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Abstract

In this paper, we investigate the effect of re-entrance to the same work station in a job
shop with multiple identical machines. System A is defined as the system in which
re-entrance is not permitted, and system B is defined as the system in which re-entrance
is permitted. By the analytical result of the queueing network, we find that the two
systems have the same queue length distributions and utilizations under FIFO dispatching
rule when all parameters are same.

Simulation models are developed for various comparisons between the two systems, and
simulation experiments are conducted for the combinations of five dispatching rules, two
average workloads and two due date allowances. Five performance measures are selected
for the comparison. The simulation results show that permitting re-entrance affects for
some combinations of system environments.
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29 %9l &A1 7t 2 (Dispatching Rule 3¢ Priority Rule) $ollA AFe B2HL utEaA]y)=
HEHYA 2AEY AR de o851 o AAFAsMFH o8 ZF+E Non-delay

Schedule o] WFol %371 W& HHNE A Rate AeE AT way FL Ans
& ANE F de Wolth (Baker[4]). viA da A Jt 4F AAFEYeATAEL

Blackstone[5], Anderson [3], Chang [7]1¢] =89 AHAl8] A3 =]o] 9ot

Job Shop 2AEHEAY Flow Shop 2AEY EAAAN ZF3 ALd:= grs
(Performance Measure)> Mean Flow Time, Maximum Completion Time, Mean Tardiness,
Percentage of Tardy Jobs %ol9 HIZddE JITHAEY Zgoz 23e Earlinesss
Tardiness& AT Hr7IEEo] AFESH I Ut g ALY 2§ we} oty F
ol AT Mean Flow Time® 7Z-$ SPT(Shortest Process Time) ¥ o] Hla A $4319
21 Mean Tardiness 2 %4+ MDD (Modified Due Date) #& o] ©43% Roz da4d
SH(Hunsucker(8], Brah[6], Udo[14], Kim[10]). 22811} Mean Tardinesst} Percentage of Tardy
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A HlwdtnA sle F A2 g7 P D (Queneing Network) o2& o] L3ldo
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e 2 A2E OEtd FFolHA 7tFEY.
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(HEAe] ok AT jol 4249 FF Az Aol 1/p,d mtiel 7147 Aod N,
o TEx= E3E0l gola 4 A Hulxagol p) M/IM/mtir) AAdAL A Feo
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1-1—1, 1-1-2, 1-2-1,-, 3253, 3532, 3-3-3
o)A g; (i=1,2,,7)8 228 zAe] ; §3Y FFolg . W ; 4 "o
Jdrenyg £y 35 W)=gA7 G0, o] AL gt e go| Fojur)

= S =2 B KD T=12 ] 10
A7NA k(i )E i ?l o] A2dE [ur] dd AR jE Wi sFolth

webq Wk g, =1/F, i=1,2,-,F2 $98dd, AN Z Agel de 2telel
ol D3 AFBE BEE AL 18 AS 0 N2 2o AEHOEZ ZF AP =
EQ&MFA o] FIFOSHE AEYL 3431 %= A" A AFYL 343 A~d B
=SSR 23, Z AYAoNe PFHoR fr)ste AYSE 2ok v A9 Tz
Aol Expo(10)°12 Z 7]1Ae] FA Aol Expo(10)Z 2L 7A$-ol 71475 &L 05 oy o
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Queueing NetworkS ©] &3 a3 #4& AgFEYeAialo]l FIFOY HSow 7h535
o 3 drld #EE £ HrpEed dg AL ez oy, wEM Al ol
Ag ojgsted F Alxgo] ojul o7t PYERNE LolrIE YT A BN magye
ARENA Ver.2.0& ©]&8ith

AEBHIAE gty FH 2 571X AYFEAeAATE T 57HA FYE Frr|ES Ae
8=

SREDERLE

® FIFO (First In First Out)

@ SPT (Shortest Process Time) : min{ P;j}

® MDD (Modified Operation Due Date) : minf max(D; , Toow + Rij) }

@ SLACK : min{ Di - Thow — Rij }

® S/RMWK (Slack per Remaining Work) : min { ( Di ~ Thow ~ Ri)/Ri }
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2 7 AR "y g7 gE Zo

3 BT FAFFH A (Mean Flow Time)
T Fad71AF A (Mean Tardiness)

5 971X 498 (Percentage of Tardy Jobs)
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<E 1> A ByUolAdL 98 B By
Case |EAANNVAZT [TRAQANEE] e BANES
1 Exo0(10.0) F 2 A QA *Unif(1.3.1.6) 50%
2 Exo0(10.0) P %24 2 8 N 7+Unif(1.6,1.9) 50%
3 p Exo0(15.0) 22 48 N7*Unif(1.3.16) 75%
4 P FFA X AZUnif(16.1.9) 75%
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7} A (Station)oll e HBINAS qg 715 A <F 2>9 gk ¢4 7 2y
oM el 7t5 &S AAGANN Adxd 2 24z 509% (Case 1, 2)9F 75% (Case 3, H2 &
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5% FFEo 2 a7t gle Aoz AWIHNY. <F 3> JHEAAY dag =3 e
< AAFAEA T FHe FhdA7e zolrt §le Aoz gFIHAL

<E 2> 7 AARE NNANEE ANEYA A

Station 1 Station 2 Station 3
Case 1 | Case 2 | Case 3 | Case 4 | Case | | Case 2 | Case 3 | Case 4 | Case 1 | Case 2 | Case 3 |Case 4
0.5002 | 0.5002 | 0.7503 | 0.7503 | 0.4990 | 0.4990 | 0.7485 | 0.7485 | 0.4996 | 0.4996 | 0.7493 | 0.7493
0.5001 | 0.5001 | 0.7501 | 0.7501 | 0.5000 | 0.5000 | 0.7499 | 0.7499 | 0.4998 | 0.4998 | 0.74% | 0.7496
0.5002 | 0.5002 | 0.7503 | 0.7503 | 0.4990 | 0.4990 | 0.7485 | 0.7485 | 0.4996 | 0.4996 | 0.7493 {0.7493
0.5001 | 0.5001 | 0.7501 | 0.7501 | 0.5000 | 0.5000 | 0.7499 | 0.7499 | 0.4998 | 0.4998 | 0.7496 | 0.7496
0.5002 | 0.5002 | 07503 | 0.7503 | 0.4990 | 0.4990 | 0.7485 | 0.7484 | 0.4996 | 0.4996 | 0.7493 | 0.7493 |
05001 | 0.5001 | 0.7501 | 0.7501 | 0.5000 | 0.5000 | 0.7499 | 0.7499 | 0.4998 | 0.4998 ) 0.74% | 0.7496
0.5002 | 0.5002 | 0.7503 | 0.7503 | 0.4990 | 0.4990 | 0.7485 | 0.7485 | 0.4996 | 0.4996 | 0.7493 | 0.7493
0.5001 | 0.5001 | 0.7501 | 0.7501 | 0.5000 | 0.5000 | 0.7499 | 0.7499 | 0.4998 | 0.4998 | 0.7496 | 0.7496
05002 | 0.5002 | 0.7503 | 0.7503 | 0.4990 | 0.4990 [ 0.7485 ] 0.7485 | 0.4996 | 0.4996 | 0.7493 | 0.7493
0.5001 | 0.5001 | 0.7501 | 0.7501 | 0.5000 | 0.5000 | 0.7499 | 0.7499 | 0.4998 | 0.4998 | 0.74% | 0.7496

System

FIFO

SPT

MDD

SLACK

ssR e RosRieioshie g lovhiocg fushied

S/RMWK

<E 3> el dg HAEAA 1 (P-value) ,

Station 1 Station 2 Station 3 ]

Case 1 |Case 2 |Case 3 |Case 4 |Case 1 |Case 2 {Case 3 |Case 4 |[Case 1 |Case 2 |Case 3 |Case 4
FIFO  |0.8160"}0.8160" | 0.8127 {0.8127"|0.6275"| 0.6275 |0.6291"|0.6291"|0.5276" |0.5276"0.5286"0.5286"
SPT  |081577|0.8157"|0.8104° |0.81047]0.6279"| 0.6279" [0.6331"|0.6331"|0.5284" |0.5284" |0.5276" |0.5276"
MDD  {0.8161°|0.8161" | 0.8140" |0.8110710.6272" | 0.6275" |0.6346"|0.6322710.5279"|0.5277" |0.5257"|0.5289"
SLACK 10.8157"]0.8157 | 0.8103 {0.81137|0.62757| 0.6275" [0.6340" |0.6344"|0.5274" |0.5284" | 0.5272" |0.5289"
S/RMWEK (0815771 0.8157" | 0.8098" |0.8096"|0.6269" | 0.6272" |0.6320"10.6317" |0.52697]0.5272"]0.5282"10.5282"
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AFo]l H-EHE ALY B Ao thr]PPe) Holr) ARNE AFE HYdL ¢ £+ U
o}

AAEAEATAE Alole] $9A4E AR SPTZ 7 £%3, 2 bdg2 2 MDDWE
ol & THE v ¥F3] F2 AYE R9FULen FIFOZF 7 Y& A3 g Yepdch
FIFOY SPTE d71d#F&3e F#3H, MDDY S/RMWKE #719880] & o 938 o
7isfde] Zo|7b F7te ¥hH SLACKS ZA$de E7i9fgol & u tirisfde Zojrt 7
23ty o

<E 4> 7 AdFe] FF dr)gE Zdolg] A EY o) AR

Queue of Station 1 Queue of Station 2 Queue of Station 3
Case 1 | Case 2 | Case 3 | Case 4 | Case 1 | Case 2 | Case 3 | Case 4 | Case 1 | Case 2 | Case 3 |Case 4
0.3336 | 0.3336 | 1.9120 | 1.9120 | 0.3331 | 0.3331 [ 1.9179 | 1.9179 | 0.3316 | 0.3316 | 1.9161 |1.9161
0.3344 | 0.3344 | 1.9475 ] 1.9475 | 03303 { 0.3303 | 1.8956 | 1.8956 | 0.3343 | 0.3343 | 1.9452 |1.9452
0.2437 | 0.2437 | 1.0233 | 1.0233 | 0.2442 | 0.2442 ! 1.0267 | 1.0267 | 0.2424 | 0.2424 | 1.0243 | 1.0243
0.2523 | 0.2523 | 1.1143 | 1.1143 | 0.2495 | 0.2495 | 1.0957 | 1.0957 | 0.2526 | 0.2526 | 1.1129 | 1.1129
0.2722 | 0.2726 { 1.3388 | 1.3655 | 0.2722 | 0.2729 | 1.3439 | 1.3723 | 0.2703 | 0.2714 | 1.3327 | 1.3577
0.2687 | 0.2707 | 1.2765 | 1.3105 | 0.2667 | 0.2685 | 1.2569 | 1.2841 | 0.2688 | 0.2708 | 1.2801 | 1.3062
0.3023 | 0.2919 | 1.7328 | 16511 | 0.3020 | 0.2908 | 1.7487 | 16724 | 0.3000 { 0.2801 | 1.7452 | 1.6645
0.3017 | 0.2925 | 1.7159 | 1.6480 | 0.2983 | 0.2892 | 1.6716 | 1.6052 | 0.3021 | 0.2932 | 1.7131 {1.6460
0.3276 | 03331 | 1.7617 | 1.7710 | 0.3266 { 0.3322 | 1.7771 | 1.7825 | 0.3247 | 0.3300 | 1.7662 | 1.7758
0.3271 | 03365 | 1.7353 | 1.7706 | 0.3233 | 0.3327 | 1.6950 | 1.7323 | 0.3275 | 0.3365 | 1.7315 | 1.7744

System

FIFO

SPT

SLACK

OO |10 | || | | |

S/RMWK

<E 5> gir|gBZolo W NAEAPA A (P-value)
Queue of Station 1 Queue of Station 2 Queue of Station 3
Case 1|Case 2 |Case 3 {Case 4|Case 1|Case 2|Case 3|Case 4|Case 1|Case 2|Case 3|Case 4
FIFO  [0.78427]0.7842" | 0.2524" | 0.2524"0.4618" {0.4618" |0.4089" [0.4089" [0.4730" {0.4730" |0.3804" |0.3804"
SPT  [88E-5|88E-5 |4.2E-9 |4.2E-9]0.02007"/0.0213"|3.2E~7 |3.2E-7 |75E-5 |7.5E-5 |1.0E-8 |1.0E-8
MDD  |0.12147{0.4069" | 0.0017 |0.0065 |0.0634" 0.1467" | 16E-6 (5.8E-6 {0.5846" |0.8317" {0.0029 |0.0049
SLACK ]0.8387°10.6972" | 0.5440" | 0.9106"}0.2765" [0.6028" [0.0043 [0.0107"[0.5235" [0.1973" | 0.2866" | 0.5083
S/RMWK {0.8329|0.2447" | 0.3283" | 0.9886"(0.3214” |0.9030" |0.0015 |0.0380"(0.4288" |0.0670" |0.2197" |0.9587

+ L ROFE 5% 2 ¥ Aadel 28
o RS E 1% 2 F A2l 28

* * *

* * *

53. FFA Y+ P A (Mean Flow Time)

<E 6> PTAATPAT A AEHNH dY e BHYFu on < L
Ao digt HA ZAAE BRAET FIFOE AHL3l9E A$des AFEYs g0 Bdg 5
Mg BEAdegrzie]l 5% FeFFow gL Ao R Ve on SLACKE S/RMWK
of ALdE FAFE 1% M 22 Aoz Ay=HY MDD ASoE 7HE&0] 50%Y
Wk Zon, SPTY Afolle BE A F Aade HaadFaazie] ttats 3
#$g A

2EZAH g& 7IFSE BY FIFOY SPTY ZA%ole AFYL 3&5te Al2e BollA 9
TAFFYAI o] FHEHow, MDDY A$dE Wde] AE 4o SLACKH
S/RMWKSE Zfeles &350z 4L UE & At

£33 MDDY4 S/RMWK: d7lidf&o] & o 232 dizigide dolrt 713 ukd
SLACK®Y ZA$dle drlodfgol & o dirlAEe dolrt gadQot o188 23+ 7y
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718BY dolol X BEHYD Aot AT

<3y 1> HoAPLAANE A E AYELeATE] ojE AHAAE golr7)
Al <E 6>9 g oYz 2¥ Aotk o] AP B F QFe] RE ¥ AL
SPT-MDD-SLACK-S/RMWK-FIFO9] <202 43 A3E 42 + ARk
<E 6> FoAAFPAIZE] Al g0l A3
System Case 1 Case 2 Case 3 Case 4
FIFO A 40.000 40.000 102,516 102.516
B 40.008 40.008 102.938 102.938
SPT A 37.318 37.318 75.779 75.779
B 37.559 37.559 78.268 78.268
MDD A 38.162 38.185 85.195 85.999
B 38.058 38.116 83.176 84.050
A 39.059 38.730 97.321 94.931
SLACK B 39.037 38.766 9.057 94.044
A 39.806 39.970 98.104 98.349
S/RMWK B 39.796 40.075 96.672 97.828
<E 7> HaFAdsd AL dE A" A (P-value)
Case 1 Case 2 Case 3 Case 4
FIFO 0.9313° 0.9313" 05213 05213
SPT 0.0005 0.0005 29E-11 29E-11
MDD 0.1588° 0.3658" 6.8E-6 3.0E-5
SLACK 0.7966" 0.6720° 0.0452™ 0.1504"
S/RMWK 0.8932° 0.2214° 0.0176" 0.3562°
x . fOlFE 5% 2 F Alade] g
e SRR 1% = F Alzde| TS
AjAEY
105 — P
r " » "
o5 7’= —
/ / -~ FIFQ
w75 [ SPT
< jé’ e MDD
65 - —e—SLACK
/, —e—S/RMWK
55 /5‘
a5 _,’f
v . -
35
A B8 A B A B A B8
Case 1 Case 2 Case 3 Case 4
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54. a3 71A 9 At (Mean Tardiness)

<E 8> FEWIIAGANC] hE NBAH Adolm <E 0> 7 2P e} A=y
Ask A28 Bilolo] J@7|AANZ Rolt 9l 2§ Paired t-testd Aolth. @l Al
A ASste @ FIFOR H4% AR F Alade] JagrlAdazel 4 2& 3
e ofUQith @7l f&o] e B9(Case 13 Case Dol #95F 1% 9 5%2 247t &
Nzl FEAAN) Bk & F Yot @l o]l =&@ B (Case 29 Case
pAE % Azde FFENAANGE 203 & F YQch MDDE AHE¥ Aot Case
1A% Fol7t gl om, wee] SLACKOIL S/RMWKE AH8@ 7ol Case 2014 % 3
o7} slE Aoz vehuch

4% A% g AHEY AFE0) 50%Y WE AYTAEATFRY BAYC) A2Y Bel
g AQAze] ey Ad @tk ZA dehgeh 2eu S el 5% W FIFO%
SPTE AH8# Z & 94 Axd Bsl, MDDE A48 A%olE Aad A7 2 g8 uol
Fodoh

4QEQEARH) el vmal 2 <29 >4 FuE SeuRe] YEWANANT
2 SPT-MDD-SLACK-S/RMWK-FIFO £o2 Z78IRtt, 138 2 M Al&d AdA
4 Al29 BolA Wstrt 9

<E 8> WARVIAAAZY] A A A

System Case 1 Case 2 Case 3 Case 4

FIFO A 4.6045 2.9684 41.4074 33.3714

B 47374 3.1352 42,4652 34.8436

SPT A 25230 1.3171 16.8462 11.3017

B 2.7706 15101 19.4148 13.7058

MDD A 2.8888 1.3736 244726 17.3543

B 2.9205 1.4559 23.1149 16.5361

A 3.4544 1.5543 35.6123 24,6250

| SLACK B 3.5565 16961 35.0415 24 8690

A 4.2260 26595 36.4464 280881 |
S/RMWK B 4.2933 27732 35.6450 284107
<% 9> Mean Tardiness W& 7}4872%3 Z I (P-value)

Case 1 Case 2 Case 3 Case 4
FIFO 0.0158™ 0.0003 0.0761" 0.0090

SPT 17E-11 15E-13 12E-15 46E-17
MDD , 0.3459" 0.0009 8.4E-5 0.0064
SLACK 0.0262™ 15E-5 0.2958" 0.6163"
S/RMWK 0.1325 0.0017 0.1182" 0.4618

ROy FFE 5% B 5 Aade] e

ol gRE 1% 2 F A2dol 2E
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<I2d¥ 2> AYEAeMTHS FEEIIADAL Nl

55. §7) A4 & (Percentage of Tardy Jobs)

<E 10> o8& B Agdold ARy <E 11>& AFY HEojRo] By
F A2yl g ARt @A) A SPTRAS AT Br)dg80] =&
& 799 Case 29 Case 49147 F A2de] @rlAdgo] grbe 238 Ao Yold
AelAe % Aadsl dAAdgel Aolt EASAL. Aot EARE BE 2ol A%

oA G AEe ATYE Hese A2 BN BrALL0] AFYL &5
Gt Aady Al BAAASRT A g S ¢ & AN

<Y 3> <E 10>¢ IUZE RAD AAY AYTYEAFALY $5He wms =
W SPTRAL AHgat9e W ¥71Adgo] A47t 88 & 4 Ao o8 '
@0, SLACK S/RMWKE 2 Aol giglth FIFOE d71Ad& BAAE 714 $4 %
& 3 Holoh

2

<E 10> g7|AA & Algdola A

l System Case 1 Case 2 Case 3 Case 4 |
FIFO A 0.3165 0.2074 0.7429 0.6256
B 0.2931 0.1919 0.6920 05776
SPT A 0.2422 0.1340 0.5553 0.3804
B 0.2374 0.1345 0.5495 0.3848

MDD A 0.2715 0.1498 0.6529 05020 |
B 0.2563 0.1445 0.6146 0.4705
A 0.3069 0.1665 0.7613 0.6125
SLACK B 0.2886 0.1610 0.7084 0.5698
A 0.3279 0.2155 0.7752 0.6606
S/RMWK B 0.3105 0.2072 0.7256 06217
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<E 11> @71Ad g dd 71434 E3 (P-value)

Case 1 Case 2 Case 3 Case 4
FIFO 3.1E-17 7.0E-15 3.0E-20 1.5E-16
SPT 0.0001 0.5752" 0.0083 0.0361™
MDD 55E-13 6.2E-5 5.6E-17 99E-12
SLACK 27E-12 0.0003 5.6E-20 1.7E-12
S/RMWK 7.3E-13 1.9E-7 47E-19 3.7E~13
xR0l E 5% 2 T Axdol 2R
o RAEFE 1% BT AA"] 2%
AlAY ]
080
e
060 = \\'
o
TS50 n
040
030 ——S
020
010
A B A B A B A B
Case 1 Case 2 Case 3 Case 4
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6. &

&% Job Shop £AEY FANM FAYFEJAEATAE o] 88 BE& AFEL A5HA ¥
THE FLE 7AELE FYD) A £ F Qe MR olY FAUIAEL AdME F
A ool HET 4 vk HEE B3 Uk A =R S 2@ A e ojfE PEs
W dA e deout FLIIANM Tl g AAHE Setup Mztol TAE Roly) Wiy
of ol& Abdel WAt Setup A& B2 A 9T Aoz FHAG. a8y 44
A EAHCl FLIIANA Fo] FriFdE HAlgel Wt N2 SetupS FHdor e AL
= £33 2AsteY oY B$E SetupNTE FFER AT olF Y BA7r BAI}A Fe

=23

Gt & =EoME 98 AdZ AT ALSE B4 HEHA dE Aol o
M o)zt e AE FASY Bkt olE A 47 2o FY WHIAR FAHE 3
Nl BN 349 FHo2 FHHAE AdE A ALE dANagoz HAAHY
o WA AAFAEAFAC] FIFOY 25 d7198F ]88 ol g3t A%l 3§ o2
& 5 Alado] 7hF&ot WrIgE e dojo M Xol7t Y R XY ANEHIA
2 o} 8t APFAEAFH) EAAE B S, HEE FEO BHAANE BE, B A/E&0)
FAE B¢ Tl oY Z 2T W F Axg Ale)9] Xo)lE RAMSIT. A FEL
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v &, 7l E el o], BT AF28 A7 FTd7IAAAZL, G719, Tolu.

AEHOR 715 &9 A%e BE YA F Aladd Aol Qle Reg #Fsdoy,
drlgdel Aoy FFAJFAALY ASode ALFUEATHS  FIFO, SLACK,
S/RMWK 5& o]&3tH dizfel Z$ Aol7 it wtdel HFg7|A A oY Fr144A
&9 Afoe B ZFEANAH F A9 Alole] o)yt e Aoz WM wd RE
Peg izl s B EEoA md 57Hx] AAFYEAATE FoAHE B =FolA 1A
$ Fgstol A REY Aol SPTHA] 7HY 58 22 AFHA=Y, dAY 99 4
TFEAdA HagZiA Aoy G A A&l dstd= MDDFE ol SPTHARY 43tk
AEdE AvEs 239 oH, System B o HEE7IAQAIZEANA Case 29 7 $-ol % MDD
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