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Abstract:
Rapid urban growth is resulting into increase in travel demand and private vehicle ownership in urban areas. In the
SUHVHQWVFHQDULRWKHH[LVWLQJLQIUDVWUXFWXUHKDVIDLOHGWRPDWFKWKHGHPDQGWKDWOHDGVWRWUDI¿FFRQJHVWLRQYHKLFXODU
SROOXWLRQ DQG DFFLGHQWV:LWK WUDI¿F FRQJHVWLRQ DXJPHQWDWLRQ RQ WKH URDG GHOD\ RI FRPPXWHUV KDV LQFUHDVHG DQG
reliability of road network has decreased. Four stage travel demand modelling is one of the transportation planning
tools that used to evaluate the impact of future changes in demographics, land use and transportation facilities on the
performance of city’s transportation system. However, this planning tool does not cover the dynamic properties of
ÀRZSUHFLVHO\DQGLQHIIHFWLYHIRUWUDI¿FPDQDJHPHQWDQGWKLVSODQQLQJWROOVKDVVHYHUDOXQUHDOLVWLFDVVXPSWLRQVXFKDV
WUDYHOWLPHRQOLQNGRQRWYDU\ZLWKWKHOLQNÀRZVWULSPDNHUVKDYHSUHFLVHNQRZOHGJHRIWKHWUDYHOWLPHRQWKHOLQN
7KHUHIRUHLWLVQHHGHGWRUHYLVLWWKHDYDLODEOHWRRODQGH[SORUHQHZSODQQLQJWRROZKLFKLVVHQVLWLYHWRSUHVHQWWUDI¿F
pattern of the city. Evolution and operation of Information Transportation System; Advanced Traveller Information
System (ATIS) and Advanced Traveller Management Systems (ATMS) give rise of dynamic based travel demand
PRGHOOLQJZKLFKFRYHUVG\QDPLFQDWXUHRIÀRZRYHUWLPHDQGVSDFH'\QDPLFWUDYHOGHPDQGPRGHOOLQJSURYLGHV
EHWWHUSODQQLQJDQGPDQDJHPHQWVFRSHLQYLHZRIWKLVUHVHDUFKIRFXVKDVEHHQGLYHUWHGWRG\QDPLFWUDI¿FDVVLJQPHQW
'7$ 7KHPDLQDLPRI'7$LVWRPDQDJHWUDI¿FLQDQHWZRUNWKURXJKUHDOWLPHPHDVXUHPHQWGHWHFWLRQFRPPXQLFDWLRQLQIRUPDWLRQSURYLVLRQDQGFRQWURO+HUHHIIRUWKDVEHHQPDGHWRVWXG\WKH6WDWLF7UDI¿F$VVLJQPHQW 67$ 
DQG'\QDPLF7UDI¿F$VVLJQPHQW '7$ ZLWKVSHFLDOIRFXVRQOLPLWDWLRQVRI67$
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1. Introduction

be either static or dynamic. Within dynamic models,
WKHWUDI¿FFDQFKDQJHWKURXJKWLPHZKHUHDVLQFDVHRI
VWDWLFPRGHOWKHWUDI¿FGHPDQGLVFRQVWDQWWKURXJKWLPH
[Leeuwen, 2011]. Recent development of ATIS and
ATMS and their application have increased the attenWLRQWRZDUGVWKHG\QDPLFWUDI¿FDVVLJQPHQW

1.1 General
Rapid economic development and reforms caused the
rapid growth of urbanization which is resulting into
growth in urban population and expansion of city which
triggers a fast increase in urban travel demand and
growth in private vehicle ownership [Zou et al. 2013].
However, urban transportation infrastructure and traf¿FPDQDJHPHQWIDLOWRPDWFKWKHUDSLGJURZWKUDWHRI
travel demand and supply resulting into congestion on
WKHURDGDORQJZLWKWUDI¿FDFFLGHQWDQGSROOXWLRQ:LWK
FRQJHVWLRQLQWHQVL¿FDWLRQGHOD\RIFRPPXWHUVKDVLQcreased and reliability of network has decreased. In this
scenario the importance of travel demand modelling
WRROLVHQODUJHGDQGHI¿FLHQWWROOPD\RQO\KHOSWRPDQage such developing situation in city in effective and
HI¿FLHQWZD\
Travel forecasting models are used in transportation
planning to evaluate the impact of future changes in demographics, land use or transportation facilities on the
performance of city’s transportation system. The four
stage travel demand model is generally applied which
consists trip generation, trip distribution, mode choice
and trip assignment. Trip generation methods are used
to predict production and attractions for given areas
whereas trip distribution models are used to forecast
ÀRZV EHWZHHQ RULJLQ DQG GHVWLQDWLRQV 6XEVHTXHQWO\
modal choice gives idea about the absolute trips made
by the particular mode and Trip assignment predicts
QHWZRUNÀRZRUURXWHFKRLFHRIWUDYHOOHUVIRUSDUWLFXODU
O-D.
With the congestion problem on the road network,
transportation planning has also focused on improvement of management through application of intelligent
transportation system along with infrastructure develRSPHQW 1HWZRUN ÀRZ RU URXWH FKRLFH RI WUDYHOOHU LV
most useful output of travel demand model to understand and address the congestion and also application
of Intelligent Transportation System (ITS); Advanced
Traveller Information System (ATIS) and Advanced
Traveller Management Systems (ATMS). However, it
is time dependent and very with time but in the case of
static planning methods cannot precisely describe timedependent travel demand and dynamic characteristics
RIÀRZ>=RXHWDO 2013]. Transportation planning can
International Journal of Transportation Engineering,
Vol.2/ No.4/ Spring 2015

7UDI¿F$VVLJQPHQW
7UDI¿FDVVLJQPHQWLVWKHSURFHVVRIDOORFDWLQJJLYHQVHW
of origin-destination pair to the existing suitable road
QHWZRUNEDVHGRQVSHFL¿FWUDYHOOHU¶VURXWHFKRLFHFULteria. The route choice criteria is the travel impedance
of the transportation network be minimized for a given
origin-destination pair. Present studies shows that travel impedance for the transportation network includes
travel time, travel cost, travel distance. However, due to
congestion on particular route on particular time period,
route choice not only depends on the shortest path but
also departure time and reliability of link of network.
Therefore, planner should focus optimal path rather
WKDQ WKH VKRUWHVW SDWK 2SWLPDO SDWKV PD\ EH GH¿QHG
as the paths having minimum travel time or cost along
with higher travel time reliability and safety.
%DVLFDOO\ WUDI¿F DVVLJQPHQW PHWKRGV FDQ EH EURDGO\
FODVVL¿HGLQWRWZRFDWHJRULHVDVHQOLVWHGEHORZ
Ă͘
6WDWLF7UDI¿F$VVLJQPHQW0HWKRG
ď͘
Dynamic Assignment Method
6WDWLFWUDI¿FDVVLJQPHQWLVPDLQO\IRFXVWKHDVSHFWRI
the transportation planning process that determines
WUDI¿F ORDGLQJ RQ URDG QHWZRUN ZKHUHDV G\QDPLF DVVLJQPHQWPHWKRGVIRFXVRQWKHWUDI¿FFRQWURODQGPDQagement along with transportation planning and it use
WRJHQHUDWHWLPHYDU\LQJWUDI¿FÀRZRIWKHWUDQVSRUWDtion network that illustrate how congestion levels vary
with time.

2. Literature Review
7UDI¿FSDWWHUQLVWLPHGHSHQGHQWDQGYDU\ZLWKUHVSHFW
WRWLPHIRUH[DPSOH2'SDLUDQGOLQNÀRZYDU\ZLWK
WLPH>=RXHWDO@ZKHUHDVVWDWLFWUDI¿FDVVLJQPHQW
methods assume that the O-D demand is uniformly disWULEXWHGRYHUWLPHWRHVWLPDWHWKHWUDI¿FSDWWHUQ>-D\Nishnan et al. 1995]. This method also cannot describe
WLPHGHSHQGHQWGHPDQGDQGG\QDPLFÀRZFKDUDFWHULVWLFVVRLWLVYHU\GLI¿FXOWWRVROYHWKHFRQJHVWLRQLVVXH
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DQGDSSO\WUDI¿FPDQDJHPHQWSROLFLHV>/LXHWDO@
7UDI¿F FRQWURO V\VWHP DQG GHYHORSPHQW RI WUDI¿F
queues is important part of the route network which is
QRWFRQVLGHUHGLQWKHVWDWLFWUDI¿FDVVLJQPHQWHI¿FLHQWO\
ZKHUHDVLWLVFRQVLGHUHGLQG\QDPLFWUDI¿FDVVLJQPHQW
[Akamatshu, 1999]. Static Assignment models use traf¿FÀRZIRUWUDYHOWLPH$SUREOHPLQXVLQJWUDI¿FÀRZ
as the variable is that the travel times do not follow a
FRQYH[ IXQFWLRQ ZLWK UHVSHFW WR ÀRZ ,Q UHDOLW\ DYHUDJH VSHHG GHFUHDVHV ZLWK UHVSHFW WR DYHUDJH ÀRZ DQG
EH\RQG WKH PD[LPXP ÀRZ WKH ÀRZ GHFUHDVHV ZKHQ
speeds become very low resulting in a travel time (reciprocal of speed) function that turns back and reaches
high values. In other words, it is incorrect to assume
WKDW WKHUH DUH ORZ WUDYHO WLPHV DW ORZ ÀRZV ZKLFK LV
ZHOONQRZQ WR WUDI¿F HQJLQHHUV DV VRPH RI WKH ZRUVW
WUDYHOWLPHVRFFXUXQGHUORZÀRZVWRSDQGJRFRQGLtions [Jaykishnan et al. 1995]. However, static assignment is still dominated and most widely preferred tool
for the strategic transportation planning due to its simSOLFLW\ DQG FRPSXWDWLRQ HI¿FLHQF\  >0LFKLHO  @
and also very fast and can handle very large networks
[Michiel et al. 2013]. But they fail to capture the esVHQWLDOIHDWXUHRIWUDI¿FFRQJHVWLRQDQGVRRQG\QDPLF
WUDI¿F DVVLJQPHQW ZLOO UHSODFH WKH VWDWLF DVVLJQPHQW
[Jeihani, 2007]
7UDI¿FFRQJHVWLRQLVZLGHO\GLVWULEXWHGLQWKHQHWZRUN
and it is dynamic in nature [Pei , 2003]. Dynamic Traf¿F$VVLJQPHQW '7$ PRGHOVDUHWKHRQO\FKRLFHWKDW
GHVFULEHV WKH G\QDPLF FKDUDFWHULVWLFV RI WKH WUDI¿F
and transportation network and captures time varying
FKDQJHVRIWUDI¿FÀRZRQWKHEDVLVRIWLPHGHSHQGHQW
travel demand [Minngqiao et al. 2013]. The main
characteristics of the DTA are that they capture spatiotemporal trajectory of each individual trip starting from
origin to destination. The trajectory of each vehicle
includes departure time, route choice and position of
individual vehicle or trip [Mitsakis, 2011). DTA capabilities required for evolution and operation of Intelligent Transportation System (ITS) such as Advanced
Traveller Information Systems (ATIS) and Advanced
7UDI¿F0DQDJHPHQW6\VWHPV $706 WRDGGUHVVWUDI¿F
congestion problems [Peeta, 1995). DTA uses historiFDODQGUHDOWLPHGDWDWRHVWLPDWHDQGSUHGLFWWKHWUDI¿F
FRQGLWLRQV '\QDPLF 7UDI¿F $VVLJQPHQW FDQ DQDO\]H
network performance characteristics under emergency

such as emergency evacuation and provide support for
decision-making and it gives better result as compared
WR6WDWLF7UDI¿F$VVLJQPHQW>+DQ]

3. Static Assignment
6WDWLF 7UDI¿F $VVLJQPHQW WKHRU\ KDV EHHQ WKH EDVLF
IUDPHZRUNQRWRQO\IRUHVWLPDWLQJWUDI¿FGHPDQGVRQ
particular network but also widely used for the problems of transportation planning and demand management policies decisions with respect to infrastructure
investment [Akamatsu, 1999]. Although focus of reVHDUFKLQWUDI¿FDVVLJQPHQWLVVKLIWLQJWRZDUGVWKHG\namic assignment, static assignment is still preferred
tool for the strategic transportation planning due to its
VLPSOLFLW\DQGFRPSXWDWLRQHI¿FLHQF\>0LFKLHO@
and also very fast and can handle very large networks
[Michiel et al. 2013].
7KHUHDUHYDULRXVWUDI¿FDVVLJQPHQWPRGHOVDVHQOLVWHG
below and has been used for the various transportation
planning and management.
x
All or Nothing Assignment
x
6WRFKDVWLF7UDI¿F$VVLJQPHQW
x
Capacity Restrained Assignment
x
Incremental Assignment
x
User Equilibrium Assignment
x
System Optimum Assignment
3.1 All or Nothing Assignment (AON)
$21LVVLPSOHVWW\SHRIWUDI¿FDVVLJQPHQWLVEDVHGRQ
WKH SULQFLSOH WKDW WKH URXWH IROORZHG E\ WUDI¿F LV RQH
having the least travel resistance. In this method, out of
three; travel cost, travel time, and travel distance, one
parameter is considered as travel resistance. However,
it is unrealistic because shortest route is not always
preferable as commuters also take reliability and safety
into consideration for choosing the route. It has one of
the major limitations that capacity of link is not taken
into consideration. Further, it has certain assumption
those are unrealistic such as the travel time on links do
QRWYDU\ZLWKWKHOLQNÀRZDQGDOOWULSPDNHUVKDVSUHcise knowledge of the travel time on the links.
6WRFKDVWLF7UDI¿F$VVLJQPHQW0HWKRG
6WRFKDVWLF PHWKRGV RI WUDI¿F DVVLJQPHQW HPSKDVL]H
the variability in driver’s perceptions of costs and com-
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,QFUHPHQWDO7UDI¿F$VVLJQPHQW
,QFUHPHQWDODVVLJQPHQWLVDSURFHVVLQZKLFK¿[HGSURportions of total demand are assigned in steps based on
all or nothing assignment. After each step link travel
times are recalculated based on link volumes. When
WKHUH DUH PDQ\ LQFUHPHQWV XVHG WKH ÀRZV PD\ ORRN
like an equilibrium assignment; however, this method
does not yield an equilibrium solution. Consequently,
there will be inconsistencies between link volumes and
travel times that can lead to errors in evaluation measures. Incremental assignment model assumes that each
trip maker chooses a path so as to minimize his / her
travel time in addition that the travel time on the links
YDU\ZLWKWKHÀRZRQWKDWOLQN8QGHUVXFKDQDVVXPSWLRQWKHLGHDOZD\WRDVVLJQWUDI¿FYROXPHZRXOGEHWR
assign a single trip to the road network assuming that
the travel time on links during the assignment is constant. One could then update the travel times and repeat
the process till all the trips are assigned. However, this
procedure is not practical as any network would typically have a very large number of trips. Incremental assignment models therefore try to approximate this ideal
process by dividing the total number of trips into few
smaller parts and assign each part assuming a constant
link travel time.

posite measure; they seek to minimize (distance, travel
time and generalized costs). This assignment assumes
the route choice is based on perceived travel times or
costs rather than measured link travel time or costs.
The travel times perceived by motorist are assumed to
EH UDQGRP YDULDEOH >6KHI¿ @ 7KHUHIRUH LQ WKLV
methods need to consider second-best routes (in terms
of engineering or modelled costs or time); this generates additional problems as the number of alternative
second-best routes between each origin-destination pair
may be extremely large. Stochastic models deal with
WKHSUREDELOLW\GLVWULEXWLRQRIÀRZVWDWHVDQGRUWKHH[SHFWHGÀRZVWDWHUDWKHUWKDQWKHÀRZHYROXWLRQWUDMHFtory [He et al. 2010].
3.3 Capacity Restraint Method
Capacity restraint method is resultant of improvement
of AON assignment which also takes capacity of link
into consideration. The capacity restraint procedure
H[SOLFLWO\UHFRJQL]HVWKDWDVWUDI¿FÀRZRIQHWZRUNLQFUHDVHVIURPFHUWDLQSRLQWWKHVSHHGRIWUDI¿FGHFUHDVHV
Capacity restraint is used in trip assignment by loading
the network and adjusts assumed link speeds after each
ORDGLQJ WR UHÀHFW YROXPHFDSDFLW\ UHVWUDLQWV 7KHVH
loadings and adjustments are done incrementally until
balance is obtained between speed, volume and capacity. The bureau of Public Roads (BPR) method is most
VXLWDEOHPHWKRGWRORDGWKHWUDI¿FRQQHWZRUNĮDQGȕ
value for each link may change from region to region
even it changes from one area type to other, as well as
from one link to another [Pulugurtha et al. 2010]. HowHYHULWLVYHU\GLI¿FXOWWRGHWHUPLQHWKHHI¿FLHQWYDOXH
RI Į DQG ȕ IRU HDFK FRUULGRU ,W DOVR GRHV QRW FDSWXUH
the driver behaviour as well as dynamic characteristics
VSHHGWUDYHOWLPHDQGÀRZ RIWUDI¿FÀRZ,WLVDSSOLFDEOHWRKLJKO\FRQWLQXRXVWUDI¿F>+H et al. 2013].
TQ = TO [1+]

8VHU(TXLOLEULXP7UDI¿F$VVLJQPHQW
7UDI¿F HTXLOLEULXP PRGHOV DUH FRPPRQO\ LQ XVH IRU
WKHSUHGLFWLRQRIWUDI¿FSDWWHUQVRQWUDQVSRUWDWLRQQHWworks that are subject to congestion phenomena. User
(TXLOLEULXP$VVLJQPHQWLVEDVHGRQWKH:DUGURS¶V¿UVW
principle as stated as “It states that the traveller time
EHWZHHQDVSHFL¿HGRULJLQDQGGHVWLQDWLRQRQDOOXVHG
routes is equal and less than or equal or the travel time
that would be experienced by a traveller on any unused
route.”
User equilibrium assignment takes congestion into consideration. However, user equilibrium condition can
RQO\ EH DFKLHYHG LQ DQ DUWL¿FLDOO\ VPDOO RU YLUWXDOO\
uncongested network; for a highly congested transportation network, equilibrium can only be closely estiPDWHG7KHPRGHOGRHVQRWLQFOXGHWUDI¿FFRQWURODVD
variable and further it has certain assumption those are
unrealistic in nature such as each driver wants to choose
the path between their origin and their destination with

(ii)

Where,
TQ = 7UDYHO7LPHDWWUDI¿FÀRZ4
TO )UHHÀRZWUDYHOWLPH
4 7UDI¿F)ORZ 9HKKU
Qmax = Practical Capacity
Įȕ 3DUPHWHUV
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the least travel time, drivers have perfect knowledge of
link travel times.
3.6 System Optimum Assignment
Wardrop also proposed an alternative way of assigning
WUDI¿FLQWRDQHWZRUNDQGWKLVLVXVXDOO\UHIHUUHGWRDDV
Wardrop’s second principle as stated as “Under equiOLEULXP FRQGLWLRQV WUDI¿F VKRXOG EH DUUDQJHG LQ FRQgested networks in such a way that the total cost (all
trips) is minimized.”
,QFRQWUDVWZLWKKLV¿UVWSULQFLSOHRI:DUGURS¶VWKDWHQdeavours to model the behaviour of individual drivers.
The second principle is oriented to the organization of
WUDI¿FWRPLQLPL]HWUDYHOFRVWVDQGWKHUHIRUHWRDFKLHYH
an optimum social equilibrium [Willumsen, 2000]. Although the latter is often held to be more descriptive of
WUDYHOOHU¶VEHKDYLRXULQWUDI¿FQHWZRUNV6\VWHP2SWLmum (SO) assignment is also highly useful: it forms a
NH\FRPSRQHQWRIPDQ\¿UVWEHVWSULFLQJPRGHOVLWSURvides a lower bound on network congestion, provides
indications for how networks should be improved, and
is applicable in network problems where the routed assets can be centrally controlled.
+RZHYHU62WUDI¿FDVVLJQPHQWDVVXPHVGHWHUPLQLVWLF
QHWZRUNFRQGLWLRQVLQFOXGLQJD¿[HGFDSDFLW\RQHYHU\
link. In reality, incidents, weather, and other phenomena result in considerable variability in roadway capacity and system congestion. At the same time, travellers
can learn about the system state as they traverse the network, either through the use of technology or through
their own observations [Unnikrishnan, 2008]
3.7 Limitations of Statistic Methods
The assignment methods described so far have a number of natural limitations. It is worth mentioning these
limitations here in order to give a feeling of what can be
expected from assignment to networks. Only the most
important limitations are outlined below,
x
,Q WKH 6WDWLF 7UDI¿F$VVLJQPHQW WKH QHWZRUN
is not modelled in detail. There are “end effects” due
to the aggregation of trip ends into zones represented
by single centroids; banned turning movements are not
VSHFL¿HGLQWKHQHWZRUNVDQGLQWHU]RQDOWULSVDUHLJnored in the assignment.
x
The assumption of perfect information about

costs in all parts of the networks. Although this is common to all models it is essentially unrealistic. Drivers
RQO\NQRZSDUWLDOLQIRUPDWLRQDERXWWUDI¿FFRQGLWLRQV
on the same route last time they used it and on problems
LQ RUGHU SDUWV RI WKH QHWZRUN DV ¿OWHUHG E\ WKHLU RZQ
experience, disposition to explore new routes and the
UHOLDQFHRQWUDI¿FLQIRUPDWLRQVHUYLFHV
x
Day-to-day variations in demand. These prevent true equilibrium ever being reached in practice. In
that sense, Wardrop’s equilibrium represents only “average” behaviour. While its solution has enough desirable properties of stability and interpretation to warrant
its use in practice, it is still only an approximation to the
WUDI¿FFRQGLWLRQVRQDQ\RQHGD\

'\QDPLF7UDI¿F$VVLJQPHQW
4.1 General
7UDI¿FFRQJHVWLRQLVZLGHO\GLVWULEXWHGDURXQGWKHQHWwork and its intensity varies with respect to time and
space due to variation in travel demand, resulting into
WLPHYDU\LQJOLQNRUSDWKÀRZV*HQHUDOO\6WDWLF7UDI¿F
Assignment (STA) is used to analyze congestion but it
is unable to capture the dynamic characteristics of traf¿F>3HLHWDO@'\QDPLFFKDUDFWHULVWLFVRIWUDI¿F
LQFOXGHYDULHVWUDYHOWLPHYDULHVWUDI¿FÀRZDQGFDSDFLW\RIOLQNRUSDWK1RZGD\V'\QDPLF7UDI¿F$VVLJQPHQW '7$ LVXVHGWRJHQHUDWHIRUHFDVWVRIWUDI¿FWKDW
shows congestion levels very with time and useful for
WUDI¿FFRQWURODQGPDQDJHPHQW,WKDVDWWUDFWHGVLJQL¿cant attention in the last decade in the areas of transSRUWDWLRQV\VWHPVXFKDVDGYDQFHGWUDI¿FPDQDJHPHQW
system (ATMS) and advanced traveller information
systems (ATIS), telecommunication and computer science as well as emergency planning [Ann et al. 2013].
$G\QDPLFWUDI¿FV\VWHPFDQSURYLGHUHDOWLPHWUDI¿F
simulation to guide or assist pre-trip and en route travel
decisions.
7KH SURSHUWLHV RI G\QDPLF WUDI¿F DVVLJQPHQW '7$ 
have important contribution on the theoretical advances
and computational issues on transportation planning
and operations. These properties depend strongly on
the two components of DTA: the travel choice principle
DQGWKHWUDI¿FÀRZFRPSRQHQW7KHWUDYHOFKRLFHSULQciple models travellers’ tendency to travel, and if so,
how they select their routes, departure times, modes,
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FDOWUDFWDELOLW\ZLWKWUDI¿FUHDOLVP,QDGGLWLRQJHQHUDO
mathematical programming DTA formulations tend to
KDYHGLI¿FXOWLHVUHODWHGWR
i.
The use of link performance and/or link exist
functions
ii.
+ROGLQJEDFNRIWUDI¿FDWWKHPLQRUDSSURDFK
at an intersection in favour of major approach
iii.
(I¿FLHQWVROXWLRQVIRUUHDOWLPHGHSOR\PHQWLQ
ODUJHVFDOHWUDI¿FQHWZRUNV
iv.
A clear understanding of solution properties
for realistic problem solutions
x
Variational Inequalities (VI) – Variational
inequality theory provides us with a tool for:
ŝ͘
Formulating a variety of equilibrium problems;
ŝŝ͘
Qualitatively analyzing the problems in term
of existence and uniqueness of solutions, stability and
sensitivity analysis, and
ŝŝŝ͘
Providing us with algorithms with accompanying convergence analysis for computational proposes.
The VI approach is more general than other analytical
DSSURDFKHVSURYLGLQJJUHDWHUDQDO\WLFDOÀH[LELOLW\DQG
convenience in addressing various DTA problems. It
has been used to illustrate, with relative ease, the notion of experienced travel times for the so-called “simultaneous” and ideal UE DTA problems. However,
VI approaches are more computationally intensive than
optimization models, raising issues of computational
tractability for the real-time deployment.
Optimal Control Theory – This approach uses control variable to optimize the functional. Functional is
GH¿QHGDVIXQFWLRQRIIXQFWLRQ$YDULDEOHTXDOLW\DV
a control variable if, the variable is subject to the optimizer’s choice, and the variable will have an effect
on the value of the state variable of interest. [Ran and
Shimazaki, 1989 b] present an optimal control theory
EDVHG XVHU HTXLOLEULXP G\QDPLF WUDI¿F DVVLJQPHQW
PRGHO7KHÀRZH[LVWLQJOLQNVDUHWUHDWHGDVVHWRIFRQtrol variables rather than functions to avoid the generalization issue.

RUGHVWLQDWLRQV>6]HWR>HWDO@7UDI¿FPRGHOUHSUHVHQWV WHPSRUDO OLQN WUDI¿F ÀRZ DQG OLQN WUDYHO WLPH
YDULDWLRQV'\QDPLF7UDI¿F$VVLJQPHQW '$7 IUDPHZRUNVDUHQHFHVVDU\WRSUHGLFWWKHWUDI¿FSDWWHUQVDQG
FRQJHVWLRQ IRUPDWLRQ LQ WKH QHWZRUNV VR WKDW WUDI¿F
route guidance/information scheme can be implemented [Jayakrishanan et al. 1995].
4.2 Dynamic Assignment Approach
With the behavioural assumption of individual routLQJGHFLVLRQVWKH'7$SUREOHPFDQEHFODVVL¿HGLQWR
two categories as below Dynamic System-Optimal assignment (DSO), in which the total travel cost in the
network is minimized and Dynamic User Equilibrium
assignment (DUE) is a temporal generalization of the
Static User Equilibrium (SUE) problem with additional
FRQVWUDLQWVWRLQVXUHWHPSRUDOO\FRQWLQXRXVSDWKRIÀRZ
[Janson., 1991], in which the individual chooses a route
that, minimizes his travel cost.
'7$ PRGHOV FDQ EH FODVVL¿HG LQWR WZR FDWHJRULHV
Analytical Based Models and Simulation Based Model
[Peeta and Zilaskopoulous, 2001].
4.2.1 Analytical Based Models
Analytical based models are those models which rely
on analytical formulations such as mathematical programming, variational inequalities and optimal control
theory [Peeta and Zilaskopoulous, 2001]. Most analytical formulations are extensions of their equivalent
and seem have two main disadvantages (1) they cannot
adequately capture the realities of street network due to
VLPSOLFDWLRQ  WKH\WHQGWREHLQÀH[LEOHIRUUHDOLVWLF
size networks [Zilaskpoulous et al. 2004].
x
Mathematical programming - Janson in his
study applied discretised time interval techniques for
mathematical programming. His mathematical programming model is a direct time sliced generalization
RI WKH SDWKÀRZ IRUPXODWLRQ RI WKH VWDWLF XVHU HTXLlibrium models, without any attempt at describing the
G\QDPLFV RI OLQN ÀRZV DQG ZLWK DGGLWLRQDO VLGH FRQVWUDLQWVWRIRUFHWKHWHPSRUDOFRQVLVWHQF\RIWKHÀRZV
The substantial research in mathematical programming
based DTA approaches highlights its current limitations
for developing deployable models for general networks.
A persistent issue is the need to trade-off mathematiInternational Journal of Transportation Engineering,
Vol.2/ No.4/ Spring 2015

4.2.2 Simulation Based Models
The term simulation based mainly refers to the solution
method rather to the problem formulation [Peeta and
Zilaskopoulous, 2001]. Simulation based DTA models
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XVHDWUDI¿FVLPXODWRUWRUHSOLFDWHWKHWUDI¿F±ÀRZG\namics, critical for meaningful strategies for operating.
7KHFULWLFDOFRQVWUDLQWVWKDWGHVFULEHWUDI¿FÀRZSURSagation and spatial-temporal interactions, such as the
SDWKOLQNLQFLGHQFHUHODWLRQVKLSVÀRZFRQVHUYDWLRQDQG
vehicular movements are addressed through simulation
instead of analytical [Han et al. 2010]. This is because
DQDO\WLFDOUHSUHVHQWDWLRQVRIWUDI¿FÀRZWKDWDGHTXDWHO\
UHSOLFDWH WUDI¿F WKHRUHWLF UHODWLRQVKLS DQG \LHOG ZHOO
behaved mathematical formulations are currently unavailable. Simulation provides the convenient tool for
modelling complex dynamic phenomena thus overcomLQJ WKH GLI¿FXOWLHV ZKLFK DUH DVVRFLDWHG ZLWK WKH XVH
of analytical mathematical formulations [Mitaskis et al.
2011]. A key issue with simulation based method is that
theoretical insights cannot be analytically derived as the
FRPSOH[WUDI¿FLQWHUDFWLRQVDUHPRGHOOHGXVLQJVLPXODtions. But due to their better reliability vis-à-vis realistic
WUDI¿FPRGHOOLQJVLPXODWLRQEDVHGPRGHOVKDYHJDLQHG
greater acceptability in the context of red world deployment [Mahasammi et al. 1998].
The key advantages of using simulation-based DTA
tools for planning applications include: [Sundaram et
al. 2011]
* Simulation-based DTA systems capture the time-dependent interactions between the demand for the network and the supply of the network.
* Simulation-based DTA systems are able to predict the
ORFDWLRQV DQG LPSDFWV RI WUDI¿F FRQJHVWLRQ E\ PRGHOling the dynamic nature of the network and explicitly
capturing critical aspects such as congestion build-up,
queues, spill-backs and congestion dissipation.
* Simulation-based DTA systems are able to capture
the effects of segment-level operational changes such
DV UDPS PHWHUV DQG WUDI¿F OLJKWV E\ LQFRUSRUDWLQJ WKH
operation control logic (through its impact on link capacities) into the representation of the supply simulator.
* Simulation-based DTA systems can model effectively
various ITS strategies, in particular ATIS/ATMS strategies and the impact of information. This is possible
by incorporating rich traveller behaviour models to
represent individual travel behaviour and simulation to
PRGHOWUDI¿FG\QDPLFVDWWKHUHTXLUHGOHYHORIGHWDLO
* Simulation-based DTA systems can represent travel
choices in great detail

5. Conclusion
6WDWLF7UDI¿F$VVLJQPHQWPRGHOVDUHXVHGIRUSUHGLFWing the route choice of commuters but do not cover the
G\QDPLFVRIWUDI¿FÀRZDQGLWVWLPHGHSHQGHQWFKDUDFWHULVWLFV,QWKLVPRGHOWKHWUDI¿FQHWZRUNVDUHDVVHVVHG
by predicting long term average steady state supply and
demand from day to day and different periods of day and
link travel cost function is used which depend only on
WKHWUDI¿FÀRZRQWKLVOLQNZLWKRXWWDNLQJLQWRDFFRXQW
WKHHIIHFWVRQWKHWUDI¿FÀRZRIRWKHUOLQNV7KHUHIRUH
JUHDWGLI¿FXOWLHVKDYHEHHQIDFHGLQWKHUHSUHVHQWDWLRQ
and evaluation of real time policies such as congestion
management strategies, dynamic route guidance/information and Variable Message Sign (VMS).
'\QDPLF 7UDI¿F $VVLJQPHQW '7$  PRGHOV DUH XVHG
IRU HVWLPDWLQJ DQG SUHGLFWLQJ WLPH GHSHQGHQW WUDI¿F
condition in road networks. The main characteristics of
DTA models are that they are able to capture the spatialtemporal trajectory of each individual vehicles starting
up from the origin up to destination. The trajectory of
each individual vehicle includes the departure time
from the origin, chosen route choice of each individual
vehicle and position of each individual vehicle along
the its route for each time step. Therefore, dynamic user
equilibrium is most suitable method for the dynamic
WUDI¿FDVVLJQPHQW+RZHYHULWLVFRPSOH[PHWKRGGXH
to huge computational requirements. There are two approaches have been developed so far; Mathematical or
Analytical Approach and Simulation Based Approach.
Mainly three approaches are available for the mathematical formulation of Dynamic User Equilibrium
7UDI¿F$VVLJQPHQW7KRVH DUH RSWLPL]DWLRQ DSSURDFK
control theory approach and variational inequality approach. Present research indicates that the variational
inequality approach is most suitable for the mathematiFDOIRUPXODWLRQRIG\QDPLFXVHUHTXLOLEULXPWUDI¿FDVsignment because this approach provides greater anaO\WLFDOÀH[LELOLW\DQGFRQYHQLHQFHLQDGGUHVVLQJYDULRXV
DTA problems. However, mathematical approach is
complex approach because it requires great computational effort to cover important aspect of DTA.
Simulation provides the convenient tool for modelling
complex dynamic phenomena, thus overcoming the dif¿FXOWLHV ZKLFK DUH DVVRFLDWHG ZLWK WKH XVH RI DQDO\WLcal mathematical formulations. Simulation based DTA
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/LWHUDWXUH5HYLHZRI7UDI¿F$VVLJQPHQW6WDWLFDQG'\QDPLF
PRGHOVKDQGOHWKHÀRZRIWUDI¿FDQGVSDWLDODQGWHPSRral interaction with the use of simulation model instead
of an analytical mathematical formulation. A main aspect of simulation based DTA models is the use of traf¿FVLPXODWRUIRUVLPXODWLQJWUDI¿FFRQGLWLRQVHVSHFLDOO\
LQQHWZRUNVZKHUHWUDI¿FH[LVWVDQGZKHUHWKHDSSOLFDWLRQRIPDWKHPDWLFDOIRUPXODWLRQLVGLI¿FXOWIRUFDSWXULQJWKHG\QDPLFDVSHFWVRIWUDI¿F3ULQFLSDOO\LWXWLOL]HV
DQLWHUDWLYHSURFHGXUHEHWZHHQWKHWUDI¿FVLPXODWRUWKH
time dependent shortest path computation procedure
and the dynamic network loading procedure.
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