random number used to select the 'supposed' link times for any

particular zone of generation,

The 1link costs C used for route selection are permicted to

vary according to

¢ = ¢ + KV VC
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where

C is the average link cost
V is the variance

K is a random number such that

(-1« K < 1)

In the study of drivers route choice in Hull for the
D.O0.E., Burrel found the variance to be 0.91 when C is in cost
minutes, Burrell's models runs showed that the level of instab-
ility of the model improved considerably compared with the
minimuoa routing case, but the average levei of user benefits

is considerably lower.

4.6.3 MAREOV METHODS

These assign trips implicitly to alternative paths by
applying transition probahilities which reflect the likelihood
of moving from one node to another, i.e, of choosing to exit
(or enter) a given node by a particular link. These models
have the important computational advantage of assigning trips
to all alternative paths simultancously. One Markov model has
been described by Gunnarson (in 1969) whic h, while seemingly
close in intent to Dial's (411) is vastly different in both
strategy and tactics., Another Markov model was proposed by

Bevis (426), together with Dial who designed all the implementing
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algorithms which relates through ancestry to the probabilistic

assignment model discussed below.

£.6.3.1 DIAL'S PROPABILISTIC MULTIPATH MODEL

This is an example of Markov's model, At each node
encountered on a path, trips are shared out amongst the competing
links entering the node, on a probabilistic basis, The proportion
of the trips assigned to a particular link depends upon the
comparative length and number of acceptable paths through the
link. The approach is based on the definiticn of reasonable
paths, called ‘efficient paths' by Dial., The hypotheses are

that:

1. There shoold be a non-zexro probability of use for all
reasonable (i.e, efficlent) paths between a given
origin and destination and zero probability for all
unreasonable paths,

2. When there are two or move reasonable paths the
probability of the use of the shorter should be
greater than that of the longer; paths of equal
length should have the same probability of use.

3. The user should have scme control over the probab-
ilities of use of reasonable paths,

4., Paths should not be enumerated explicitly,
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Dial professes that there is an obvious simple solution
but this in unrealistic in computer time, His solution consists

of the following three steps:

a) Relate path choice to path characteristics
b) Find all paths between a given origin and destination
¢) Using information gathered in step a), apportion

trips to the path on the basis of their characteristics,

The probabilistic wodel attempts to avoid the path enum-
eration problem that causes computer time to be wasted by
assigning only to efficient routes. Efficient routes may be
defined operationally as those on which every link has its
initial node closer to the origin than its final node. ‘The
procedure may be called a 2-pass Markov model, Nozes/links
transition probabilities are calculated during the first pass
and trips are loaded onio all reasonable links in tie second
pass. In this way, trips are simultaneously assigned to a

complete set of reasonable paths.
Unlike other mechods discussed so far, paths are never
explicitly examined. The algorithm may be summarised in the

following four steps.

1. Determine the following items for each node 'i'

a) Ti number of trips from origin terminating at 'i’
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b) P; = shortest path length fiom origin to 'i!
c) Iy = the set of all links with initial node '{!

d) Fj = the set of all 1links with final node 'i!

Estimate the likelihood, a(N) for all links 'N' as
follows

if link 'N' has initial node 'i' and final node 'j' and
length Sij then

slX) = £(P(3) =~ (P(i) + sij))

if P(i) < p(j), otherwise a(N) = 0 (i.e., these links

need not be considered in the following twe steps),

Starting with the origin node, arrange all nodes 'i' in
in order of increasing p(i) and calculate for each 1ink

N the link weight (i.e. effective probability).

Starting with the destination node furthest from the

origin arrange all nodes 'j' in the order of decxeasing

p(i).

Now for each link j and Fy assign a volume V(N) in accord-

ance with the link probabilities and record the accumulation of

trips from the origin terminating at the initial node of the

link., When the origin node is reached the algorithm has completed

the assignment of trips from that node. Steps (3) and (4)

sometimes known as the forward pass and the backward pass respect-
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ively correspond to the two passes of the Markov model mentioned
earlier, This model is theoretlically attractive when compared
with other multipath techniques and perhaps very efficient in

computation too,.

4.6.3.2 GCUNARRSON'S MODEL

Thie model is similar to Dial's. The route selection is
considered to be a Markov Chain, i.e. at each node the travecller
makes a choice independent of any previous decisions. The
algorithm, however, corresponds to a different definition of
efficient paths, Here, they are considered to have every link
final node closer to the destination than the initial node. 1In
fact this reverses the third and fourth steps of the Dial

algorithm.

Another major diffecrence is in the transition probability
that is, the probability that a traveller at node X with firal
destination xm will select a path (i, j, m) via adjacent node

X

j.
ATj = attractivity for path (i, j, m) expressed as
lz whcret&j is the cost of using route ij and z is a
Cij

parameter which oxpresses the sensitivity of the

travellers.



Cunnarrson estimates a figure of 6, The transition probability

Pij is expressed in terms of an attractivity model

X=1

(n is the number of acceptable paths from Xi)

The attractivity expression is similar to that used by
AASHO for diversion curve assignment. Steerwald, Scholz and
Hampt developed a model whiech was mathematical similar to that
of Guunarrson. Ot™er models uscd primarily in diversion curve
assigument may be grouped under multipath assignment technique

provided they are applicable to network assignment,

4,7 CAPACITY RESTRAINED METHGDS

A capacity restrained assignment procedure may be taken
as a process of determining a pattern of traffic flow for a known
set of interzonal movements on a network of roads with stipulated

speed/flow relationships,

The process is iterative and generally involves loading a
predetermined matrix of trips onto a set of minimum cost paths,
The cost of travel on each link is then amended to accord with
the link speed/flow relationship, New minimum paths are found

and trips are again loaded. The process is continued until a
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stable state is reached, When the solution is reached, the
relationship between journey time and flow on every link in the
network should be in accordance with that cpeecified for the link.
On the basis of these 'equilibrium' link times all costs on
utilised routes between a given pair of zones should be the same
and should be less tha. tlosconany unused routes available., The
rate of convergence to the stable state may be increased by
several techniques, such as the cost averaging procedures,
successive loading techniques and the inerem2ntal loading proced-

ures,

The most comuon approach to the capacity restrained assign-

ment problem can be summarised as:=-

1) The steady building up to the total distd bution to
be assigned, in small stages, the speeds on each link
being adjusted after each increment of loading to take
into account the latest assisned flow,

2) Assigning the total distribution at cach stage,
adjusting link costs after each assignment (usually
assuming them to be a function of costs used previously
and costs in accordance vith the latest assignment)
and sometimes, toking a weighted combination of succe-
essive assignments,

3) the combination of approaches (1) and (2) first
building up in stages to the total! distribution to
be assigned and then carrying out a series of

iterations using weighted combinations of successive

complete assigmments.



4.7.1 SIMPLE CAPACITY RESTRAINT

This simple a pproach involves building minimum time (or
cost) trees, loading all trips, adjusting link times and costs
finding new trees successively until a state of equilibrium has
been reached, This method is, however, very slow in converging

to a reasonable solution and is therefore rarely used.

The chicf problem is that trips tend to alternate between
two competing routes (107), After the first pass a set of
original minimum paths are heavily loaded, the speed/flow
adjvstments render these routes uncompetetive and a new set of
routcs is selected for loading at the second pass., Now, on the
third pass, the minimum path trees will revert to the original
route since loading will have slowed the second set to an

uncconomical level.

4.7.2 CAPACITY RESTRAINT USTING COST AVERAGING

A simple method which has been found to stabilise the
assignment significantly involves averaging the two previous
link times (407). It is wertch noting that this is a mathematical
manipulation with no sound reasoning behind it., Infact at any
iteration after the first link times (or costs) and loads will
not be compatible. The value of the cost averaging technique
may be increased by using the suitable speed/flow relationships

(the non linear relationships



in particular). Currently the Do E's recommended speed/flow (209)

relationships are linear up to the limiting capacity.

4.7.3 BUREAU OF PUBLIC ROADS (RPR) METHOD

This is a cost averaging assignment procedure. After
the total distribution is loaded on the first set of cheapest
routes, link times are adjusted according to theequation

T=T (1+0.15 (qu)é)

where T is the journey time assuming assigned flow on the

link.

T, is the journcy time on the link with zero flow (o.87)
journey time on link at capacity)
q is the assigned flow

Q is the practical capacity.

In network testing it was found that the new link time
caused alternation of link loads similar to that experienced
in simple capacity restraint. This effect was however reduced
by using a new link tia T, where T, = TQ + (T - TQ) /4
(Tl is the new link journey time at the end of the first
jteraticn and for use in the second i1teration, TQ is the journey
time on the link at capacity). The same technique is employed

at each of the subsequent iterations until the link times reach

a stable value,



£.7.4 THE DETROIT METHOD

The all-or-nothing assignment initiaily made is based on
minimum paths with capacity loaded link times, After loading

the links travel times are adjusted according to the formula.

oo @D x g

where T, ,Q and TQ are defined as in BPR model above, This
q
adjustment has been incorporated into a flow iteration method

developed by Smock (430).

4.8  PARTIAL LDADING PROCEDURES

In these proceiures the trips are loaded in ctages. After
each loading the link times are adjusted and new paths found.
The process in continued until all the trips are loaded, The
result is that trips from cne zone to any oLher may be split
between several routes corresponding to minimum paths at the
various stages. The accuracy of the method used depends crit-
ically on the loading sequence, Four different approaches will

be discussed here.

4.8.1 SIMPLE PARTIAL LOADING METHOD

Link times are first given appropriate values and minimum
trees are found., A predetermined portion of the trips are loaded
onto these trees, links are given new times corresponding to
current flows and the procedurc is repeated until all trips are

loaded.



Logically this is the most straight forward of the methods,
except that the simplicity of the approach may not in some cases
describe adequately the distributicn of real route choices, The
main disadvantage of the method is the slow rate of convergence
but this can be ameliorated by the more sophisticated partial
loading procedures, All the same, none of these methods pay strict
attention to the dynamic nature of the traffic pattern except

the queuveing assignment method which is discussed in sections 4.8,

4.8.2 CAPACITY FACTOR LCADING METHOD

Link times and hence initial minimum paths are found as
above (section 4.4.1). An all-or-nothing assignment is attempted.
On each link a ratio, F, of assigned flow to capacity is found.
1f the largest of these factors is greater tnan unity then at
least one link is overloaded., A reduced trip matiix l.(Tif is
substituted so that overloading does not occur. The iink loads
are recorded. Links are then given new times and a second sequence
is commenced to assign the portion of trd ps unassigned in previous
iterations. The procedure is completed when all trips have been
loaded. Convergence of the method may be enhanced by using suitable
speed/flow relationships, These must have a sufficiently severe
cost/time element at capacity in order to mduce the risk of

repetitive assignment,

4.8.3 THE TNET MODEL

Effectively this model (403) is the same as the capacity

factor loading method.



The function relating the travel time on arterial links to
the v/c ratio (one for intersection delay and another for link

delay) have been selected arbitrary, These functions are=
v/c

T Intersection Delay: T _ = B ¥ s 5
“ 10 (1 - ")

where the symbols are as shown below.

9-25, (1% 1cq))

2. Link Delay: T3 = T, (075 +
where Ta = adjusted travel time on links
Te = Original travel time on links ('normal
free flow conditions!')
V = volume on the Iink

Q = the multiple of capacity at which travel

time becomes infinite

It should be noted that the T, in both expressions become
infinite when V. = €Q. Tt is therefore considerasd important
that values used and the value of Q shouldbe related to each

other. (In this work a value of 1.10 for Q was chosen),

4.8.4 THE T.B.M. INCREMENTAL LOADING PROCEDURE

This method represents the result of a series of tests on
the effectiveness of the part loading wm2thods. In order to speed
convergence it was found desirable te remove part of the load
already applied at each iteration, The load removal phase also
attempts to prevent the program assigning so much traffic to a
road in one step that it becomes irrecoverably overloaded.
Generally it was found that the loading increments should reduce
at each stage of the assignment, and one third of the trips loaded

should be removed after link times have been adjusted. The muber
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of iterations fixed Initially depends on the degree of congestion
and the size of the system; the optimum values of the Pi can be
decided upon from experience of other runs, For four iterations

the loading increments chown below are suggested,

TABLE 4.4
1.K.N. LOADING THCREMENTS
1NCREMENT 1 2 3 4
P (%) 67 42 25 10
8 (%) 22 14 8 0

As the number of increments increases the assignment approaches
a model of individual behaviour, This aim is impracticabla in all
but the simplest of cases., The form of the speed/flow relationship
used is as shown in Fig. 4.4

Average A

Max averagL‘/)
speed

Road capacity

4
/!
¥
7

) -
volume (q)~

Fig. 4.4 The spced/fow relationship



It is assumed that the loading on any link never exceeds iteg

capacity so that forced flow conditions are not realised,

4.9 SUCCESSIVE LOADING TECHNTIQUES

4.9.1 THE CHICAGO METHOD

The Chicago study (432, 428) presented the first assignment
method based on link speed/flow relationships. 1In addition it
employed an incremental loading procedure in which all trips from
selected zones are applied at each iteration. The frll procedure
is as follows:

a) The fastest rontes from zonc A to all other zones is

determined using link travel times at zero flows,

b) The traffic from zone A is loaded onto the quickest
routes to all other zones,

c¢) Travel times are adjusted according to the flows
assigned so far.

d) Next, a tree is found for zone B using the mew travel
times and traffic from this zone is loaded onto the
network.

e) The traffic loads on each link are summed and new
travel times found.

f) 1Iterations follow until all traffic from all zones

has been assigned.

In the Chicago study to avoid unrealistic distributions due
to the successive handling of zcnes, origin zones were taken in a

certain but unfortunately unrecorded order, Generally an order is



taken to achieve a fairly uniform increase in travel times over

the network.

The method was later used in Pittsburgh (432) in which
study it was considered that link flows were practically indepen-
dent of the zone order. This being so, zones were sclected at
random. A problem largely ignored in both Chicago and Pittbourgh
is the difference in network condition for paths between zones in
opposite directions., For example, if the trips from zone A to
zone Z are assigned in the first iteration, and those from zone Z
to zone A at a later stage, the paths are unlikely to be the same.
Practically, if two way flows are required then this makes litile
odds but philosophically it demonstrates yet another flaw in the

assignment process.

4.9.2 THE TIME DLYNAMIC :ODEL

This is an incremental loading procedure ia which the loads
applied correspond to a subdivision of the time period. The
procedure starts with emission of a portion of trips from all zounes
at the beginning of the time period. Traffic is assigned along
minimum paths until the end of the first time sub-period. At this
stage new routes are found and a second time sub-period may start,
The traffic already on the network is relecased to progress along
the new paths towards its destination and in addition a second
portion of the overall trip matrix is fed on to the network. The

procedure terminates when all trips have reached their destinations.



Although the method appears to be a step towards 'correct'
traffic assignment, it has the disadvantage of greater computer
time and storage space. Choice of the time period and sub-time
period depends on network configuration and travel times, While
there is no ecvidence that the method is long winded the absence
of recorded practical application may suggest that the method is

impracticable,

4,10 FLOVW ITERATION TECHNIQUE

This method loads the total distribution matrix on to the
network at each lteration., Following each loading link 'times'
are adjusted new minimum paths determined, the total distribution
loaded onto these pat’ss and the assigned link flows estimated by
a welghted average of the flows obtaincd when t he total distribution
is loaded on Lo each of the sets of 'quickest routcs' determined

to date.

With this approach there are slight variations in the basic
method arising from different methods of weighting the individual
assigmments and a2adjusting lirnk 'times'. A popular method is one
in which, at the end of each iteration, flows are adjusted to an
average value of the link flows in all iterations te date, Using
these flows link travel times are adjusted and the routing repeated
until 1link loads, costs or times have some stable value. This
particular model was first described by Smock (430), 1In the model
travel times are adjusted according to the Detroit formula

{(q/Q -1)

T ™ & T
*7Q

Beckman, was referred to by Overgaard (405) as having considered



that the model converges to a solution corresponding to the principle
of equal travel times, Recent models based on the flow iteration
technique include that used by T.R.C. in Toronto (432) and by the
SELNEC transportation study, A satisfactory level of convergence
was thought to have been achieved at the fourth and third iterations

respectively of the above mentioned models.

4.11 PROJECTED DEMAND TECHNIQUE

Projected demand is a reiatively recent development due to
Outram (435). A prediction of the total link loads is made on the
accumulation of link load during the first fterazion Outrem ciaims
that the proportion of the final load assigned to a link at any
stage in loading is nearly independent of the coded costs used.
Thus when the network has been loaded once, it is possible during
any subsequent loading operation, to estimate the proporction of
the final load assigned at any stage in the loading sequence,
Knowing the magnitude of the currently assigned load, an estimare
can be made of the magnitude of the final load. 7Thus, in the first
iteration of his model he compiles a matrix of the proportion of
final link load accumulated at the end of the assignment of trips
from each origin zone. During the second iteration the same
loading sequence may bte used. At the assignment of trips from each
origin he estimates the final link lcad using the nmatrix. Link
costs are then altered in accord with this estimat ion of final
link load. Trips from the next origin are loaded onto minimum
paths thus found. He further recommends that subsequent alterations
be carried out in the usual way with link costs being adjusted to
accord with the completed assignment. Effectively the method is an
iterative procedure with the second iteration using some form of

Chicago successive loading technique.
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4.12 ASSIGNMENT IN CONGESTED CONDITIONS

When all the loads assigned to roads are less than or ecqual
to their capacities most of the procedures described above prove
satisfactory because the network is not restricting the demand
for trip making in that time period and consequently all trips
may be completed. This can result in meaningful cconomic and
operational evaluation of the model run. We would run into
difficulties however if some of the loads zssigned to the roacds
exceed their capacities. 1In this case the loads cannot be
interpreted as flows because that number of vehicles could not
possibly traverse the roads in the time period under considersiion,
In practice queues will develop very quickly and flows of vehicles
exiting from the overerowded roads would approximate to their flows
at capacity. This restriction to movement of the vehicles on a
few of the roads means that the loads on the remaining roads may
not be interpreted as flows elrher, since some of che vehicles
wishing to use these roads may be forced to quev2 on the over-
crowded roads and not complete their journeys until after the time
period under considceratica., Hence some of the flows on the non-

overloaded roads could be lower than the assigned lnads,

It can then be seen why the overloaded ra ds present problems
in capacity restrained assignment, the loads being vechicle demand
not vehicle flow, Many methods have been used for this type of
situation which either partially solve the problem or ignore it
all together. They include extending the speed/flow relationship

(DOE Note 1A, SELNEC) so that it corresponds to the average waiting

time vehicles would encounter in queueing, projecting the relation-
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ship and incorporating a minimum speed along the road, and using
mysterious techniques which are usually described as 'the analyst

using his professional experties',

However, none of these techniques alone adequately reflecte
either how the traffic wuld filter through the network or the
time that would be spent travelling. Thus an operational evalua-
tion of a model run incorporating congestion is very difficult,
if not impossible. Additiorally, the economic benef’ts derived
from road improvements in congested regions would be highly
suspect because the time savings acquired from relieving the

congestion would be questionable,

4.12.1 QUEUEING ASSICNMENT

Capacity restraint asrumptions give rise to som2 doubt,
especially as regards the posicion of traffic within a network
over a period of time, Queucing assignment technique is therefore
seen as an extension of capaecity restraint, The flow of traffic
along any road is rcgulated by the restrictions imposed by the
rest of the road netwerk as well as the speed of the traffic using
the road being regulated by the road characteristics. The normal
procedure hitherto has been tw consider trip loadings outo a
network independent of the time period in which they oeccur, The
time~dynamic model is an exception in this respect but even this
approach makes no serious attempt to consider what happens to
traffic once the link capacity has been exceeded. 1In an over=-
congested network, and planners are often concerned with overcon-

gested areas, much of the journey time will be spent queueing. While
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queueing makes no progress at all traffic on less congested routes
may be moving freely., If the assignment is to be truly time-
dynamic then Che network flow patterns must represent traffic

situations at real points in the time period,

Before the queueing assignment can commence it is necessary
to ascribe a maximum flow to every road, or capacity as it is
usually termed. This is usually estimated from the characteristics
of the road, the interscction at its exit and the traffic movement

at the intersection.

During loading sequence the above information is used to
determine whether the interzonal traffic can complete its journoy,
or if it will have to quecue, due to part of the route operating
above capacily, and complete the journey in a later time period.
That is, in simulation, queueing or slow moving tr~ffic rcleased
at an earlicer stage from their origins must be considered along-
side traffic that was already in the system or is just being

loaded,

About twenty years ago, Wardrop compiled a theoretical explan-
ation of the time spent queuecing. However assigment models have
in the main ignored the problem until quite recently. The SELNEC
model, the I.B.M, Capre Model and the London Transportation Study
team have given the problem a very casual attention, The first
two models provide an extended specd/flow curve past capacity,
speeds are reduced to allow for time spent queueing. 1In the

London approach excess demand was removed using linear programming

techniques. Unfertunately these approaches ignore the basic
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problem of the relative position of traffic within the network
at different times and rely heavily on the simple capacity restraint

approach,

The major developments in queuveing assignment techniques can

accredited to Stephen (414 ) and Outram (406).

4.12.1.1 OUTRAMS QUEUEING ASSIGIMENT MODEL

In capacity restraint, loads which are less than road
capacities may be taken as flows since traffic that cannot reach
the road will be held up elsewhere, However when the load
exceeds capacity the time spent queucing must be taken into account
in computing travel time. In Outram's model (435) estimate of the

queveing time can be made as follows:

Consider a loa¢ 'L' assigned to a link with working capacity
'C' in a time period 'I''. DMNow assuming that vehicles arrive at
a constant rate, the time period 'dt' which passes before all the
vehieles that can traverse the road in time period 'I'' have reached
the link is given by

dt = ¢ T/L where L> €

The number of vehicles 'N' which would still be queuveing at
the end of dt is given by

N = ¢ -c/L
and the total time spent queuveing by the vehiecles which will

traverse the road is given by

NT = T.C (1-C)
2 2 L
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Hence the average time spent queueing by those vehicles to traverse
the road in the time period 'T' is given by

T (1=¢)
2 L

The model itself is based upon a postulation Ly Wilson (416)
that the destinaticn of vehicles travelling a link is independent
of the origins. From this the size and order of loading sequence
do not make any difference so that an incremental loading procedure

may be confidently used within the time period under consideration.

A simple application of the model is derived using a double
loading scquence., The first pass is designed to find the demand
for travel along each link from current origin. A second pass is
intended to indicate the number of vehicles queueing on any of the
links 2nd where these occur to suppress loadingson following liake
of a route. In this way the valuable irformation listed below is
extracted,

a) Total demand for travel along roads

b) Number of vehicles queueing along any of the roads

¢) The flow of vehicles along any of the roads

4.12.1.2 THE HAMMERSMITH MODEL

The model (414) is an iterative process with the total number
of trips loaded in several stages, It may be regarded as a time

dynamic model specially designed to cope with the queueing problem.

Travel demand is assumed constant throughout a peak hour and

loadings are staged corresponding to divisions of the peak hour. In
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Hammersmith's model it has been the practice to carry out five Joadings
i.e. four of 22.2% &nd one of 11.2%. The program first calculates

the capacity, assigned demand and degree of saturation of each

link, The model is based on the time-dependence of deiays and
incorporates suitable delay functions. From the degree of over-

load and the time clapsed, the delay to be expected by the next
vehicle to travel along a link can be calculated, HNew minimum

path trees are found at the end of each iteration and these take
account of accumulating queueing delays. Naturally queueing

delays may be reduced at a later fraction of the time period.

The program is said to work well in a compact urban area,
Of course in a near central area of London the problem of queueing

delays at peak hours is very great,

4.13 LINEAR PROGRAMMING TECHNTQUE USED IN THE LONDON

TRANSPORTATTION STUDY

The assignment technique used in this study (436) is an
example of an approach which assumes that travellers interact
optimally in some way. Following the peak period trip distrib-
uti on and wodal split phase of the London Study it was found that
the initial all-or-nothing assignment to the network of private
vehicles produced a considerable overloading of the system. This
overload was removed in two stages which are summarised in general

terms below.

Stage 1 was the reduction of the assumed design speeds on

certain overload parts of the motorways in such a way the volumes
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assigned to them exceeded their capacity by similar amounts to that
by which the volumes assigned to the adjacent base roads exceeded
their capacity. A new distribution and modal split is determined
on the basis of the latest journey times and the private vehicle

trips re-assigned,

In stage 2 the remaining excess demand was removed by the
application of a linear programming technique to a set of over-
loaded motorway links chosen to that a reduction of capacity of
the selected links reduce the whole network to capacity, The study
area was divided into 33 groups of traffic districts and a solution
was obtained which maximised the total number of trips attracted to
the groups subject to the constraints imposed by the capacities
of the chosen links and there being a minimum percertage of desired

private attractions fulfilled in each group.

Although generally sound the method as applied included a
number of inconsistencies, for example, only a portion of the links
were used to set up the L,P, However, in essence the linear program

can be expressed in the following form

n_

Maximise z{: Rx
x =1

s e x = =
subject to 22_ Kx Rx = zx r | 1
x =1
and R_—= K.B x=1l, oceaee. N
x x

vhere Rx = number of allowed trip attractions to zone x
er = proporticn of trips attracted to zone x

Zr = capacity of link 'r!

B = desired attractions to zone x

X

K = constant
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4.14 A PERTURZPATTON MODEL

This is a technique for producing assignments over congested
routes and for assessing the accuracy of the_result. wWhen the
flow assignment is prodvced by network simulation models, some
roads in the network may be overloaded to a point far above their

capacity.

A problem that usually arises in transportation planning is
the matching of a network of limited capacity to future travel
demand that exceceded the capacity of the network at certain points,
A perturlaticn procedure enables this matching process to be carried
out, and simulianeously provides an approximate solution to a
traffic assignment pattern that lies within the network capacity
together with a matrix of travel demand that corresponds to this
reduced level of travel, This is illustrated below by the detailed

discussion of the model,

The model is not restricted to the case of excess demands
for network capacity, but can be applied to many other network
flow and demand problems such as finding of traffic flow pattern
that is both in equilibrium with the speed/flow relationship of
every road in the network and made up from flows of travellers
seeking to make their trips and routes of minimum cost to t hem.
Assignuent by most othermodels discussed above, can only give
approximate solutions to the flow assignment problems, but by uws ing
a perturbation model for the travel demand between every pair of
origins and destination these solutions can be reduced to a known
level of accuracy and measurcs of the quality of the solution can

be obtained.



This model is described fully by Wigan and Bamford (409) but
it is still in its carly stages of development. Tt makes use of

the concept of trip demand and perturbation cost.

Perturbation costs are small elements of link cost introduced
into an assigmnment to hasten convergence towards the equilibrium
solution. This is reached only wnen all possible alternatives are
more costly or time consuming. In the model, the trip demand qij

is expressed by the relationship

q =

ij Kij Cij
where Kij is a calibrated constant linking demand and cost
Cij is the total pgenerated cost of travel from i to j over

a route of mipnimum cost
and e is the elasticitv of demand i.e. fractional change in
demand divided by the fractional change in cost at a given

point,

This seems to give an acceptable mathematical solution to the
problem of convergence without the inconsistencies inherent in other
approaches. First, two other quantities are defined: (Moi} a matrix
of known fixed link travel demands obtained from one of the assign-
ment approaches above ard (M]ij) which is a matrix of new travel
demands corresponding to costs (Cij)‘ The procedure is iterative
but initially an elasticity 'e' must be defined so that Kijs which

-
equals qigjcij for all i1j, may be found.

A set of perturbation costs is applied to part or all of the
network and minimum costs of- travel between all ij pairs over the

network are found. These costs and the demand function qij = Kij cij
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arc used to determine the current variation in demand for travel on

each of the links from the original demands o Hence a new

£3°
matrix Mij is found. The assigmment may be 'smoothed' by one or
two total 'flow interactions' without altering the travel demand
qij' The procedure is repeated several times,
The additional perturbation costs are then removed and the
iterative procedure repeated without them, The costs used (Cij)
are those of the new minimum path costs minus the perturbation
costs, The variation of the assigned trips (qij) from the original
demand (qij) is found and applied to the new minimum paths, The
resulting link loads are added to the flows already -assigned and a

final convergence may be obtaired by another series of flow itev~

ations .

In the network in which the link speed/flow relationship
continues past the link capacity, the approach may be used to handle
the situation where the network is heavily loadecd. Wigan and
Bamford are of the opinion that this model e¢culd be used in
conjunction with lirear transport programming technique or the
method usged in the London Transportation Study, They alsc contend
that the perturbed equilibrium appreoach gives a framework within
which the Lincar Programming restraint technique could be used more
efficiently. The deficiencies of Linear Programming as used in
London Transportation Study could be alliviated by its use with a

perturbation model in a wider iterative framework.
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4,15 DEFICIENCIES OF ASSICNMENT TECHNIQUES

The deficiencies peculiar to all-or-nothing assignment procedure
were discussed in section 4.5,2, but it will be useful to mention some of
the deficiencies of assignment procedures in gemeral (including all-or-
nothing assignment procedure). Factors that contribute Lo poor results

of assignment process can come out of the following deficiencies.

i. Network Considerations:

Assignment procedures assume that the network congists of links
which are uniform along their lengths and the assumed spced/flow relationship
applies equally along the lengths at all times to all travellers. This
assumption ignores the changes in physlecal charactoristics of the road,
the presence of other traffic (stationary and dynamic), differences in
driver behaviour and the variations in the composition of the traific
stream all of which affect the assumed speed/flow rclationship. The

behaviour at junctions is equally variable.

2, Cost Consideration:

The assumption is made that all trips originate and have destina“ion
at zone centroids. Clearly tripe have their ends at points spread over the
whole area of the zone and an assumpticn of this type produces a pocr
simulation of the real situation (especially on local streets within the

zone)., A further factor coupled with the above assumption is that all travel

takes place on the designated networks. Errors due to the omission of the
less important roads, some of which may carry significant volumes of traftic

may often be important.

It has been mentioned earlier that it is usually assumed that the

individual seeks to minimise his travel time or his perceived cost when

gelecting his route. Whichever behavioural criterion is used, errors in the



=102 =

evaluation of assignced flows will be found because a driver may also have
considered factors such as the number of turning movements and the number
of traffic signais he has to pass through, or, for a public traasport
journey maker, he may bave considered the waiting, comfort and the number
of boardings in addition to travel cost. Perceived cost usually includes
a modal penalty in addition to the time and out of the pocket costs but
it is next to impossible to account for the variation in an individual's

evaluations of the factors influencing him in his choice of route or mode.

Not only do individuals weigh each of the elements within the total
perceived costs differently, they also estimate the value of each element
to various levels of accuracy. For example, a regular comuter may bhe able
to assess the travel time or cost on a route with a higher degree oi

accuracy than an individual making such journey for the first time.

There is a lot of difficulty in accurate measurement of values and
determination of parameters in cost relationship. Inaccuracies made in
journey time measurements will tend to accentuate the problem of assigning
trips to competing routes with small time differences. As far as the
behavioural accuracy is concerned, there are two poinpts to note., Firstly,
small differences in journey times (or costs) by different routes between
the same originr and destination can bring about unrealistic journey paths
especially when the all-or-pothing assignment technique is used. Secondly,
the saving of the time (or money) may not be significant incentive to
attract drivers from a fast comfortable motorways to tortuous but shorter

town roads.

Assignment techniques use overall averages assumed to be the same
for all persons at all times while in actual fact such elements of cost
as comfort and convenience vary from persc *o person. Burrell (4.6.2.3.)

attempts in his model tu overcomc some of iefects mentioned above by the
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use of randomisation of link costs while Dial (4.6.3.1.) attempts this

by choice on probabilistic basis which is based on costs.

3. Effect of Congestion

Though some assignment techniques have taken account of queueing
problem (e.g. Outrams's (4.12,1) queueing assignment technique and the
SELNEC model) wost techniques ignore this important phenomenon, and
assume that all journeys start and finish in the time interval under

consideration.

4. Termination of the Iteration Process:

Most assignment techniques are terminated when appropriate
convergence criteria afe satisfied. It is implicitly implied that any
solution obtaincd obeys Wardrop's (3.1.1.1.) principle of equal travel
time but few have actually tried to test for this or to test the stability
of the solntion as a whole. HNowever, application of the perturbation

approach ensures that the solution obtained is the stable one.
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B ACCURACY AND CONVERGENCE OF CAPACITY RESTRAINED TECHNIQUES

In the discussion so far, not mmch has been said about the
assignment end conditions. In all assignment techniques it is of
course most desirable that the procedures be both accurate and economic.
In practice wmodels are used to simulate existing travel patterns and
later as predicting planning tools. They should however, be capable
of maintaining a realistic approach if sensible assignment results
are to be obtained., The problem in hand, therefore, is Lo make a
mathematical model as accurate and efficient as possible; and the
successful conpletion of modelling is reached when an end condition
is satisfied. One of the most popular end conditions is that in the
final stable patiern of flow, no one should be able to make his
desired journey at a lower total cost (or time) thar he is then incurring.
Clearly the application of this principle, due to Wardrop (311) now
allows many different routes to be used between any pair of points
and the process of determining the pattern of flow that saticsfies the
principle and the speed flow relationships at the same time will require

successive iterations of the supply and demand.

The two theories of Wardrop on the final equilibrinm of traffic
(the principle of equal travel time and principle of minimum average
time) have been discussed in Section 3.1.1. The principle of equal
travel time (3.1.1.1.) is particularly suitable for a mathematical
programuing solution but is difficult to apply in the usual capacity
restraint methods. The principle of minimum average time (3.1.1.2.)
assumes that travellers behave in such a way that they consider the
overall situation, Unfortunately this does not correspond to what
actually happens and so its application to the assignment problem should

be viewed with suspicion.
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Tillman (504) has noticed that a constant link travel time is not
reaslistic since it does not reflect travel times when additional
vehicles are added to the link. To overcome this he proposed a linear
travel time funection. From this linear travel time function he produced
a non-linear total travel time function which he applied to the problem
of traffic assignment by an iterative, technique based on the 'principle
of optimality' (Bellman and Dreyfus) from dynamic programming. Although
the Tillman method gives a satisfactory result for square grid systems,
its application outside this is limited, Various workers have found
that different network assignments converge to a quasi-stable solution,
either in terms of floaw stability, total wvehicle miles, time or cost.
However, none of these parameters give an absolute final solution, and
the stability way well depend on the time of restraint, loading or

iterative techniques used.

5.1  ACCURACY

In transportation work, the accuracy of the results obtained is
usually sufficient for the job in hand. The accuracy desired depends

on whether the assignment is used in system design or facility design.

System design entails determination of the best fecrm of improvement
for an existing transport system often within the framework of a transport
or development plan. These plans are long term and forecasts will only
be very approximate, However, they should be sufficiently accurate to
show major deficiencies in the system, The time span between the base

year and design year normally falls between 15 and 30 years.
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Facility design concerns the deteymination of the form of a
transport system element. This element may be a road improvement, road
junction, transport interchange, etc, and is conducted when an overall
picture of the transport systew has been obtained. The period between
design and installation will generally be quite short but rarely greater
than 10-15 years. To obtain the best use of the facility it is often
desirable to consider its use at a later date when the transportation
system required has been improved as a whole. Traunsport elements
normally operate under the most testing conditions at peak hours but
not necessarily so for some other elements., For example, multistorey
car-parks in shopping or business areas may be under heaviest lvad at
periods other than the gencral system pecks. As tre information may not
be readily available from sysitem assigament it is necessary to carry
out estimates at a finer scale. TForecasts may be leflt to the designer's
own judgement. Generally facility design requires results in absnlute
terms whereas system design may be satisfactorily carried out as a

comparison of alternatives.

5.2. TYPES OF ACCURACY

A good reference on this topic is Parker and Johnson (505).
They say that inaccuracies can arise from traffic data assigned, the
assignment technique and testing procedures. These types of accuracies
(or inaccuracies) they call the statiscical, methodological and

procedural aspects respectively,
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5.2.1. STATISTICAL ACCURACY

At the base year there may be inaccuracy in the travel data
sample derived from census. It is estimated that with 1 in 50 sampling
factor flows of 1,000 units incur a 95% confidence limit of 550 and
1,450, but a 1 in 10 sampling ratio these limits are reduced Lo 800
and 1,200. At greater flows the range of confidence limits reduces

even further.

At design year the uncertainity of population land use and car
ownership predictions must be added to the inaccuracies at the base
year. The reliability of these parameters depends on local condicions.
Statistical accuracy is extremely impoctant in facility design where
precise estimates are required but in system design the effects may

be small enough to be ignored.

Bk METHODOLOGICAL ACCURACY

This is an extremely important subject critical to model performance
that requires full consideration, Errors may arise at each stage of the
agsignment process, hence it is proposed to take a more critical look at

the inaccuracy througho:t the various stages of assignment.

Now network building is a 'fine art' that has to provide a
realistic framework for assignment at reasonable cost. In West Midlands
Transportation Study, traffic flows on some links were overestimated

while others were underestimated. But as a general rule estimated
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flows in corridors and over screen lines were correct as far as the
trip matrix were concerped., In addition to the conscious errors of
network assignment, care must be taken to avoid random human errors
in network definition, When data is being stored on computer stationary

mig~-coding, mis-punching or ommission may not be easily detected.

Although tree-building itself is a simple mechaaical process, the wa
in which it is used may expose fundamental errors of Lhe assignment,
Inaccuracy often results from the tree building criteria, whether time
distance or cost. The difinition of cost funetions regquires nuch thought
particularly in relation to individual link resistunces., Supposw, for

example, that a cost function is simply expressed as:

TIME + A % DISTANCE

and that link attractiveness is to be compared with 'A' get at 0 and 2.
On the first link of iength 3 miles, at 60 m.p.h. the link cost becomes
respectively 3 and 9 units. On a second link of length 2.5 miles, at
40 m.p.h. the coets of travel are respectively 3.75 and 8.75 units.
Hence the longer route appears more attractive with 'A' set at 0 while
the shorter route is cheaper with 'A' get at 2. Ir addition the
starting speeds of an iterative capacity restraint procedure may
seriously affect results throughout the assignment. These errcrs may
be made even worse by incorrect speed/flow specifications in which the
minimum speed at high flows is critical. If this is set too low it is
equivalent to deleting the link from the network and traffic may be
sent through very inferior routes, or, if set too high, may prevent
traffic from being assigned to recasonable alternative routes. Some

researchers have found turn penalties useful in directing traffic to
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realistic routes particularly in close mesh urban networks where
junction delays are proportionally much greater. However, others
(212) have found that they make little difference to the overall

assignment.

In general more realistic assignments are obtained after a
greater number of iterations. This corresponds eventually to a situation
in which each trip is individually assigned but the cost of such an
approach would be prohibitive, Weaver, (511) however, feels that the
same level of convergence could be obtained if total leading technique
is used and terminated earlier than would have been the case if partial

loading technique were used,

5.2.3. PROCEDURAL _ ACCURACY

. This is particularly important in system design. At this level
there are many alternatives and care must be taken to include all
likely contenders for implementation. In compariscn of schemes =ome
gross errors are inevitable., However, their extent should be limited
if possible by careful testing of models at the base year stage.
Streeter (514) has presented a method for testing adequacy at the

base year using established statistical procedures.

5.3, CONVERGENCE OF ASSIGNMENT AND METHCDS OF ASSESSING IT

Mnst assignment procedures have two main mechanisms that may
or may not guide chem to a salisfactory final solution. These are the load-

ing - load adjustment procadures and link resistance function - link




=110 -

resistance adjustment procedures. In the normal capacity restraint
operation these mechanisms are used alternatively to assign trips and
then to adjust the balanced speed/ilow relationships. Ideally we are
searching for a solution where all link values of speed and flow lie

on the respective speed/flow curves and the travel times on alternative
used routes are equal. The convergence process can be illustrated as
shown in Fig. 5A (511) iu which, the simplicity, on linear speed-flow
relationship has been assumed. Vn is the speed on a particular link

at the start of the nth iteration. The assignment process then assigns
a volume, say Qn, to this link which usually causes the speed on the
link to fall to a lower value, say Vn + 1. The (n + l)th assigmment
will generally restrain the traffic on this link, »nroducing a lower
assigned volume, say Qu + 1. This reluction in traffic loading will
cause the speced on the link to incresse to, say, Vn 4+ 2, This process
is repeated until convergence occurs, i.e. at some iteration i the
values of Vi and Qi will represent a point on the spead fiow curve
depending upon the accuracy of convergence required. The convergerce
process may be improved, in terms of the numbe: cf iterations required,
if the speed on the link for the (n + 2)th iteration could be predicted
at the nr'h iteration, This prediction is shown by the dotted line in

Fig. 5A.

Certain techniqgies have been developed which attempt to speed
up the convergence process. These methods either rcduce the assign
volume after calculation of link times or alternatively do not amand
the travel to the full extent after the assignment. In practice this
will be a very lengthy computation, and obviously we do not require this
degree of accuracy in assignment processes. The problem then is when

do we consider the assignment process to be completed? A straight
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FIG. 5.3A  CONVERGENCE PROCESS
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forward measuie of convergence appears to be a simple comparison of link
flows before and after loading. Howzver, there is a danger when links

ae viewed totally in isolation that the behavioural eriteria of minimising
cost 1v igucred. In addition to link couvergence the setting of the
network as a whole wust be taken Into account. Even with multiple

routing methods of allocating traffic (4.3.2.3), Outram (504) found

that the rate of convergence was lower than is desirable. He found that

the large number of iterations necessary to prodiuce a near stable model
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would be prohibitive on cost grounds, particularly when large networks
are being evaluated, From the analysis of the multiple routing model
mentiona above, Outcam concluded that the slow rate oi convergence was
mainly attributed to the route choice and capacity reatrained models,
The situation in these two sections of the model he said could be
likened to the dog chasing its tail, With the load chasing the cost
in voute choice and the costs chasing the load in capacity restraints.
The two meeting by chance, because one of the quantities does not know

how the othcr responds,

In fact, there is very little in the literature concerning the
rate of convergence of the various assignment techniques. Most ¢f the
published work admits to being based on one network only, though the
effect of marginally different sets of link costs may have been
investigated, and hence it is possible that the results quoted may
be to some extent network dependent, Most plannerc have been content
to use a technique for a predetermined number of iterations without
much control over convergence. Overgaad (525) presents some work on
convergence carried out in Denmark, This is concerned with both the
link flow convergence and total network convergence aspects. One of
the mosgt interesting features of this is a plot of link flows after
each iteration, FEach of the links experienced some fluctuation of
load during the first five iteration but settled to a steady load from
the fifth to the twentieth iteration. Wardrop's criteria of equal travel
times was also examined in Denmark. For the study 066 pairs of zones
between which more than one route scemed likely to be used, were
selected. Of these 45 used two different routes only, but in 26 of

those cases the travel times were not the same. On the average, one

twentieth of the traffic used the route while the rest used the other
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route. Overgaad, therefore, suggests that given an infinite number
of iterations it is possible that all traffic may be assigned to one
route and yet the principle of equal travel times still be observed.
He contends that in the limiting case, traffic on the single route

will be subject to exactly the same travel time.

Weaver and Riley (511) have shown that the form of speed/f{lcw
relationship used influences the rate of convergence whichever cechnigue
is under review, though it is usually claimed that the technique« are
all affected in a similar way so that comparisons made using the same
speed/flow relationships are valid over a rage of such relationships.
The sensitivity of the method used to determine when an acceptable
solution has been achieved is anothber factor which infiuences the rate
of convergence. The following sections have been devoted to looking
more closely at the methods of assessing the rate of convergence of

an assignment technique. Some of these methods are listed below.

(a) The number of links changing costs or flows by more

than a [ixed amount in successive itecations (509).

(b) The number of linke changing costs or flows by more than

a fixed proportion in successive iteratiocus (511),.

(c) The difference for each link between the assigned flow
and the capacity of the iink at the speed used when
building the trees for the assignment. Error for the

whole system is:

¢

Flow-capacity
¢apacity

No. of links
ref. (516).
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(d) The number of links for which the speed/flow points
lie on opposite side of the speed/flow curve in

successive iteration (514).

(e) The variation in userbenefits relative to a standard
solution

User Benefit = éé; % ('I‘ijD 4 Tij1 ) (Cijl - Cijo )
ij

where cubscript 1 and o relate to the current and standard
solution values respectively and Tij and Cij denote the
number of trips and the cost of travel between zones i

and j 1espectively (509).
(f) variation in the average trip cost (524).

(g) Lane, Powell and Prestwood Smith (501) suggest three

measures of link convergence.

{1) A ratio of assigned flow to capacity at assigned speed
summed over all links in the system. The flows may be
conveniently expressed in vehicle mile units. Unfortunately
it is possible that an aserage value of unity which sugzgests
convergence may in fact be composed of a series of links

some with too high and some with too low speed values.

(ii) The above indicator may be improved by an absolute measure as:

<7 i
< Capacity at assigned spced + Mod (assigned flow - capacity
all links

at assigned speed)/ f:: capacity at assigned speed (501).
all links



This may be used to study convergence in a particular

part of the network, or, on specific types of link.

(iii) This ig similar or the zame as (d) ahove.

5.3.1. SENSITIVENESS OF THE MEASURES USED TO ASSESS CONVERGENCE (526)
All of the measures listed above indicate that a solution has

been achieved only when successive estimates of link flows and/or link

costs agree satisfactorily., Apart from the first iteration, all link

costs are determined using the spceds ohtained when the assigned {lows

are substituted in the appropriate speed/flow relationships. The

following discussion (524) relates to the flows and the corresponding

speeds, times or cosls derived from speed/flow relationships of the

outline in Fig. 5.3B which is taken from The vepartmeat oi the Environment

Urban Project Appraiszl Directorate of Transportation Studies - Advice Notle

1A - speed/flow relationships fer use in transportation gtudies (209).

5.3.1.1.  FLOWS OR COSTS CHANGING BY MORE THAN A FIXEy AMOUNT

The change in link cost is synonymous with the change in travel
time on the link. Most computer programmes store costs ip units of
0,1 cost minutes and flows in units of pcu/hr. Thus if integer (as
distinct from real) flows and costs are used the smallest changes
that can be detected are 0.1 cost minutes and 1 peu/hr for link cost

(0.1 min for time) and flow respectively.
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FIG., 5.3B _ ASSUMED SPEED/FLOW RELATTONSHIP (Taken from ref 209)

L {4 ,‘J';\,

spLE D
oM Linlk

()

— — e N P e
FLow ON  Tue Lk Pevihe 1
Section 1l:- 0 £ q < qf
vV = Vf
Section 2:- qf_ < 9q S- qc
v = Vf - K(q-q[) where Knvf—vc
q. - 95
Section 3:- q > a,

v = Ve 1+Ve /M9 -1
s (o,

where L = 1link length in KM
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On section 1 of the speed/floy curve
V = C(Constant
therefore t = Constant
i.e. the link flow may change from 0 to 9 without producing a change

in link time (or cost).

On section 2 of the curve

¥ &N, -~ & (q - qf)

t = 6000L = 6000L in (0.1 mins).
v V. - K (q - qf)

dt = K % 600L i PO

aq (V. - K (q - qi)))'

d2t 70 hence dt has its maximum value at q = ¢q
dq2 dq .
i.e < K. 60IOL . ——

dq (v, - K % " qf))

£ Vf - Ve 600L < 1 600L < 1200L

o E - v ? q -q " Ve.Ve (g - q )Vc

e U ¢ "% .if—' g f
f

-

since Vc = % for all urbarn roads
vf

Referring to urban roads in ref.200 (qc - qr) ~ 250 x 15

hence dt < 1200L <& L

dq 3,750 3
It may be assuemd that L < 3 kms

hence dt < 1 i.e. flow in pcu/hr changes more rapidly
dq
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and hence is a more sensitive measure than time 0.1 mins (or cost in 0.1
cost mins).

On section 3 of the curve

Ve q 3 -1
v = Vo gl + 8L (qc - l)’

hence t = 6001 El + Ye (- . 1) § in 0.1 mins
8L gc
Ve
dt = 600L Ve = _ 600 ‘S 1
dq Ve Sch ch

on all urbamn roads except types 5 and 6 since 4. = 50G and 600 on

types 5 and 6 respectively and qc,> 1000 on other urban roads. 1If it

is possible to cousider changes of q,. by 0.5 pcu/hr ther on this section,
change in flow in 0.5 pcu/hr is a more sensitive indicator than change in
link cost in 0.1 cost mins. Hence with the type cf speed/flow relaticnships
assumed a change in lipk flow of 0.5 pcu/hr is a more semsitive indicator
of instability in the convergence process than is a change of 0.1 cost
mins in the link costs, That is the number of links changing costs by 0.1
cost mins or more is more likely to indicate that convergence has been

attained when it has not than is the mumber of links changing flow by

0.5 pcu/lr,

5.3.1.2. FLOWS OR COSTS CHANCING BY MORE THAN A FIXED PROPORYTION

It nmst first be borne in mind that if the agsipiment programme
uses integer flows and costs it has been shown above that a change in
cost ig less likely to be cbserved than the flow except on section 3
of urban roads 5 and 6 and hence, near the solution particularly K6 ¢ change
in flow by a fixed proportion is a more sensitive indicator than a chauge
in cost by a fixed proportion. With this qualification we may now consider
the comparison of dg v dt as indicating the relative sensitivities of the

q t
proportional changes concerned.
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On section 1 of the speed/flow curve since dt .=

0 no changes in

link time can be observed se¢ that changes in costs whether proportionzl or

abgolute camnnot reflect instability in a solution and hence the use of

link flows is preferable. In comparing dt with dq we note that
t q
dt > dg according as dt > ¢t
£ < q dq q
On section of the speed/flow curve
dt = ¥K.600], S0 for g, gLy veeaes (1
— : 2 R
dq (v, - X {(q - qf))
dzt > ¥ PP
o hencel dt -
aq? enJ_a'q]_ < dt o |dt
- q = q.f dq dq - q
- c
for qf{__ 9 9, . (2)
We have dt = dq according as
rad
q
K. 600L 2 7t ( = 600L )
(V, - K (q - q.)) < Vg
£ f
i.c. according as X Q‘E; L = L
(Vf - K (q - qt)) S Vq q (Vf - K (¢ qf)
i.e. according as Kq Vg - K (q - q)
LI i b2 - :—\”_.V
i.e. according a 2q qf‘:__g
K
Values of Vz; on urban roads types 1 - 6 are estimated in Table 5.3 below.
x
For all road types Vf 7 2q - q; at q = 9,
53
i.e. dt > dq at flows near qg
t |

For road types 1, 2, 5 we have V. >2q, - q; so that dt > dq

K
throughout the range of flows 9; 9

For road types 3, 4, & we have VE P

K

1.-

2qc

t q

- 4y hence on these roads
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[C-.

t »dg at flows near 4. and thus proportional change in time is a more

o rt
¥= |

sensitive indicator than proportional change in flow at flows near q.-
However, it omst be borne in mind that cost time + const., hence
proportional charges in time, It is true that as the flow increases time
becomes more and more dominant in the cost relationship but it can be seen
that on long links cf types 3, 4, 6 we have dt ./ dq throughout the range

L q
- -
PR __qc
We can briefly say that although proportional change in costi may be
a more sensitive indicator than proportional change in flow over a range of
flow near q , taken over all it appears that proportional change in flow
¢

is likely to be the more sensitive measure,

On section 3 of the speed/flow curve we have dt = G600 for q 7 q_

dq 8qc ‘
hence dt > dq according as 75 > t
t < g 9 < 4
i.e. according as 75 7 4.

Throughout tnis section q7-q hence dt - dq if 75 7~ t. It is unlikely
c et 3
t q
that there will be many scctions on which it is not less than 75 even with
flows q_"-qc hence it appears that at high flows prcportional change in
ow. ws in the region ; cost is very largelv attributable to
flow. At flo in the region q , q , i ry largel ttributable t
" '

time and hence it seems likely that proportional change in cost is also

a more sensitive measure than proportional change in flow.

It should be noted that the above discussion shows that proportional
changes in time are greater than proportional changes in flow on heavily
loaded networks but it doesn't take account of the situation that arises
when all flows and costs are rounded to integer values,

This means that, a proportional change cannot be detected if the
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corresponding absolute differcnce cannot be detected. Hence, assuming
integer flows cand costs the minimum proportional change that can be
detected on a link with flow q pcu/hr is 1. Since the minimum flow of

any real interest is likely to be not lesg than 100 peufh. the implication
is that we can detect changes in flow of 1%. But this is more than
adequate for any convergence investigation. Burrell (5/6) feels that

an 'error' of 10% on the most important links 1s acceptable; end if

we agree with him then the permitted proportional change in flow

corresponds to an abgolute difference of at least 10 pcu/h.

When q > q,» we have dt - dq showing that proportion of changes
t q

in link time and hence cost are greater than propsrtional changes in flow.
However, as mentioned earlier on, thc proportional change in cost may be

decteded only when the absolute change is greater than 1 cost unit, that

is, 0.1 cost mins. For flows in this region, dt = 75 x dq. Thus the

9
maximum change in t occurring for the minimum detectable change in q, that
is, dg = 1 pecu/h, is given by putting q, - 500, the minimum value quoted

d
for urban roads. Hence dt.;0.15dq( q). The change in {low corresponding

to the minimum detectable change in time, or cost, is dgq = 1 g Toe,

0.15
d = 20 peu/h. For q 7 q  the minimum proportional change in flow

1 3
which can be detected is 1 = 0.002. This, even for heavily loaded
500
networks, if integer flows and costs are used then proportional changes
in flow are more sensitive measures than proportional changes in cost or

time.

From the above discussion Thomas (526) came to the following general
conclusion for networks not loaded beyond capacity proportional change in

flow is a more sensitive indicator of instability in the convergence process

than change in cost except perhaps for link tvpes 5 and 6 at flows near 9.

if integer flows are used or to a lesser extent in time.
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For nctworks loaded beyond capacity, proportional changes in cost
or time are to be preferred unless flows and costs are measured in integer
values of 1 pcu/h. and 0.1 cost mins., respectively in which case proport-

ional change in flow is a more sensitive measure.

5.3.1.3 THE ERROR < |PLOW-CAPACITY AT TIME USED
CAPACITY AT TILMi: USFD

NO, OF LINKS

If the speed used following each assignment are read divectly, trom
ﬁhe speed/flow curves then the value of the measure undetr discusssion
can be taken as being the same as the proportional change in link flow in
successive iterations. If this is not the case then this measure is not
directly comparable with (5.3.1.1. and 5.3.1.2.). However, in those
techniqucs in which the speeds rcad from the curves are not used directly
‘it is usual to use a value of speed ncarer to that used in the previous
assignment. In this casc suppose 4 and q, are the successive assigned
flows and that Q2 is the link capacity corresponding to the time used when
q, is obtaiuned. The present method is more sensitive than (b) if

a, - Q| >

Q

I
(92 "%

14

As a rule it may be assumed that in successive iterations if q, is too
high then q, is lower and ql‘;-Q p7q2. Thus 0. E& e 1 and E& - 170
9 4
and hence 1 - 95 e 1 - 4, which implies that the current method is
Q 9
less sensgitive than (b),

Similarly, if q, is too low then 9. < Q < ¢,, Ly q, «<q, and q, - 1 q, -1
1 1 2 2 ~~7*2 2 w 2
Qe q Q q
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and the current method is less sensitive than (b). Hence the current

methbd is less sensitive than (b).

5.3.1.4. NUMBER OF LINKS FOR WHICH SPEED/TFLOW POINT LIE3 ON OPPOSITE
SIDES OF THE SPEED/FLOW CURVE IN SUCCESSIVE ITERATIONS

Burrell (516) rcgards this as a valuable indicater of the
convergence process though houses the 'error' defined in (5.3.1.3) to
determine when a satisfactory solution is obtained. Clearly in the early
stages the number of links changing sides is high, particularxly if the
network is heavily loaded, and thus if the measure menas anything it
implies that the number of links crossing the curve becomes smaller as
convergence ig approached. To detect a point crossing the line we must
be able to detecr either a change in flow or a change in ccst (i.e. an
implied change in velocity) or both and, therefore, this measure is no
motre sensitive than the method of observing numubers of links changing
cost or changing time. Additiomally since even ncar convergence seme
points will continue to change sides it is unlikely that this method is

as sensitlve zs (5,3.1.1.) above.

5.3.1.5. THE VARTATION IN USER BIENEFITS RELATIVE TO A STANDARD
SOLUTION
We have 'user benefits' = U = EE:% (Tij1 -+ TijG) (Cijl - Cijo).

C
Assuming fixed trip matrixes this becomes U = zgiTij (Cijl - Cijo) thusg
if we coempare the user benefits Ur, Ur + 1 in the rth and (r + 1)th

: + o
iterations: Ur - Ur+l = 9= Tij (cij - cif® - (cif™- cij })

=< 114 (ciit - ciith
"This difference between estimates of user benefits is essentially the

same as difference between total trip costs.
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-

-

i=1

number of links in the network and 9 and Ci are the flow and cost on

The total trip cost is given by C = e q; Ci when N is the

link i respectivel

For any link i che 'total link cost' is Ci = q, C,-

= = -4 i
Since gcj Ci + 45 EEE and ggi 9y Ci i&l
9 d i dc
qi
and hence dC; 70 and both (4 and q; (except perhaps in the early

qi
loading cycles) are greater than 1, it is apparent that change in 'total

="

link cost' is more readily observed than either change in link cost or
change in link flow and thus it may be assumed that the present measure
is more sensitive than either of the measures in (5.3.1.1.) above.
Certainly the number of links changing 'total cost' by nore than a fixed
amount is a more sensitive measure than either of those in (5.3.1.1.)
above., It must be noted however, that the discussion here assumes iflows

and costs corresponding to points on the v - q curve,

5.:3.1.6: VARTATION IN THE AVERAGE TRIP COSTS

Basically this measure is the same as (5.3.1.5) above with Lhe
difference between average trip costs being equal to the difference
between the sum of 'total link costs', i.e. between user benefits,

averaged over the network links.

5.4 COMPARISONS OF THE SENSITIVITIES OF THE MEASURES USED
TO ACCESS CONVERGENCE

In 5.3.1.1. it has been shown that except for links of types 5 and

6 (209) loaded beyond capacity change in link flow by more than 1 pcu/hr

is a more sensitive measure than change in link cost by more than C.1
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cost mins. Since most programmes use integer flocws and costs measured

in these units, these are the smallest differences which can be detected.

It was shown in 5.3.1.2., however, that for networks not lcoaded
beyond capacity proportional change in flow is a better indicator of
instability in the convergence process than is the proportional change
in cost but for networks with many links loaded beyond capacity the
order of preference is reversed. However, if integer flows (in pecu/hr.)
and costs (0.1 cost min.) are used this situation does not hold; in
this case changes in flow, either proportional or absolute, are more

sensitive measures than changes in cost.

The discussion in 5.3.1.3. shows thal the ﬁeasure:

; :
ELEE_:_§££§£££I is as sensitive as the proportional
Capacity

change in flow only when the speeds assumed following an assignment are
read directly from the speed flow curve. It is suggested in reference

516 that the quantity:

N

)
Flow - Capacity where i = 1 to N
N i=1 Capacity

are the network links, is a good indicator of the process of convergence
over the whole network. Whereas this is true, if an overall assessment
of the network from the convergence point is required, the above measure
is clearly no more sensitive than the average value of the proportional
changes in link flows or the number of links changing flows by more than

a fixed amount, etec.

It has been pointed out in 5.3.1.4. that the number of links for

which the speed/flow point lies on opposite sides of the speed/flow

curve in successive iterations is not likely to be as sensitive a measure
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of convergence as the number of links on which the flow changes by more
than a fixed amount or a fixed proportion. However Burrell (516) finds
this to be an 'especially valuable indicator of the working of the
convergence process' as distinct as a measure of the attainment of

speed/flow equilibrium for which he uses:

N
1 == flow - capacity
N fﬂg—l capacity (

In 5.3.1.5. it has been shown that if costs are determined using
the assigncd link flows and corresponding speeds derived from the speed/
flow curves then the change in user benefits, or more strictly in 'totlal
link cost' is a more sensitive measure than any heretofore discussed.
1t integer costs and flows are used this statement is modilied to the
extent that it is at least as sensitive as any of the other measurcs.
Other people have used user benefits without making it ctrear whether the
link costs used are those defined above or those from which the trces
producing the assigned link flows are built., It seems more likely that the
latter is the case in which event, because flows which are teo high will
tend to be associated with costs that are too low, the variation of the
measure and hepnce its sensitivity will not be as great as that of the
indicator proposed. Basically the proposed measure assumes that which
ever trees are built, the actual link costs are in accordance with the
link flows, which after all is the object of the exercise, in which case
high flows will produce corresponding high costs. It is appreciated that
the costs produced may well result in the former cheapest routes no longer
remaining so, though of course if equilibrium has been attained the costs

should not change in the final assignment.

If the cheapest route costs are required we can:

(a) use the cost on which the latest trees, the current practice

(b) use an average between these costs and the costs produced by
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the assigned flows, or
(¢) determine new trees using the new costs and assume the costs

on these trees to be the costs required.

This latest approach would of course involve most of the work, all
apart irom the loading, in a new flow iteration and hence would be ideal
either for assigning flows to the last two trees or for the standard flow

iteration assignment,.

As stated in 5.3.1.6. if the definition of link costs is the same,
the difference between successive estimates of average link cost is basicall
the difference between the successive estimates of the network sum of the

'total link costs' averaged over the network links.

in conclusion, therefore, the author concurs with Thomas's suggestion
(526), that the variation in the number of links clanging 'total link
coste' by more than a fixed proportion if non integer flows and costs are
used, is prebably the most sensitive measure of the convergence of the
iterative process to a network equilibrium solution. If this measure is use:
then all information is available for the evaluation of such quantities as
the change in user bepefits or the change in average link cost in successive
iteratiovns, the total cost of all trips made, ete. 1f integer flowe and
costs are used, the relative insensitivity to changes in costs near the
equilibrium condition implies that the proportional change in 'total
link cost' is effeclively the same as the proportional change in link
flow in which case, since it involves less calculation, this latter

measure may be preferabie.
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6. FACTORS INFLUENCING SOLUTION OF CAPACITY RESTRAINED ASSIGNMENT
PROCEDURES - EARLIER INVESITGATION

An acceptablc capacity restrained assignment is a pattern of traffic
flows such that for every link in the network the assured speed and the
assigned flow satisfy the appropriate speed/flow relationship and the
cost on all coterminous paths is the same. Most capecity restrained
assignment methods claim convergence to a solution provided enough
iterations are carried out. In view of the high cost of the iterative
procedures involved and bearing in mind the errors arising from other
sources (e.g. trip generation predictions, the distributioa and modal
split procedures) as well as those involved in the assigument model (e.g.
definition of the highway network, the assumed speed flow relationships
and the assumption that all trips start and finish in the same interval
under consideration) it is usually considered that an cxact solution

is inappropriate (606).

Most studies in traffic flow have assumed that there is a definite
relationship between the veolume of traffic which can pass along a given
length of road,and the speed of movement on the voad. They have then
set out to determine this speed/flow relationship. However whatever the
speed/flow relationship adopted, it is conceptual that the solution obtained
from the capacity restrained assignment depends very much on the assumed
relationship, provided that other factors like the road conditions do not
change. Hence it can be seen that the solution obtained in general

depends on the type of inputs. Some of these factors are discusssed below.

6.1.  CRLTERION USED

The route choice criterion used in the capacity restrained assignments

should relate to nature of decision rule and method of estimating value of
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chosen critericon., It was mentioned in Chapter 3 that not all travellers
in the urban area follow the same route between two points because:
(a) alternative routes are evaluated differently by

different persons.

(b) in congested conditions drivers react in such a way that

a state of equilibrium is reached,

This means that any route selection criterion chosen which does not
incorporate these behavioural characteristics of the rcad user may

produce a solution which is not representative of what hLappens in practice.

The author feels that a meaningful criterion should be one which
enables people to choose routes so as to minimise the cost of travels,
whilst allowing drivers on long journeys to attempt to save tiice rather
than distance as reported in reference 308. The cost function, used if
it does not reflect the right traffic composition could give a less

reliable solution.

6.2. VOLUME OF TRAFFIC TO BE ASSLGNED - DECREE OF CONCESTION

Experience (601) has shown that the density of flow or degree of
congestion must have some affect on the solution obtained, This fact
was briefly mentioned in Chapter 4 where Outram was quoted as having
said that if some of the loads assigned to the roads exceed the capacities
these loads cannot be interpreted as flows because that number of vehicles
could not traverse the roads in the time period under consideration,
What actually happens then is that queues quickly form and the flows of
vehicles exiting from the overloaded routes will approximate to their
capacity. Thus some of the flows on the links further from the trip origins

could be lower than the assigned loads as some of the vehicles wishing to
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use them may be forced to queue on the overloaded roads near the origins
and hence will not complete their journeys until after the time period

under consideration.

The use of any capacity restrained model of the congested network
without an incorperated element to deal with any queuees that might develop
would give a less reliable solution., Outram (604) has developed a
queuéing assignment model (604) which regulates the flow of traffic
along any road by using restrictions imposed by all the road network)
in addition to the speed of the traffic using the road being regulated

by the road characteristics.

Another set of models, the Factor Loading Methods discussed in
Chapter 4, (particularly the TNET model) try to find a reasonable method
of dealing with the cungested network by effectivcly removing any link
loaded to capacity. Whatever method used to deal wiih the problen of
high traffic volume the solution obtained must refleci what happens in

practice,

6.3. DESCRIPTION AND SIZE OF NETWORK

As mentioned in section 5.2.,2, human errors in network description
could atfect the solution obtained. Any wrong data resulting from mis-
coding, mis-punching or omission will affect the solution obtained. This
is because it is assumed that intrazonal trips take place on the local
street network and they are not usually assigned, but larger zones and
particularly heavily trafficked zones this omission might have a serious
effect on estimates of flows in the vicinity. If the centroid connectors

are not properly defined it could affect the way trips from the zone are

distributed to other zones. Representation of the intersections and turning




« 132 -

penalities is also verv important., The greater the number of intersections
the network has the denser the network becomes and the larger the number

of turning penalties required to be computed and incorporated. After

all not all junctions are equally important, At first sight it might look
reasonable to argue for the reduction of network size in order to reduce
storage requirements but the fundamental characteristics of the assignment
procedure which supposes that all flows take place on the represented

links could affect the solution obtained. Drivers who have a good knowledge
of the locality may not use the links represented hence if many would-be-
ugsed linke are omitted from the network the solution obtained may not be

representative of what happens in practice.

6.4. SPEED/I'.OW_RELATIORSHIP

Speed/flow specification is a very important factor which influences
the solution obtained in a capacity restrained assignment. The fact that
the iterative procedure always makes reference to sweed/flow relations
when adjusting the link resistances implies thit an erroneous spocification
of the speed/flow relationship would give an entirely unrealistic solution.
For example, if the minimum specd at high flows is set too low, it would
be equivalent to deleting the link from the network and traffic could be
sent through very inferior routes. If set too high, it may prevent
traffic from being assizned to reasonable alternative routes. The
influence of the speed/flow relationskip can be reduced by using multiple

routing assignment techniques.

b.3. METHOD OF LOADING OF NETWORK

The loading procedure is important although it is difficult to say

whether similar results are obtained using different methods without testing
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many networks. Weaver (6013) observes that a total successive loading
technique brings about a faster convergence than incremental loading
methods. He claims however, from his tests that both partial and total
loading techunigues produce similar link loadings for all load values.

A feature of the partial loading technique like the capre method is that th
number of iterations is fixad and the convergence is not directly taken
into account; the assignment would be terminated after a fixed number of
loading ecycles (iterations) irrespective of the state of convergence
reached. Partial eud total loading methods have beer used in the programm

developed in this dissertation,

Other methods that could be considered are, the Chicage method
(605), which terminates bv the lo-ding from the firnal ovigin zone rather
than from convergence consideration, projected demand method which
estimates final loadings from the proportion of lcads on the liuks at
the end of the first iteration though this is flowed by flow iteration,
and Outram's queueing assignmeut method (604) with the assertion that
the destination of vehicles travelling along a oad may be regarded a«
being effectively independent of the origins of the trip makers. It
can be seen from thesae different methods of terminating the assignment
processes used with various loading techniques that the sclution obtained

depends very much on the techniques used.

6.6. METHOD OF LINK ADJUSTMFNT

Outram (604) and others have stated that the link costs or times
at the final solution de not depend on the coded values. But it was
noted in the Bureau of Public Roads Method (4.7,3) that the link time
adjusting equation

T=T (1+0.15 (q/Q™)
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could cause an alternating of the link loads similar to that experienced
in simple capacity restralned techniques and that this could be reduced
by using a time averaging procedure such as the new time

T; * TQ + (T - 'rQ)M

(the variables are as defined in section 4.7.3). This then shows that
the link time adjusting procedures affect the final sclution of the

capacity restrained assignment.

In a situation where queues will develop Outram (604) has
suggested that the time spent queueing should be added to the link
time. But this does not preveni loading the same link beyond queueing
point in the next assignment though it does make tne link concevned less

attractive.

6.7. METHOD OF DETERMINING AN ACCEPTARLE SOLUTION

Ideally we are searching for a solution where for all links values
of speed assumed and curves and the travel times 2n alternative routes
used are equal. 1In practice this would be a lengthy computation, and
obviously we do not reed this degree of accuracy because of the magnitude
of errors arising from other sources, Hence the answer to the questioa
of when an acceptable solution has been obtained can be obtained from
considering the magnitude of the change of the traffic volumes on the
links, the traffic speod (and hence the time or cost) or a combination of
both or various other methods like the changes in user benefits or total
link costs. The solution obtained will depend largely on the sensitivity
of the criteria used to monitor the changes (mentioned above). These

criteria are the basis of the methods most commonly used to indicate the

convergence to a solution of the assignment process. Whichever method is
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used to assess convergence of the solution it is important that the
stability of the solution should alsc be considered. The rate of
convergence to an acceptable solution and the stability of the solutiown
are the principal qualities considered when comparing acceptable

solutions,

The Peturbation technique ig probably the best approach to determini

a stable golution approximating closely to the cquilibrium condition in

congested networks (606).

6.8. PREVIOUS WORK IN THE FIRLD

There is very little published work un the factors influencing
the solution of capacity restrained assignment techniques apart from the
papers by Outram (604} and Weaver (603). An unpublished MSc thesis by
Head (607) and an unpublished report by Thomas (606) also contain relevant

material.

Outram (604) by inwrporating simple capacity restraint in a
minimue routing model made a model run which produced che results
illustrated in Fig. 6.8A. The figure shows how the user benefits {relative
to the standard) and number of links changing cost by 0.1 c¢ost minutes or
more varies. The results indicate that a good measure of instability of a
model is either the variation in the user benefits from one iteration teo
another, or the number of links changing cost. A major cause of the
above instability is the alternate selection of parallel routes from oue
iteration to the next. This creates excessive loadings on one route and
very low loadings on patrallel routes resulting in very high costs on the
former route and very low costs on the latter routes after capacity restrai:

One of the methods he used to dampen the above oscillaticmn invelved the

IR i NGRS 11 T8 ) I i e



averaging the loads and costs from all iterations., The simplest form
of cost averaging he adopted set the new link cost equal to the mean
of the cost used to obtein the current load and the cost obtained from
simple capacity restraint of the current load, The results obtained
using this appreoach are shown in Figure 6.8B., It is noticeable that
the variation in user bencfits has diminished considerably, and the
number of links changing their cost has approximateiy halved. The
observations from the above discussion could lead one to expect the
model has converged closer to the supposed equilibrium state, but this
type of model which uses integer cost and trip quantities has many
quasi-stable equilibrium states. Wilh the use of integer cost units as
in the model testec¢ by Outram it is necessary for the cost obtained in
simple capacity restraint to be at least two <ost units different from
the cost used in the assigument if the new cost is to have a different

value,

In using incremental loading, in which the load is set to the mean
the previous and current load, Outram obtzined similar results (Fig. 6.8C).
In this case hewever, the magnitude of the user benefits are smaller than
before because very few links changed their cost. This occurs because in
order for the link cost to be able to change at all, the load has to

¥

change drastically.

Burrell (604 ) in his type of Multiple Routing Assignment technique

uses link cost C for route selection. C is permitted to vary according to
-
"

C = C + KV

¥
where C = the average link cost

V = half the range of the cost variation

>

l

K = a random number such that (-1 K 1)

Burrell obtained the value V 0.91 (when C is in cost minutes) from the
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study he undertook for the DoE in Hull concerning drivers route choice,

In using this value with Burrell type multiple routing in a model run
Outram found that the instability of the model was improved considerably
compared with the minimum reuting case, but the average level of user
benefits was considerably lower., Several model runs were executed using

a range of values of V. The results obtained show that the level of
stability of the model improves as the degree of multiple routing
increases until a critical level of multiple routing occurrs. At this
point, increase in the level! of multiple rouiing so increases the average
trip cost that the cost of travel along the minimum cost paths also increase,
bringing about a reduction in the level of user benefits. The level of
stability of the model as indicated by both the variation in user benefits
from one iteration to the next, and the average number of links changing
cost during capacity restraint, deteriorates in the process. From the
above work Outram concludes that even with multiple routing the rate of
convergence of the model used is leower than is desirable and that the
large number of iterations necegsary to produce a nea: stable model would

be prohibitive on cost grounds.

When Outram ran the Projected Demand model (4,.11) in conjunction
with Dial type multiple routing (4.6.3.1.) the nodel was aimost stable

after four iterations rnd completely stable after seven iterations.

In order to test whether the ratc of convergence of the model he
used was dependent upon the original coded state of the network Outram
slightly varied the link costs in a random fashicn with the link costs as
the mean prior to model run. The results he obtained indicate that little
difference in rate of convergence or user benefits. The examination of
the data lead Outram to say that even using measures of trips of 0.1 of a

trip and costs to 0.1 cost minutes is insufficient to produce unique
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solutions to his type of model. However, finer measures are unlikely to

be used because of computer storage limitations. In the final analysis

Outram came to the following conclusicns:

L,

That there does not exist a unique solution to his type of
transportation model which uses integer values of trips and
costs;

That the residual instability (noise) in a model incorporating
minimum path routing ie very high. Average costing and
incremental loading tending to reduce the model's sensitivity
rather than decreasing the noise level.

That. Burrell's type multiple routing (4.6.2.3.) improves the
basic noise level, but the mechaniecs of the algorithm tend to
set up a basic noise level which is dependent upon the level
of multiple routing permitced,

That projected demand capacity restraint in conjunction with
multiple routing permits very rapid rate of convergence of the

model,

1t should be noted that investigations by Outram are based on the

general network details given below:

(a)
(b)
(c)

(d)

(e)

Generalised ost is stored in units of 0.1 cost mins.
Times are stored in units ot 0.1 minsg

Distances are stored in units of 0.1 miles

165 unite on user benefit scale represent approximately
1% of total highway travel cost

Maximym aumber of links able to be adjusted in capacity

restraint is 186,

Thomas (606) has shown theoretically that the number of links

changing costs by 0.1 cost mins or more is more likely to indicate that

convergence has been attained when it has not than is the number of links
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changing flow by 0.5 p.c.u./hr. 1In his (Thomas) work using the curves

given in reference 608 he shows that for networks not loaded beyond

capacity proportional chznge in flow is a more sensitive indicator of
instability in the convergence process than proportional change in cosﬁ
except perhaps for link type 5 and 6 {see Fig. 2.2C) at flows near

capacity if integer flows are used, or to a lesser extent in time. For
networks loaded beyond capacity, proportional changes in cost or time are to
proferred unless flows and costs are measured in integer values of 1 p.c.u./h
angd 0.1 cost wins respectively in which case proportional change in flow is
a more sensitive measure. The bast measure he found in his work is the
user bencfit or the 'total link cost'. He shows that if costs are
determined using the assigned link flows and corresponding speeds derived
from speed/{low curves then the change in 'tot=l liok cost' is a more
sensitive measure than any discussed above. If integer costs and flows

are used this statement is modified Lo the extent that it is at least as

sensitive as any of the other measurcs.

In bis conclusion Thomas suggests that the variation in the number of
links changing 'total link cost' by more than a fixed amount or by moxre than
a fized proportion if non integer flows and costs are used, is probably the
most sensitive measure of the convergence of the iterative process to a

network equilibrium solution. If this measure is used then all the

information will be available for cvaluation of such quantities as the
change in user benefit or the change in average link cost In successive
iteratiocns, the total cost of all crips made, ete, If integer flows and
costs are used the relative insensitivity to changes in cost near the
equilibrium condition implies that the proportional change in '"total link
cost' is effectively the same as proportional change in link flow in
which case, since it involves less calculation, this latter mecasure may

be preferable.
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Head in his thesis states that the results of his tests demonstrate
quite conclusively that an iterative all-or-nothing assignment is a waste
of time., That fair results in terms of equilibrium user time are achieved
in an initial all-or~nothing assignment but little progress is made
subsequently. lle claims that after the initial all-or-nothing assignment,
the flow iteration model produces gradvally decreasing equilibrium user
times up to the fifth iteration. Effectively the net decrease between the
third and fifth iterations is small and in the network used convergence

seems t¢ have been reached in the third iteration.

On the use of the CAPRE approach before iterative all-or-nothing and
flow iteration assignwents he states that the former failed to produce a
satisfactory convergent situation while ir the Latter there was not
significant improvement over the resulis of flow itcration used alone
after three iterations. Using Burrell's technique (sect. 4.6.2.3)
randomisation of the link resistance he obtained a remarkably dampened

iterative all-or-nothinz assignment,

In his comparison of the end results of runs using time and costs
as alternative route selection criteria for the same assignment, Head
found that the results were similar. Further inspection shows a major
decrease in time spent in the system when route selection dependent on
cost. The simple unweighted cost averaging function appeared to stablise

iterative all-or-nothing assignment.

Weaver (603) is another researcher who has shown that the form of
the speed/flow relationship used influences the rate of convergence
whichever loading technique is under review, though he also claiws that
the techniques are all affected in a similar way, so that comparisors

using the same speed/flow relationships are valid over a range of such

relationships.
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7 FACTORS TO BE INVESTIGATED IN THE PROCRAM AND THE

METIODS USED

Apart from a discussion of traffic assignment tcchniques
the other main aim of this dissertation is to write and develop
a computer program to investigate the effects of some of the
factors influencing the solutions furnished by capacity recstrained
techniques, No attempt is made to investigate these effects in
the dissertavion, the aim is to produce a tool that will facilitate
the investigation of the influence of such factors as

1) the speed/flow relationship

2) ihe loading method e,.g. total loading procedure,
incremental loading pruccdure and their combination

3) the use of time or cost

4) effect of varying densities of loading

5)  the use of integer and real loads and times or cosls;
(through ithe present program uses real load and time
or cost, it can be readily amended to use integer load
and time or cost)

6) the use of weighted (or unweighted) averages of time
and cost which can easily be incorporated since the
necessary information has been stored on the magnetic
for successive iterations in connection with the
convergence indicators

7) the convergence indicators. Whilst the above factors
are being investigated the program at the same time
examines the behaviour of the measures (ccnvergence
indicators) used to indicate that a solution has been

arrived at, More indicators can be included at the
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cost of increased storage requirements which may
become so large as to prohibit the use of all but
the smallest of networks. The various factors which
can be investigated by the program are discussed in

detail in the remainder of this chapter.

7.1 NETWORK VARTATION

Naturally any assignment program permits the use of differ=-
ent highway networks though the same method of network definition
is used for all networks. For the purpose of this study a test
network is coded in a modified version of the format described in
the TNET suite (701) of programs adapted for input to theKDF9
computer, The coded network is stored on a magnetice tape, ueing
subroutine NE106, for casc of access by other subroutines in the
iterative procedures, The test network used comprises of five
centroids, fiftcen nodes and thirty-cight one-way links, Since
there was no time to vary the network, all testiags have been

carried out on this network.

7.2 NETWORK DESIGNATION

The nctwork is loaded using one-way links between pairs of

nodes or centroids; a sketch plan of the test network is shown in

Fig. 7.2,

Nodes are numbered consecutively, the centroids being
numbered first and then the intersection nodes numbered successively

with no number omitted, The link lengths for the test metwork are
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arbitrarily specified and the speed/flow index numbers allocated to
the links so as to include all possible values. The road widths
(and hence link widths) are also allocated arbitrarily. For each
link the following items are input:- Origin node, final node,
speed/flow curve index number, road with, any two of link length
and initial speed and time, capacity, capacity class and the speed/
flow characteristies corresponding to the speed/flow curve index
number. These characteristics are the free flow speed and Limit
capacity, the link capacity flow and speed at capacity. The link
flows and speeds in each iteration are compared with the above
characteristies so that the appropriate sections of the speed/flow
relationship could be used. The curve index number is used in
SUBROUTINES MALTIM AND SERTIM in sclecting the appropricte constants
used in the MALTS and SELNEC speed/flow relationships. The road
width coded is used in the MALTS time adjustment equation and of
course the origin node, destipation node and the distance coded

define the physical network,

1.3 THE SPEED/FLOW RELATIONSHIPS TNCLUDED

In any capacity restrained model updated link speeds to take
account of the latest estimates of link flows are required at each
stage of the assignment process, Clearly the speed assumed to be
appropriate to a particular flow will depend onthe form of the

speed/flow relationship assumed.

Three speed/flow curves have been incorporated in the program,

In this way the effect of different speed/flow relationships may be
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investigated. The three speed/flow relationships are those taken
from the

SELNEC model (2.2.5)

MARTS model (2.2.6) and

TNET model (4.8.3)

It is not necessary in the speed/flow specification to make
the Iink type index numbers in the MALTS the same as those in
SELNEC as steps are taken in the program to make sure that no
confusion arises. The difference in index numbers can be observed
in table 2.E and 2.F. Because these speed/flow relationships have
been discussed at length in chapter two above only a brief discussion
of the speed/flow relationships incl uded in the program used is
given in the sections below. Tt must be noted that the SELNEC spced/
flow curve is similar to that recommended by the DoE (708) in the
relationship between speed and flow assumed at flows greater than
capacity. However in advice note la the speed is assumed copstant
up to a limiting free flow and then decreases at a constant rate to
a lower speed at limiting capacity. Beyond limiting capacity speced
is assumed to decrease at a slower rate as given in section 2,2.4
But in SELNEC speed/flow relationship the part of the curve up to
the limiting capacity is represented by a parabolic ecquation as
given in section 7.3.1 below. Beyond the limiting capacity the
SELNEC curve takes account of the time spent queueing. In the
TNET model reference is made to the coded link times when adjusting
the travel times on the links. This implies a dependence of the
final results on the link times assumed initially. The relationships
used are given in section 7.3.3. The model effectively removes the

link when the capacity or a specified critical capacity is reached
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by adding to the link time a large penalty of 500 cest minutes,
The MALTS speed/flow curve is also similar to the advice note la
except that it does not have a separate relationship for adjusting
flows beyond the limiting capacity. The relationship used in

adjusting link times is given in scetion 7.3.2 below.

7.3.1 THE SELNEC SPEED/FLOW REIATIONSHIP

In the SELLNEC speed/flow rclationship (708) the part of the
curve up tn the optimum is represented by the relationship
32 = 8(ayw + al + a3) - bF
where s = link speed
¥ = link flow
1 = 1length of the road

aj; Ay, g, and b are constants whose values are shown in table 2.7.

The curve does not exibit a free flow limit as in the advice
note la (708). The speed falls from the maximum Sm at zero flow to

SMa at optimum flow F

Beyond the optimum flow, a waiting time penalty is added to
the time epent queueing on the link. The waiting time Lw is
represented by

t, = to(F-F)

where ¥ is the assigned flow, t, is a waiting time factor
and L is the optimum flow, The shape of the curve is shown in
Fig. 2.2.D. The value for the factor t, is chosen in such a way

that too large a penalty is not added at capacity. It can vary

from network to another depending on the degree of congestion, In

the program tw is thought of as being given by the expression
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t, = tJF, (E - 1) so that the value chosen for use in the program
¥
is 2.5 represeﬁt the value for tth. This means that tn is a

constant only for a particular link,

7.3.2 THE MALTS SPEED/FLOW REITATTONSHIP

The MALTS speed/flow curves can be approximately represented

by the equation

t o= - V) 4742 (v - )2 + £ T

where t = travel]l time in mins/mile
v = volume in peu/ft width/hr

duﬁ, R = constants

The valuce of!iqﬁ Y and S are given in table 2.C. It
can be seen from the relationship that when v = é the time t =& +/B
0¥ 4.5 mins/mile see table 2.C. This speed/flow relationship does
not give the valués of the free flow limits and capacities of the
road types (not indetail where given). The 1link free flow limits
and capacities used are those obtained from the advice note la.

The link type capacities obtained from the abeve scurce are expressed
as capacities per unit fooi width of the road in the direction of
movement. It is considered that sinece all transportation work has

to comply with the DoE recommendations, the capacities and free flow
limits assumed when using MALTS speecd/flow relatiounships should not

be far from those assumed in the work,.

7.3.3 THE TNET SPEED/FLOW RELATTONSHIP

The functions relating to travel time on arterial links in
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TNET (701) speed/flow relationship used in this work take account

of intersections explicitly., The possible ways the other speed/

flow relationships mentioned could take zecount of intersection

are discussed in section ( ) below. The functions used are
1) for Intersection Delay

T = T 4+ V/C

a o VT E BT
o(1l -
10( WCQ}
where Ta = adjusted travel time on link
2, o original travel time on link ('normal

frec flow conditions')
V = volume on the link
C = the capacity of the link
Q = the multiple of capacity at which travel
time becomes infinite
2)  For link Delay
Ta = To (0.5 + 0.25/(1 - '/cQ))
where the symbols are as above
The value of Q used in this study is 1,10, This speed/flow relation=-
ship is basically tle samc as the Purcau of Public Roads spced/flow
relationship with an in-built biag toward the coded travel time on
the link., This dependence on the original travel time could be an
importart failing on the relationships as an improperly (incorrectly)
coded links times could produce an unreliable assigmment., 1t is
considered that the separation of the lime adjustment equations into
link delay and interscction delay does not affect the convergence

process and if it does, the effcet can be investigated.

7.3.4 COMPARISONS AND CONTRASTS OF SPEED/FLOW RELATIONSIPS INCLUDED

It has been mentioned above that TNET modeltakes account of
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intersection by having different function relating travel time on
links depending on whether the links experience intersection delay

or link delay, There are three possible ways the cther speed/flow
relationships used (SELNEC and MALTS) can deal with the problem of
interscctions, Once approach is to augumeni the network by represent-
ing each intersection by a sub-network in which a travel time is
alotted to each turning movement. The second approach is to index
each link with a sign and add a penalty (say 30 secs ) to the route
everytime a sign changes. The third approach concerns intersections
where long delays are experience; In this case the long delay can be

represented by insertion of additional links,

hereas the TNET model has a bias toward the original travel
time To’ the other speed/flow relationships as used in this program
have no such time weighting., Depending on the conditions on the
network concerned this could be included in the program as an improve-
ment, For example

New time = % (lcst time + time corresponding to corrent

loading)

The TNET model effectively removes the link loaded to capacity
by adding to the link time a large penalty. The SELNEC model on the
other hand adds on to the link time a penalty for flows greater than
capacity. The MALTS relationship has becn developed for a non-
congested network so that there is no enplicit expression for dealing

with flows greater than the capacity.

7.4  VARIATIONS OF THE LOADING TECHNIQUE

Various methods of loading traffic onto the network and applying

a specified speed/flow relationships to the traffic so loaded have been
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developed as deseribed in Chapter 4. Although, ideally each of
these methods assigns traffic on the principle of equal travel cost
or time on alternative routes or minimum paths, this aim is seldom
achieved due to the nature of the convergence process iavolved and
the impractability as well as undesirability of exceedingly precise

sclutions,

The loading techniques most widely used in practice are partial
loading (e.g. TNET model (701) and CAPRE (703)) &nd flow iteration

(704). These three loading techniques are included in the program.

CAPRE fixes befoie hand the number of loading cycles, the
proportion of the total distribution to be loaded at each state and

to be unleoaded after the new costs have been determined,

In any one loading increment, the TNET model adds to the load
already assigned the maximum pronortien of the as yet unassigned
distribution which can be added without thereby loading any link
beyond its capacity. The resultant flows are used to estimate new
travel times on the links not loaded to capacity. Links loaded to
capacity or specificd eritical capacity are effectively removed from

the network by the addition of a travel time penalty,

The flow iteration method leads the total distribu ion matrix
on to the network at each iteration. Following each leoading, link
times are adjusted, new minimum paths determined, and the loads on
the links when the total distribution is loaded on to these paths
estimated; the assigned flows are then ostimated by the average of

the flows obtained when the total distribution is loaded onto each of



- 150 w

the minimum paths determined to data, It is possible to use a
weighted average rather than a straight forward average mentioned

above.

It is intended that the program be used to investigate

a) the differences between the total and partial methods of
loading traffic onto the network as regards the number
of iterations to produce an acceptable solution.

b) The effect of using both methods of loading; that is,
moving from the partial loading method to the total

loading method.

In (b) above it is necessary to label each type of loading (cay
1 for TNET, 2 for CAPRE and 3 for the FLOW-ITERATION so that at the
end of the partial loading method, the label is changed to 3, The
label 3 therefore enables the FLOW ITERATION method to be used, Tt

is hoped in this way to obtain a faster rate of convergence,

The 1link loads at the end of the partial loading method are
stored as LLAST (1} and compared with the link loads in subsequent
iterations using the GLOW ITERATION method. The compavison which is

output as AUSUMM is calculated thus

NLINK
Ausurt = > (XP(1) = LIAST(I)) / LIAST(I)
=1 NLINK

where AVSUMM 1is the average over the network of the absolute
difference between the ioading at the end of the partial loading
method and the current load from th FLOW ITERATION method expressed
as a proportion of the former, XP(I) is the current load from FLOW
ITERATION method, LIAST(I) is the load at the end of the partial

loading method and NLINK the number of the network links.
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7.5 USE OF TIME AND COST

One of the two behavioural assumptions in traffic assignment
concerns the criterion used in determining the route of an individual
driver. 1In the UK at present time, cost has replaced time as the
basis for assignment. Time is included in the expression for cost
as seen from the SELNEC generalised cost model (709). The model makes

allowances for different modes and expresses the cost 2t C?j given by

K k
k k k k
G, Aty + Ay Egy o+ Agdis 4 P+ g

where k is the mode of travel between 1 and j t?jis the time taken to

make the trip

Ek is the excess term on the trip from 1 to j by node

ij

d,, is the distance travelled to make the trip P? is the terminal cest

ij
at j (e.g. parking) ék is the model handicap (or penalty) Al, Az

Yo
an

are constants assumed to be proportional to income and Ag is the
cost per kilometer by mode K. The cost as seen from above is dependent
of the cffecis of time and distance primarily but not dependent
explicitly on speed. Historically time has been used as the route
selection criterion although nowadays in UK generalised cost is the
eriterion in common use, It is therefore considered worthwhile
investigating the differences arising from the use of cost =nd time
criteria. 1In the programs developed facilities are incorporated to
compute link resistance in terms of gencralised cost or time. The
cost function used can be expressed as follows

Link Resistance = Cd *  DIST -+ Ct *  ULINK

where DIST = thelink length

ULINK = the link time

and the constants Cd and ¢ are costs per kilometer and value of time
t
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per minute respectively, Values of C, and Ct used are 3.5 and 2.0

d
pence respectively, but these can be varied at will. The coefficients
used are taken from reference 702 which, on the basis of operating
costs surveyed in 1970 derived the appropriate values in the manner
described in the next section.

Tu5l DERIVATION OF THE COST PARAMETERS C ., and Ct

d
Dawson (308) pave equatione for the ret operating cost and
gross cost of travel in 1970 in the form
2
A+ BV + C. ": pence per km
Both this relationship and that in 7.5 above may include allowances

for the cost of travel to the community and to the individual user.

If an average composition of traffic is assumed, then knowing
the cost of vehicle occupants time in each type of vehicle, the

average cost of vehiele occupants time in an average vehicle may be

found,
COST OF VEHICLE OCCUPANTS' TIME
Type of % age of Cost of occupants' (1) * (2)
vehicle vehicle time by vehicle type
type (pence fhour)
(1) (2>
Car 80 56 44,80
Van 9 75 6.75
HGV 9 70 6.30
PSV 2 575 11.50
100 69.35

Table 7.5.A
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Gross and net operating (the latter free from allowances for taxation)
may be expressed as follows

Net operating Cost/Km = 1,13 + 76/Ve + 0.000021 ch

Cross operating cost/Km = 1,49 + 85/Vc + 0.00041 ch

Using these cost formulae the gross and net e¢ost of travel for
an average vehicle and its occupants along urban road links of

length 1Km can be found.
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Tt is likely that the average speed of travel in the network will be
around 30 km per hr., The net operating cost, which is assumed

simular to the perceived cost ¢f route selection is then about 5,5
pence per Km. O this 2 pence is attributed to vehicle occupants

time and 3.5 to the operating cost of the vehicle. Hence the constamt s

C, and Ct.

a

7.6 USE OF INTEGER AND REAR LOAD AND TIME OR COST

Outram (706) has stated that the use of integer loads and
times or cost in models produce many quasi-stable equilibrium states.
The use of integer cost for example, in a program using the averages
or costs uscd in building trees and costs resulting from latest
network leading, necessitates that the alfference between the two

should be at least two units for any change In cost to be indicated.

In the progrom developed real values have been used but they
can readily be adapted to use integer values. This can be done for
the time or cost values by including statements

ITLINK (I) = ULINK (1)

where TULINK(I) is thc integer value of the link time or cost
ULINK (1) on link 1. The appropriate places where this statement
can be incorporated in the program have beea indicated in the listings
of the subroutines (in appendix) using single asterisks (*), For the
loads NLOAD(1) can he used instead of XP(I) where NLOAD{I) is the
integer value of the real load XP(I) on link i, Where this could
be incorporated in the program are indicated with double asterisks (¥=%)

in the listings of the subroutine (in the appendix).
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7.7 USE OF AVERAGES OF TIME OR_COST,

It has been stated in section 4.7.2 that this method is a
mathematical manipulation with no sound reasoning behind it., It has
also been pointed out that the use of averages of time or cost can
improve convergence at the cxpense of unstable solution especially if
integer costs or times are used. Many methods e.g. SBureau of Public

Roads use time or cost averages.

In the program developed all necessary information in connection
with comvergence indicators is stored on the nagnetic tape. lence, though
the program does not use cosl or time averages, it can be easily adapted
to use vweighted (or unweighted) averages of time or cost. For example
the new link coct TULINK (1) can be expressed as

TULINK(I) = 0.5 * (ULINK (1) + T:AST (1) )

where TULINK (1) is an unweighted average of ULINK(I) the
cost on link i at current iteration and TLAST (I) the cost on link i
at the previous iteration. The appropriate places on the program
where this can be incorporated bave been indicated by three asterisks

(*%%) in the listings of the subroutines in the appendix,

7.8 INVESTICATTON OF THE CONVERGEMNCE PROCESS

As stated in chapter 5, there are many methosds proposed to
indicate when a traffic assignment process shouldstop., Whatever methad s
or indicators are used to determine when an acceptable solution has
been achieved, the sensitivity of these indicators is another factor
which influences the rate of convergence and the solution deemed

acceptable, An insensitive convergence indicator may produce a

solution highly dependent on the initial link costs; it may fail to
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detect small but significant changes in link flows. The following

methods of assessing convergence can be investipated with thie program.

1) Number of links changing 'total link cost' (i.e, the product
of cost on the link and the flow on it) by more than (1.1) a
fixed amount, (1.2) a fixed pvoportion

with cost a) corresponding to assigned load

b) wused to build trees

2) Number of links changing flow by more than a fixed proportion

3) Number of links changing cost or time by more than a fixed
proportion

4) The Error 1 1V astigned flow - flow on the link in

A

i =1 accordance with cost used to build trees

flow on the link in accordance with
cost used to build trees

wvhere N is the number of links in the network.

In order Lo carry out the ahove Investigation, a number of

items are stored on the magnetic tape., These are

a) Link costs used to build trees
b) Correspording flows from spced/flow relationship
c) Total link cost a) X b)

New trees are then built and load assigned
d) Link flows are estimaced which will later be stored
e) Estimates of the total link cost using a) and d) i.e.

a) X d) and this is also stLored

£) Link costs corresponding to flows in d) which are later
stored
g) Total link cost estimated using d) and f) and this is

stored so that it is read out later in the program as
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step ¢) above without having to go through a) and b)

From the conclusions drawn up by Thomas (710) in his report
based on the use of the speed/flow relationships presented in DoE
advice note la, is expected that Iif integer flows and costs are used,
the relative imsensitivity of changes in cost near the equilibrium
condition will indicate that the proportional change in 'total link
cost' is effectively the same as the proportional change in link
flow. 1If link costs are defined to be the costs Jdetermined using the
assigned link flows and corresponding speeds derived from the speed/
flow curves then the change in 'total link costs' is a more sensitive
measure than the others to be tested, provided that integer costs and

flows arcnot used,

In the first me2thod of assessing convergence mentioned above,
costs used are thosge
a) corresponding to assigned load,
b) used to build trees, The two have heen used in order to
compare their sensitivites, 1In fact it is held by Thomas (710) that
if (b) above is used, then because flows which are too high will tend
te be associated witn costs that are too low the variation of the
measure and hence its sensitivity will net be as great as that of the
indicator proposed. Basically the indicator proposed (in 1) above)
assumes that whichever trees are built the actuval link costs are in
accordance with the link flows in which case high flows will produce
correspeondingly high costs., It is appreciated that the costs produced
may well result in the former cheapest routes no longer remaining so,

though of course if equilibrium has been attained the costs should not
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change in the final assignment. Tn the case of the indicators for
links changing flows by a fixed proportion or changing cost or time
by a fixed proportion, Thomas has said that for networks not loaded
beyond capacity proportional change in flow is a more sensitive indi=-
cator of instability in the convergence process than change in cost
except perhaps for link types 5 and 6 (707) at flows near capacity

if integer flows are uscd, TFor networks loaded beyond capacity,
proportional changes in costs or time are better indicators unless
flows and costs are measured in integer values of 1 peu/hr and 0.1
cost mins respectively in which case proportional changes in flows

are more sensitive measures.

The 'Error' used as a convergence indicator ean be taken to
be the same as proportional change in link flow in succescive iteration
if the speeds used following each assignment are read directly from
the speed/flow curves. The validity of these claims when different
speed/flow relationships are used can be investigated at the samc
time as the detailed comparison of the functioning of the convergence

indicators is examined.

The convergence process is also investigated by setting up a
frequency table to record for each iteration the number of links for
which the calculated values of DEL (see below) are less than or
equal to 0,05, 0.1, 0.3, 0.5 and 1.0 and for DEL greater than 1.0,

DEL values are obtained using the flows on the link and then using
the link costs, The frequency tables are set up separately, DEL values

are obtained as follows
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DEL = ABS (XP (1) ) = LLOAD (I) / LLOAD (1)

and

DEL = ABS (ULINK(I)) =~ TIAST (I) / TIAST (1)

where DEL is the absolute difference between the link load (or cost)
in the last iteration aud that in the current iteration expressed as
a proportion of the former,

XP (1) = load on link i in the current iteration

LLOAD (1) = 1load on link i in the last iteration

ULINK (1) = cost on link i in the present iteration

TLAST (I) = cost on link 1 in the last iteration

Given a common degree of congestion and other prevailing
conditions on the network the program facilitates a comparison of methods
of assessing convergence in order that the method deewmed mest appropriate
may be determined., Limictations as to the number of methods that can be
investigated are seen clearly to be the requirements to store link time
or costs, loadings and cether link information for a large number of

iterations.
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THE COMPUTER PROGRAM

This forms the kernel of the second aspect of the dissertation.

The programs are written in Egtran the local dialect of
Fortran and run on the KDF9 computer at the University of Salford
programs. All data are input on standard 80 column punch cards.
Certain common arrays stored on magnetic tapes and called by the
main programs or the subroutines are required. Three main programs
which are very similar, differing only in the load and time adjust-
ing subroutines have beer written. The common subroutines are
NETO6 NETIOI, NETIC2 NETIO3, NET201I, NET202 (I, J) FLOITR and
CONVER. The three main programs ere FLOWNET, CAPRE and FLOWSEL.

The general flowchart is given below.

The nomenclature used in the program variables is given to
aid the reader in understanding the listings of the subroutines

given in the appendix.
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GENERAL FLOWCHART FOR PROGRAMS

—

1 READ PARAMETER CARD

2 CALL NETOG6
__w___:fi*'_:ffii:j:;'Z;E[‘ o

3 SETON FLAG = 1

4 CALL MINIMUM PATH SUBROUTINES

——

5 RECALL MINIMUM PATH INDICATORS
FROM MAGNETIC TAPE
L a _I—

6 LOAD LINKS

7 ADJUST LINK LOADINGS

3 ADJUST LINK TIME OR COST

9 CALL CONVER AND OUTPUT RESULTS
OF CONVERGENCE TESTS

10
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8.1 NOMENCLATURE OF PROGRAM VARTABLES

(variobles coummon to two or more subroutincs are under=-
lined)

SUBROUTINE NETO6

The total number of links in the network

E

ND(I) - The destination node of link (I). Tt varies from 1
to NLINK
ND(I) -~ The origin node number for any link
DIST -~ “he length (in miles) of any link
Frs = The free flow speed on link 1 (mph)
SPD - TInitially coded speed on link I (mps)
FFL = The free flow capacity on 1link 1 pcu/hr/lane
LAP = The limiting capacity on link I
NC_ = Speed at limiting capacity
_USPD =~ The speed at which a link may be traversed assuming
speed/flow characteristics to be obeycd
_TLINK(TI) =~ The time taken to traverse link (1) at free flow
condition (i.,e, the coded time)
J = An indicator for which of the wmissing link character-
istics (time, length or speed) is to be calculated
JJ - No of the items (speed, length or time for each link)
present. Two items must be present otherwise 'DATA
MISSING OR WRONG' message is printed out.

The capacity of link (1)

:

NCURV - The specd/flew curve index number associated with link
number 1.
ERROR - Originally set equal to zero but set to 1 where one or

more links have JJ values of 1
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WL - The width of the road

SUBROUTINES NET101, NET102 AND NET103

NHOME

Initially the aumber of the first zone ceatroid in

the network, subscquently it becomes the origin of

the minimum path secking process.

NSTOP =~ The node number corresponding to the final centroid

NNODE «~ The total number of links in the network

NCENT =~ The total number of zone centioids in the network

X = An index of originating node

NSKIP(I) =~ An array of zone centroid numbers which are to be
excluded from the minimum path process, all elements
have values betwecen NHOME and NETOP

KAPCL, =~ See subrouline NETOG6

K1(1) = An index used in tliec minimum path algorithm of the

links emanating from zone centroids. For zone 1, K1
(1) is the number of the 1lst link from the zone.

TSUM(1) = The sum of link resistance to node 1

TLINK(I) - See subroutine NET06

TCUM(1) = Time to reach the final node of the link on the path
from the origin node passing through the link's initial
node

NCUM(TI) = The link number

NTREE - A counter of nodes investigated in thepath seeking
process

NN{I) =~ The origin node on a link for which the destination is I

TMIN -~ When links from any node are being studied TMIN takes
the value of TSUM (NODE) + TLINK (LINK)

L2 - The upper limit derived from Ki(I) values of link number
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for investigation from any node

K - .The destination node number of the link from any node

TREE(I) - A node number on the minimum path, The may be up

to 70 elements in the array.

NM - Initially equals NilOME but then equals the number of
the highest zone plus one

NI - A record of the node reached inprevious passes of the
algorithm. but not yet used while NI holds the value I,

links from I are investigated

SUBROUTINES NET301 and NET302 (I,J)

TR(J) = The number of triprc attracted to zowe IJ from a single
origin zone 1, derived from the relative attractions
of all destination zones J
OL(1) - Expected load on link (I) if all tbke distribations were

leoaded on to thenctwork (i.c. load 100% leoading)

SUBROUTINE FLOITR

VCUM(I) ~-Actual load on link (7) except in SUBROUTINE CAPRE

XP(I) = This the same as VCUM(I) except in SUBROUTINE CAFRE

SUBROUTINE NET4OT

XMAX =  Proportion of trips that can be loaded in the corrent
interation

LCRIT = The critical link

A - Percentage of trips loaded in previous iteration (= 0

in 1lst iteration)
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Q = Multiple of volume capacity ratio at which travel time
is infinite

QQ - Percentage of Q which defines almost critical links

X - Proportion of trips that each link ean take in the
current iteration, Zmax is assumes the value of the
minimum x

I LOAD - Load adjusting method indicator

SUBROUTINE CAPRE

P(ITER) = Percentage of total distribution to be loaded at the
current iteration

S(ITER) - Percentage of total distribution to be removed from
load on the link at the current iteration

PP - An algebraic sum of P(ITEL) and S(1fER) where P(1TER)
is positive and S(ITER) negative in sign

SUBROUTINE TNETIM

JWIST- Determines the type of liunks the program output relates

NUM =~ Sequential number (starts from 1 and ends at NLINK)

SUBROUTINE MALTIM

_M-Link type indicator get equal to NCURV

NCURV -  see subrouti-e NETO6

ALPHA - A constant in MAITS speed/flow relationship
BETA - B B " " il 1
cAMA - ¢ " " " " "
DELTA - " 3 " " L "

ICOST - An indicator for the type of resistance to use for
example TCOST = 1 implies rthe use of cost as measure
of resistance

152 - A parameter which can take values up to 3 to enable LIAST
to be stored on themagre:ic take when changing from

parti al to total loading technique.
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T - Time in minutes/mile of the link

SUBROUTINE SELTIM

Al, A2 The constants used in the SELNEC speed/flow relationship.
Al, A4 -
C, BD, B =~ These arc equal to terms in the general expression for

the solution of quadratic equation. They are used to
solve the guadratic equation in the SELNEC spced/flow
relationship.

SPDL ~ The speed at optimum capacity. A waiting time penalty
is added to this to estimate the time for the link when
flow is more than capacity.

SUBROUTINE CONVER

TCOSTL (I) - Total link cost on the link corresponding to the cost
used in assignment and che current load.

TCOST2 (I) - Total link cost on the link corresponding to the
current and/or modificd cost and the curcveat load.

DEL -~ The proportion ABS (XP(L) - LLOAB{L))/ILDAI) or
ABS (ULINK(I) - TLAST(T))/TLAST(:} for each link (I).

IFR (I) - The number of linke for which the values of DEL are
each less than a fixed proport on.

ICRIT = The value of ICRIT enable the programme to calculate
the value of DEL in terms of the load or resistance.

DIFF -~ Absolutiown difference between the lead at the end the
partial loading method (INET or CAPRE) and the curient
from the total loading method expressed as a proportioa
of the former.

NDIFF = MNumber of links for which DIFF is greater than 0,1

SviM - Sums the DIFF of one link to the other for the whole
network links.

DELPR 1 Absolute difference of LCOSTI and TCOST2 expressed as a

proportion of TCOSTI for each link.
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DELPRZ - Absolute difference of LOOST2 and TCOST2 expressed as
a proportion of TCOST2 for each link.

NCASS - Number of links for which DELPR1 is greater tham O0.1.

NCOLO - Number of links for which DELPRZ is greater than O0.1.

cospIl - Sums up all the DELPRL over the network.

DELIRK -~ Absolute difference betwecen previous link load and
current link load expressed as a proportion of the
current link load,

NCHLI ~ Number of links for which DELINK is greater than 0.1,

CHFLOW ~ Sums up all the DELINK over the network,

DELTIM ~ Absolute difference between the last link resistance and
the present link resistance expressead az a proportion of
the present link resistant.

ITIMCH - Number of links for which DELTIn is greater than 0.1

TIMEX - Sums up all the DELTIM over the network.

EFE - Absolute difference between the present loading and the
capacity of the link expressed as a proportion of the
capacity of the link.

NEFE -~ Numbe: of links for which EFE is greaier than 0.1,

ERVE - Sums vp all the EFE over the network.

AVDIFF - Average proportion of the network links with DIFF greater
than ©.1.

AVSUMM - Average link value for DIFF.

AVDIF1 - Average link value of DELPRI,

AVDIF2 - Average link value for DELPR2.

AVCFLO - Average link value for DELINK,

TCCH1

Proportion of the network links for which DELPRI is

greater than 0.1,

1

TCCH2 Proportion of the network links for which DELPR2 is

greater than 0.1,
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TLCH -~ Proportion of the network links for which DELINK is
greater than 0.1,

CCH - Proportion of the network links for which DELTIM is
greater than 0.1.

DRPTIM - Average link value of DELTIM.

CAPCH - Average link value for EVE,

PCCAP - Proportion of the network link for which EFE is greater
than 0.1,

IPREND - This is set ecqual to 1 when all the convergence conditions

are satisfied otherwise it is set equal to 2.

LCOST1 ~ The value of TCOST1 in the previous iteraticn,

LCOST2 - The value of TCOST2 in the previous :=teration,
8.2. FLOWNET

This main programme is essentislly the TNET set of programmes
modified to run as one job. The modification has the provision which
allows the load adjusting method te change from ihe THNET method to
FLOW ITERATION method after a specified number of iterations (taken
as 6 in the programme but subject to the user's choice) or when the
percentage load is equal to 100, i.e. all the loads to be assigned
have been assigned tuv the network, The values of the loads on the
links when the loading method is changing from the TNET medel to FLOW
ITERATION model are siored as LLAST on the magnetic tape and compared
with subsequent loads on the links. This is made possible by introducing
a variable 1C2 which can increase to 3 omnly in the iteration in which
the loading method indicator changes. That is when ILOAD changes from

1 to 3.
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The main steps in FLOWNET are as shown in the listing below.

ITER=0
READ 100 ,NT6,NNC,1COST,TLOAD,NLINK,A,Q,QQ,CD,CT
100 FORMAT (515,2F5.2,F5.1,2F5.2)
CALL NET06
NFLAG=1
CALL NETIO1
CALL NET102
CALL NET103
6 10 (1,1,1,1,2), NFLAG
€O 10 5
2 CALL NET301
CALL NET302 (I,J)
@ T0 (10,10,20), ILOAD
10 CALL NET401
@ T0 21
20 CALL FLOITR
21 CALL TNETIM
CALL CONVER
IF(ITER-NNO) 17,18,18
17 GO TO (19.18), IPREN

LS

-

19 G0 T0 4
18 CALL EXIT
END

We now discuss briefly the working of the various subroutines in

FLOWNET,

§.2.1. SUBROUTINE KETOE

Essentially this subroutine prepares the link deck from the
original data cards read in, as required for tie minimum path programmes.
In using the subroutine, the original data for each iink is presented cn
separate cards. Data include origin node, destination node, link tyoe,
link length, road width and values for the speed/flow relationship for
the curve type. Links are input in descending order of origin node and
for each origin node in ascending order of destination node. TIf these
rules are violated the programme outputs the message 'CARD IN LINK DECK

OUT OF ORDER' on termination of the job.
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The programme calculates for each link the third of the link
length, time or specd out of any two of them given on the data card.
The deck is prepared with sequentia! numbers assigned to the level and

stored on the magneric tape.

8.2.2, SUBROUTINES Ni1l0l, NET102, NET103

Finding the minimum path is the kernel of the first part of
the assignment process. Three subreutines are used te build the minimum
paths., The algorithm representcd by the three subroutines was developed
by the Toad Research Laboratory (431). The essential feature of this
procedure is that links from any node are only corsidered once the
routine has been modificd to store the minimum path records on magnetic
tape, The steps in the tree buildins procedure can be found in the

listing of the subroutines in the Appendix.

8.2,3. SUBROUTINES NET301, and NET302 (I, J)

These two work together to load trips on the transportation
network. This is done by locating each link which is part of the path

from origin i to destination j and increasing its traffic load by TR(J):
i.e. VOL(I} = VOL(I) + TR(J)

where VOL(I) = load on link if the whole distribution is loaded; =nd
TR(J) = TRIPS (I, J) - trips from centroid i to all! centroids J.

The cumulative total of trips assigned to each link VCUM(1) is however,

maintained at this stage. The new value of VOL for each link is then

stored in the array XRA on the seccond tape.

8.2.4. SUBROUTINE NET401

This subroutine uses the partial loading technique. It determines
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the proportion of all trips which can be loaded on the network and
combined with the flows already assigned with the volume on any
arterial link exceeding its capacity. If this proportion is greater
than that required to complete the assigned then the assignment is
completed, otherwise the proportion of trips determined as above is

added to the flows alieady assigned (see Appendix).

8.2.5. SUBROUTINE FLOITR

This subroutine uses a total loading technique, FLOW ITERATION
similar to that developed by Smock (430). 7Tt is brought into operaticn

in FLOWNET (as well as BOCAD after ILOAD assumes the value of 3.

At each iteration the loads are assigned equally to all the
routes found so far. For example, during the firsl iteration all trips
will be laoded onto the minimum paths as in tue all-or-ncthing assignment
(5.4.1) but at second iteration trips will be loaded onto two different
paths, at three iterations to three different paths and so on. The
general operation statement used in the subroutine is to determine the
VCUM(I), the load assigned to any link I, at iteration ITER is:

veuM(1) = VOL(I)/ITER + VCUM(I) * (ITER - 1)/IVER
1f required this may readiiy be modified to incorporate a desired
weighting of loads on the latest trees, VOL (I) and those previously

assigned,
8.2.6. SUBROUTINE TNETIM

This subroutine has been modified from that in the TNET model.
TNETIM calculates new travel times for arterial links to account for
either intersection or link delay. However, it does not make such
calculations for arterial links with volume/capacity (V/C) of less than

0.5 (increase in trip time considered negligible) or for non-arterial
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links. The steps for adjusting the links are:

For intersection delay

ULINR (I) = TLINK (I} + vCUM (1)/CAP/(10.%(1, - VCUM (I)/(CAP*Q)))
and for link delay

ULINK (I) = TLINK (I) * (0.5 + 0.25/{1. - vCcUM (1)/(CAP*Q)))

where ULINK (I} = adjusted trave! time on link i
TLINK (I) = origiral travel time on link i
VCUM (I) = 1load on link i at current iteration
CAP = capacity of the link
Q = The multiple of capacity at which travel time

becomes inflnite

The travel times of the 'crirtical link' and of those other arterial
links whose V/C ratics are within a specified proximity to 1.0 are
increased by an addificnal 500 minutes to effectively "remove' them from
consideration in the minimum path algorithm of the next iteration. They
are further identified by haviag itheir capacity class codes changed to 5,
When the load adjusting method is changing, however, all the capacity
class codes are given their original wvalues, AlmSst-critical, QGQ, has
been defined here to be equal to 99.0% of capacity. The multiple of

capacity at which travel time becomes infinite, Q has been taken as 1.10.

8.2.7, SUBROUTINE CONVER

CONVER is incorporated in FLOWNET as well as FLOCAP and FLO WSZL
to iﬁdicate when the desired solution has been obtained and the programme
has, therefore, to stop before completion of the maximum number of iterations
specified, This happens when all measures of convergence indicators are
less than or equal to the specified amount or proportion (proportion

specified in this werk is 0.1).

It also sets up a frequency table for TFR (T) which is the
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number of links for which the calculated values of DEL (see below) are less
than or equal to specified amounts (section 7.6). The logical statements

for calculating DEL are

]

IF(ICRIT.EQ. 2)DEL ABS(XP(I) - LLOAD {1))/LLOAD (I}

and
IF(ICRIT.EQ.1)PEL = ABS(ULINK (I) - TLAST (I)/TLAST (I)
where ULINK (I) = the link travel time at the current lteration
TLAST (1) = the link travel time ai the last iteration
XP (1) = load on link 1 at the current iteration
LiOAD (I} = 1load on link i at the last iteration
DEL = gbsolute difference between load (or time) at
the current iteration and the load (or time)
at the last iteration expressed as a proportion
of the lattex
ICRIT = An indicator which assumes the values of 1 or

2. When ICRIT is 1, DEL is evaluated in terms
of time and when ICRIY is 2 DEL is evaluated in

terms of load.

The subroutine also writes the current values of the link data
onto the tape for use in the next iteration. At this point the programme
is ready to build trees for snother iteration if the convergence indicators

have not ghown that ihe solution has been reached or if the maximum

‘numi- . of jterations specified has not been reached,
8.3. FLOCAP

This programme also uses partial loading technique (capre)
followed by a total loading technique {flow iteration). Link time (or
cost) is adjusted using MALTS speed/flow relationship. At the termination

of the partial loading ILOAD (see 8.3.1.) is assigned the value 3, and the

total loading technique is used for subsequent iterations. At this point
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the programme stores the link loadings as LLAST to be compared with
subsequent link loadings. In this programme the total load distribution
matrix is put on the network after four increments of loading using

SUBROUTINE CAPRE.

ITER = 0O
READ 100,NT6,NNO,TCOSY,1LOAD,NLIRK,A,Q,QQ,CD,CT
100 FORMAT (515,2F5.2,F5.1,2F5.2)
CALL NETO6

4 NFLAG=1

5 CALL NETI101
CALL NET102
CALL NET103
0 TO (i,1,1,1,2) ,NFLAG
GO TO 5
2 CALL NET301

CALL NET302(I1,J)

GO TO (10,10,20),TLOAD
10 CALL CAPRE

GO TO 21
20 CALL FLOITR
21 CALL MALTIM

CALL CONVER

IF (ITEK-NNO)17,18,:.8
17 ¢0 10 (19,18) ,IPREND

—

19 GO T0 4
18 CALL EXIT
END

SUBROUTINES CAPRE and MALTIM will be discussed here as the others

have been discussed under FLOUNET,

8.3.1. SUBROUTINE CAPRE

This is an incremental loading (partial loading) technique which
incorporates a facility for applying a fraction of the load P(I) at one time and
an option of removing part of the load already assigned. Thr fraction taken
off 8(1) is expressed as a percentage of the total distribution matrix to be

assigned as in P(1).

The loading step is

XP(1) = VOL(I) * P(ITER)/100. + vCUM(I)

where XP(I) = the total cunulative load on i following the addition
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of P(ITER).
VOL(I) = the total load on link i if all the trips were loaded on
the network.

The off~loading step is

VOUM(I) = XP(ITER) % r»/(PP + S(IZER))

il

where VCUM(1) the cumulatrive link load left after removing the proportion
S(ITER) which is the proportion of total load to be
removed from XP(IL}.

and PP = the algebraic sum of P{ITER) and S{ITER) with S{ITER)

treated as a negative term.

After all the trips have been put on the unetwork the loading method
indicator ILOAD is assigned the value 3, This step enables the programme to

used the FLOW ITERATION method of loading.

8.3.2. SUBROUTINE MAT.TTM

The speed/fiow relationship used in the MALTS study is incorp-
orated in CAPRE as MALTIM to adjust the time during each iteration., For
each link the subroutine identifies the link type and constants for the
link type. The time per mile to traverse the link is then calculated using

the expression.

T = ALPHA ® 2%XP(I)/WL - GAMMA) -+ SQRT (ALPHA * ALPHA % )
25XP(L) /WL - GAMMA) **2 + BETA) + DELTA
where T 1is the time per mile of the link
XP{I)= the cummlative load or link i at the current iteration.
ALPHA, BETA, GAMMA and DELTA are constants for the links as given in table 2,
Hence the total time spent on the link ULINK is given by

ULINK(1)} = T * DIST where DIST = 1link length.
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8.4. FLOWSFL

This programme uses only TFLOITR for adjusting link loads and
the SELNEC speed/flow relationship. Other necessary subroutines are as
discussed for FLOWNET and FLOCAP. Only SUBROUTINE SELTIM will be discussed

here. Below is the listing of TFLOWSEL.

ITER = O
READ 100,NT6,NNO,ICOST,ILOAD,NLINK,A,Q,QG,CD,CT
100 FORMAT (515,2¥5,2,F5.1,2F5.2)
CALL NETO6
NFLAG=1
CALL NET101
CALL NET102
CALL NET103
6 10 (1,1,1,1,2), NFLAG
c0 10 5
2 CALL NET301
CALL NET302 (1,J)
20 CALL FLOITR
CALL SELTIM
CALL CONVER
IF (ITER-NNO) 17,18,18
17 60 10 (19,18),IPREND

w

[

19 GO T0 4
18 CALL EXIT
END
8.4.1. SUBROUTINE SELTIM

This subroutine adjusts the link time using the SELNEC speed/
flow relationship as stated above (8.4). It identifies the curve type and

selects the constants that go with (which are AI’ A A3, and b). It then

2!
substitutes these constants as well as the road width W, road length 1 and
the load ¥ into the expression

S2 = § (AIN + A21 + AB) - bF as given in section and solves for §

where 8§ = speed on the link.

For links whose loads exceed capacity, the time at capacity is added

to a penalty which takes account of the time spent in queueing, i.e.

ULINK(I) =DIST * 60./SPD1l + 2.5% (VCUM(I)/CAP - 1)
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where S8PDl = ¥FS * FF5/4. * CAP

FF8 = free flow speed on the link

ULINK(I) = time on the link
DIST = 1length of the link
VCUM(1I) = cumulative load on the link
and CAP = capacity of the link

The listings are shown in the appendix.

8.5. DESCRIPTION OF THE QUERUT

The seccondary aim of this thesis is the writing and development of
a set of programmes to iacilitate the investigation of many aspects of
capacity restrained assignment. The three programmes tested, which have
been discusscd above are FLOCAP, FLOWNET and FLOWSEL. Some of the outputs
obtained during the prosramme testing on a test network are included and

discusgad below.

8.5.1. QUTPUT FROM FLOCAT

Table 8.5A shows the output of the link data read into the

programme from the data cards after the calculation of the third of the

link time, length and speed from any given twe. I is the sequential number
assigned to the links. 7The other parameters for link I are the origin node
No (I}, destination node ND(I}, time on link (TLINK(I)), lipnk distance {(DIST)
link free flow speed (SPB), limk capacicy (CAP), link capacity elass {KAPCL),
link curve typc (NCURV), and paramecters of the speed/flow relationship other
than capacity viz FFL, VC, FFS5. This print cut of the coded netwofk data is

the same for FLOWNET and FLOWSEL.

In the runs of FLOCAP the CAPRE loading method is used in conjunction

with the MALTS speed/flow relationship. 7This speed/flow relationship is intended
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to be used with networks not loaded beyond capacity so that links are not
effectively removed from network even when vastly overloaded. 1t is thus
possible that even links already loaded some way beyond cspacity will attract
more load during further loading increments. This accounts for the increases

in the values of XP(1) on links alrecady lcaded beyond capacity see Table 8.5B.

Table 8.5B shows an updated link data from FLOCAD at the end of
the second iteration. At this stage the P(2) which is 427% of the total
distribution has been added to the load left on the netwoerk foliowing the
removal of 227 of the total initially loaded, The convergence indicators
are of course not functioning as mecasures of convergence and hence comparisons
are not representative of their performance when used in the role for which

they are strictly intended,

TLINK(L), DIST, and SPD in the table are the coded link time, length
and speed respectively while ULINK(I), USPD(L) and XP(1) arc the updated link
cost, speed and cumulative load respectively. The origin node (NO(I)),
destination node (ND(I1)) and the capacity class (KAPCL) of the link are not
updated but remain constant throughout the assignment process. Links
representing local streets are labelled so for ease of identifying them.

NUM is a sequential number assigned to the links.

The frequency table for the values of DEL (section 8.2.7.) is also
shown on table 8.5B. For the current iteration the frequency table indicates
that for al!l of the links coasidered (34 of them) DEL values calculated in
terms of cost are less than or equal to 53%. For DEL values calculated in
terms of loads, two are less than or equal to 5%, twenty-eight are less than
or equal to 30% but greater than 107, one is less than or equal to 50% but

greater than 30%, and three are less than or equal to 1007 but greater tham 35Q%.

Following the frequency table is the print out of the convergence
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The indicators used in the convergence criteria, i.e. in

determining when the programme should stop, have been underlined. These

are;

AVDIFL

AVCFLO

TCCH

TCCH2

TLCH

CCH

the average over the network links of the absclute difference
between the "total link cost'of the last iteration and the

'total link cost' of the present iteration expressec as a

fraction of the latter where the cost corresponds to the cost
obtained from the assgigned load.

is the average over the network links of the zbsolute difference
bwtween the link load in the last iteration and the link load

in the current iteration expressed as a rraction of the latter,
the number of links for which DELPRL is greater than 0.1 expressed
as a fraction of the total number of network links where OLELPR1 is
the absolute difference between the 'total link cost' in the

last iteration and that of the current iteration expressed as a
fraction of the latter where the link cost corresponds to that
used in building the trees.

the pumber of links for which DELPR2 is greater than 9.1 expressec
as a fraction of the total number of network links where NDELPR2Z

is the absolute difference between the 'total link cost' in the
last iteration and that of the current iteration expressed as a
fraction of the latter where the cost coirespoirds to that

obtained from the assigned load

the number of links for which NCHLI is greater than 0.1 where

MCHLI is the absolute difierence between the load in the last

iteration and that of the current iteration expressed as a fractior
of the latter.

the number of links for which DELTIM is greater than 0.1 expressed
as a fraction of the total network links where DELTIM is the

absolute difference between the cost in the last iteration and



- 189

that in the current iteration expressed as a fraction of the
latter,

PRPTIM - the average over the network links of the absolute difference
between the link cost in the last iteration and that in the

current iteration expressed as a fraction of the latter,

The other convergence indicators not used rfor determining when a satisfactory

solution has been achieved are:

CAPCH - the average over the network links of the absolute difference
between the link load in the current iteration and the capacity
of the link, expressed as a fraction of the latter.

PCCA? - the number of links for which EFE is greater than 0,1 expressed
as a fraction of the total number of network links, where EFE is
the absolute difference between the link load at the current
iteration and the capacity of the link, expressed as a fraction
of the latter.

AvsunM - the average over the network links of the absolute difference
between the link load at the current itzration and that at the end
of the incremental loading procedure expressed as a fraction of
the latter.

AVDIFF -~  the number of links for which DIFF is greater than 0,1 expressed
as a fraction of the total network links where DIFF is the
absolute difference between the link load at the current iteration
and that at the end of the incremental loading procedure expressed

2s a fraction of the latter.

Table 8.5C shows a similar output at the end of the [ifth iteration
(the last iteration of FLOCAP). At this stage of the programme all the
values of DEL calculated in terms of cost are less than or equal to 5%;
thirty-two of the links' DEL values calculated in terms of link loads are

less than or equal to 5%, two of them have DEL values less than 107 but
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greater than 5% These values of DEL satisfy the condition for convergence
and this fact is reinforced by the fact that the convergence indicators to
be tested show that the convergence of the assignment has been reached.

The programme, therefore, terminates., Data stored on the magnet tape have

not been shown here becasue they are basically the same as those discussed.

8.5.2, OUTPUT FROM FLOWNET

The print out of the input link data is the same as that shown on
Table 8.5A., Table 8.5D shows ithe link data from FLOWNET after iteration
number two This output is similar to that of table 8.5B or C except
that the capacity class (KAPCL) of any link loaded to capacity is changed
to 5 and the link concerned labelled '** saturated *%', The links are also
labelled to indicate whether or not they are local streets or they experience
intersection delay or link delay and any arterial link with intersection or

link delay whose volume/capacity ratio is less than 0.5 is labelled 'too low'.

The layout of the frequoncy table for DEL and the method of outputting

the convergence indicotors are Lhe same as thoseof FLOCAP discussed above.

8.5.3. OUTPUT FROM FLOWSEL

The input data is printed out in the same manner as in FLOCAP. It
does not ocutput the updated link data like the other two above; the new
link loads alonc¢ are output. PBut the frequency rable for DEL and convergence
indicator output by this programme are, however, the same as those discussed

for FLOCAP above.
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g CONCLUSION AND RECOMMENDATIONS FOR FURTHER RESEARCH

In concluding this work it may be well to mention once more that
the usefulness of the output from traific assignment depends on whether
or ﬁot the inputs reflect the real life situation. For example, a route
choice ceriterion which tales account of probable behavioural tendencies
of the travellar (e.g. taking inte account comfort and convenience of
route) would produce a better simulation than one which uses only distance

or time.

From the discussion of various assignment techniques it can be
said that the greater the desired degree of accuracy the more costly is the
technique required in terms of computer time and storage requirements.
These requirements not withstanding, work donc on the mea<ures of
convergence has shown that if the measures are to be sensitive at all
then link flows and times or costs should be measured in units of ac most
0.1 p.c.u./hr. and 0.1 cost mins respectively in order to pirovide a

satisfactory solution at convergence.

The three sets of programmes developed in this work can be used
to investigate the effects on a stable solution of the following:

(1) speed/flow relationship assumed;

(ii) the loading method used;

(iii) wvariatious in network flow densities;

{(iv) use of time or cost;

{(v) use of integer and real flow and time or cost;

(vi) use of avarages of time or cost;

(vii) convergence indicators,

A total of twelve convergence indicators have been included see

8.5.1; eight of these are tested to determine when convergence is achieved,
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two are indicators of the way the convergence is proceeding but are not
tested and the other two indicate the difference between the solution
when the total load is first assigned and the solution at any stage during
the subsequent flow iteration. For the indicators used in the convergence
criteria, the different times in the programme when euch of them is

satisfied before the required convergence is reached can be observed,

The frequency table included shows how the assignment is converging
to a stable solution. From the table a comparison of the effect of using
changes in link load or time (or cost) as the measure of convergence can
be made. A desirable further development to the programme as written is
the use of the averages of link time or cost for the first few iterations
before reverting to using the non-averaged values in the subsequent
iteraticns. This will help to dampen the initial alternating of lecads

between parallel and competing routes.

Quls RECOMMENDATIONS FOR FURTHER RESEARCH

The author would like to make the following recommendations for the

further use and extension of the programme developed in this dissertation.

1, Measures of Time or Cost and Flow

More research is needed into the use of finer measures of costs or
times and flows {than 0.1 units) which may not necessarily require larger

amount of computer facilities.

2, Randomisation of Link Times

The effect of Randomisation of link times in conjunction with the
flow iteration method should be investigated since flow iteration appears

to produce the most efficient lcading method in terms of convergence and

the randomiastion oi link choice furnishes a facility for random evaluation

of the chosen impedance criterion by travellers.
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¥ Perturbation ﬁEDrnach

To test the validity of the convergence results obtained a
perturbation approach should be adopted following the final assignment,
The perturbation apprvach introduces small elements of link cost into
an assignment and thereby reduces very considerably the probability
of accepting a quasi stable solution. In fact a perturbation model

shouid be incorporated in all transportation studies,

4, Sensitivity of the Network

The effect of speed/flow relationship needs to be investigated.
Especially in facility design the model solution should agree closely with
the flows under the conditions modelled. It is, therefore, essential
that the theoretical speed/flow relationship should reflect actual events on

the network.

S Queveing Assignuent

Queueing assignment should be included in traffic assignment models
to be applied to congested networks so as to reflect what happens in

practical situations,

6. Distribution - Modal Split and Assignment Interface

The interface between distribution - modal split arnd assignment
models should be closely investigated so that the former two phases of
transport planning use the latest network impedance before the capacity

restraint assignment is completed.
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SUBRQUTINE NETQ&

DIMENSTION NOCA450)aND(480) 2 TLINK(450), TCUM(H0),NNCIT78),TSUM(L1T75),
1K1C1725) o NSKIPIB),TREE(T0)IRA(24),TRIPS(36236),D18TN(36,36),
ZNCOB) o XRA(24)2TR(IH)VOL(A50) ) NCUMCA0)» IFR(6),CONCI0»10)Y,
ADUM(10,10),USPD(450),ULINK(450),XP(450)»VCUM(450),LL0AD(450),
SLLAST(450), TLAST(450),LCO8T1(450),LC08T2(4580),TCOST1(450),
6TCOST2(450)

COMMON NOND,TLINK,TCUM NCUM NN, TSUM, K] NSKIP,CAP,KAPCL,DIST,

1 TREE,RASXRA,TRIPSsNsTR,VOLAsSPD,NCURV,FFL,FFSaYL,VCsLLOAD,
ALLASTTLAST ,LCOSTI,LCOST221C1 2 IC2sKCoNCENT,NFLAG, IToNLINK,DISTN,
AITER ,NTREE NCH NMp TMIN,NTEST)NNODE »NHOME ,NSTQP2NODIST»IDIST,
BXMAX ,LCRIT, X, XP,ILOAD,ULINK, USPD,DUM,ALPHA,BETA,GAMMA,DELTA,
EJUIST2CONSC,L,A1,A22A03,A4,BsBBBD, IPRENDITIME,CAPCH,PCCAPIERUR,
INEFE,EFE,SUMM, AVSUMM  AYDIFF,NDIFFsDIFF,NNO,ICRIT,IFRIDEL,TCOST],
BTCOST2,VCUM,PP,P,5,0,0Q0,IC0ST,CT,CD

DO 20 Is),NLINK

EGTRAN COMPILER MARK NOe 302 DATE 16710774 TIME

READ 101,NOCI)»NDCT),NCURV,DIST,,SPD,TLINK(I)sWLoCAPKAPCLFFL s/ Netwok

IVC,FFS
101 FORMATIZX,»313sF6e2,F 400sFb602sF840sF540,13,F6,022F4,0)
[ERRQR=0
IF (KAPCL) 9,25,15
15 GO TQ (1,1,21,17),KAPCL
1 JJ=0

2 Jsi
JdsJJ+] 5 o
IF(SPD) 5,4,5 Maseng”, artov s neporlect -
Je2
JUsJJel
IF(DIST) 7,6,7
Js3
NNENNES
IF(JJ=1) 14,8,9
PRINT 104,1,NOCT)sND (1Yo TLINK(T)
IERRQR=1
104 FORMAT(II5,F6e2,1X,2]HDATA MISSING DR WRONG)
60 To 20
8 GO TO (11,12,13),J
] TLINKC])=60,#D18T/5PD

- w

0 - oW

1

data

IFCTLINKCTY) 3,2,3 Cheeks Lo m;“.?,.z;a Tne | apeed
o 11-5/5-»1;’ ps> 1 mere are

GO TO 14 Lu.»,ig Mrsjh'-J Lot a"‘,/f“(

12 SPD360«#DIST/TLINK(T)

GO TO 14 m,&.zva,izf—zaamrﬁn}.&—o

13 DISTgSPDaTLINK(I)/60,
14 G0 TO (17,16216217)sKAPCL e
16 IF(CAP) 9s18,17
lﬂ PRINT lOﬁtlaNUt 1 ”MD‘ l,"L!NK(I)IDIST’ SFD'C‘P.K‘PCL.NCURV'F"L)
IVC,FFS,TLINKC(T),SPD
105 FORMAT(31302F6e2)F400sF6000213,F600,2F2e0s8X,Fb602,F440,

215HINSERT CAPACITY) But pul
60 To 10 ¥ i

7 PRINTY loz.l,NO(taaNDtt:;TL!NK(la.o!sT.Svo-ctP.K*PCLoNCURV.rFLi
JVC,FFSaTLINK(T),SPD
102 FORMAT(313,2F6e2)F440,F640,213,F640,2F4,0,8%,Fb6e2,F440,
41 4HPKeHR CAPACITY)
GO Yo 10
25 PRINT 103, 1,NOCT) ND(T), TLINK(T),DIST,SPD,CAP,KAPCL,NCURY,FFL 4
IVC,FFS»TLINK(I),SPD
103 FORMAT(313,2F602,F4:0,F640,213,F640,2F4,0,08X%,Fbe2,F4.0,
612HINSERT KAPCL) =
10 RA(1)30.0
RA(2)50.0
RA(3)=NOC(T)
RA(4)=ND(1)

deck



et Limiteaq

valas

20
21
22

60
1

104

103

RACH)=DIST

RA(7)=SPD

RA(B)sCAP

RA(9)sKAPCL
RACIOI=TLINKCD)
RA(11)=SPD

RA(12)=KAPCL
RA(13)sNCURY

RA(14)=FFL

RA(C15)=VC

RA(16)=FFS

RALIT7) =V

RAC18)=0,

RA(]19)=0,.

RA(20)=0,

RA(C2]1)=0.

RA(22)=0,

RA(23)=0.

RA(24)850,

WRITE ARRAY TO TAPE],RaA
CONT INUE
IF(IERRORe1)22,21222
CALL EXIT

REWINDI]

DO 60 I=1aNLINK

READ ARRAY FROM TAPE|,RA
PRINT 1112(RACL))pR1,24)
FORMAT(12F10.2)

REWINDI

RETURM

END
00000/0 101
00035/5 17
00044/0 7
o071 ,22 20
0o0110/2 18
0023571 22

ROUTINE CQOMPILED
TIME LESS THAM |1 SECS

57

@wﬁmf 4 Values

M“a"ﬂl et ﬁf@

o “The ﬁﬂk foy

Cbﬁ-céu«gf.

00030/5
00146/2
0005272
00273/2
00112/4
00300/1

NUMBER QF INSTRUCTIQN WORDS 210

® B B2 % B & ® 8 & 5 8 & 8 8 s @

NUMBER OF INSTRUCTION WORDS 0209

EXTERNAL RQUTINES REQU,
NETOS wWONT30 WONT3I
WONTOR WONT|O
«FORTRAN

WONT32

DoNTS0

REFERENCE TABLES
9 000ss/2

3 0004370

6 00047/4

11 00073/5

105 00145/5

21 0027774

WONT40 WONT4] WONT42

Reods ¢~Ma7 Y0 lwe ol A,

WONTLI
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EGTRAN COMPILER MARK NOe 302 DATE 07/711/74 TIME
SUBRQUTINE NET]OI
DIMENSION NO(450),ND(450)s TLINK(450), TCUM(S0),NN(]175),TSUM(175),
IKIC17S)aNSKIP(B)sTREE(TO)2RA(24),TRIPS(34,36))PISTN(I6,36),
ZNCLB )y XRA(24),TR(36),VOL(450 ), NCUM(A0)Y»IFR(H),CONCI0210),
ADUME10,10),USPD(450),ULINK(450),XP(450),VCUM(450),LL0AD(450),
SLLAST(450), TLAST(450),LCOST1(450)+LCOST2(450),TCOST1(450),
6TCOST2(450)
COMMON NQO,ND, TLINK, TCUMpNCUM,NN,TSUM, K]l pNSKTIP,CAP,KAPCL,DIST,
ITREE,RASXRATRIPS )N, TR, VOLA, SPD,NCURVIFFLaFFSaYL,VCsLLOAD,
SLLAST ) TLAST,LCOST1,LCOST2,1C1»1C2sKC,NCENT ,NFLAG, IT,NLINK,DISTN,
AITER,NTREE ,NCM,NM, TMIN ,NTEST ,NNODE s NHOME ,NSTQOP2NODIST,IDIST,
EXMAX ,LCRIT X, XP,,ILOAD,ULINK,USPD,DUM,ALFHA,BETA,GAMMA,DELTA,
BJNISTCONSC,AYLJAZ22AD A4 ,B BB ,BD, IPREND,ITINE,CAPCH,PCCAP,ERUR,
INEFE,EFE, SUMM, AVSUMM, AVDIFF ,NDIFF,sDIFF,NNO, ICRIT,IFR,DEL,TCOST],
BTCOST2,VCUMPP,P,85,0,080,1COST»CT,CD
PRINT 122
122 FORMAT(1IH])
GO TO (15+5,5224)s NFLAG
15 Lis]
IFCITERIL1,12,11
12 CONTINUE
READ 100,NCENT ,NNODE ,NHOME ;NSTOP A, (NSKIP(1),12108) e frrsucti card
100 FORMAT(4]15,F8,2,815)
PRINT 100sNCENT,NNODE ,NHOME » NSTOP» A, (NSKIP(1),12],8)
1] NHOME=I
KitL1)=1 7
READ ARRAY FROM TAPE|],RA
PRINT 131,(RA(J)»JE]1,24)
131 FORMAT(////715FB42/9F16,2)

NOC1)ERA(3) s o i g
TLINKCI)=RAC10) | ;
PKAPCLERA(12) doguaie B ”“_‘L‘"‘“" o g
IF(NOC]dwl) 26,25,26 b wvday G * Fremat fon
26 181 hee ol
28 PRINT 105, /

108 FORMAT(IXs4HCARD,,13,1X,25HIN LINKLDECK OUT OF ORDER)
CALL EXIT
25 DO 2 1m2,NLINK
READ ARRAY FROM TAPE|,RA
PRINT 132,(RAtJ)sJ=1,24)
132 FORMAT(I1SF8.2/9F16,.,2)
NO(l)=RACY) |
ND(1)sRA(4)
TLINK(1)=RAC10)
PKAPCL=RA(12)
IF(NQC]I }=NO(]Im])) 29,2,423

29 PRINT 105,1

CALL EXIT J.
i 113100 Tar i e kil apend vy sench
2 CONTINUE frn lks  suf of amy ke He Pee has found

35 DO 150 Is),60
TCUM(1)=0,0
150 NCUM(I1)=0 )
5 PRINT 103, NHOME <— Program  Siarfs Lw.fdm(j 2ach  Pee
103 FORMATY (1H1/25X, 14HTREE FROM NODE»14/)
NFLAGS2
PO | 1m],NNODE
1 TSUM(1)=999%,.
NTREE=) . 8
NN‘NHO”E,.O [n]#ﬂbfizti{'l.rn
TSUM(NHOME )=040




NHENHONE - 198 -
RETURN

24 DO 22 1Im],NNODE
IF(TSUM(1)e9999,0) 22,23,22 .

23 PRINT 10641 T massase avd 2xif astan all Lhe

106 FORMAT (4HNODE, 14, 1X,7HMISSING) Neds, Gne wof voadhed w NET 0L
22 CONTINUE

CALL EXIY
END
REFERENCE TABLES
0 00000,0 122 00002,2 15 0C004/2
1 00045,0 12 00006/2 100 00028/4 1
28 00076/1) 28 00072,4 105 00075/4 1
2 00132/1 43 00126/4 35 00134/5 |
| 00150C/5% 22 0017272 23 0016772 1

ROUTINE COMPILED
TIME LESS THAN 7 SECS
NUMBER QOF INSTRUCTIQN WORDS 126

& & 4 % B B 8 B B B 8 8 s & o0

NUMBER OF [INSTRUCTION WORDS 0126

EXTERNAL RQUTINES REGU.
NETI0] WONT40 WONT42 DONTSO wONT3IO WONT3I] WONT32 WONT4] WONTIO D
EXIT
#FOQRTRAN



EGTRAN COMPILER MARK
SUBROUTINE NET102

NO o

302

LYY -

DATE Q7711774 TIME

DIMENSICN NO(4S50),ND(480),TLINK(450),TCUM(ALD) ,NNC]T75),TSUM(175),
IKIC175)aNSKIP(B)»TREE(TO0)»RA(24),TRIPS(36,36),D18TN(36,36),
ZN‘58}.‘"“2‘1:7“(36,IV0L"50’0”CU"(6°’1IFR‘Q)JCON‘IO'IO};

4DUMC10,10),USPD(450),ULTINK(

450),XP(450)»VCUM(450),LLOAD(450),

SLLAST(450),TLAST(450), COSTI1(450),LCO0ST2(450),TCOSTI(450),

6TCOST2(450)

COMMON NQO ND, TLINK, TCUM,NCUM,NN, TSUM, K], NSKIP,CAP,KAPCL,DIST,

I1TREE,RAXRA,TRIPS,N,TR,VOL,
SLLASY,TLAST,LCOST1,LCO0S8T2,1

Ay, SPD,NCURV,,FFL,FFS,¥L,VCsLLOAD,
ClalC2,KC,NCENT  NFLAG, 1T,NLINK,DISTN,

AITER NTREE ,NCHNM, TMIN NTEST,NNODE , NHOME ,NSTQOP,NODIST, IDIST,
EXMAX ,LCRIT, X, XP, ILOAD,ULINK,USPD,DUM,ALPHA,BETA,GAMMA,DELTA,
6JWNIST,CONJC Al pA20A3,A4,B2BB,RDIPRFNDITIME,CAPCH,PCCAP,FRUR,
INEFE ,EFE,SUMM,AVSUMM , AVD IFF aNDIFFDIFF,NNO,ICRIT,IFR)DELS,TCOST],
BTCOST2,VCUM,PP,P»5,Q,0Q,1CO0S8T,CT,CD

6 LlisNM
L2=K] (L))
DO 7 IsL2,NLINK
IF(NOCTIdaNM) 7,3,8
IPKEND(])
IF(TSUMIK)w9999:) 7218,7
IBPNCMENCMS]
1F(60mNCH) 40.41.4|<-J§3Mm
40 NFLAGSED By
41PTCUM(NCM)STSUMINM)&TLINK(T)
NCUM(NCM) g1 :
Y CONTINUE
8 TMINR999,9
DO 9 KE]laNCM
IF(TMIN«TCUM(K)) 9,9,10
10PTMINeTCUM(K)
LENCUMIK)
MEK
CONTINUVE
KeND(L)
IF(TSUMIK)=mTMIN)
TSUM(K)STMIN
NN(K)sL
I=0
NTREE=NTREE#]
IF(NTREE«NNODE) 12,19,12
1 1=l
12PNCMENCHMe]
IF(NCM)21,27,27
NFLAG=4
RETURN
DO 14 NMgM,NCM
TCUM(NM)BTCUMINMe])
NCUM{NM)ENCUM({NMe])
IF(I) 8,17,8
NMgK
IF(NMaNCENT) B8,8,6
RETURN
END

11211,13
13

2)
27
l4
17
19

|

0000070
00014/5
00057/4
00065/4

6
40
13
14

ROUTINE COMPILED
TIME LESS THAN S SECS

© krfh

3

e

*_

afl links
Dr I.‘Pi "‘\Jhl-CL
buith bevwond

qua;.j f=ble

out & The
has ot
and adds thece

néearest
be e n

)

L.‘ﬂ.ill

finig

T

L

Finas ok Wﬂ'ftfan;..f Jable o tle
node net™ fef sclude = free WDhach
" neareSt e ©OGin . [co bt tee
in liak fre e -f-n{-.-'-e'_ angd  rE M

mﬁva 4ﬁb&- _LLM? node 'm
) bee by labellivg Fime from Svupte
M ‘pr:a Viedus n-m’g

"

/

A shien  Centrords
allowed 1

nodes

rtached Qud

ﬁvugt -

&ﬂﬁ
@ve  »of

To  oftor

aret

Comnfsue

REFERENCE TABLES
7 0002672
41 0002171
12 0006074
17 00076/0

0oo000/5
0Qo20/1
0005072
00070/3




EGTRA

61
302

60

s
55

56
58

59
57

210

102
30
74
72
73

14
104

70
62

. aang =

N COMPILER MARK MOy 302 DATE 07/11/74 TIME

SUBRQUTINE NET]03

DIMENSION NO(450),ND(480 ), TLINK(450), TCUM{L0),NN(IT5),TSUM(175),
IKICIT78)aNSKIP(B),TREE(T70),RA(24),TRIPS(36,36),01I8TN(36,346),
ZNLAB) ) XRAL24)» TR{34) ) VOLLAS0 ) NCUMIA0)2IFR(E),CONC]102101)»
4DUMC10,10),USPD(A450),ULINK(480),XP(450),VCUM(450),LLOAD(450),
SLLAST(450),TLAST(450),LCOSTI(450),LCO08T2(450),TCOSTI(450),
6TCOST2(450)

COMMON NOaND, TLINK, TCUMaNCUM NN, TSUM K] sNSKIPsCAP,KAPCL,DIST,
I1TREE RASXRA,TRIPSINs TR, VOL)ASSPDINCURV2FFLIFFS2YL,VCaLLOAD,
JLLAST,TLAST,LCOSTI ,LCOST2,IC 12 1C2,)KC,NCENT,NFLAG, IT,NLINK,DISTN,
AITER , NTREE )NCMpNMy THIN ,NTEST ,NNODE pNHOME ,NSTQOP,NODIST,IDIST,
SXMAX ,LCRIT X, XP, ILOAD,ULINKUSPD,DUM, ALPHA,BETAGAMMALDELTA,
6JWIST,CONC,ALA2)A3,A4,BsBB,BD,IPRENDITIME,CAPCH,PCCAP,,ERUR,
INEFE,EFE, SUMM, AVSUMM, AVDIFF,NDIFF,D1FFsNNO, ICRIT, IFRSDEL,TCOST],
BTCOSTZ2,VCUM,PP,P,8,0,00Q,1C08ST,CT,CD

PO 200 1=],70

TREE(1)=0.0

GO TO (60,60,61262)2NFLAG

PRINT J302,NHOME

FORMAT(IM], 9HTREE FROM,14,16H = TCUM OVERFLQW)| 7€uM @ad Mcum and

GO YO 74 S :fjuﬂ-d:, "; be :m{.:":z "
&7 - SV Gy

DO 16 Jisl,NNODE ﬁhcn:uplﬂ:nm:f " AETIn

KsNN(J])
IF(JI1=NHOME) 4,164
NN(J]IENO(K)
CONTINUE

PO 30 I=],NCENT

od ud. Skim¢' ke  reas
IF(NN(T))35,30,35

JIsNN(T)

NCUMCN]ISNN(YI)

IFC(NN(J] )=NHOME)Y 54,58,56
NisNje+]

JisnNTJ]) y
GO T0 55 -
IF(TSUMCL)) 57,59.,57
TSUM(TI)=0401
TREE( 1 )sNHOME
TREE(2)=sTSUMLT)

TREE(3)=1 L (Ot pu ¢ A
PRI e g A8

PO 210 Jisl,Ni s
TREE(4+J] )sNCUM(J]) inte thi Mma gnotic #41

PRINT 102, TSUMUI) I NNCI)»(NCUMIJL)aJI=],N1)
WRITE ARRAY TO TAPE |,TREE )
FORMAT(F10,2,1714/10X,1714/710%,1714) J
CONTINVE

NHOMEsNHONE + | N
IF(NHOME=NSTOP) 73,73,72
NFLAG=S

RETURN

PO 70 I=1,8 - .
IF(NHOMEwNSKIP(1)) 70,7170 ?;fi; '; | miey e
PRINT 104,NHOME { uilk

FORMAYT (1H]1/1SX]4HTREE FRON NODE, 13,214 OMITYED AS SPECIFIED/12X,
1 2He1)

TREE(3)=w]

WRITE ARRAY TO TAPE |,TREE

GO TO 74

CONTINUE J
RETURN

END

Lo pots n{‘uaxﬁj-kufou4%w
Tree s owfjced . Can be corvictes
‘F-r fm k@A s A el 219 b‘".s

R I A A




EGTRA

601

605

550
551
609

610

32
10

33
34
15

520

4
111

3

N COMPILER MARK NOe 302 DATE 16/10/74 TIME

SUBRQUTINE MET30]

DIMENSION NOCASO)»ND(A480)» TLINK(450),TCUMIE0),MN(175),TSUM(175),
IK1C175)aNSKIP(B)»TREE(TO)IRALZ24),TRIPS(36,36),C018TN(36,36),
2NCEBY XRA(24)»TR(I6),VOL(450) ) NCUM(KL0)Y»IFR(6),CONL1ID210)Y,
4DUML10,10),USPDIASO) ,ULINK(450),XPL450),VCUML450),LL0AD(450),
SLLAST(450)sTLAST(450)LCOST]I(450),LCO0ST2(450),TCOST1(450),
ETCOST2(450)

COMMON NOsNDaTLINK, TCUM,NCUMNN,TSUM, K1 aNSKIP,CAP,KAPCL,DIST,
| TREE ,RA, XRA,TRIPSsN,TR,VOL2sA»SPD,NCURV,FFL,FFSsWL,VC,LLOAD,
ALLAST s TLASY ,LCOST1,LCOST221IC121C2,KCoNCENT NFLAG)ITo,NLINK,DISTN,
4ITER ,NTREE )NCMyNMp THIN,NTESTsNNODE pNHOME ,NSTOP2NODIST2IDIST,
EXMAX ,LCRIT X XPoILOAD UL INK,USPD,,DUM, ALFPHA,BETA»GAMMA,DELTA,
AJWISTCONSCrAl JA22A3,A4,B2BBIRD, IPREND)ITIME ,CAPCH)PCCAP,ERUR,
TNEFE ,EFE, SUMM, AVSUNM , AVD IFF s NDIFFsDIFFaNNO,ICRIT, IFRSDEL,TCOST],
BTCOST2,VCUM,PP,P,5,0,0G8,1C0S8T,CT,CD

REWIND 1

REWIND 2

READ ARRAY FROM TAPE 2,TRIPS Szlp Be  iphrdahise Peodvar ' _mrpgf

READ ARRAY FROM TAPE 2,DISTN Fed

DO 601 Jel,36 G- BEDpnt Tu:  PIrEg WIS . A

it 22 nal Separs ;L:, » Gt prae Vlﬂ“fi?/

DO 601 K=1,36 ;
TRIPS(JrKISDISTN(J,K) Stored v Drvay DoisTa

PRINT 605
FORMAT(28H] TRIP DISTRIBUTION MATRIX//)

DD S50 J=),NCENT

DO 550 Ks],NCENT,12

KKzKall

PRINT 551, (TRIPStJI,L)sLEKsKK) »JaKaKK Oudlpuis . renps matiry
FORMAT((12FB8e0)s2Xs3HPTM, 125 1Hss12s1H=012)

CONT[NUE

PRINT 610

FORMAT(IHI) =
PLI=])
PKIC(LY)=]

READ ARRAY FROM TAPE|,RA
IF(ITERm])31,32,32

XRA(1)=0e

XRAL2)20,

DO 10 1=1,24

XRA(I)SRAL(T)

WRITE ARRAY TO TAPE 2,xRA

J=1 Z s -
RIN © 2 cads  aray dom. ) magnepc tope
PRINT 520sJs(RACII)»1122,24) Kt gt ) ‘g'm.:.. 7€,

NO(])sRA(3) . :
M)tl)-ﬂliqj )lﬂf({s .l i dreler a-ud uﬂlﬁ.p

DO 2 LS2,NLINK to " magmehi fupe
READ ARRAY FROM TAPE |,RaA
IFLITER=1)33,34,34

XRA(]1)80,

XRA(2)=0,

DD )15 1=1,24

XRACI)=RA (1)

WRITE ARRAY TO TAPE 2,xXRA

PRINT 520,L,(RA(I1),1152,24)
FORMAT(IS,11F10e2712F10e2)
NO(L)sRA(3)

ND(L)sRA(4)

[F(NQIL)=NO(L=1)) 4223

PRINT 111,L J
FORMAT (5H CARD,13, 26M IN LINK DECK QUT OF ORDER)
CALL EXIT
PLI=L ]!
PEKICL) ) =L




DO 6 T®1,NLINK

6 VOL(1)50e0 Clears Th stomge
REWIND 2 bad  that
. ir
DO 20 I=1,2 == =
20 READ ARRAY FROM TAPE2,DI1STN
NFLAG=!
17T=1
RETURN
END
0 0000070 501 00010/5
609 0005373 610 000550
33 oo117/0 34 00121,0
2 00157/4 3 0015471

RQUTINE COMPILED
TIME LESS THAN 7 SECS

- &L =

NUMBER QF INSTRUCTIQN WORDS 130

® & 8 & & & & & & & B = 0w

NUMBER OF [NSTRUCTION WORDS 0130

EXTERNAL RQUTINES REQU.
NET301 WwONTOB WONTIO
sFORTRAN

WONT 40

WONT42

Caw b f“+ R

Sov the  folal
ne f wievit. ¥ all ﬁq&

sHens

REFERENCE TABLES

605 00024/2
3l 0006373
15 ool122,0
111 00153/4
WONT4] WONT]] DONTB4 EXIEE
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EGTRAN COMPILER MARK NO, 302 DATE 07711774 TIME

SUBRQUTINE NET302(1.J)

DIMENSION NO(450)2ND(4S0)» TLINK(450), TCUMCA0) s NN(1T75),TSUM(175),
IKICLIT7S)aNSKIPLIB)Y»TREE(TO)»RA(24),TRIPS(36,36)sD18TN(36,36),
ZNUEB) ) XRA(24),TR(36),VOL(450),NCUM(60)»IFR(6),CONC]10,10),
ADUM(10210),USPD(450),ULINK(450),XP(450),VCUM(450),LLOAD(450),
SLLAST(450),TLAST(450),LCOSTI(450)2LCOST2(450),TCOST1(450),
6TCOST2(450)

COMMON NOND,TLINK,TCUMNCUM NN, TSUM, K] 2 NSKIP,CAP,KAPCL,D1S8T,
ITREE,RASXRA,TRIPS )Ny TR, VOL)A,SPDyNCURVIFFL)FFSa¥L,VCeLLOAD,
ALLAST, ,TLAST ,LCOSTI,LCOST2,1C1 2 1C2s K, NCENT, NFLAG, IT,NLINK,DISTN,
AITER NTREE ,NCM ,NM, TMIN ,NTEST ,NNODE ,NHOME ,NSTOP NQDIST,IDIST,
SXMAX  LCRIT, X, XP,, ILOADULINK,USPD,DUM,ALPHA,BETA,GAMMA,DELTA,
6JYISTACONLC,Al JA25A3,A4,BsBRB,BD,IPRENDITIME,CAPCH,PCCAP,ERUR,
INEFE  EFE,SUMM, AVSUMM, AVDIFF s NDIFFDIFF,NNO» ICRIT,IFR.DEL,TCOST],
BTCOST2,VCUM,PP,P,5,0,0Q,1C08T,CT,CD

DO 77 I=],NCENT

DO B Js]aNCENT

THIJ}-TFIPSII:M(_.-;,,P, K Centroid I 4o all other Centro/ds

1F{Jal) 15,8,15 )

15 READ ARRAY FROM TAPE |, TREE

IFC(TREE(3))77s21221

21PNC))=TREE(2)

DO 22 M=4,70
PMMgHe2
PN(MM)STREE(M)

IF(N (MM)«NCENT)25,25,22

25 JF(N(MM)=1)50,20,50
22 CONTINUE

20 JF(N(1)eJ) 50,17,50
17 IF(TR(J)) 848,18
18PKENMg ]

Do IZ ".IOK R
PLIEN(Me])

PL2K](L])
DO 14 LsL2,NLINK
IF(N(Me])aNO(L)) 14511,14 : )
ll I"N‘“,-NDIL,, I“Ia'l‘ L'I‘-ﬂks e.aJ\ J‘in/‘: yJ[pn',.l:- % k‘.yf Of
14 CONTINUE ( e path fom itoj, and  incraases 1K
’::#32;2 -ﬁnﬂﬂ load 5y TR(jJ
13 VOLIL)ISVOLIL)*TR(Y)
PLL=L
12 CONTINUE
8 CONTINUE o
77 CONTINUE

REWINDI

1C2=1TER«)

PRINT 103,1cC2

1C2=s0

103 FORMAT(///7X,BHITER NOGpI3,6X, 1 1HTOTAL LOADS//2)
DO 90 [=],NLINK

READ ARRA ROM TAP RA
x:l?I!IVOEl:)O TAPE] o+ X Changes  the lead on The Df'a M eguLhc
WRITE ARRAY TO TAPE2,XRA tepe  Gud  Prinks  put He New  Valwes
90 PRINT 109,(XRA(J)2JE],24) p -
lo’ FORHATiIZFIOoZS b il Mam-wahn.;
RETURN
S0 NFLAG=2
PNTEST=]

PRINT 106,J,1

106 FORMAT(7HPATH TO,13,4HFROM,13,40H0UT oF ORDER CONTAINS NONEXISTE
2NT LINK)
CALL EXITY
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SUBRQUTINE NET401

DIMENSION NO(450),MD(4850) s TLINK(A50), TCUM(EO0),NN(]178),TSUM(175),
IKIC178) pNSKIP(R),TREE(TO)sRA(24),TRIPS(36,36),PISTN(36,36),
ZNUABY o XRAL24),TRIDB),VOLLASO Y, RCUMLAD)» IFR(6Y»CONTI0210)

ADUMCL 102 10),USPD(4S0),ULINK(450),XP(450),VCUM(450),LLOAD(450),
SLLAST(450),TLAST(450),LCOST1(450),LC08T2(450),TCOST1(450),
6TCOST2(450)

COMMON NO,ND, TLINK,,TCUMNCUM NN, TSUM, K] aNSKIP,CAP,KAPCL,D1ST,
I1TREE ,RA)XRA,TRIPS )N TR, VOL2A,SPDsNCURVAFFLIFFSaWL,VCaLLLOAD,
ALLAST , TLAST ,LCOSTI,LCOST221C 1o I1C2)KCoNCENT  NFLAG, IT,NLINK,DISTN,
AITER NTREE  NCM ,NM, TMIN,NTEST ,NNODE , HHOME ,NSTOP,NODIST,IDIST,
SXMAX ,LCRIT, X, XP, ILOAD,ULINK,USPD,DUM,ALPHA,BETA,GAMMA,DELTA,
BJWIST,CONYC AL JA2,A3,A4,8,88,BD,IPREND,ITIME,CAPCH,PCCAP,ERUR,
INEFE ,EFE, SUMM, AVSUMM , AVDIFF s NDIFFaDIFFANNOICRIT, IFRIDELLTCOST ),
BTCOST2,VCUM,PP,P,5,0,00,1C0ST,CT,CD

91 REWINDI

REWIND2

ITERsITER]

XMAXz]l e

LCRIT=O.

|C2=)

READ ARRAY FROM TAPE2,TRIPS

READ ARRAY FROM TAPE2,DISTN

DO 35 l=],MNLINK

READ ARRAY FROM TAPE2,XRA

PRINT 999,(XRA(J)aJ=],24)

999 FORMAT(I2F10,.,2)
PJsvOL(T)

VOL(T)=XRA(])
PVCUM(]I)=XRAC(2)

CAP=XRA(S)

KAPCLEXRA(12)

IF(VoLtIN)12,358,12

12 GO Y0 (35,15,15,35,35),KAPCL
I1SPXS(CAP=VCUMITI))/ZVOLIT)

IF(XMAXeX)35,35,13 J
44

Calenlalis merimum Pnpm,h'm !-; fd"'f/!/i
Pops  matix  which e ke [pad (XMpy |

a’“d d-er'bmrnpj 1Le CVJ',[I(A; fmll( (L-Cﬁ/ }-)

13 xMAXgX
LERITE!

35 CONTINUE
IF(lamA/1000=XMAX)IT 79

7 XMAXzle=A/100,
LCRIT=O
9 DO 10 IslaNLINK
vcuntl:-vcuntljoxnax.voggra
PXP(])=VCUMC(])

10 CONTINUE
XMAXgXMAXs(100,=A)e0,005
ABASXMAX
IFCITER=6)39,4],4]

39 IF{100e=A)d1,4],40

4] 1LOAD=3
1C281C2+]

40 PRINT 119, ITER,LCRIT,XMAX,A

119 FORMAT (30X, 13HITERATION NQe,13//11HCRIT,LINK 2,114,184, PERCENT LO
IADED ®oF742,9He TOTAL =0F7e2//6XsAHFROMpIXI2HTCS2X, 14H]IST MILES |

‘_.u‘L‘ XHA'X 3 © that wo morg. Thanr iDOO/a
hip ma trix  aall be load-

ds ,p’fﬂf"l:ﬂré Volume v e link

287,2%,21HCAPAR CAP, CUMUL o p IX2»BHUNEW  NEW,SX, 7THREMARKS /17X, 4HT]
IME,TX, 16HMPH  CITY CLASS»4X,6HVOLUME,3X,8HTIMNE MPH/)

RETURN

END

REFERENCE TABLES
0 npooos0 21 00000/5 599 00026/5
15 0oo42/2 13 00047/1 7 00056/5
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30
118
119

120

39
33

34

0
120

NUMBE

SUBRQUTINE CAPRE

DIMENSION NO(450)»ND(450)» TLINK(450), TCUM(60),NNC1T75),TSUM(175),
IK1C178) o NSKIP(B)»TREE(TO)2RA(24),TRIPS(36,36)2DISTN(36,36),
2NLEB) ) XRA(24)» TR(I36),VOL(450),NCUM(AD)2IFR(G6),CON(]10210),
4DUM( 10210),USPD(450) ,ULINK(450),XP(450),VCUM(450),LLOAD(450),
SLLAST(450),TLAST(450),LCOST1(450)+LC0OST2¢(450),7C0OST1(450),
6TCOST2(450),P(B8),58(8)

COMMON NQOND,TLINK, TCUM,NCUM, NN, TSUM, K1, NSKIP,CAP,KAPCL,DIST,
ITREE  RAXRA,TRIPSINSTR,VOL,A,SPDINCURVFFL,FFSs¥WL,VCaLLDAD,
ALLASY, TLAST,LCOSTI,LCOST2,IC1,IC2sKCoNCENT NFLAG,IT,NLINK,DISTN,
AITER NTREE JNCMyNMp THMIN,NTEST ,NNODE , NHOME ,NSTQOPsNODIST,IDIST,
EXMAX ,LCRIT X s XP, ILOAD»ULINK»USPD,,DUM,ALPHA,BETA,GAMMA,DELTA,
6JUNISTCONSCaAl »A22A3,A4,B2BB,RPD,IPRENDITIME,CAPCH,PCCAP,,ERUR,
TNEFE,EFE,SUMM, AVSUMM , AVDIFFaNDIFFsDIFFsNNO, ICRIT,IFRIDELL,TCOST]),
BTCOST2,VCUM,PP,P,5,0,0G,IC0S8T,CT,CD

DIAGNOSTIC PRINT

REWINDI

REWIND2

1€C2=1

ITERSITER+]

IF(ITER=1)31,30,31

READ 118,(P(1),1I=1,4)

READ 118,(S5(1),1=1,4)

FORMAT(4F10.2)

PRINT 119,t(PLI)sl=]124)

FORMAT(/////7/490X ) 4H%unw, 3X, 19HLOADING PERCENTAGES»3XsdHuwuan//
132X, 4HP (1), 4F1042) 3 : |
PRINT 120,(St1)s12144) Jf.’?u#puh loadicg pertonteges raad {3 checkop

Reads fﬁﬁdmo PJVC#u!ﬂjls l:ﬁ iErahon pumber i one

FORMAT(//32X%s4HS5L1)24F 104+2)
PPIOQU
PPEPP+P(ITER)=S(ITER)

READ ARRAY FROM TAPEZ,TRIPS
READ ARRAY FROM TAPE2,DISTHN
PO 39 Isl,NLINK

READ ARRAY FROM TAPE2,XRA
PVOL(I)SXRAL(])
PYCUM( ] )SXRA(2)

He Specified [omddis Carnfm
PXPCTIRVOL(1)OPLITER) /1000 oVCUM( ] g Akl e Specfied Jondiiy plrcisinged

PYCUM(1)sXP(])ePP/(PPeS(ITER)) _ A =
CONT[NUE "‘:_’;"‘ h:d"'f””“ﬁ'-" percentege  frwm ha

IF(S(ITER))Y33,33,34
ILOAD=3

IC2=]1C2¢]

CONTINUE

RETURN

END

REFERENCE TABLES
00000/0 3] 00047/3 30 0000771
00046/3 39 00101/2 33 00105/5

ROUTINE COMPILED
TIME LESS THAN 5 SFCS
NUMBER QF INSTRUCTIQMN WORDS 74

R OF INSTRUCTION WORDS pOTA4

EXTERNAL RQUTINES REGU.
CAPRE WONTO8 WONT3I0 WONT3]1 WONT32 WONT40 WONT4] WONT42 WONTIO
sFORTRAN




EGTRA

150

151

0

NUMBE

EXTER

- e -

N COMPILER MARK NOe 302 DATE 07/11/74 TIME

SUBROUTINE FLOITR

DIMENSTON NO(450),ND(450) s TLINK(450),TCUM(60),NN(]75),TSUM(175),
IKICIPS)oNSKIP(B) ) TREE(TO)»RA(24),TRIPS(36,36)s0I8TN(I6,36),
2N(68),XRAL24),TR(36),VOL(450),NCUM(K0) s IFR(6),CONCI0s10),
4DUM(10,10),USPD(450),ULINK(450),XP(450),VCUM(450),LLOAD(450),
SLLAST(450),TLAST(450),LCOSTI(450),LCOST2(450),TCOSTI(450),
6TCOST2(450)

COMMON NOND, TLINK, TCUMMNCUM NN, TSUM,K] s NSKIP,CAP,KAPCL,D1ST,
ITREE,RA)XRA,TRIPS,NsTR,VOLsA»SPD,NCURVIFFLIFFS)WL,VCoLLOAD,
ILLAST,TLAST,LCOSTI,LCOST221C1,1C2sKC, NCENT,NFLAG, IT,NLINK,DISTN,
AITER,NTREE yNCM ,NM, TMIN,NTEST ) NNODE s NHOME ,NSTOP,NODIST, IDIST,
SXMAX,LCRIT,XsXP, ILOAD,ULINKsUSPD,DUM)ALPHA,BETASGAMMA,DELTA,
6JNIST)CONC ALl A2sA3,RA4,BsBBBD,[PREND)ITIME,CAPCH,PCCAPERUR,
TNEFE, EFE,SUMM, AVSUMM, AVDIFF»NDIFF)DIFF,NNO, ICRIT, IFRIDEL,TCOSTY,
8TCOST2,VCUM,PP,P,5,0,00,1C087,CT,CD

REWIND2

PRINT 150

FORMAT(26H ITERATION NOo FOR FLOWITR,6X,2HXP)

ITERSITERS]

READ ARRAY FROM TAPE2,TRIPS | ooy —iny 4. il v ’

READ ARRAY FROM TAPE2,DISTN ] s Py .:c L "'Nf:’#"" Ao Mateicas

DO 3 T=l,NLINK

READ ARRAY FROM TAPEZ,XRA

VOLCT)®XRA(])

VCUM(T1)EXRA(2)

VCUM(T)BVOL(1)/ITERSVCUM( IS (ITER®II/ITER o Adjusty The [ink loads

XP(I)sVCUM(T)

PRINT IS1,ITER,XP(I)
FORMATI23X,15,F0+2)
RETURN
END
REFERENCE TABLES
ogo00O/0 150 000Q3s2 3 00025/4

ROUTINE COMPILED

TIME LESS THAN 4 SECS

NUMBER OF INSTRUCTIQN WORDS 32
LR T T T T T T R I T T R R R

R OF INSTRUCTION WORDS 0032

NAL RQUTINES REQU,

FLOITR WONTOS8 WONT40 WONT42 WONTIO DONTAI WONT4]

«FORTY

RAN



EGTRA

130

25
30

L)
40
21
20
12
1

60
61

38
a

63
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N COMPILER MARK NO. 302 DATE 12711774 TIME
SUBRQUTINE TNETIM

DIMENSION NO(45D)sND(4S0) s TLINK(450), TCUM(K0),NNC1T75),TSUM(175),
IK1(175)sNSKIP(B), TREE(70)2RA(24)sTRIPS(35,36)2DI8TN(36,36),
2NCOB ), XRAC24)2TR(I6),VOL (450 ), NCUM(K0) 2 IFR(6),CONCI0s10)s
4ADUM(10,10),USPD(450),ULINK(450),XP(450),VCUM(450),LLOAD(450),
SLLAST(450), TLAST(450),LCOST1(450)+LC0OST2(450),TCOSTI(450),
6TCOST2(450)

COMMON ND NDTLINK,TCUM/NCUM NN, TSUM,K] 2aNSKIP,CAP,KAPCL,DIST,

| TREE,RA)XRA, TRIPS,N,TR,VOL,A,SPD,NCURV,FFL,FFSsWLoVCsLLOAD,
ALLAST,TLAST,LCOST1,LCOST2,1C1,1C2,KC,NCENT ,NFLAG, IT,NLINK,DISTN,
41TER,NTREE ,NCM,NM,TMIN,NTEST ,NNODE , NHOME ,NSTQP,NODIST, IDIST,
SXMAX,LCRIT, X, XP, ILOAD,ULINK,USPD,DUM, ALPHA,BETA,GAMMA,DELTA,
6J¥1ST,CON,C,A1,A2,A3,A4,B,BB,BD, PREND,ITIME,CAPCH,PCCAP,ERUR,
INEFE,EFE,SUMM, AVSUMM , AVDIFF ) NDIFF,DIFFsNNO, ICRIT,IFRsDEL,TCOST],
ATCOST2,VCUM,PP,P,5,0,00,1C0ST,CT,CD

REWIND2

PRINT 130

FORMAT(1IH])

[C2=1C2+1 - 8 : . .

READ ARRAY FROM TAPE2,TRIPS)Keads Pups @t dubitudion mafvice,

READ ARRAY FROM TAPE2,DISTN ] swt 7 fhs e

DO 16 Is1aNLINK

READ ARRAY FROM TAPE2,XRA
VOL(1)y=XRAL(1)
TLINKCT)EXRA(S)

DISTaXRA(H)

SPDEXRA(TY)

CAPEXRA(S)

ULINK(T)EXRA(10)
USPD(1)=XRAC(1])
KAPCL=XRA(12)
LLOAD(I)=XRA(18)
TLAST(1)=XRA(20)
LCOSTI(1)=XRA(21)
LCOST2(1)=XRA(22)

NUME]

GO TO (30,36,36,25,72),KAPCL

J¥ISTEl < lelenlifie, Aoy Lokt s

G0 Tp 55 o

JWIST22 <- {df.,,.z'},.a,' ioeal Lde

GO To 55

['{VCUH",/‘CQPIO).Oos"Ol‘Oubo 3
JH1STed € (dowLipu, alivial luks for lach volume < B¢
1FLVCUME1))20,21,20 S

ULINKCT)=TLINKCT)

IFCICOSTwl)I1012,12

ULINKCT)=CTSULINK(T)4CDSDIST

CONTINUE

GO TQ 55

GO TO (30s61262025+72))KAPCL a~Aﬁ;
uumuu-n.mmnwcumrwcmw:1o--n.-vcum:n-cc:umnn}'z“..s.~ oy
IFCICOST=]117,48,48 o
ULINKCI)SCTSULINKC T )+CDeDIST Vima s
CONTINUE

JY¥IST=4

GO TO 63 SaT
ULINKCT)8TLINK(T)8(00540025/(1emvCUM(T)/(CAPSD))) 1{_{:% Lk e
1FC1COSTm1)37,36,38 gl ool sund
ULINK(I)=CToULINKCL)Y+CDeDISTYT

CONTINUE

J¥IST=5

USPDg60+#D]IST/ULINKLT) b



70

KAPCL=5

JYIST=6

CONTINUE

GO TO (45,46,47,51,52,53)2JVW1ST w

PRINT 111 NUMGNOCIYaND(T s TLINK(TI)sDIST,SPD,CAP KAPCL,,VCUM (LY,

JULINKCTI),USPD(])

111 FORMAT(A15,2F6e2,FA4a0,FB800,13,3X,F0,0sFT742+sFda02]1H DUMMY | INK
GO TO 54

46 PRINT 112, NUMNO(I)aND(TI)aTLINK(I),DIST,SPDsCAF»KAPCL,VCUM(T),
JULINKC(TI)USPDIL])

112 FORMAT(315,2Fb6020F4e0,FB8e0513,3%XsF9a0,F742sFdae0s9HLOCAL §T,)

72
64
55
45

G0 To 54 Qutpel
47 PRINT 113,NUM/NOLT),NDCTTLINKCT),DIST,SPDSCAPIKAPCLIVEUNLT) o\
JULINKCT),USPD(T) o

113 FORMAT(315,2F6e2,Fd4e0,FB8e0213,3XsF900,F702,Fae0r7HTO0 LOW)
GO To 54

51 PRINT 114,NUMNOCI)aNDCI)aTLINK(TI),DIST,SPDSCAPIKAPCL,VCUM(IT),
TULINKCTY,USPDCT)

114 FORMAT(315,2F642sFae0,FB00s1353XsF9.0,F742sF4402]12HINTERe DELAYN)

GO T0 54

52 PRINT 1185, NUMNOLI)sNDETI)» TLINK(I),DIST,SPD,CAP,KAPCL,VCUM 1),
JULINKC(I),USPDI(])

115 FORMAT(315,2F642sFde0,FBe0s13,3X,F940,F7a2,Fde0s]OHLINK DELAY)
GO YO 54

53 PRINT 116aNUMaNOCTE)aND(I)aTLINK(TI),DISToSPD2CAPSKAPCLaVCUM(T ),
JULINKCLY,USPD(])

116 FORMAT(315,2Fbe2,F440,FB8e0,13,3%XsF9,0,F742,F4,0,)3HeeSATURATEDRS)
54 IF(1L0AD2)57,57,58
58 KAPCL=XRA(9) 1“‘“""*}“? Re 2ud Partiaf M?E[ wetool
ULIN“I"UL‘"K‘I"’OO aH(fﬂ?ﬂﬂa e ;;jagu‘ ;Qy (
LLAST(I)sVCUMLT]) . ~ 4
57 CONTINUE "‘”"“5- et
16 CONTINUE
RETURN
END
REFERENCE TABLES
0 0000070 130 0000372 30 0004071
72 0Q127/3 55 00130/3 40 Q004573
2] 00050,2 11 00057/4 12 00083/5
4 00076/1 48 0007272 63 00114/0
b4 0013073 70 0012373 4% 0013273
51 0Dp247/,0 52 00300/3 53 00332/0 1!
112 00215/,0 113 00246/3 114 00300/0 1!
57 00372/4 58 00364/4 16 00372/4
ROUTINE CQOMPILED
TIME LESS THAN 11 SECS
NUMBER QOF INSTRUCTION WORDS 255
& & & & B B B & B B 5 4 B B o o»
NUMBER OF INSTRUCTION WORDS 0255
EXTERNAL RQUTINES REQU.
TNETIM WONTCS WONT40 WONT42Z WONTIO DONTSB4 DONTS50 DONTS3 WONT4I

#FORTRAN
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SUBRQUTINE MALTIM

DIMENSION NO(450)sND(450), TLINK(450), TCUM(A0),NN(175),TSUM(175),
IK1C175)aNSKIP(B)»TREEC(CTO)PRA(24),TRIPS(36,36),D15TN(36,36),
2NCAHB)XRAC24)»TR(3I6),VOL(A450)sNCUM(A0)»IFR(6),CONC10210)Y»
4DUMC 102103, USPD(450),ULINK(450),XP(450),VCUM(450),LL0AD(450),
SLLAST(450),TLAST(450), COST1(450),LC08T2(450),TCOST|(450),
6TCOST2(450),P(8),5(8)

COMMON NO,ND,TLINK,TCUM,NCUM, NN, TSUM,K1,NSKTP,CAP,KAPCL,DIST,
ITREE,RA XRA,TRIPSsNsTR,VOL,A,SPD,NCURVsFFL)FFSaWLaVCaLLOAD,
SLLAST,,TLAST,LCOSTI,,LCOST221C121C2,KCoNCENT ,NFLAG, IT,NLINK,DISTN,
QITER NTREE ) NCM,NMaTMIN,NTEST , NNODE , NHOME , NSTQOPsNODIST,IDIST,
BXMAX  LCRIT X, XP, ILCAD,ULINK,USPD,DUM,ALPHA,BETA,GAMMA,DELTA,
6JWNIST,CONSCrALl,A22A3,A4,BsBB,BD, IPREND,, ITIME,CAPCH,PCCAP,,ERUR,
TNEFEEFE,SUMM, AVSUMM , AVDIFFsNDIFF,DIFF,NNO, ICRIT,IFRsDEL,TCOST],
BTCOST2,VCUM,PP,P;5,0,00,1C08T,CT,CD

PRINT 130

130 FORMAT(IHL)

REWINDI]

REWIND2Z

1C2=1C2+1

IFCITERw])83,81,83
81 READ 222, ((DUM(To0)sT81s5),J051,4) | Roads Ra Matrs comstants from Cand

222 FORMAT(S5F]0+4) at ievation one m-u!'-f Gy d Mffufxzﬁ-
PRINT 222,((0UMCI2U)21Iz125)0ym]1s4

83 CONTINUVE
READ ARRAY FROM TAPEZ,TRIPS . . .
READ ARRAY FROM TAPE2,D1STH } Leads J;vfr b Dutibuhen Matiies
DO 21 I=1,NLINK Out- of #e way
READ ARRAY FROM TAPEZ2,XRA
VOLITI)YSXRAC(])
DIST=XRA(S)
SPD=XRA(T)
CAPsXRA(S)
ULINK(I)=XRAC(10)
USPD(I)eXRA(IL)
KAPCL=XRA(]12)
NCURVEXRA(]3)
WLeEXRA(]1T)
MsNCURY
IF(MY11.84,11

1] CONTINUE
ALPHAZDUM(M, 1)
BETAzDUM(M,2)
GAMMASDUM(M,3)
DELTAsDUM(M,4)
GO TO (84,85,85,84),KAPCL

85 IF(ILOAD=3)50,51,50

50 TEALPHAS(28XP(])/WL=GAMMA)+SORT(ALPHASALPHAS(2#XP(])/VWLw &thﬁ:
|GAMMA)*w24BETA)SDELTA 1:-”:;-:““
GO To 53 _

51 ToALPHAS(24VCUMLT) /WL wGAMMA) oSORT(ALPHASALPHAS( 20 VCUML L)Y /WL i::&ig;
JGAMMA ) #w2+BETA)+DELTA 1

53pys=T

IF(T«10004)31,30,30
30 USPD(]1)=0e

T=1000¢

GO T0 &
3] IF(Tee2)41,41,40
41 USPD(!1)=SPD

GO To 25
40 USPD(1)s604/T
CONTINUE

_gklgltl)lfoblST

8
i 25 iy 1) TanzdnZ 4. sa & . d n 3 &



24 ULINK(I)SCTRULINK(I)eCD®DIST

23 CONTINUE

84 CONTINUVE
LLOAD(])sXRA(18)
LLAST(])=XRA(19)
TLAST(])=XRA(20)
LCOSTI(I)sXRA(2])
LCOST2(1)=XRA(22)
GO TO (1,22223)2KAPCL

2 PRINT 111,01 NOCT)YaNDCIYsTLINK(I)»DIST,SPD,CAPKAPCLXP(1),

IULINKCTD) pUSPDL )

11] FORMAT(315,2F642sFda0sFB8e0,1353XsF9.40,F742,Fd,0)

60 TQ 21

1 PRINY 120 1sNOCTI)aND(T Yo TLINK(TI)YaDIST,SPD,CAPKAPCL,XP(1),

JULINKCT),USPD(])
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120 FORMAT(315,2F642sF400sFBe0,13,3XsF9,0,F742,F44025X,94L0CAL ST,)

60 To 21

3 PRINT 121,1,NOCT)aNDLT Yo TLINKE]),DIST,SPD,CAP,KAPCL,XP(]1),

TULINKL T USPDLT)

12] FORMAT(I15,2F6e29Fa4e0sFBe0,13,3XsF9.0,F7,2,F440s5%X,10HDUMMY L INK)

21 CONTINVE

RETURN
END
0 00000/0 130
3| 00065/3 LY
53 00134/5 31
40 0014772 25
2 0017374 3
121 0030774

ROUTINE COMPILED
TIME LESS THAN 10 SECS

oooozrs2
00161/5
0014372
0C154/,2
00256/4

NUMBER QF INSTRUCTIQN WORDS 204

& & & % B & & B & B 8 8 % 8 8

NUMBER OF [NSTRUCTION WORDS Q204

EXTERNAL RQUTINES REQU,
MALTIM WONT40 WONT42 WONTOB
DONTSD SGRT DONTA3 DQNTS3
sFORTRAN

wONT30

4

REFERENCE TABLES

83 0004174
85 00077/0
30 00140/0
23 00161/5
111} 0022474

WONT3] WONT32 WONT4] WONTIO
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EGTRAN COMPILER MARK NOe 302 DATE 07/11/74 TIME
SUBRQUTINE SELTIM
DIMENSION NO(450))ND(450)» TLINK(450), TCUM(60),NN(]75),TSUM(175),
IK1C175)aNSKIP(B)2TREE(TO)»RA(24), TRIPS(36,36),DI8TN(36,36),
ZN(6BY ) XRAC(24),TRI3A),VOLIASO )Y, NCUM{ A0 1FR(6),CON(]I0210)»
4DUMC 102 10),USPD(450) ,ULINK(450),XP(450),VCUM(450),LLOAD(450),
SLLAST(450),TLAST(450),COST1(450),LC0ST2(450),TCOST1(450),
6TCOST2(450)
COMMQON NO;ND’TLIN"TCU“'NCU".'NN.TSU",KI'NSK'P;C‘PJK‘PCL.D!ST,
ITREE RAXRA,TRIPS )N TR, VOLsAsSPD,NCURVAFFL2FFSa¥LaVCaLLOAD,
SLLAST,TLAST ,LCOSTI,LCOST2,1C1»1C2sKC ) NCENT , NFLAG, IT,NLINK,DISTN,
AITER ,NTREE ,NCM,NMy TMIN,NTEST ,NNODE ,NHOME ,NSTQOP»NODIST,IDIST,
EXMAX ,LCRIT X, XP,o ILOADULINK)USPD,DUM, ALPHA,BETA»GAMMA,DELTA,
GJVWISTCONSCsA)sA22A3,A4,B,BB,BD,IPRENDITIME,CAPCH,PCCAP,ERUR,
INEFE ,EFE,SUMM, AVSUMM , AVDIFFsNDIFFsDIFFsNND, ICRIT,1IFRsDEL,TCOST ],
BTCOST2,VCUM,PP,P»5,0,00,IC0OST,CT,CD
REWIND2
130 FORMAT(1M])

PRINT 130

IFCITER=]1)40,41,40
4] READ 131,(0(CON(T2d)al=|sT)aJdz=]s4d)
|31 FORMAT(TF1044)

PRINT 131,((CONCT2J)alz=l2T)eJ=1s4d)

40 CONTINUVE

READ ARRAY FROM TAPE2,TRIPS I Pacits

READ ARRAY FROM TAPE2,DISTN

D0 32 I=1,NLINK

READ ARRAY FROM TAPEZ2,XRA

WLEXRALLIT)

DISTsXRA(G)

CAP=XRAL(SB)

KAPCL=XRA(]2)

FFSeXRA(16) -

GO TO (32,42,42,32,32),KAPCL

42 CONTINVE
IFCVCUMLIdd1lall0l2
11 USPD(1)=FFS

GO TQ 96
12 IF(CAP=VCUM(1))53,54,55
53 MsNCURY

AlsCONIM, 1)

A2=CQONIM,2)

A3sCQONIM,3)

AdsCpON(M,4)

CaAlaWL/2,4A28D]15T4AD

BDsCeaCedespdaVCUM(])

IF(BD)Y1I5,15,16

15 B=0,

60 10 ¢ Qelves v e Speerd 1 e SELNEC
te BrsaRT(8D) i Sl i
IF(CuBld4,4,6 defermanes  He fima v Cost,

4 [C2=1C2+])
GO To ¢

& SPDIz0e5#(CeB)

9 USPD(1)=0e5#(Ce+B)
IF(USPR(I)wB0)96,76:8 i

8 IF(I1C2=1)21,20,2] ’

20 USPD(I)=80
GO To 96

21 USPD(1)=SPD] |
GO To 94 !

54 USPD(1)=FFSeFFS/4¢aCAP

96 ULINK(I)I=SDIST#460.7USPD(])

——— b oSl A ALS A .5

Keodls tha Secnfc SPeEd / PLopd vela Hon Sht P
Comstmen i i Carvel af. rheva F1om
¢?u¢/ To Mo Qwnd pPrinfs them

Fﬁ'u}r ad Ditributron maf\nw
ot - %L. The wraN,




19 - Lld

s

ULTNKCI)sULINK(1)YSCT&«DISTaCD
CONTINUE

GO TO 32

SPD1=FFSsFFS/4,sCAP
ULINKCI)sDIST#60e/5PD]142:50¢
IF(ICOST=])27,28,28

55
CuM(l)/CAF=])

28 ULINKCI)SULINK(I)®CT+D]1ST#CD
27 CONTINUE
USPD(1)=DISTeb60«/VLINK(T])
32 CONTINUE
RETURN
END
0 0000070 130 0Q001/5
32 00175/3 42 00055/3
53 00065/3 54 00136/3
9 oot122/1 4 0011574
20 00131/1 18 00153/0
ROUTINE COMPILED
TIME LESS THAN 8 SECS
MUMBER OF INSTRUCTIOQOM WORDS 130
- - - - - - - L 3 - - - - - - - -
NUMBER OF INSTRUCTION WORDS Q130
EXTERNAL RQUTINES REQU,
SELTIM WONTOB WONT40 WONT42 VWONT3IO0 WONT3)
DONTS0D DONTAD SGRTY

*FORTRAN

REFEKRENCE TABLES

40
11
89

(]
19

WONT32

00037/0
0C0s57/2
00153/3
00117/5
001477

WONT4)

uﬂthO
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EGTRAN COMPILER MARK NOe 302 DATE QTr/711/74 TIME

SUBRQUTINE CONVER

DIMENSION NO(4SO0)sND(450)» TLINK(A50),TCUM(E0) ,NNL]ITS5),TSUM(175),
1K1C178)NSKIPCB)»TREECT7O0)»RAC24)sTRIPS(36,36),DISTN(36,36),
ZNLEB)YpXRA(Z4) 2 TRLIB)»VOLLAS50) s NCUN(AD) 2 IFR(E)Y,CONC10210)Y,
4DUML10,10),USPDLASO),ULINKLASD),XPLAS0),VCUMLAS0),LLO0ADL4SD),
SLLAST(450),TLAST(450),LCOST]1(450),LC0OST2(450),TCOST1(450),
6TCOST2(450),P(B8)s5(8)

COMMON NO,ND,TLINK, TCUM,NCUM,NN,TSUM,K] ,NSKIP,CAP,KAPCL,DIST,

I TREE,RAXRA,TRIPS N, TR, VOLsA»SPDINCURVIFFL,FFSaWL,VCaLLDAD,
JLLAST»TLAST  LCOSTI,LCOSTZ221C121C2sKCoNCENT, NFLAG, IT,NLINK,DISTN,
A TER ,NTREE  NCM ,NMp TMIN NTEST ,NNODE ,NHOME ,NSTQP,NQD ST, IDIST,
SXMAX,LCRIT X, XP,, ILOAD ,ULINK,USPD,DUM, ALPHA,BETA,GAMMA,DELTA,
BJUNISTCONSC AL A20A3,A4,BBB,RD, IPRENDITIME,CAPCH,PCCAP,FRUR,
TNEFE EFE,SUMM, AVSUMM , AVD IFF s NDIFFDIFF NNO, ICRIT,IFRIDEL,TCOSTY,
BTCOST2sVCUM,PP,P;5,0,00,1C0S8T,CT,CD

REWINDI]

REWIND2

NDIFF=0

NEFEs0Q

ITIMCH=0

NCHL 1200

NCASS=0

NCOLO=0

SUMMz0

TIMEX=0

ERURZ0.0

cosoti=0

cosni2=0

CHFLOW=0

PRINT 120

120 FORMAT(///9H ITERs NOAX,6HIFR(1)24X,6HIFR(2),4%X,6HIFR(2),4X,

IGHIFRI4)»4X,6HIFRIS) ) 4X,6HIFR(H))

DO |3 I‘l’& ]Caiﬁdﬂ —',-Aa WLV —;‘-L/—l ?ﬁv we L, o P@Iﬁm

13 [FR(1)=0
ICRIT=!
IF(ITER=]1)200,200:,]100
100 DO 10 I=1aNLINK —
IF(LLOADC(TI))10,10,45
45 CONT]INUE
IFCICRITLEQ2)DEL=ARSI(XP(I)wLLOADCTI))/ZLLOADC])
IFCICRITAEQ ) )DELSABS(ULINK(I)=TLASTC(I))/ZTLAST(])
IF(DEL=0,05)23,23,24
23 IFR()1)SIFR(1)*1
GO To 10
24 [F(DEL=041)25,25,26
25 IFR(2)SIFR(2)+]

Sebs up (e ‘p u sy
GO0 T0 10 ) g U iy
26 IF(DEL=0+3)27,27,28 joble frv R alug
27 1FR(2)ISIFR(A)*] ) of DMer an) e
GO To 10 s the tamble.

28 |F(DEL=0+5)31231,32
3] IFR(4)SIFR(4)*]
GO T0 10
32 IF(DEL=14)33,33,34
33 IFRIS)ISIFR(5)+]
GO Y0 10
34 IFR(GISIFR(6)*]
10 CONTINVE
PRINT 121,1TERN(IFR({J) I 1lr6)
121 FORMAT(//15,6110)

DO 300 Jslas6 Clearvs e Fable ;rf Gy kugﬁa repeat  Catowhor

300 [FR(Y)=0 T
ICRIT=ICRIT+] Calewla pron &f  Del

et ettt it it




200

35
ar

42

39
38

47
46

53

50
49
15
14

17
le

CONTINUE - 214 -
READ ARRAY FROM TAPE2,TRIPS
READ ARRAY FROM TAPE2,DISTN
PO 48 1=],NLINK

READ ARRAY FROM TAPE2,XRA
CAP=XRA(S)

LLOADC I )=XRAL(18)

LLAST (1)=XRA(19)
TLAST(I)=XRA(20)
LEOSTI(I)=XRA(21)
LCOST2(1)sXRA(22)
IF(ILOAD=3)37,35,37
IFCLLAST(I))36,37236
DIFF=z0.

GO To 4)
DIFFsABS(XP(I)eLLAST(I))/LLAST(])
IF (DIFFe0s1)4]1,41,42
NDIFFeNDIFF+|
SUMMgSUMMADIFF
TCOSTICI)STLAST(I)aXP(])
TCOST2(1)sULINK(]I)eXP(])
IF(TCOST1(1))38,39,38
DELPRI=0,

GO To 7
DELPRI=ABS(LCOSTI(1)=TCOSTI(I))/TCOSTL])
IF(DELPR]=0e1)7,7:8
NCASS=NCASS#+])
COSD]1=COSD11+DELPR]
IFCTCOST2(1))46,47,4%
PELPR22D,

GO T0Q 9
DELPR2=ABS(LCOST2(1)aTCOST2(1))/TCOST2(1)}
IF(DELPR2w0s1)9,9253
NCOLO=NCQLO#]
COSD12=COSDI2+«DELPR2
IF(XP(1))49,50,49

PELINK=0,

GO T0 14
DELINK=ABS(LLOADCIY=XP(IY)/XP(1)
IF(DELINK=Qo1)14,14,4]5

NCHL IsNCHL I+
CHFLOWSCHFLOW«DEL INK
DELTIMSABS(TLAST(I)=»ULINK(I))/ZULINKC(T)
IF(DELTIMwOold1b216s17
ITIMCHeITIMCH+]
TIMEXSTIMEX«DELTIM
EFESABS(XP(1)wCAP)/CAP
IF(EFE=Os1)21021,22
NEFEZNEFE#]

ERURZERURSEFE

XRA(]1)=04

XRA(Z)sVCUM(T)
XRAC1O0)=sULINKL(])
XRAC11)=USPD(])
XRAL1B)=XP(])
1FtIC2=3)81,82,8]
XRA(]19)=XP(1)

CONTINUE

XRA(20)=ULINKC(])
XRA(21)=TCOSTI(])
XRA(22)=TCOST2¢(1)

WRITE ARRAY TO TAPE],XRA
CONT INUE

REWINDI]

PRINT 400

flndat_ﬁ!‘;‘ﬂ" R A B Pu}-‘

|

l

|

|

i

|

Calewlates He cornuves eince
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ISPTLLHEP TRAPSAILLAFTApIHLLTI PR EpDFREF T IMPDRp
26HAVSUMM, 4X,6HAVDIFF /)
AVDIFFsNDIFF/NLINK
AVSUMMESUMM/ZNL INK

AVDIF]1=COSDII/NLINK
AVDIF2=COSDI2/NLINK
AVCFLOSCHFLOW/NL INK

TCCHI=NCASS/NL INK
TCCH2=NCOQLO/NL INK
TLCHENCHL T /ZNL INK
CCHBITIMCH/NL INK
PRPTIM=T IMEX/NL INK
CAPCH=ERUR/ZNL INK
PCCAPENEFE /NL INK
PRINT 444,AVDIF1,AVDIF2,AVCFLO,TCCH],TCCH2, TLCHICCH,PRPTIN,
|CAPCH,PCCAP,AVSUMM,AVDIFF

"1

444 FORMAT(12F10,3)
IFCITER=4)71,71:2
2 IFLITER=NNQ)?0,78,78
0 IF(AVDIFl=0,1)70,70:71
70 IF(AVDIF2=0e1)72»72:7)
72 1F(AVCFLO=0,1)73,73,71
73 IF(TCCHI=0.1)74,74,71
T4 IF(TCCH2=041)75,75,7]
76 IF(TLCHmOs1)76,76271]
76 IF(CCHeO041)77277.71
T? IF(PRPTIMNe041)78278,7]
71 IPREND=]
RETURN
78 IPRENDE2
RETURN
END
0 0o000/0 120
10 0007473 45
26 0005772 27
33 00070/4 34
3s 00142/3 s
39 0016571 7
9 00213/4 53
15 ooz227/0 16
8] 0026571 82
71 00401/2 2
72 003867/2 73
77 00377/4

ROUTINE COMPILED
TIME LESS THAN |8 SECS
NUMBER QOF INSTRUCTIQON WORDS 263
& & 2 & B 8 % 2 & B 8 o8 b B o

NUMBER OF INSTRUCTION WORDS (0262

EXTERNAL RQUTINES REQU,

CONVER

WONTII
#PREDATA

JOB ORGANISED

WONTOB
DONTS2

DONTB4

17e46,47

WONTA40

)

- 215 -

7;H% ~Thx quuhjenc;

0o020/3
0003371
00061/0
00072/5
00145/5
00176/4
0o0212/0
00241/5
0026372
003s2/2
00371/,0

WONT42

07711/74

PONTSY

W“LIFLHOQIODHVLLIFQQI]

c.v r-‘!"""l:ﬁ

REFERENCE TABLES

13
23
28
121
4l
8
49
17
48
90
74

0002173
0005172
0006371
00110/3
00156/2
0017570
00220/4
0024071
00273/0
00364/0
00372/4

EXIT DONTBI

WONT4])
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