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-1 BB OMGEHER

Uniform distribution Proposed A Proposed B Proposed C FW
Maximum [x 10°] 1.20563 (0.99997)  1.20564 (0.99998)  1.20568 (1.00001)  1.20563 (0.99997)
Minimum [x 10°] 1.20560 (0.99994)  1.20560 (0.99994)  1.20561 (0.99995)  1.20560 (0.99994)
Average [x 10°] 1.20561 (0.99995)  1.20562(0.99996)  1.20564 (0.99998)  1.20561 (0.99995) | 1.20567
Medium [x 10°] 1.20561 (0.99995)  1.20562 (0.99996)  1.20564 (0.99998)  1.20561 (0.99995) | (1.00000)
Standard Deviation 5.29 6.74 153 525
Coefficient of Variation  [x 107°] 4.38 5.59 12.7 4.35
#£-2 E TR OGRS
Uniform distribution Proposed A Proposed B Proposed C FW
Maximum [x 10°] 132267 (0.99742)  1.32265(0.99741) 132304 (0.99770)  1.32269 (0.99744)
Minimum [x 10°] 132229 (0.99713)  1.32214(0.99702) 1.32225(0.99710)  1.32203 (0.99794)
Average [x 106] | 1.32247(0.99727)  1.32245(0.99726) 1.32253(0.99732)  1.32247(0.99727) | 1.32609
Medium [x 10°] 132247 (0.99727)  1.32245(0.99726) 1.32253(0.99732)  1.32247(0.99727) | (1.00000)
Standard Deviation 814 994 104 835
Coefficient of Variation [x 1075] 6.16 7.52 7.88 6.31
RN, i) PEE L CLA T OFERE 2 30T 2. DWTIH—IRTCHRERIIIESENEEZ WD, E T,
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#-3  OD &&= A 9 RMSPE OffE e

Uniform distribution Proposed A Proposed B Proposed C
Maximum [x 1073] 4.88 5.77 4.62 4.96
Minimum [x 1073] 140 143 121 1.38
Average [x1073] 2.71 293 2.58 2.78
Medium [x 1073] 2.71 2.93 2.58 2.78
R-4  FEEFHHORE B sec]
Uniform distribution Proposed A Proposed B Proposed C FW

Maximum 3.20 (1.07) 2.32(0.77) 2.36 (0.79) 3.61(1.20)

Minimum 1.67 (0.56) 0.97(0.32) 0.88 (0.29) 1.47 (0.49) 300
Average 244(0.81) 153(0.51) 1.55(0.52) 2.26 (0.75) (1' 00)
Medium 2.40(0.80) 1.49 (0.50) 1.49 (0.50) 2.23(0.74) '

Standard Deviation 0.36 0.25 0.32 0.39
- —— Frank-Wolfe method 1210 it
10 -ra.n ete lr_net?o | lll Frank-Wolfe method
10> — Uniform distribution method 1.209 7 11| —— Uniform distribution method
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E 10 Proposed method C 2 1207 "‘ i Proposed method C
ﬂ AT
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0 10 20 30 40 50 60 70 B8O 90
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K-1  relative gap DHERBD LKL

(R RO, FW IETIEE L7z 1 BIOfEZ [FIRE
IORLTEY, FINICIE FW IETOfEE 1 & L7z
ERL TS, WTIOTHEZBW T S PR A TR
MIEZPWIED LD EIEE A EERN2 L, IX50X &R
FTEREEH10 DA —F—TH Y+ E,

OD &&= A FDOZEEMETHOWT b a5, —hES
LD FE BETHEA B -C T 100 [EHRY K UHE
ZFT0, relativegap A310741Z5E L 72HFD OD R&E = A -
ZEfE L L C RMSPECHE S s Hi L, £
DRI A -3 |”T. 2 2T RMSPE 13(32) T

5.
FW\ 2
Z (ust — Uge )
FW
u
SESET st

WFNOTETS, 100 [FIOHFEIZBWTA Ui
FII103 DA —F— L+ /hE<, OD K= A N T
H FW i & ARG RN BN G BTN 5.

INHLED, WTFOFES FW ke FEROBER OZR
EMDHERTE TS,

b) EEBFREICDUL\T

e T, BFEOBRERMICOWTHERT 5. —Hky
ik 2Tk, BEFIEA B - C T100 [HHRD K UEH
FLAITVY, relative gap 23104122 L 72 BREO R O

(32)

=2l

RMSPE =

1 2 3 4 5
calculation time[sec]

X-2  HABEEOHER O

FAHEIEAZRA IR T. D720, FWIETHEAE L
72 1 EOfEZ FRATR L TRY, FEINICIE FW AT
DfiE 1 & LIZBEDAER LT D, ZEFIEA-B -
C IZFB\U\ T relative gap 7310~* % F[E] o 7o RpO A
FEIEZ N2 153 8, 1558, 226 HThHY, #H#E
L7233 FETNTT, — kRO L D DFEDFEHE
D 244 70, FW 150 3.00 POfE % Flal> T,
FRCHERFIE A - B 3 ER A S O TERD,
—HRANZ LD TFHED 1.6 fFHRE, FW LD 2.0 (52
DFFHREZGD Z LN TETND.

WIZ, 1 EOHEAEY H LZE OB LR 5. £
NENOTIEOR Z & O relative gap OHERE D LLI A
-1 (2~ d. $ERTIE A-B-C 13- L 5 Tk,
FWiE LG L, BB T relative gap /NS 72fEIZE]
ELTWA, Fiz, oM FETH D AT
XD FELRETIE AB-C (L relative gap 731075, 1076
LT HDIT - TFW {5 & ORI O 2L
THY, HENREEHRIO ¢ FW BRI ke 5 fif
K0 HEVIKEDIFEAGD Z &N TE S,

ENENOTIEORHE] Z & o BRSO HER O i %
-2 12777, relative gap & [AERIC, $RETIEA-B-CIZ
—HROMNZ K DFE, FW SR L, FOEFETHBY
RS/ NSRBI L TR Y, FRIEERTE B 133
N BB A/ NS 7D Z R TE TN D Z & DR



-5 0 LR OREHEEE

5 64 XA EFMARERS - FRE

Uniform distribution Proposed A Proposed B Proposed C FW

Maximum 381.0(7.78) 237.0(4.84) 266.0 (5.43) 414.0 (8.45)

Minimum 188.0 (3.84) 108.0 (2.20) 97.0(1.98) 174.0 (3.55) 490
Average 2829 (5.77) 165.8 (3.38) 172.3(3.52) 261.6 (5.34) a dO)
Medium 280.0(5.71) 164.0 (3.35) 164.0 (3.35) 254.0 (5.18) '

Standard Deviation 40.7 26.2 37.6 455
315 = i5
30 i - ’l‘ ﬁ 30 ’l‘ ;
L7 L%iﬂ Lo #LT
L1} |——| 7]
£l ] L 5,0 i ,L T
g L] £ -
154 1 -+ Z1s T L[l L|J - \I‘ T
10 - 10 -
05— . ; ; . ' . . ; ; 05— . . ; ; . . ; , ,
01 02 03 04 05 06 07 08 0% 10 01 02 03 04 05 06 07 08 09 10
updating rate updating rate
X-3 —EROAC K D TEO B B A B AR X-4 $EETE A OFH s EIE B NI
a ’l‘ L 3.0 ’L =

. LT
L

. I

:M%T

calculation time [sec]

05 T T T T T T T T T T
0L 02 03 04 05 06 07 0B 09 10
updating rate
B-5 $RETHEB O R RHIE R
T& 2.

B XD, BETFIEABCIXFW i, — 1A
L DFEID LIERITRIENHE TS,

c) #YRLEIZDLT

B TFVEOERD K LB DWW CHERT 5. — kAR
X BFE RETFIEA B C T100 A0 K UEE AT
W, relative gap 2310~ *1ZE L 72 RFD#8 0 IR LI O
FEEEAR-5 1T, D7, FW IETHE L7z 115
DEZFRARLTERY, FEHINICIEE FW IEETOEZ 1
L LI EFR LTV A.

FERTIEA - B - C 2BV T relative gap 731074 % A
S 7ROV 3K UIeEI T2 165.8 1], 172.3 [Al,
261.6 [EITH Y, $ER LIZ 3 FETRTT, —Hofilck
B TEOER Y R UIRER D 282.9 [A]% Flaj>TW\5.
FRIIRRTE AB DN IOERZS L TERY,
— KR L D FED 0.6 FREICH#RSN TS, B
HE SR U THHT20, ZIUTRRFE D KL

I

[ 8]
(%4
T ]
| I

calculaticn time [sec]
= e
[ =
|
I

=
[=]

(=]
5]

o1 02 03 04 05 06 07 08 09 10
updating rate

X-6 HRETHEC OFEHHE A EAS R

1 [Bl&7- 0 OF & i STV Z L2 EwRT 5.
Flo, HROMICLDFHE, EEFEA-B-C TOHY
MR LIREGE, FW EOMD IR LIEELE v & 3.0 {55
5 6.0 EFEEHEMLCEY, 1 [\lH=0 Ofh K LEE

AL SELHRDOVIZ, BRI ABIN S5 2

& TCRIEDHERE I ZFELL T D.

TN LY, AEOEESHEIIZE, BYIRL 1 ES
7o) OFEFE LB IR LIBED/ T AREETH Y,
Y EEERE, I eb bESOEFEISBET D
DTV EEZBND.

d) FEFEREIEICONT

WEN 7R S D BB T OV THERT 5. — BT
kBT BRTFE A B CICBWCHETRAE G
10% 32N S, 22 100 (Bl 0 R UEE 2110,
relative gap 2310 ~#| 22 U 7= IRpDTEBRFH], 0 3 L[EHK
o

HRERFENZOWCORONTHZE 3 BRI 6 12, Y



iteration

50 %%%%%%T

01 02 03 04 05 06 07 08 08 10
updating rate

B-7 — RIS L D FHEO TR REIE IR K UL
450
400
350
300
5 250
E 200

|_|:
I
-

]

_= = = =

=

01 02 03 04 05 06 07 08 09 10
updating rate

B-9 $REETEB OFFEAEIAHIHEY X LR

K UEEUZ DWW T O N AR 7 225X 10 12~

F7, FEERR, VRS LRI S, R
ROV TS, BRERIE O > T2k L T
BY, ZNENOFECREZ EHEEPAET D, £
72, TOEEIIENENOFETRERS. 0K LKL
IZOWTIE, WTnoFES, EFEAEE Ot
S TREBA A B, SRAEH, 70bh FW kL
[Flkk & 722 255 O K LIEBEChH 5 49 [ml~ &I
5. Flz, —HORITTIXEW EORED K LR Z T
STWDHEDONRHY, HOFEHTHHIHLINDLT,
RO EHT LD B2V R Y IR LR CRAEAS R T
Wb, ZAUTARENEROEH AT 5 2 LT, FW ik
DFR T DRI A IR R Th D LB XS
N5,

WIZHEZ LITHERT 5. — ORI L D2 FETIE
FoE EHEA 1L 40% CTh 5. foFEL gL, Fl—0
FHEIGNTIED DX NREL RS TWNDA, Ziud—
FESARICHAS S ST H OO0, a7 L DR
IEHOXNKREL AL Z EIRNT 5. £z, FEES
DEAIZHRT HIHBERF OZ LML DO FEIZ L~ NS <
FRCHEIG DY 20%70°0 50%2h ) CHEERIICIE
N EBAERFH BT, —B1472 0 O EOHIN &0

% 64 BIEAFEAMAREKRS - BRE

450
400
350
300
5 250
"

T 200
150 ITI
100 % ,_T_ l‘
50 T £ &= = I = =

01 02 03 04 05 06 07 08 09 10
updating rate

B-8 FRETFE A OSFTEEIERHE Y i LI

450

400

2
I

iteration
a2 H o3
[=] [=]

I
[=]
= S

1
T

=
(=]
[=)

7Lz

TP e e F

5

L=}

o1 02 03 04 05 08 07 08 09 10
updating rate

X-10 $RETVEC OFEFELREIS R UE

ﬂbﬁﬁﬁﬁmbf%%ﬁ”ﬁﬁﬁWML&w*&ﬁb
N5, ZREY, FEROBUEEICE, HiRAEERD
Wﬁﬁﬁfﬁ<Eﬁ#é%?@@@wtﬁ%@ﬂﬁéﬁ
BENSH D Z LML TX 5.

TERTIEA T, a7 R FTEIA1X 20% Th 5.
—KROAAIC L D FELERE, [Fl—OEFHEENTIESD
ENREVD, THUTIRETIE A DRMEY 7 2
(GEIR L, B 2 HERAEIRT 2 L) 2 Bl
AT T HESTHZ LR L TN EEX DD,

REFIEB T, ol EHERIL30% TH 0,
= OEFOBHERE O RE 128 FITT N TOFE
TOEFEEOH TR B FW HE0D 2.3 FRREOEK
HEMFOLN TS, —FHT, Hal TarElAiciT o
VIR LIEEGE, FW k& RE 722283700 Lo,
ZOEIGITHESW L &, ERTIEBICBIT 280K
LdH7=0ITHIT DO BN AEFR L 2o T A,

RFIEC T, RlERERFEHEEE 50% TH 5.
TERTFIEB LFERRIC, HlEEEI2Is1) 20 LE]

i3, FW%&k%&%ﬂi&w LIZRoT, ZoE|
BICHADNZ L E1E, BERECITRBIT A& VIRLS

7o DICHIT HIREOTEF BN FER L 7o TN D.
INHDOZ ENLEAICITEFHOMEEDE NS D &



% 64 BIEAFEAMAREKRS - BRE

ohjective value

1.206 1

Frank-Wolfe method
Uniform distribution method
Proposed method A
Proposed method B
Proposed method C

1.205 1

1.204

7

calculation time[sec]

X-11

Z ) TRV ONFEL, ERAZFHT25 FW Ee—
FROMATNZEE S O BT FIE Tl P2 MUK E R
R 2V EOLEEN TS EHELND. Zilh
DOFFNZHFEARDIND T80, HERRARE L 22
HHDEEZBND. LTENoT, BFEEIGS & EA
D5z FF OMBE DR WYNFRETH 2 & T, THD

WD VR ZRANCHD 5 Z A HRETH 5.

%1, BRIBOHERIZOWT bR T 5. 12
FVDOFEOTGHE EFEIG IR A Z & o BREH O
RO AR (TR, FNENOTEOFHEES
10%1Z331F B Z & O B B OHER Ol 54T - 72
X2 gL, BRBSEIIEEIIKT L QD 2 & HE
T, MROEHIMENT D L 5 RERHITAET TN
Z LD, BERANORIEDHR CWD. ZoZ B, K
R LR L DBEIR « SEFDEERTH D 2 L Bk
LTRY, EFEROBEEnsEs2 LickoT,
NEAREE LCW5. F7-, HEERBORKLEL Rolz
EETEB ITRE TR L > CRAICERMTT LT
D, OD FEEAHWHUENZ 22 03, REUM T2
FEL AR ODZNERIN72I8IR - BT A AIREL LT 2.

-—
—

6. BbHYIC

AW TR YL 77 DL Ty 5 FW IEOTHE
R D T DFEEIRE LT, IRETFERIIATHIZED
ER DS TR OERIHESE, KIBTITHB LN DR
Z FAW TR A~DELSFTIT L > THERAIT LS 23R
LEHT5 3 2OFEARELENLEITo70. #ETF
ETITENTN, MY 7 o ER) v 7 ssmE, i
SRR ST, BRI Y 7 a A Mok > Tl

B FEUHTEIA 3 2 B RIBEOHERR O Hik

MIZEAMNT L, BREERLZ. £, Zhoodsy
FEOTEDIHS D 2 EOFEA SR LT

R LT FE, BLOYETOTFEEL Anaheim 7
NO—ZIGEA L, T A AR U, i
RO BRIV TEAMTT 2 OV DIRETFEL, &
TERIDDUERDTHEL D b RAY I SRIEN FTRE TH 5 =
ENHBNE 2otz ETn, THTRSEIA DNEEREIC
BRL, b7t F Tl FW A0 2.3 R O
BORENMFONTZ. A TEFOSLENEDOE N D L
Z ) TIRWEDONFET D LA b, BHEEA L ®H
HDE-Z F7ORIETEIT L0 FHOMEMEDE LS
BRI ERT5 2 LN ARETH D,

AMFFETIL, OD FFEEE[E LIER2TE B bk
UNEBLDHEE AR S22, Z OFRSEOMTHI B
IZBA HNTHER TRV, 2, fhoxy NT—27 100
RUTEGAITE, 7 FEC RSS2 5 wTRENE
W5, A%, FREOBEBEEEIZ OV TR ofE
WatgsZ & T, Moxy NU—27 Tl rTREZ B
DLV EATD . Eio, AW TIERER D52 120,
A% BRI CEID = & TR LA, 2hERiy7ai
FOEIROT=8, ZHEn Yy MET IS EERO -2
F7p EMOFELRETT 5. AFFEOREFIEIFW %
\ZI3 T BIROD TR O3 DEFAEIERTR & [ T 7Ok
EDEI D ETH Y, Conjugate direction Frank-Wolfe
Methods”7¢ EfLDER Sy DS B TFE &M AA 23 lEE
THHA, SESTHDO FW IE~OEHEZEHEE L2
DLV N EAD . I DOTFEEMAE YT
B DFE LITHOWTHMERT DM ER D 5.



SE 3

1

2)

3)

4)

5)

6)

7)

Frank, M., and Wolfe, P.: An algorithm for quadratic
programming. Naval Research Logistics Quarterly, 3
(1-2), pp.95-110, 1956.

Leblanc, L.J., Morlok, E.K., and Pierskalla, W.P.: An
efficient approach to solving the road network
equilibrium traffic assignment problem. Transportation
Research 9 (5), pp.309-318, 1975.

Dial, R.B.: A path-based user-equilibrium traffic
assignment algorithm that obviates path storage and
enumeration. Transportation Research Part B, 40 (10),
pp.917-936, 2006.

Bar-Gera, H.: Origin-based algorithm for the traffic
assignment problem. Transportation Science, 36 (4),
pp.398-417, 2002.

Nie, Y.: A class of bush-based algorithms for the traffic
assignment problem, Transportation Research Part B, 44
(1), pp.73-89, 2010.

Bar-Gera, H.: Traffic assignment by paired alternative
segments, Transportation Research Part B, vol. 44 (8-9),
pp.1022-1046, 2010.

Mitradjieva, M, and Lindberg, P.O.: The Stiff Is
Moving—Conjugate Direction Frank-Wolfe Methods
with Applications to Traffic Assignment, Transportation
Science, 47 (2), pp-280-293, 2013.

8)

9

10)

11)

12)

13)

14)

% 64 BT AFTEFHARE RS - BEE
JERANS, SRR B V) —OREEIC XL 552
THEAL T ORFEERR DO, TARGHE AR -
F A, 26 ?é% pp.527-533, 2009.

IR « BRI o 7 ZE s O BT
vl %‘i’ﬂ’ ﬁ}ﬁﬂ’ Gy DRNERERIET T Y X A@TE
&, 5 62 [l T AGHEFHFFEIERE - SR, 2020.
Luo, Z.Q., and Tseng, P.: On the Convergence of the
Coordinate Descent Method for Convex Differentiable
Minimization, Journal of. Optimization Theory and
Applications., 72 (1), pp. 7-35,1992.
Fukushima, M.: A modified Frank-Wolfe algorithm for
solving the traffic assignment problem, Transportation
Research Part B, 18(2), pp.169-177, 1984.
Zangwill, W.: Nonlinear programming; a unified
approach, Prentice-Hall Inc., Englewood Cliffs, N.J.,
1969.
Arrache., S., and Ouafi, R.: Accelerating Convergence of
the Frank-Wolfe Algorithm for Solving the Traffic
Assignment Problem, International Journal of Computer
Science and Network Security, 8(5), 2008.
Transportation Networks for Research Core Team.
Transportation Networks for Research.
https://github.com/bstabler/ TransportationNetworks,
Accessed Jan.,31, 2021.

(2021.72.7? 241)

Acceleration of User Equilibrium Assignment
by Introduction of Randomness into Descending Vector Calculation

Kanau KAMIYA, Satoshi SUGIURA

10



