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Abstract: This paper considers a class of uniform machine scheduling with deteriorating effects in the MapReduce
system. There are two stage for each job in the MapReduce model. A job can be split several subtasks and processed
on several machines simultaneously in the first stage. The second stage can only start processing after all subtasks in the
first stage of the job are completed, and can only be processed continuously on a single machine. The deteriorating effect
considered in this paper refers to the fact that the processing time of a job is a linear function of its starting time and the
waiting time. A mixed integer programming model (MILP) was constructed to minimize total flow time of all jobs as the
objective function, at the same time, a lower bound of the problem is given and an improved bat algorithm using sine-
cosine difference disturbance mechanism is designed to solve the model. The effectiveness of the MILP and bat algorithm
improvement is verified by comparing the bat algorithm, genetic algorithm numerical simulation experiment and CPLEX
calculation result with the lower bound.
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Fig. 1 Schematic diagram of wire rope manufacture
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z¢ L RTIR, K fiEMapReduce [ R A 25 i7E s S A0
WRFRAE A H SR

IR VRS EL T g P RUBINP,
kTR I _E R IR, WA, fe KBk 7, B
AR, B RIERIKEN T ax FZH

IR 2 VIR I AG A B AR S, 15
WIUEFITE AN AIE B A, S B P (A B AL A
A BN B

I3 AR (29)-(31) 5 B ik i |l
A=

W4 A randl, #Frandl > r;, W
X 4 H e I g o7 3R AT 42 (32) SR B 15 R AL
B, SR LA AR, 2 18 R SRR 4 S A
M 7= A= — B HLAE 2 p* € (0,1), Hp* < 0.18F #2 5K
(34)-(36)HHAT IER L ZE T R BN HnE, IR 5 LS R,
AT LR R AU 5 4 i Ao

WIS A AN Erand?2 , 1 rand2 <
A H f () < f(2*), WIBEH A7 B 4% 30(33) 52 ik
PR 7 ARk e 5 A5

IR 6 AT IABNZ b AT, Wk H B AR AN, B
AR BN B, T, IR [EPERS.
5 HEHLER

AR H B B R FIMATLAB 2014a% f2, 52
U832 17 M 55: CPU 2.8 GHz, N 174 GB, Windows 7
BAE RGU(6400). FNIRAEF VL TR REREAT B8 1
FALS, S/ NIUAE R 57451 ] FHH CPLEX 12.58 433t
ITFEWR R, Herh A CPLEX HIE AT 1] F PR B
92 he T4 3 B — U, 7R R B ] A G
VEFZE A IEAT SRAR, Wi F bl 52 AR A
51 MTHR

N T VP SR AR B 5 R, AR SO ) AR )R S
BT
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EFE 1 AV TE e > 0> >
vy HTMap TIF R FAESATE 2 G L BT,
AH L BB 25 i OO DUR e, ok it — > 26 1F.
B TAF— T3k, H RTALAS AR A2 23 R 1), i 0 @ )
RN
T pz nz/Bz

zeI Ul

HE 1&1&1#*?1& H HUHL%&%‘B%%"I?H 1. ¥
% TAF I Map T in T [a] R 20 M S L2, T4

TR Map# 4 i T [‘E@M#M, TS
HiReduce T HIM F i iU?FZZ“JJDIL/I\ETIETIIEﬂEm
E/l\jjpZ i . ZEF|Reduce T KB, HHiZ%

}- (37)

ReduceIfLﬂjﬁC H%EI’JHL%%BDI _HE'EHRedu—
(T;+ 2 M Y5y
ce L7 N LI [a] 2270 » G : M
1

HH X 24N TP A D0 S TRLAZ T A 1 e 2D 3 B I ).
EIRFIL T H AR R A i — 1 T 5
5.2 PRHERR

T Ut B U S A R, YR R AR S AR
4 Ee A 2217 (relative percentage deviation, RPD).
BRI I, & 2R 550V BT SR 45 1O A 1) Joit £ P I RPD K Al

171,

RPD(%) = f"*‘lgL;gLB x 100%,  (38)

Hor: fag 2B ikalgh THE IR 1 H bR sk #{E, LB
HARERGT) A

Time(s): CPUF35E 1T 18], $8 5 RAS A
BT A 2 1P 3 1 S 8], SIS AT 61k, BL6IR 1-F
BT R, LARD(s) A HLAL .
53 SERSH

Fi A% 4 2 i B3 182 4% 575 (genetic algorithm,
GAEELEL. BIE I Z 8 E 1, GA, BANIBAIK)
FhEERCENPH L 2 100, 587K %200; Hd: GA
A5 SRR e = 0.83, BAFIBAYLE finin =0, fmax
=1,A4=0257=0.7, =0.95, v = 0.05. B ¥l =
A=A, SRR A S L3R 2.
54 SR

Sof - E ik S48 FHIBA, BARIGAS3 7% i sz 56
g8 I Eb. BT AS R AL A8 2R A A A, 52 %
T 1620 SER 55, RN S50 A AE Rl — Sk R ig T
6K, THE A FIEMTEAITR AR, S8 5 BFA(E.
HAREIT 4 RIS T K3, T RIEA R, b8
FLik BLN =100, M = 10, ; = 8; = 0.05 FI N =
200, M = 20, oy = f3; = 0.05 M Fh i I BLikis 4T

Bl anE4-5 .
k2 HHI S BETEE

Table 2 The range of parameters

24 Eiiipa Sy REUE G
N T 10~50; 100, 150, 200
M Mk Ee 2,4; 10,20
Um WA FE U[1,1.2]

i Map FAES5FRAE L U[1,10]

. B UJ1,400 + 30N],
U[1,800 4 5N]

n; Map FAEEHEE U7, 12808

T, ReduceWFRifEKE U[1,15]

o MapW/r BL B4 R 5L U[0.01,0.2]

Bi  ReduceBM B IEAL %L U[0.01,0.2]

% 3 A H ki Eutabiz

Table 3 Comparison of computing time of each algo-

rithm
A1) /s
FAE(N/M)
BA IBA

100/10 901.27 912.39 996.42
100/20 1003.91 1038.04 1154.23
150/10 1622.33  1667.16 1741.65
150/20 1826.37 1898.49 1918.71
200/10 3107.98 3167.24 3250.82
200/20 3212.13  3293.75 3364.49

MEA-573 552 T SeAUE A AT L
A, IEACHII I i, 25 SR BT TS H AR
EEA EAZEAK, I8 E]—E RS AR B i,
PeAt H FrJoid i, 1 EBAMIGASIEA AU
ISR, Aot i i SR IB A 6 O W (A
%, FAE LSRR E 1.

1615 T T T T T T T T

1610 -
1605 o S, ]
woolb\ 7 ]
5 1595 —1IBA
21590 ---BA
m ~GA
1585 1
1580 .
1575 _
1570 1 1 1 1 1 1 1 1 1
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AR
4 1050183 1004 TAFR SRS i 2k

Fig. 4 The algorithm convergence curve of 100 jobs of 10 ma-
chines
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2540 0.05 A Z(37)THHH ORI 1128 T8 LB 2 AR e %
2530 [\ th ZHa; = 6; = 0.1MARGDIHHE kK. FFE
5520 2 T Maplfr B B RLRE, R 25 FEReduceli B
g AR RIRE; RIS S A % A 2R B 4 i .
£ 210 A TAEE R 1000, AR DS 8 CPLEX
2500 BEAT RGBSR A, R A AR LR Rl ) 7, 9F AL
5190 FAHH i ZRPDHB /N T-5%. 4 TAFH0E KT 1087,
ol T CPLEX ¥ 'F JCiAAE R E A5 IS 18] P9 3K HE 12 ] 78t )

0 20 4|0 60 80 100 120 140 160 lé() 200
AR KL
5 206185200 TR AR SR i 28

Fig. 5 The algorithm convergence curve of 200 jobs of 20 ma-
chines

M2, NEA-STTLLE W, ol BE st 5
FaE tEREIL TBARIGA, Uil 1 iZ ot i e 34
PE.

M3 CUE Y, T A5 i — f5 i, CPUTH
SRS ) FEAS 2 AR B PR A 8 0, TG ) sE £, @
E 1620 08 UL 1) S 56, M FRedrh 1) 553641 Xt B
H8-115WE i, Bl REEOK, HAliBk™ &, RPD
fH LK. 25251 (LB AR B AL R ¥l = B, =

KA. TR0 BB A B A e B2 R AR I AL, 1)
AR FHE L (37 R S, BN FHERPDR T FHE
J& 20 T Map TP Ak 380N AT T3 B 22 57, i
RPDAH FLAs k. AELEARMET25%, 3% 156 W ekt i 4k
BATERERCUT. M AR AR R AT LA H, SMCi i 0
S BB 5 A5 AR T GAR ARG 55 s
17455, R, A6 R0 E 7 oot il i g vk SR R
JIE . MR EIREE 1, RPDE KN 542 % i
TAFRE G R 0%, RIS 45 e HLA 20 T B i ]
W AR R o5, IR E N A B L
T BR8] P AR TSR 2 (TR R A R
K, MR TAFHERL, SRAS Bon T, S5 [ K, 1%
TR R ZS ) 77 A SRR, RPDAE B K. BT LASOAS
A, 2B LA IR, dfs 2 /~RPDE K.

* 4 & H ARPDAGHRILER
Table 4 Comparison of RPD indicators of each algorithm

RPD/% (a; = B; = 0.05)

RPD/% (a; = 3; = 0.1)

ME(N/M) LBy LB;

Cplex GA BA IBA Cplex GA BA IBA

1072 428.37 4.51 5.33 530 476 44023 4.78 592 591 5.15
10/4 257.19 3.72 4.15 4.13 3.97 263.89 4.22 4.85 4.83 4.37
2072 841.73 — 7.28 722 6.74 865.73 — 8.12 8.10  7.67
20/4 511.38 — 552 546 498 531.57 — 6.43 6.42 6.04
3072 1282.56 — 11.23  11.18 9.81 1326.19 — 12.53 1253 11.95
30/4 776.31 — 932 930 8.24 792.36 — 10.89 10.78  9.03
40/2 1710.21 — 1623 16.18 14.81 1766.81 — 18.53 1853 16.95
40/4 1025.34 — 1232 1231 10.04 1059.24 — 1471 14.65 12.78
5072 2133.62 — 21.75 21.68 1991 2209.73 — 2375 2371 21.86
50/4 1281.34 — 19.53 1947 1790 1317.92 — 22.15 2211 2043
100/10 1521.07 — 534 531 322 1559.61 — 6.13 6.10 3.52
100720 1172.72 — 4.13 4.11 3.67 119645 — 5.04 5.01 4.39
150/10 2289.70 — 13.82 13.01 11.57 2329.69 — 1552 1550 13.81
150/20 1769.83 — 8.23 820  6.57 1788.23 — 1093 1092 9.84
200/10 3052.13 — 17.34  17.32 1474  3107.67 — 19.23 1920 16.20
200/20 2364.52 — 6.86  6.81 5.10  2391.18 — 8.04 8.01 6.77

6 HiRiG et B A (B A)EAT SR, FINHE 1 R R

ARV T HA BN FIMapReduce i A4 7]
NV FE ) R, AT IR A RO IR R, it T

F. 85 LA L, RPDAE A A (AR i K
BB A 2 A k. RO RO B A R BUBOR,
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PERG R, T — BB ML T TN R TT:
1) A4 B ik vF B SR EHE T 24N 2 14 ) MapRe-
duce ]l FEA AL 00 TR [R) & — AN BE AL X TH]
BEEETIIE Y ; 2) ARV % FEREFERI LT Map-
Reduce 1% H AR R,
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