BHSRE

Control and Decision

F-Er FR U FTHEDASK S8 i T AF it Btz Han ) = B B O SR R A E 0 A

o, Bou, W, Eug, IMERE

FIHIARSL:

XS, o, WA, 4. FlA U A HED ASK il TR R 12 5 9 — B Bk B U BE R[], P 5 23, 2020, 35(10):
2507-2513.

TEZL R View online: https://doi.org/10.13195/j.kzyjc.2019.0307

FRAT AR IR A S R

Articles you may be interested in

— R HATRIR B ZE 2 SR B P 9 B K 4 1) g 4 i JEE R 5 5
Model and algorithm for two—stage flow shop group scheduling problem with special blocking constraint

PR 5P 2020, 35(7): 1773-1779  https://doi.org/10.13195/j.kzyjc.2018.1533
SKARAFAE IS Hi 23 R 200K 22 BT UMY I8 2 TRt P S 08k

Auction—based cooperation mechanism for cell part scheduling with transportation capacity constraint

Pl 5HIK. 2019, 34(4): 689-698  hitps://doi.org/10.13195/j.kzyjc.2017.1243

A PT R A PR A5 A K 4 1] 8] B R
Scheduling algorithm for permutation flowshop with limited waiting times and rejection

PRI 5P 2019, 34(3): 459-469  https://doi.org/10.13195/j.kzyjc.2017.1127
FEAR TR 2T 13z i 5 At AL BRI A P B i

Coordinated scheduling of transportation and production on batching—machine with tracking time constraint

Pl 5HIK. 2017, 32(6): 995-1000  https://doi.org/10.13195/j.kzyjc.2016.0489

HAT 23 PRI ) 2 i Al 4 Tl 8 B D7 72
Job shop scheduling method with idle time in cloud manufacturing

PR 55 2017, 32(5): 811-816  https://doi.org/10.13195/).kzyjc.2016.0447


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0307
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2018.1533
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2017.1243
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2017.1127
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2016.0489
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2016.0447

8 35% 10 = % 5 xR Vol.35 No.10
20204F 10 H Control and  Decision Oct. 2020

A& M B HEDA K fi# 5 Tt &z 4Ry
=MrE AR BC &R Ao [B)

AR AR ORDH, 3R E S, IMEA?
(1. WIS FLH TR ARG, B 650500; 2. BMIEI T K%
RS EIMEER, B 650500; 3. iR HAMELR, JLE 100084)

G ZE: XTI = BRI SR R 1) U A % AR S S B A S T) BT A Ve A AH R &, KB RIS
o 2 R N A R R 3 B A TR At 4 0 i 1) S B R O, 9 7 DA R /MG 58 T 8] D H AR A L
PEREEIZ PN L, 1850 SR = Fr B IC AR A% R B 7/ (three-stage assembly integrated scheduling problem with
job batch transportation, 3sAISP_JBT) MR AR &L, B 5k, 4 M B 37 3sAISP_IBT HIEU SRS FLIR, 73 )4 HE SR

&y TR B B A ) 5 52 L Sig Hin (first completed first transported, FCFT) #1 0 A1 4% 21 46 35 i (first come
first assembly, FCFA) KU, DL B SR fif 3sATSP_IBT R U T 552 24 B IR, $ tH — Bl il & 2 Pl U (10 VL 45 90 A1
i 1H 5592 (hybrid estimation of distribution algorithm with rules, HEDA_R) >R fif 3sAISP_IBT; & J& , 8 i £/ L 5236 Al
SRR T AT BRI Rt
REER: =B AU EDARE; MW, LHtE; B
FEDAS: TP391 MERFRESRS: A
DOI: 10.13195/j.kzyjc.2019.0307
SRS XS, Bk, FHAE, . Bb-G R (1) HEDA 3K ity T4tk 218 4 10 =B B e Be 42 1 i 52 10 438 (0], 451 55 ok
7K, 2020, 35(10): 2507-2513.

Rule-based hybrid EDA for three-stage assembly integrated scheduling
problem with job batches transportation
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Abstract: In the existing research on the three-stage assembly integrated scheduling problem model, the transportation
time of each job is simplified to the same constant at the transportation stage. In practical situations, however, jobs are
supposed to be transported separately in batches, due to the limitation of the number and the load capacity of transport
vehicles. This paper studies the three-stage assembly integrated scheduling problem with job batches transportation
(3sAISP_JBT) and the corresponding algorithm. The criterion of 3sAISP_JBT is to minimize the maximum completion
time. Firstly, a mathematical model of 3sAISP_JBT is formulated in stages. Secondly, in order to reduce the overall
computational complexity of solving 3sAISP_JBT, the first completed first transported (FCFT) rule and the first come first
assembly (FCFA) rule are proposed for the sub-problems in the transportation and assembly stages, respectively. Thirdly,
a hybrid estimation of distribution algorithm with rules (hybrid estimation of distribution algorithm with rules, HEDA_R)
is proposed to solve 3sAISP_JBT. Finally, simulation experiments and algorithm comparisons verify the effectiveness of
the proposed algorithms.
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MNFRGG YL G, AT A B R G B AR J2 T AT 55
JRHC &, A 3G A = I AR B R R B 3R
. BERLHE MR TG FHL K BRIT R AR AR
FEAR, A2 3 b 1) B A A, AR P R AL T
RRCEZ U BL B A AL A R i
18 A 5 2 SR . AT A T [ 2 T 1) 3 M ) 4 RSGTR
[ RA R E S bR X

AT, X 25 P 1) g A b 42 Ta) 42 R B2 A 7 3 22
R 0 T T ) P i B e TG B BRI FEE 1) A (two
-stage assembly integrated scheduling problem,
2sAISP)>™ AN T d8 % AR AL I = B BUR U 58 Ak
1 J£ 7] @31 (three-stage assembly integrated scheduling
problem, 3sAISP)!6-81 i@ it SC ik 1A 1, B A 3sAISP
FHS R BCE b B & LAz it 18] v 4, R iz e
R AR T R Bl TG PR, X 5 30 S ) A AR LK 22
PP AR, 1E 3sAISP it — D B B L B ig iy (Hlie
W7 R PR RS E L), R HE IS
=X

T AR, A A B i P AR TR I R AR B — 8
FRIBIEFE. 140, Joo S0 2 & 2N T iz fanbir B HL LA
T2 iy B ) b e 1 4R BRI A, DL makespan
FAAL B bR, >R 18 4% 532 (genetic algorithm, GA) 3K
fift. Chang Z&UM 25 850 T2 38 S M B 1 4 B 2 1)
R, DATC 326 1] 8] 22 TC 38 BAS IR N BCR R Ak B A%, K
FH 480 FE A 4K (ant  colony  optimization, ACO) 572 3K
fife. Fathi 5120 2% 8 5 i O o B B0 VR e i 2k
YRLEC 35 1) 7R, 43 ) LA AS e B o) RN R AE O
AR AR AL H 5, K R BE AL (particle  swarm
optimization, PSO) 5% 3K fife. A2 4 SCHk 8 wiF, X Ty
TA b EIZ RN L. a5, B0 =B BU o &R L
i FE 7] f (3sAISP  with job batch transportation,
3sAISP_IBT), i J& N EATWF 42, LAk, fE 15 2%
-, 2sAISP B4 1iF B 2 NP-hard'?), i [f] 5 3 )5 45 4y
3sAISP, 1M 3sAISP X W] )4 &5 Jy 3sAISP_JBT, 4
3sAISP_IBT 75y NP-hard. [X i, #ff 5t 3sAISP_JBT H
HE BRI SRR L.

S A Ah i B 7L (estimation  of  distribution
algorithm, EDA) 7& —Fi 3% T Gu 1 57 (1) i X6 it AL B,
DA G vt 1) 77 2O P e (0 A AN AR 2R AT 2 ) IR

T8 AR AR AR, IR I of W A R R AT SR A LA AR R
e, T 51 T SRR R T7 ), B B R A R
A8 7). ELOR EDA 7 A 77 1 I U 2T AL 2 AT
FEUT AH 7 3sAISP_IBT b (¥ 9F 78 475 &b F == (4 4R
A5 OR I, AR ST AR H — ol S R U PR A Ak
5% (hybrid estimation of distribution algorithm with
rules, HEDA_R) ] T~ 3K fi# LA 5 K 5 1. B [A] makespan
MM H b5 3sAISP_IBT.
1 )R R B A

WremBENP, 2 € PP = {1,2,...,Hp}; Fif
LNT,t € T,T = {1,2,...,Hr }; FHEHNQ, F
HE NG € Q,Q = {1,2,...,q1; TFHENO,
TREBNH, i € 0,0 = {1,2,...,Ho}; In Tk
BR&ENM, k€ M, M = {1,2,...,m }; EFEH
B AW B0 1 AR dh th 2 A DAL AR, B
TAF R AR TR 7 B 4258 5 U A TR Bemy &
RN AR & I, S8 Rem 15 His i B
Hop %575 4R 308 IR 251 T s i B O B BU s
RRAL3E. &7 iobs B AR TP AR Ik 225 34>
By B b AT AL BRI Ty BOAE — I TR & AE [ — i %)
SUREN T — b A A [R] 2 A R T 1] 5 2R P B B
A BEVAGAE [F] — I 220 W BELHL 2% [m] — ™ o, AN 7
()5 LI [A)

T 5P Bk e 3sAISP_IBT AU 1503

1) LR Be: s B O 18] (Y 22 07 74 947 Bl
i B2 17 B (HPMP_RT). 7 = [rfy, 7f5), o 7l | A4
P AR A2 I TR BORHES. I T84 kB
TLRFWEENH, ¢ = [Wﬁ], . ,’/Tﬁ], .. .,7‘('[]ch]]
A TR BT AE I TR BN T8 4% kBRI HES,
Syt of1 45 AL B TR L. P (k) Sk BT
TR R(rky) Syt o8 AR B G T EIA
e £ DL A6 O AL, BB R 1. pre_m (k) 9
Rl — VI T TP 0 5,y B — A T
Ay pre_m(rly) BINLEE L BOHESI 3 Ay nro" 0,
TAFwly BT, W pre_m(nfy) = 0. pre_k(nfy) A
ok FE 5k RS AT 6 B R — Yo T
TR T TR R R Rt
# L wﬁ] ML R B O LA, T pre_k(wﬁ]) =
0. 7y FOSE R 3] C () VLT
C(W[ki]) = min{P(Wﬁ]) + R(?T{Ci])},
pre_m(ﬂ'fi—]) =0, pre_k(wfﬁ]) = 0; (1
C(wﬁl) =
min{max{c(ﬂﬁ)rc_k(ﬂﬁ])])’ R(mf)} + P(m)}
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pre_m(ﬂﬁ]) =0, pre_ k(wﬁ]) #0; ) ) ek BFR: Crax N —H1 Bt AR makespan. 1L

re_m(ml )
C(nfy) = min{C(n; " W)+ P(xfy)}

pre_m(mf;) # 0, preJc(w{z]) =0; 3)
C(rfy) =

minf{max{C(af; " 0), C b,y 1P},
pre_m(mfy) # 0, Pre_k(ﬁﬁ]) # 0; €]
Con(f;)) = C(nfy). )
Hbek=1,2,...,omy; j=1,2,...,¢: i =1,2,...,
Hy; su( )jJI#FJTJJDIBﬁEIE’JmIHTIEﬂ

iﬁuﬁ)lﬁ’i 7 2R 2 R 2 R B U
iil‘tﬂrf'ﬁﬂ. wy NEFH A RS R EE, w, > 1. VA
ZEA 0 E BT GEAR). t_tran N 2559 (138 H i [A]
(EE). 7™ = [WE]R,W[TQ]R,..., E]R,..., idl RN
TAHEIZ B B HES, 7l Dy T 2 AN B
TAF. G (mff) F ™ 5 AN AL B B T2 N T
B BEIR 58 T AL o (i) TR G AN B T
W ESE. S(r TR)%WTR HEE G AN B ) TR ¢
BEMETT B . O (1Y), Ak B w,
T EAE Rt e TR A /I\UEEI’JI#FE’JEIHT
i), TR A8 5 AN E I T AR I b B I8 6 58 i
1] G () HHRANTE:

() < Vi (6)
Sl = max{Cour ()}, wr = 1; ™
S(WE]R)M =
max{Cyu1 (1)}, S(WE]R)wﬁl+t_tran x2(wy—1)},
wy # 1 (®)
Cstg(wg]R)wt =S(w E]R)wt + ¢_tran. 9
Hbej=1,2,...,¢g w,=1,2,...,; t =1,2,...,
H,.

3) EHCHT B i B 1A I I‘Eﬂﬁiﬁﬁﬂlﬁ [F1 ) ER AL T
JEFIREL 7P = [y iy s Ty o oo g L AREINE
() Hp A7 dn 3 B FE LA EHES, 7))

" U e MBI . P(m) AP T E’Jz%@ﬂlﬁ
[6], S () M7= bl E’J?ﬂl“’%@ﬂﬂﬂﬂ 77l e
@EJEEJZHTIEH Coa () WHAXWF:

S(?T[F;]) = max{Cy (WE]R)}, (10)

S(r?) :min{S(W[};])}, (11)

Cas(mpy) = max{Cus(mf_y)), S(m())} + P(mr).
(12)

Hrpz=1,2,...,Hp,j=1,2,...,q

H AR A BT 77 BT 2L B AR I T, is i 2
“*@E:IV‘& WG (£ A AR B — AN IR L 7 =
(7, 7w TR, ), A8 K 58 LI 8] Crax 50/, R

Cmax(ﬂ_*) = min {Cmax(ﬂ-K7 7TTRa WP)}»

(rK 7 TR ) Il
(13)

7 = arg{ Cpax (7, 7™ 2"} — min,

vk, 7T’ #f e II. (14)

2 RAA3SAISP_JBTIE % M BL & 35 e Ffv B
R
3sAISP_JBT [ UH A3 B4 L RGEME | 0] i =
B) 2 24 S RE A, AR 0 a1 ST s BB B A
SEFC I B AR AL, F T A /N 2 A5 ().
2.1 3sAISP_IBT &M EX MMt
1612 B o B, A ST i % 58 T %G 32 fr (first
completed first transported, FCFT) ) # 0], BP 4 T 44
2 JEOIN T B 58 TN [ M/ B K 3847 HF e, W 3R 45
T rlla LB D, Ko wl8, = [#TR,
TR TR TR TR TR TR] ﬁjQ

Ty e s Mg sy T Ty ey gy ey T 5 O

Ja s m i S LA A B AR IR N & R AT i
. BB ¢ TR R v () + —l—v(ﬂ;-fp‘) <V,
THE{mR, . o R ETHERL S, = Con(n) M),
[ I B B v (7 J+1) + .o+ (i) < Vi, WA
{8, }}%?iiﬁt +1,841 =

Cstl (77];2 )
Bt oA t+1

&1 ngFTﬂFFF

FH T2 N A — 4 42 1) At 2 TR) B AH A2 4 fr B 5
AN 5 V0 ZE 50 1) 46 38 A B (), A A ZE A TR) E AR A
e A B A 2 0 2R A R U A i I (8], 3 T 2 e T
032 i 21) 25 T 22 TR) ) B ), SRR 5 RS 2R N R 4 2 4
PSRBT A (B AT — AN AT j AT 450, 5
—ANTAEG + VRENT &Mt + 1) 3o B0 %
A ZEA 32 I A) 7 A2 5 i?ﬁ%FTﬂ%ﬁi( TRy =
[ B R R RO D). SRR
(7 TR Hp A DS A5 K 20 2R N 25 2 4, T 26 6 1)
THAR I Frir ) A (S,)'. T AR f it By 1 %2
W B 58 S RS20, 10 5 AR A AN B () E R R AR A
BCEAH I, AT 2 LA LR T 34T 1 1.

EEL Ho(r/®) > ol F) I, T BRANE
ity TAF j + VBNZERt + 1 AR, B TAH4% FCFT ¥
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DGR AT 18 Ha (AR 3% o L 8 HHIF AR OB —
), AR BT A A 58 s i I A /.
WEBH ROUEE. B ARAE W ATHE T (TR ffi 15
(Sy) < St = 1,2, H, Wit L o(r TR) +

ot o ]+1) Vi, Iﬁ:;%{ﬂ'xl yeens j+1}z§)\$
%t,)ﬂJ (81)" = Copa(mhy ) THSR{mTR, . w R 3
ANZEWE + LW (Si1) = Caal J+2)sﬁ\:%$%§
WG AL, WA @it TFAG I B Cyer (7)) 22 AL 3]
Cour(mh ). X Coa(7hy ) = Cona(7F), 8 (Sy) >
Si,t=1,2,..., H, 57 E. O

EIE2 Ho(rR) < o(rf )RR TG +1
%A$§Wtq—ﬁ}iﬁié’lﬁ WA TG +1
EWFCFTEPTTﬁ%ﬁE???U( RY, TR # 2 e J5 (1)
(7R el AR I8 — 2 A 3 i, WIS R LA R
FSCIZ B R B 18] 5 /).

W D Ho(r ) + .+ o) < Vi, H
o(m R + ol + v(wgﬁl) > Vi I UIEBH
RS 1 RS RNEHS RS RETE.

2) Ho(r®) + .+ () + o(mRy) <
Vil BF, E5t + 18 ﬁi)\Iﬁ: WER, .. 771.;1“21%777;13_1,
AR ¢ TG I TR) 1S OR, T0 HLZ2 50 ¢ + 1 B TFaa T
A Copr (k) BAE] Cp (k1) X Ca (b)) =
Conr (75 ), 108,) > S, HR&EFE. O

R A2, A AT AH B PR AR 4 2 TR 1 AR B
e, T & B AN AH 205 440 5L ) A B, U g 2 1A
JE B2 B 26 FARSR AT AR X A o B

B E TR 6T 0 T B 5 O T A SR
FCFT #2158 B2, W] A A A LA 58 iz i
) B 1] g /N AR 38 Ha B BRI A A 52 ik a i 1)
[) 53¢ 71N, A BEAff DR 22 BC B B 1) Makespan £ /), {H A]
A4 32 Ao B 1) R AA B[], A5 B T 2 o BOIR E )
T AN T .

2.2 3sAISP_IBT %<Ech ER AL MI& 1t

B WC B B i) Ay iy 38 92k e ) R TR ] () B
ML FE 1) &, £ 46 H #5 9 makespan. FH SRR [18] 1iF B
AT, B X% ]8R F G B G 2SI (first come first
assembly, FCFA) ¥ 45 B /5 mhop o AEEHCHYT B
s ML BE 7 583X 3R B A S T B AT aE Fa o B
filt (RIHEZ [, 7w TR]) L e, T2 e B B ) (R HE
H ")) K H FCFA%)U”IJE%% A REAN R R LA H
B Crpax (75, 7 TR oP) HUE B /)8

3 ﬁ?ﬁZBSAISP_JBT FIHEDA R

HL 4 55 2 45 % 3sAISP_JBT [ 4 #T, HEDA_R K
fift 3sAISP_IBT £ LA R IR0 1) AR 48 i TR B 1) 4

4z

R A= A 2 B AR, 2% 0 R D P BT 0 SR 4 VR,
AT A TE S AR R 2) 78 TH AR B B AR 4K
HARELI, 1 S5 AR A ob A ) B AR 00, R RS In
B B R A A T B % A 58 T [R]85 T A s
B 2 B AN AR5, K F FCET AR RT3 BE 1. 52 BE 2 1
5E £ LA 1R 32 i 52 BN T); 5 J5 M) Y FCRA R U 3R 15
A ) AL H FRA.

3.1 4RhE KRR

311 fMIBrE

1) Gfid: 55 135853 m LRy BoiE T T k1,
FACTE Rt il = - LA BT JE €, BV i
TS P, R TN N TFES Q.

2) fif RS AR A SR [14], % I8 A L 58 TR )
(earliest completion time, ECT) M | iEAT fif b5, i o€ 75
AL FF GG 0 B Ta) 95 58 oL 28 73 .

3.1.2  BEb B AR

1) gwhis: 55 2 B gl s b B T LA HER?,
FZ I FCET MU vl B2 43 B0 2 g i (K 2);

2) fRhS: B 4wt AT 0, 3sAISP_IBT & 4> ARl
P9 B, 56K F HEDA_R X I T fr B B it B2 1 [ i@t ik
17 3K i, LAAS 2 3sAISP_IBT ¥ 5 BUf, 738 FH 2.1 49
HIIE A S5 18 X S Besk AT i hd, 3R an T

step 1: 4% [ FCFT ML B HE P 7o Spp, IT 3R A
RENERCAE f(m, milpr, Thopa)-

step2: X AH AR P 45 5 1 AR I AN LA 5 A
J 4 1 BOEE AT A i, A a8 B 2 T B 1A E BE 2,
R B A2 N =2 i 2 A A AR 7 41 5 U, A2 46k
TAF GG + 1AL B TR BT K HEF o, BT IEAS
FIRRCIHT BTN (hpa)s RIBAT f (75w,

(”EF:CFA)/)-

step3: #7 f(wS, wln L (Thepa)) < (7K,
TR TR
TRCrTs TROFA ) JJﬂ-FCFT Themp-

LAz

S 1|6|2|3|3|2|2|3|i|6|1|5 6|3|l|2|4|5

0 L W B g 1w asm |

2 AR
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3.2 HEDA R£FHZE
321 WIEEALFhEE R RAR R

i 1 X 3SAISP_IBT P4 53 73 M, A S04 77 b IR 5
(product aggregation, PA) LI =42 1) x popsize I~
A, F A MR BENL ™ A R A AT RE. PA BRI Dy S Bt
BUAE B it 21, AP it Oy A REATL A B B ™ i
() A P 2, P56 I A B e, B AL AR B AR 2 T
TR B HES. AR g G 77 20K 0 TR Bk T LA
FIRE I p A g ME AR AR, R FR B SR Y 259 5 73 A, G

R
1

pi;i(0) = T Vi=1,2,....n, Vj=1,2,...,q.

(15)

322 MERHEFEER
FEARFUGE A BB o x popsize FIIL
METEF MR, 1 Ron gttt TAF j BE Ly
HEB 1 858 i A b B 2 AT EI UKL B8 g IS APl
ARG TS ZIRIMER E,  (9) KEH pi ;i (g), Hh

v € (0,1) N AR,
- {1, TP R

[V
0, otherwise.

L ; ..
Ei,j(g) = , Vi, . (17)
> Ly
i=1
pij(g+1) = (1—=7)pi;(9) + VE; ;. (18)

323 REEFR

FOATE R IR AR, BB SRR
B A R SRR D7 2 e i RSB T 9, H £
SR T 7 A7 B T KR S 1 —
S 7 A AR R 1 . 5 VSRR 589 B 35
f fE— R AR T FRBE I 2 REPE. — L7 A
AMEAE R T — U FRE, BB B

step 11 247 = 1, ARG AL (177 200 i SRRE A
i3 T PR 5, IR TS § € Do AN p i j
LRI RO ST T R, WA R I p 35 5 51 B
oA — 47 IH— L.

step 2: é'lki #+ IEHLJ{%ki—'lﬁﬁ;ﬁiﬁE{ P, T A
BRI S pug. 25> piy = O, ELHEFI #6400
%ﬁf%ﬁ;éﬂﬂﬁi#%ﬁiﬁmi&e,e € (05.08). %
> pig > e, B PR AT R 75 00, 25

j=m

BB TR T O LA LR, B

. 7 .
Pij = % I xe, je Py (19)
> 05
j=m
. P; .
pij = I x(l-¢),j¢P. (20

k
1= Z Pij
j=m

VAR 5 R AT SRR AR prb g
R ESE T g L B WK R RS p 28 5 51 B2, T
KdE—17H—1k.

step 3: FIBTIE T step 2 RAFEE AT I LA j 2 15
TP &1 e PWESR; =+ 1, € P
LPr=P,j=j+1LHERET P. LI G LT
A ERILTE.

3.3 EEMRERE

NS M 5] 54 SR A 3R 7 ) B A RO R
Jo R, AT TG0 Jay A 2 SR

step 1: MFREEFFIEE o x popsize ™ML Al £
G ={m, T2 ..., T}

step2: X OHAMET.(r = 1,2,...,m)BENLIE
WAL E us v, 2 2 = max(u,v) — min(u,v), k =
Ho/Hp — 1 (Ho T M m, T BB, £
x> k,JWEF AR u v, R 2 v < kW E
wwv BT E A, AT MR T A f () > (),
M4, = 7 BREEAET IR

step 3: BT W, 1k tH e LA o, BTt — AT
Insert M1 Swap A2 € 15 Joy #5142 VR & BV HdE A7 IR
AR EIRER.

3.4  FhEESZHEEMEFE RIZHIHSI

W SV I AN WA A, R 2 B e PR A, R
R AMAAR AR H AL, XA 2 S BRI BN SR 1
PRIO201 R SR A0 R 7 VT S ARE R ) 2 AR
1B i AT I FREE 22 1.

stepl: Xf ¢ x popsize I 5T A& 1 2 5 A T
PRAESS o AN BB I B AT Gt T B B
[@s,j]nxq- FeH:n TR T B8, ¢ £ TS 4
A SR T 5 BB BRI FE [N ] gxq-

step2: GETHFEFE (@5 j]nxq TANERITCR BIA
BN a, GETHHERE (N7 [lgxg TANZRTTER B
2 R B.

step 3: THREZFEIEAE

a—n

ediv = ( . -
n X min(n, ¢ X popsize — 1)
f-(g=-1 )/2
(¢ — 1) x min(g — 1, ¢ x popsize — 1) '
(2D




2512 # % 5 x K %35%
Y — N AR 6, 24T 2 Oaiy < OB, XY #*1 HEDA_R5GA!" ELEsStis $iiE
ﬁﬁ**ﬁﬁﬁfﬁ%%(ﬁ{zkfgéf/ﬁiiﬂ 3) HEDA_R GA[“]
s s p_m_t
3.5 HEDA—R Eli best worst AVG best  worst AVG
v HE B %% —
HEDA_RSILMESUNTE 3 s, 221 796 823 813.6 796 825 8106
| WG AL FIRE K R p (W55 3.2.197) | 231 960 990 985.1 960 992 9863
v 3.3.1 950 987 9784 951 991 9794
— iiwjﬁiﬁ NES «— 341 1012 1028 10204 1018 1028 10227
= o 451 917 935 930.7 921 939  934.1
| mismzmsousssnsEny |
1 461 980 998 9804 988 1001  992.4
| TR A B (W55 3.2.2717) | 332 907 930 9183 909 938  921.3
342 858 874 860.6 860 874  868.4
| JE I SRA AR A B = A TR (ILER 3.2.371Y) | 3.52 695 702 699.5 699 704  700.5
442 989 1013 1000.1 991 1021 10023
o 452 751 772 7616 753 771 7624
FIE L R b -
(ILE 3.479), 462 864 879 869.6 867 881 8710
O < 0 532 1296 1328 13155 1303 1334 13259
Y 542 957 976 9662 965 987  965.0
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3 HEDA_RMWEKIEZE

4 PiESERERSHT
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baidu.com/s/1Vsd4xBpBE5S0TbyFow78fHg. [X| 3sAISP
_IBTHEEAN T 2H ) A4 % AR ot B T %
BEALAE R, Hoiz i 22 4 E0ns 45 AN 1) JUA A [R] 52
M, WACAR S 28 B ) R IR A p x e x ¢ TR
VR RE 5 45 ) Delphi2010 4w FES2 7R, #:7E 248N
WinXP. BT B2 A5 AH 5] 0 A 8] R k3702 47 20
e

N 7 % iF HEDA_R [#) 7% f8, 4 7% ¥ HEDA_R
5 [ b 810 1 8 i GANY AT X T
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[F], P e SR VE R L 4 R AN R 1 B, R L p_m_t
XS] A R P A I B B AL ORT AR AL
best N fILAE  worst A& Z1EH  AVG NG FI1MHE.
M1 AT LLE H, 5T 36 4N i 8, HEDA_R #£ K %
) AL T GAMY, 3X 5% B HEDA_R W] A 20K fif
3sAISP_JBT [i] .
5 & @

AL T — Bl R A R IR A A A Al
5% (HEDA_R) F T 3K it 3sAISP_IBT. & %¢, 4 i
3sAISP_IBT =i Bx (1) £ B A, At Ak H br v e /b

552 998 1010 1002.1 1002 1012 1006.3
5.6_2 1001 1017 10054 1003 1031 1019.6
443 987 1013 991.8 995 1021 1005.1

453 749 776 750.1 759 779 769.0
4.6_3 968 984 977.4 979 1001  989.0
533 1252 1288 12731 1270 1297 1283.1
543 918 931 924.5 928 942 932.8
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10_10_4 1484 1509 14972 1519 1548 15289
15_15_4 1902 1973 1928.6 1939 2001 19704
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PE R R BCR, B 3sAISP_IBT A4 N Ja 5 B, K
F HEDA _R 0% in "L B 1~ i Ao =[] AT 48 &%,
L1321 3sAISP_IBT ¥ A BLEE, AT A F FCET R AN
FCFA FLU7E Hi B fife Bl 7 o )5 B A, ml 4 /N R
5[] I — s 2 BE b e TE RO R AR WA A
Ji &, Wi A% 7= 5 5 A (product aggregation, PA)
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IR AR R RE ), etk TR A 2SR K, X HEDA
4 J) 1 2 R B A0 A o DX E AT AR B R 1 K
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