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ABSTRACT

Existing link-based Frank-Wolfe algorithm has been widely used, thanks to its ease of simulation and stable results; however,
it comes with low convergence issue towards near the optimum value. Such issue was not considered as a major drawback in
the past. However, in the present, some arguments have occurred over the method’s stability, analysis time, and other limits as
the size and details of the fundamental data for traffic analysis have vastly improved. Therefore, this paper compared the
theoretical attributes and the pros and cons between the Frank-Wolfe algorithm and the Origin-based algorithm and Path-based
algorithm newly being developed. As a result of this paper, there is possibility that a problem of stability may arise depending

on the convergence and exit criteria. Thus, In practice, this effort to derive the appropriate level of convergence is required to
secure and stable results.
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(Table 1) Link attribute value

DISTANCE(km) 100
SPEED(km/h) 80~90
CAPACITY (veh/lane) 50,000

Alpha 0.15

Beta 4.00
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Toy-networkS 2433}7] 93] EMME, TransCAD,
CUBEY n%E48 Z2Ide 4390 n5F
8 Z2OHY FPAFALE &5 A 53
WA FExde s 2.

- Relative Gap : —10°°

- iteration :

10,0003

o, CUBEY 7% AH&A7F A Iteration T8 =
9998]7}A] & 4 Q== HAEH O] o] 99938 & F
gz7A02 AAsY

(Table 2) Result of Objective value in Toy network(V/C=0.4)

Dir. Volume Travel time Objective value
Do 1. Do 2 Do 3 Do 1. Do 2 Do 3 Do 1. Do 2 Do 3

A ]12,865.1730 | 59,612.1080 | 99,782.7170 | 1.2354 1.6087 4.1719 | 15,883.0689 | 73,892.5926 |127,096.4228
B |27,134.8270 | 60,387.8920 | 100,217.2800 | 1.2354 1.6087 4.1719 | 33,096.9932 | 73,957.1610 |126,161.2149
C |27,684.9650 | 89,782.3100 | 124,783.5300 | 1.2073 3.0470 8.1177 | 32,964.4874 |109,106.1144|160,077.2485
D |32,315.0350 | 90,217.6900 | 125,216.4700 | 1.2073 3.0470 8.1177 | 38,030.9547 |108,388.4953|158,902.2906
E |27,737.9560 | 89,787.3440 | 124,788.5300 | 1.1793 2.9765 7.9300 | 32,259.5470 |106,575.2250|156,362.5913
F |32,262.0440 | 90,212.6560 | 125,211.4700| 1.1793 2.9765 7.9300 | 37,095.6647 |105,890.4063|155,241.3568
G | 13,336.0260 | 59,642.7900 | 99,799.9030 | 1.1372 1.4815 3.8419 | 15,154.7284 | 68,050.3438 |117,009.1084
H |26,663.9740 | 60,357.2100 | 100,200.1000 | 1.1372 1.4815 3.8419  |29,964.3674 | 68,105.0987 |116,216.0049
A- 1129362670 | 59,616.8100 | 99,785.3500 | 1.2203 1.5892 4.1213 | 15,776.0767 | 72,997.3134 |125,550.1867
B- |27,063.7330 | 60,383.1900 | 100,214.6500 | 1.2203 1.5892 4.1213 | 32,612.5049 | 73,060.3253 |124,637.5202
C- |27,711.7660 | 89,784.8560 | 124,786.0600 | 1.1931 3.0113 8.0228 | 32,608.2302 |107,825.8197|158,198.1180
D- |32,288.2340 | 90,215.1440 | 125,213.9400 | 1.1931 3.0113 8.0228 | 37,557.5160 |107,124.8898|157,050.4905
E- |32,262.0440 | 90,212.6560 | 125,211.4700 | 1.1793 2.9765 7.9300 | 37,095.6647 |105,890.4063|155,241.3568
F- | 27,737.9560 | 89,787.3440 | 124,788.5300| 1.1793 2.9765 7.9300 | 32,259.5470 |106,575.2250|156,362.5913
G- |13,398.4980 | 59,646.7810 | 99,802.1390 | 1.1245 1.4649 3.7989 | 15,054.6474 | 67,290.3083 |115,697.3104
H- |26,601.5020 | 60,353.2190 | 100,197.8600 | 1.1245 1.4649 3.7989  |29,561.9607 | 67,343.8468 |114,921.8257
Total | 400,000 1,200,000 1,800,000 18.9528 36.3114 95.8691  466,975.9593|1,422,073.5716|2,224,725.6379

36 RARTSLUR=FT|

147, M12(2015H 28)



=S

ofm
02
=3
0%
)
ogk
lo

i}
0x
re
il
o
o

27

-+
il
HA

Toy-network®] V/CE &
A zZEad #Aglel
AOeE ZAT F dv ATER/EY
e EoHESA Avte e dAd
ZEI9e F443, FWAY
A7 3kee] Aol PBA, OBA|
Hoh 25 0 2 ol A% He AL
1’4— E3 53 Toy—network‘)ﬂ S F] o

3

ALEHOD g
1 51 101 151
LE-03
TCADFW B

1E06 EVMEPSA,

CUBE-FW , EMME-FW.
CUBE-PBA T ——

1.E-09

1E-12

T-CAD 0BA

1E-15

1E+00 i
I\lf 51

1E-03 \L

151

b
o
=

1E-06

o rE
>

[d

fr

[

i1

=2

r

i,

CUBE-PBA

o
o
2
fz
i)

1E-12

T-CAD OBA

El
of o
B
o
Shd

1E-15

(&l
fl
i
i
¥ o 5 W

&2

e A7t

LE0L 31

46

1.E-03

e TCADFW
LE05 e

B e e —

2. IR2 HEST 24

EMME-FW, CUBE-FW

LE-07

L.E-09

CUBEFEA M _O_l e

=
e |
LE11

- HEYFGME
O/D/NetworkS ©] &3}
O/D/Network-<
node, 64,378linkES X3 3t=
S AYt FYPs 4T
A E O 2ol 4
o A 155

32.1km77+9]

=9 Korea regional
54t Korea
=, 27654719
QR VEYIEHN,
g Se oy olth
dAE AT AvE e 1
2 [dellcT~HlE ICT]¢

1EE2S dHse AYLeE gt

1E-13

H
_"éﬂla

25071 ¢

LE-15

Scenario 3

regional

(Fig. 2) Change of Relative Gap in Toy-networks
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(Table 4) Objective function values comparison followed by assignments in softwares

Division EMME Trans Cad CUBE

FWA PBA FWA OBA FWA PBA
Obj. Value 466,976.02 466,975.94 467,169.33 467,169.33 466,975.96 466,976.13

:’(ﬁ Difference -0.0577 0.0188 -0.0017 0.0004 -0.0012 -0.1690

" | Error Rate(%) —-107° —1076 —-1077 10°* —1077 -107°
Vi Obj. Value 142207357 | 142207358 | 142207376 | 142207352 | 142207357 | 1,422,073.59

1o Difference -0.0014 -0.0043 -0.0000 0.0000 0.0015 -0.0232

| Error Rate(%) -1077 -1077 -107° —107° -1077 —10"°¢
Obj. Value 2,593,602.47 | 2,593,602.18 | 2,593,602.96 | 2,593,602.72 | 2,593,602.48 | 2,593,602.48

:;/% Difference 0.0285 03180 0.0101 0.0101 0.0110 0.0105

| Error Rate(%) 1076 107° 1077 1077 1077 1077
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(Fig. 4) Change of relative gap according to
number of iteration (summary)

(Table 5) Analysis result

EMME |Trans Cad| CUBE ImTas
FW | PB | FW | OB | FW | PB | FW | OB
Tteration | 2000 | 198 | 3783 | 1067 [ 1499 | 134 | 4364 | 45
Relative Gap| 10° [ 10° | 10" | 10" | 10° [ 10" | 10° [ 10" |
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Objecti

NECUVE s | s | m | s | - | - | S| mossw
Value

CPU | s | oms | o | aou | aam | a7 | 315 | o
time(h)

WA, EMMES ©] &3 &4 Ay F iEAL
S 200000 tiste] & =7]Rk ‘?:l'lﬂ%(Frank
wolfe algorithm)> 10~ 4%<] Relative-Gap2 F
stgem, A= Juk duelE@Path  Based

Algorithm)& 1079 %9 Relative-Gap2 F7431%
o a7 dugFedMs 20008 A& St
o] Relative Gap 10™* 7}A &3I4tk A= 7]ut

U Fo| HE 5930 Relative Gapol 10°* & T
Z3l9om, 19839 107° & W=} A
10752 20000 o]Are] dd4te] Bo g ) d4

Zuko] = Relative Gap®] Z4a3dte 571 =R &=

rr r_,d
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Traffic assignment result comparison by Frank-Wolfe
algorithm(volume (0~10,000))
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Traffic assignment result comparison by Frank-Wolfe
algorithm (volume(10,000~20,000))

Traffic assignment result comparison by Frank-Wolfe
algorithm (volume(20,000~30,000))
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npA et o 2 CUBEY| 7% #4243, a7 ¢ SuA 22O BE 3 wEFY AolE ¥
AP EAME 107! =59 Relative-Gap2- 2 3 3} watth Zhzte] e 9o WAaks FWAY 4,
Aoy, ARV FugFdAEs 100 FEe 2.13%-2.13%% rAF3ke PBA 5& OBA®] 7--¢l
Relative-Gap7} %] B4 5| QA ok, 42 e1# 2ale 2 % 0.74%~0.04% % Aol7} vl g A & F Aot
#2 Je) . CUBEIAE ZA347 A A5 42 wEFol Srietel wet FAuA F A
A ¢ ZEYH L, F FRAL, F ST °o[7b g7tste AR F4H%oH, PBA’H OBA
dE $4ARE AN F P wag Bo 28T @l w0 vehin
A zx7)0 FA7wd e F9] Wago] A4 ve
gor 2008 ol F Az ugmeze] ¥ 5y 0 4 HA 24 Zn
Zok Hsd & FAAT F FIANE s zzgad duyzds Ay el Auaer
& ARE Ut o] HAAFe e vHlmeRTh Avdel o1 A
F, 029k A/Y ~97 Nk AE S E (A F 4%
3) usy 24 Zx o) atolg Holn oA fAEHA AAHE AL
A YR EHPIE FAOR Ay AF & F Atk AdE 20 loiAE Holo] 13497k
Aol Aol ARG FWAS A%, Zzady YL~ BATY/AR o 3%9] Aelg el 3l
Z A ANPA L wEF 2ol oF 02%~2.8% oM Azl o1t vR7EA 2 8 Zfel7t gle Ae
2 fAH8 Ao Yehgon, PBASH OBAY A4 7 Ath
ox WEZ ol FAEH, 0.6%~7%2 o] Relative Gap &AM ZAE AHRH, HFF
ol 9t} A} g dugFEE Ygho] Fold AL
o, 2 wESe EHzZeadel mAy ¢ 7 A% 24 EPEE diMe Avu,
Ayg o tstel 7 FH9] HHF nEFE T4 94 EMME®] 7%, Relative Gap®] 107 '~10"°&
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(TABLE 7) The result of benefit analysis according to Relative Gap

CASEIl G: 10! G: 102 G: 10° G: 10°¢
do not 193,705,099,264 186,529,644,544 185,448,398,848 185,354,584,064
EMME - do 193,542,193,152 186,396,540,928 185,382,453,248 185,287,360,512
FWA Benefit 162,906,112 133,103,616 65,945,600 67,223,552
do not 202,071,282,731 191,791,334,250 190,670,837,217 190,557,983,308
TransCAD -
do 202,136,466,758 191,757,578,707 190,575,763,465 190,462,947,839
FWA Benefit -65,184,027 -54,414,909 803,287 1,625,606
do not 468,315,753,054 202,333,486,608 192,119,505,642 190,935,029,622
CUBE - do 468,022,559,964 202,375,291,644 192,031,957,890 190,842,844,158
FWA Benefit 293,193,090 -41,805,036 87,547,752 92,185,464
do not 187,940,323,328 185,541,246,976 185,340,592,128 185,331,384,320
EMME - do 187,829,305,344 185,491,931,136 185,267,666,944 185,263,833,088
PBA Benefit 111,017,984 49,315,340 72,925,184 67,551,232
do not 197,395,223,307 190,923,499,111 190,544,411,875 190,541,980,030 190,544,522,240 190,545,664,167
TransCAD - do 197,226,915,379 190,873,206,733 190,454,077,230 190,450,501,926 190,449,560,055 190,450,111,002
OBA Benefit 168,307,928 50,292,377 90,334,645 91,478,104 94,962,185 95,553,165
do not 228,177,913,326 196,865,733,540 193,344,627,270 191,085,295,866 190,809,155,118 190,805,829,966
CUBE - do 228,116,047,998 196,641,198,276 193,340,645,838 190,920,066,438 190,716,948,098 190,713,341,514
PBA Benefit 61,865,328 224,535,264 3,981,432 165,229,428 92,207,020 92,488,452
CASE2 G: 10" G: 102 G: 10°° G: 10 G: 10°% | G: 107"
do not 193,705,099,264 186,529,644,544 185,448,398,848 185,354,584,064
EMME - do 193,665,548,288 186,438,287,360 185,362,579,456 185,268,846,592
FWA Benefit 39,550,976 91,357,184 85,819,392 85,737,472
do not 202,071,282,731 191,791,334,250 190,670,837,217 190,557,983,308
TransCAD -
do 201,297,216,113 191,678,277,113 190,535,133,279 190,422,378,250
FWA Benefit 774,066,619 113,057,137 135,703,938 135,605,058
do not 468,315,753,054 202,333,486,608 192,119,505,642 190,935,029,622
CUBE - do 468,046,328,238 202,368,717,906 191,945,121,108 190,803,215,784
FWA Benefit 269,424,816 -35,231,298 174,384,534 131,813,838
do not 187,940,323,328 185,541,246,976 185,340,592,128 185,331,384,320
EMME do 187,834,941,440 185,480,003,584 185,251,282,944 185,246,285,824
PBA Benefit 105,381,888 61,243,392 89,309,184 85,098,496
do not 197,395,223,307 190,923,499,111 190,544,411,875 190,541,980,030 190,544,522,240 190,545,664,167
TransCAD - do 197,359,689,464 190,638,801,893 190,415,370,711 190,408,854,835 190,409,143,817 190,409,498,755
OBA Benefit 35,533,843 284,697,217 129,041,164 133,125,195 135,378,423 136,165,412
do not 228,177,913,326 196,865,733,540 193,344,627,270 191,085,295,366 190,809,155,118 190,805,829,966
CUBE - do 228,494,929,380 196,854,259,578 193,266,136,182 192,751,568,910 190,676,373,400 190,673,925,956
PBA Benefit -317,016,054 11,473,962 78,491,088 -1,666,273,044 132,781,718 131,904,010
AL ¢ F YU TransCAD Z$-9E FWAE 3. gEdot
107 744 £250, $840) obdss Wy ol ST ) e
O] ?_]_'X(ji]' E]%\"Q_UL Cubeﬂ 76]‘?‘0"}— FWA“E Z'IZ'I*’] OEEHH%7]\:I = —{L—i»‘lna R | E‘v’]'
. N N = 2G84 T3tk & AFGES F o AY
Relative Gapo] 101 744 2451 Hejo] o 92 o
uﬂu],_%_/%]_i A]_;(-]Qi o]q_ PBAQ] 75]_?__01]_\: 10710 Eﬂd 1’4‘?-‘7} 7151'1—4'
1w o A . . . -
7HA BAE QT Welo] o2uuke/d @ HAE o] A 2 37) 4k (Link-Based) EH4 71He AER 4
o o e e e A9 BAZaad mRdA AYstn glen, o
FWASH A& 202 et - . R
2 Sy 71l vls) 43 3 4=(teration Number)
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of wel FA eI FHA E(Relative Gap )7} w7 719 49 23 Relative Gap gt°] 107°
AMAB FHoE THasteE e Hola T F7HA ‘/‘O}Z] 2 3t Ao| niEAE Aoz %ﬂr
oeh & 7S He) Boh B Algto]l 485 2=
o 2y FAARI dF FF AE B
Relative Gap#k©] 107744 =&% o] FHE = o}F v.2 &

g Azl AdEs AR AHanst
=3 mH g Ao Yy o IHAE B SN RYe wEofd wste mE o] &A
S} FUAEE UBIE AE F Relative Gt o A=4d 39 WskE 2y TEs] 94
o] 107"l =Zdte 4% b2 A9 fAS A FRAYN TR} FE(EEDY #IHE
2 £33 ASZ ZAEHO|, EMME, TranCAD, ol &t Aol Afxy stelA Folrt=
Cube?| 37} ZZI#o|A 7 27]4K(Link-Based) & At By sttt & ¢ ok mEbA oju
iy 71 E o] & AF HAT Relative Gapgt T2IRY FHMA JHES olgstHaE
o] 107 7HA = YA TE st Zo] ulTAT A do =2eAS A4S I AFYFe TRH0T P
°® AdHT ofof i, B oA s nA st FAAAL

74 27]4(Path-Based) E AW A 7ML EMME, EASAFE Ao 22 AHE 47 oAHG
TransCAD, Cube ZEI1#o|A A st glon, v @A 23 Utk A AT FEAA T
EMMES} CubeZ o] 43 EAAzy Hand g Aste) kg A AnE =23uA e =
(Link-Based) 53l 471l vls| Z4 355 4 go] 279,
A E (Relative Gap 5)7} WEA Zadte AoR £ AT e /NET 27]8HLink-Based)®| &
Vel oyl 7 Z2gddas 224 3jo)r} WA 71 Qo 2L FANABIHAEN, =
zA8 9 =8, EMMES A% £83A52 Jehjs AR 719 R FAMALYFY FHA
Relative Gap %ol 10°°, Cubedl A& 107714 = < AR A e FRIIES AANSLA 3}
28 4 AU YHSEFE ol EQH A7t Aok B4R FEAC] o= Ax FHE o|F R
) Azt afol= TR @ Aow BT He Hlud dAdd A3} 223te 202 Ue
et g2 Adgss vasdde o Az W
(PathBased) FAMAIHS A8 45 EMMEY & Oﬂ:Tloﬂkl AFHOE AEHE o W

2ol HAF Relative Gaptol 10~°, CUBES] A ZEadd S eSS 2esto 24

S 10 A SobAES e A0l g A AILEDBY 0 RFUE olgad v
3 oz Bogd & AS B 2o FH3 FHHA g

%47 7] ¥H(Origin-Based) =34 e FHAAE olEd AAgS 485tk wet 2
TransCADZ 2 1o A A Qa1 glom, & 37]u o7 & & o 2AEHY St B3 AT}
(Link-Based) @ 7 27]W(Path-Based) 71 ncp = A71E 7bedel EARG mepA wlgde] £4
HG5as £EA ERelative Gap 5)7} WA 7 = TUEEH oA A ATASE ofe] vt <l
a3 A0 Uehtth $RAERative Gap ) T =0l TR IEY BATE gL, £ A7
£V WA Uehda Q) A1@ AgEe me 1 BHE GANE Hastel B gHead u
WegT B 4 9oy 3EAe FaMd Axe  FUNE IWEE A4Y sEe S4 u Y
E 5(} ]7} 9= ‘]Q.i ]/]_E]_]/]_E]‘ 01—&] 1:1/\4{5]_ g:‘q_ ?l';g\ﬂ_ 7&-‘4%)\'% E%’?S}O#OF Ky Z'“\lolqﬂ
E3 vlasky e W F%A7]9HOrigin-Based) 3
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