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Abstract

An optimal network design method using continuous form of design variables is con-
sidered. Modified Hooke-and-Jeeves algorithm has been implemented in order to solve
nonlinear programming problem which is approximately equivalent to the real network
design problem (NDP) with system efficiency criteria(i.e. travel time and costs) and
construction cost as objective function. Various forms of construction cost function,
locations of initial solution, and dimension of initial step size of link improvement are
taken into account to show the validity of this approach. The results obtained are guite
promising in terms of the numbers of evaluations in solving NDP, and the' speed of
convergence. Finally, some techniques in choosing efficient intial solution, initial step
size and approximation are given.

E F

WAL FR 2 BB HELE A3, BN REEEE RES HEE RHEERE
#restsich. ol § 418l BIEL Hooke-and-Jeeves ¢uzl§& AT oM, BATHM 3% &
FRAS BRREREY 408 MRS S S0 BIHIES) ®E E3d. 48 JA BB
R A RIS 2R, ERREMA SRRES WRMEE o Bk ﬁmﬁ% G ERR
gk, & WS WorAR. SR Bitd BHEKRE 24 900, PHEN TR, s
BemfE, FELEYE 5ol ®RsAt.

A= HEE THA BRIEH. olH T HEES]

LF & FlfaRo] Eobde] wel R HRMKIHY
1. H% B8 o pEHo RFHYom, o A 4Ey

S-S MiRol vt i AT ABHR BRI =] ).
2A, TRBEE REdE 4, TEBEAY o] FEAA o)A7x EEBWo R WESNUA
PRy ———— AL HEHEMY mEME oot BB
* TR - AExBE THAR B (design variables)7} REEAY(discrete)el 3%

He® HI19% 108848 3 1 — 165 —



b ERE oA, ENRY TERES K
wptkee) MES Fige] FM3=2 slo, B
B ddfmo Y8 EEdSE A m
el Btk MRl Wt TERERIT B4
g len, FHERS AT HAME A%
of EERHFES SRS BEHY PRz #HA
=z 25l MRkl 2t

BoEEcl, HHEMS MRARd A3 Eik
B FHol HRH 2 ax(®, T.SM F&
service volume %), o]d] we} EMERBK
{continuous design variables)® B A3 #HEK
8 ol 3 REST ol HA = Pt

A BAAE BT TRoAA BIHBME
HEEYE € A5 A8 HEE BRHRR
& B, 2 RN BEAFES #RE
A& 2 Bz 39+ ‘

1-2. WA 9 W

& WA T FoAA BB BITRYS S
1 Bl dte] EBHRERS HIBLE
ERA BRE T4 REY EMP SR
£ wEsHA "t

o] BEAA HA N T BRWL MBx &
HE BREY 4% BmEe st JkgH
BEt g 24 Hooke-and-Jeeves™ Hifkg
HENoZ BEAAT, 2 HEHA HHHE
o ROERL 28 = EfEEke @ik §
A BE RN AL TERME FHETE
FHE] w2t Frank-Wolfe® H¥:-g& Fifslo
Tty ot

A4 RS HEEMEL Leblanc®; Poorza-
hedy 9} Turnquist®©%2] #HEH BHRT )
A3 thEo] & Sioux Falls o] BHE fEYS,
olel djste] miEREREmES] MMEGRE 9 Con-
cave ), @I, WPAREMRE, WHER
z¥ &z EREEERE gE

2. HERE REE

R R MBS TY ERe A TR
LEE & BEsted, #KAY WIERBEMME
olvt TR, WSS PEslE BETHEA
e EEol =, o] ALE Mgstd ARy
ZETE Aty REE HEHHEM W

— 166 —

HEAEE il AL BE HEHE Ritnet-
work design)z Z7¥F 3t @

e e g B8 e 3
o, WA HBHES node 4 N3 link 4 A
2 WRAY, & link(BMDy —EHEY 58
£ Zedz B

min ¢(.f’ y) (1)
subject to
Ry if i=0(k)
jeZNfii"*‘Z_;.’fu"z —R; if i=D(k), kK
0 therwise
f"fEf:-—;‘fii"SKﬁym Gled  (3)
(fimes e (4)

Fiit>0,vmieY, (G4, keK - (5)

- 974 ke keK d FEelH, R ETFR

9 ®BTE, OOt &8, D+ B it

CREEm(ER), ft BEMEEE L

HElS] FEMME arc(i, NEY wEER fif
o BEHMM yiiolH, yii S BE Yyt Yu=
{0,112 —HpREMoe] Ho arcG, NS HAt
o ¥ubg AAEE Aoletd HMBEE

#(f, y‘) =l§ G%:)EAC:J"f .-f"*;iﬁéf 1iyiie(6)
o} o] R S Cit & i, MY & FB
o BBETRACE o ML BARSEHM
F(linear mixed integer programming)e] =
},
o714 FEBPHBES BAHMEE BEEE 2
A %3, TRERD =E JRBEES ER
A8t RN BRREREE BEYT ¢ 9=
2 REFAYQ) GIZ EWIPMEE (Bureau of Pu-
blic Road)?] t}-&3} 2L oldlz ZLEI JBH
BREEE E 4 Ao

tii=tijo[1+a;j(fiil Kiipii) Bii] =(7)

7 ey Bii e BB HANER teT B
HZAMARES] BRI Y, 4,/ BMY BF
RHEEM), & R (6)9 Cytol 7Heterc,

T HBRHREERED BN BRE zysd
o3t 7

=>_ 2i(3iD<B -(8)

tHh A

AAA gii e BWEBE yiiol Y BRBA
e ST L e



olvl, B FBTELE M ERE T

& (D~(5)Y BEe EAMBZ 3 REt
WP v o HEERICEMEN & HMAMRD, X
BE%S) ERARE, MEHh BRIz <@
SR o) Ermmol Qlvh. ol & KMpE 2w
B0 % iR KR E(minimal spanning tree), &
45 RS E(shortest path), SMEBFTRIE(multi-
commodity flow), ZSEAHEMBRE (traffr
equilibrium network design), A4 HE
(traveling salesman model), HlBRER
(vehicle routing), W2k ST AR (facility loca-
tion) H& B F YT, o] FoA 53 HK
fBsrste] 3 EHE s 2 g A

o BB M

{&ﬁﬂﬂj #EI(Discrete Model)
sy #A(Continuous Model)

o BT AR A,

B/ #A(Optimization Based Mo-

[ del) : Bender ¢} 4#{¥:, Branch-and-

l Bound ¥, Steenbrink & &k

B (Heuristics for Network Design);
Add, Delete, Add-Delete, Interchange
%

o BITRIRBA S8

{lﬁﬁ%ﬁ?(Fixed Costs)

JE4 A B B (Convex Travel Cost Func-
tion)

o BB B SH

BElEM
{ s R (Linear Construction Cost Func-
l tion)
Jes MR B (Convex or
struction Cost Functions)

LlbelA & WREFIE & - 8ol Ao, B
ey WA RIERES LS vieh o] ZES
T L TofgiRRgd A RRER HHE JHEA
o] o, MY E#EE A3 984E
REtEe] 3o MEARRA FEEBE X
Hok ek Holth, old 3 BIHWEE
B MEE Aste HRIEREY #KAS
iz oz BESt BMENERAA BHEmS
2 Jmiodad s HkaEe HERES R4

Concave Con-

HBH H18E 19884 3

A BEME T3 HRo| HMH # HojH o
o 23w BEvEme FAERERE  Aasne
Ko g 29 4 Y=, EY MG L B
ol el BitE] WHATMEE B °HE #
Al & Steenbrink®, Dantzig®®, Abdulaal 3}
Leblanc®?, Los' #o] Mlteh F|ERAL &
wERE, oEL Az BHE ERRARM
£ Agend, HERES Convexity & HH
e BEL BEE E5HA I mEEe
BREAREE e RE EA3%%d 9=
E53(concave) HelE A& Zol Bl
o, ol % Hstd HEEES B TaBsA
Ak, oldl et o] el o BEE
B (local optima)O] ZAdAE ¥z &K
FME S FBTHEC] & Hikol ERdth
g REMS] FERPvicE Folok ¥ EM
MEE BRAS REH0 A% Etha BobE
dx 3z Q¥ F4EE (equilibrium  principles)
of wazE A lAEM Aoz St

3. ER4RE
& el A EHEY HHHES Sioux Falls #5

5%) Link o B Link 9] d#dAH %Y.
gl 1. Sioux Falls #§##

— 167 —



BiEcz 2.7 13 o] 248 zone(nade)z} 76
8 linkz F4d. old A% WTES BH
© Mol A A B e A
ha, o FohA HumME o W v Az,
Bl Siate ENER BTEE HHHRR
o}
o ERWERD BTRMENY S0ERE
Poorzahedy ¢} Turnquist®] My MM
A wEY EEE EEA

4. Hooke-and-Jeeves Hiikol 2|8 #isH8 Mt

+1. BROEKS! MR
BB RHWME ), PEXERE <2 T
o, REERES Tt Bl BB B rEK
< & el A H.
min ] P[Cu(xm $i1)+0gii(yii)]

%3 (i,

+G§ECH(3-':') ++(9)
%ii=>0, (5, )EP

zeX,

AN zi € G, HEMS LER, P+ 3E
HBEEMES, - BREMMS. 0 BRE
o BITH:ME] o3 MMMl

HA BBRAS HE 29 ¥ 28 Aol H
Az 3@ Filoz RBRABEKNE BRYE T
At ol F @9 convex e HRML@EL &
B st AF AbgHe] stevt FEBIREYO]
o, 714 B 771 BEE @9 concave
Bolztz & 4 Yo}, o A% R (98 BR
BT GMREAE el Rlkele olH gl
wtEch, olel g O @Y MEE AFdHd @
9] concave Mo FLIAZ EHRRE L=
ylg g4d & Jor o F @F e &
LRE @' d:949 EURE HHF 3+l
. @9 A4+ concave Mol & sphu,
T ERER A EREE S et &kl
MERd & Ak =eA & BdAE @9
BERACRE hOoz o Fd HBERiaTE R
s, @2 concave Mo S = o] F BT
3712 gt

4-2. Hooke-and-Jeeves #3%:8| §/H

R (DA ZER &, ZLAE BHBE}

— 168 —

ey

ErTT

28 2. ERRTEBUUE

%
(50 s, Ha
G

;

Ol

‘:!zﬂ%e}q B ﬁﬁ“"“"“ (si)

1 N
7

T T
Had et
L0 RAeE -
v R T
& 2
Yes ) mEsH:
Gt H : Pattem Search
Wl‘iﬂ\ﬂ_"’“l REE  Exploratory Search
RBBR L B bt s
AT N

22| 3. Hooke-and-Jeeves Algorithm ¢ B#&

Ak, ole] wel ERIETEMC WL o}
z WHEe], 2 EMY RMEPEE EEYT &
i, o7l HBBHRBEET concave &Y
d A%e, ¢S HEKE FHNE JERRBRE
{fLEEE A4S 4 gA Aok, 2 d Al el
FHFi(conjugate direction)® FHsle Hikg
HAE 4 glod, 2 % REWY Aoz B
BEj(pattern search)z} FEEH(exploratory

KR ARBERH



% 1. BEHEE 7 BESURENS BE

MRS S SR

S B ® B RS B M % RCFE/R)

TRGEOM | £ B OE | # 1] Concave 1
z, (24,62) 650; 000 4.899 5. 94 691. 489 ‘619. 351
z, (16,54) 625,000 13.916 15.98 255.012 432. 921
z, (20,58) 850, 000 5.091 5.92 923.913 891.660
2 (38,76) 1, 200, 000 4. 855 5.95 1, 263.158 1,121. 402
zs (25,63) 1, 000, 000 7.842 B8.92 764.225 ‘ 929. 202

2F) Concave K| FBYSRFIEMe] A & d;%i R=0.59 A%t}

search)2 HK= ol BEEEA S49 50|

g AL WHNE FEEL HEH =2

Hooke-and-Jeeves H¥:-& #As /2 dd.
oo} wel BITHE HRBEY BES ¥

33 7z, & HER@WvIL Frank-Wolfe 5

EW o8 FEAXFHETEEE TR
4-3. WHHEN 5 BERAEN B

o3 HEPRHEENS o pme B, Wi
ARAWME KHKBER 5o w2t 2 HF 2
A Aoz ded A g A+EE HE
W omHE RS, ogs BRBRRAREST
concave o] A9 FTEol Bm=AE A5, 2
gz FOFMES Asrgd. o374 RFEH
ol *ﬂmﬁ@-«] rEs & WEe LTREMRE

& RRANE # 15 o] KPHAKERMF
TRES BBERBEEE

Z, BBy L,
st o
4-4. W BE R

1

—4_’

3541~ AGoz £% X X Xo° %—
1%‘3}31.1-, DMEERRES b, FREEY

€ HEHoz 0.1~0.89 I Ayt
(1) SRR} DR R EWAE
BRyERES KBRS wHEEREES &

#ikst vl o] Hooke-and-Jeeves Bkl

® 2. WHKBRAE 2 DA RRMET BIER

WEBRR AR % it » B O(FE/H) H i1 i 8
B R E
CPEsR/H) [# W E EA e Ty Za Ty (Fr:fly/ 5
0.1 5.950 15.555 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 5.101 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 5.150 5. 030 7.842 43 455. 4
0.5 5.123 13.937 5.568 4.855 7.842 87 418.4
HeH H1Y 19884 31 — 169 —



ALz HRA REHE T KRE # 29 2
o KRR 1.0 TEM/EQ Hele 0.54
DHARARES ¥ A pd, 282 BRBRR
b 5.0FHM/E A ol 0.39 MHERE
WEZ ¥ ASd A2 Bliske] s, o
o 72 BERREE WHBRAE WAL BR
fEe] 1% vluboz st Ao HEEMQ Aoz
e o

() DR MHERERMEN PR

3 39 AZA i A W EENES
0.1, 0.2 o2 U¥ AA gow HiEMd =
ey o gz, dbde] 0.5~0.8¢ wE HA
2 M srsta ok oAL MMA
BN A BEE(Local Optima)e] ¥ 3l
¢ oulste, o] A% Wl BN
o WETHRNEE ¥ LHEd s, B
BEE SEERES MDA E BRHE K
Biyolstz & 4 gleh,

BEME A77AS BEme KEREE

¥ 3. MM EERERMER Bt R

2R Y 4% Aod AHAZ FEEECT 150
~200 AR = HREB 24 sEsd, 2

ol 2 gl AR EolER YEE ¢ F

Ak, A A wwe rEREe] JH EEs)

=Rl 4
(FEEMI/0)
700.

600
500

400+

FREN
(<100 )

300

1 2 3 4 5 6

2 4 FEREEC G2 Bisle] REaE

EIbEELS i i - ¥ (FE/B) H 9B
mum | (0 EL
i@ W fﬁ &, Xy ’ Zs I 2y Zs (:F‘/ﬁ#%ﬂa)
0.1 5.42¢4 14. 837 5.118 5. 144 8. 056 622 ] 471.9
0.2 5.399.. 14.037 5.318 5. 141 7.842 591 [ 449.3
0.3 5.435 14.137 5.618 5.141 8.030 643 J 512.2
Xt 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, 10
0.8 4.949 13.916 5,312 4,861 7.842 614 372.5%9
0.1 5. 950 15. 550 5.091 4. 855 7.842 653 471.8
0.2 5.200 14.716 5.001 4. 855 8.142 675 417.8
X2 0.3 4.899 14.217 5.091 4. 855 7. 856 709 350. 6%
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 8.710 611 769.2
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%
X 0.4 4.899 14.718 5.091 4. 855 7.898 347 369. 0¥
0.5 5. 500 13.916 5.091 4. 855 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~NE BEBM EBENA 10% oW =& 3-+9.

— 170 —

KB RBEEHHTE



B 4 EARSA BERERS Wi

OB M BGREM, TE/H) B M

2 T B ‘ |

2% Zg X3 E A Z5 (ﬂ‘ﬁﬂﬂ/ H)

4.899 14.217 5. 002 4.855 7.856 |
BoE R K (4.899) (13.516) (5.092) (4.855) (7.842) 350.6
BASM X1.50 5.474 14.437 5.318 5. 441 7.906 2,381.7

5. 774 15.037 5. 760 5.741 9. 000 ,
RAELM X2.00 (6.000) (16.000) (6. 000) (6. 000) (9. 000) 8,647.3
) () ¢ ETHRME

o, WIAERNEES BERES 3=
& 3 Aol uigA g,

# 304 BREME (20,58)EMe] 76(F/H)
o AREExE st AFelH, o= EXREE
349. 1(FRERY/ H) R ofA & FEITRHBUT Ao
A HERwES LEH] AL Ao,

3 BRBARE 92 25T 4%

#F 134 22 S vl BEEEEm
7t 12 B58 Ao dEa BRE Ko
REEOZE x,=b5,737, 2;=18. 916, z,=5. 091,
x,=4,855, x:=7.842(T%E/H)9 HEE 43
2, (24,62)ERl A 838(FE/H)Y ABEKES
e lem velel, oldel BHEBEEE
401 ACTRRI/ HDZ @RS BELE 39 HEg
ALicdE g4 A4 HESD.

@) #ETEe) #Hinsle 4%

(D~ B|EHERAA BITRBAK Bh0] Yo}
o] AstA 4+ Aoz AF=o Xk
TaEE A fFEEE dolns] dstd &
4 9} 7 BITERED BHE T80 £ 4
ol A 2= FTEC AAY 2¥ AS, £ B
FHEE] LBREAIA olzEe o] M,
BfoEel 1.50%1Q1 A9 WA= 2 ik
o] BEHHmKE AAH 2 Yo,

(5) FELIEE

¢ REARE BHE s HAERMI/O
time, CPU time)& IBM 370/168 = # 1,800
BREE A=Y ol Folr] Hsld, B
2.2, Hooke-and-Jeeves @& f&#Epzrike)
ZBEBEA vlaTE BRI BEBER
ot FETBERMES 225 dqd.

of el 3wl HavmBol 500 4CTFR:R/
H)E ol& 7ZFeoz FHEH®S 494 Hsldg

HWed 110884 3

30%9 23% xelw, FHEMERE 238 A=
2 2. o] A% H3 M fES]
kel #FEE £A%

58 B

* WM E B BES fne mEY
HEEES Ruste #a#Bl(integrated sup-
ply and demand models)s] —8o 2, BT
B EEIGA REERE RHRES BN
T BAES &gz, B £R1E FEsd
&3 Zh

A, BERRETEE sy TEFKY B
BIRRB A o] £RRe] AMsst, MR B
BB FEREKE BENEEckEEoR i
AA Foh

A, 2o BREHQ BRABABRES 92 &
E3Hconcave) HE2A, o A% BRE
Hooke-and-Jeeve #ke] ko] =}

A, HEEEAY Y, 53 wHsLE
BEIY PHAEERE: BEEESE =5 ¥
et Aol BEFEMoln, WHEHHEEKA 98ld
EREE 9o} FEe 80w Ax Fr18d.
o o] e B RERANA [ s ook
T AL &I A

A, Hooke-and-Jeeves fik-g ¢ Asld #
BiERdeel BENeE HHY F JE kR
Beikol BHEE 9 EAR,

A, HRHEELE A% THREECETSH
ool MEMGRY Mo Westh gAANE
e e s BERRES BOHHY HE
PES B FE AT (combined-distribu-
tion-assignment model)“®9] FHR-L K3
2 F AE Aoz 2s ol

— 171 —



2853 olHd Bike fﬁ%&?f(uetwqu sign Problems,” Transportation Research Vol

design)®st ofJz} {EBEEER BE{b(optimiza- 16B, 1982, pp.45~55.
tion of signal system), Ml % Mi(vehicle 7. Mackinnon, R.D. and G.M. Barber, “Opiimsza-
routing), H4R2rSE(shipper-carrier beha- tion Models of Transportation Network Im-

provement: Review and Future Prospects,” Wor-

king Paper, IIASA, 1976, Luxemberg, Ausiria.
8. Wong, R.T., “Introduction and Recent Advances

in Network Design: Models and Algorithm,”

viour problems), ZEiEEES) WiE{k(optimal .
policy  control), ETFAHA#Hilanalysis of
water supply network) %, B{TREel BN

P =2 4 L . X T
iz %ﬁ;?jgfﬂ:”fﬁ@bﬂ e in Transportaiion Planning Models, (ed.)
- : Florian, M., 1984, Elsevier Science Publishers.
9. Steenbrink, P.A., Optimsization of Transport
g MW Networks, John Wiley and Sons, 1974.

f wax ?@ﬂgﬁf@g‘] ﬁm&‘@&iﬁ"ﬂ g ge] 10. Dsntzig, G., Harvey, R., Lansdowne, Z., Robin-

olFol Aow ofd MM X& REh eon, D. and S. Maier, “Formulating and Solving

the Network Design Problem by. Decomposition,”
s £ XK Tronsportation Research Vol. 13B, 1979, pp.5
~17.

1. =28%, YENaTHEERST ARY HEs s 11. Abdulaal, M. and L.J. Leblanc,” Continuous
o B, BLEE, $22%, 24k 1987, pp. Equilibrium Network Design Models,” Transpor-
34~45. tation Reseearch B, Vol., 13B, 1979, pp.65~80.

2. Magnanti, T.L. and R.T. Wong, “Network De- 12. Los, M. and C. Lardinois, “Combinatorial Pro-
sign and Transportation Planning»Modeis and gramming, Statistical Optimization and the Opti-
Algorithms,” Transpertation Science, Vol. 18, mal Transportation Network Problem,” Traxs-
1984, pp. 181~197. portion Research Vol. 19B, 1980, pp.89~124.

3. Hooke, R. and T.A. Jeeves, “Direct Search Solu- 13. Jornsten, K.O. and S. Nguyen, “Estimation of
tion of Nnmerical and Statistical Problems,” J. an O-D Matrix from Network Data: Dual App-
Ass. Comp. Mack., Vol. 8, 1961, pp.212~229. roaches,” Conference on Structural Ecomomic

4. Frank, M. and P. Wolfe, “An Algorithm for Analysis and Plawning in Time and Space,
Quadratic Programming,” Naval Res. Logist. University of Umed, Sweden, 1981,

Quart. 3, 1956, pp.95~110. 14. REE, HMBTMEEY o BREERERE, 1§

5. Leblane, L.J., Mathematical Programming Al- BT, A SKEE LKTER, 1987.12.
gorithms for Large Scale Network Equilibrium 15. Fisk, C., “A Conceptual Framework for Optimal
and Network Design Problems. Ph. D. disser- Transportation Systems Planning With Integrated
tation, Dpt. of IE and MS, Northwestern Uni- Supply and Demand Models,” Transporiation
versity, 1973. Secience, Vol. 20, 1986, pp.377~4.

6. Poorzahedy, H. and M.A. Turnquist, “Approxi- (st £ 1988, 1. 20)

mate Algorithms for the Discrete Network De-

— 172 — AR BHBHE



