TESTING AND COMPARISOM OF ALTERNATIVE TRAFFIC
ASSIGNMENT TECHNIQUES FOR THE GREATER MELBOURNE ROAD NETWORK

;a of Sydney.

 all those -

swood Study. We:;

for providing the
Becent additione to the traffic aesignment literature have
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TESTING OF ASSIGNMENT TECHNIQUES

INTRODUCTION

The past decade and a half has seen the problem of assigning drivepg
to large congested urban road networks addressed by a growing array of
quantitative techniques. These range from approximate solution techniques
such as all-or-nothing and multipath procedures to incremental and iteratiye .
capacity restrained algorithms, and more recently, equilibrium network
loading procedures,

Relatively few applications are being made of the more sophisticateq .
equilibrium techniques in Australia despite ongoing theoretical and practicay.
developments and their availability in transportation planning packages (such.:
as the Urban Transportation Planning System 1979), Eash, Janson and Boyce (1973
have noted the raluctance of planners to implement the more recent assignment.::
methods and cencluded that this is partially attributable to a Tack of
evidence concerning the new equilibrium techniques performance in large scale
operations.

Though a significant propertion of research in transportation p]anning_f
has been devoted to the development of assignment techniques, scant attention
has been directed towards the development of evaluation criteria which assess @
the accuracy of assignment models and allow the planner to make normative :
statements about the effectiveness of traffic assigmnment techniques.

The objective of this paper is to propose and demonstrate suitable
assignment performance measures. In so doing, the analysis aims to assess
whether the fixed demand all or nothing (A/N) or multipath equilibrium :
assignment, as outlined in the Urban Transportatiom Planning System (UTPS} s =
superior to other Federal Highway Administration (FHWA} techniques (such as
fixed demand all or nothing incremental Toaded assignments), when applied to
a large Australian urban road network.

The paper is directed at those practitioners concerned with the
assignment of trips on large urban road networks. It is assumed that the
reader is familiar with the assignment technigues currently available in the
UTPS and FHWA planning packages,though a brief description of the assignment
techniques used in this study and their relative merits is given in Apelbaum
and James (1982).

Initially the paper will propose and discuss techniques which may be
useful in assessing assignment performance, followed by an outline of the
various parameters used in the nineteen test assignments. The study focuses
on the Greater Melbourne road network consisting of 4453 nodes, 736 zones
and 5350 two way links. The final two sections will summarise and conclude
the findings of the study.
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APELBAUM and JAMES

TESTING ASSIGNMENT MODEL PERFORMANCE

The problem of selecting an appropriate quantitative measure (or

perhaps a combination of measures) is compounded by the various means by which

traffic assignment models can be evaluated including the degree of convergence,
the extent to which the assignment technique satisfies underlying theoretical
considerations and the overall accuracy between the observed Tink volume

counts and assigned volumes. This section will propose and discuss techniques
which may be useful in assessing assignment model performance. The tests have
peen divided into three categories ;

{1) Parametric tests - tests where models specify certain conditions
about the distribution of the population from which the research sample was
drawn. The significance of the results depends on the validity of the
assumptions. The information gain test will be considered in this category.

B (2} MNon Parametric tests - tests where models do not specify
conditions about the distribution of the population from which the sample
was drawn; includes ratio, correlation co-efficient, '

: . mean and standard deviation of differences, mean absolute error,

{percent) root mean square error, Theil's dinequality co-efficient, the Chi
Square test and Kolmogorov Smirnov two sample test.

{3) Tests of assignment criteria - assess the ability of a

‘particular assignment to satisfy the underlying theoretical philosophy of
p 13

the assignment methodology Tests to be examined include Murchland's
delta, Van Vliet's delta and the error term.

rametric Test

Batty and March (1976) examined the form of information gain for

application in trip distribution model evaluation. The concept is derived

om Bayes Theorem which relates prior and posterior probabilities to a
monotonic Tikelihood function. The formulation of information gain, as
described by Batty and March, and applied to assignment of fixed travel demand,

is described by ;

I (ptl: pII0) = =Pj ln Py (1)
i —
po
i
prior probability of a vehicle travelling on 1ink i.

posterior probability of vehicle travelling on Tink i.

L In this application, Wardrop's user equilibration criterion,which
states that no user can improve his or her trvavel time (or reduce
travel costs) by unilaterally changing routes.
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TESTING OF ASSIGNMENT TECHNIQUES

When the posterior probability equals the prior probability then
I (pII : pIIO) equates to zero and the assigned volumes are considered a
perfect fit against observed volumes.

Information gain was applied by Smith and Hutchinson (1981) for-
dete.mining the most appropriate goodness of fit test for alternative frip
distribution models. They noted that a simulation which has a single over
estimation balanced by a large number of smaltler underestimates could appear
worse than one in which very large over and under estimates tended to occur
in equal numbers. A similar situation is experienced in the amalysis of
assignment models, and as a result, equation 1 was modified to derive
absolute values such that ;

count VO
where so
values,w
The fact
magnitud

1 (pTl: ptl0) = = Pj |Th P4
i — {2)

Po

i

o _ -
Where Pi = Ei and Pi = Oi

Tt To

Ei =  the assigned volume on link i
Tg = is the total expected (or assigned) trips
Tg = is the total observed trips. {(counts)
. R network
0j = the observed volume on link i

Non-Parametric Tests

Non-parametric tests do not imply conditions about the distribution
of a ﬁopu1ation though they do assume that observations are independent events.
and that the variable being examined has underlying continuity. The assumpticns:
relating to non-parametric tests are considered weaker than conditions
specified by parametric tests.

Ratio of assigned to count volumes

This is a commonly used test (Edwards and Robinson 1977, Smith and ?;Viﬁﬁ
Brennan 1980; Boyce,Janson and Eash 1981} that ranks assignment performance N §1"7é%
according to the ratio of assigned volumes to count volumes., It is oszggaé
represented mathematically by ; From un
B values.
Mean Ratio = o whether
ean Rati 01 (3) networ ¥

n

Where Ej assigned volume on link 1,

04 observed volume on ¥ink i,

n = number of links with both assigned and count volumes
in the network or within a particular road category.
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APELBAUM and JAMES

Variations of the ratic include ;
. screen line assigned volumes to screen 1ine count volumes
. assigned vehicle miles of travel to count vehicle miles of travel

route assigned volumes to route count volumes

A ratio of one (1) indicates a perfect fit between assigned and
‘count volumes. Care must be taken in applyirg the test for assignments
where some 1inks in the network are assigned volumes in excess of observed
vaTues,whilst others are assigned Tower volumes than that observed.
The factor to be examined is not the actual value of the ratio,but the
magnitude of the difference between the ratio and one (1)} such that

= Ei
Mean Absolute = |1 -0i (4}
Difference ratio —

n

The point is best iltustrated by an example. Assume a six (6) link

fetwork with the following assigned to count velume ratios :

Link Ratio
1.35
0.65
1.40
0.90
0. 60
1.10

The ratio test as defined in equation ( 3 would sum the ratios and

divide by the total number of links, resulting in a perfect value of one (1)

The implication is that the assignment algorithm accurately simulates existing

assignment behavicur which it clearly does not. The more correct value of

0.28 as defined by equation { 4) indicates the magnitude of the deviation
om unity, the lower the value the better the fit of assigned to observed

values. The vatio as defined by equation ( 3) is still useful in indicating

ihether the assignment technique under or over assigns trips for a specified

network and trip table.




TESTING OF ASSIGNMENT TECHNIQUES

Correlation co-e¢fficient

The sample correlation co-efficient (r) tests the degree of linearit 3
between two independent variables. [f there exists n pairs of (01, Ei) which t
represent a sample size n from a bivariate population thens A

a

"(01,E4) = n = 044 - =0iX Ef (5)

i i i
(b= -z} ot - 2603 »
il i i i i
The closer v (0;,Ei) approximates to -1 or +I,the better the fit
of assigned to observed volumes. t
3
i
Mean and standard deviation of differences
The mean and standard deviation (5.D) have the following format ;
n .
Mean = = (0 - Ej)
> (6)
n <

s.0 =[L (0j - )2 - S (0i - E{2 [ % (7)

. < 1 i s 1 1 2 :
i=1 i=] _ H

n ;

n-1 v

The mean value, as defined by equation {6 ), can give misieading
results when the differences between observed Tink counts and assigned
1ink volumes are either positive or negative. In these circumstances
negative differences cancel a portion of the positive differences or vice
versa.

The mean value being sought and adopted in this study is the mean
absolute value described by ;
on ;
\ Mean \ = 05 - Ej ! {8) ‘
1= :

1

n
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APELBAUM and JAMES

The Tower the value of the mean absolute difference, the better the
fit of assigned to count volumes.

When comparing the capabilities of an assignment technique to
simulate flows for & particular road category, a normalising procedure needs
to be applied to take account of the difference in average volumes.

A percentage mean absolute value was calculated for each road category,
according to ;

mean x 100 {g)

Average Count VoTume 1
for the road category

Mean absolute error

The mean absolute error (MAE) has been applied in the evaluation of

‘trip distribution models (Smith and Hutchinson 1981). For application in
-assignment model performance assessment, the error equation has been

modified to ;

n

i=1 . (10)
ne

The Tower the error term, the better the fit between observed and
assigned volumes.

MAE s a suitable test for assessing assignment model performance
assuming that n, the number of links is the same for all test types.
Alternatively, if comparing the ability of an assignment algorithm to
simulate Tink volumes for different Tink types (for example minor roads
and freeways) then the comparison may be biased to that road category type
which represents the larger proportion of links in the network. :

Root mean square error

The root mean square error is described by

i

n
RMS error = | = (07 - £4)2 | %

j=1

n

The test has received widespread application in recent times (Smith
and Brennan 1980, Edwards and Robinson 1977, Oxlad 1976 and Black and Salter
1975).  For perfect fit, the RMS error value equates to zero; the least
¥§1ug of the error indicates the best model or the best variation of a
drticular assigament technique
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TESTING OF ASSIGNMENT TECHNIQUES

The RMS ervor as described by equation (11} is suitable for comparing
zssignment technigues cver an entire network, as the number of Tinks per roagd
category remains constant. However, when comparing the effectiveness of an
assignment technique to simulate volumes for various road types, biases may
be introduced by the squaring of differences which are inherently large, due
to the large volumes carried by a higher capacity link,and comparing these
to low capacity links. To overcome this bias, the percent root mean square
2rror test was applied and is described by ;

_ (12)
% RMS error RMS error x 10

Av. Count Volume for the road category 1

Theils Ineguality Co-efficient

& technique determining the ratio of the root mean sguare error
+o the sum of the rcot mean squares of the ground counts and assigned
volumes was developed by Theil {1965) and has the following form;

n
U =f = {05 - E'i)2
i=l

U values of zero indicate perfect fit

Chi Square and KoTmogorov-Smirnov two sample tests

One of the major drawbacks of the previous ncn-parametric tests
js that they do not indicate whether the differences between observed and
assigned link volumes are significant. Oxlad recognised this deficiency and
oroposed that tests of significance, such as the Chi Square {x2) and Kolmogorov:
Smirnov {K-S5) two sample tests, be considered when testing assignment model
performance.

In particular, Oxlad recommended the use of the K-S test for the
following reasons;

. when compared with the t test, the K-S test has a higher power
efficiency for small samples.

. is more powerful than the X2 or median test.
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APELBAUM and JAMES

Let us briefly consider the mechanics of the Chi square and
Kolmogorov-3mirnov two sample test and examine whether both non-parametric
tests are irdeed suitable for assessing the performance of various assignment

techniques.

able for comparing -
of links per road
ectiveness of an
ypes, bfases may
rently large, due
comparing these

i 2
root mean square Chi Square (XZ)

The X2 test determines goodness of fit between the frequency
distribution of the assignment model and that of observed volumes. The
hypothesis tested is that the assignment model produces a link volume
=+ distribution which is not significantly different from that of the ground

- counts, on the basis of a defined significant level, which is the
probability or risk of falsely rejecting the hypothesis.

(12)

x 100

ory 1

The form of the statistic is as follows ;
square error

d assigned 2 _ N - 2
form; X Z'[ (Fo'i FE'i) (14)
Fos

Where Fp; = number of 1inks with ground counts in ith interval,

FE.

; number of links with assigned counts in the

ith interval
number of Tinks.
The values of X2 are distributed approximately as Chi Square with

degrees of freedom equated to {r-1) (k-1),where r is the number of row's
~and k is the number of columns in the contingency table.

The procedure for assignment model application is to split the Tink
(or route) volumes into categories, determine the frequency per category

"and evaluate the X2 value. If the X¢ value is greater than that of the

distribution value then the hypothesis is rejected. The user must ensure

- that the total expected volume is equivalent to the total chserved volume.

For further detailed theoretical explanation see Siegel (1956)

metric tests

n observed and

is %eficiency and
{X%) and Kolmogoro

assignment model.

The Kolmogorov-Smirnov/two sample test

The K-S statistic tests whether two independent samples have been
rawn from the same population. Essentially, the two sample test is
concerned with agreement between two sets of sample values. If the two sampTes
: Come from the same population,then cumulative distributions are expected to be
equivalent except for random differences. A significant deviation between
umulative distributions is evidence to reject the null hypothesis; that the
bserved and assigned counts come from the same population.

test for the

higher power
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TESTING OF ASSIGNMENT TECHNIQUES

As with the X2 statistic, link volumes are split in equal intervaly
enabling the determination of cumulative frequency distributions. For _each.
interval, one distribution is subtracted from the other. Unlike the X& tegt
which considers the relative jmportance of all deviations, the K-35 test
focuses upon the largest deviation. (See Siegel 1956, for a mathematical

comparing
yrors in
reSU] ts.

definition of the test). nto assic
assignment
Though the K-S test is & powerful statistical test when comparing T
observed and expected distributions, the concept of comparing frequency
distributions is detrimental to assessing the capabilities of a particular
assignment technique in simulating link or route volumes. Consider the
hypothetical network shown in Figure 1.
M
¥
an upper
incurred
O Observed Link Volume, _,_/“'-‘ £-3
E Assigned Link Volume.
FIGURE 1. HYPOTHETICAL NETWORK.
If a X2 or X-S two sample test were applied both tests would : fract

conclude that the assigned volumes fit the observed volumes as the frequency
distributions (assuming equal intervals) are identical. However, inspection
of the network volumes indicates sizable differences between the observed and
assigned volumes. The only conclusion that can be drawn is that the
assignment algorithm produces a similar proportion of trips per interval to
that of the observed volumes.
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ots of Assignment Criteria
———

Previous parametric and non parametric tests reltied on
ing assigned volumes to count volumes, and as a result assumed that
in measuring count volumes were sufficiently low as to not bias
One means of overcoming the problem of introducing count volumes

: nto assignment per formance assessment is to investigate how_c1o§e1y the
‘sssignment technique satisfies Wardrop's user equilibrium criteria.

Three such assessment techniques are proposed ;

Murchland's delta
Yan Vliet's delta

Error term

Murchland's delta

Murchland (1969) quantified the degree of convergence and showed that
n.upper limit on the difference between total network travel cast and the cost
ncurred if all trips travelled via the minimum path is set by § such that :

J. = = Cafa - X T3 C%ij
M a 1,
Where Ca cost of travel on link a
Fa flow on link a
Tij = number of trips from origin i to destination j

C*jj = minimum cost of travel along route Rij
A value of zero indicates perfect fit.
.MurchTand'sJ%s, in fact, a measure of excess travel cost.

Yan V1iet's delta

t_Van Vliet adopted a slightly different variation by expressing c{’as
action

/ = X (afa - = Tij C*y5

"o i,

E. Ti

. C*33
1,]

]

A value of zero indicates perfect fit
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TESTING OF ASSIGNMENT TECHNIQUES
“.gjrbk‘tenn _
This is adopted by the UTPS program and similarly to Van Viiet's

deita and Murchland's delta, can be used as a measure of assignment
performance. It s described by -

ep = (aFa - ;E_ Tij C*ij
a i,j (17)
Z Cafa
a

SELECTION OF PARAMETER VALUES

As well as assessing the effects of combining various traffic
dispersion criteria with network Toading aTgorithms, the study aimed
to identify the most suitable set of values from the following input
parameters;

impedance function{l)weightings

. number of equal increments

. number of iterations

. theta {8)

- delay factors - at freeway exits and entries

. tol1 vatues

The parameter specifications for the nineteen test assignments

are shown in Table 1 as a two (2) dimensional matrix (impedance function by

number of equal increments) for the FHWA, A/N, incremental Toading, fixed
demand assignments, and a three (3)
by impedance function by theta)

loaded, fixed demand assignments

NETWORK |

dimensional matrix {number of iterations
for the UTPS A/N or multipath, equilibrium

1. The following impedance function w
and UTPS programs)
Impedance = CTIME x T + CDIST x D (Non totl 1links)
CTIME = time co-efficient in impedance per hour
T = travel time per link (in hours)
CDIST = distance co-efficient in impedance per kilometre
D = length of link in hundredths of kilometres

For toll Tinks CTOLL is substituted for CDIST. CTOLL is impedance per
dollar of toll

182

as adopted (as prescribed by the FHWA

4

statistic
populatic
approxime

;
736 zones
conditior
arterial
road grot

1
road cate
the Count
formulae
suitably
househo ¢




gnments
function by
ing, fixed
of iterations
equilibrium

by the FHWA

Jedance per -

APELBAUM and JAMES

TABLE 1: TABULATION QF LABEL NUMBERS BY PQAMETER SPECIFICATION
FOR F.HWA, AND UTPS ASSIGNMENTS

IMPEDANCE FUNCTION

< TIMEWT | 1.0 10 24
- ‘
=

F.HHA

Ho. of cgual
Incienents .

4
5

~BETHT 0.4 1.0 1.0

Uti.prs.

Na of Weraltons
4
-
5§ _
- 1

9

Assigmuent numbers are shown for each calegory
Belay = Luin,
Toll
Delay =1 %
£ Delay=310

NETWORK DESCRIPTION

The road network used in the study incorporates the 1978 Melbourne

:statistica1 division covering an area of 6,110 square kilometres. The total
- population in 1978 for the fifty-five local government areas therein was

approximately 2.67 million, including 1.78 million employed persons.

The network itself is detailed (see Figure 2) consisting of
736 zones, 4453 nedes and 5056 two way links, A wide range of traffic
conditions can be observed in the study area including congestion on some

. arterial Tinks. Each 1ink has been categorized into the following four

road groups;

Minor Roads

Undivided arterial roads
Divided arterial roads
Freeways and freeway ramps

Table 2 shows the proportion of assigned and count links for each

- road category. The 1978 twenty four hour ground counts were obtained from

the Country Roads Board (1978). The 1978 trip table was derived from
formulae developed by the Metropolitan Transportation Committee {1969) and

suitably altered to take account of lane use characteristics and increased
household trip rates.
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~{

~

C.8.0. _ S

STUDY R

Yeviews
sectior
the ass
followe
technic

Compar i

informm
tests.
conver:

—— Arterial Roads
= Freeways

—_—

a more
the us

N hoos i
FIGURE 2. THE GREATER MELBOURNE TEST NETWORK. o
184




APELBAUM and JAMES

TABLE 2: DISTRIBUTION OF NETWORK LINKS.

ASSIGNED TWO TWO WAY LINKS

ROAD CATEGORY WAY LINKS WITH COUNTS
No. Column % No. Column %
/ .

=13

5!‘ Minor Roads 143 374 248

] Undivided Main Roads 500 861 572
-

g Bivided Main Roads 334 241 160

23 30 20

Freeways and Freeway Ramps

Y

TOTAL

The study results will be presented in three{3) segments. The first
reviews the capabilities of the statistical measures outlined in the previous
section to assess assignment model performance. The relative performance of

the assignment techniques as applied to the entire network is then assessed
followed by a more detailed discussion of.the capabilities of each assignment
technique to simulate Tink volumes for various road categories.

Comparison of Assignment Performance Measures

Information gain

: Table 3 shows that the ranking of assignment technigues by the
formation gain measure is in general agreement with other non-parametric
This is not surprising if one considers that equation (2 ) can be

ests.
EGEND.. - converted to -
—— Arerial Roads :
| ' cp Y (18)

— Freeways ) = = pi{1nPi- 1n#f

i

which is a term incorporating absolute differences.

Although simplistic measures of P9 and P, were adopted in this study,

Tere thorough interpretation of these p}obabi11ties could be obtained by
€ use of conditional probabiiities based upon the probability of a driver

hoosing a feeder link
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TABLE 3: RESULTS OF ASSIGNMENT PERFORNANCE MEASURES FOR THE ENTIRE HETWORK

as F.H.WA. L.T.PS.
SIGNMENT - - -
TYPE © i z 3 4 5 5 7 1 2 3 § 3 6 7 8 3 10 1 12
AN AN | AN | AN AN | AN AN AN MULTI MULT) MULTI AN AN AN A/N ML TI A/N MULT: AN
AING. | 4INC. |4INC. |41NC. |4 NC. |4 INC. |5INC. JSEQ.IT. |4 Eq. 1T, |8 E0. 1T, |5 EQ.IT, [6EQIT, |6EQ 1. [6EQ.IT. |6EQ. 1T, |8 EQ.IT. [4€Q.1T. (8 Q1T | 4 EQ.IT.
TWT=1.0 | TWT=4.0) TWY-2.0) TWT=3.0| TWT- 4.0 TWT=3,0| TWT=1.0} TWT=1.0 | TWT=3.0 TWT=0.0 [ TWT-3.0 | TWT=3.0 | TWT:3.0 | TWT=3.L | TWT=3.0 | TWT-2.0 | TWT=2.0 | TWT-4.0 | TwTs.0
(DWT=0.0 | DW= 1.0 | DWT=1.0| DWT=1.0/OWTa1,0| DWT1.0| DWT-0.0|owT-20.0 | DWTa1.0 | DWTet.0 OWT=1.0 | DWT-5.0 | DWT=1.0 | OWT=1.0 | DWT=1.0 | OWT-1.0 | DWT-1.0 | DWT2.0 | DWT-1.0
DEIT%Y FoLL TOLL TOLL TOLL TOLL.
TEST TYPE ' . PELAYst 5
DELAY=3 |DELAY=1.4
Farametne st 2243 | 2206 | 2180 | 2090 | 2392 229 | zas2 | zam2 | 2027 | zosl | zows | 2.0m - 067 | 2003 | 209 | 20% 2660 | 2038
Information Gain.
Non_Parapetric 04386 | 0.4284 | 0.4316 | 0.4327 | 04332 § 0.4438 | 0.43% 0.4255 0.4183 0.4247 | 0.4189 0,4204 - 0.4234 0.4258 0.4425 0.4207 0.4254 0.4225
Mean Absolute Dhflerence Ratig, :
Correlation Co—elf, 0.8436 | 0.B416 | 0.8487 | 0.8429 | 0.8491 | 0.8354 | 0.8457 | 0.85M 0.8525 0.8514 0.8544 0.8532 - 0.8434 0.8425 0.8793 0.8308 0.8469 0.8505
Mean Ditflerence, 1326 1463 1411 1414 1403 1252 1327 1422 1343 1446 1379 1367 - 1384 1411 1583 1375 1451 1319
Standard Dewiahion of 7093 | 7106 | 6934 | 6961 | 6943 { 7230 | 7038 6840 6736 6787 6709 6735 - 6936 6962 1261 6781 6873 6795
Differences 097 5125 5094
Mean ¢i Absolute Differences, 5391 3433 2328 5338 3l 5409 5321 5180 5087 5143 5069 5084 - 513% 5169 5382 3
Mean Absolyte’ Etior. 3.58 3561 3.54 3.54 3.5 3.59 1,83 3.44 3.38 3.42 3137 338 - 3.4l 143 3.58 3139 3.4] 3.38
% Root Mean Square. 46.36 | 40.58 | 39.57 | 3973 | 39.81 | 41.15 | 40.06 39.37 38.82 39.11 3860 3.3 42.63 39.86 40,04 41,85 38.99 39.59 39.60
Theits’ nequakity Co-eff. 0.16 | 0.1712 [ 0.1670 | 0.1675 [ 0.1668 | 0,176 | 0.1684. 0.1656 0.1634 0.1648 0.1626 06,1631 - 01687 0.1689 0172 0.1644 0.1670 1.144]
Tests of Assignmeni Critena, :
Murchiands. . & - 22976 | 72085 | 115381 | 165513 | 552048 | 31905 10256 14384 9872 20994 24080 76489 67548 97815 21246 33745 37190 66702
Van V0eis. » - 0.0239 | 6.0486 { 0.0574 | 0.0654 | 002342 0.0595 | 0.0012 0.022 0.007 0.012 0.013 0.03% 0.03% 0.027 4.015 0.025 0.015 0,030
Esror Term. - 0.0234 | 0.0454 | 0.0543 | 0.0614 | 0.1898 | 0.0%65 | 0.0012 0.021 0.007 0.012 0.013 0.037 0,638 0.027 0.015 0.024 0.015 0.029
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1a the event that P? and P. could be accurately determined, the
. -simation gain test would providé a more rigorous assessment of the fit of
neerved to assigned volumes than the non-parametric tests.

Ratio of assigned to count volumes

As previously discussed, the use of the mean of assigned to count

“volumes for the purposes of comparing assignment techniques, will be misleading
when some proportion of the Tinks on the network are over-assigned trips while

'chers areunder-assigned trips.
_the relative ranking of the assigrments, according to the mean ratio and the

Table 4 illustrates this anomaly by comparing

mean absolute ratio. The mean ratio ranks the incrementally loaded

:assignments ahead of equilibrium loaded assignments, whereas the mean absolute
ratio shows preference towards the equilibrium loaded assignments

Future applications of a ratfo test should implement the mean

:absolute ratio, particularly in circumstances where there is a mixture of
aver and underassigned links.

Correlation co-efficient

Much has been written about the correlation co-efficient and it is not

.the purpose of this paper to reiterate the relative merits or otherwise of

‘this co-efficicnt. The test is a measure of the degree by which a linear

relationship can be fitted between the observed and assigned 1ink volumes
and as such is a useful performance criteria. Reference to Table 3 indicates
that the correlation co-efficient ranks assignments in accordance with other

;test types.

Mean and standard deviation of differences

Tables 5, 6a and 6t highlight the different ranking interpretations
“of the mean difference, the absolute mean difference and the percentage absolute

‘mean difference performance measures.

Table & indicates that a comparison of the ranking behaviour of both
test types results in differing interpretations of the relative performance

‘of each assignment package.

The mean difference test, which does not take account of biases
‘created by positive and negative differences cancelling, ranks incremental
loading ahead of .equilibrium loading. Alternatively, the mean absolute
‘value ranks the multipath equilibrium Tcaded assignment ahead of the A/N
‘equilibrium loaded assignment and the A/N incremental Toaded assignment.

Tables 6a and 6b show the effect that normalizing the mean absolute
“difference criteria can have on the ranking of assignment performance for each
oad category. It is evident that a ranking of the assignment technique's
apabilities in predicting flows for particular road categories can be
misTeading unless a normalising procedure as outlined by equation (9) is

capplied.
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TABLE %: RATIO OF ASSIGNED TO COUNT VOLUMES

_ FHWA. WTPS.
“S‘G“’:\Egz_ iz |5 |+ | s |6 |« i 2 2 4 5 § 7 8 3 10 1 12
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TABLE 5: MEAN DIFFERENCE, MEAN |DIFFERENCE|, % MEAN |DIFFERENCE]| =
=
FHAA. '
ASSIGNMENT T urFs, m
TYPE o 12 A:N A:N § 6 ! ! 2 3 4 3 3 7 8 $ 10 i PR
AN AN ] A/N AN MULTI MULTH MULTI AN AN AN AN MULTE AN MULTE A/N =
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TESTING OF ASSIGNMENT TECHNIQUES

The resuits show that equilibrium loading provides a better fit tg
observed volumes for divided main roads and undivided main roads,while the
incremental loading algorithm was better able to forecast link volumes on
freeways and freeway ramps.

The standard deviation of differences is presented in Table 7 to
highlight the skewed nature of the difference distribution. Analysis
indicated that the difference distribution did not fit a normal distribution,
disallowing the option of applying t tests for significance testing to
non-parametric performance measures.

The mean absolute difference measure should be applied in preference
to mean difference criteria when ranking assignment performance over a network
area. If assessing the performance of an assignment algerithm for particular
road categories, the percentage mean absolute difference should be
jmpiemented,

Mean absolute error (M.A.E.)

The MAE will provide a similar ranking of assignments to that of the
mean absolute difference test, as the number of links n, is the same for all
assignments. However, when comparing a single assignment's performance for
various road categories within the network the ranking becomes a function of
the n? term.resulting in a grading ot road type which reflects the number of
1inks in the road category, rather than the performance of the assignment
algorithm.

Reference to Tables &, 9,10 and 11 shows that the ranking of
assignment performance for each road category coincides with the ranking of
rcad types according to the highest number of links {see Table 2).

Root mean sguare error (RMSEL

The RMSE and % RMSE ranks assignment technigues in a similar fashion
to information gain and mean absolute differences. Table 3 shows that the
YRMSE performance measure ranks multipath equilibrium loading ahead of A/N
equilibrium toading and A/N incremental loading.

Percentage RMSE ranks the fit of observed to assigned volumes for
gach road type in an identical manner to that of the percentage mean absolute
difference {see Tables 8, 9,10 and 11.) There appears to be Tittle difference
in the capabilities of both the percentage absolute difference and percentage
RMSE to ranking the performance of assignment technigues for each road
category.
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TABLE B: RESULTS OF ASSIGNMENT PERFCRMANCE TESTS FOR MINOR ROADS

a5 F.H.WA. U.TPS.
SIGNMENT " 7
TYPE 1 2 3 H 3 6 7 i 2 3 4 5 6 7 8 g 10 0! 12
AN AN AN A/N AN A/N A/N AN MULTI MULTI MJLT) AN AN AN AN MULTI AN MULTL AN
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TABLE 9: RESULTS OF ASSIGNMENT PERFORMANCE TESTS FOR UNDIVIDED MAIN ROADS
FHWA. ! 3PS, \
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ESTS FORUNDIVIDED : MAINROADS:

ASSIGNMENT FHMA : LTPS. |
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Hon Payeime lests 0.4592 | C.4458 04537 | 0.4549 {04548 | 04666 [0.6533 | 0.444p | 0.4389 | 04431 | 04395 [ '0.4404 ~ 04438 | 04431 | 04661 | 04470 | 0.44827 | 0.4492
Mean Ansolute Cilterence Rato)| ‘
Conelation Co—elt 07779 107789 107830 | 0.7823 [ 0.7845 (07715 | 07833 [ 07957 | 0793 | C.7966 | 08025 | 08015 - 0.7350 07922 | 0706 ¢ 07833 | 07943 | 07885 fx=
|22l
Mean Dilietence 652 631 | 656 | &% 701 483 | 66l 843 HE 856 754 751 - 881 132 826 644 817 635
Standasd Deviation ot . J(:>
Dilterence. 717 | 763 | mor | ross | 7oa3 | 7zer | j0z2 | 6763 6751 6719 5550 5653 - 6746 6785 MY 6879 6766 8860 |
u
Mean of Absolyie Differences. | 5332 | 5438 | 5347 | 3326 | 5270 | $402 | 5216 5047 5008 5001 4354 4970 - 5008 5084 5270 5012 5052 5054 3
Mean Absolute Error 6.9 | 632 621 1 618 | 81z | 627 | 606 5,85 5.81 5.80 5,75 5,77 - 5.81 5.50 6.11 5,88 5.86 5.86 %
4 Kool Mean Square 4146 | 42,29 | 4137 | 4132 | 4106 | 4227 | 4092 | .54 3.5 19,30 38.83 36.84 41,62 33,34 39.59 0.3 40.08 39.54 996 =
' ? 17 0.1728
Theils’ Inequality Co-efl. 00705 | 01719 § 00810 | 0473 | odns




TABLE 10:

RESULTS QF ASSIGNMENT PERFORMANCE TESTS FOR DIVIDED MAIN ROADS

FH.NA S.
ASSIGNMENT ; " - uIf
TYPE 2 3 ' 5 § 1 i H 3 1 5 § 7 3 (] 10 il 12
AN AN AN A/N A/N AN AN A/N MULTI MULTI MULT! AN A/N AN AN MULTI AN MULTY AN
4INC. |4INC, |4INC, [4INC. |4INC. [4INC, [5iNC. |SEQ.IT. [4EQ,IT, [8EQ. (T, |SEQ.IT, |SEQIT. [6EQ. 1T, |6 EQ T, [6EQ,IT. [AEQ.IT. |4 EQ.IT. [BEQ.IT. }4EQ.IT.
TWT=1.0 1 TWT= QI TWT-2.0] TWT=3.0 TWT- 4.0l TWT=3,0) TWT=1,0] THT=1.0 | TWT=2.0 | TWT=3.0 | TWT=3.0 | TWT=3.0 | TwT=-3,0 } TWT-3.5 | TWT=3.0 | TWT:2.0 j TWT-2.0 | TwT~40 | TWT=4.0
C¥T=0.4 | DWT: 1,0 | OWT1.0 | OW T 1.0 OWT1.01 DWT=d.0 [ OWT-0.0[GWT-20.0 | DWT-1.0 | OWT-1.0 | DWT-1.0 |DWT-1,0 | OWT=1.0 | DWT=1.0 | OWT=1.0 | OWT=1.0 | DWT=1.0 | OWT.0 ¢ DWT.10
CELAY] ToLL TOLL TOLL TOLL TouLL
TEST TYPE -1.0 DELAYa1.5
DELAY=3 |DELAY=1.J
Ipam.ne;nc Test 942 | 977 | 943 | 951 {940 | 9l | 937 | 8.5 150 | b7 850 g | - 868 | 877 888 | 8&7 | 884 | 802
nformation Garn
BonParamee_Lests 03252 | 0.3234 | 0.3223 [ 0.3272 | 0.326% [ 03257 | 03252 | 0.2205 | 03160 | 03221 | 03182 | 0.3167 - 03274 | 0.3280 | 0237 § 006 | 0430 0.1

Mean Absolute Ojiference Ratio
Conelatig Ca-eff. 0.8218 | 0.8213 | 0.8257 [ 0.8230 | 0.8242 | 0.8079 [ 0.8223 | 08250 | 0.8280 | 08309 | 0.8289 | 0,252 - 08203 | 0.8120 | 08257 | 08369 | 0.425% | 0.0334
Mean Dufference. 1531 | 1978 | lrea | 1637 | ise8 | 2002 [ 1503 | 1558 | 1766 lesa | 1678 1639 - 1z | i M4 | 1870 131 1508
Sandarg Dewiaton of 8579 | 8374 | g6z | 8730 | gGal | s8e7 | 8673 | B4d0 | 840 | 8386 | 10 | 8 - g629 | aesl | eeaz | B2z | sz | 8355

ifference.

Mean oi Absolute Differances. | 6698 | 7067 | 6841 | 6885 | 6796 | 6840 | 6692 | 6407 | &3 38 | 83 | 63 - 6404 GaSR | 6367 | S444 | &al 6423
Mean of Absolute Evor. | 2779 2932 | 2838 | 2857 | 28.20 | 2755 | 2097 | 2552 | 2545} 1843 | 2842 4 BB - w523 /I3 | wAe 1 mEr | 254 1 2559
% Rool Hean Square .83 | 2074 ;7850 [ 906 2887 [ 2366 | X0 | 2w | 15 | 2738 | B | B o L3 w5t | mm | we | 26 | B | 2
Theils' Inequahty Co-efl, [01326 | 0.1370 | 0.1330 | 01335 01326 | 0.138¢ [ 0323 | 00310 | 01319 | 0132 [ 02313 | 0.1323 - 0325 | G362 | 0433 | 01293 | 0a3le | 0.0295

761

TABLE 11: RESULTS OF ASSIGNMENT PERFORMANCE TESTS FOR FREEWAYS AND FREEWAY RAMPI
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"OF ‘ASSIGNMENT PERFORMANCE TESTS FOR FREEWAYS AND FREEWAY RAMPS

UTES.

ASSIGNMENRT

TYRE b ! { §
AN A/N AN
4 INC. |4 INC. . B 6EQ,1T, |6§EQ.IT. |6 EQ.IT,
TwWT=3.0| TwT=-4.08 TWT=3.0 TWT-3.0 TwT=3.0
CWT=1.0|0WT=1.0 DWT=1.0 DW T-1.0 DwWT=1.0
TOLL TOLL TOLL
TESY TvPE . : PECAY=LS

DELAY=) DELAV-LJ

Pismeloir Tesi 102,33

- 138.51 121,62
Information  Gain.

Nui Parameins Tasis
Mezn Absolute Diffecence Ralia.

Correlation Co—ell. (.8470 0.5909 07428

0.4123 0.4007 0.3618

Mean oi Diiterence. ~3293 4537 872

standard Dewvialion oi . 10350 13352 12361
Difieience,

Mean of Absolute Differences. 5100 ] 769 8348
Mean Absolute Ertgr, EIEWR] 336.86 8187
W Root Mean Saiare . 47 48,12 43.74

SAWYL PUR WNYET3dY

Theits' Inequality Co-elf. 0.1502 0,2221 0.1938
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Theil'; Inequality Co-efficient

Tables 3, 8, 9, 10 and 11 show that Theil's Inequality Co-efficient .

produces a similar ranking of assignment performance to that of mean absolyte
error, RMSE and the absolute ratio test., - :

Murchland's Delta

As is shown in Table 3, the A/N or multipath equilibrium Joaded
assignment achieves a greater degree of convergence than the A/N 1ncrementa1]y
loaded assignments. The assignment that converges best is a multipath :

equilibrium assignment with a time weight of three and a distance weight of
one. .

The assignment with a time weighting of one and a distan
of twenty has similar converging capabilitias to the best ra

though the major ity of other performance tests shows that an
0f three times time

ce weighting
nked assignment,

impedance value
pTus one times distance is the most appropriate

The reason for this apparent anomaly can be found
of the equilibrium ioading process.
equilibrium algorithm alters travel t
formulations. If the time weighting
small proportion of the total impedan
earlier than for an assignment which
impedance function. As a result,it ¢
alone is not an appropriate measure o

in the mechanics
The iterative loading nature of the

ime only, via capacity restraint

in the impedance function is only a
ce,then convergence is achieved much
has a predominantly time weighted

an be concluded that Murchland's delta
f assignment per formance.

'

Murchland's delta can onl
performance, when comparing assig
values. In these circumstances
ability to obey Wardrop's user

Y be applied, as a measure of assignment
nment algorithms with similar impedance

it is a useful indicator of the algorithm's
eouilibrium principle.

Van Vliet's Delta and the Error Term

Table 12 shows the total system impedance (C1) and minimum system
impedance (C2) for each assignment, #s expected these values increase
according to the impedance function weightings.

Van Vliet's delta and the error term can give misleading resylts
when comparing assignments of different impedance functions. The numerators
of both measures assess the degree of convergence of the assignment technique
Though two assignment algorithms may converge to the same degree, the
algorithm with the greater impedance value will generate greater user costs
and uitimately larger C1 and (2 values. As C1 and €5 are denominators in the
error term and Van Vliet's delta respectively, it is not surprising, in these

circumstances, that the assigrment algorithm with the greater impedance value
will result in Tower values.

TABLE 12: TOTAL SYSTEM COSTS AMD MINIMUM SYSTEM COSTS

UTRS,

FH.WA
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. TESTING OF ASSIGNMENT TECHNIQUES
Summary of Results

No single criterion will best assess the performance of a set of
assignment techniques. Indeed, a combination of tests seems most
appropriate, the selection dependent on the chjective of the performance
assessment,

Table 13 shows the tests that are most suitable for application
in testing the accuracy of assignment output.

In view of the theoretical and practical requirements to attain
convergence, initial investigation should centre on the convergence
capabilities of the assignment algorithm. Murchland's delta is a suitabla
criteria assuming similar impedance Weightings.

Ranking based purely on the convergence capabilities of a
technique is unsuitable as input parameters (such as impecdance values
and capacity restraint definitions) can aiter link volumes without
appreciably altering the loading algorithm's convergence capabilities.
Further investigation should be conducted to assecs assigned link volumes
against known counts . Of the five recommended tests in group 2 of Table

13, emphasis should be placed on information gain as it is a more rigorous
test. .

If assessing the performance of assignment techniques for various
road categories, normalising procedures need to be introduced. Of these,
percentage mean difference and percentage root mean square error have been
proposed and recommended

t
i
(
Overall Assignment Performance
. . - R !
Initial investigation based upon Murchland's delta {Table 3) showed -
that for each impedance value, the equilibrium loading process outper formed
the corresponding incrementally loaded assignment,
Of the top ten assignments (as ranked by Murchland's Delta) the
recommended parametric and non parametric tests favoured the following
equilibrium assignments ;
Five equilibrium iterations, the first by multipath criteria
TWT(1)=3.0, ouT{l) = 1,0 -
Five equilibrium iterations, the first by A/N criteria
TWT = 3.0, DWT = 1.0 v

«-Four equilibrium iterations, the first by muTtipath criteria
TWT = 30, DHT = 1.0

Five of the six parametric and non parametric tests ranked the ton
thiree assignments in the order presented above

1 TUT and DWT are the time and distance weightings respectively for the
inpedance functign. 148




APELBAUM and JAMES :
TABLE 13:CLASSIFICATION OF ASSIGNMENT PERFORMANCE TESTS. : i

ice of a set of
iems most
the performance

RECOMMENDED NOT RECOMMENDED

—

1. Tests of assignment criteria.

Murchlands Delta Van Viiefs Deita
Error Term

‘or application

f——

ents to attain . .
2. Tasts for fit of assigned fo gbserved volumes —all soad categories,

.onvergence

ta is 2 su1table: Information Gain Mean Absolute Eror
Mean Absolute Difierence Mean Difference
Root Mean Square Ersor Mean Ratio
:ies of a Absolute Mean Ralio Chi square two sampie
dance values Theil's Inequality Kolmogoray — Smirnov Iwa samgle |
35 without . ;

-apabilities. Correfation Co — efficient

jned Tink volumes
group 2 of Table .
is a more rigorous

3, Tests for fit of assigned to observed volumes —individual road calegories,

Percentage Mean Difference _
Percentage Rool Mean Square Error

iques for various
luced. Of these,
‘e error have been:

Overall,the major difference between the various assignments is
the manner in which driver trips are Toaded (that is equilibrium versus
incremental) rather than the criterion which is adopted to disperse trips
{that is all-or-nothing versus multipath)

Road Segment Analysis

:a (Table 3) showed
-pcess outper formed

The links in the network were split into four rcad types :

minor voad - average count volume of 9826 vpd

d's Delta) the - yndivided arterial road - average count volume of 17, 228 vpd

the following

divided arterial roads - average count volume of 30,407 vpd

ipath criteria freeway and freeway ramps - average count volume of 28,533 vpd.

_ The purpose of the segregation was to assess the suitability of
various assignment techniques to each of these road types.

viteria

ipath criteria

‘ts ranked the top.

ictively for th



TESTING OF ASSIGNMENT TECHNIQUES

freewa)
road ty
than e

Minor roads _ . : fit the

Table 8 shows the results of the assignment performance tests for
the minor road category. Generally, it can be concluded that equilibrium
loaded assignments provide a better fit to observed volumes than incremental
loaded assignments, though the ability of each assignment to forecast Tink
volumes for minor roads is considerably less than the network as a whole.

Undivided main roads

The results of the assignment performance tests for undivided main
roads is shown in Table 2. Preference is directed to equilibrium Toaded equi 14
assignments with the technique ranking in at least the top six of assignment which
techniques for each measure of performance, ' In 197

of the

The results of this road type reflect the network as a whole, which
is not surprising in view of the fact that fifty seven percent of the links

in the network constitute undivided main roads. and ra

travel

Divided main roads

_ CONCLL
As is shown in Table 10 the equilibrium Toaded assignment provides

1ink volumes which best fit observed 1ink volumes. However the trend towards

equilibrium loaded assignments is not as strong as that shown by the previous £

road types. : per for
combir
packag
Melbol

The assignment techniques providing the most satisfactory result are ;

Four equilibrium iterations, the first by A/N criteria
TWT = 2.0, DWT = 1.0, '

. Four equilibrium {terations, the first by A/N criteria E - o assigr
TWT = 4.0, DWT = 1.0,

. Five equilibrium iterations, the first by A/N criteria R 3 ¢ th
TWT = 3.0, DWT = 1.0, or LR

Two conculsions can be derived from this analysis. Firstly, A/N Of‘thf
traffic dispersion criterion is preferred as an initial sclution rather than . purpa:
the muitipath c¢riterion. Secondly, the wide disparity of impedance values
indicates that the choice of impedance function is perhaps not as critical,

for this road type, as originally expected.. '_ : ;Zzlg

corre
techn
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Freeways and freeway ramps

Table 11 shows the results of the assignment performance tests for
freeways and freeway ramps. Contrary to the results for each of the previous
road types, incremental loaded assignments more accurately assign drivers '
than equilibrium Toaded assignments. The following assignment inputs best
fit the observed volumes ;

1. Four increments, A/N criteria

mance tests for TWT = 2.0, DWT = 1.0,

hat equilibrium

s than incremental
to forecast Tink

iork as a whole.

2. Four increments, A/N criteria
TWT = 3.0, DWT = 1.0,

3. Four increments, A/N criteria
TWT = 1.0, DWT = 1.0.

r undivided main
ilibrium loaded
six of assignment .

Equilibrium loaded assignments are based upon the premise that
equilibrium is attained between the supply of and demand for road infrastructure,
which is most iikely to occur when demand approaches or exceeds capacity
In 1978, the demand for the thirty freeways and freeway ramps fell far short
of the supply.

as a whole, which
cent of the Tinks

In addition the speed-flow relationships adopted for freeway terminals
and ramps (see Farrow, 1975} may need adjustment to incorporate more realistic
“travel delays for near and over capacity situations.

CONCLUSIONS
ignment provides -
the trend towards
own by the previou

This paper has proposed and demonstrated various traffic assignment
per formance measures. Emphasis was directed towards ascertaining which
.combination of assignment options currently available from the UTPS and FHWA
‘packages was best suited to simulating 1978 link volumes for the Greater
Melbourne Urban road network.

ifactory result a

“fteria It was concluded that :-

. . : no single criterion best assesses the performance of a particular
iteria assignment technigue,

jteria the selection of assessment measures is dependent on the objective

of the performance assessment.

initial investigation should centre on the convergence capabilities
‘of the assignment algorithm. Murchland's delta has been propased for this
purpose,

Firstly, A/N -
dution rather than
impedance values™

not as critical,

] if observed volumes are available, comparison can be made with
-assigned volumes using information gain. Mean absolute difference, root
Mean sguare error, absolute mean ratio, Theil's inequality co-efficient and

Correlation co-efficient can also be applied to rank various assignment :
techniques,
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Freeways and freeway ramps

Table 11 shows the results of the assignment performance tests for
freeways and freeway ramps. Contrary to the results for each gf the_previous
road types, incremental loaded assignments more accurately assign drivers

an equilibrium loaded assignments. The following assignment inputs best

. the observed volumes ;

1. Four increments, A/N criteria

rmance tests'fo}f TWT = 2.0, DWT = 1,0,

that equilibrium
es than increment
t to forecast 1ip
work as a whole

2. Four increments, A/N criteria
TWT = 3.0, DWT = 1.0,

3; Four increments, A/N criteria
THT = 1.0, DWT = 1.0.

or undivided main
uilibrium Toaded:
p six of assignme

Equilibrium loaded assignments are based upon the premise that
squilibrium is attained between the supply of and demand for road infrastructure,
which is most likely to occur when demand approaches or exceeds capacity

11978, the demand for the thirty freeways and freeway ramps fell far short

of the supply.

as a whole, whic

rcent of the 11hk' In addition the speed-flow relationships adopted for freeway terminals

ramps (see Farvow, 1975) may need adjustment to incorporate more realistic
avel delays for near and over capacity situations.

CONCLUSIONS

signment provides

Loﬁgebsrﬁgg ;?gﬂ?: This paper has proposed and demonstrated various traffic assignment
_ erformance measures. Emphasis was directed towards ascertaining which

: ombination of assignment options currently available from the UTPS and FHWA

ackages was best suited to simulating 1978 link volumes for the Greater

glbourne Urban road network.

isfactory resu]t

-riteria It was concluded that :-

_ . S no single criterion best assesses the performance of a particular
criteria ssignment technique,
~riteria the selection of assessient measures is dependent on the objective

the performance assessment.

initial investigation should centre on the convergence capabilities

ﬁﬁe assignment algorithm. Murchland's delta has been propased for this

5. Firstly, A/N pose.

sotution rather th
f impedance values . . _
15 nél as critical oo dif obseryed volumes are available, comparison can be made with

. 3s1gned volumes using information gain. Mean absolute difference, root
Cansquare error, absolute mean ratio, Theil's inequality co-efficient and

lation co-efficient can also be applied to rank various assignment
hniques.
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comparisons of various road groups for a particular assignment
technique should use & normalising criteria. Percentage mean difference
and percentage root mean square error were recommended.

for the Greater Melbourne urban road network, equilibrium network:
loading procedures provide a better fit to observed volumes than incrementa]
loaded assigrnments.

the equilibrium loaded assignment is better suited to networks
where demand approaches or exceeds the supply.

volumes on minor road links, undivided main road 1inks and divided

main road links were better estimated by equilibration techniques while
freeway links were better served by incremental loading procedures,

. the top three ranked assignments all incorporated impedance functj
reflecting three times travel time plus one times distance,

the selection of appropriate impedance function wefghtings and
traffic dispersion criteria will marginally enhance assignment accuracy.
Maximum improvement in assignment performance can be achieved through the

correct selection and application of an appropriate network leading procedure
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