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Student: King-Tong Wong Advisor: Kuancheng Huang
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National Chiao Tung University

Abstract

With the development of the civil aviation industry, airlines need to increase their flight
frequencies to deal with the increased demand, leading to a high density of flight schedules at
airports. The average operation time of the flights at the gates, as well as the average gate idle
time, is expected to be shortened. In case of flight delays due to poor weather or unexpected
situations, gate operations and flight schedules will inevitably be greatly impacted, and serious
inconvenience is incurred for travelers. Therefore, a sophisticated model, as well as an efficient
solution algorithm, for the gate assignment decision problem under possible disruption is
crucial for the airports from the aspect of service quality and operation efficiency. It can help
effectively handle an unexpected situation within a short period of time and limit the change of
the original gate assignment to the minimal.

This study focuses on the short-term gate assignment decision, considering the basic
relationship between flights and gates and the arrival time uncertainty associated with the flights.
The objective is to minimize the number of gate changes and the total delay time of the flights.
One of the key issues is the study is to take the flight arrival time uncertainty into account.
Random scenarios are used to simulate the associated uncertainty and a stochastic programming
(SP) model has been developed to generate the gate assignment decision. This study also has
designed the suitable solution methods, based on some optimization techniques to handle large-
scale problems.

Based on the numerical experiment, the value of stochastics programming in this study is
considerable. In addition, the gap between optimal solution and approximate solution in the
tests of both problem sizes are within 5%, suggesting an acceptable solution quality. It is
expected that this study will provide the instant decision support needed by the airport
operations of gate assignment planning.

Key Words: Gate Assignment, Flight Arrival Uncertainty, Stochastic Programming, Heuristic
Algorithm
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FRATATRT 28R E3 §RES, +E (EA7 3 HFLESNUFFRF) w MK Z
Si+ Edn i o U150 (34) 5 HUTu g A B AL - A IS (35)R ik
P &S

32 TEFPIEF ML I TWIF B 4p iRt

BEAR W - ] SN T AT U R B RJRE ) S E B AR AL R
Fafd ARl R PEREEERF Rt EeT AR £ H LS I
FEFF > PV X5 FEOPE B9 iy 2 AR EE T LEFED

Tt 0 AT BN A TS P 03 R 55 0 %4 Yanetal  (2011)%-
PPy BT A AR T e it s 3k R & ERCRL R iREl B
dp il BOAL 0 doB@] 2 AT 32 BRITA AR G A AT 0 BRI B e PR T RAT GO AR
BRI B REGE S A ARSI A L B chiRE o 4 ;]}uggﬁ,%mﬂ b PR g
T2 ST E RO R 0 m AP AR B AP T RGR 2 ST RO R A
T AT BT B R B B AR L 2 2 S gg ) 0 @ % 3 2 (Deterministic
Equivalent) = 3% 5 7 /r @ #rTiE = NS R T A Lw v FR RS SE
mENEZHEY - BHB AP S EHIT AL riyxi'J‘iEﬁF'& P FR S T PEEL A5 N L fiE o
19 31 E o Pl P PR e F g FEN Y EEFR T  mIlL ®
g E W 4 e .
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4 ]‘ii’yi & A BT T D ERER
(R £ HY - BIEB)
I ”LF’); ST 2 g: @- Aéi: FRFT tt'ﬁ‘b%ff']é P

IP: #r% FEE P2 B & S;: WITiHTF APRIEPE R
IS: 7 3 FELprinsis & & D;: #uriid oL pr iy
K: “t5 2#M2 & M: &~ ¥ #clcid
KO: #r3 R & & faikisn W: ¢

Yijo: #OLIE F P kR imipi% & B: dnini bR fird) &

Ao R

B {{zr%ﬁﬁi‘lh‘é EEME L
Yok 01,0
s BUTRREEFH PR, Viel

}, Viel keK°

ok BT A TBER Y T, 1
yfk:{? N kel # 0}, Viel,LkeK’¢€E

t55 3 AT A R BT W BT, ViELEES

g [(AE P REPECLATRIE T FPP AT SR EHT - 4%, 1
Y 0}’

Vviel, keK¢€eE

Z(ti —4;) - Wz Z YirYik 4+
i€l i€l kek?©
Minimize zpf z (tlf —Af) _ WZ Z Zif,k n (3.6)
§eE | ielS i€l keK?©
B k1 + £ys
Yik+1 P’Yik+1
i€l i€lS e

12



Subject to

Z yik=1 Vi€l (3.7)
keKO
zyszL VielLE€E (3.8)
keKO
(ti+Si—6)< -y —yi )M, Vije{l|ld; <A} keK (3.9)

(6 +si—¢) < (2= —vh)M vijeliat <4l keksez (310)

Vi =Yip Vi€ kEKEEE (3.11)
tt=t, viel’keK €& (3.12)

25 < Vi ViEISkEKEEE (3.13)

fk_ylk, VielIs,keK ek (3.14)
A<t <D, VG4 ER i€l (3.15)
A<ttt <D}, VtPeER (€IS §€& (3.16)
yvixk €{0,1}, Vi€, ke K° (3.17)
Vi €01}, VieLkeK%E€E (3.18)
25, €{01}, VielS, keK,E€E (3.19)

PR (3.6)5 & ] i 97 HULZ R ~ HUTE ATip iR el {rdpind B
Mo Ik o I (37)- B8)RFE - LR AAZEI - BERM L 0 B F L
SR ARB]F - BB B RIEE BT £ AT (re-course) bk o B @ o
BOLE AR F B 2 ST BUTE ARSI F RS T L A5 iR (7 1 e 1)
7 (39)- (BL0)F HULithRTHRERFF | BT R TRERFF R ERE - BB
oA g AT RGP E O 4 o R B TR RG] - PR
8 PIAF BB T AR o rUI R (3.11)- (3.12) AT F [y ehg o
B - P R o N (B13) - (BLlA) A THE ik REBE - IFEE R IFER
S P R R RAR S £ o PSS (B15) - (B.16) 5 i AFTMEEPEE A AL - R
PER 4N (B17) - (B.19) Ak Ezhik  Vik fr Yok £ AhEdc o

M

13



33 %%’\ji‘\% 2L —r.\../a’

F- Bh iR s NP-hard pf » RjEPFF € EF R < 7 2 b2 > ":Fﬁ
#cpF 7 (Exponential time) » 2 i 3] fKfgrad 3 3 @3 RFEL R 0 A F B N EE R
E2oFI oo mE 2 {ABCHOFE N B E BN EE N FE 2 (Metaheuristics)
b4k Fliw 5 2 (Genetic Algorithm) ~ #58% % & 2 (Ant System Algorithm) ~ 2 & #9% ;2
(Tabu Search) ~ & ¥ ;% & ;# (Particle Swarm Optimization) & % -

RET AT A B 4 AT i e r’*ﬁﬁﬁP%%%’ifﬁﬂ”ﬁW

;}F”‘r:a\ﬁf A% JR T_LJ_r_”ﬁ PLepF P LR R At f_ﬁ(ﬂ}} o NP E R A ] T\ﬁ* o MNP Y
BB x T AR iﬁ‘ VP I S ]‘\ﬁ’*p HiE o fz SRR VR iy

% & ;2 (Tabu Search with Lagrangian Relaxation, TSLR) » i%:iF st /& & i depF F p R fz
B - TR

331 Bz ig%

B IR LY u&fk d Glover (1989 ~ 1990)# ) » T E 4k 3845 B 40% oh— fE ik
}{% ’ T\FI’L fé:%—“ lﬁyﬁ—n 72‘ o U 5l » = ]B;%ﬁ'/\:“ml;‘féq “’f#fff’#ﬁﬁ; 7,—?‘5‘.—3‘5 @é’u
SGRLE < LI %zﬂ}ﬁ | RATH - BB G R AR &n B SR G 2R R

MEREFID A %uh o B EHF E el AF (TR AT L

1. A2 4 4nf%

2. FEPPHEL A B R L H

3. FHMEELAE PG

A PER AL LEPN LT B2 BUEiR o (T 5 g fR
5 3 u;;é‘ﬁ’éﬁ’%c)\?}.%,‘é, f—»ﬁ'

6. BFT - Bk B

BLIF R LI P rT/4p AL > Laguna et al.  (1995) ~ Yagiura et al.
(1999) - Diaz and Fernandez (2001) F 4% * # & 3% iz » Rj#- A it 45k’ 4 - @ Ding
etal. (2004) Rl Z L3EH 2" 07 R FP T I AL - A7 2 B LR 20
AEACR] 4 T 0 PE S RACT

(=)

J’

Z_

=y
#8

e
A ik

o

AP FEEY B - BfERA T R - BERGIER > SR R B AT
- BB pRERTVRPIREL G M A FH R L F - ERAppIRER A F
S E R § P R E AR

14



(Z A2 44013

KEERTTE P A %

AR A R T RPSITEHM 2 fHT 0 L

fsuEzgen N LIV TR TIF LA 400F o

(Z)+E P&

e

(z )¢

)

b

(I )z

JELN

3

b

-

7
~

AL

&L

(b

ik

TEE - BRI PARE 0 BB Y S R R R R

FAck G opHRE -

PR
VRS A

i‘gﬂ:—r—‘_—lkm“i:mﬁ*ﬁﬁ’:Q,F‘%—ﬁét)‘ﬁ,&}r- ’Jﬂ/z‘-ﬂ/k;}f,zg ’ ”771—16\:.‘;?_”
)

%

w

5100 F L H SN g kAN NP S LHEN 2 3

=%

i i

AFTR TR F 2 T G Bl F R E R AR L E R (i Bl i 100) o
B e M EFEY .

(= )IF 3Rt 12
AFEFAE - B R0 20 HERITIR 0 A A NIEE B2 SR ER - ST
TR AT/ LR SEPER - FUTREE TR Y DEET o B AT
R385 2 2 BT AcR S o

\
\

\

B~ AT RIEE G (A 2 k)
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332 FEEMET A2 Rjrg

o S PR B IR AT R R & R AL RO L P Y R i
PR FI AT RO PR RET R B R RESAR R I %% Fisher
(1985) ¢ cfvgh B o 3N BEO AR o

AR AR ZORIF ORI RORA S S IV RPN IR E R R A
FE oo A AL AR AR Y RiEE R iR FEL 0 & ¥ i #E T *LE (Lower Bound, LB)£? ¢
'L (Upper Bound,UB)2 & §E 2 2|87 H 7 ¥ ;2 ff#»c% > @ 58 4% ;2 (Lagrangian
Relaxation, LR) ¥ &~ & 5 »& ofi# ™ FUE 0™ 2 o RFRRAEPT > fd rUqlip e o - ik
25 RN R - E & (penalty parameters) £ 42 3% 3k # (Lagrangian multipliers) » #X

gt LRI R P RN A 0 g R P R R R ALY B R E A R R A
AR RE e

ot 12 Fisher (2004)% e ¥ 42 5% B AT AR 3 12 (5 4 G5 B BRI o 3
AL e T o7 o HP X S[nx1] ~b A [mx1] ~e & [kx1]z 4B o

Z = mincx (3.20)
Subject to
Ax=Db (3.21)
Dx<e (3.22)
x = 0 and Integral (3.23)

#4222k > PIATEZ PN R (LR)AC™ o B P u= (Uge.,Um) 5 238 3k B
w20 BEXX ={x|Dx <e ,x >0 integral}¥13< LR 3% (LR)H¥® (7325 £'FF B>/ 2p
(W20 54 cgdicu 4 g L5 B -

Zp(uw) = mincx + u(Ax — b) (3.24)
Subject to
Dx<e (3.25)
x = 0 and Integral (3.26)

PRI R TR RN R R AT 2
Fr4t R AR U F B L BT ARG L UE
T i fRREAL R 0 A T ALE S R 0l b 8]

VAR BB RGN Z T g A s (310)@ A BA R EEE A M
E o A G AE R U5 0 BRG] (310)F & g RE ML AT SRR 0 RN R
e ARACRB oA N E xR RAe T

—
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(" )qﬁ‘:’\;f'—;?\: Fe %E
i%¥—?Kiﬁ%ﬂﬁﬁﬁﬂé’%ﬁﬂﬂ(mmﬁﬁiﬁﬁﬁ’i%iu%w
FAY LS, <A HE B 27 i ST IR E RSP 4o PRI St 2
B PR E PP L T A BRRET W b TEEARELF -

ieIs i€IS kekK©
Minimize +B Z pfnyﬂ (3.27)
ieIs
£ [(,8 ¢ ¢ _ ¢
+ Zuuk[(tl+Si—t])—(2—ylk—y]k)M]
i€lS jeIS keK

Subject to

Y vh=1 viel (3.28)
keKO

A <tt <D}, VtPER i€’ (3.29)
Vi = Vi Vi€IP k€K (3.30)
tt=t, viel’ k€K (3.31)
Vi €{01}, VieLkeK® (3.32)
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(= ) Rjai s 1AL
FaE T R A e Tl R R A R S (3.28)
Ayt FRSET ] 2 G Pyt s 1 0N (3.29) 42 tt 0 Ethien
alci o ot R B4 Ettienthi i oo tT R BD; o
AR Ry ik

Wy + M z uf‘j’k + z u]?t’l.’k Vi k

je{1|A§<Af. ) je{1|Af>Af. )

L gt ik

us
D D YA S SR

kEKJE{I|A§<A€ keK je{1|Af>A§ )

(2% -7 0
Pyt gk o RSN P RS RE TR oy ko E s

i W2 g4 ERrFRTRTAT kAES FUREN 2T A3 TR LR o

(m )iz i
%’IJT }IJ%’?'\ 1;\,} f‘v El ﬂé}"g—i 14\‘ ) zt_ EJ :ﬁ”/ﬁ* o
(podhagth—padhagTh)/padka™h>1%

(I)AFEP &K
BN LATHE (A FTEEWF| tehs ) AFTLATEL N Rk
W g = l(ﬂﬂﬁxlii%—ﬂﬁﬁxﬁ—f}l)/ﬁﬁm:;';?;fr'
UEEE S SR SRS A AL A E T
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Z:w ‘k‘;\, TL

EHig, Ax(ER-TR)/REF &

=L

4 Sl 5 4 . oz

e d ' 103 . - N . P B iy, T2 7%
PEAR AR, BEAfE- XBYEF iy ek

A

FRFI h 2y B Hy =1 245 0
FEFL (Pt Bt N f o AA0 f AD
FELRP HehE (T R)

HysniE o R P E R ET B R)

(Bt R -5E3TH)
RETR < 1%

K- > ﬁg?]:".ij‘ﬁ‘zﬁ”é

Bl L N4
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T~ BoE PR

ART R R BEE 2 A P AR A g R A2 IR TERIGE 0 A B BIAEA 5 P
BAIHER > 228 ¥ NERA TR ODEFES 2B R FE 2 0T o

B RE2 TR L 31 PR LS 5 ARSI E S 16 BB B
207 % GIAE2 BAITHcR 5 63~ SR 5 T A AL PUIEE 5 20 N h 20
o 60 0 dod — P77 o LAFAGAE2 B E 5 100 @ A EETTdE L R W EPET L WE
Ad o A HETH SRR AR E B 62 L 5 60 -

BN R enk T AT Y 1 20 24 60 BAb B A i e AT R 0 L
PR AT LT B dp s feentig il (T E L 30) 0 R 3% E LA R
PR 2 BB HCRE

AP ANZHEPAFT R ERRI BB R FEE 2 2k 0 4L | FE -
PIREIE T 40 0 42 ] &R ¥ GIMERET AT LR E @ ARG 2L 0 43
EE O GIRLPIERE B E 2 ka0 T EL L o

o- R

B AT 4 1 | BT O E R S ANER )
BEITi 31 63 63
B4 R 5 7 7
FE TSI 16 20 20
R S 20 20 60
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4.1 7 GlHRIE o4

WA - B B A2 Y SRR LRSI TRE AR % (F
Doocn? R EWP ARG [E) F R - RS P R Shen R S ok Bl AT ’“Lr’ﬁ

T Wb

?’L\"ﬁ ’ flﬁﬁ -?37 Kf—%i"] Bé’:F'& I:JL B’-er' ’ V'J’ﬁ‘—"'?z\rjt £ \/E]? 4 ‘l' );?Iﬁ-»}i 3 FLERFT
Bl PR P 0 A b a3 9«fr14 RN T X A
PIF orm o3 %3 R L ApiRiid o SR el 2 7 oa o d {23 T L ST E ok e

02 EEUTAATHR (ZRNERRF A S22 TR (L R)
BiTiRiRF £ DO R X
M e mE A B ORB A

Boopgn) sER) RMPT BRI BER] RRPY
1 366 46 2 366 46 2
2 421 46 2 421 46 2
30 421 57 4 500 57 4
4 444 52 3 444 52 3
5 447 65 1 447 65 1
6 470 56 5 470 56 5
7 498 53 4 498 53 4
8 499 60 2 499 60 2
9 517 48 1 600 48 1
10 545 68 3 545 68 3
11565 69 4 565 69 4
12 597 55 1 597 55 1
3 597 69 2 597 69 2
14 606 57 5 680 57 5
15 629 55 3 629 55 3
16 678 64 4 678 64 4
17 687 46 5 687 46 5
18 734 69 2 734 69 2
19 741 66 1 741 66 1
20 746 60 2 746 60 2
21 763 46 5 763 46 5
2 808 59 4 808 59 4
3 810 65 2 810 65 2
24 814 66 5 814 66 5
25 838 59 2 838 59 2
26 846 64 1 846 64 1
27 904 48 4 004 48 4
28 935 S8 1 935 58 1
29 943 58 3 943 58 3
30 953 50 5 953 50 5
31 960 46 2 960 46 2
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Flight Schedule

0= T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
367 388 408 429 449 469 490 510 531 551 571 592 612 633 653 673 694 714 735 755 776 796 816 837 857 878 898 918 939 959 930 1000
Time

B+ b AR Ry &

Flight Schedule

1 — =
. =

N — =

01— v v T T T T v v v ‘ T T v v v T T r v T T T T . v T T T . v v
367 388 408 429 449 469 490 510 531 551 571 592 612 633 653 673 694 714 735 755 776 796 816 837 857 878 898 918 939 959 980 1000
Time

Bl - ROE 2 RiTHIRS AL R

FALEaRR T £ BRFH AR LR FRP R R 0 L4
LAt SRR P E PR e R o AT At AN E R

%01 680 A ABPF T L AR T A AR T IITZ AR 0 2w Pl P L R T AT 214
PENE P FRETESFT o F b BN R AR T MR 20 B B AR
PHARET2 A EPE R 0 L A R AT LR N AL dp ks feentigip i (T32E 5 30)
A ESTTHEFPFER 2B R M AF D 2 RN EE F N S eR =
B AP L 9855 A e Y RE W s 5 215 % o

23



Flight Schedule

01+ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T r v
367 388 408 429 449 469 490 510 531 551 571 592 612 633 653 673 694 714 735 755 776 796 816 837 857 878 898 918 939 959 980 1000
Time

Bl 4= APl
AR R LG ES SEREL L IR 20 2 LR 43
35 - REDBF IR Bl e o :i BB T KB E (re-course)shik K o
T R E B Y U R B RE e~ A L £l & (Value of
Stochastic Solution, VSS) © % 2% 8 *¢ hi}ﬂf‘*ﬁ“ 21012 A dsfrh R EB P R 5
215 % > B ¥ E A EM BN RGE S RP T E AL €N - hehF B
F'“;}FI SRV Ry R ALt rTJ:fFI P TE o

Flight Schedule

Gate
w

0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
367 388 408 429 449 469 490 510 531 551 571 592 612 633 653 673 694 714 735 755 776 796 B16 837 857 B78 898 918 939 959 980 1000
Time

R A CER = R IS
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4.2 WEHREIL R B

B AL ST FEHRP S DEY S AP N e B bR
ABEFZAEE - RLEFFBRFLLAEY (Walt and See, WS) ; % = & 5 i¢
* AR 2 H38 (Stochastic Programming, SP)iE 738 & 5 % = & 5 144 'r%—b‘?:al 398
¥ (Expectation of Expected Value, EEV) - j€& 3+ & = 33«8 ¥ % & (Expected Value
of Perfect Information, EVPI)r+ 2 5 #2230 & (Value of Stochastic Solution, VSS) >
FHESHRTIEL o
® T2y E(EVPI, Expected Value of Perfect Information)

BRSO B BEWEALFTAREF Ko o B B i oik i A 5’%
EEBFL S L A RRE - BB R T R P RNl Y
B B T LS ALEI R ALY eh WS & (Wait-and-See solution) 5 @ 4w
A EATH E‘f’l;‘j—%ﬁf":ﬂ%\‘y’zﬁb EFFBEA A AT 5 LM B E LR %\*K”nﬁ PEE 4 5
FARNAL] 2 EF/RT kaiife > mB@ PR 25 AFEFL AR
- B T B fE > 2 P YA 5 RP & (Recourse Problem solution) » WS
B RPz Fend B % m)ﬁ'F’l“‘ﬂ. e ¥ 1% B (EVPI) -

% EVPILEH ~p > RLEFERFFTAILTLF I AT PR E - &3 HFFR
TER c e & o @ g HER ) PR A AR ﬂ’f ’# "x{’}}k\”ﬁaﬁ T fzm 17k e
FPREIFETAT R mRRA TFEEEBARY -
® FisR3) i @ (VSS, Value of Stochastic Solution)

VAR RG] RFER Y o ¥ ¢ Y TR DT IE T L Sl TRy o Y
* L iaE et L8P VB4 S EV E(Expected Value) » %R 17 EV (g e i fE 5~ A7
FREBEERY }‘\15' B P Jfg‘-i\: BsBHEHY B 7 F 5 EEV & (Expected value
of Expected Value) » @ EEV £ RP g2 B ehd & 5 g4 2R3] chi} £ (VSS) -

VSS B & Rk ripm T AR KR B AR G B REAS AT e T F (A7 M en
*AR)o vy VSS g o MAREARBIN S F N AR kgt gk o a § VSS
RS E S & Ao Vsl S SES 5230
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) EVPI Vss
| 53R ws SP EEV
|SP —WS|  |EEV — SP|
1 254 316.7 328.0 62.7 11.3
2 200 269.4 296.2 69.4 26.9
3 249 301.3 301.3 52.3 0.0
4 314 370.1 370.1 56.1 0.0
5 246 318.2 349.5 72.2 31.4
6 157 209.2 209.2 52.2 0.0
7 271 296.2 383.1 25.2 87.0
8 179 250.5 261.7 71.5 11.3
9 228 301.4 319.6 73.4 18.3
10 184 245.8 253.4 61.8 7.6
T ia 228 287.9 307.2 59.7 19.3
2ow 2B CHBRZEE R
XG4T EVPI Vss
ws SP EEV
B |SP—WS|  |EEV — SP|
1 315 377.0 380.0 62.0 3.0
2 307 323.8 409.9 16.8 86.1
3 379 437.7 448.8 58.7 11.1
4 240 278.8 278.8 38.8 0.0
5 441 490.6 510.3 49.6 19.7
6 373 435.3 463.6 62.3 28.3
7 238 295.6 300.5 57.6 4.9
8 415 416.0 521.4 1.0 105.5
9 373 382.1 433.4 9.1 51.3
10 240 278.8 338.8 38.8 60.0
T 35 332 371.6 408.5 39.5 37.0
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S EVPI AX)
i ws sP EEV

X ISP —WS|  |EEV - SP|
1 315 368.2 386.0 53.2 17.8
2 309 324.3 416.8 15.3 92.4
3 379 431.1 451.1 52.1 20.0
4 240 269.0 271.4 29.0 2.4
5 441 485.5 502.8 44.5 17.4
6 373 426.1 456.2 53.1 30.1
7 238 286.5 293.6 48.5 7.1
8 420 420.0 534.8 0.0 114.8
9 373 373.0 421.8 0.0 48.8
10 240 269.0 2713 29.0 2.4
T 333 365.3 400.6 325 35.3

P AR WS 22 SP 2 B (EVPI)% % AT 3930 A 404 b chi B o7

YHEREFTRATE Ll Fo 7T LR L Fd) - L d 0 EVPL &

ﬁﬂ¢m{w;ﬂm«(i%;wn’iméﬁai*l%wmﬁv’miﬁﬂﬁi“
7B Ee-m SP & EEV 2 & (VSS)~ F - TR VSS AR blREpE £ R )

(l $95% 19.3) 0 A § WALR [ RSP - EAR REL BT A PR
L1 B HAR IS 0 Bt BIAEY > VSS BldEF T35 30 A4 b e Sl E R
L HLACEOPEE o O MRS B MR E -

BE o™ op AR EAR L o REEARY] ml% B

B enBf % o
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43 SFE BN HRE
WA A2 ) Eang ko ARG - T B VAT E - 2R L iR & R
g RALRECR S REERE ¢ g B & > T AP TR -FEZ DY
fF'BfF"’P\ FIERFET RESGiTmfE N2 L2 A b BEFNTZAEL R
- AEAENEIRFBMRET o NS N RN S oA R R E
Gurobi ff2 »#7 3 2_ 5% (Stochastic Programming, SP):& (i & ; $ = &5 # * 457 3
2_;% % (Tabu Search with Lagrangian Relaxation, TSLR):£ {718 & o &5 & % 4o 7] 2

4 .
o BIAEL R SRR
S % Gurobi (Optimal) TSLR
T LT . Tgf’# LS S Tg;%
B Rk B T ok PR e
(#7) ()
1 356.4 2.1 190.7 316.7 12.0 2.1 191.9 317.9 6.0
2 313.4 2.1 143.4 269.4 16.0 2.1 152.5 278.5 7.0
3 363.5 2.2 172.3 301.3 12.0 2.1 179.3 302.3 7.0
4 486.9 4.2 118.1 370.1 23.0 4.1 141.4 387.4 7.0
5 372.3 2.1 195.2 318.2 12.0 2.1 192.5 318.5 8.0
6 265.7 1.2 140.2 209.2 12.0 1.1 156.3 219.3 5.0
7 343.9 2.1 173.2 296.2 22.0 2.1 182.1 308.1 7.0
8 285.1 2.1 124.5 250.5 12.0 1.0 194.0 254.0 5.0
9 360.6 2.1 175.4 301.4 11.0 2.0 182.4 302.4 6.0
10 278.2 1.2 173.8 245.8 13.0 1.0 187.7 247.7 6.0
I35 342.6 2.1 160.7 287.9 14.5 2.0 176.0 293.6 6.4
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Lo B S HR R B R
L o Gurobi (Optimal) TSLR
Pl == B BB
R sw wpr uxm . Tgf’# LIS S Tg;%
B ek R T Rhk R e
() ()
1 413.5 1.1 311.0 377.0 45.0 1.1 314.1 377.1 11.0
2 351.2 2.1 200.8 323.8 50.0 1.1 271.6 334.6 10.0
3 503.9 2.1 314.7 437.7 47.0 2.0 321.9 441.9 9.0
4 326.8 2.1 155.8 278.8 43.0 1.0 230.4 290.4 9.0
5 631.0 4.1 247.6 490.6 46.0 2.0 403.8 523.8 9.0
6 585.7 5.2 126.3 435.3 49.0 5.1 186.5 492.5 10.0
7 444.3 2.1 169.6 295.6 45.0 2.0 185.1 305.1 9.0
8 510.8 3.1 233.0 416.0 48.0 2.0 330.2 450.2 9.0
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2 349.0 2.0 203.7 324.3 181.0 1.0 273.1 334.1 28.0
3 501.8 2.0 312.5 431.1 129.0 1.0 390.6 450.6 24.0
4 319.9 2.0 149.4 269.0 122.0 1.0 221.9 281.9 19.0
5 627.3 4.0 2439 485.5 133.0 4.0 248.2 488.2 25.0
6 578.1 5.0 125.5 426.1 141.0 4.0 184.5 426.5 28.0
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8 502.9 3.0 236.9 415.5 231.0 1.2 405.2 474.2 26.0
9 413.8 2.0 253.0 371.6 129.0 1.0 316.2 378.2 22.0
10 309.2 1.0 209.4 269.0 117.0 1.0 211.2 271.2 22.0
I 15 4447 2.4 220.6 364.7 145.3 1.7 273.6 377.2 24.4
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