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Multi-objective optimization model and algorithm for
hybrid parallel machine scheduling problem
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Abstract: A special hybrid machine scheduling problem is investigated since the combination of production processes
can yield a special layout with the coexistence of serial and parallel production. In order to address this problem effectively,
a mixed integer programming multiobjective model, which aims to minimize both the total flow time and the total number
of tardy jobs, is built and an improved nondominated sorting genetic algorithm II (NSGA-II), where a heuristic method is
proposed to generate and improve the quality and diversity of initial population, and a local search strategy is embedded to
improve the quality and distribution of the achieved nondominated solutions, is designed in this paper. Compared with the
classical multiobjective optimization algorithms, the experimental results on a number of stochastic examples with different
scale show that the proposed model and algorithm have advantage in the convergence, spread and extreme value point, and

can address effectively the investigated hybrid parallel machine scheduling problem.
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1 HPMSPHIAE i =)
Fig. 1 Production unit of HPMSP

2 A R 5 2 BE(Problem description and
model)
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FEE2 H— AN LR e, AMEFE B . TR —
A PR AN R B & B IHET 5 DA N Z AT S IR I
FPAH IR, 48 & W& LR R — e R gein T—AN T4, &
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AR R & B TR S TN T
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3 Bk it (Algorithm design)

FRYESCHR (121004518, T 5 205k B 18] (1) B AL,
FEAT WL A It 7K 2 18 BE 1n) /35 ANP-Hard 7] 3, 2 48
HPMSP ] i 7] DA A A 20 26 (] i (1) 45 &, DRI 4
FENP-Hard 7] . 2% F& 23X B AR & — A2 BARME
AR, T —Fh & 8L 2 B hRisEHIANSGA-
IR SRARHPMSP 1) 8. NSGA-II/ZDeb25 131 F-20024F
RHEM—M2 B, BB SR
5 PA K R 4F B Paretof @ & /- A PE TS 2 T T 12 2%
U T NSGA-THEAI 4 N F SEAR AL 7 7, 1T 4%
SCHF ST FTHPMSP ] 8 2 — MR A B R 1n) /&, 82
T oRKs NG ARGt FIGAFIREAE B DL Sast R T (i
P A RIS 5) S5 7 T 25 SR AR R I B AR e . 1k
A, FRIE 7] B RE A, AR SR PR — P R R R
BE R A BIR AR ES, DL — PR NSGA-TIEE )
PERE.

3.1 Pfa4kZmiS(Chromosome presentation)

HPMSP i 7 2 i B HLFI P B Bt 7K 26 40 i i 3
AT B A= R B 1) 8. R B, AR SR A 43 B4 B
b7k, LASAS TAIHPMSP a3 k45, B2 B i
Yo kR THES, 3L L, HIGFA5—3, T
1, 4, 20077 K2 hn T, 5 A 1—>4—2, “0”7 453 F&
¥, T X PR ZOm T T4,

5 310 1 4| 2

K 2 Rtk

Fig. 2 Chromosome representation

3.2 WIUEFR#EAE (Generating initial population)

N T A K R R R 046 R R, AR SCE 5B A A
ERT-ECT(the earliest release time and earliest comple-
tion time rule) g & 3 J7 W E 3 ~) = A — AN
HIhaAN A, SR JE B AT 3 R R AL AR 5 i 5 3
H250% DL RATUR A, 42 A AU A F 58 2 REATL
PR

3.3 #EFE(Selection)

K SRR BN LB R B R AMA T
AR ERVE. 1% 5158 Je WRPBE R BE N LR B AN A,
BT E TR B AN MA S E SR
R, e 18 B TR

Procedure Algorithm of ERT-ECT heuristic method:
begin
BEE T TR R A
Bty =to =13 =0;51 = 52 = @;
while (J = 9)
R TS —AN LA,
t1 = max{r;, t1} + pj1; th = max{ti,t2} + pj2;
ty = max{r;,t3} + pja;
if (b2 < ) + wi™) then
Si1 =51 U {j};tl = t/1§t2 = t/z;
else if (t5 +p’ < t3) then
S =S1U{jtsts =thita =1t +p;
else
Sy =S U {]}, ts3 = té;
endif
J=J—-7;
endwhile
A HS1 TS FE R — AN IREME;
end
e
J: THE;
Si: AEFEE L BTN,
: AEFEER2 BTN
D WEMBIERA T, m = 1,2,3;
st IGEHE, m = 1,2, 3;
pim: LA AR S m LA ER R, m = 1,2, 3.

3 ERT-ECT/J3 &7k hig ]
Fig. 3 Pseudo-code of ERT-ECT heuristic method

SRS

3.4 A X FEEF(Crossover and mutation)

MR 5521715 A G kgl 7 vk, A SORE 43 B AT
A — AR T ARG 5 R A8 XFIAE A . A8 X
BRI W T LB 1) BENUEREAR N parentl 53
R 455 2o ) 1y 5 DR L 2 38t A% 4 1 AR A AfRoffspring 1
2) I — AN SARA R parent2 H A Bk B3 FE 1 2E A,
FEA T 42 FE DR I 2 of fspring 1 TR AL E. Kk
T, PP — N FARAMEoffspring2, WEl4 7.

parentl §§n§\§
offspringl [S[3 [T [0 [2]4 | offspring2[ 1[5[3]0]4 [2]
parent2 [1 o [2[4

4 XTI
Fig. 4 Graph of crossover

parentl |5|3|0|1|4|2|

parent2 [I]5]0[2]4]3]

AR SRR BEALLE PR Rl 4 ir, B PRI B i i
PIBOE P72
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3.5 JEEi# & (Local search)

A T 3RAF U (¥ Paretofift 48, 181 45 & HPMSPIH]
BRI SRIF LTI T — MR =7
15, WA SFNAR T = A B AN, 1 LA ST SR8
HRANESHIR). R R85 S A ot SR
AN BREAT, HH & & (repair) 3 B 20 5L 25 240 1
FEIR T8 B &3 ME R BN T, DR EIEX
TCL f 1 43 A s D503t S S U e FH I AL o B 5 TR 45
7. (swap), F& K| #% A7 (insert) B & (Bl B ¥ (reverse) J7
15, CASGH BRI BRI K BE .

Procedure Algorithm of local search method:

begin
if (rand(0, 1) < () then
MBS
MMEHATERIR; P = PU {2’}
11T SR
Aiter=0;

while (iter < 5)
A B BT, B Rrsos P A
iter = iter + 1;
if (z”>Zficz’) then
P = P U {z"}; break;
endif
if (2" Al AAESCACK R ) then
P=Pu{z"}; 2’ =2";
endif
endwhile
endif
end
5
@ PUT AR A,
P: ZHIFHAE.
K 5 R RINEMEE

Fig. 5 Pseudo-code of local search method

3.6 17 H K SHENSGA-TIIE ¥ (The proposed im-
proved NSGA-II)

M4 FIR R, AR T — R R A#HPMSP
] TSN S G A2 (mproved NSGA-IL, INSGA—
1), Hthtdan Elo . 7658 MEES MM
)G, SR N SO H e A R
Pkt — & i 1) AMA R BB AR TBMP, 1% BC 1%
HMPH FJAMEPAT RS AR T4 SR 5 AN BT
PEAEAMELL— EME SPAT R B R BIETESIRR S
HU AR PAIRC S MP AR [F AMAJ5, RAAME ) 2
R EE B R iE U = A R — AR, AR Mk
HEAL, WIFFHBENLAMAH 78
4 fHESEK (Simulation experiment)

A SCH F BENTAE B A RIS (n = 20, 40, 60, 80,

100)HPMSP il @ #4705 B S5, 4 A iAs T AR e
B, BT SEI¥ KA TR SR E, THER
#1, 2, 3 LR AR BRI 8] 359 ik AU [40, 60]; U[60, 80]
U0, 120]; TAFRIFIIE R A IR MU[L, 20n]; TAF7E
WAL B KRR ARMU 0, (X |pj1 —pjal)/n);
TAE =N T ] 520, b T B L7 HIA I FrR HY
FIINSGA-TIHE 578 3K AR HPMSP 5] £ A bk, 47 B
Sz T DINSGA-IL, MNSGA-TIHSIFIAMOSAL ! 3y
FeB &, FI AP EIE S BTN EBIEITS0R, #
RFUIR1S 1) FE SCRC AR AR AE A B S AT 1 SR AR
S5 IR, B 2K AU P 2 {A (mean), B 47 {E (best), Bt %
{H (worst) Kbl Z= (std)VE b B AR HE

Procedure Algorithm of the proposed improved NSGA-II:
begin
WIAHEESEL
WILEACFHEE P (0)(In552.275);
t=0;
repeat
KM FETT I N AT P () rPad B AL BiC
B MP (£) (U155 2.379);
XFMP(t) F EIAMAIAT A ORI A (U055 2.479);
XEMP() FFEIAME, DU GHAT R R A
(W352.579);
THIBEMP ()P (¢) H AR RN
HIHFMPOFP (L), FERT —AFEEP( + 1);
t=t+1;
until a stop condition is met

end

6 PR HHIENSGA-TIHE AT
Fig. 6 Pseudo-code of the proposed Improved NSGA-II

4.1 HESHEE (Algorithm parameter setting)
INSGA-II, NSGA-IIFIMNSGA-T IS HK & N :
FhEER /NI BER60; 22 26351 4 0.1; MNSGA-TIH
HAZH 5 JFSCAH . A PRUE4RP S L B A1 [F P
P IR B, INSGA-TIH LA B H 400K, TINSGA-
IFIMNSGA-TTFIERAEE A 600K, X FEEH TS
FINSGA-ITHAMELIEE 5 = 0.1BUTHIREIE R E
LV FEBIMEEN VB AMOSA IS ERE R : ¥IHG
EFEBEA 10000 ©, (2 IR B 100 °, AEHIRER KA
0.95, F—IRE& FIEMR400IR. T EiE R C++E
EYE, 7EIntel 3.06 GHz 12 GB N FEHITHENIIRE T
BAT. SEWAY RIS A, B, CRDFERNEIFINSGA-
11, NSGA-II, MNSGA-IT }, AMOSA.
4.2 SR ZE RSP (Experiment result analysis)

B G, WAEAPH IR S PO AR SRSt KRG 4R
SCRCARECER J7 T HERE. Zitzler! T H SR CHabrok
PP PR SE PR AR SCRC AR SR LS IR A2, 7
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BT (12), Horp XY 4 B R R A a3k 15
AR S BCRAE. £C(X,Y) = 13X TY T —
MNMEXZEME, X BFELZRENE C(X,Y)=0
R TFY FAE—AME, X FEAFAE SR .
C(X’Y):|y€Y|EIx§|X:x>y|‘ (12)
FIFFR24 . TINSGA-IL, NSGA-II, MNSGA-
115 AMOSAFISEIE5 IR, BFE CFabn IR IR
K5 . INCHE B b 5 7, INSGA-TTH 3K fift 45 AR
FNSGA-II, MNSGA-ITFIAMOSA, K15 13k B fid
£ 35 B8 2 BENSGA-II, MNSGA-IIFIAMOSA 3K 15 1)
YRR, HINSGA-IISEE A BIFRRE . NE
2rR S 2 BT DL Y, INSGA-TISHIE 3R AR iR
AN BUCE £ T B 3R, FLEE i) SR 1 K,
INSGA-TERR AR AR B R A 2.

F 1 AR SR CIsAR R I Rr 1t
Table 1 Comparison of experimental results on
four algorithms via C' index

n Bk SPEMELAMEE  BIME  EBEE
C(A,B) 1.0+0.0 1.0 1.0
C(A,C) 1.040.0 1.0 1.0

5 CAD) 1.040.0 1.0 1.0
C(B, A) 0.040.0 0.0 0.0
c(C, A) 0.040.0 0.0 0.0
C(D, A) 0.040.0 0.0 0.0
C(A, B) 1.040.0 1.0 1.0
C(A,C) 1.0+0.0 1.0 1.0

o C@D 1.0+0.0 1.0 1.0
C(B, A) 0.040.0 0.0 0.0
c(C, A) 0.040.0 0.0 0.0
C(D, A) 0.040.0 0.0 0.0
C(A,B) 1.040.0 1.0 1.0
C(A,C) 1.040.0 1.0 1.0

o CAD) 1.0+0.0 1.0 1.0
C(B, A) 0.040.0 0.0 0.0
C(C, A) 0.040.0 0.0 0.0
C(D, A) 0.040.0 0.0 0.0
C(A, B) 1.040.0 1.0 1.0
C(A,C) 1.040.0 1.0 1.0

g CAD) 1.0+0.0 1.0 1.0
C(B, A) 0.040.0 0.0 0.0
c(C, A) 0.040.0 0.0 0.0
C(D, A) 0.040.0 0.0 0.0
C(A,B) 1.0+0.0 1.0 1.0
C(A,C) 1.040.0 1.0 1.0

o CAD) 1.040.0 1.0 1.0
C(B, A) 0.040.0 0.0 0.0
c(C, A) 0.040.0 0.0 0.0
C(D, A) 0.040.0 0.0 0.0

&R 2 AP EARAT AR LB RCE I 4 R L
Table 2 Comparison of experimental results on

four algorithms via number of
nondominated solutions

B CPRELbEE BIUME REE

3

A 13.54+0.54 14 12
20 B 12.64+0.66 13 10
C 12.64+0.91 14 10
D 12.58+0.78 14 12
A 25.26+0.66 26 22
40 B 18.32+£1.05 20 15
C 19.2242.79 22 11
D 20.38+2.30 24 11
A 35.46£0.73 37 34
60 B 26.26£3.53 31 12
C 21.74£1.11 24 19
D 25.1+2.42 29 20
A 47.82+£1.32 50 44
20 B 29.6£3.64 33 15
C 28.28+3.69 33 14
D 28.18+5.74 37 19
A 55.02+£2.02 61 52
100 B 29.7£2.42 33 20
C 32.58+5.58 39 15
D 37.74£6.73 43 18

L EAREE I AT RV 2 BARBVEERE I —
ANEERR, RIGH T 4R RIS M RORES
AT TSR A5 R

A tEFR bR AR A XX (13) iR, HEE
P B AR ENAE, X B IR S+ % B AnE
AT IYEAL AL R, FIVEAL X (14). FoH, frpax
Jonin P NZRTNNT N H ARAESESZ FCARSE H I S RN
ME, £ F RN IR B AMEFIREA S B bRE.

PRl g —d
A= ! , 13)
& 1PF] (
/ fz - fmin
fl= (14)
fmax - fmin

MFR3H [P)SEH 25 S ] LUE H, INSGA-TIZR15 1)
T ACf S A R Atk BEAB et

UEAh, 71045 1 T 4Rp 50 23 )L S AN R AARE
BB, FERESOUGBAT FTIRAR I Bl AR S BT AR R 1) 40
At

BAR, MEH AT LLEM A HINSGA-TIFT SRR
R ACARLETC MR IR 2 At E 3B
TFHABI ML

B g, Wik 4R B AR AU R T T R A, 2
B0 4 R ARSI REIRIF BN B ZEIR T EE
KOMIR B T7 58, 3% BLAN B 25 o Ut A B T PO AR o 5
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B4 TNSGA-IT, MNSGA-IIFIAMOSA. T L

FH, INSGA-TIHEE S HAr AR L BA

113
BITHRISER AR, WRAPTR.

k.3 AFRHE R0 AT T L

Table 3 Comparison of experimental results on

four algorithms via spread index

n B CFEEE fEE RIUME BEH

.

’
A 2.68E—02+0.00 4.19E—02 1.86E—02 jéaiqo ! ! T INSGAT
5o B 491E-02£001 9.89E-02 232E-02 _ 1-8_ +NSGA-Tl |
C 6.87E—02:+0.02 1.33E—01 3.30E—02 =Rt o MNSGA-II
D 494E—02+0.01 1.00E—01 2.61E—02 I  AMOSA 4
A 1.39E—02+0.00 2.19E—02 1.15E—02 g e . 1
4o B 462E-022001 121E-01 3.10E-02 = 13 R T ]
C 4.59E—02:+0.01 6.39E—02 2.88E—02 = 1o o e B ]
D 4.52E—02+0.01 8.14E—02 2.65E—02 0.8 ° . " 7
A 1.00E—0240.00 1.80E—02 7.77E—03 S R T
g B 444E-02£001 7.62E-02 243E-02 [ —
C 4.26E—02+0.01 6.86E—02 2.36E—02
D 4.08E—0240.00 7.44E—-02 1.33E—02 B 7 ARSI SRR I FEURUASE A 20 (Rl SCCAR BN HL
A 7.89E—03+0.00 1.18E—02 6.14E—03 Fig. 7 Distribution of nondominated solutions obtained by
80 B 4.11E-02+0.01 6.68E—02 2.64E—02 four algorithms in solving problem size 20
C 3.99E—02+0.01 5.91E—02 2.48E—02
D 3.77E—0240.01 6.38E—02 1.83E—02
A 7.12E—0340.00 1.02E—02 5.31E—03 o X10° . , : ;
Lo B 420E-02+£0.01 7.25E-02 2.31E-02 83_n II\I]‘TSSGGﬁ*&I
C 4.04E—02+0.01 6.36E—02 2.79E—02 5 gl ©MNSGATT
D 3.85E—0240.01 7.11E—02 1.48E—02 = %ot *AMOSA |
: ) 5]
PR SN R Sy 2 osp e, -
Table 4 Comparison of experimental results on E 4r °°oout ”i” . . 1
four algorithms in extreme points 3+ 00000003 B, . -
%0054,
n 8L CFBRMELEE BiE  EEE 2() 5I 1I() 1|5 zl() ;; 30
A 491E+0342.69E402 5.83E+03 4.71E+03 MIEIR T4
5o B 599E+03:+3.63E+02 7.22E+03 5.79E+03 B AR R B 0 AR L
C  6.68E+03+7.60E+02 7.16E+03 6.62E+03 , N , : _
D 6.66E+03+3.10E402 7.75E403 6.33E+03 Fig. 8 Distribution of nondominated solutions obtained by
A 1.58E104+7.81E+02 2.04E104 1.55E104 four algorithms in solving problem size 40
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