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A Solution to a Integer Programming Problem using Parameter Tuning (2)

— Computational Experience with Gurobi Optimizer

Norio WATANABE (School of Business Administration, Senshu University)

This paper considers a multi-stage, multi-product production, inventory and transportation
system and presents a mathematical programming model of a pull type ordering system based on
the concept of kanban system. When we apply a mathematical programming approach to ordering
systems, the problem to be solved is to reduce the computational time because the model includes
many integral variables. In order to tackle the problem, this paper presents a solution using a
mathematical programming software (Gurobi Optimizer) with a parallel MIP (Mixed Integer Pro-
gramming) solver and a tuning tool for the parameters. The aim of this paper is two-fold. One is
to illustrate parameter tuning and the other is to verify the effectiveness of the tuning tool, through
numerical examples of the model applied to an automobile parts manufacturer.
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E1RSEE (1)

Gurobi 5.5 Gurobi 5.5
=20 H 7=20 H
W E Fa—=v T
) DR
Time 0% 0
s/ — K - -
SFAMRE K fid 575 575
& B OERIR 5 H 50H
Time 358 7
R — 28,594 173
ST RA K fid 565 565
IHE R
Time 61 8
) — R 41,000 225
SR £ 565 565
HosE B 2 Fe AR 2
BREET BRRET

DORIHFEET 2 ORI S AL, seed #1 DFHETIL 6142 F°T, seed #2 DEMATIL 56.42 F) T
BIEANFE LFITEDE T Lze 2L T, ZOFER THHEOFEETH L 5892 % HiEfs LT
Fa—Z Y DG E NIz SARIOFHHETIZ 203 HFH D37 A — & AT TR % L Tv272 3123.88
BT, FECFoa—= Y ZOFEFTEFT B -7,

Fa—= T aEI L7z 3,123.88 VI ST, grbtune 22 HIRBZICFIOREN-0 71, UTFoEBY) T
Hbo

Tested 203 parameter sets in 3123.88s
Baseline parameter set : runtime 58.92s
Improved parameter set 1 (runtime 8.32s) :
MIPFocus 2
VarBranch 0
Improved parameter set 2 (runtime 8.815s) :
MIPFocus 2

Z ZC/%F A — % MIPFocus |3FEHIRZE OMFE T, FITUREMZ 5L L 2B EL ), D
WIIEREFANDENE (FEMEOMEE) 2B SR L0 %205 D TH D, MIPFocus D% 2
(Default Value) 1% 0 THFHD/INT ¥ A% & o RBHEIEEZ IR LTV 525, SROF 2—=2 7Tl
COfE%E 2, OF ) REEORIE L B S5 AN TEEIRRREZIT) 2 EAREL RO 5 2 & HYH
L7222 b, B/ A — % VaBranch 1%, DTHZHOEIRTHEZEZDODDLLDTH b,
VarBranch O WA EE L -1 TY WN—DHERKET 50 FROF 2 —= 0 732 0H%Z 0, 2% D
FTA N (pseudo-cost) (ZFEDVZHEEFT) S L ACKIER DD Z L EZRLT0DY,

HITRENTVETF -V 7HEOF LI, /89 X —% MIPFocus # 2 & LT, »57-0T
Gurobi Optimizer & FAT L T O NZEIHEFERZR L TWh, £ TREINTWDL L)L, Fa—=v
TRERED AR S0 Tdh 5o

(1) FEEANOFEIZOWTIE, F2—= v 7B, WIIRE & X, 15 OFMEEE 7L 358)
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E 1165 LT AR, — FH (173 & 28,594) TEM LTV 5,
(2) FEEHEAITVROBEREETT5I L1220V TIE, Fa—= v 7B, s L I 1/7
DU oM @F & 618) & 1182 LT/ — R (225 & 41,000) TEH L TV 5,

WIZ T=30 HOWEOFMEFHEOFREZFE 2 IR, EORAFIIE1ILFALTH S,

T=30 HOWa, BUIE, WEHRD YV VN—=TH 5 EVbIL T b Gurobi Optimizer % FiV> T & AR E
T, FIEZZET AT Lk o7z, FHR2TRENTVEF 2 -V JHOFHE LI,
7=20 HOBE, Fa—=r 7 THE ENL72/8F A — 4% MIPFocus & 2 & L "C, Gurobi Optimizer %
FATL TR ONIERERREZ R L T,

F2TORENTVD L)L, T=30 HOBAEIZB VT, Fa—= v 7O FHMEIHL 2 TH %,
(1) WEHANOFREIZOWTE, Fa—= 27 kid, MIRCE & X, 137 U ORI (282

e 1,0588) L 1132 LLF 04 , — L (2,690 & 357,071) TiER L TV 5%,

(2) FEHER T WROBEREZT 52 EI2OWTIE, SHERER 2058 7, ERL ./ — F 1,411,209
ORI TER L TWA T 2 —= U ZHOFEICH LT, W ECIERIERM o ERTH 5
3600 75 DR CREHIEZ 1T ) Z EBHKTEEIFTHED Lo Tnd, HBIOKRT
DA — FHIZ 2,397,539 12EL T\ b,

FiEo X512, SROBEFEICLE > TFa—= 0 7Y — VOEREZMEET A 2 L S #7278,
e BN TWA T & B AL 72,

F2TRENTVD L2, MIIREICBOWTIE, REOEHEN 1,058 THEOLSNTWALD, T
=30 HOWBAIZB W T, ETRMO LE% 18,000 7 & L T gibtune % FAT L THAzo T FE Tibx
TE&2X912, T A= OEARE T2 RIOFTENE/EINDLDS, seed#l DETE, seed#2 DFT
L b1z, FEEEEMD 10% Th 5 1,800 B TIEETHIZSE TSRS, LIRMEE TIRMEE OF v v 7 (gap)
MEBIZ0.18% TEHERIT B SNz FLTC, ZOFy vy 7Ol 0.18% # HiEfiL L CF 2 —=>
TG ENT2e TOF 22— TORERTH LD, 6FBD/XNT A= OMAETTEEZ LT\
DT, FATOEBMETH 5 18,000 B & 72 ) E AT bW S sz,

Fa—= 2 7%k L7z 18,000.05 FUIF T, gbtune 2 SIIZICFER SN0 71, PTo LB

THhhbo

2 EERE

Gurobi 5.5 Gurobi 5.5
7=30 H =30 H
IR Fa—=v T
T DFEHY R
Time 3F 19 %
) — R - -
GRSk 3,000 1,595
i L DR 18 [0 H 10 [EH
Time 1,058 282 #
R — K 357,071 2,690
ST B i 560 560
A
Time 3,600 7 2,058 #
B — 8 2,397,539 1,411,209
ST BA e fie 560 560
"oz S A o
FHEITHUIY BRET
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Tested 6 parameter sets in 18000.05s
Baseline parameter set : MIP gap 0.18%

Unable to improve on baseline parameter set.

DF D, 18,000 WD F 2 — = FIEHATIZ, FIMEE (baseline) & 1 & SKAFMEREICEILIZ &HIT
ENDLINT A—F OMETEEEL ZENTETCHR, o TR2TRLZLIIZ, T=30 HOWE
IZBWThH, T=20 HOWBEDT 2 — = 7 THR L Ei7z/73F X — % MIPFocus D%ENH 2 & FV 72
AR EFET L AT

Gurobi Optimizer & FI\2 T & /87 X — & OWIIREE TIL, HoBE~EE L7k, Stz 217V EtsE
ST &L ENHELVHBEORMEZ TV L) L ENIH DA, 20134EKE) ) —AD
W7o —= a3 VIBW O CERL 72T 2 —= v 7 — VORI UGEDO S H 2 b D L %
ZHNb, Pz, (1) 1 AEOF 2 —=r FETRM T Z—FARETE 585, 2) 2o 1 [
DFEFTHEER OML,  HFZER O FR OB IER OB A&, 5 13K LEHE S A A E FRE TR
A 2E:0%E, BHFHHEZIT) DEPELEOF 12— =V TOFEFTZDO L OIZERT L4 Of%
ERITIZENTEDLA VI — T2 =AD& TH D,

RELTH S L UHFT BIEEEKE

PEZE, 2 F DEITEIAM O UDICHIRT 28 0 TRO i SBIZOWTOMMEERREL L O
G EWFEREIZKROB) THbH, ZBINLDMHEIE, F1OF2—= 2 FTHOFHEIZBWTE
LN TWAIETH 5,

U =31,U% =26, U = 3; Vi =26,y =21, pl®) =3,
Ui =27, 02 =32, U = 11; y2) =26,y = 21,12 =8,
Ul =34, 0% = 26,03 = 10; v =26, 1% = 26,7 =3,
Ut =26,U = 21,0, = 3; Vet =26,1," = 21,1 = 3;
U =26,U0" =21,0," = 3; v =261 = 21,1 =3.

COfE, R RS L UMHEIC X - T, RELZETIVORHMEBTH 5 K TIZBIT 247
AR KIED G2 DD FlomR ) MEREIRTTIE, S OMFTEFERAKED b LIEH SN,

5. F & ®

KT, BEHEHEREICERL SN 25 o0k ) BIAERR AR OBHETHE T V2R E LT,
A, RO VN—TdH 5 &\ bt T % Gurobi Optimizer (272 ICEHE SN F 2 —= 0 7Y —
WORERBIZ OV TIRR, T g FIVTIT o 72 BEEBROMG R % 8 L TR L R & i8R 7z AT
ERIFEREIZ DO W T DO REBHIET 217> TR WS, FHE O DR, O L T & T 5 FICO Xpress
EH, BEHUR A R B 2 L 12D TId Gurobi Optimizer O SKIFED M S IZ# 72 2DV IV N—%
WhHZETEHEODREERE > T L ) REGBEOME, #1213, HRL OV OAREGTI I
B L 7oA R G & L7 B FERRAT I BE & 7 o 720 BARIIZIE, T=20 HB LN T=30 H& L725HR
*EML, SHOBMERHEICL > T, ARORQLWTHo/oF 12— =V FIRFEEO A A BGET 5 2
LRIz, EDO—HT, T=30 HE L72FHEIZB T, Gurobi Optimizer # W 7285128\ TH
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%L OFVERDSLETH Y, F/2F 22— FEREBICOWTOEEORMAE 2 S b 2 LI
L7z

BHETIRIC L 2T Y 7I2BWT, VIWN—HRICBIT 2 KFEREOM LIZb EAAEETH
B, ARTRLIZF 2—= 7Y — VOl b &, FERRIS L CEY 268727 7a—F
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il 3

AR 24 4EFEHAS K EIFZEBIRG - WSS - WFZEaiiE (5o by — v 2 H v 72 BT R RE
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