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Abstract

The production mode adopted by the military equipment manufacturing industry of
China can be described as multiple products and varying batches in mixed production lines,
combined with research. Such a peculiar production mode results in large amounts of
shared production lines, which incurs frequent intercell moves for parts among various
production lines or workshops. For the 3" generation of the main battle tanks of China,
more than 50% parts need to visit more than one workshop, and among all the tardy parts,
more than 75% are caused by inefficient intercell cooperation.

However, in contrast to other mechanical manufacturing industries in which
production arrangement softwares, i.e. production planning and scheduling softwares, have
been widely used, in the military equipment manufacturing enterprises, the usage of such
softwares is still very few. The main reason lies in that, those common production
arrangement softwares are designed to solve the internal problems of a single workshop and
cannot deal with the peculiar intercell scheduling problems arisen from the military
equipment manufacturing industry. Therefore, our goal is to design and develop an
intelligent production arrangement software especially for the intercell scheduling problems
to meet the requirements of our military equipment manufacturing industry.

The most important and difficult part of this work is to design the intercell scheduling
algorithm. With respect to the current researches, meta-heuristics are usually adopted to
solve the intercell scheduling problems, which are suitable only for small dimension
problems. However, hundreds of machines and thousands of parts are often involved in
some complicated military equipments, which makes the computational efficiency the
bottleneck of applying the related scheduling algorithms.

Therefore, in order to obtain computation efficiency and optimization performance
simultaneously, we design a novel intrercell scheduling algorithm based on hyper-heuristics,
using meta-heuristic to search appropriate heuristic rules, and then using the obtained
combinatorial rules to schedule parts and machines. Moreover, due to the limitation of
hyper-heuristics that the set of the heuristic rules have to be determined in advance, we
extend our algorithm into three stages. In the first stage, genetic programming is introduced
to generate the set of the heuristic rules; in the second stage, genetic algorithm is adopted to
search appropriate rules from the generated set; and finally, the obtained combinatorial
rules are used to schedule parts and machines.

Computational results show that, for large dimension problems with thousands of parts,
it spends only 3 to 15 minutes for our algorithm to schedule all the operations and machines,
and compared with the current researches, the ratio of tardy parts is decreased more than
10%, the mean tardiness is decreased more than 60%, and the ratio of the tardy parts is
decreased more than 30%.

After conquering the most important bottleneck of the intercell scheduling algorithm,
we develop the intelligent production arrangement software using J2EE. This software has
implemented the following functions that others did not achieve, (i) production plans and
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batching plans under the circumstances of frequent intercell moves, and (ii) schedule
thousands of parts with intercell moves, and predict the bottleneck to achieve logistics
balance. In addition, other useful functions such as machine management and calendar
management are also implemented in this software.

This software has been applied to the production management of two large equipment
manufacturing enterprises, and has a good application prospect in the production
management of military vehicles, aircrafts, and marine equipments, etc.

Key words: military equipment manufacturing industry; production planning and
scheduling; production arrangement software; hyper-heuristics
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Z J(k+l)t_ZtSJkt+pjk+ZYka i o Visand k =1.--K -1 (2.12)

T T
xjkbztsjkt = Xj'kbztsj'kt J# 1,70, =L Vj,k,b (2.13)
t t

11
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T M
Ci =D 1S+ P+ XY imSti . ViK (2.14)
t m=1

YR BRI B2

2R (25) RRTANEH—X R H R —adlaE BmT.

LI (2.6) FRRBALERACIERY B e HE ik ca B R —A.

LR (2.7 RORBAAERE Y BB A AL B

AH (2.8) FoRFMHIIN LA T & MBI A],

2P (2.9) FRBSHWLEF AL GeAL B — A Z A

IR (2,100 FoRHEIRK/INAS R I AL FATL ) BE 52 25 5

I (2.11) RN FAFAEREAH B SERR 0 LA [A] B T4 5T B B i) e 28 AL
STFEBCTFE, REEAAE, Xt T E TR, S2brin T A A 24 pe A — ek 1%
PFR) B N T T

ZUPR (2.12) RN S HTBY BRI T 58 U A RETT 4R T B Berdhn T

2P (2.13) R HAREEIT B, 8T IR — R B A H A A [F 0 TR

290 (2.14) FoRFAFI 58 TS TRIANBLT-FL T TS [B] A0 Ak R 18] 2 AT

2.3 BRARRBERE

FEAE AT, BRAT (0 R VR T 40 AW, 43 B T 1 T i
T ) L% M2 (H T A S ok, XESEEANREE N . HEAET, AFET
R H A, RN TR AR AR ks . R U, TR A R I A R
FRURANHE P> 1- el @ . AHRSLRC, B8 S R N LS AN A [ I 4 2R A i 1 S R 2
R ARt 7 — M E KA R LH L (Heuristic-Search Genetic Algorithm,
HSGA) , 8353 Brdm s AL 28 A0 22 A% [m] I 48 22 15 R SR, P4 FH 8 & U A
WM. ANFETgGE TR RKAEE, RERRE R R N, /-4
JEfRAS A, PRI EA RAFTHRRGER, B A T ok Al ) RIS 1 52 1) A
2.3.1 wlBER

fE HSGA o, PetfAFIRTT RS T =B, MEREER, Hlas B4,
I3 R RLAR YR 10 R, HE T A AL T R RS 2 B B S R R — A B
B Fon M REAMUBR TS 58 BIABE S R0, T %

12
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M TH 2 R A 22 CRRIR TR D FONLEE CHEF 7 AL 7 10 8D 19, WA
M B X 2R RGN MR —AB B, (HEMATRA % BT 5(E
B WNLAR AR, 0 T R AR b X AR AR AR SR . R, B AR
A, BA%HMBEN AT, ARG CERAE. Wik, %&2M%ERK
R, [FERCOFAMPLE BRI, A R E, 5 AR A In) RS A )RR AE
FTE L4 R RE o
7E HSGA, (i MINAEH 5 MEIRMUN, 11 HeFp B AN 3 AN ARG . X F
FEHEAL ML E AL Sk CRPRED , ZAR IIAS TR, B 18], 5 I 18] 40 51 e
G B B R B NS BRI, BN RO (R B/ BIA B [R) JE « 5 2R,
AR N I TR], AR A I TR), RN TR TRDRAS 4 il PR A2 At ok o BT A
P f RN IR A], e KA ™ A IS TR, i R S o s T o KA L T €
(1) fBEEFRIRFIN 1T R
First Available (FA): 14k 48R 2 5 5 7] H IR HLAS o
Least Utilization (LU): ZAF#Fa Ik 2 H F 22 B AR AL A
Most Available (MA): /8RR 2 S X A E i D I HLAS -
Shortest Processing Time (SPT): Z{4:- 4% 48 UK 22 00 1212 Z 44 i [8) B¢ A I AL 2%
® Earliest Finish Time (EFT): A48 UK 28 & 5 0] H B 8] 55 00 A% AR [E] 1)
SR A AL

O EEHEE N T B, Hob o & R A Yang 25 NIOUE SCRIRn, %3 49 i
TPANHER KL, - B weighted shortest processing time #1 weighted earliest due date, 4t
i/ ME TWT Bz,

® Firstin first out (FIFO): & i R B ML A% I SE A

® Time in Shop (TIS): ILIFAE RGEIE B I (Rl S K 54k . RG0S B I [A] tis, 7T 4%
A (215 HHH.

tis, =t —r, (2.15)

Hrr, r, RoRsLAke ) 2IIA R |

® Shortest Processing Time (SPT): %5 E A5 f J8 0 T A 18] fR) SE4A

® Shortest Remaining Processing Time (SRPT): &4 H A fi A 78 43 0 T[] f S
(NS

13
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® Largest Estimated Flow Time (LEFT): %4 B4 f A AL I AR N A] () sk . sk
i e TERT B Kk B4 S AR I 1] eft, T4 A0 (2.16) THEL
eft, =t —at,,, +rpt, (2.16)
Hrr,  aty, R sSLikeERT Bk AL A8 m RN ] .
® Smallest Processing Time Ratio (SPTR): &8 EAG fe /NN LI ] B 2y s
SR e TEBT B k BOMLES m I LA 3R ptr,, AT AR (2.17) 115,

ptr :tpﬂ (2.17)

ekm
¢l

HA, Py R ERefERT Bk I HLAS M L B0 T [A] .

Earliest Due Date (EDD): &+ B A f 542 0 R sk,

Minimum Slack (MS): &+ A &/ Magh sk,

Critical Ratio (CR): #&#e B A fr /N CBEE 15214 .

Weighted Shortest Processing Time (WSPT): &% ELA &/ NinAUin i ] frty 2

1$0
® \Weighted Earliest Due Date (WEDD): %% A 5t/ NI 523 ) sz 44

(3) G H RN G FrR

® First In First Out (FIFO): it IX Ak fak s 2IHE 7 5 4t .

® Shortest Processing Time (SPT): £5 i [X Z 4444 in LA (8] F+ PP HEFP e 4L fit

® Earliest Due Date (EDD): Zz i [IX T4 4% 52 B AT Al Ja 4H 4tk

NT TR RS, HH—ABAETF. TR 2.0 FRESEs], —AnTERI g
ARG N 2.1 s . FERA B G, BRI FBUE R R i A Z IR
M. i, IXBYEAAREE 2 A SRR EUE R 3, WIERARXTES 2 NFAER A LU 1 T
PRI o BLAR B G A RO B e AR T [RI BRI . 5 ZE VLA, B HOMLAONS B
HEFP U, A FEATLASE AT HE R R 8 A R .

D T e— WlasB «—P AL ¢

4 3 3 8 2 6 7 9 2 3

MA | LU | EDD| SPT | CR | SL | SPT | TIS | EDD| SPT

K 2.1 etk —AnraEg s il

14
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2.3.2 fRIEHR
ANTTHEANBIRERS T E U SFATHRIR S AN SR Sk
(1 FfFHRIR
NTAETHIBIRIRE Y, & AT IRE 4.
SEX 1 B2t AT RIR B APS, XN & — T H A — N R R LS
(L) O RARNEM T —ELRF, WF k=1, Bl O &M jmEE Ly, N
T j BT APS;;
(2) W Ojpq BFE T, k=2, 3, «ooe Ko AR JE T APS.
ik p(i)Em APS IS | NZEAE, AssigmentRule; onZAE | IFRIRMIN . F4EH5
IRI B R A ER AR
FHRIRE KRXEZE (PAHA)
Step 1. 4 t %G ¥ FHFIAEE RAMWIE Ly L, 2i=1, BH APS;
Step 2. H i KT APS FT& EM4E, NH: Step6;
Step 3. XTFHrE AN p(i)H el LA, #34E AssigmentRule; 1EFE & AL AL m*;
Step 4. 1 p(i)/rBLE m*;
Step5. i=i+1, % Step2;
Step 6. B APS, AT, Hikgh
(2) Hilk
NTAETRRARE T, & UEiEFIHE.
EX 2 OIS PAHA $RIRKIZHE G & O RIEE 4L CPSy -
4 BatchFormationRule, % 7~ L # m Y 20 Ik #L W), pos(j) & =~ R #5
BatchFormationRuley, HE/7 J5 CPSy ISR j AN AL S R AG VLB T
At KAHE (BFHA)
Step 1. EibkEES BU AT, BU =, ¥ CPSy;
Step 2. 4 BatchFormationRuley, X1 J& T- CPSy HIZE 4 HEF ;
Step 3. fKIKM CPSy i FEA I CM , AN EAFH R — MK b,
b={j| j eCPS, and pos(j)<CM,,},BU =BU u{pb},CPS, =CPS, —{j| j eb};
Step 4. IHCPS =@, #% Step3;
Step 5. JEZHLAT m LEMIX, HEHAE A RGKE m; HIELS R
(3) ST

R

15
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N TETRER SLARHE T 5L, 8 TR B SRR .

SEX 3 HECARYE PAHA B0 BFHA S ECEINLAS m (ISR E O mT i s pk 4k
SESy-

4 SequencingRulen, KL m HEFAUN, e FRIRFrAbBE B AT B2 S A . SEAk
Her R A SRR 4

SR B RAHEE (ESHA)

Step 1. FEHSES,;

Step 2.  XFHTAJET SES, [H5L1Ak e, M4 SequencingRule, %55 4 1) 524k

e*;
Step 3. AL#E m HRESLAE ex;
Step 4. SES, =SES, —{e*}, FHMHLEE m MIZZP X MIBR e*; Sikss
(4) Lt fhfpng

KA HSGA 2482 8 K AN A2 R FEfR, DR 7R vt — A B B A AR
#+ (Discrete Event Simulator, DES) fi#th54u oA b it 3 & A, SR )5 R HIX B8 )5 %
AHUAE B A, AT ERTS AR s BUE . MRS B IR AN T

FRRG S

Step 1. Z¥Wa61k, & DES 4t =0;

Step 2. X T4 E MG ORI R 3B 3 mlEHE P S 40 B 2 % LA, 8k

U Fe 25 20, AR 23 BE 28 - AR B AL ;

Step 3. WIHRrEFHECTE T, ¥ Stepl0;

Step 4. X THR—PAIBCEAF |, 1217 PAHA;

Step 5. GIRALEE m BN H m ZHLAEEEL, WEE Step6s B, mZETHHL, N

¥ Step7;

Step 6. iz1T BFHA;

Step 7. AR¥ ESHA i JE — AN Szik;

Step 8. TSR IZ SR BE T BUFF T A], 58 TR TR AIGE R Fin T AL 88

Step 9. t=t+1, ¥% Step3;

Step 10. F| A Step8 HidxfEE, WA (2.3 MARK (2.4) tHEMBIH H

PREREUE . IR,
2.3.3 BIFHTF

16
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&N R BRIV — DR EAR KR, SN AR, gk . ASOR
MR (2.18) 5 &ML R 4L

fit (i) = (2.18)

obj(i) +1

Horbr, obj(i) N i Ak Y RSN IR FE AR I H bR ek BUE -
FRATTR (R 50 AL I 7 v 2 22 Rl LA B 55 7 o S P )2 (0 — A P2 e 4k e
PR I B AR fit(i), WU SR IR BEIMERE prob(i) T2 A (2.19) 15
fit (i)

n

> fit (i) (219

prob(i) =

BATRHAM A XFE o El 2 EZXMENGI T, X4 Hrmagge
i, SeBENLIRE AU AR ML E posl A1 pos2, 4R S5 B IX Sk Gtk i T
posl Al pos2 Z[BI[FIFER B . B S it R H B s AR i, RV B 4 i Ak 1) 3k v o7 2L TR B
ML e A E IR 5] 5 .

T A ST B ARG = BOANES SR i, [RGB it = B gs th R i 4T
R BE, XR=B GRSt — AN SO RN R

2.4 ETRERENZSCERE

(g

E—/ N T HSGA Wit {BJE HSGA BTk RE 2 J& R T 2 st i
8, HAUWEE R Bk = fcdl, DI, A B ERIHUA NI LIRS HSGA [If#
VERE. ALGRITT e, R SIS RTR ANy i 8 A R, P Bk s2 ) 4
R R M AT 2, Wb AN R4, B BIBETE H s 2 P REZEOR A R e A
e EAEREHTHRERENANLS SN0, FHEZEIR MR
FEA R R I I 75 o 8% g AR L X 75 3K

WAL L AL — RN EVD A RE 15 B R IR A B Sh A A sRIE #E TH LR 77 ok 58
JRH P RE SRS MR . A gmfeiE T B sl A m ks, JRINET

(1) IR B E A . XTSRRI SE PR AL, BATTHE LAl T 85 B 5E 7E
ENGE-EANINEE A= iR

(2) PAEFHATHRIEGE A . B RNEE R NANK, BB B
ﬁ?i;

17
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THI 171 2 2% 24t b ) B RE A AL HE 7= B p

(3) % oy IS (10 N A2 B v A UL AR S 5 50— I 38 14 5K e B L AT iR

HA TR HSGA 7 J N =B Br,  BIFEJEOR (2R Fiz Y GP 742 R W4,
XA FHE GA FEA RTINS ik B Al AR, A e N P R 2 K gk i 2 1)
Ale AN A IE . GP A NI .
2.4.1 GP RIE

NTETRIR, EAEREIELT, EHARE GP MNFEAIBLRH GP ™
A1) JE R R

AW B A2 A A& 1 R o 5 & 2O 2 —Fh SR TR S BE 1 A
X AR &S TG gt AR s, BRULAh, FRATHT Bt 8 4% g i S0k IE H
BT IS

(1) FEW) GP AP v B &kt i, — B2 TS GP JUN|, FH T 7EZR i S
ISR PRI TRIAE 8 5 L R e A 4

(DFEAN=E GP MNE R R AN, HATERZHIALSYE, FHHET
R A WU B A N el R RS M I 8] 8

(3) GP MU AT 2% 5 e s BIBAT 1A R B Byl 26 = 3 B A R G

GP BEI MR AR AT LI 2.2,

wIUEAL
N Ja & 2
Br—A—> Fi
v
BIEEH A PR R R O
R A |
4 v
KEA H LK
WRIEE R | o E i &
A fe B =T S AR .
BIIE P AR e

K 2.2 GP HyE)i R

Bt GP FEAA LA THE D T 258 il

18
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(1) FBRFTE;
(2) Ui GEENMM T4 SES) , —RERmEE. MR THA;
(3) R GEIEWIHEMT45 S
(4) J&RLEERIVEN 7 2
(5) HiLigir 3%
SO BT 0 BRI A AT B2 ) B S
242 REFR

TR TJT B RVE R £ AT B AT BCE VLA A FE B & E S S R R
(Composite Heuristic Rule) , Bl GP . FRATR HIBEM AR S5 R m— > Bk
(1) GP Ko AEVEM T AR AN &, XA SR E YRGB
I, AEM A S RORINE DB B 2.3 FoRmZ D GP Mg s,
H AT LR BRI BIANA], W RRFAFMALE, PT ZRTAMIN LA, DD R
TR G, W 2.3 BITEER AT SE it s oy A5l (2,200 .

W
PT + DD

K 2.3 )i R s RS LA R £ 7 £

+ AT (2.20)

243 B¥EE
(1) BEE

19



T [71) 2 1206 6 )3 L 6 B RE AR AL HE P R AT

E X T HEMFIRTTRIG, T BB 2 A0 8 SR VER ) it 45 s
et T 45 A WIRTPTIR, A RO IR 2 R R R I PR 2 e B Oy Bl N AR R, B
FAFRIEIS 18] AT FIZAF AL W S o M7~ 45 SO0 LR 2 5 R R0 ) pR . it A
[ A — AR EARIZ R AL, G DY A S B kR, — M R%L siny cos BY tan,
FELRME R 2L max. min B if 5%, ARYESUHFE KM E Lo I A A S R H AR
&, BAERIEE RN T — 2% A WPl PriBsEm, ARG IR T 5 & T3 )
B, BARERIFZIEMAR T S 08, B AR P % 192 1) R A0

ATE B R BEAE AN EAEARZERE, al ik (+) o ik G .
TRAPBRIE (D F3fed (%) o HBRECNER, 25IEEREIRE, Bk EmRE,
DR M AE U A BRIE N ORI BRI . TELRIPBRIES, MR BIBRECN Z 0, APAT R
AR, T EAERE 1
(2) ¥k

£ GP 1, Uiy s AR B (R RAEVEM I T4 i, — O R, LR ECE A )
AR oy o AEAR SO FEI R 2 1) @ b, o fUER MG 2 R 5 T AR B WL A AH ORI 8
Mo RONERATHI RN RHEE . $8IR. ARE=AF A, eI 5 A0 Bl ek
2.2, K 2.3 K 2.4 iR

% 2.2 HTHE T 8 R i RUAR

iy ik
AT SR BT R G [E]
DD SR AL 52 3
B SEARPHHER TR AT & FAR 5N TS 2 /)
PT SEAAR R0 T ]
RT SEARBIA BT HLAS R T (]
oP SEARTE A TP AL
RPT SR AN T[]
W SEAAR RA E
# JI N[0, 10450 50 53 A5 1) 5
# 2.3 HTHRIRT A )y s 4R
s ik
L MLas 2 i X Z 4B
NIT BLAS IR — IR 25 PR B[]
PT MLAS I T 2 (e [
# JIR MN[0, 11850 20 43 A (1) 5 1
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R 2.4 T2 a8 A o m AR

it it

DD FAF 1A B

PT FARAE A HTHLER 0 T T
RT T HIRE R M T AL 38 IR I TR
W FHIAE

# JIKe MN[0, 11850 50 43 A (1) 5 1
(3) SHFR

FAT B 85 21 J8 AN GP k24T ECI20 i (— Ak Ttk i+
java R ) PR R . JESCHh BT I GP A S8k B sk 2.5 R,

#* 25 GP HEMSH B
S iR
FRFE RN 1024
T XM 90%
5 A 10%
HEAAREL 51
ERET BhrgE CR/ANA LD
WItE1k Ramped half-and-half (Fe/NEFE 2, T KIRFE 6)
X I KIRFE 17
Uiy s B W 2.2, £23 %24
PR AR +, - %,
& N fit(A) (W 2.4.475)

FREER/NEN 1024 {RIE T R8I Z . FEERIRIGGE A =5k, 4
PRAVREE (FulD) o BKIRREE (Grow) FT Koza®42 H 1) ramped-half-and-half. 15
TR BB ORIRE A H, IR AXS T Full WG T7iE, A 7m0 B A A R] AR
% H; XHF Grow #IiG4b 751k, T AR E AL H;  Ramped-half-and-half /2 7
BHGEA, MR R AMA R Full BG4, 55— IAMELE A Grow BTG, X
& RNANVE & Full 182 Grow M7, #RCIECRUEEWI LG A I I s Sl — AN 2
ZREG CRARR TR NREE) R . BT E RN T ] 2.4 191G
EROIEER, ARSI RIS T 2 AORT = 1 S A B RAORAERES GP 47 s IR [alE
FFABEMER . Hik, EAREREEARNER T, KXHETFRERHE A2
WAT. TN TF, GP HIkMH T2 X2, @it T & 4 & WA ik b AR
7R A T —AREAME . ST RS T, GP Sk A 72, smithLik
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T [ % 3 2% Ik A B e AL A B

P ANMEREME RS A, SRS B DAZT SORTT SN TR B . XA A8
F& BB SEB an b 2.4 Bk .
AR A2

ERAM! T2

(a) WX

T

(b) FHAF S
K 2.4 GP B 128 R A8 S 1o 5]
NE RPN . X XEFHE LR IR =AM, 355218 150
BNIREZI W, PRI B RABRR AN 6, J4— N MEREERRESE 6, 1%
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MEK S ETE, BERAER-MEANME, BEEFERERS . & XETSHEER
BREEBR S 17, an S 52 S AR R M E R BB 17, ISR AR s X i
1E, DREFPIA SRR o S ORTEVEW IOVR B BR A GP Bi: 48 - 2 () 14 i 56 5 3t
AR GP AU, (H R R BE (R SN B o SN R (R R4 I R, i B S skl
(¥) GP MU TP KA Ao AT, B G = A A i . RIAR SO B N 17, 33
FAE RN 17 bR e 8715

2.4.4 BRI

N TP —A GP MU Rl B4 GP RIIPRE 22 SR I 2Rk v 1 i A7 =491,
I HAF 25 SEB 0 H bR BUE . BT GP SRARREAS S 1 H Ar ek BB ZREECR. (fFA4E
HER LR, MEULEZIRE i i Mz, Bl o5 Hbr e 8l
S5ZEEM %, VLR ZIE PR iZ AR R BUE LR AR . iz T #% A (2.21)
HAT.
obj(4, Ins;) — Ref (Ins;)

dev(4,Ins;) =
Ref (Ins;) (2.21)

e, obj(4, Ins,) R GP HLI A SRARS Ins, i) H xR Lf:  Ref (Ins;) &34 Ins,
1125 Hbr ek 2 H -
fEAN (220 BFERE L, BUOW AR SRS ERER W #2 A0 (2.22) 5.

ledev(/i, Ins;)
fit(1) =dev,, (1) =2+ ——— (2.22)

avg |

T BT R AL fit(A) VPN RAE ISR G BRSPS RIIMERE . FEASCH,  Ref (Ins)
(R 3 EL 5 2.3 17 HSGA FTsR 13 (R o
245 BEHEE

GP Sk B A SIEMIA T

JB REHN 7= A= 5E

fN: WZEE D ={Ins, Ins,,---Ins,}

Bt it GP N A

Step 1. FENLHIZEALANHEE P ={4,,---, A}

Step 2. A A*=null, fit(A*)=-+wo;
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Step 3. @k %igen=0;

Step 4. W% gen > MaxGeneration, #% Step10;

Step 5. XTHrfA A4 ePMiIns eD, FIHAKMIns,, IFiRHEL (2.2 1t
Hdev(A,, Ins,) ;

Step 6.  MR#EAX (2.22) TF5H fit(4);

Step 7. W fit(4) < fit(2*), WAx=2, fit(2%) = fit(1):

Step 8.  PATIEFHEE T TXNHTNERHEFEHRKMEEP, P=P;

Step 9. gen=gen+1;

Step 10. it A*. Bikdh

2.5 HSGA FUTERES R

M1 HAT#% A benchmark FJLME %, AT T 2 HA RIFUBLFIN A B (test
problem) SRIGUFF VLA M. 5 H LKA H Java &S LI HSGA, &7t Core
i7-2600 3.40GHz, 4G HA7f1 PC #L L.

2.5.1 EWEIt

T A BE 0 I A R 5N, FRATE Je et 1R N B R R, DAAE
A 561 R 5O BT LR . AR5 P FH B S0 o SRV g A7 B8

IRAEA R VLA BB E, Wit T 18 N FERUE IR i 8, A
TREFLAE 10 AN Cinstance) , A5 180 MAFEMFE ] 724 HAI S 405 B 10
% 2.6 vm. WA A 4% 3R 3 ZHBENL7 A4 10 MAFE R E G . A F AT 5
DOMST I BLSESS o 10 /NI H A R 5O R 38 A A b e i) 8 ) v R b . 2
PR B IE R (2.23) ®E:

K
d,=r, +d> p, (2.23)
k=1

Horr df RABHIET, Zrss i BkmeE, B 30 > py RREM |

FERT B k T AL e RS N RS E .
% 2.6 S ERZHER

CRUITESEe 2l i
BN B2 ~U[24]
bYA= CM, ~U [2,5]
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FH LMy, ~U [0,50]
TR w, ~U (0]

‘{&%Eﬂ‘ I‘lﬂ Stjkm "“U [10,35]
ALALEHL TP

‘{&%Eﬂ‘ I‘lﬂ Stjkm "“U [5,10]
BHLT

A T T [ P jkm ~U [1,30]

AN R A AR, e 2 A RO 10 B 95 REE, HLBSEAN 8 B 21 R4,
[N 3 3 7 A&, BEANIIAR ) BB jraMingSns B, 4511200 j3mAs5 7% 12 Ik 1] A
E—A 5 EEH 4 AN TERE 3 NEFM .

2.5.2 BRI

WAL R RRAR KA E EAK T 5 S W B, R HF ETFM A F S8 A
&, e RIERINSHA G . AXEEN HSGA ZHELH A, Al K
AN X AR AR A AL, FRt AT e R (full factor design) SE5,
BANZHAERA—HF (factor) , BFANEFHI7KF (treatment) @15 2.7 Fis .

# 2.7HSGA &3
Kl AR/ ps AE XM pe A2 MR pm HEAAEL gm

7K 6,12,24,48 0.05, 0.30, 0.60, 0.90 0.00, 0.02, 0.10,0.18 25, 50, 100

FEBASE K 95% K, U5 #5917 (ANalysis Of VAriance, ANOVA) I
ATt 192 MARFESE A 11 HSGA [IPERER DL, MIMH € R FIESHA 4.

5E X AR B (responsible variable, RV) & HSGA ) H b ef i A8 % T R v
HPPRIERE SR T E v b, Ak (2.24) Fiok:

i HSGA,, — Ref,
Ref,
18

x100

RV == (2.24)

Horf HSGA 2% n HAFIESHUN KRS | DEIK AR B8 Refi 2R i
AN H br e BUE RIS HE(E . € CEEMEE R bR S HOsc B 1 HSGA (ps=50.
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pc=0.8. pm=0.1. gm=500) ] H #5 ek Fuft . FEHEAE IIZREL T2 % Ruiz fl Maroto,
M (2.24) AIH1, W NAZ SN, HSGA fif itk BEBRAIL .

FE /MY Crax HFR T, ANOVA Xf 2t BRI SE5G 1) 70 A 45 SR ansk 2.8 fis . M3k 2.8
ATLAVEH, A R TEREED (PIE<0.05), i i FAE RN, Al RO
HSGA 5 i K 780 2 . 1o RSP E RN WK 2.5 fro, BEE ps. pm.
gm IR, HSGA R1FFEALHIAETERE, 1 HSGA f£ pc=0.6 I SRAF A B2 RE
FOREE /N pe (B2 SEURMERE TR R4h, WK 2.9 il 5 T4 4 ps*pc, ps*pm,
ps*gm, pm*gm [8] )28 EAE A TE, Rt 75 B4 b IR -7 18] 22 ELAE 6 HSGA
FEE RE R o B IR 758 AR ] 2.6 B AR Y535 2.8 1 FAE AT &K 14 & ps*pm

(F=67.27) XL RE R SE B K, BL ps*pm 9170 #r S50 i BUE . K15 pm (F=360.05)
8 ps (F=261.64) Xt Re A2 B8 K, R Jefie pm FI1E. MIE 2.5 7 %1 pm=0.18
N B mAOUIERE, 1T ps=48 I A RALAETERE. X 5K 2.6 R4 R — B . [FHE,
XFF ps*gm, ps*pc A1 gm=100, pc=0.6 i}, HSGA HXfFH L fdtEat. &5 LA EaaT,
PEf /MY Crax BAR T, A30K HSGA HIZEIUEE Jy: MHFE K/ ps=48, =2 AR
pc=0.6, Z&FHMEE pm=0.18, L% gm=100.

% 2.8 /MU Crax HAR T ANOVA %

Source Df Seq SS Adj SS Adj MS F P
ps 3 153.515 153.515 51.172 261.64 0.000
pc 3 2.980 2.980 0.993 5.08 0.002
pm 3 211.254 211.254 70.418 360.05 0.000
gm 2 45,784 45,784 22.892 117.05 0.000
ps*pc 9 4.870 4.870 0.541 2.77 0.005
ps*pm 9 118.403 118.403 13.156 67.27 0.000
ps*gm 6 25.303 25.303 4.217 21.56 0.000
pc*pm 9 1.555 1.555 0.173 0.88 0.542
pc*gm 6 1.228 1.228 0.205 1.05 0.398
pm*gm 6 22.952 22.952 3.825 19.56 0.000
W 135 26.403 26.403 0.196

it 191 614.246

S=0.442242 R-Sq=95.70% R-Sq (%) =93.92%
% 2.9 H/ME TWT HFR T ANOVA £

Source Df Seq SS Adj SS Adj MS F P
ps 3 9558.40 9558.40 3186.13 5825.42 0.000
pc 3 1179.42 1179.42 393.14 718.80 0.000

pm 3 672.25 672.25 224.08 409.71 0.000
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gm 2 321.26 321.26 160.63 293.69 0.000
ps*pc 9 19.86 19.86 2.21 4.04 0.000
ps*pm 9 145.01 145.01 16.11 29.46 0.000
ps*gm 6 45.94 45.94 7.66 14.00 0.000
pc*pm 9 128.05 128.05 14.23 26.01 0.000
pc*gm 6 2.99 2.99 0.50 0.91 0.490
pm*gm 6 58.09 58.09 9.68 17.70 0.000
RTE 135 73.84 73.84 0.55
&t 191 12205.11
$=0.739551 R-Sq=99.40% R-Sq (%) =99.14%
RV(makespan) 3 2 57 &
16 ps pc
151 t\\ \

RV

14

13+

0.05 0.30 0.60 0.90

gm

16

154

\

141

\

13+

25 50 100

K 2.5 fe/IME Cona AR NIRRT 2000
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RV(makespan) 3% H 1 F &

O'?O 0.92 0.:!.0 O.EI.B

16

14 1

12 1

16

14 1

12 1

RV

- 16
——o 4, . “‘_‘*\'_.
N — —a_ g _ = N N | —— 92";
gm S~ S e B
L, 100
— ':-I——l~- E‘.\w\_. pm
—8— 0.00
T A L N —\— 0.02
= N pm A—4 \ \ 0.10
A —A —& - 0.18
16
L'&_;._\\\‘ "Kﬂ pc
g s L1 —8— 0.05
= = —&— 030
0.60
12 —a - 0.90
——o o ‘TN___‘ =—t——a—4 ps
A - - \ o - 6
< ‘\ A_— X ps —i— 12
A 24
Y —A - 48
25 50 0.05 0.30 0.60 0.90
2.6 F/M Crax BAR FHIEFAZ HAEH
RV(TWT) % & &
ps pc
30 1
257 ‘\
20 T
151
6 12 24 48 0.05 0.30 0.60 0.90
pm gm
30
25 -
..\'0\ .'\
g DA
20 .
151
0.00 0.02 0.10 0.18 25 50 100

B 2.7 f/ME TWT Hbs R 32 205 K
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RV(TWN X HEH A A
000 002 0.10 018 6 12 24 48
gm
N 30 —8— 5
om e — N X L, |~ 50
= 100
[ ]
- 10
4 b\ pm
30 = AD —@— 0.00
N
= A s —B— 0.02
20 i S pm = S
D RN 0.10
104 —A - 018
pc
— L . k\-\ 30 | —@— 0.05
— — __. S ——
L~l‘.:"‘ Ay pe DO oo 0.30
N 0.60
2 |)l=A-0%
04 TT— \ '\‘\H ps
— — g . ~m_ . 6
- - . -— g —B— 12
20 il ps "
A A— A N
ol T — Ay 8

2.8 F/METWT HR T I 752 HAR
[FEE, fEH/METWT BER R, mixtsk 2.9, K 2.7 flE 2.8 1ERRIRI T, Be)a
1FHSHIBUE AT RN ps=48, A XHEF pc=0.9, ZRMA pm=0.18, LA
gm=100. FEXRARIRULIARTESL T, AR50 H RSEASHIER HSGA HEIA
SZHEE.
2.5.3 MHEEELESLE

Hie HSGA HikSHUs, WU RIEIIA BIEF T AR . ASCEMLLT
SANHHRAEEVENA S (D 52 ANHEEMUETHRRILE: (2 SRS
X R (3) 5 CPLEX Lt#.

(1) S5HEHN HE

FEFAT (AL A R, A SCHE R 1 165 R4l A MU, 23 BIEE 5/ ME Crax AR /N
& TWT (8 H b5 T 0GR A RN BT LS00 sl T sein 2 R, I HCr- ke
ALK 5 FRALA RN (AnE€ 2.10 fin) , SASCHEH HSGA Fikib i 5 bhses, s¢
sk RN 2.11 fFE 2.12 fizn. HSGA fEFTRD B AR~ 15 L2 A 00 ) 2L A T A0 f e ik
BEo TEH/IME Crax HFR T, HSGA BUALA I3 TE T 23.53%:; 1E&/METWT H
B F, HSGA #H A MMFEI3RTE T 55.98%. XF W] T FIH HSGA R AHHEF.
FE VRN L LRI 282 IR RO 250
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R 2.10 ANFEEE H AR Hox s i 4 A R

H/ME Crax w/ME TWT
HeFP U FRURFUN AR dqE HerP U FRURMUN ZHAEEN e
SPTR MA SPT SPMS SRPT SPT SPT SRSS
WSPT MA SPT WSMS  SPT SPT SPT SSS
MS MA EDD MME SPTR SPT SPT SPSS
SPT MA SPT SMS WSPT SPT SPT WSSS
MS MA FIFO MMF SRPT SPT EDD SRSE

* 2.11 H/ME Crax HA5 T HSGA 520 & FUN P RE HL R

MR HSGA  SPMS WSMS MME SMS MMF  AVG_GAP%

j10m8s3 377.32 50220  502.10 42050  495.20 424.00 24.24
j15m8s3 431.16 57740  581.90 52250  597.90 509.40 29.38
j20m11s3  430.64  630.80  649.70 529.20 629.30 528.90 37.84
j25m11s3 52398  698.60  674.60 597.00 683.60 598.40 24.13
j30m7s3 93354 118590 119150 1122.70  1183.90  1110.10 24.13
j35m7s3  1096.22 1370.30  1358.00 1251.60 1392.00 1238.70 20.61
j40m13s5 1075.18 1281.10 1293.80 1155.60 1276.70  1148.00 14.50
j45m13s5  1170.6  1333.00 1360.60 1273.30 1359.20  1268.60 12.67
j50m15s5  1253.86 172890 1786.70  1655.10 1765.70  1642.90 36.85
j55m15s5  1347.7 175240 1792.10 1717.10 177550  1745.60 30.34
j60m16s5  1136.94 149590 1492.30 1410.20 1463.90  1421.90 28.14
j65m16s5 12259 155220 1586.70  1394.70  1549.60  1401.10 22.10
j70m20s7  1293.78 1559.20 1622.30  1468.80  1541.10  1499.70 18.89
j75m20s7 13652 1706.30  1706.00 1879.00  1650.20  1935.80 30.05
j80m21s7  1902.6 222450 2226.30 1955.70  2250.80  1958.10 11.59
j85m21s7  2022.9  2295.40 233250 2190.10 2299.50  2188.60 11.78
joom21s7  2110.26 2664.80 2584.50 2597.10  2651.20  2600.10 24.13
jO5m21s7 222558 2747.00 2803.80 2644.60 2724.60  2668.10 22.11
SEHAE 1217.96 1516.99  1530.30 143249 1516.11  1438.22 23.53
#2.12 /M TWT HAR T HSGA 5416 i e be s

VIRRNETP HSGA SRSS SSS SPSS WSSS SRSE  AVG_GAP%
j10m8s3 0 0 0 1.259 2.638 0 -
j15m8s3 0 0.102 2.021 2.021 0 0 -
j20m11s3 0 0.425 0.425 0.74 0 0 -
j25m11s3 0 30.169 41.99 48.741 43.017 20.152 -
j30m7s3  636.2132  1413.603 1513.809 1441.691 1456.434  1256.42 122.63
j35m7s3 1328.803 2185.576 2325.664  2196.65 2470.435 2183.211 71.00
jA0m13s5  847.164  1468.471 1468.645 1499.465 2238.405 1575.993 94.79
j45m13s5  1842.959  2439.28  2404.363  2573.137  2796.57  2375.148 36.61
j50m15s5 2255434 4272223  4355.789  4695.691  4826.448  4595.268 101.69
j55m15s5  3294.652  4682.162 4661.971 5190.456 5854.681  5355.182 56.28
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j60m16s5  1820.739  2890.945 2952.328 3359.639 3333.276  3112.549 71.89
j65m16s5  2496.315 3329.604 3226.955 3537.037 3750.856  3348.792 37.75
j70m20s7  2760.782  3440.448 3475.803 4169.929 4004.391 3075.313 31.60
j75m20s7  3997.12  6535.316 6701.998 7698.292 7702.756  6885.486 77.75
j80m21s7 10801.1 12513.7  12356.01 12284.69 14866.03  14080.91 22.40
j85m21s7  14457.78 161334  16279.15 1599586 190346  18372.18 18.71
j90m21s7  15087.08 17775.28 17680.93  19268.6  20156.03  19044.72 24.51
j95m21s7  18528.34  19734.21 20010.27 22218.46 22705.28 22887.25 16.10
A 4453.03 5491.38 5525.45 5899.02 6402.33 6009.37 55.98

(2) AR5 75 2 H

AT HSGA Ikt 5 Yang 25 NMHi BRI GA #8141 BN ¥ 7 i3k
TR, RILSENEC N GALY. T Yang SE ANHISLEE H 45 H 0 e 2 s B P
KNA 24, KA ECOY 8, EWANSHI N T A B E, vtdd1ia
T RIS SRR A TE, RS HOM T A R BE GALY IR /N
KA. 75k, BT Yang S8 ARG T IHM R OGR4 1K, HRIE K
XHEAFRRIR R R AR5, AEXTLE S, GALY (4Lt A AR R 7] AL R A
SR R

GALY 2 TiZRoR e | Ak GettfAoxt B (R BEAR I B AR R AUEL, i R IE N 5 pR AL
Hog XA (2.25) Piok:

F :max{Ti}—T. (2.25)

Yang NN FE 5 T grhir gtk (ARG R R, &N R
HVERER DR AEAR, HIIRIE AR (2.18) X GAY A TekHk, ook /EmHEEaclE
GA_YI, SLIRZER R 2.13 M1 2.14 fiin. 5 GALY HIE N FEREHLL, ASCHE
NIFERREE GA_YI HIRMEMEREE I /IME Crax B AR FTIIIETH T 8.33%, fEf/Mb
TWT HER N TGET T 44.79%, RUIAS SCHYIE BB R A0 1 A Aot R 1) L. A
Crax M1 TWT BB AR T, HSGA T GA_YI, fEf/IMb Crax BFRR, “FIJIRFFT

2.63%, TM{EHm/METWT BAx~, “F#FA T 15.70%.
# 2.13 H/ME Crax HFR K HSGA 5 GAY, GA_YI Ky EL#R

e GA Yl 5 HSGA 5
R CAY  GAYIL  HSGA GA_Y [11 GAP% GA_YI ff] GAP%
j10m8s3 40437 38103  377.32 6.12 0.98
j15m8s3 48810 44807 43116 8.93 3.92
j20m11s3 48363 45697  430.64 5.84 6.11

j25m11s3 598.67 526.27 523.98 13.76 0.44
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j30m7s3 1000.37 950.23 933.54 5.28 1.79
j35m7s3 1161.47 1120.53 1096.22 3.65 2.22
j40m13s5 1158.37 1101.10 1075.18 5.20 2.41
j45m13s5 1270.90 1195.73 1170.60 6.29 2.15
j50m15s5 148580  1316.00  1253.86 12.90 4.96
j55m15s5 1582.20  1409.40  1347.70 12.26 4,58
j60m16s5 1274.97 1173.60 1136.94 8.64 3.22
j65m16s5 1391.00 127523  1225.90 9.08 4.02
j70m20s7 148190  1312.23  1293.78 12.93 1.43
j75m20s7 1577.30 139350  1365.20 13.19 2.07
j80m21s7 203450  1918.23  1902.60 6.06 0.82
j85m21s7 2183.80  2048.17  2022.90 6.62 1.25
j90m21s7 2307.90 215210  2110.26 7.24 1.98
j95m21s7 2428.13  2291.80 222558 5.95 2.98
FIIME 1350.74 124834  1217.96 8.33 2.63
% 2.14 &/METWT HH#5F HSGA 5 GAY, GA_YI fLL#
. GA Yl 5 HSGA 5
WK ) gt GA_Y GA_YI HSGA GAY 11 GAPY% GAYI ) GAPY%
j10m8s3 0 0 0 - -
j15m8s3 0 0 0 - -
j20m11s3 0 0 0 - -
j25m11s3 0 0 0 - -
j30m7s3 1166.37 833.86 636.21 39.88 31.07
j35m7s3 2081.01 1422.74 1328.80 46.27 7.07
j40m13s5 1790.06 1053.63 847.16 69.89 24.37
j45m13s5 3038.28 2077.50 1842.96 46.25 12.73
j50m15s5 4156.73 2953.87 2255.43 40.72 30.97
j55m15s5 5935.80 3821.84 3294.65 55.31 16.00
j60m16s5 3752.39 2100.06 1820.74 78.68 15.34
j65m16s5 4365.95 2946.77 2496.32 48.16 18.04
j70m20s7 5233.14 3230.44 2760.78 61.99 17.01
j75m20s7 7214.17 4727.10 3997.12 52.61 18.26
j80m21s7 13636.13  11645.46  10801.10 17.09 7.82
j85m21s7 18104.96  15032.33  14457.78 20.44 3.97
j90m21s7 20968.67  16028.82  15087.08 30.82 6.24
j95m21s7 2443944  20539.85  18528.34 18.99 10.86
S H1E 6437.95 4911.9 4453.03 44.79 15.70

(3) 5 CPLEX Wt #k
N T B IAE R R R, RN ES CPLEX 12.4 SRARAS ST n) fEUAS
B, PLIGAE HSGA HIVERE. CPLEX HJisATHS A LFRA 6 /NEF . s2i6as gk 2.15 Fr
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No KT FATCI) 18 MNMAR ) 7, 7Ef/ME Cmax HFR N, HSGA Lk CPLEX “F-¥$2 7t
T 49.11%, TW{EH/ME TWT HA:F, HSGA Lt CPLEX “F##27t T 89.16%, HSGA
FIfEtERE S CPLEX HIAHEL A B B & e . miH, M j50m15s5 F-4f CPLEX 7E 6 /N
NICER EATATE, 111 HSGA v AZEARFE I [A] (0.20 #0~7.40 #5) P SRAE HH =
AATR, T HSGA M Mm@ iR

#* 2.15 HSGA 5 CPLEX £ % G It AL BEHIEE Y F (1) LR

U] ‘CPLEX - ‘HSGA — Gap% Gap%
5 o I ] TWT IS ] o I} 8] TWT I (] Coa)  (TWT)
(h) (h) (s) (s)
j10m8s3 692 6 6.28 6 374.00 0.20 0 0.20 -4595 -100.00
j15m8s3 851 6 54.11 6 419.00 0.31 0 0.32 -50.76 -100.00
j20m11s3 1170 6 761.75 6 446.20 0.46 0 0.44 -61.86 -100.00
j25m11s3 1476 6 1289.79 6 542.00 0.59 0 0.58 -63.28 -100.00
j30m7s3 1744 6 4355.03 6 93440 0.80 578.394 0.77 -46.42 -86.72
j35m7s3 1909 6 5290.22 6 1059.20 1.00 1368.008 0.95 -4452 -74.14
j40m13s5 1774 6 4616.65 6 1096.80 1.78 952.662 1.65 -38.17 -79.36
j45m13s5 2084 6 7603.51 6 1210.20 2.06 2049.398 1.95 -4193 -73.05
j50m15s5 - - - - 1253.86 2.47 2255434 2.38 - -
j55m15s5 - - - - 1347.70 2.75 3294.652 2.79 - -
j60mM16s5 - - - - 1136.94 2.71 1820.739 2.68 - -
j65m16s5 - - - - 122590 3.12 2496.315 3.02 - -
j70m20s7 - - - - 1293.78 496 2760.782 4.76 - -
j75m20s7 - - - - 1365.20 5.34 3997.12 5.24 - -
j80m21s7 - - - - 1902.60 5.39 10801.1 5.49 - -
j85m21s7 - - - - 202290 5.92 14457.78 5.88 - -
j90m21s7 - - - - 2110.26 6.89 15087.08 6.91 - -
j95m21s7 - - - - 222558 7,55 18528.34 7.40 - -

“FI{H -49.11 -89.16

N T BAIE HSGA 5L 280, HH BN RANE 6, EHRE T 6
AN /NRUEIN I ) R AT — 2T S, SEERZE MWK 2.16 im0 in)
1, CPLEX BEfS/E 6 /NEFNRISWHE BRI IATM . fEHR/MEC,,, HA& T, HSGA 5
CPLEX HJ°F¥) GAP 1R/, 1075 0.84%, FKEHLE HSGA 1% Hix F EA L5 CPLEX #
M TR 1. ER/ME TWT HER R, HSGA 5 CPLEX [I°F# GAP Kk, M
9.32%, {EATSRAE 10%LAPY, FH HSGA 7Ei%ZHbs N E& RIFHFLAe 1. miH,
HSGA SR AR BT AL I 3 [0 L e F5 BF [R1S4)7E 1 #P P, 5 CPLEX AHLEL (6 /M)
HSGA & —/Ma st Eik.
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LI AR R —NEBIR, /ML TWT HFR N HSGA 5 CPLEX )
GAP BAER/IMEC , IR —ANFTREMR 2 5 B br sk B vk 57 UG 06 Ry
FHAC s Coa S AL S B 52 TR A6, BRI 2558 T
[EEHT, HE M5 LR A, C . stAE. WXt T&/METWT, TWT 5840%F
PR 5E T R8G5, BRIk R B AT B — AN F A1 58 i), #R AT 3R15 55 /N i)
TWT. Frbh, 5046 C,, HHEL, il TWT 5255 WAk.

SRA I A IR HSGA ELRIETHRE SR M FEIR, BB Faer, &—
Tofr e 25 B

% 2.16 HSGA 5 CPLEX 7E i G HEANFENIBLAY T (1 EL AR

CPLEX HSGA

mk A - - - — Gap% Gap%
@ Cmax HTJ‘ I Eﬂ TWT HTJ‘ : ETJ Cmax HTJ‘ | ETJ TWT HTJ‘ | ETJ (C :BX) (TVE)/T)
(h) (h) (s) (s)
j5m5s3 547 6 240.85 6 513 0.10 24129 0.09 -622 0.8
j8m6s3 718 6 813.97 6 712 015 87234 015 -0.84 717
j10m7s3 683 6 993.29 6 698 0.17 108751 0.18 220 9.9
j12m9s3 789 6 1736.59 6 829 0.35 192261 0.34 507 10.71
j16m10s5 1145 6 2202.12 6 1166 0.53 2568.2 047 1.83 16.62
j18m12s5 1269 6 4026.40 6 1307 0.62 449956 0.62 299 11.75

S 0.84 9.32

25.4 BUERE ST

FEFR 210 1, S RIFERA B bR FHRERARKH G RN, B SPMS (Chpax) 1 SRSS
(TWT), AEAAR/NTT LI I LB Ro AT 23 FIAEAN R 212 B[] 7= A 458 AN 52 B
W E _EX HSGA AT BURE 43 #

(1) FIEH )= A AR

AR & T VY AR AN 6] B34 I R P AR IS E HSGA & #tE, 4 lid i
uni50. unil00. exp25 F11 exp50. i #5115 20450 71 ik A [0,50]A1[0,100] & #1342 73 A ,
Ja AN IR M BBME A 25 F1 50 [HEE0 AT . BN SEEG 73 BT B AT 5 IR

MR 217 ATLAERE H HSGA & N EEMR T SPMS, /ML Chac H
FrF, HSGA 5 SPMS /] GAP 7E#% uni50. unil00. exp25 Al exp50 437l 2&
26.71%. 25.57%. 24.34%71 26.10%, XFKILER /ML Crax BA5 T, HSGA Lt SPMS
%o T AR B I ] = A A A B
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% 2.17 AR[FFER A2 A HSGA 5 SPMS 7E 5 /MY, Crax B F1 T [ GAP

I v unis0 uni100 exp25 exp50
j10m8s3 29.95 47.11 24.11 34.60
j15m8s3 39.92 29.57 36.44 29.71
j20m11s3 42.15 34.21 16.05 43.10
j25m11s3 35.68 33.02 31.13 37.36
j30m7s3 30.18 30.13 27.37 21.87
j35m7s3 11.71 8.36 7.25 23.15
j40m13s5 24.56 21.00 16.70 16.23
j45m13s5 10.83 12.30 27.88 8.11

j50m15s5 45.63 39.26 40.47 28.69
j55m15s5 18.94 29.80 35.61 44.88
j60m16s5 29.19 24.48 37.39 24.98
j65m16s5 22.10 33.70 15.10 29.69
j70m20s7 23.25 29.90 13.98 22.12
j75m20s7 16.97 16.03 15.82 21.38
j80m21s7 19.53 22.14 20.36 21.07
j85m21s7 30.45 13.71 23.10 15.74
j90m21s7 18.80 19.02 29.36 26.75
j95m21s7 31.01 16.61 19.98 20.30
Average 26.71 25.57 24.34 26.10

M 2.18 A A1, TEd/ME TWT HFR R, HSGA 5 SPMS (1) GAP 7E5 L uni50.
uni1l00. exp25 Al exp50 43 H)/& 71.06%. 55.44%. 67.43 1 56.33%, XFEHHLEH/H
& TWT HFRF, HSGA Lt SRSS 128 1 Sk I [ 7 A A 2B B e

# 2.18 AR Bk A= AE 4 HSGA 5 SRSS fE /Mt TWT Hix R GAP

I ) unis0 uni100 exp25 exp50
j10m8s3 0.00 0.00 0.00 0.00

j15m8s3 0.00 0.00 0.00 0.00

j20m11s3 0.00 0.00 0.00 0.00

j25m11s3 0.00 0.00 0.00 0.00

j30m7s3 115.97 65.70 74.11 48.83
j35m7s3 23.59 9.42 28.33 34.09
j40m13s5 53.46 75.51 72.82 70.80
j45m13s5 34.15 8.41 35.56 19.59
j50m15s5 223.84 221.74 285.06 234.33
j55m15s5 121.45 100.26 80.45 131.23
j60m16s5 276.78 197.99 222.83 106.02
j65m16s5 134.89 71.58 107.56 107.35
j70m20s7 68.24 64.00 67.93 96.10

j75m20s7 141.15 133.41 146.41 92.12
J
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j80m21s7 12.18 7.44 7.65 8.37
j85m21s7 7.62 7.35 4.02 2.87
j90m21s7 0.28 4.39 13.57 2.03
j95m21s7 65.45 47.64 67.48 64.29
Average 71.06 55.44 67.43 56.33

(2) ZHRIAE

TR AR BN S s/MG TWT HEsAEE, BRI 2 1 s2 58 R e i M
TWT BAs M 7. ZHRIAMEEZRE AN (2.23) BAFRIHE T dl MNEUELL, 2, 3,
4}, HRFRREK. P EPRRA TGRS R E

M 2.19 WA, FEANFEMZ TR E T, HSGA 55 SRSS ML, fRttfeH & &
fem. mH, —ANEBIEAE HSGA 5 SRSS [t GAP BEE dl [3b KimiEk, Ep
HSGA A it 52 B2 1 B T Re kAT AL I gk e

% 219 RFEZ IR E HSGA 5 SRSS 7Ef/Mb TWT Hix i) GAP

I ) di=1 di=2 di=3 di=4
j10m8s3 25.69 0.00 0.00 0.00
j15m8s3 21.95 5924.74 0.00 0.00
j20m11s3 4,53 587.65 0.00 0.00
j25m11s3 32.81 888.77 0.00 0.00
j30m7s3 8.04 10.47 16.87 317.12
j35m7s3 0.90 9.83 14.06 67.04
j40m13s5 13.45 31.53 48.69 262.82
j45m13s5 7.72 16.20 38.83 419.63
j50m15s5 68.72 112.83 263.64 938.17
j55m15s5 35.88 61.90 109.92 355.86
j60m16s5 26.88 66.22 174.19 2252.28
j65m16s5 32.50 60.19 132.64 473.89
j70m20s7 25.57 41.13 52.72 512.34
j75m20s7 41.31 70.28 170.90 488.80
j80m21s7 1.75 1.69 1.02 0.56
j85m21s7 431 5.73 4.14 5.15
joom21s7 7.87 7.54 15.95 24.33
j95m21s7 22.98 37.25 62.99 90.38
Average 21.27 440.78 61.48 344.91
255 THEME

K F AR (5] P 18 20 3aX [ L 7E AN [R] () 54 AU A X HSGA A GA Y I B AT L
B, TEB/IME Crax A1 TWT BEAS B AR IR T P FH /) CPU B[R] . 78 A WA [R] o
R @y, HSGA HikE GA YI ¥R, X2 N HSGA T H 88 i g id 77 2
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2.6 BUHEEREREST R
2.6.1 Wt

RIEA R LA B EM RO RE, Bt T 22 DARERUE R IR, SRR
TREAL A 10 NEAH CGinstance) , 3 240 ANAEBIE G 7 A B S50 E a0
* 2.6 Fros. BN BZ SR 3 28N A2 10 DANE I BELG]. BAHBIHET 5
UML) 7 B2 5e . 10 AN ) H AR bR EUE B SR A D et 1) R ) PE R R AR .
TR BT S AT (2.23) o Frisin iyt ia) & K pL s AT = an sk 2.20 Fror

2 2.20 Hriia ] M B A R

W3 i) /2t S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11

j100m29s9 2 2 4 3 4B) 4 3 4 3
j105m29s9 2 2 4 4  4B) 3 4 3 3

j110m35s1l 4 3 2 4 4  3B) 4 4 2 2 3
j115m33s1l 4 3 4 3 4  4B) 3 2 2 2 2
B Nz BUZ AR BENL A B 1)

2.6.2 BiEE

XTGP 5y, B EINGEMNRE . NZREMNRENE 2.21 Fix.
#* 2.21 GP FiL ISR A MK -

Hyak Wil

j10m8s3, j20m11s3, j30m7s3, j40m13s5, j50ml15s5, j60m16s5, j70m20s7, j80mM21s7,

] I é/\ : .
xR j90m21s7

j15m8s3, j25m11s3, j35m7s3, j45m13s5, j55ml15s5, j65ml16s5, j75m20s7, j85m21s7,

Wik . . . .
A5 j95m21s7, j100m29s9, j105m29s9, j110m35s11, j115m33s11

2. 6.3 tHEELLBISCIE

W€ GP FAS B LINGEMMAER, FEEUEF LA ZNEIF 0 2L
o AFREMNELUF WA DT SAE SRR A R (1) GP MU 54 & RN BEAT R b
B (2) 5 HSGA LEE:  (3) 5HWMWAGEHE; (4) 5 CPLEX HUEL

(1) 5AEMNEE

X TR T R R A AR, i O R (51 AREELL) PN R
GP UM, fEATEREA IR, HHASEIEK 2.22 .
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% 2.22 44 GP Fi)

GP &

o B R ARCA e
MachineGP1 JobGP1 BatchGP1 GP1
MachineGP1 JobGP1 BatchGP2 GP2
MachineGP1 JobGP2 BatchGP1 GP3
MachineGP1 JobGP2 BatchGP2 GP4
MachineGP2 JobGP1 BatchGP1 GP5
MachineGP2 JobGP1 BatchGP2 GP6
MachineGP2 JobGP2 BatchGP1 GP7
MachineGP2 JobGP2 BatchGP2 GP8

KA (2.20) 5@ AN HERER I, 48 AN ZRE AN LU & GP
N5 A NSRRI RE . Nk 2.28 AR 2.24 PR, 1E&R/MEC,, HFR T AR
MME TWT BT, 4la GP ML IRA A& M ERE R A KIBE MR E. BHK
B, 4l GP MM AR, ML MIERE T 2R TR g aE, RYE
1L GP 2 2J i 3 R A HN BAT BRIz A E TR0 i F 451 e O R D0 S ) e A
e Roh, —MHBRILGE, £/ TWT BEs T, ANERIIZGEIL 2L,
8 > GP A& M KIMIEREIIL T HSGA RIMEIERE, KRB —J51H GP AN AA 1R 5%
MSLRESs, HEMT HSGA; M7 —TJrHE, HSGA EIEREMILF A 5 R MR &
AEERIIKR, 245 HSGA $RHIEH AR A AN, #2 KK m HSGA Il
BE. SKIRZIRRHT, R GP Sikpe A Rt Az s i s A s, RIS GP R 72
AR RIEY] T GP BAUNA &7 & I HIH e

% 2.23 H/IME Crax BFR T GP R 55 FI2H & R0 0 fi Pk e

HERNTT R S k£
GP1 10.01% 8.65%
GP2 10.09% 8.75%
GP3 10.01% 8.65%
GP4 10.09% 8.75%
GP5 9.88% 8.77%
GP6 10.09% 9.02%
GP7 9.88% 8.77%
GP8 10.09% 9.02%

SPMS 28.77% 24.96%
WSMS 30.06% 25.83%
MME 17.50% 18.22%
SMS 28.40% 25.26%
MMF 17.67% 18.60%
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% 2.24 H/METWT HER T GP #1055 FZH &30 i 1k e

IS YIgReE AL
GP1 -5.46% -14.91%
GP2 -6.38% -15.07%
GP3 -5.36% -14.32%
GP4 -4.99% -14.74%
GP5 -4.83% -15.19%
GP6 -5.73% -14.98%
GP7 -5.00% -14.10%
GP8 -4.83% -14.45%
SRSS 29.27% 28.74%
SSs 29.91% 29.38%
SPSS 44.25% 41.21%

WSSS 49.84% 49.29%
SRSE 34.74% 39.25%

(2) 5 HSGA &

HSGA fi i RE I I AR T4 R N & . DAL, 7E HSGA JEA IR b,
NI GP A B HSGA,  fEBU# /5 1 HSGA idy GP+HSGA, it 5 oK Btk i)
HSGA LU, B0 uE il JE AR . A8 /MK Crax B AR T, GP+HSGA 5 HSGA [#1°71%)
GAP 4-2.03%, GP+HSGA BT HSGA, H4A GP H(9.41%)4HLL, GP+HSGA

(-2.03%) B H KiF & . EH/METWT BF: T, GP+HSGA 5 HSGA 17+ GAP
4-36.25%, GP+HSGA 5 HSGA #tt, fthe A KIEESEm, 545 GP #

(-10.02%) AHEL, GP+HSGA (-36.25%) [FIffEA KRERA. SLIaLERY, &
B /IME Crax B AR FIE 2 f/ME TWT BAR T, GP+HSGA fELt HSGA $2L T 47 11
fiEttae, 1M HXTT HSGA Bk, FRALHR i & REAR R I B HSGA ik
ft. FT/ME TWT Bbr IR L /ME Cra R IR A CE 2.5.3 5047
T . B, AEEA LIS GP HikiE HSGA HIffEfE .

% 2.25 H/ME Crax BH% T GP+HSGA 5 HSGA [f] GAP

P13 ] 7 HSGA GP+HSGA GAPY%
j10m8s3 377.32 371.14 -1.64
j15m8s3 431.16 424.3 -1.59
j20m11s3 430.64 421.12 221
j25m11s3 523.98 509.22 -2.82
j30m7s3 933.54 926.62 -0.74
j35m7s3 1096.22 1094.52 -0.16

j40m13s5 1075.18 1060.14 -1.40

40



T [71) 2 1206 6 )3 L 6 B RE AR AL HE P R AT

j45m13s5 1170.6 1157.06 -1.16
j50m15s5 1253.86 1258.02 0.33
j55m15s5 1347.7 1367.08 1.44
j60m16s5 1136.94 1107.94 -2.55
j65m16s5 1225.9 1188.08 -3.09
j70m20s7 1293.78 1242.22 -3.99
j75m20s7 1365.2 1331.64 -2.46
j80m21s7 1902.6 1896.6 -0.32
j85m21s7 2022.9 2011.6 -0.56
jOOm21s7 2110.26 2072.5 -1.79
j95m21s7 2225.58 2177.7 -2.15
j100m29s9 1861.67 1782.67 -4.24
j105m29s9 1917.00 1836.67 -4.19
j110m35s11 1753.00 1667.67 -4.87
j115m33s11 1780.67 1702 -4.42
SEEME 1328.90 1300 -2.03
* 2.26 H/METWT Hir T GP+HSGA 5 HSGA 1) GAP
I ) HSGA GP+HSGA GAP%
j10m8s3 0 0 -
j15m8s3 0 0 -
j20m11s3 0 0 -
j25m11s3 0 0 -
j30m7s3 636.21 541.66 -14.86
j35m7s3 1328.80 903.23 -32.03
j40m13s5 847.16 674.47 -20.39
j45m13s5 1842.96 1263.86 -31.42
j50m15s5 2255.43 1578.25 -30.02
j55m15s5 3294.65 2187.01 -33.62
j60m16s5 1820.74 1222.33 -32.87
j65m16s5 2496.32 1729.71 -30.71
j70m20s7 2760.78 1439.74 -47.85
j75m20s7 3997.12 1979.17 -50.49
j80m21s7 10801.10 8508.60 -21.22
j85m21s7 14457.78 11234.00 -22.30
joom21s7 15087.08 9920.96 -34.24
j95m21s7 18528.34 12598.08 -32.01
j100m29s9 12370.32 5863.78 -52.60
j105m29s9 14416.93 6927.42 -51.95
j110m35s11 12775.72 5617.40 -56.03
j115m33s11 14191.93 5964.51 -57.97
FHE 6086.79 3643.37 -36.25

41



T 1) 2 T2 2% I ) R B AL HE = B A
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SIS YR T L, AE izt Re TR br RS R R EE R A, 3SR 4 A b M e A
I FIEATHILPT*TOTH A 11K4.39%, #1: ft i 2 KISPTHILPT*TOT4H 4 11%8.40%. [7]
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Bl
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2.20 BCHEBEE S ALE B R SMLE T 2585 BTt R E R H
(4) 5 CPLEX W8

GP+HSGA 5 CPLEX FJseib4h Jansk 2.27 M3 2.28 fiizn. CPLEX (34T /a]
WE N 6h. EZGHAFENL T, GP+HSGA 5 CPLEX ) GAP 73 Jj]4%-50.03% (Chax)
H1-92.41% (TWT) o £ SHEACEALRME @ T CPLEX Kifiid T8¢, HMELAERR
5E I TE) A SRASHPE 25 (T BE AR, AN j50m15s5 T4 i 5 R ARSI, vl L 48 e ikt AT 47
fift o

XF T R &G AL BEHL A IR R A, fE& M C, HFF T, GP+HSGA 5
CPLEX #1°F15 GAP 1R/IN, N 0.44%, FKEATE GP+HSGA 1Ei% H#s FHE A5 CPLEX
HAMFILRE ). fEiH/ME TWT HAR T, GP+HSGA 5 CPLEX HI-F}J GAP BUK,

5 8.91%, {HATNSRTE 10%LA, F B GP+HSGA 7Ei% H s F B & BIFH S0 6E
%227 ZEHAEFEYL R GP+HSGA 5 CPLEX i) H i
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j10m8s3 692 6 6.28 6 371.14 0.20 0.00 0.20 -46.37  -100.00
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j15m8s3 851 6 5411 6 4243 031 0.00 0.32 -50.14  -100.00
j20m11s3 1170 6 76175 6  421.12 0.46 0.00 044 6401  -100.00
j25m11s3 1476 6 1289.79 6  509.22 0.59 0.00 058 -65.50  -100.00
j30m7s3 1744 6 435503 6 92662 080 54166  0.77 -46.87  -87.56
j35m7s3 1909 6 529022 6 109452 100 90323  0.95 -42.67  -82.93
j40m13s5 1774 6 4616.65 6 1060.14 178 67447 165 -40.24  -85.39
j45m13s5 2084 6 760351 6 1157.06 2.06  1263.86 195 -44.48  -83.38
j50m15s5 - - - - 125802 247 157825  2.38 - -
j55m15s5 - - - - 1367.08 275  2187.01  2.79 - -
j60m16s5 - - - - 110794 271 122233  2.68 - -
j65m16s5 - - - - 118808 3.12 172971  3.02 - -
j70m20s7 - - - - 124222 496 143974 476 - -
j75m20s7 - - - - 133164 534 197917 5.24 - -
j80m21s7 - - - - 1896.6 539 850860  5.49 - -
j85m21s7 - - - - 20116 5.92 11234 5.88 - -
joom21s7 - - - - 20725 6.89 992096  6.91 - -
j95m21s7 - - - - 21777 755 12598.08  7.40 - -
j100m29s 1782.67 103  5863.78  13.1

9 ) ) ) ) 85 8 ) )
j105m29s 1836.67 11.0  6927.42 142

9 ) ) ) ) 11 3 ) )
j110m35s 1667.67 12.1  5617.40 149

11 ) ) ) ) 59 8 ) )
j115m33s 1702.00 122 596451  16.0

11 ) ) ) ) 69 1 ) )
FIE -50.03  -92.41
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(h) () s) s)

jsm5s3 547 6 240.85 6 513 0.0 24129 0.09 -622  0.18
j8m6s3 718 6 813.97 6 712 015 86232 0.15 -0.84 594
jl0m7s3 683 6 993.29 6 696 0.17 1076.73 0.18  1.90 8.40
j12m9s3 789 6 173659 6 825 0.35 190421 034 456 9.65
j16m10s5 1145 6 220212 6 1156 053 258959 047 096  17.60
j18m12s5 1269 6 402640 6 1298 0.62 449739 0.62 229  11.70
S48 0.44 8.91
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