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Abstract: This paper proposed an enhanced artificial bee colony algorithm (EABC) to minimize the maximum com-
pletion time of the semiconductor final test scheduling problem (SFTSP). EABC used hybrid heuristic methods to initialize
the population, and used forward interpolation decoding strategies to improve the quality of the initial solution. A variety of
exploration strategies based on the problem features and a Bayesian network-based probability model were designed to con-
duct a depth and width search of the problem solution space. In addition, a population update mechanism based on the restart
strategy was proposed to strengthen the algorithm”s ability to jump out of the local optimum. In the experimental part, multi-
ple comparison algorithms were constructed to verify the effectiveness of the EABC’ s key components. Simulation results
based on some instances and comparisons with NFOA(Novel Fruit fly Optimization Algorithm), KMEA (Knowledge-based
Multi-agent Evolutionary Algorithm) and CCIWO(Cooperative Co-evolutionary Invasive Weed Optimization) demonstrated the
effectiveness and robustness of the proposed algorithm.

Key words: semiconductor final test;artificial bee colony algorithm;heuristic rules; Bayesian network; multi-strategy
integration ; probability model ; permutation-based model

1 5|8 e LM ER Y, 8 0 X 5 2 G Y 2 S = L R T R
s ERERE TN S EE A — T A 07 5 L B B AN A% 72 i, SRR IR P i A B R

HRRAT e E TREME B SCEmp g A 20 904 AH LUK  SFTSP 52 B AR 22 & 1) iz
FE, 2 G A d5e 2 45 I JEE 1] BT (Semiconductor Final S FFIE  Uzsoy 25230 Wu 254354+ T 2 408 & 8
Testing Scheduling Problem , SFTSP) /E A 2 S 4K 7= i i1y PRI K it SETSP. B J5 , Wu 25 Fl Hao 25 I Gk &

WSeHR H 3 :2020-12-29 5 & [7] H 1 : 2021-02-10; BT 44« BERAR
HETH  FR HRBHFIL S (No. 51665025, No. 61963022)



%9 M =1

B 580\ TS R B0 SR A~ T A B M 9 2 ) Rt 1709

PR SFTSP 173K M . 48, Zheng T Sang‘ S35t
T ek ot s K B A X SETSP HE 7oK g R BUS T
ENITE e

N T 0% B A 1k (Artificial Bee Colony algorithm,
ABC)Ely —Fh 2 i 1 J0 J8 & B3, e s B A AR 7
8] 8 S AT A5 3 T BOR A 22 1 B 5 R FH L Lu A5 R
FH ABC 535 SR i AN DI AT LA B 1) B0 Li 451100
TR A ABC 57k R fife 43 A 28 7K 28 1] B . Gao 25 AN
Gong %1% FH ABC 532 R M 32 1 A1 b %4 i) 4 3 i) 30
(FJSP) , FFHUG T ANEE I RCR , A SCITHIEFE 1 SETSP R
[t b ] A — S A 22 IR 2R FISP. A I
R JH ABC 5535 3K fi# SFTSP 2 47 3 X . H i, ABC 1
Uk T AR F 2R ER LA Beny i R ALH L L
2L 1o A AR A R R T ABC B0k Y R
B Bt Banharnsakun 25 0 T 2L 225 WS LAk
HF ABC 535 HO WL EE e By B . Li %5 I T —Fh GABC
VL M T ABC B B TR B B . SCHR IR AT AT AT
WA ABCAHSC B E R 2 & TERE &1 B
B T 8 B o X A R v T A AR B R 40O
ARIAT Jm TR R AR AR TSR T B A R K AR
I3, 8502 B R DL 3 S B R ARk B SRy B A
PERE T B s

A SCEF R SETSP, #E7 LA/ Mb e K ¢ T[] A
16 BAR R HE LAY, I it — b i N M B 0
FroR M A2 EABC AR e I Bt 2 R 18 2R MR A ik
VR R W UR BE 5 WL I [y Br 5 | N T DLt o 19 4% 1)
EARABE AL 2 o] I AR R DR HAE B g e B Bt
T SR ) R R ATL A R o i B v ki e S e
PLry g
2 [E IR
21 EEERREXFSENX

SFTSP R 4R o n ASNK T A4 CR AR TT R ) T2
TEm G Hlgs AT HEREINE , B4 A g, A8 o — 20
BAE{0,, 04, -, 0, ), FBRAE 0, RVFAEZ &5 7] HIAL
ar M, e M AT ABBARAE O, B £ L g M, EA T
i, LA M AT — G LS — B I8 — 5 B
JEMLEFIEATRC A . A — 4 A It 5% PR 2 AR [ 1, AN [+
ZH R IRTE PR X TAILES M, Bt 2 e R Tl ot
B 0, 2R AR RO RE B AT, HOA S e
IRHLER AL BEHLES FI B B HLESH AT A, OF HAR L 215541
A MR PR A BRI 4 . L Ah , T B R DL 20
(1) M3t FRAS SR v/F e T, 7 S Tt R v, 7 22
XF AL gt A BT IR HEAT A0 5 (2) — L AEAT AR 1) fi
2 HefE— 6 Wlds B (3) AL 20t — A~ T
1, 5 EEPAE B — A5 M AR 0 5 A I ] 5 (4)

AT A BILES AN YR A fi s 20302 T A, AN [A]
T A BYARAE Z [ A AR S 200 A g ek ] 0
R C AR AT 25 1 P BB OCAT 5 S 1
F7i .
K1 FSEXF
£ SE X
ng | B TARREA R = (1,2, )
TS | BPH AT BEL TS= Y N,
Mo BLEES M = (M My, M)
m | WERNRFEG], = (a7
Noo |5 T 2SR AL B 28
Nu, |5 H A PROLRR I S5
Noo |45 A KBRS 1Y K
SM, | HLES M AR E A BT IRBLE , SM, = (T, H ), A}
GRS TR LT O HES]

= ()

P(m) | TIF ml g Bkl & = 0,1, -+, Q, ;P (7)) = 0
S(my) | TJFa, BIFGREFA] k = 0,1, -+, Q, ;S(7y) = 0
COM) | R ZINLEE M_E s — A TR 5E TR
C(m,) | TH ) fy58 Tl

pm () | TP o) jif— il i i 5

pk () | T i R — WM B A b e i o

AH I B ], R [F]— A TR b —A T ABLES
AL BINLER | I 5 22 1 1 A (]

R} BLAS iR 5 o), 6] B 2 0 B U5 o 45 5 B ol 2]
Pfj | 5 Z AL A R ET ]

St} T ) HEA A AERAE 09 FF 0 T B fi]

St

2.2 SFTSPHEF#&%)

SFTSP /9 1)t Ak H A5 S 4% 5 — A4~ Fe f T 04 B A P
AR LA N BT 7 BEAT IR, 58 T ¢,
/N, B

€ = max (C(m)), C(7 ), -+, C(my )} (1)

SFTSP HE P AL T
WA pk (r5)=0, ]
max { S(7}), R} + P (7)), k=1
C(ml)= L 2
(T4 =1 (Cami_ )+ Su(ay T oamy), Ry} k # 1 (2)
el
max {C(7"! "), Ry} + P(m}), k=1
C(m}) = ymax {C(m,_,) + St(wly 7)), (3)
C(mly 7). Ri) k=1
Cow(m)=minC,, () (4)



1710 H, ¥

EE 2021 4F

7" =arg (C,, (7))} — min, Y C 2 (5)

y
J

C(m;)=S(m;)+ P(m,) (6)
WRN, >0,N, >0,N, >0,MR, =0  (7)
), 4> temp,, temp,, temp, = 0

RN, =0,

temp, = min {C(M,"), C(M;"), -
N, =0,

temp, = min { C(M}"), C(M}"), ---
RN, =0,

temp; = min {C(M,), C(M)°), -+

L C(M.)  (8)

,C(MMy  (9)

A

,C(M,")) (10)

R}, = max { templ, temp2, temp3 } (11)

Horp, XD 250 (3) yf K58 T 315824 50, 50

(4)$Hiﬁ(5)%%ﬁ%%EEE¥§ﬁ¥ﬁiﬁﬂﬁéé§!2qjiﬁﬁﬂﬁ%ﬁtﬁﬁf?

ﬁhﬁﬁﬁc ) Fe /N, X(6) Ry TP A 58 T R T8

T‘Uﬂ%fﬁUﬁﬂ%%ﬁ%%ﬁﬁ@%ﬁw
%1

3 e N THEE % (EABC)

3.1 HEB5MHE
3.1.1 SFTSPHIX K E4
EABC £ ) 51 G A% 2R FH 5 UL A UK ki 5 7
T FpRE R AR DLROR N =
(7r°, 7).
3.1.2 BT et R a0 A i AR AL SR R
BT TR R A A DL SO O E BEEA T A 4R
FBE1 Wl T TF, Y
®N, >0,N, >0,N, >0; QPf' > P(7") I},

“Tu ﬁwﬁ%ﬁjﬂﬁU%%W—mE$
_ m )
pfit = 1@9
AR
4ﬂ2§ Sf1 “ ]lel Jrak‘

? : _____ P/1 ‘/ “/
waige Ay ol o b-lo |
ng : 0/21 ...... : ]

oo __ ; T

R i : ,I ...... : J|
| T~ CMT TR I i
F1 TRaiEE 1
T2 Wl BT IEa+ BT, 7 2 T4

e+l TP, H C(m I:’(7:‘,)>C:(77'l_1), > temp =
Clay i) = Clatl ), ik AL

@N >0,N, >0,N, >0;

@Pf“ - temp = P (| )+ St (7 kw),ﬂ'A)HT i ]k

AT R ERAE Gl AR 7 /17, 48 A B BT AR ] -
S = C (o) + S, ),

pk (") )

Hon PR = C(aml) - € )

i 4 4 1
ijkes ”,‘ll K A,: " !
1 % — //__ _ ¥ ! xk
M“: \‘:St Oier 1|St| Oy | ...... |0 . |
| _NTTTIITITT
Mkzi | 0, | e : ]
wi [o] - N —
h, s ]
E2  TIPaiidiE 2
EE3 & e T a1 8 TF, ) 2 T
JHSE a1 3 TIF L H O 7)) < C(aril ), M AL - D
NT“ >0, NH,.. > 0,N4“ > 0;
@PE > P(ay!) + St(aly T, ar) AT HHEAT i 47 5%
B VNAR PR IR IEDSE
S = C(ait ) + Sl mh,
Hrp P! = C(a)') = C(ar)" )
i g
ik ia S), e !
| S A (A /
woto Lo s o, [sfou b on, |
; R -4 ___ }
M, ! | o, // | ...... :_ ________ !
wol [o] o KR
[,\, SMTTR - B 1]
F3  TFaiEEo 3
32 BEBEKXN
AP R R A o] il R R PR S MR
W X IR AT, 2 R R AR . R AR SO AR
X TR HES MBS BE e TR A8 A =N 42

A LR

TAFHER B Bk Sk [ 16 1 Frsei b 1 g & =R
e .

R T BT ) - R £ ML RN R A R A B A
B, AILAS 2 FL B B A 1) A 40 52 AR A0 far PR 149 T 97 fr
B/ NP B IR &, AR R 2L F v, T L
i 1y SRR A Aar PR LF RS IR Y SRR 7 o7 DX SF. TR 4R
SUR Y (I=RE N



%9 M =1

B 580\ TS R B0 SR A~ T A B M 9 2 ) Rt 1711

¥ HLARAEEARN

WA T
%Hj ’IT
WIR L LF *u SF, % j=1;
repeat
BEHLAE AL 7, = rand (0, 1);
Ifr, €[0,0.4) then
Ak = min LF (0), i i AR T RF o) AL AR 4R
JEH B LERISF,j =+ 1;
Else Ifr, €[ 0.4,0.8) then
Ak = min SF (i), Hrb i AT s HLER SR A W 7 =k,
FFEHLEFISF,j =/ + 1;
Else If r, €[0.8, 1) then
Ak = 0, o S T o LS AR A
LFFISF,j =/ + 1;
Until j>TS;

St =k,

St =k, IF B

33 ZRMASHEMAENR

JRAR BB Beise i 1T 2 i RO S A g — R
Pl I A B R 45 A 2R RS 4R A A
A

127 = {[ repairO (swapOI£™) (7¢) O rule )

For R HRAT 19 = AR AE 53 00 swapO1F,
repairO(swap O 1) (7¢) Fll [ repairO (swap O I 7¢) [ O

rule.
3.3.1 swapOIF () iR
swap O (7)) 78 BEHLE PR BRAE P 51 L &N

BT 5 AT REALAC B gV AR SCER X ¢ B it F A W o 79
HLE = (12) fros
&(gen)=int {[ £(0)-&(gen,,,) |X

%w(gmm)]}
(12)
PATTERCTERAEST R B A A8 AR R
[t = [repair@ﬁ () ]"O rule (13)
3.3.2 repair@rf;(wf)ﬁﬁ
PAT AN Z T, [ — A A A [6] T3 i %o
NEIHLES S B P 43 & AR AL, R BORW B LA 5 T 7
Z BN TR R 75 ZE X 28 4 5 ML 43 BE 7 41
PATIE S ARAE , IR 4 FR AT repairO 157 (7!) I , 15
2):(14) .
[ =15 17O rule (14)
333 12 =[5 O rule #ik
T i — 2R 5SS AT A AT AN R AR
T T A% 40 T SR W T S8 B A0 A S, o AR
.

Ed '« ENERENENEY 1 ER

[~ B [o =[] 0[5 ]

swap

‘n""s‘l‘l 3‘2‘4‘3 2‘4
‘#"3‘2‘3 2‘2‘2‘1 1‘3L

—, repair
[2[2]1]5

4 RAMERBAFR B

ESEN

I?’ Orule_1,r, > 0.5

(15)
[ 'O rule_2,r, <0.5

rule_ 1 B 2 B fof de R A I &N HLER , BEALZE £ 2t
PLES b i —38 T AT F 50 .

rule 2: FEMLAE B —AS 1 52 m W 3EE K, BEPEMLAR K
B TR R AT E R A A T T AL R A —
LUK [
3.4 BT DU Hr 25 S 2R b B BT

AE Sk e T I (R 2 Al el 2, O 5% 068 3 o A L 2 > K
TR B AR A5 B, 75 I8 BIA% 48 28 SCHRAE Py o iy A
SR IR Ta) L, A5 2R HT DL Hr [ 28 A5 A 2 ) R 240
J A B, 0 2 SR A M AR IR A s i ok BRI R R

L5 W6 T 5 R A £ 0 VR 114 35 07 8 (R FH i A B o
BRSSP EE e L PS x 0 MR E R, RS T
JIT B G AR 43 0 R A R T TR A R ML 2
T3 14 DL o 6, G, DL BT I 28 (%) J2 B0k TS, B
S B my, DU ER LS TS X m AT ST R
BT RN, BRI P AL B AT 5 j L A
SFTSP H, A A T AR R 51, 0 m ) BUE R o, 022
BLER AT BCF 5, 0 m, BUE R m. AN, BN, BE ]9
JT B BAER R R oS e A TR AR A R A

e S MU 23 A TR SR A A B S AR, — ik FH S B
M AENT T BT A4 P SO 28 40 e 7 SR A e A7
FEUNR )L

(1) 3R 78 [ JRME 2 A 0, T 25 o A B8 0 £ W U5 sl
T 7 B G A5 26 B ) T A5, (A5 53 B 7 i 4
AR AR A AT R A A R R A

(2) T XoF B8 A [ AL A SR AR A, L 2 50 45 W 6 s 7
PEZS Ty 1 T s E A e v AR AR A R A L

(3) 4 RAE A AL 43 L e 2 sF, 25 H B T 78 r
Sy EALES LGN TR s B

TR b 3R 1) B8, AR SCN = AN T 1T DL I 3 B R A
RUEAT T 2tk 15 [R]85 1, 76400 Uf £k DL i 7 g 2% )y Bt
B, 37 BT A BT AT A9 1) SRR 1/ (PS X 0). 3X — 5 AE—
EFERE AT TR REAS AR Z R A R T B kR
1o B S B AR R B A . A X ] 2 ) 3, 4 A

JE =[[f 1"© rule =




1712 R 2021 4F
T UL AR 4 R, B T MR e, b FPIRIAY R AT
SR X PR R A8 2500 SR Y e ks 47 Lk T DL (2)insert (7*): BEHLIEFESF o B — AL i, R
J0r 1o 45 ) WL 8 B B AN R0 2 B 0 i T 47 20 47 S i T

k2 T DU AR A

WA HETFRE POP ;5

il  EHE BRI POP 5

R HI BRI LEPEFLIL I POP I PS x 04t £ Py b 2 DL
T PO 2 5

HE SRR Tabu = [, o, | A0, = 0= 1,2, 4+, 0);

A S 00 SRS L AR A P DU R 26 B89 s Y, IR 2
PCFF DU R 28 A1 RN, (=1, 2,
¥, + 1,pos=2;

sm), =L =g =

Repeat
TG A SRS e o PR T KN, T ar R 1715 A5
Repeat

N[msv/

AN, G N, TV FIURCE Ok, 5 545 4N, 5
pos 2 S H9AED) 5
BEN g, BIN (= 1,2, 00 = i+ 1) R U
L,
FHREP (N, | N0 TR IV B0 T A7
N, RESNTAE SR
Until ¢, < n;;

If L5 i NREFENLES j LN L then
BEALE 428 > TR v R HL SRR 0 A e /)
HEATINL, 7, =)'
Else

SHIHLES R TR

T = J>pos = pos + 13
Until pos—1>PS;
7 FEE POP, 22 A1 , SR T A A A i (1 B
#EPOP;

P T8 S5 U A G R A O 2R R B A7 R
BN B 285 48] T 3k S AR L 114 e 5 4 L 4 S A 8 % g
D134 ) 2 v EL AT R SRR A E T IR, PR Ik el i gt
FEF DU 57 o0 266 7 AR 3 ABE TR0 AT LA G £ P A I 0 O
2, NI B i P MR A e S B U, DT ZE B 34
T AL SIGA 1) ) B S B 1 DI [ 1 Ak
3.5 BUAMIEREME

e AR S AR TR, T B 25 B3 1T BE R
N T SRR AN , s 318 ke A0 8 e By T A R, L
LR .

TS 2 R e A 0 TR SR A B BT 3 Rk
SRR, IR 3.2 T B BE 1A RMLER 4 e A I
BT A A, R IR AR AR A PS/2 A AN ROk B 4
2R R R R (R AR 25 I — 2 AR SO e B
HTFE .

(1)swap (

) BEHLIEFET 7 AL E a, b,

3.6 HEREERERESN

oy 5 MR AL G858 1 A8 SR fiff SFTSP B AFFE AN 2, R
SCME SN T R HE B 1 REHE AL S T 2R R
SRR RIS T D0 30 0 4 g AR AL IR0 T — g o
N TR R R R AN TR 5 B

| SESHE, R RN E BRI | FOEEYISR AL fﬁ

gen=gen+1

[ Bbu B A ML ST R |

v
[ % s HobLa Sy BT 1 St |

A B
[ XHE 55 HOFLES 2 RE AT 3 THUU P R A
[ A hIE BEE , SRIB b SRR 4 | ,
LT B

[ EFRFEN TR RREA e, BT |

FELREE AL B A B, FE TR IL M
X IR PSR B R A ) — 2 A AR AT E A

E'5 EABCHEILHAER

&5 AT LU 4, EABC Y B[R] 52 4% B 32 24 46 A
BER AR T B B R T 0 B B L5 W6 I I R i 45 e o Bt
I E) 52 2 BE 3 AT G T

(1) B0 L6 AL B Be i 2 2 BE A AR IR & 8 ke U
A ST 51 0 (nlog n) AR AR B 52 TR
[ O(TS x m), % JEAHERUAL , 0 Rl B0 46 £ By B2 ) Fsf
(B4 BEA O (PS X (TS X m + nlogn)).

(2) AR B BEIS [E] 2 24 B Ry O (PS X TS X m).

(3) WL e Biv Bt 1o 1] 2 2% G, 455 SR A DL P S0 o) 2%
A UM O(TS? + TS % m) IR HIH S A e b B op
i 22 R 0(PS), B DL 9% By Bt ) (6] &2 2% B O
O(TS* + TS X m + PS).

(4) g2 e By Br isf (8] 52 2% B2 o0 O(PS? + PS X TS X

B A I KBTI gen,,., EABC B 2 A 1)
[F] 52 2 3 0
O(PS, TS, n,m, gen,, )= O(PSX(TS X m + nlogn)) +
gen, (O(PS* + PS X TS x m) + O(TS* + TS X m + PS))
WA ZAT T, EABC B[] 52 254 J38 1) e v YR L2 17
EBTS FFPRE R /N PS (SEBR_E PS J&— B/ IME, A3
10) , i EABC HAT BRI [a] A2 2R JEE



=1
=

%9 M

B 580\ TS R B0 SR A~ T A B M 9 2 ) Rt

1713

4 KWHTSLE

R E SR A SRR M R R T R SE g I, R
FH W S5 AR B S A R 2 AR B Y 10 41
3k 52 4 (7] 38 3F http://dalab. ie. nthu. edu. tw/news-
en_content.php? id=0 #1751 T #%) , Hop A5 KA
" (LS) S Fn YL " (WR) SE 451 4% T4
41 BHIRE

EABC 19 S B G RN ALEE PS KRG D AMA 5 1
0 EARK R R AL m, 5 1SRRG it 7 B
EABCZHHE T « “ KL " LI S HCR I PS=10.6 =
0.4.m = 3, “ KA LHISHCR A PS=10.6 = 0.4.9 = 2.
42 EABCXEIRTHRIERIE

A BT T PUFR ABC BB 5 EABC #E47 %)
FE SIS, 23 5108 83125 vh & QB 1 AT ROHE A T B L 8

(1)EABC_ND : ff# i i B2 R FHSCHR (9 10 i, Hosk
w45 EABC —2L.

(2)EABC_NM : Jg {/ & By Bt >R B — SR B A 48 R
=, a5 EABC—2L.

(3)EABC_NB : WL Z 1 [ B R FH B b 8 SR ik e B0
PRI SRR TR BRI, R385 EABC —3L.

(4)EABC_NS : fifi £ W i B X b b v o 42 s 23 4%
i AR A R R AR AT E A, AR 4 5 EABC
—3.

BEE B R RIE LR R nox m o x 3, B
A AT 20 YOS ARG, 456 A X W 8 e DL 45 SR F ML
TR . 26 2 A1, EABC 78 A0 ) A it i 45 5
HB A A T TR 3 A X B, X IE T EABC TR 4%
AT (A R

F2 EABCEESHMITMELAITLLERQA =3)

[1a] 5L EABC_ND EABC_NM EABC_NB EABC_NS EABC
FIBL | BST | WST | AVG | BST | WST | AVG | BST | WST | AVG | BST | WST | AVG | BST | WST | AVG
LS1 | 96.0 | 110.0 | 101.1 | 99.0 | 114.0 | 103.9 | 96.0 | 112.0 | 101.2 | 95.0 | 114.0 | 105.7 | 84.0 | 105.0 | 91.3
LS2 | 108.0 | 127.0 | 115.6 | 115.0 | 139.0 | 125.7 | 113.0 | 138.0 | 120.8 | 101.0 | 119.0 | 109.7 | 96.0 | 106.0 | 99.8
LS3 | 96.0 | 119.0 | 107.9 | 106.0 | 125.0 | 116.6 | 104.0 | 120.0 | 111.6 | 100.0 | 114.0 | 107.9 | 91.0 | 102.0 | 95.8
LS4 | 117.0 | 135.0 | 124.7 | 123.0 | 148.0 | 132.9 | 116.0 | 145.0 | 124.3 | 114.0 | 136.0 | 126.2 | 107.0 | 120.0 | 111.9
LS5 | 96.0 | 121.0 | 104.6 | 98.0 | 124.0 | 110.7 | 96.0 | 114.0 | 102.9 | 96.0 | 106.0 | 100.6 | 96.0 | 107.0 | 100.6
WRI1 | 199.0 | 240.0 | 216.3 | 226.0 | 290.0 | 246.7 | 208.0 | 247.0 | 231.6 | 218.0 | 245.0 | 228.4 | 215.0 | 243.0 | 224.4
WR2 | 186.0 | 210.0 | 197.7 | 194.0 | 244.0 | 216.2 | 191.0 | 210.0 | 201.6 | 184.0 | 208.0 | 196.8 | 173.0 | 194.0 | 183.1
WR3 | 200.0 | 235.0 | 218.0 | 208.0 | 262.0 | 231.3 | 197.0 | 223.0 | 213.8 | 194.0 | 224.0 | 209.2 | 193.0 | 226.0 | 203.8
WR4 | 193.0 | 237.0 | 210.0 | 202.0 | 238.0 | 222.8 | 195.0 | 222.0 | 206.2 | 189.0 | 211.0 | 200.9 | 183.0 | 192.0 | 187.0
WRS | 203.0 | 242.0 | 218.9 | 213.0 | 273.0 | 241.4 | 194.0 | 233.0 | 211.2 | 198.0 | 235.0 | 217.2 | 189.0 | 212.0 | 198.9
YIfE | 149.3 | 177.6 | 161.5 | 158.4 | 195.7 | 174.8 | 151.0 | 176.4 | 162.5 | 148.8 | 171.2 | 160.2 | 142.7 | 162.1 | 149.8
*£3 EABC5NFOA KMEAF1CCIWO BIELER (A = 3)
] NFOA KMEA CCIWO EABC
FRAS BST WST AVG BST WST AVG BST WST AVG BST WST AVG
LS1 103.0 | 127.0 | 115.9 95.0. | 106.0 | 101.1 89.0. | 102.0 94.0 84.0 | 105.0 91.3
LS2 110.0 | 128.0 | 116.8 99.0 | 112.0 | 106.2 98.0 | 109.0 101.9 96.0 | 106.0 99.8
LS3 105.0 | 118.0 | 110.6 96.0 | 104.0 99.9 92.0 | 104.0 97.0 91.0 | 102.0. 95.8
LS4 122.0 | 131.0 | 125.6 116.0 | 125.0 | 119.1 109.0 | 121.0 112.5 107.0 | 120.0 111.9
LS5 116.0 | 126.0 | 120.4 106.0 | 116.0 | 110.0 98.0 | 109.0 102.8 96.0 | 107.0 100. 6
WRI1 230.0 | 264.0 | 247.5 227.0 | 257.0 | 238.9 215.0 | 238.0. | 224.8 215.0 | 243.0 224.4
WR2 192.0 | 240.0 | 217.7 180.0 | 210.0 | 191.2 174.0 | 195.0 180.3 173.0 | 194.0. | 183.1
WR3 216.0 | 243.0 | 225.4 208.0 | 236.0 | 217.5 193.0 | 227.0 205. 4 193.0 | 226.0 203.8
WR4 185.0 | 222.0 | 201.2 186.0 | 198.0 | 191.1 184.0 | 198.0 189. 1 183.0 | 192.0 187.1
WR5 214.0 | 235.0 | 226.3 197.0 | 219.0 | 205.2 193.0 | 219.0 202.3 189.0 | 212.0 198.9
B{E 159.3 | 183.4 | 170.7 151.0 | 168.3 | 158.1 144.5 | 162.2 151. 1 142.7 | 162.1 149.9

43 EABC 5HME L3
J ik — 2 K IE EABC /9 M fE , 8 EABC FIR fi#
SFTSP 45 308 3 NFOAY KMEA! I CCIWO ™ 347

W B B RV E R LR n x m x A, AH1.2.3
=K BEAS DR ) 38 R AT 20 YRR ST RS, 458 B
X N F5e A 45 SR ML AR R L i 2R 3(A = 3) WA,
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EABC 75 2t 43 5451 b it i 45 5 B i A T 5 LL 3
B AN, N WU 7R EABC 5 48X b 340k S 45 SR 110
B RURE B RN FRPE 2] 5246 LS3 . WR1 Fl WR4 (1956
2R I&, B 6 7] L L, EABC A4 B R SO B T HoAth
RO R, L BES AT R ] A B K KR S
S LA ERAT T e atE . e Ak AR 4 N AE 1.2 R 3 = FP IR

AR & AT O 22900 (ANOVA) |, fetk—
HRAEA AL AN R F 7 BoR T DR AE AR H
Z kB AT B R B A AR 2 B 95% EAE T Y
Tukey’s HSD £ 4 ¥ & 15 X [8] , o] L& 1, EABC [ /i
P AERIE K |5 NFOA | KMEA /7 3% 2% 5%, BAR
F CCIWO

120f

LS3 119

10

gy

NFOA KMEA CCIWO EABC
(@) =1

:
-l-é*

121

101

90|

:
"o

NFOA KMEA CCIWO EABC
®) 1=

NFOA KMEA CCIWO EABC
(c) 1=3

260

Hﬁé*

26!

2604

WRI1 240 240 “ 24 *

220 22 Q * 22 é *

NFOA KMEA CCIWO EABC NFOA KMEA CCIWO EABC NFOA KMEA CCIWO EABC
(d) A=1 (e) A=2 0 A=3
220) 22

22
T m ke |Hea] | ey

18 180!

NFOA KMEA CCIWO EABC
(® 41

NFOA Kl\/[(]%\) CCIWO  EABC

8
NFOA KMEA CCIWO EABC
@) /=3

K6 Szl LS3 \WR1 Fl WR4 4 52 5 45 AR 26 1K

1754

170 I

165 -

1604

3
1554
150 I I
A 1 2 3 1 2 '3 1 2 '3 1 2 '3
NFOA KMEA CCIWO EABC
E7 EABCS5XF WAL I 22500 X [B] 1A
5 #ig

AR SR X2 TR AR 2 I 3 B2 (7] J(SFTSP) , #2114
T —Fhignm N\ T RER B (EABC) #E47R fi# .EABC .
AR RS (D) RARA B &b R Re,
2545 T A 2 A A G s o) ) R A e o FE R AT AR, A R
TR UE D) U6 A 04 0T 5t R0 A B0 L (2) T & Z A &R

SR 1) JRE ) 36 o B ok DRI B0 326 o fip s (] A 8 R IR
(3) 51 AT DU -y [0 265 114 HEE S35 70 A 2 > RTAH 22 Aol
FEP LIRS (4) 2 1 Bl 1R 5005 I AR 8 s O 1) R
T RSB, Bt TR R EAL (Y A T e B B, R
HE— PR T RA A R ERE .

S Sk

(1] ARk e AR IR S & R 1] B
HHL, 2020, 19(6): 268 - 278.

ZHU H D. The status quo and development trend of semi-
conductor silicon in China[J ].Digital Communication Cir-
cle, 2020,19(6): 268 — 278.(in Chinese)

[2] UZSOY R, LEE C Y, MARTIN-VEGA L A. Scheduling
semiconductor test operations: Minimizing maximum late-
ness and number of tardy jobs on a single machine[J]. Na-
val Research Logs, 1992, 39(3): 369 — 388.

[3] UZSOY R, CHURCH L K, OVACIK I M, et al. Perfor-
mance evaluation of dispatching rules for semiconductor

testing operations [J]. Journal of Electronics Manufactur-



9 1 H

B 580\ TS R B0 SR A~ T A B M 9 2 ) Rt

1715

[10]

(11]

[12]

[13]

[14]

ing, 2012, 3(2): 95 - 105.
WU J Z, CHIEN C F. Modeling semiconductor testing job
scheduling and dynamic testing machine configuration[J].
Expert Systems with Applications, 2008, 35(1-2) : 485
- 496.
WU JZ, HAO X C, CHIEN CF, et al. A novel bi-vector
encoding genetic algorithm for the simultaneous multiple
resources scheduling problem [J]. Journal of Intelligent
Manufacturing, 2012, 23(6): 2255 — 2270.
HAO X C, et al. The cooperative estimation of distribu-
tion algorithm: a novel approach for semiconductor final
test scheduling problems [J]. Journal of Intelligent Manu-
facturing, 2014, 25(5): 867 — 879.
ZHENG X L, WANG L, WANG S Y. A novel fruit fly
optimization algorithm for the semiconductor final testing
scheduling problem [J]. Knowledge-Based Systems,
2014, 57(2): 95 - 103.
SANG H Y, DUAN P Y, LI J Q. An effective invasive
weed optimization algorithm for scheduling semiconductor
final testing problem[J]. Swarm and Evolutionary Compu-
tation, 2018, 38(1): 1 - 12.
LU S J,LIU X B,PEI J,et al. A hybrid ABC-TS algorithm
for the unrelated parallel-batching machines scheduling
problem with deteriorating jobs and maintenance activity
[J]. Applied Soft Computing, 2018, 66(1): 168 - 182.
LIJ Q,SONG M X,WANG L, et al. Hybrid artificial bee
colony algorithm for a parallel batching distributed
flow-shop problem with deteriorating jobs [J]. IEEE
Transactions on Cybernetics, 2020, 50(6): 1 -15.
GAO K Z, SUGANTHAN P N, CHUA T J, et al. A
two-stage artificial bee colony algorithm scheduling flexi-
ble job-shop scheduling problem with new job insertion
[T]. Expert Systems with Applications, 2015, 42(21) :
7652 - 7663.
GONG G L,CHIONG R,DENG Q W, et al. A hybrid ar-
tificial bee colony algorithm for flexible job shop schedul-
ing with worker flexibility [J]. International Journal of
Production Research, 2020, 58(14): 1 - 15.
LI Y, HUANG W, WU R, et al. An improved artificial
bee colony algorithm for solving multi-objective
low-carbon flexible job shop scheduling problem[J]. Ap-
plied Soft Computing, 2020, 95(5): 1 - 14.
BANHARNSAKUN A, ACHALAKUL T, SIRINAO-
VAKUL B. The best-so-far selection in artificial bee colo-
ny algorithm [J]. Applied Soft Computing Journal,
2010, 11(2): 2888 - 2901.

[15]

[16]

[17]

15 &

LI H, LI X, GAO L. A discrete artificial bee colony al-
gorithm for the distributed heterogeneous no-wait flow-
shop scheduling problem [J]. Applied Soft Computing,
2021, 100(1): 1 -19.

XL, R, PR, A5 SR A 2 1 A Ml 2 ) 3 )
R 22 HEWE il 45 Pareto N T HERERME [T]. Ry TREHE
W5, 2019, 39(5):1225 - 1235.

ZHAO BOXUAN, GAO JIAN, FU YINGBIN, et al.
Multi-strategy fusion Pareto artificial bee colony algo-
rithm for solving flexible job shop scheduling problems
[J]. Systems Engineering Theory and Practice, 2019, 39
(5):1225 - 1235.(in Chinese)

WANG S, WANG L. A knowledge-based multi-agent
evolutionary algorithm for semiconductor final testing
scheduling problem [J].
2015, 84(8): 1 -9.

Knowledge-Based Systems,

&
8 BE U5, 1996 4F A T s . B B

TIERAAFE R TR 1 Sl Bt Lo .

ERRFTCTT ] N R S LA IR

E-mail: 726564418@qq.com

% WOBEWEE) J, 1976 4F AR #
B BRI A 00 . R BEESEy 1) h PeAE E
PS5k
E-mail : bin.qian@vip.163.com

HOFE 2, 1973 A U A B
EORAEE: e =X -3 1 s CISE U S w10
SR

E-mail : ronghu@vip.163.com

A U, 1989 4R L T AR it SN R
HIBE TR % KA (5 B TR 5 A Sh = B i F
FUAE . FEEWFT )T 1) AR RE S S AL R
E-mail: 768894018@qq.com



