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Optimal Network Design with Hooke-and-Jeeves Algorithm
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ABSTRACT

Development is given to an optimal network design method using continuous design

variables. Modified Hooke —and— Jeeves algorithm is implemented in order to solve nonlinear

programming problem which is approximately equivalent to the real network design problem

with system efficiency crieteria and improvement cost as objective function.

The method

was tested for various forms of initial solution, and dimensions of initial step size of link

improvements. At each searching point of evaluating the objective function, a link flow

problem was solved with user equilibrium principles using the Frank —Wolfe algorithm.

The results obtained are quite promising in terms of numbers of evaluation, and the speed

of convergence. Suggestions are given to selections of efficient initial solution, initial step

size and convergence criteria. An approximate method is also suggested for reducing

computation time.
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% 1 2 3 4 5§ 6 7 8 9 1011 1213 14 1S 2617 18 18 20 21 22 23
1 00 0.1 0.2 0.8 02 0.4 05 08 06 1.4 0.6 03 06 03 05 06 05 02 03 03 0.1 04 03 0.1
2 0.1 0.0 03 03 0.1 05 02 05 03 0.6 02 0.2 0.3 0.] 02 64 03 0.1 01 02 01 02 01 0
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X, ( 24,62) 650,000 4,899 5.94 691 .489 619.351
X2 (16,54) 625,000 13,916 15.96 255.012 432.921
X3 ( 20,58) 850,000 5.091 5.92 923.913 891.660
X4 ( 38,76 ) 1,200,000 4,855 5.95 1,263.158 1,121.402
x5 ( 25,63) 1,000,000 7.842 8.92 764.225 929.202
R
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0.1 5.950 15.5655 | 5.091 4.855 | 7.842 402 477 .4
0.2 5.200 14.716 | 5.091 4.855 | 8.142 411 422.6
1.0 0.3 5.700 14.082 | 5.10! 4,855 | 7.842 405 409.8
0.4 5.850 14.150 | 5.150 5.030 | 7.842 76 455.4
0.5 4.899 13.916 | 5.215 4.855 | 7.842 635 359.6
0.1 5.950 15.550 | 4.991 4.855 | 7.842 72 479.1
0.2 5.200 14.716 | 5.091 4.855 | 8.142 105 425.5
5.0 0.3 4.899 14.217 | 5.091 4.855 | 7.856 280 350.6
0.4 5.850 14.150 | 5.150 5.030 | 7.842 76 455.4
0.5 4.899 14.847 | 5.174 4.855 | 7.435 42 413.2
0.1 5.950 15.555 | 4.991 4,885 | 7.842 72 479.1
0.2 5.200 14.716 | 5.091 4.855 | 8.142 105 425.5
10.0 0.3 4.899 15.116 | 5.091 4.855 | 8.098 63 437.0
0.4 5.850 14. 150 | 5.051 5.030 | 7.842 43 455.4
0.5 5.123 13.937 | 5.568 4.855 | 7.842 87 418.4
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(3) RARAWBIT 912 EST B
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62) ERGoIA 838 (E/H )9 HEHEKES

(%6 ) DY@ GHAERBRMER Fit HR
s R ® ¢ B K(TE/B) #® | Brom
by (T/®
B HE X Xz X3 X4 X5 @ fE D
0.1 5.424 | 14.837 | 5.118 5.144 | 8.056 | 622 471.9
0.2 5.399 | 14.037 | 5.318 5.141 | 7.842 | 501 449.3
0.3 5.435 | 14.137 | 5.618 5.141 | 8.030 | 643 512.2
Xo 0.4 4.899 | 15.600 | 5.091 5.141 | 7.861 | 624 443.1
0.5 5.123 | 13.937 | 5.566 4.855 | 7.842 | 626 412.1
0.6 4,899 | 13.916 | 5.168 4.855 | 7.842 | 615 349.1"
0.8 4.949 | 13.916 | 5.312 4.861 | 7.842 | 614 372.5%
0.1 5.950 | 15.550 | 5.091 4.855 | 7.842 | 653 471 .8
0.2 5.200 | 14.716 | 5.091 4.855 | 8.142 | 675 417.8
Xo? | 0.3 4.899 | 14.217 | 5.091 4.855 | 7.856 | 709 350.62’
0.4 5.850 | 14.150 | 5.150 5.030 | 7.842 | 571 455.4
0.5 4.899 | 13.916 | 5.215 4.855 | 7.842 | 635 359.6%
0.1 5.825 | 15.279 | 5.823 5.814 | 8.710 | 611 769 .6
0.2 5.099 | 14.116 | 5.291 4.856 | 7.842 | 665 386.9
0.3 5.101 | 14.563 | 5.091 4.855 | 7.842 | 643 378.3%
Xo® | 0.4 4.899 | 14.716 | 5.091 4.855 | 7.898 | 347 369.0°
0.5 5.500 | 13.916 | 5.091 4.85% | 7.842 | 184 394.2
0.6 5.480 | 13.916 | 5.091 4.874¢ | 7.842 | 652 387.1
0.8 4.899 | 13.916 | 5.135 | 4.880 | 7.842 | 636 355.27
) D~De BOEHN BEEANN 10% ollld =& A%
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ste Aoz dehgd. olve BmEBES
401.4 (FREBI/ HDEZ WEY HElL g
BAN AeEdes ok A Hegdo

(4) BiTEC] #|sle A

(1)~(3)e] FFtiERAN BTEAES] 1t
o} BEEo] A gk Aoz HMEo &
el TEER U RS dotrr)
Astd (& TOI B BOEREHN Hst
g AR & 7> B2d JiTgEe] &
Aol 2l AS . & RFEmO LBES
2] olze fiFel =&Y, WTE) 1.50
il ALE dAE o FREARe]  RiH
B2 ZAA"ga o

(5) AR

o] BEHRE BHHE A5t HERBM
(1/0 time, CPU time )£ 1BM370/
1682 # 1,800 EEY} Heln ol =
ol7] #3ted EMEELE Hooke-and-Je-
eves AR FHFWEERY THFE#MLIL o
A2%S BRI BEBIHRAYT FHTHENR
THBE =% 3o

o] K& &shd BeymEst 500.4 (F
BsfEl/ A )R o8 KEOZ IFREY F$
of sl 30%2 LS Ho|HA FHER
e 238 A== @M=k o Afe 5
3 iR GBI HEL EH I
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V. &% &

& HEAME KR B TEEE (K3
BRRE) WMEe HEFSE: Kudis &
44838 ( Integrated Supply and Demand
Models ) o —Ro2 BITITREES ERsM
A REERE RHNELS Hise #ES
FEadtun, FTEI #£R2E Emsd oed
2t

AR, EEFEER s TEEARY
Bkl Ao #Fol wresliel FERBS
HRHE KELR BAANA Foh 2 @ 6
€ 9 & RIAM  EFEr s 9%
BHME BHY HEo=E EME 50(PCU
/HDe HEHE ] dozd #FH
& ¢+ dapwes zeigd 21 X
41 X 17 X 22 X 22 = 7,084,308 @] #H{H
E#7F BESG, #EEY fKog A 615
mel #FHEDECT FEAC. 9 gEEM B
ol S MBEMEGoI) K KRR
o] #AEY] FEEHE 4TS Zolx L
o0 oy g HREE FEHM HEoAx #|
gk 27t &8,

B4, 2o BEMQ BRARAENE 9=
E53% (Concave) HMBEA,o] A$9 ##
< Hooke-and-Jeeves 5kl @AM 0] =T

(%7 BITERAMY RBELFHEY Bt
® O B mM(HEEW TE/B) B #) mi
& T B8 (TR
Xy X2 X3 X4 Xs /8
B & # B 4.899 14.217 5.092 4,855 7.856 350.6
(4.899) |(13.916) | (5.092) | (4.855) | (7.842)
BEHE X1.50 5.474 14.437 5.318 5.441 7.906 2,381.7
BEHE X2.00 5.774 15.037 5.760 5.741 9.000 8,647.3
(6.000) |(16.000) | (6.000) | (6.000) | (9.000)

#) C Dte ETmE
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A, BB GBS AT, %3 WBRG
#7F BEEsY NYFRBEEE BHHRE
2E gadel gamelxn, ELFEE o
sl EmEE "olAu ke g0 BE
8t

FU oL HRMLRAM mE HESS
o & AR osd

A, Hooke-and-Jeeves g A3t
o HKE Rt PEMoR FEHE F A
t R BT BB 2 #AI,

4, HRBuECE I TAFE GET
oAigt o YoM BT84 ) Se] #HE
BRtRel Mol LEslth B EEIAME &,
Fmes BTEET BT/ AMHS HER
me T #HAEB (Combined -Dist-
ribution - Assignment Model) &) @A <&
EZ@s] 2 4 de Aoz AEACL

agm Lol HEL HBE FEH(Ne-
twork Design) @9t ol EHiEF% &
Hit, EWMEEHD, BEW&ERMNE TEBEK
o] #iEf, LTFXAE EEINT BTEES
EMAERE Baeo:2 SiTEc MEs &EA
ol Ae Rez AmEc I

BES BTEEY #TomHEe fEps
£ on|ste BEERS] T HE SolEd
o 2o

Max Min ¥ gst log gs¢+

2] g’h Sst
6(C E/;’m Salx) dx— 3 use gse— F) --+(9)
a St
subject to X gs: = G
Syt

2 hest — gst =0
:

hyse, gse 2 0

IV gse P EE SS9 #E tHSY HTE
hyse B SO B8t o & ]
S o|&3te KRE.
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Se(fe) : Link a9 #ZEE faol U
3 A .
fo= X 0dayst hyse
ist
9t - dE=H KA #fao ot @
T BTEES &EAZ oW, H
RpEe] EBTEFE(G T2 gs, g, ¢+ o
BITBLER) 7 FAAL HEEERT A
BAe, BRE BAXE 7Y & IA "k
wetd o] BHS ke HHERA @
ANA B @TEe Fold 2%, #EX
Fow Q% FEiTomte] HEES BEY ST
t,

g £ x M
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