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Abstract

The objective of this study is to develop efficient solution algorithm with EMME/2
macro language for continuous network design problem so as to help transport
engineers and planners use it easily without external program. The network design
problem considers both supply side and demand side. In supply side, the operator
can charge tolls at specific sections, change ramp metering rates at freeway
entrance or change signal timing at the junctions, which are all user-regulating
methods. On the other hand, network users select their routes (or modes) to
minimize (or maximize) their individual travel costs (or benefits). We know this
problem may have many multiple local solutions due to its inherent characteristics
- Nonlinear Objective function and Nonlinear, Nonconvex constraints. Hence, it is
difficult to solve for a globally optimal solution.

So far, many solution algorithms are developed to find solutions to this problem.
In this study, both EDO(Equilibrium Decomposed Optimization), which is most
efficient algorithm in computation time, and GA(genetic algorithm), which is
well-known global solution algorithm, are implemented with EMME/2 Macro.

In 16-link example, both algorithms have converged into stable point. As expected,
EDO algorithm is efficient in computation time, but it failed to achieve global
solution.

GA is much computationally demanding, but its solution is superior to EDO’s
Solution.

Although it is desirable to use GA for solving the network design problem, it’s
hard to implement in real due to its computational burden. The EDO appears to be
promising as an efficient algorithm for finding approximate solution to the
equilibrium network design problem. But, GA with EMME/2 Macro can be applied
to any kind of transportation optimization problem, it is still noteworthy.
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I . Introduction
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II. Continuous Equilibrium Network Design Model
fo, = W3 a9 T wEF

f=(...,fa9...)
d4 all M-S

CERTIE SR

Ca

Ya

y=0(..,¥,,...)
B, = HA a2 &FF7l = v &

6 = A&AF A ele] weighting factor

AAow A%P AN 2w A 2FE bt 2E bi-level@Hel el A H R
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Ay) = ;[ Co(fo(3), )3+ 08,(v,)] 1)
subject to

v,20 Va (a=1,2,...,n)
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min P(¥) Zfo cw, v,)dw (2)
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IF Z<2°, set 2=2' y'= y' and goto STEP 3.
ELSE IF 6 7} A&7 HZARY 28, §=0,.,%2 43 & [STEP 3] o2 7t}

ELSE STOP and keep "

M. Two Types of Solution Algorithms for NDP

1. Equilibrium Decomposed Optimization Algorithms

Suwansirikul et al.(1987)o 2]&] #|¢t¥ Equilibrium Decomposed Optimization &l
t2del AA AAHS Pa G2 Raiste] zhzte] sub-probleme FiE A Uil
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2. Genetic Algorithms
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§47 b Zo] A <A tolojmalow Yehyw <@ 153 2tHMichalewicz, 1997)

Z
x
1o
F_J
ﬂllﬂ
1%
i3
=}




@ B ofele} 2k,
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M, G, P, P.E ZA7F

At ¢ < 0.
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[STEP 2] & P, | 2 RA(EAESE) yE o] tiste] y*E
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31 FHE BE HFS AREste] JOdl H9F A vt o Aldiel e depbd o) et
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52. 94 » A4
5-3. if » < p,, RHA 3%
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[STEP 6] F&x7 A
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IV. EMME/2 Implementation
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= Aoz 7P v g ol ARt izl oleldt A& H7|AE AYe 224 5 Al
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1. EMME/2 Macro using EDO
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67029l extra network attributes®} 2719 2ZeujEY 25 e 2 ity ~7
S ARA|EA] gormg I Jfgo AA Follukx] @Fo ) extra network
attributes% E%E’JQ] Azl wt wordel A77F 7| SR AF F Jorz oy F

EMME/2 %4~ A

@lb AgAT Jold AANF sagr L

@ub g Aelg aAnse gag U°

@nlb 1o wRd A Aze AAMS s LK

@nub 1o wrEd Y e AAWE e U

@zlow AAME) gl g g Z (L)

@zuppe AWM Ao e g g Z,U)

ms9l @zlow?] 3§t ;Za( L)

ms92 @zuppe?] ¥ Zza( )]
tl @A 2= sub-macro®t Aol AE = HHEYE AAstes Fow, dF 5

t1 o] ci\emme2\etc\edondp °ll submacro®} A¥}uAL ¥ Altkd tl=edondp\ &} #o]
Adge

(2) =22 AR

~<edondp.mac <tolerance> <gpq> <iter> <rgap> <ngap>
o714,

<tolerance> : converge tolerance of Objective Function

<gpq> : demand matrix of auto

<iter> : no. of iteration assignment stopping criterion

<rgap> : relative gap assignment stopping criterion

<ngap> : normalized gap assignment stopping criterion

(3) EDONDP wj=2 /484

usage function
<extra attributes>oll¥= #7442 =g o]Ely
calcvar.mac ~<calcvar.mac <extra attributes> <value> |&, <value>@ol+= A4 e JdHsAY, A

sbo] agh ¢ £ s
=82 ODHE8 A2 <gpg>, HUWE3+=

<ter>Z Adslar, FHEZAQ relative gap<

<rgap>, normahzed gap> <ngap> o R 3&}o]
FAMEE AAETE VA= T g
289l fixed demand single auto assignment

2 ra3ER oy

et FAERY 2 Fadey) Seguito] A%dE FEe] o] H8d A5 ass.mac

& Lo g3 Az WA stolok gt

ass.mac ~<ass.mac <gpq> <iter> <rgap> <ngap>




2. EMME/2 Macro using GA
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@mp0~@mpl9  tajge] AAWFe AAE yi

@dv20 t-1A A AFE7}F 7H = A e AW

@tmpx, @tmpy AU S 9 AW

@tmpmk AW E Y3 np A=

@ztmp AA A

@tmpbn 1 B8 0fte 2te A ¥

ms70~ms89 7t AAWMS e BH4gEz 72,

ms90 H-FAAL BAGEE Loy

ms91 ) EE PC

ms92 Ednogs P,

ms93~ms99 QA 2~Zbe} vjEY A
tl YA 2E = sub-macro9t AU o] AFE = AERE A= ALz odE E

t1 o] c\emme2\etc\gandp ©| submacro®} A¥}u}AE Fal AP tl=gandp\ ¢ #o] A
Sikias

(2) Wi=a=2 AR

~<gandp.mac <0> <gpq> <maxgen> <pxover> <pmutat> <iter> <rgap> <ngap>
<t_beg> <t_end>

4714,

<0> : dummy variable

<gpq> : demand matrix of auto

<maxgen> : maximum generation to evolve

<pxover> : crossover probability

<pmutat> : mutation probability

<iter> : no. of iteration assignment stopping criterion
<rgap> : relative gap assignment stopping criterion
<ngap> : normalized gap assignment stopping criterion
<t_beg>: Temperature At Start for Tournament Selection

<t_end>: Temperature At End for Tournament Selection

(3) WA= FAH8A
gandp.mace ¥ o] ofe] 7kA] €] sub-macro® T4 ¥ o



sub-macro usage function
I~ s O

calcvar.mac ~<calcvar.mac <Y IAWE> <A > ) i’i}iﬂ:j ;ﬂ> Iietzojﬁ{-a]-(f}lcmatwn module
<var>7/f ¢ E extra attributesE @dvxx ¥ Bl &

mkext.mac ~<mkext.mac <var> "

rmkext2.mac ~<mkext2.mac <extra attribute name>|<attribute description>¥ <default value>% 2t

<attribute description> <default value> + <extra attribute name>& A4

kext3.mac ~ <mkext3.mac <var> ;var“rl:ll}. THE extra attributes® @tmpxx S El
<var> MEWHE(F, @dv0 ~ @dv<var>)dl

rand.mac ~<rand.mac <var> 0.114Fole] Wag w7

rand2.mac ~<rand2.mac ul3el [0,1]AFe] ] W& HAAZITh

randms.mac ~ <randms.mac ms95l [0,1]Ae] 9] dE SAAZITh

intrand.mac ~<intrand.mac <var> <var>el 0 B 19 WE DA
83 ODe <gpq>, AWNEIFE <ter>Z
Aalal, FEz2AQ relative gap  <rgap>,

ass.mac ~<ass.mac <gpq> <iter> <rgap> <ngap> norm_alized gaps:  <ngap>.2.%5te] tg—_sg s
AAgtt 7= 7P hae 23Rl fixed
demand single auto assignmentE 33 =
3Tt

tnselect.mac ~ <tnselect.mac Tournament Selections 4 33t}

elite.mac ~ <elite.mac Elite Selectiong 413} &t}
s Aggct

Xover.mac ~<xover.mac <var> <var>©| 1°]%¥, whole arithmetical crossoverZ
<var>©°] 2°]% uniform crossoverg 4l &g}k
EEWCIE AU
<varl>o] 1oyl wEdAw o] <varl>o] 20]W

mutate.mac ~<mutate.mac <varl> <var2> <var3> FTHEAVE A }%E], <varl>°] 29 A%
<var2>¢} <var3>°l| Z}z} A Ao Ho
A5 g oigislFolcl el

V. Experimental Results

= 1 &S Hlasly] fste] Aud A uEte 67019 s} 16709 Har o]FoA glo
H, 71$H w85 11 =59 6W mEAbolo] g Fnte] EATT oA Zt=ge] Al OD, W&
g 1

(3% 2) 7tnEY



<E 1> P unEge A9 <¥ 2> GANDPol| A-&% =2
S5 T Ts.1 No. of Generation 500
10.0 20.0 AR A7 20
A7 TP A7) 8F el & ) & 0.3
(ay P (k) (d,) Solvio| e 01
1 10 10.0 30 20 Max. iterations 15
2 2.0 5.0 10.0 3.0 Max. rel. gap 0.01
3 3.0 3.0 9.0 5.0 Max. norm. gap 0.01
4 4.0 20.0 4.0 4.0 Temperature At Start 30
5 5.0 50.0 3.0 9.0 Temperature At End 10
6 2.0 20.0 2.0 1.0 S ol )
7 1.0 10.0 1.0 4.0 EolH o]l EH Lol
8 1.0 1.0 10.0 3.0 EUHEAYY +
9 2.0 8.0 45.0 2.0 A o = o
10 3.0 3.0 3.0 5.0
11 9.0 2.0 2.0 6.0
12 4.0 10.0 6.0 8.0 <3t 3> EDONDPO| AH8-¥ =5
13 4.0 250  44.0 5.0 THE 0.5
14 20 33.0 20.0 30 Max. iterations 15
15 5.0 5.0 1.0 6.0 Max. rel. gap 0.01
16 6.0 1.0 4.5 1.0 Max. norm. gap 0.01

o) el AANF yE Felv] SAshed, AMD 1GHz®) CPUZL 428 AFE ZAZo|H ARd 27
of EMME2WI AR S 2590, 2t shHaelEel AR 2ae <E 2>% <E 3>0 AAH 3
oo A4 GuelFe] Fa® B F shubel @ A ARGEe] 27} Bt AA PR 2
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EDONDP2| &
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GAS} EDOEF <t ARl FHAE S HoFon I HAL <9 3>3 <19 4> TA
o] Atk GAS AS FHxAL A Fd LEdtE AolmE 50047 A kA F 85
3 4 zFo]7} 05015k A9-=2 A

4
Zhzke] @ameZo] Fohdl AMESE B

daeE EDO GA
ye] g 20.00 20.00
gl Vi 0.02 0.04
V2 4.62 4.64
V3 12.34 9.78
Va 0.02 0.06
' 0.02 0.03
G 7.66 7.62
\% 0.02 0.20
Vs 0.58 0.76
Vo 0.02 0.23
Y10 0.02 0.10
Vi1 0.02 0.02
Y12 0.02 0.21
V13 12.34 0.14
V14 1.32 1.76
Y15 0.02 0.37
Y16 19.98 18.66
% wEHE(2) 584.19 527.46
3 B2 3) 3] 2=
Fgu) 5o 34 20 10,000
(No. of Assignment)
31822 ) A) 7H(secs) 25 15,242
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VI. Conclusions

A&y W] Jt2d AA BAE s A daEsE F EHEZM 2709 SiA daeEs

EMME/2 mjag22 783 23 44 dagss 48 S EDOZare] & vl&) A
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