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##4670364621 : MAJOR INDUSTRIAL ENGINEERING

KEY WORD : DISPATCHING RULES / DUE DATE ASSIGNMENT RULES / ASSEMBLY

LINE / COMPUTER SIMULATION
PANITAS SUREEYATANAPAS : INTERACTION ANALYSIS OF DISPATCHING
RULES AND DUE DATE ASSIGNMENT RULES ON ASSEMBLY LINE
PERFORMANCES. THESIS ADVISOR : ASSOC. PROF. PARAMES CHUTIMA,

Ph.D, 243 pp. ISBN 974-17-6659-9.

The purpose of this thesis is to analyze the interaction between dispatching rules
and due date assignment rules on the performances of assembly line manufacturing systems that
are balanced and unbalanced via computer simulation. The experiments are conducted under
three factors including dispatching rules, due date assignment rules, and shop utilization.

Dispatching rules are chosen from the best rules seen in literature survey. Due
date assignment rules are chosen to various due date assignment methods that compose of
external sets and internal sets. The external sets are due date assignment by constant and random.
The internal sets are divided into two types that one uses only job characteristic information and
the other uses both of job characteristic information and current shop status information. Shop
utilization is set to 80% and 90% in balanced shop. Moreover, the experiments are set to
unbalanced shop. The performance measurements consist of mean flow time, mean tardiness, %
of tardy jobs, and mean absolute lateness.

The simulation results indicate that when assign due date by Job in system (JIS)
rule, Earliness job due date (JDD) rule becomes the best dispatching rule and give the best
overall performances. The thesis also attempts to improve the performances by presenting a new
due date assignment rule that is Job in system and number of levels (JISNL) rule and developing
JDD rule by adding a new algorithm that concerns with- the priority jumping. The findings show
that both of JISNL rule and the new algorithm give the better results in some conditions

especially in tall structure products or the products that have a lot of assembly levels.

INDUSTRIAL ENGINEERING Student’s signature

Concentration.. INDUSTRIAL ENGINEERING Advisor’s signature
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Due Date
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JobType==2

NS
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I

NS

Fszign
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Fssign
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Route

SEQ

1 Station
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Fssign
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Seize Delay

Release

Route

Station et

Setindex

Oueue Set(Set Index )

achine Set(Set Index’) OpTime

hachine Set(Set Index)
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L Station ﬂ Branch g Queue L Queue il atch —a Assign —
FAzzembly Station 7 FAzzembhy 01 FAzzembly 02 MNE
15
If
If :
If
It g Queue L Queue
It
It .
I Assembly 03 Assembly 04 M atch 1 Fssign Route
it
If L Queus L Queus ﬁss ey
It
Bse fesembly 05 fesembly U6
L Queue L Quene
Fzzembly 07 Azzembly 08
= Queue L Clueue il atch Assign —
Azzembly 09 FAzzembly 210 MNE
15
q  Qucue A Qucue
FAesembly Q011 FPesembly 012
L Queue
Fesembly 013
8 Station ’—‘{ Branch = Assign — Count
Exit Sy stam Tardy TardvyJobz
If Tally Assign Tally
Bse [ THOW:DueDate
h heanfbsolute Lateness Early Tardiness
L Azzign
B Tally [ispose
FlowTime
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Froject Adtributes Queues Rezources Stations Sequences Tallies Counters
DistP-FCF S, 00-COM#FIat PivalTime MC10 hdachine1 A Al FlowTime TardyJobs
OpTime MCZ0 hiachine? MC2 A2 Tardiness
DueDate MC30 hiac:hined MC3 Job A hkanfbsolute Lateness
St Index hC40 lachined hiC B1
Tardy MCa0 lachined hCH B2
JobType MACHQ vigchined MCE B3
[Stats iy | (AT =L L ¢ b4 Sets Replizate
mCa0 hdachines hiCE Job B
HFRhchine] 1100 sl ol e S Dueue Set 400000
MR (achineZ} 100 Azsembly 12 Exit Sy stem 2 Station Set
HF:(hchine3 100 fesembly 03 L3 hachine Set
HFR(hEchined 100 fesembly Q4 4
NRvachineS 100 Aesembly 08 5
MR {achine 100 eSS e
HF(hchine7 100 ﬁsemg:ygg mec
i zembly o
NRMBchin=8) 100 Fesembly 03
Pezembly 210
Pezembly 211
Pezembly 212
Fessembly LTS
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0.0=2t
SIMAN Bun Controller.

* 1 0% CREATE, 1:EXP0(30) :MARK (ArrivalTine) :NEXT(1§) ;

0.0=3t
w 2 1z ASETGH:

DMelbate=ArrivalTime+4d500:
JobType=DIaC{1s3,1,2/3,2,1.0,3]);

0.0xgo until 2000
Ereak at time: 2000.0
2000.0>=st

SIMAN Bun Controller.

E 26 11 FELEASE:Machinelet(SetIndex) , 1;

% 1

A Yo w
317 3-6 @10819m13 13RI Step 1az Go
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o o 3 ° ° 4 {
B Set 1Ay Cancel Command 1agf1da Set 1Wumammualyt lsunsuimenu@eu lun

o ] o o 3 I~ 9 A a o o 9 o @ 9
A11UA FIUAITS Cancel WUl U IFNpen@nada Set Iaglsenaualeiidan la

9 9
[

Tumsasnraeuanugndesluauitensil ag

=

®  Set Break 1% 1umsfmualanigatIng1 o Block Nfvua MoasndoudnIuz

v v 9 v
H30MIMUUDITUNUN Block Hu naasagili 3-7

0.0>z3et break =2
®#*%% Break set on block 2

0. 0>=go

Ereak on current block.
*® 2 1g ASETIGN:
Duelate=Arriwval Time4+4800:;
JobType=DISC{1/3,1,2/3,2,1.0,3);

0.0=3t

B 3 23% BRANCH,1:
If, JobType==1,625,¥es:
If , JobType==2,24% ,Yes:
Else, 295, Ves;

0.0=go until Z000

Ereak on current block.
*® 2 lg ASSTIGHN:
Duebate=irriwval Tine4+4800:;
JobType=DISC{l/3,1,2/3,2,1.0,3);

10.3584568>=cancel bhreak 2
*#*% PBreak cancelled on block 2

@ 1

3191 3-7. @29819M 5 1981678 Set Break 18 Cancel Break
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a 4 1 £
%HQTHWuQﬂqﬁaNﬁJWQ

0.0zt trace entity 2
*%% Trace set on entity 2

0, 0=gqo
Time: 0 Entity: 2
1 0% CREATE
2 1g AEETEN
3 23% EFANCH
g 243 DUPLICATE
9 25% AASTEN
G 5§ ROUTE
51 HonTardy COUNT
52 18% TALLY
53 225 DISPOSE

ArrivalTime zet to 0.0
Iext creation scheduled at time 10, 384568
Batch of 1 entities created

Duelate set to 4500.0
JobType zet Lo 2.0

Selecting at most 1 of 3 branches
IF: Eranch not selected
IF: Entity 2 zent to 245

Send 1
Entity
send 1
Encity
Send 1
Entity

Entity
Entity

Entity
OpTime

To arriwve at station MC3 at time 0.0

Entity

Counter No.of Jobs incremented by 1 to 1

duplicate(s) to Z6%
4 created
duplicate(s) to 27%
5L created
duplicate(s) to 285
B created

Jequence set to 4
tranzferred to blaock 5%

Job Step set to 1
set to lZ.3501058

transferred to block 6%

Tally FlowTime recorded 129,05338

Disposing enticy 2

Y]

517 3-8 @108

u

193 1¥fdq Set Trace
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® Set Watch I¥dwmSuasivaeumsnlasuuilasvesdnlsvseeu lvaragndeans
TagTsunsuazngamsinuiinsudetou luismuaiismlaoulyl  Jeawnso

1 1 ~ 9 9 @ ] [ A
ﬁi?ﬂﬁﬂﬂﬂTﬁWQﬂﬂﬁ@ﬂﬂTﬁqﬂLLﬁﬂQﬂ?@ﬂTQﬂﬂzﬂﬂ:}9

341.816821>==et watch ng(MC30)

Jet WMatch Expression:
Expr# 3Stop Entity Value Expression
1 W n.n g (MC30)

341.81821>=go
TEE O g (MC30)
Changed walue at time 341.518:21
0ld walue = 0.0 New walue = 1.0

341.8182]1=go
EE ng (MC30)
Changed walue at time 342, 30468
0ld walue = 1.0 New wvalue = 2.0

342, 304de8>cancel watch ng (MC30)
*#% 1 watch expressions cancelled.

2 1

71191 3-9 Mod19ms 19f1da Set Watch 11a2 Cancel Watch

[ o o A 1 o 4 1 3
" Show Command Wumdanlsuansmvesdinlsvseton laien s naniug
. 3| o v Aq Y 1 @ A A 1 1 = v o o
" View Command (Humdenlguaasnivesdilsnieten luae mudernuias
Show HAFINITOMAAIT 1WAZDBAYDITOYA I M ldamnsoaseaoudoya
Y F4 v 9 T
AUATYITUATY o A lAazBeatety Tagdide Show Lag View Laag

o "o A
f108196931N 3-10
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500, 0xshow Jjobtype
Jobtype = 3

500, 0xshow duedate
duedate = 5l141.81582

500, 0=show ng (MC30Q)
ng(MC3Q) = 3

L0, 0xwiew count

COUNTERS
Tdentifier Count Limit
Tardylobs 0 Infinite
No.of Jobs & Infinite

519 3-10 0819735 194199 Show Command 1182 View Command
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1 1Y o ¥ v o < 1 A 4 J o @
uaaziu vzgnloulUhmeluiunaly Wuwuiilisesy Taslinemsinuseuduiu
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i lgimavda (Delay) wennuAatndlaqimatu Sspeiluszuonddnyazdunny
. . o A & Ay o o 2 o y &
Non-Terminating System Hunpiluszun liaunsasmuagadugavosmsiam’la &
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1 Y
naoams  Tasmsiimsneaouiiesdu (Pilot Run) AUMUUSIA0ITZUUHAADDEENS
Hq v o E o A v ' g
Usznovildilunuuiaesiuglumsiimsneass sude  Idmsneanniulamng
o 1 < o
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. . < A A 4 A v . o
91 (Interarrival Times) W ldawensan 4-1 luunn 4 Fansnaasaudiosdu (Pilot Run) Hu

= = 4 dy
UIgasoyn AN

3.6.1 MININANIZUVIFTN1I2AA (Steady State)
A ' ~ ' 9 o 9 a A
199910 1UMINARDIFIMINDIUMIUNIVeITaYa M 1HIszansmmveans
o @ g A = ] o 1 ) a o o 4
Mawddlu@un Jdlinsihmamsneassriusnuimsinsed szt ldaglwe
A Y ax ~ Y 1 Y A A A o 9
Aananald AFmslumsmnafiszuudhdannzasdalunil Aemsihdeyanaimslva
4 v
VY9I (Flow Time) 4141 Moving Average 111 Cumulative 1a891m3naasanaluszuun
F 1 Y
WIMIHAATUUIUUIDY HUVFS aznuUaulysel Favunlumshinmsnassuiosdulae
1 F
Tanlumssuiniy 400,000 Wi vz ldsaudeyadmsuszuuninmandaduauuy
4 [r 7 o o
HUY HDUFS HaguUUANYSHl WnY 13,245, 9,324, ez 4,912 Joya mwday Taewaain
4 [ ' v
M3941 Moving Average Y9932V UNIA WU WU InszuDEMgan1IzaR IRl
~ 1A o A a Qy Y a0
WINNGABINUVUTIA0IUBIT LV UNHAATUIIU IATIA WDUGS  Teelian)szana 160,000

W WUHREAUIIFI Warm-Up Period A9 160,000 119 teraanegli 3-11 4 3-13

FlowTime(1)

Walug
(x103)
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s £

14

1

14

1.5 §
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1] . iy 3

i id
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ime
+Raw Data ~=Smoothed
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I v 9
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FlowTime({1)
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T e
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Time x10
+Raw Data —Smoothed

H [ 4
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FlowTime({1)
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v Y
3.62 MIMIUIUToYANUMNZANADNTTU 1 AT
0 v = , o o A quy Aq v '
MIMTIUTBYA NN TUADNITY 1 AT e lridoyanldlumsnaasunas
:/‘ = I a 1w o Y o 9 . 9
assinnuiudaszaeiu ldTasmsideyanainslvavesau (Flow Time) M wdape
031 Correlogram 198910 Rule of Thumb (Pegden et al., 1995) Wus waudoyafiuzay
S 1 o =& Y A 9 ¢ & [
viinszanm 10 Mot wau Lag Fam ldninnsmlitianIndgud dennmsuaeansl

A ] 4 v
Correlogram U9ITzDUNIANUUY WU luszuuimaasuauuuuge azlde Lag Hun

=

d! [BE-Y [ d‘ 1Y oajl o 9 d' d‘d 1 [
nga sunny 270 @NE‘IJ‘VI 3-14 aUU fﬂmmmammwmzﬁwmmﬂnmm 10 m1UdN

o

=3 " W 9 £ A I Yo 9 ' v Y
IUIU Lag 31UNINY 2,700 Uoda “ﬁﬂﬂTi‘V]ﬂaﬂ\uWﬂﬁ]gclﬁllﬂinujusll@%!alﬂhlﬂ‘ﬂ 2,700 Uoya

) [ I [ g/l 1Y)
1 vzdeahimsiuTdsunsudlunanlszna 115,830 i aaiu msldnarlumssudoya

Qe

(Y = = A Y [ 1w A o A 9
MY 400,000 UIN Tﬂamammzuumqaﬂnzmmmmu 160,000 U1N UUAD 1danlu

A LY L) T q 1 {
MINAABIATUMINY 240,000 117 tmiulunnmaneass 1deniluszeznafitisanonay

o

I a o
mlddeyalinnuilusasenoniu

FlowTime{1)
Correlation

1.0

0.5

0.0 — |

-0.54
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A A a ay 9
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Y '
3.6.3 MIHIVIUIUFIVEINITTU (Number of Replications) MK T
1 i o { o & A o :’ [
ﬂ1'§1’i’1°]5’3\1ﬂ’)13JL°dlf@3JuﬁL‘l"iﬂﬂZEﬁJ i]mJumzéfmmmmummmmﬁu (Number
of Replications) Mvnzaunou TaenMede Introduction to Simulation Using SIMAN &

na12'1371 $119U Replications Mvixnzay awnsoiuis ldanaumsi 3-1

n* = n(h/h*)’ (3-1)

v Y v
Tagh  n NUIUFIVDINITTY (Number of Replications) 1851 lJudn

v ]
&%

£ £ 9 1 A A o Y
h = mﬂ‘lfiuwmmmmNﬂf’Nﬂ’nm%auu%ﬂm’Jmulﬂ

' '
Ol

&£ & Y A Y
ATINUIUBDIAITUNINWNBINAITULBDUUNADINIT

=
Il

o

@alaeii lldmualidlu 5% vosnunas)
Y

o @ Ao o =X = Yo IS o . .
dmsuszunMmaanEegl gninnualniullsunsuius i 10 Replications
TuaouwFunsn FmMsmananuFeiuveszuy i la lnemsihdeyanains Ivavesau
a g o ]
(Flow Time) ¥1IUAIIEHHIUNI Output Analyzer luTals51nsu Arena (5.01) Tagfruayig
A o Y &£ ' A o 9 as (% 1 dy A I ax A @
ANUTFONUIINY 95% FHINITHIFNAMMFONUAITMIAINaNT dolludTiaeInums
UszuAI¥9ANTeNY (Confident Interval Estimation) MNHWANNIINNADA IABNAIN
[ o . . o Y 1 o 1 Y o ~
mM35uTUsun3u81UIU 10 Replications 11 1H a5 011A 181150199 1A Aeansedn 3-1 uag
o Y ' o oy v A A A . . A [
MIANUNDUIUFIVDINITUNUINZAUNGAND. 20 Replications 1110391001354 T1)50n5
v v v 2
(e 20 Replications 1THHBINMNINNE 5I0MaN551 15005 NNN1UNIN 20 Replications 17113

Wuiton naziod hifidsz Toemifvzildanumlsdsuvesdoyaanasla

M13519% 3-1 HANNAIUNAINS WaVedU (Flow Time) 91nM351115UN5H 10 Replications

Usganuoesuay Mean ey h h | n
Tﬂiqﬁ%)mmmmu 269.10 259.68 —278.52 9.42 13.45 5
Taseafauuugs 663.38 612.74-714.03 | 50.64 | 33.17 | 24
Taseadayugudou 807.94 749.17 - 866.71 58.77 | 40.39 | 22
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3.7 agdwamsaiasuudiaesilaym
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uuusraesilymidmiuauised 1a1971sunsu ARENA Version 5.01 lumssiaes
1 Y
FEUUNAAUUUTIINIUTLADY FIMaI9NAF 1LV VT 18097 UL A 1ANMTATIVETDUANY
" . 4 \ e 4y 22 4
gnAvIvRIILUIAeY teasrvdeuwuudassiadwIuumimiivlUawszuuiieonuuuy
v A qyd ¥ Ay v o o & 4 v o P
13 waziieldiula Idwan ldnnuuuseesivszilunaigndssnminglszasnvoans
Y ° o o P o A L v A A Y
a$uuuiiaes vasnniu lalimsduiumsnaasuiesdu e mamszuudhganig
Y v
AN (Steady State) LAZHINUIUBIUINITT Y (Number of Replications) Mz ay Iagan
HaMINAaoINL11 M3 lgarlumsiudeyaminy 400,000 w1 szuvIzdIganIZARIN
= v A 9 a (Y ~ A Y
naszanal 160,000 1IN HuUAD 151181141 NAABIRTNINY 240,000 W1 Taatie 1
o 9 Ay v = Y} A B A v
vulvlanwanlannnmsnaasedinnugnassazive lianuulsismveswalisianiosas
A 2 A= NYe A Y o . v =
8971 TuMINaaee95 999 1AAIIANTZUDITNIGAN 129G (Warm-Up Period) 131U
= 9 o A 3 9 Aaas A d o
400,000 111 taz e lumssu lilsunsumoinudeyan1aanaon 400,000 w1 Wus Iy

20 Replications Naeiloany
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4.1 UNIN

” \ .

Tuuniidlumsesauuuminaasd Fainiudetinsmimuamiwes i nlelums
naaeslinuuuuiiaesilam TaoluamAseiiumsnaassmeldilaiondn 3 fhio du
laun sgaumslfauvessguy (Shop Utilization) ngmstvuanatdiuey (Due Date
Assignment Rule) uazﬂgmifdwmm (Dispatching Rule) «?q%’agadauiwﬁﬁéjnﬁqmmﬂ

=

MIAnEINUITeNNeIv0e Tnulisneazidua aail
(Y] Y
4.2 STAUMS T NUVDITZUY

o [ 9 N . k I & o o
fMrualiseaumsleauuesszyn (Shop Utilization) detluntiailadelumsnaass
4 a 4 { [} N - { 4 ~
enszrianu hvesszuunisetszansomnla  womsznuluszuundsuuilasll
Y v A A o = cu A Y a
Tagseaums I¥aUvesszUUN@enHINIsAnE lua1uIde 9199981910 Economic Report
of the President, United States Government Printing Office, Washington (1982) FIUAAITLAY
9 A (Y] a (] ~ & 1
ms l5au Tesmaglugaavnssnvessemaansgomsn Tur9l a.f. 1965-1980 Fanu
= [ ] = dy 9 1 Aw A 1 A o 9
fiaegluge 80% 1 90% wenvinil lanua ATenrunduuniniminaasinield
Y
HUV109TLVVHAAULUMUNY  HaZIZUUNAAuUUMeNIUTzaeuiiy  Smualiszuud
Y v
anuauga sennunlugaaivnssuaiwdl seaumsisnusesszuuinianu liauaa
o A a d? [} [ qu, 2 o Y [ k) o Y
nazdnlanizasviamnevnlussuvedious - duiy i mualiiltemediuszaumsly
Y
Nuaesszudugaa i
= o A o Y ~ =] [
42.1 szuulanueauga (Balanced Shop Model) Tiufe fMvualvinnaaiauiszau
9 1 o ] Y 1
M3l ou'ldun
[ 9 d’d
B 52U 1BNUUDITZUY 80% unUszUUNTMTEuIhunag
" 5edums FNUU0ITIUU 90% UNUTTUUNUNTL UKD
d‘ ] q'/ A Yy dd‘ a 1
422 i%‘]J“lJT]]lllﬁilﬂa (Unbalanced Shop Model) {UA® 1wnﬁa1umﬂﬂﬁﬂnzﬂam¢mg

Tuszuy Tasdvualduaazaoinuiseduns o lumisu
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Y 4
v A

Tumsianuidensail dmualdszaumsldauvesszuun 80% uaz 90% gniviua
1 { 1 A o 3
TagAURAY (Mean) UBIUIATEUINMIN (Interarrival Times) NUMNTNTLIIGAWLVIDNGY
Tisuu®ea  (Exponential Distribution) lagguiunsnaasulasundasnunoveaan
1 us/' Y o a { [ o
FEHINMIINATIAZ 5 WA Ausuuiaesszuusaanuudemsdsznouilftunnuiiaes
Lﬂy o o A Y 4 [<f . .
wuglumsimsnaaes Wude Tmssieanuiluliaiung First Come First Served (FCFS)
o 1 3 Y o K 1 Y] Y
nazdmuanadaweniluliaiung Constant (CON) t@nuAinAszauMs IFMvRITEUY
= Ay ¥ A v A A a 2 9
Fawan lduaadluasnin 41 tude lunsnasesszvuindasualnseadununy
(Flat Structure) N15AUMS 190119095511 80% ANRAKYOIIATZUINMINIIZOGN 30 U7
HazfszAUMS 19U ITZVY 90% ANRABYRIIANTLHINMINIIZog] 27 i drulums
[ 9 [
NABOITTVUNNAATUIUTATIAT 1D UES (Tall Structure) N=AUMS 1FNVVBITZUD 80%
ANNDYVDIINTININNGNIIZOGN 43 107 wazNszaums 1FOuveszUY 90% Aundy
J 1A = 9 A A a tgl 9
YBINATEHINMINIZREN 40 1IN gathedoluminaaedszuunmanFuuInIIas g
HUDFUGOYU (Complex Structure) N52AUMS IFNUVBITZUY 80% AUNABYDINATLHIN
MINZEGN 80 WA LAz IZAUMS IFIUVBITZTIY 90% ANNALUDIIATEHINMININY

o ~
88N 73 UIN

Q13199 4-1 AUNABUDINANTSHINAITI NILAUMT 1HNUVITEUY 80% 1AL 90%

a [ 4 1 4 [
Taseasamansam ANNABVDIIATLHINNMT (W)

izﬁ’umﬂ%’muﬂmizuu 80% 3zﬁumﬂ%’qmmmﬁwu 90%

MUV 30 27
HUVGS 43 40
nuuFuFou 80 73

H 4
dmsumsiimanaaosluszuui ldauganiy 8198901910 N1330U0 3 Vig and Dooley
o A ° 9 . 1 1 ° Y
(1991)- HuAD MINHUATUNINIU (Routing) VoduaazaIullszney nviualasliiunas
A @ = ] 3 A A Y =& 1 o [ 1 o Y @
mimminmmummﬂungmaaﬂ”lmmﬂu FIUTNUNMINUUAAINA TN INTZATMS

1$9UUDUATOIINITUABLATDIVAWANA WO UAD U U WURMGANUIUDATATIZADUIA

~

d%‘ A [ A ~ 9 [ 1 A @ A A
"llu‘ﬂl,ﬂi'ﬁ')\‘ﬁ]ﬂiﬂ'l\?miﬂﬁﬂﬁﬂﬁiﬂﬂ1i$\31uq@ﬂ')'l!,ﬂi’f]\iﬂﬂ‘ilﬂﬁ@\‘lﬂuﬂ
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o v
4.3 nHMITMHUANATINDD

o 1 @ 1 < { o
MU UAINAINDU (Due Date) U933 Wiﬂﬂﬁ\i I019A 8N ﬁ?@tﬂa1lﬁ‘ii}ﬂuﬁﬁﬂlm11%’

g 9

1 Y
Augnd TasIsmssimuanaIdaueuIuIazAIuNTeH . (Tightness) YBIIAAINDVIZ

danadolszansnmvesszuuuazszansamludaulseumeuvesngmsvenu vanms

ﬁ'lﬂﬂ]usllﬂxifﬂiﬂ']‘I’iuﬂL?laWﬁ!QN@Uﬂfjﬁﬂﬁﬂﬁgm"lﬂlﬁﬁgﬂ%!ﬂﬁWﬂﬁll‘HﬁsU’f)\N']u 5’311L‘191}"Iﬁ"]JL3Eﬂ

A ) = o 1 1 Y d? "o o
‘ﬂ\ﬂl!!%’]ll’ﬂﬂﬁgllll GINﬂ;]ﬁll‘!fnﬁﬂTﬁu@!ﬂa)ﬁﬁﬂ@ﬂl!ﬂqqﬂlﬂucﬁaqﬂﬂﬁglﬂﬂ VUBYNUANHUL

v
A o

tﬂ‘ 9 td' o 9) d' = o = a o Qsll Y
Auwazdoyaniunly Tasngi@enuimsanuluauideasail fvualinseunquin
sznnveamsfvuanadanel une
43.1 MIMUUANNNEUDN (Externally Imposed) 1ALA
< o 1 Y A £
" Constant (CON) (Humsmivuanardawey viisseznainanamie ay
1 d'dy 9 v % Y A @ < Y o !
masndezlgiunnnu  dnlslunsaiminnvnadugimvanardaeu
o ] YA d‘dy [ 4 d‘ o a Qy d'
04 MIfvuanaawen i iamnN M UeIAnINIMMINEATUIUR
= 9 A = @ & A o [ 4 A o a
IANUraINUaIeNes  HWIedNHENHAD  MUEd NS UIANTNIHIMITHEN
Y
uuUUSIMINA  (Mass Production) suauuaazilszanldnarlumsnan
Indifeany eaunsafmuanardwenvesaulineila wanmsveny

CON Hluasaunisn 4-1
d = r+K 4-1)

I~ ) 1 A, 1
® Random (RAND) @umsmnuanaidauouvednulasismsguaisly
[ A o I ax o [l A M Yo K| K < Qy
Fantmue Wulatmssmuanardweui lilamildeanasduues
a dyd < @ aA 1 o o w dy ~
naWaa  nivuiluAaunuvensainnatdaougnivua laeidasen
hnveIgnm FamiinauagetiimassesluTesvesszeznatdiuon
] 3 KX o Y 1 A 1 dyt;a' 1 @
auinvsi lvnardaevlunsalisuiidlunyugy wann1sveang RAND
I~ [ ~
Huaaaunsn 4-2
d. = r + RAND (4-2)
o ] 1< @
432 masmuannnelu (Internally Set) uiseomilu 2 Uszinn awdnyuzvoidoya
H9 9 o A Y9 b o . L.
N1y 1une ngiluiesveyan1siunadnyuzYedIU (Job Characteristic) 1z

g lddeyanesdunuanyuzYe U LAV 0YaN A TUADIUATNYBITZ UL

]
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Glu"qﬂﬂigﬁu (Current Shop Status Information)
Aq Yy v Y Y 1
n. nglddeyanmuguanyuzyesan ldun
o 1 I~ [ [l @
B Total Work (TWK) mvuanaasveuvesnuliiudadiulasasany
~ 2 9 o o 9 v A = 2
MITNUNNUTHITADINNIHNA  TaglyiaeNuanInanNunNIEF UV
' A o o Y 9 Ay va
N (AA9) guiumszauiaue uda lsamagui latiiluszeznarlu
MINHUANDIAINOVVBINY NMINMHUANAFINDVUDINUAINAITZUY
3 dy o [ 4 A a Qy A =
NINUANH VLA IMSVIANTNLNTNAAFUNUNTANUHAINHAY TINDY
1 Y Y
nam g lumsransuaudazlszamivianuuana et uun ¥anns

¥o4ng) TWK (Huasaunsdi4-3
d = r + KP (4-3)

B Total Work Content Critical Path (TWKCP) fMruanardaovyanu i
I 9 1 @ Qg.ll a a
WudaaulagnsanuNs e NUNIHUA UYUFUINGHA (Critical Path) VDI

z 9 = = 09.: 1 d' [
Ny Tae ¥l enuaadnanNuNIZFUUD 1Y (MAIN) AUNUNITLIU
v

@ A Y q9 Ay v & o
‘VN‘HZJ@IJUZ‘T"IENWH”JT]E]G\ uaﬂ%mwaﬂmmllﬂmﬂmzﬂznaﬂumimwuﬂ

1 @ < @ {
LIV UDINTU HannNIIvVeNNg) TWKCP L‘]Ju@ﬂﬁ‘l]ﬂWiﬁ 4-4

d = rj-l-KP

J

CPj (4-4)
Aqvo v Y o Y
Q. ﬂ;]w“lwwayamqmuﬂmaﬂymmawu LAZNNATUFADIUNINUDITEUY
o 1 3| o 1 @
B Jobs in System J18) mﬁuﬂnmmuaumamuﬁlﬁlﬂuﬁﬂmuiﬂﬂmmu

Y ¥ v 9 [
UIUVDINUNIVNA TUTZUY Lﬁanmﬁqmﬁumﬁﬂ HAZNTZTNUNNY

£4 14
o o %

o [~ @ ]
uuéﬂzgfﬂ\iﬂ'lmﬂﬂilﬂ HannNITveIng JIsS wWudeaumsn 4-5

d = 1 +KP, + K{Is) (4-5)
[ 1A o aw dy

" BOMs and Jobs in System (BJIS) Wlunglnumineusluauideil Tag

819990191 Y0a3UU03 Russell and Taylor (1985) f1uii Inseasa

wpuguiuiinnTduiwaiouad nanhouiilasadawn

e o a A S o 1A
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52

4
Usznounuvesdiulsznouraediu  dueszauaNgaIudalsznou
S a o do < q’;’ A = ' 2
Auwaadaandusaniy  inazinaimsseaseslunalnesgindl  tagl
Y A < 19 ! A Y 1 dy
uur TNz s ua N UNNaulszneuiiosn1  UeNINLIN
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4 v E2
and Mabert 1984, Vig and Dooley 1991) fatiu ngiiiuaue luauideiia
o ' 1< o ' ) I
fvuanmdwevvesny - liidudadiulasassiuimivaiudsenou
4
Manua  1azdINszalvenIsszneylusensTaquedny (Number
Y
of Levels and Number ob Components in the BOM) 7 AWNINUIUVDINU

3 (% [ @ {
Nanualuszu Tagrann13vedns BIIS Huaaaunsi 4-6

d = r + KNL) + K,NC)+ K,JIS) (4-6)

J
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Ty d MBS ATINOUVDIIY j

= ~ ’. 9
I HUWHI IATTNY mnuﬂmzuu

RAND wieds i laanmsgunielugisidmua

4
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Y
NE, -~ Hedn | Sandmlsznounanualusienmsiaguesayj
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a 9 o 1 ~ 09/' 9 1 o LY v - o Y Aa S I o v 9

uaﬂﬂumsmwuﬂmmmuu "lmm ﬂ”l'iﬂ?ﬁi!ﬂﬂ?ﬂﬂﬂﬁ?’lﬂﬂﬂﬁ!ﬂmﬂﬂﬁL“]ﬂ.!@]GlJi’Nﬁuaﬂﬂ
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Ay = Av A Yo A ' Ao 1 Ao qYa P-4
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3190 4-2 fnehl (K) Nl lumsnaaesdmsungmssivuanaidaoy

ngmssnuA | Mgl Tassafanandad
LR SPVEHT MDY MUV ST AVE Y
CON K 570 1,650 1,730
RAND RAND 456 — 684 1,320 - 1,980 1,384 -2,076
TWK K 342 4.95 3.56
TWKCP K 6.72 9.95 11.30
JS K, 1.5 1.8 1
K, 16.7 35.7 66
BJIS K, 158 92 160
K, 40 46 27
K, 13 22 41

1
4.4 AHNINENU
' A A =3 Av qﬂll dy A Y1 I ~ Y Y
agMsReuignidenndnsluaniteased  deldiuilungignagdwaniuarnli
Yszaniammsianulaesauedszuuanga  1I09IU3986 19N EINUMTANEINGNITIY
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LS ae
AQIMaiu NAl
I o w o v @ o A
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[ Y ]
QUNNAMHUANAITINOVYOINUNIEFUNGA TA89INUITEVEY Russell
and Taylor (1985), Goodwin and Weeks (1986), tag Fry et al. (1989) A9
1 Y a a aa A 4
Wung IJDD Imilszansnmlagsonvesszuuanga ienaasinigla
a a o 4 09.1}
sEupRannUUaMenIssznet  Tunn TasiaswHaanma. 51999109
Aav T J A o
398U09 Adam et al. (1993) JDD gawudnilungmstieauiiihldna

1 1 { [ o (% A
avnvesnuiisiesiiqa Tasrannsveens JDD uaseaunsi 4-7

Min {d, } (4-7)
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®  Slack per Remaining Operation (S/OPN) Aumsidrduanud Wiyq\iim

[
AA v 1 =

AUMIANUUNUNTDATIEIUTEHINIDMIDUADTIUIUMTA UL LY
1 [ { 1 1 { A
wideng ladoeliga lag S/OPN dolaindungmstieaufiiden]dly
o Y
NUIENNEINUMIIASIF DU IUTT VUM DUANOYN TN 1Y

o dyw 13 ~Aq Y o A A
Tagia 1) lugaamnssy wenandidawuindungnliwamsduiuaui
Al NEU NN IA T EUUNAAL LU T5ENOY  (Green and

[ I [
Appel 1981, 1182 Fry et al. 1989a.) 1Agann15904n5) S/OPN 1 uAIeruns

N 4-8

Min {d - Y, P, - T)/ B, )} 4-8)

€U,

4 = S Yo w o w o
" Importance Ratio (IR) Taefing IR Wumslidauanudvygeganuns

[ 1
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o I~ o {
NanNIsUeang IR (JuaIaunIsn 4-9

Max { B,/ Max (B,) } 4-9)
keU

< o w o W [ o A

" TLatest Finish Time (LF) (Tun1s Wéwnanudifggeganumsduiuay
Ao v Ay A A = = 1 <3 Qy Ad A
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4 1g A a a 9

et al. (2002) Fawudntlungiiilszaninmgaludiumsannainslva
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a a @ @ < @
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4.5 ajlifadalumanaaes

1. NYMIMHUANAIIINDL

Constant (CON)

Random (RAND)

Total Work (TWK)

Total Work Content Critical Path (TWKCP)
Jobs in System (JIS)

BOMs and Jobs in System (BJIS)

2. NYMINEBNUY

Earliest Job Due Date (JDD)
Slack per Operation (S/OPN)
Importance Ratio (IR)

Latest Finish Time (LF)

Y 9y
3. 33@“ﬂ151%@1uﬂ]9@53ﬂ‘”

53UVNANVANAQ (Balanced Shop Model)
@ 9 A
- 32AUMI IFNUVBTEVY 80% UNUITUDNNMIEIUIIUNA1
@ Y A @
- 3ZAUMT IFNUVBITEVY 90% UNUIZVUNNNTEIIUNIN

syyuh lua UAa (Unbalanced Shop Model)
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HWAaNIINAUASNTIFIUAIISHHNANITINAAON

5.1 UNiN

[ o [ ~ Y ~ 9 ~ d‘ytﬁ |
naennihmsnaaesawiladelumsnanseiszy A luuni 4 uda Tuuni 5 daiu
) a L4 aa 9 .. 1 a 4 )
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a 4 [ v C— [ 1
MIUATIEHUENANATTIAUTZANT MW LaZlenaINTZa UM 1HNUYDITZUUN 80% LAY
= A 1 A e 9 a o Aav 09: dy 9 1
90% sawsluszuuildauga Jasmatiadldlunmsimszilunuitenssil laun ms
A P ~ & Whotw s 2 a o o o
MAiaNuulslian (ANOVA) nszautiedian 5 mlesisua msuaneiiledendan ms

v Jd

a d 1a v
ARl duiusson uazmsn/ieumeunun Tukey Multiple Comparison Test lagil

9y
v A

519221080 A1l

5.2 szuuiNanTUIUIAIIa1UBUNUY (Flat Structure)

a 4 {
52.1 MIAATILHNANS IMavedu laemas (Mean Flow Time)
a J
5.2.1.1 msans1zrianulsdsiu (ANOVA)
a 4 [~ a a o
MsIATIEHaNIlsUs U Wumsnagevaninavesilavelunmsnaaes

v Y Y
Winaneslszaninmvesszun Tasilavelumsnaasensiil ldun ngmsiieau uazng
MIMUUANAAINBY TINDINAABUDINTHAVBINATINTLH 0911998 (Interaction Effect)
d! o Y 9 [ A d? o d‘ [ v o w
oz InawisoasUualdnsovnquuazdanusadiu- Taginsnadounszauiiodny S

E4
v A
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Two-way ANOVA: F versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for F

Source DF SS MS F P
Dispatch 3 1813788 604596 2251.96 0.000
Due Date 5 18652 3730 13.89 0.000
Interaction 15 26986 1799 6.70 0.000
Error 456 122425 268

Total 479 1981851

d' a ¢ ) A A4 a 2
qi,‘]J‘VI 5-1 wammmﬁwwmmuﬂiﬂi’Ju@mnm"lwmmwmi%maa 1u53uumwam%mm

Taseadauuuny (Flat Structure) NTZAUMT 1991UV0I52VY 80%

Two-way ANOVA: F versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for F

Source DF SS MS F P
Dispatch 3 19856095 6618698 668.89 0.000
Due Date 5 161815 32363 3.27 0.007
Interaction 15 370536 24702 2.50 0.001
Error 456 4512122 9895

Total 479 24900568

~ a 4 9 ~ A A ay
EL]J‘VI 5-2 wammmawwmmuﬂ‘iﬂmu@mnm‘lwamawmiﬂamaﬂ TuszuunnanFuau

Taseadauuunuy (Flat Structure) N3ZAVMS 1991109521 90%

Two-way ANOVA: F versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for F

Source DF SS MS F P
Dispatch 3 6007408 2002469 670.67 0.000
Due Date 5 74701 14940 5.00 0.000
Interaction 15 237036 15802 5.29 0.000
Error 456 1361521 2986

Total 479 7680667

~ a 4 Y ~ A A ay
EL]J‘VI 5-3 wammmawwmmuﬂ‘iﬂmuﬂmwm”l?iaﬂlawmiﬂamaﬂ TuszuunnanFuau

TAsear3 19U DU (Flat Structure) Tuszuui lieuaa (Unbalanced Shop)
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Main Effects Plot - Data Means for F
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Main Effects Plot - Data Means for F
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Main Effects Plot - Data Means for F
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5.2.14 mﬁmiwzﬁﬂﬁﬁ’uwuﬁ' 23 (Interaction Analysis)

Interaction Plot - Data Means for F
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52.1.5 M3uAT1eH laalHinaiin Tukey Multiple Comparison Test

{ a o a 4 a
M3197 5-1 Wam 31Ny InelHnadin Tukey Multiple Comparison Test /21581911

v v Y
a3 avesu Iagmas luszuunnaasuanu Iasead1auuunuy (Flat Structure)

80% Utilization 90% Utilization Unbalanced Shop
Rules Mean Rules Mean Rules Mean
4)pD-TwkCP | 19852 |t JpD-TWK | 33125 | 1 IDD-TWK | 291.68
* JDD-TWK | 198.80 JDD-BJIS | 351.87 JDD-BIJIS | 292.74
JDD-BIJIS | 199.13 JDD-TWKCP | 356.51 JDD-JIS | 293.96
JDD-JIS | 201.17 JDD-JIS | 357.44 JDD-TWKCP | 298.50
LF-CON | 207.95 LE-CON | 361.95 JDD-CON | 310.22
LF-TWK | 207.95 LF-TWK | 361.95 JDD-RAND | 320.61
LF-TWKCP | 207.95 LE-TWKCP | 361.95 LF-RAND | 324.10
LE-JIS | 207.95 LE-JIS | 361.95 LF-CON | 324.11
LF-BJIS | 207.95 LF-BJIS | 361.95 LF-TWK | 324.11
LF-RAND | 213.93 JDD-RAND | 367.35 LF-TWKCP | 324.11
v IDD-CON | 214.63 LF-RAND | 370.38 LF-JIS | 324.11
v JDD-RAND | 217.56 JDD-CON | 383.65 LF-BJIS | 324.11

v v

4 [RCON| 29357 | TSOPN-TWK | 67734 | 4 IR-RAND | 474.42
IR-TWK | 29357 | 1| IR-RAND | 715.56 | | IR-CON | 495.60
IR-TWKCP | 293.57 IR-CON | 726.95 IR-TWK | 495.60
IR-JIS | 293.57 IR-TWK | 726.95 IR-TWKCP | 495.60

IR-BJIS | 293.57 IR-TWKCP | 726.95 IR-JIS | 495.60

v IR-RAND | 296.81 IR-JIS | 726.95 IR-BJIS | 495.60
$ S/OPN-TWK | 330.92 v IR-BIIS | 726.95 M| siopn-Biis | s26.11

M siopness | 33465 |1 S/OPN-JIS | 796.83 | | [{ S/OPN-JIS | 532.54
4+ S/OPN-BIIS | 337.82 S/OPN-CON | 802.13 S/OPN-CON | 544.14
“v S/OPN-RAND | 363.16 | || S/OPN-RAND | 80541 | || S/OPN-RAND | 555.70

S/OPN-TWKCP | 371.69 S/OPN-BJIS | 843.41 S/OPN-TWK | 571.06

v

v S/OPN-CON | 372.12 |y S/OPN-TWKCP | 889.50 S/OPN-TWKCP | 671.92
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a 4 1 {
522 fﬂﬁ3&?151&1’“')@11@11%}1"1]@\1\11141?]Elmaﬂ (Mean Tardiness)

a J
52.2.1 myuaneranuulsdsou (ANOVA)

Two-way ANOVA: T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for T

Source DF SS MS F P
Dispatch 3 221434.2 73811.4 984 .97 0.000
Due Date 5 11714.3 2342.9 31.26 0.000
Interaction 15 19894 .9 1326.3 17.70 0.000
Error 456 RALTANT 74.9

Total 479 287215.1

~ a 4 9 v 9 A A a
?lﬂ‘ﬂ 5-13 wamsaaszianuulslsiuaunaiamivesnulaomaes luszuunwan

Y v
FuauIasIaF1uuUuY (Flat Structure) NTZAUMS 1HNUUDITEUL 80%

Two-way ANOVA: T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for T

Source DF SS MS F P
Dispatch 3 9993925 3331308 603.53 0.000
Due Date 5 829226 165845 30.05 0.000
Interaction 15 652948 43530 7.89 0.000
Error 456 2516979 5520

Total 479 13993077

A a 'd 9 T 9 A A a
'g"j‘].h/l 5-14 wamsansizianulsdsiuaunaiavesnulaomas luszyunwan

Y v
FuauIasaad1auuunuy (Flat Structure) NTEAUNT 1HNUUDITEUL 90%

Two-way ANOVA: T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for T

Source DF SS MS F P
Dispatch 3 3942417 1314139 770.46 0.000
Due Date 5 158830 31766 18.62 0.000
Interaction 15 231959 15464 9.07 0.000
Error 456 777781 1706

Total 479 5110986

= a I'd 9 "9 A A a
E‘ﬂ‘ﬂ 5-15 wamsamﬁwwmmuﬂs1J'iaumunmm%wawmiﬂﬂmat’J Gll!i%‘]J‘]JVIWﬁﬂ
v '

Fuam Insead1auunuy (Flat Structure) luszuuh liauaa (Unbalanced Shop)
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5.2.22 MIAATIEHIITenaNN19ATUNYNIT11097U (Dispatching Rules Analysis)

Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for T

142

132

122

102

92

82

| | | | | |
BJIS CON Jis RAND TWK TWKCP

Due Date Ass

v o 7 1 o 1 o 1 {
gﬂﬁ 5-21 ﬂ'J']‘JJﬁ?JWL!‘ﬁﬁSﬁ‘H'JNﬂ;]fﬂﬁﬂ"lﬂuﬂnﬁ'lﬁ\ill@Uﬂﬂ!?ﬁ?ﬁW%Wﬂlﬂ\iﬂHIﬂﬂlﬂaﬂ Tu

v Y v
szuUNNaATUIL IATIa 3 19UV (Flat Structure) Tuszuuh liduga (Unbalanced Shop)



73

a v o 7 1 o 1 @ 1
MNMINNTAANVAVIUTIZHINNGMINHUANAIF WO DA VNIAIAIHN
d' d' a Qy 9 [ d'
o Iaenay luszuunkanduaIns a3 1aUIUY (Flat Structure) Aans gl 5-19 -
1 o 1 % { @
5-21 WuNMssmuanardaeuaung JIs waz BIS suilungilddoyaneiuguanyag
9 9 c?;’ Y v 9 A dlc'c
YDINUUAVOYANWAUADUMNVDI VDY IiAmadnvesnu Taemasna lunn
' 24 g Aq U a9 Y o
ANNLYBIITVY Hazwung TWK Guilungnldmssdoyanedmguanyauzyosnuly
o ! usz' Y1 19 A Ao Y 2 @
Mtmuanadaweutiu lWamnaianvesnulaamasidalnainesiung JIS uag BIIS
Tuszuunaugadieszaumsldauvesszuy 80% uanduldmnganinluszaumsldan
Y1 A ' A [ Qs}l v & g A
YOITTVY 90% taz Iamngendmnluszuvildauga saumanudng TWKCP duilungh
Toieedoyanemuguansazyesau lunsdimuanadwousuRentung TWK nau
TramaadvesanTasmfefigunn wuReanumstivuanaidawenIasaingil (CON)

wazIasIsMIgu (RAND)

5224 mﬁmswﬁﬂﬁﬁ’uﬁuﬁ 3 (Interaction Analysis)

Interaction Plot - Data Means for T
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Interaction Plot - Data Means for T
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5225 M3wAT1eH laglHinaiin Tukey Multiple Comparison Test

{ a o a 4 a
M3197 5-2 Wam 31Ny InelHnatin Tukey Multiple Comparison Test /21581911

v 9 A A A Qy 9
nmmﬂﬂm’awmiﬂﬂmaﬂ 1u33uu1nWﬁ@l%WWTﬂNﬁiNLL“}JULL“}Ju (Flat Structure)

80% Utilization 90% Utilization Unbalanced Shop
Rules Mean Rules Mean Rules Mean
4  Jpps| 005 Y JppuIs| 580 Y  pps| 548
JDD-TWK |  0.07 LE-IIS | 6.12 JDD-BIIS | 7.55
JDD-BJIS | 0.10 JDD-BIIS | 11.06 JDD-TWK | 8.81
LF-JIS | 0.22 LF-BJIS | 11.70 LF-JIS | 11.65
LF-BJIS | 0.38 JDD-TWK | 17.16 LF-BJIS | 15.68
JDD-TWKCP | 045 LF-CON | 3337 JDD-TWKCP | 16.54
LF-CON | 0.98 LE-TWK | 33.69 JDD-CON | 17.39
JDD-RAND | 1.00 JDD-RAND | 33.93 JDD-RAND | 22.02
LE-TWKCP | 1.10 LE-TWKCP | 34.32 LF-RAND | 25.10
JDD-CON | 1.23 JDD-TWKCP | 34.97 LF-CON | 2631
LF-TWK | 1.53 LF-RAND | 37.67 LF-TWK | 26.82
LF-RAND | 1.86 4 JDD-CON | 4423 4 LF-TWKCP | 27.25
IR-JIS | 26.53 * siopnis | 201.73 * s/opN-JIS | 15576
IR-BJIS | 27.25 IR-JIS | 207.94 IR-RAND | 160.91
1 IR-TWK | 28.77 IR-BJIS | 23071 | T |S/OPN-BJIS | 162.76
IR-CON | 32.49 /|t | S/OPN-TWK | 256.17 IR-JIS | 163.79
IR-TWKCP | 33.02 L S/OPN-BIIS | 26726 | 1 IR-BJIS | 167.62
S/OPN-JIS | 3350 | |1 IR-TWK | 318.66 IR-CON | 181.97
S/OPN-TWK' | 35.73 IR-RAND | 328.66 |1 [R-TWK | 191.27
v IR-RAND | 36.37 IR-CON | 337.69 vIR-TWKCP | 194.30
L S/OPN-BJIS | 3807 |y| IR-TWKCP | 33875 ||| S/OPN-CON | 209.77
b SIOPN-RAND | 6493 |T| S/OPN-CON | 39046 | |4 S/OPN-TWK | 214.91
S/OPN-TWKCP | 68.30 ||y S/OPN-RAND | 40176 || S/OPN-RAND | 232.81
y S/OPN-CON | 6845 || S/OPN-TWKCP | 472.32 | S/OPN-TWKCP | 322.13
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a ¢ 73 7 "y
5.2.3 mauasenlesiFuavosnuaid (% of Tardy Jobs)

a o
5.2.3.1 M5unsznanuualslsiu (ANOVA)

Two-way ANOVA: %T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for %T

Source DF SS MS F P
Dispatch 3 15311.11 5103.70 3061.08 0.000
Due Date 5 273.05 54.61 32.75 0.000
Interaction 15 413.38 27 .56 16.53 0.000
Error 456 760.28 1.67

Total 479 16757.82

~ a 4 9 I 4 "9 A A Qy
zﬂ‘ﬂ 5-25 NﬁﬂTﬁ’JLﬂinﬂﬂ’JWNLLﬂ‘iﬂi’Ju@WULﬂﬂilcﬂuﬁﬂl@\?\ﬂuﬁﬂﬂ Gluizuuwa%mm

Tasead 1w (Flat Structure) N3AUMS 199110952V 80%

Two-way ANOVA: %T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for %T

Source DF SS MS F P
Dispatch 3 L2SE5O—t 17519.7 1111.03 0.000
Due Date 5 6732.9 1346.6 85.39 0.000
Interaction 15 1544.8 103.0 6.53 0.000
Error 456 7190.6 15.8

Total 479 68027.4

~ a ¢ v s o "y 4 a 2
Zﬂﬂ 5-26 Waﬂ1§’3lﬂ§1$ﬁﬂ'}1ullﬂﬁﬂﬁ'Ju@nutﬂﬂﬁl“])’u@m]@ﬂ\ﬂuaﬁlclﬂ 1“33““%?\1@1@%“\1’]“

Taseadauuunuy (Flat Structure) N32AUMT 1H1UVDITZUY 90%

Two-way ANOVA: %T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for %T

Source DF SS MS F P
Dispatch 3 19545.7 6515.2 613.57 0.000
Due Date 5 327.1 65.4 6.16 0.000
Interaction 15 1321.0 88.1 8.29 0.000
Error 456 4842 .1 10.6

Total 479 26035.9

A a o 9 IS 3 4 "9 A A Qy
g‘lJ“I/] 5-27 wamsansizianulsdsiuauesisuavesauar Tussuuinaasuau

TAs9e319uu DU (Flat Structure) Tuszuud lieuaa (Unbalanced Shop)
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a P A A v A ' P-4
Pnmsaasizranuuilslsiu  mensanilevenunanenlosisuaves
v Y
nuad luszuuiinaasuauInseaieuuunuy (Flat Structure) Tagga1na1 P-Value WU
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PEATNT

5.2.32 MI AT aTenann19A11NgN1T110914 (Dispatching Rules Analysis)

Main Effects Plot - Data Means for %T

%T

1 1 1 |
IR JDD LF S/OPN

Dispatching

A v o J 1 J o s 2 4 19 A a
‘gﬂ‘ﬂ 5-28 ﬂ'ﬂ‘?JﬁiJWl.l‘ﬁiZ‘ﬁ’JNﬂQﬂﬁflnENTLlﬂ‘]JﬂW!‘]JfJ‘i!“]qu’U'E)\‘NWHﬁ16]51 Glui%U‘UVINaGI

4 1
%umuimm%’mmmmu (Flat Structure) ﬁ‘i&ﬁﬂﬂﬁi%ﬂuﬂlﬂii%ﬂﬂ 80%
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Main Effects Plot - Data Means for %T

%T

| | | |
IR JDD LF S/OPN

Dis patching |

A [ v J 1 1 [ 1 J 3 o v 9 A A
5UN 5-29 ﬂ313Jﬁ?JWU‘ﬁi&’W'JNﬂQﬂTi%18\1THﬂUﬂTLﬂﬂil%u@]ﬂlﬂx‘lﬂuﬁTWT Tussuuiinan

U

Y v
FuauIassadnuuuuy (Flat Structure) NTEAUMNT 1HNUUDITEUL 90%

Main Effects Plot - Data Means for %T

%T

| | | |
IR JDD LF S/OPN

Dis patching

A v o d 1 1 o 1 < I 4 "9 A a
ETJ“VI 5-30 ﬂ’J"IlJfﬁJWl‘!‘ﬁﬁgﬁUNﬂgﬂ']'ifﬂ"lfNWuﬂ‘UﬂW]J'ﬂﬁL“lfu@]sl]’t’)ﬂﬂ"luﬁ'lclﬂ Tuszuunnan

9 v
Fuam Insea 3 19UUIUY (Flat Structure) Tuszuuh liduga (Unbalanced Shop)
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5.2.33 MyaATEHitendnnmungmMfruanadwe

(Due Date Assignment Rules Analysis)

Main Effects Plot - Data Means for %T

| | | | | |
BJIS CON JIS RAND TWK TWKCP

Due Date Ass

~ v o ' o ! Y - VY
E“]J‘I/I 5-31 ﬂ’JHJﬁllW'LJ‘ﬁ‘i3W'JNﬂfd]ﬂTiﬂWWuﬂ!’m'l’fNﬁJf]Uﬂ‘Uﬂn‘]Jf]iLG]SL!GIGU@QNM’QW%W °lu

{ & & P { o ]
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Main Effects Plot - Data Means for %T

%T

| | | | | |
BJIS CON JIs RAND TWK TWKCP

Due Date Ass

A [ o 4 T o l [ 1 s @ 4 v 9
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Main Effects Plot - Data Means for %T

%T

| | | | | |
BJIS CON JIS RAND TWK TWKCP

Due Date Ass
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5234 mﬁgmwﬁﬂﬁﬁ’uwuﬁﬁ'm (Interaction Analysis)

Interaction Plot - Data Means for % T
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Interaction Plot - Data Means for % T
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Interaction Plot - Data Means for % T
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5235 M3uAT1eH laglHinaiin Tukey Multiple Comparison Test

{ a o a 4 a
M3197 5-3 Wan3 1N 1Y InelHnatin Tukey Multiple Comparison Test /21581911

73 o "y a4 a2 v
Lﬂ@iLCBUGIGIJEJQQWUQT%W 1u53uuwwamumﬂﬂimﬁmmmmu (Flat Structure)

80% Utilization 90% Utilization Unbalanced Shop
Rules Mean Rules Mean Rules Mean
4 JDD-TWK | 0.07 *  ppuIs| 6.59 * DD-TWK | 493
IDD-JIS | 0.17 LE-IIS | 7.82 JDD-JIS | 7.03
| ppBuS| 028 JDD-TWK | 9.00 + IDD-BIS| 7.87
JDD-TWKCP | 0.57 JDD-BJIS | 9.52 Yiop-Twkep | 9.02
LF-JIS | 0.58 Tv LE-BJIS | 11.00 JDD-CON | 10.28
LF-BIIS | 0.76 “l JDD-TWKCP | 14.71 JDD-RAND | 11.29
LF-CON | 0.92 LE-TWK | 15.74 LF-JIS | 11.86
LF-TWKCP | 1.09 LF-CON | 15.78 LF-CON | 12.13
JDD-RAND | 1.12 LE-TWKCP | 16.14 LF-TWK | 12.44
JDD-CON | 1.25 JDD-RAND | 16.55 LF-TWKCP | 12.56
v LFTWK| 1.6 LF-RAND | 17.76 LF-RAND | 12.60
v LFRAND| 174 || JDD-CON | 18.00 | LF-BIS| 1263
*  RTWK| 831 T IR-JIS | 24.77 IR-CON | 19.63
4 R-BNS | 895 | tv  IRBIS| 2691 IR-RAND | 19.71
IR-JIS | 9.17 s/OPN-TWK | 3042 |1 | siopPN-RAND | 21.19
IR-TWKCP | 937 /| || S/OPN-JIS | 31.08 IR-TWKCP | 21.58
siopN-TwK | 940 | |1 IR-TWK | 3437 S/OPN-TWK | 21.64
v IRCON| 945 ||| S/OPN-BJIS | 3445 IR-BJIS | 21.68
v IR-RAND' | 10.06 IR-TWKCP | 36.13 IR-JIS | 22.37
T S/OPN-JIS | 13.54 IR-CON | 36.25 S/OPN-JIS | 22.97
Tl S/OPN-BJIS | 14.10 S/IOPN-RAND | 36.64 ||| IR-TWK | 23.07
4} SIOPN-RAND | 15.06 IR-RAND | 36.64 S/OPN-CON | 24.30
S/OPN-CON | 15.77 Tv S/OPN-CON | 3890 || ~ S/OPN-BIIS | 24.61
4 S/OPN-TWKCP | 16.17 v SIOPN-TWKCP | 4151 | S/OPN-TWKCP | 29.54
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a S o @ <
524 fﬂﬁ’Jlﬂ51$1’?‘ﬂ1ﬁilDuﬁﬂ‘!ﬂlﬂi!?ﬂ?ﬁWﬂﬂJ@QﬂuIﬂmﬂaEJ (Mean Absolute Lateness)

a o
5.2.4.1 M35unsznaNuualslsiu (ANOVA)

Two-way ANOVA: MAL versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for MAL

Source DF SS MS F P
Dispatch 3 39965 13322 282.90 0.000
Due Date 5 2478056 495611 1.1E+04 0.000
Interaction 15 46928 3129 66.44 0.000
Error 456 21473 47

Total 479 2586422

~ a L4 Y i "0/ L4 A
gﬂ‘ﬂ 5-37 Nﬁﬂﬁ’)Lﬂﬂ%ﬂﬂ’ﬂMlﬂ‘iﬂi’JuﬂTL.!ﬂW’G’fll‘]aljimﬂlﬁ)ﬁl’)ﬁWﬁWﬂﬂlﬂﬁﬂuiﬂﬂlﬂaEJ Tu

v Y v
SLUUNNANTUL IATIAS VULV (Flat Structure) NIZAUNMT IFNUUDITLUY 80%

Two-way ANOVA: MAL versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for MAL

Source DF SS MS F P
Dispatch 3 7372673 2457558 494 .68 0.000
Due Date 5 1450145 290029 58.38 0.000
Interaction 15 392575 26172 5.27 0.000
Error 456 2265408 4968

Total 479 11480801

)=} a 4 9 [ o A
g‘]J“I/] 5-38 Nﬁﬂﬁ’llﬂﬁ%ﬁﬂ’nm&ﬂiﬂi’J“Llﬂ']L!ﬂWﬁ’iJ‘]al,imﬂl@ﬂl’)ﬁ1ﬁ16ﬂlﬂﬁ1uiﬂﬂmaEJ Glu

v Y v
SLUUNNANTUU TATIAS 1V VLVY (Flat Structure) NIZAUMI IFNUUDITLUY 90%

Two-way ANOVA: MAL versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for MAL

Source DF SS MS F P
Dispatch 3 3536119 1178706 755.33 0.000
Due Date 5 1977500 395500 253.44 0.000
Interaction 15 199127 13275 8.51 0.000
Error 456 711593 1561

Total 479 6424339

=4 a 4 9 " o o A
g‘]J“I/] 5-39 Nﬁﬂ1§’3lﬂ§1$‘ﬁﬂ3"lllllﬂﬁﬂ3'J‘L!ﬂTL!?nﬁ'lJyjim‘l]@ﬂL'JaWﬁ']fJGUENQTHIﬂmeﬁEJ Tu

' Y v
sEUDARAATLOIU IS 9a 319U (Flat Structure) Tuszuuh liduga (Unbalanced Shop)
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5.2.42 MINATIZHTITOUANNIAIUNYNITI1097U (Dispatching Rules Analysis)

Main Effects Plot - Data Means for MAL

325 —

315 —

MAL

305

1 1 1 |
IR JDD LF S/OPN

Dispatching

{ [ o 4 1 [ [ 1 v 4 $
51U 5-40 AWAWUTIZMINNYMINBNUN VATV INVBUIAT 8V Tasnay Tu

v Y H
nuuﬁwammmiﬂiqﬁ%’mmmmu (Flat Structure) mzﬁ’umﬂ%’ammmiwu 80%



90

Main Effects Plot - Data Means for MAL
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Main Effects Plot - Data Means for MAL
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(Due Date Assignment Rules Analysis)

Main Effects Plot - Data Means for MAL
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Main Effects Plot - Data Means for MAL
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Main Effects Plot - Data Means for MAL
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5245 M3uaT1eH laglHinaiin Tukey Multiple Comparison Test

{ a I'é a 4 a 1
M3197 5-4 Wam 31N 1Y IaelHnAdin Tukey Multiple Comparison Test 1/aW1581911A

@ 4 ! { a Qy
duysalvewamelaomaes Tuszuuinaasuaulnseasauuunuy (Flat Structure)

80% Utilization 90% Utilization Unbalanced Shop
Rules Mean Rules Mean Rules Mean
T LF-JIS | 202.02 4 LF-JIS | 167.79 | % LF-JIS | 158.09
Tl JDD-JIS | 205.12 IDD-JIS | 169.21 JDD-JIS | 159.42
Tl S/OPN-JIS | 212.35 LF-BIS | 179.63 LF-BJIS | 179.79
l IR-JIS | 216.22 v IDD-BIS | 18392 | y JDD-BIIS | 181.39
Y LF-BIS | 226.90 % IDD-RAND | 27030 | 4 JDD-RAND | 293.40
S/OPN-BIIS | 228.43 JDD-CON | 274.74 JDD-CON | 294.46
JDD-BIIS | 231.39 LF-CON | 274.78 LF-RAND | 296.15
v IR-BJIS | 231.76 LF-RAND | 27507 | 4 LF-CON | 298.42
*  S/OPN-CON | 334.70 LF-TWKCP | 278.12 LF-TWKCP | 301.71
4 |S/OPN-TWKCP | 336.06 JDD-TWKCP | 28455 | T | $JDD-TWKCP | 305.89
SIOPN-RAND | 336.64 | 1| IDD-TWK| 33591 | |44 S/OPN-JIS | 34251
vl IR-CON | 341.34 v LF-TWK | 33872 [{ | S/OPN-BJIS | 350.88
v | IR-TWKCP | 343.17 ,,“ S/OPN-JIS | 392.54 JDD-TWK | 359.27
+ IR-RAND{ 345.62 IR-BJIS | 430.42 LF-TWK | 362.61
" JDD-RAND | 354.18 | % RIS | 43479 T IR-JIS | 377.82
4| pp-con| 35775 T|| S/OPN-BNIS | 441.92| |4  IR-BIIS | 379.86
v LF-RAND | 35093 |#]]]S/OPN-TWK | 467.73 | 4| IR-RAND | 417.39

LF-CON | 363.92 || [vf IR-RAND| 511.53| 4|  IR-CON | 43828

130 LETWKCP | ‘36534 IR-CON | 51840 | || S/OPN-CON | 445.29
S/IOPN-TWK | 373.08 ||| | m-TWkCP | 52171 | 1| IR-TWKCP | 464.01

¢ JDD-TWKCP | 373.15 IR-TWK | 543.08 || |4S/OPN-RAND | 479.68
IR-TWK | 39573 |y] | SIOPN-CON | 54871 ||| ~S/OPN-TWK | 490.69

LF-TWK | 427.72 S/OPN-RAND | 567.85 ,,T IR-TWK | 519.33

l JDD-TWK | 433.25 | ¢S/OPN-TWKCP | 626.06 lS/OPN-TWKCP 543.29
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5.3 STUUNWANTHOIUIAIIAI 19UV (Tall Structure)

a J A
5.3.1 fﬂﬁ'JLﬂi'lgﬁl’)ﬂWﬂTithﬁ"Uﬂ\N'luTﬂU!ﬂﬁﬁl (Mean Flow Time)

a J
53.1.1 myuaneranuulsdsou (ANOVA)

Two-way ANOVA: F versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for F

Source DF SS MS F P
Dispatch 3 27995935 9331978 565.54 0.000
Due Date 5 224399 44880 2.72 0.020
Interaction 15 361412 24094 1.46 0.116
Error 456 7524458 16501

Total 479 36106204

A a 4 9 a A a
5UN 5-49 wamiamiwwmmuﬂiﬂsauﬂmnmms“lmmawmi%maEJ Tussuuinan

Y

Y [
Fuau Tas9a3 190UV g (Tall Structure) N52AUNT 1IFNUVDITZUY 80%

Two-way ANOVA: F versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for F

Source DF SS MS F P
Dispatch 3 1.113E+11 3.708E+10 23.63 0.000
Due Date 5 1.220E+11 2.441E+10 15.56 0.000
Interaction 15 3.727E+11 2.485E+10 15.83 0.000
Error 456 7.155E+11 1.569E+09

Total 479 1.321E+12

A~ a L4 Y = A a
zﬂ‘ﬂ 5-50 Wﬁfﬂi'Jm'ﬂ%ﬂﬂ'ﬂﬂllﬂ‘iﬂﬁ')uﬂWUL'JﬁWﬂWithaEU@Q\ﬂHIﬂU!ﬂﬁﬂ Tuszuunnan

4 H
Fuau TATIE3 19UV (Tall Structure) NTZAVMS 1HUVDITZUY 90%

Two-way ANOVA: F versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for F

Source DF SS MS F P
Dispatch 3 103717207 34572402 454 .28 0.000
Due Date 5 177710 35542 0.47 0.801
Interaction 15 625270 41685 0.55 0.913
Error 456 34703272 76104

Total 479 139223459

A a 4 9 A A a
51U 5-51 wamiamiwwmmuﬂiﬂsaumunmms"lﬁamawmiﬂﬂmaﬂ Tussuuiinan

U

Y v
Fu911 TA59a5 191UV (Tall Structure) Tusz 1D liduga (Unbalanced Shop)
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5.3.1.2 M3IATIZETITendnN1IIAIUNgMI1091U (Dispatching Rules Analysis)

Main Effects Plot - Data Means for F
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Main Effects Plot - Data Means for F
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Main Effects Plot - Data Means for F
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(Due Date Assignment Rules Analysis)

Main Effects Plot - Data Means for F
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Interaction Plot - Data Means for F
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53.1.5 M3uAT1eH laalHimaiin Tukey Multiple Comparison Test

{ a I'é a 4 a 1
M3197 5-5 Wam 31Ny InelHnadin Tukey Multiple Comparison Test 1/aW1581911A

v ' Y
na1ms mavesauIaemae luszuuiindaduaulassed 19uuuga (Tall Structure)

80% Utilization 90% Utilization Unbalanced Shop
Rules Mean Rules Mean Rules Mean
*mop-Twkep | 4719 | 4 IDD-NIS | 2272 | fIDD-TWKCP | 5369
JDD-TWK | 472.0 JDD-TWK | 3,678 JDD-BJIS | 562.3
LF-RAND | 4915 [#|S/OPN-TWKCP | 6,120 JDD-JIS | 579.4
JDD-BJIS | 505.9 * JDD-TWKCP 6,908 JDD-TWK | 5804
LF-CON | 506.5 IR-CON | 7,120 LF-RAND | 599.3
LF-TWK | 506.5 IR-TWK | 7,120 LF-CON | 626.1
LF-TWKCP | 506.5 IR-TWKCP | 7,120 LF-TWK | 626.1
LF-JIS | 506.5 IR-JIS | 7,120 LF-TWKCP | 626.1
LF-BJIS | 506.5 IR-BJIS | 7,120 LF-JIS | 626.1
JDD-JIS | 509.6 JDD-CON | 8,022 LF-BJIS | 626.1
i JDD-CON | 5252 JDD-RAND | 38,164 JDD-RAND | 628.9
4 v /DD-RAND | 584.1 #S/OPN-TWK | 10,233 v JDD-CON | 6444
v IR-RAND | 6714 LF-RAND | 11,364 * IR-RAND | 12697
IR-CON| 6815 |Io|| S/OPN-BIIS | 12,537 4 IR-CON | 1,304.5
IR-TWK | 681.5 |y JDD-BJIS | 16,127 IR-TWK | 1,304.5
IR-TWKCP | 681.5 v IR-RAND | 18,755 IR-TWKCP | 1,304.5
IR-JIS | 681.5 LF-CON | 20,996 IR-JIS | 1,304.5
IR-BJIS | 681.5 LF-TWK | 20,996 v IR-BJIS | 1,304.5
4 S/OPN-TWKCP | 991.1 LF-TWKCP | 20,996 Av S/OPN-JIS | 1,595.5
S/OPN-TWK | 1,056.2 LF-JIS | 20,996 S/OPN-BJIS | 1,630.3
S/OPN-BJIS | 1,120.0 LF-BJIS | 20,996 S/OPN-TWKCP | 1,670.4
S/OPN-JIS | 1,124.8 w/OPN-RAND | 21,178 S/OPN-CON | 1,674.0
v | S/OPN-CON | 1,132.7 S/OPN-JIS | 36,654 S/OPN-TWK | 1,744.4
v S/OPN-RAND | 1,167.4 S/OPN-CON | 186,490 |y S/OPN-RAND | 1,809.4
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a 4 1 {
532 fﬂﬁ3&?151&1’“')@11@11%}1"1]@\1\11141?]Elmaﬂ (Mean Tardiness)

a J
53.2.1 myuaseranuulsdsou (ANOVA)

Two-way ANOVA: T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for T

Source DF SS MS F P
Dispatch 3 7680071 2560024 336.07 0.000
Due Date 5 83007 16601 2.18 0.055
Interaction 15 197711 13181 1.73 0.042
Error 456 3473631 7618

Total 479 11434421

~ a 4 9 v 9 A A a
?lﬂ‘ﬂ 5-61 wamsuasziaNuulslsiuaunaiamvesnulaomas luszyunwan

Y [
Fuau TAT9a$ 193 (Tall Structure) NFZAVMS 1HUVDI52U 80%

Two-way ANOVA: T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for T

Source DF SS MS F P
Dispatch 3 1.112E+11 3.707E+10 24_.01 0.000
Due Date 5 1.347E+11 2.693E+10 17.44 0.000
Interaction 15 3.662E+11 2.441E+10 15.81 0.000
Error 456 7.040E+11 1.544E+09

Total 479 1.316E+12

A a 'd 9 T 9 A A a
'g"j‘].h/l 5-62 wamsansiziaNulslsiuaunaiavesnulaomaes luszuunwan

Y v
Fuau TATe3 19UV (Tall Structure) NTZAVMS 1HIUVDITZUD 90%

Two-way ANOVA: T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for T

Source DF SS MS F P
Dispatch 3 29672904 9890968 259.56 0.000
Due Date 5 2115075 423015 11.10 0.000
Interaction 15 2682933 178862 4.69 0.000
Error 456 17376758 38107

Total 479 51847670

A a I'd 9 "9 A A a
'g"j‘].h/l 5-63 wamsansiznaNulsUsiuaunaiartivesnulaomaes luszyunwan

Y ]
Fu911 TA59a5 191UV (Tall Structure) Tusz 1D liduga (Unbalanced Shop)
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5.3.22 M3 AT IR datendnn19A1UNgNI3110914 (Dispatching Rules Analysis)

Main Effects Plot - Data Means for T

300 —

200 —

100 —f

0 — -—

| | | |
IR JDD LF S/OPN

Dispatching

{ v o d 1 1 o 1 v { { a
5U7 5-64 anuduIRUTIEHINNgMITIBTUR U AT vesu Tasmas lussuuiinga

9 1
Fua11 TA59a5 190UV (Tall Structure) NTZAVMT IFNUVDITZUY 80%



110

Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for T
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(Due Date Assignment Rules Analysis)

Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for T
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Interaction Plot - Data Means for T
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Interaction Plot - Data Means for T
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5325 M3uAT1eH laalHinaiin Tukey Multiple Comparison Test

{ a I'é a 4 a 1
M3197 5-6 WamM 31N 1Y IaelHnAtia Tukey Multiple Comparison Test 1/aW1581911A

v 9 A A A Qy 9
L'Ja’]ﬁ"IG]ﬂGUENQ']‘HIﬂEJLﬂﬁfJ GhllﬁgU‘U‘VIWﬁ@]%uﬁWHIﬂﬁQﬁﬁW%LUqu (Tall Structure)

80% Utilization 90% Utilization Unbalanced Shop
Rules Mean Rules Mean Rules Mean
4 pas| 002 |4 IDD-IIS | 29 * pp-s| 0.08
LF-JIS | 0.04 LE-JIS | 1,813 LE-JIS | 0.31
JDD-TWKCP | 1.96 JDD-TWK | 2,412 JDD-BJIS | 3.06
JDD-TWK | 2.18 IR-JIS | 4,367 JDD-TWKCP | 3.85
LF-RAND | 2.69 S/OPN-TWKCP | 4,904 JDD-RAND | 3.97
JDD-BIIS | 2.94 IR-BJIS | 5,089 LF-RAND | 5.02
JDD-CON | 3.25 JDD-TWKCP | 5,,524 JDD-CON | 7.92
LF-BIIS | 4.05 IR-TWK | 6,125 JDD-TWK | 8.81
LF-CON | 4.42 IR-TWKCP | 6,143 LF-BJIS | 13.68
| DD-RAND | 942 IR-CON | 6,252 LF-CON | 2234
1| Le-Twkep | 21.66 iDD-BIIS | 6518 | T| LF-TWKCP | 51.46
LF-TWK | 22.78 JDD-CON | 6,529 v LF-TWK | 5349
IR-TWK | 9223 JDD-RAND | 6,565 ! 4  S/OPN-IIS | 249.43
IR-TWKCP-| 9557 |1 LF-BJIS | 8,748 | |* IR-JIS | 299.75
v IR-JIS | 97.55 T siopn-Twk 9,139 IR-BJIS | 379.89
] IR-BJIS | 108.04 * sioPN-BIIS | 9,671 4 s/OPN-BJIS | 404.52
IR-CON | 113.94 ||y¢ LF-RAND | 9,781 IR-RAND | 445.45
v IR-RAND | 11541 |{ IR-RAND | 17,880 IR-TWKCP | 467.07
* siopncTwiep | 25323 |1 LF-CON | 19,409 || IR-TWK | 470.32
S/OPN-JIS | 280.66 LF-TWKCP | 19,604 | ¥ IR-CON | 481.15
* s/oPN-TWK | 305.03 v LF-TWK | 19,634 |4 § S/OPN-CON | 610.74

S/OPN-BIJIS | 311.96 ‘§/OPN-RAND 20,098 S/OPN-TWKCP | 684.75

S/OPN-CON | 347.78 S/OPN-JIS | 28,607 S/OPN-RAND | 734.10

v S/OPN-RAND | 397.47 S/OPN-CON | 184,965 |y S/OPN-TWK | 770.93
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a ¢ 73 7 "y
5.3.3 miuasgnlosiFuavosnuaid (% of Tardy Jobs)

a J
53.3.1 myuaseranuulsdsiu (ANOVA)

Two-way ANOVA: %T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for %T

Source DF SS MS F P
Dispatch 3 12739.77 4246.59 655.41 0.000
Due Date 5 126.40 25.28 3.90 0.002
Interaction 15 969.18 64.61 9.97 0.000
Error 456 2954 .55 6.48

Total 479 16789.89

~ a 4 9 s I3 4 "9 A A Qy
zﬂ‘ﬂ 5-73 NﬁﬂTi'JLﬂiW%Wﬂ’NNLLﬂ‘iﬂi’Ju@WULﬂﬂiLGb’u@ﬂl@\?\ﬂuaVBW Gluizuuwammm

Tasead D Uga (Tall Structure) N5 AUNMT 1FUVBITZVY 80%

Two-way ANOVA: %T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for %T

Source DF SS MS F P
Dispatch 3 252805 84268 303.83 0.000
Due Date 5 71775 14355 51.76 0.000
Interaction 15 98705 6580 23.73 0.000
Error 456 126471 277

Total 479 549756

A a o 9 3 4 "9 A A Qy
gﬂ“l/] 5-74 wamsaniznaNuulsdsiuaulesisuavesavai Tussuuinaasuau

Tn39a3 190DV (Tall Structure) NTZAUMT IFUVBITZVY 90%

Two-way ANOVA: %T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for %T

Source DF SS MS F P
Dispatch 3 77918.8 25972.9 874.90 0.000
Due Date 5 3566.9 713.4 24.03 0.000
Interaction 15 1631.2 108.7 3.66 0.000
Error 456 13537.1 29.7

Total 479 96654 .0

A a o 9 S 3 4 "9 A A AQ"
Eﬂ“l/l 5-75 wamsaasizianulsUsiuaudesisuavesnuar TussuuinaaFuau

13983191V DA (Tall Structure) Tuszuuf liauga (Unbalanced Shop)
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IS I 4 1 1 ) 09/’ @ J 1 1 v oI 1 1
Lﬂﬂﬁl“ﬁu?‘]ﬂl@ﬂﬁWHaﬁl%ﬁlﬂﬂ'NNu‘(’JﬁMI 3] DNNITINDI WasINTTHINdevdenNdnanon
A o [ 1 [ d!

I3 4 1 1 ) J @ o
lfll'f)ﬁL“]fu@]sl]@QQNIHﬁW%HfJfJ'NNuﬂﬁW YLBUNU “BQWU'NGlﬁIWfIaﬂymzlaﬂjﬂuﬁlunﬂﬁﬂ'ngmﬂq

PEAINT

5.3.32 M3 AT iladenann19@1ngn1311091u (Dispatching Rules Analysis)

Main Effects Plot - Data Means for %T

| | | |
IR JDD LF S/OPN
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A v o J 1 J o s 2 4 19 A a
§.1J‘1/] 5-76 ﬂ'ﬂllﬁllwu‘ﬁi$W31Qﬂaﬂﬁﬁnﬂ\ﬂuﬂUﬂW!ﬂﬂ‘i!“}fu@l"U@\‘l\‘ﬂuﬁ16151 M'ﬁzuuwam

E4 i
Fuau TATIe3 191U (Tall Structure) N5EAVNS IHIUVOI5ZUY 80%
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Main Effects Plot - Data Means for %T

%T

| | | |
IR JDD LF S/OPN

Dispatching

A [ v J 1 1 [ 1 J 3 o v 9 A A
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U

9 v
Fu911 T3 @5 19U UFA (Tall Structure) N3ZAVM3 IFNUVDITZUY 90%

Main Effects Plot - Data Means for %T

%T

| | | |
IR JDD LF S/OPN

Dispatching

A v o d 1 1 o 1 < I o 19 A a
Z‘lJ“VI 5-78 ﬂ'JTJJﬁiJ‘WL!‘ﬁﬁ311'31\1ﬂgﬂ']'ifl]"IENTLlf‘l‘UﬂT!‘]J'ﬂﬁ!“])'u@]‘U’fNﬂ"lua']GH'l Tuszuuinan

Y ]
Fuam Insead19uuuge (Tall Structure) luszuuh lieuaa (Unbalanced Shop)
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d' J d‘ a Qy 9
10310 5-76 — 5-78 WuN TusspuNRAAFUIUTATIAT VUGS (Tall
= A o v o q9 dq g o
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A v A PR P-4 VY Ae A '
seuud ldauaa uneng JDD wazng LF Tiawdesidudvesnuadindiiga diung IR
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(Due Date Assignment Rules Analysis)

Main Effects Plot - Data Means for %T
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Main Effects Plot - Data Means for %T
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Main Effects Plot - Data Means for %T
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5334 mﬁgmwﬁﬂﬁﬁnﬁuﬁ 9% (Interaction Analysis)

Interaction Plot - Data Means for %T
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Interaction Plot - Data Means for %T
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{ a I'é a 4 a 1
M3197 5-7 Wam 31Ny IaelHnatin Tukey Multiple Comparison Test 1/aW1581911A

/3 o " v 4 a 2 )
lﬂaﬁl“ﬂu@]ﬂ]@ﬂﬂ’]ua’]“ﬁ’] 1“331]1]1/]Wa@GBUQ'IUIﬂﬁQﬁﬁ'NLL‘U‘UQQ (Tall Structure)

80% Utilization 90% Utilization Unbalanced Shop
Rules Mean Rules Mean Rules Mean
4  JpD-IS| 0.5 b S/OPN-JIS | 11.85 *  Jppys| o0.10
LF-JIS |  0.06 IDD-JIS | 13.75 LF-IS | 0.37
JDD-TWK | 0.83 “v S/OPN-BJIS | 17.85 JDD-TWKCP | 1.67
JDD-TWKCP | 088 |1 IR-JIS | 33.02 JDD-RAND | 1.84
LF-RAND | 0.94 IR-BJIS | 33.42 JDD-BJIS |  2.05
JDD-CON | 125 S/OPN-RAND | 34.04 LF-RAND | 2.10
LF-CON | 147 IR-CON | 35.24 JDD-TWK | 2.80
JDD-BJIS| 1.76 ||y  IR-RAND | 35.83 JDD-CON | 293
JDD-RAND | 2.22 IR-TWKCP | 37.30 LF-CON | 3.42
v LF-BIS| 251 IR-TWK | 3759 | Ty  LF-BIIS| 528
* LE-TwKCP | 625 "T S/OPN-TWK | 41.63 LF-TWKCP | 10.50
i LF-TWK | 6.56 ﬂs/opN-TWKCP 58.53 LF-TWK | 10.98
4 IR-TWK | 8.25 l“ JDD-TWK | 75.13 IR-JIS | 19.47
IR-TWKCP | 844 || JDD-CON | 80.53 S/OPN-JIS | 23.12
+1 IR-RAND | 9.15 LF-JIS | 82.22 IR-BJIS | 23.59
v IR-CON | 9.20 S/OPN-CON | 84.49 IR-CON | 23.73
o1 IR-BJIS | 11.09 JDD-TWKCP | 91.15 IR-RAND | 24.10
v IR-JIS| 11.40 LF-RAND | 91.50 IR-TWKCP | 25.23
4 B/OPN-TWKCP | "13.03 IDD-RAND | 91.81 | o [R-TWK | 25.69
S/OPN-TWK | 13.55 LF-CON | 9188 | T S/OPN-BIIS| 32.39
S/OPN-JIS | 13.56 LF-BJIS | 91.88 S/OPN-CON | 32.97
v S/OPN-CON | 13.87 LF-TWKCP | 93.04 S/OPN-RAND | 34.06
S/OPN-RAND | 1443 ||| LF-TWK | 93.19 S/OPN-TWKCP | 35.85
v S/OPN-BIIS | 1562 |] IDD-BJIS | 9646 | | S/OPN-TWK | 38.13
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a S o @ <
534 fﬂﬁ’Jlﬂ51$1’?‘ﬂ1ﬁilDuﬁﬂ‘!ﬂlﬂi!?ﬂ?ﬁWﬂﬂJ@QﬂuIﬂmﬂaEJ (Mean Absolute Lateness)

a o
53.4.1 M35unsznaNuualslsiu (ANOVA)

Two-way AN

OVA: MAL versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for MAL

Source
Dispatch
Due Date

DF SS MS F P
3 2262611 754204 96.11 0.000
5 24966908 4993382 636.29 0.000

Interaction 15 2397450 159830 20.37 0.000

Error
Total

456 3578542 7848
479 33205511

519

U

a 4 Y Y o =
5-85 Wafﬂi3Lﬂ§"|$ﬂﬂ’ﬂlllll|iﬂ§')1!ﬂWHﬂTﬁNyjﬁmﬂl@QL’JﬁTﬁTEJGIJi’NQ"ILlIﬂEJLﬂﬁfJ Tu

] 9 1
FEUUNRAATUIY TAFIAT WUUUFA (Tall Structure) N3ZAUNMT IFOUVDITZUY 80%

Two-way AN

OVA: MAL versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for MAL

Source
Dispatch
Due Date

DF SS MS F P
3 1.577E+11 5.258E+10 33.51 0.000
5 1.249E+11 2.499E+10 15.93 0.000

Interaction 15 3.678E+11 2.452E+10 15.63 0.000

Error
Total

456 7.155E+11 1.569E+09
479 1.366E+12

d' a 4 Y [ 4 d'
317 5-86 wamsuaTIzHANNMIUIUMUMdNYIAivaIIMmEveInU Taamas Tu

[ E4 H
sEUUNRAATUIN IATIa5 19UV (Tall Structure) NTEAVNMST IFOUVDITZUY 90%

Two-way ANOVA: MAL versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for MAL

Source DF SS MS F P
Dispatch 3 9032422 3010807 102.67 0.000
Due Date 5 21538369 4307674 146.89 0.000
Interaction 15 1492985 99532 3.39 0.000
Error 456 13372532 29326

Total 479 45436308

d' a 4 9 LY o d‘
717 5-87 wamsAasiznanuulssrudumduysaivewraimevesnulaamas u

Ul
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a Aa

NHANTUY

Tns9a$ 19UV (Tall Structure) Tusz D7 liduga (Unbalanced Shop)
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5.3.42 MIuATIEriadenann19AIngn13110914 (Dispatching Rules Analysis)

Main Effects Plot - Data Means for MAL
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Main Effects Plot - Data Means for MAL
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Main Effects Plot - Data Means for MAL
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(Due Date Assignment Rules Analysis)

Main Effects Plot - Data Means for MAL

1200

1100

1000

900

MAL

800

700

600

| | | | | |
BJIS CON JIS RAND TWK TWKCP

Due Date Ass

71 591 Anuduiusszriengmssmuanadweniumduysaiveanadelagmae

U

] Y v
TuszuunnaaduauTnsaed19uuUga (Tall Structure) N5zAUM3 1FUV0I5Z Y 80%



132

Main Effects Plot - Data Means for MAL
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Main Effects Plot - Data Means for MAL
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53.45 M3uAT1eH laalHinaiia Tukey Multiple Comparison Test

{ a I'é a 4 a 1
M3197 5-8 Wam 31N 1Y IaelHinatia Tukey Multiple Comparison Test 1/aW1581911A

Fuyssivesnadelaoinde °luﬁzum7iwﬁwﬁmmiﬂﬁqﬁ%’mmuqq (Tall Structure)
80% Utilization 90% Utilization Unbalanced Shop
Rules Mean Rules Mean Rules Mean

4 Lrus| 4615 |1 IDD-JIS | 341 Y LFuS| 4440

JDD-JIS | 463.8 LF-JIS | 1,872 JDD-JIS | 451.0
LF-BJIS | 5173 JIDD-TWK | 2,557 LF-BJIS | 480.4

v JDD-BJIS | 5182 | siopn-TwrCP | 5,127 vy IDD-BIIS | 489.4

T IR-JIS | 629.4 JDD-TWKCP | 5,583 * siopN-BIIS | 769.8

l IR-BJIS | 6424 ||[*  IDD-BJIS | 6,533 S/OPN-JIS | 774.6

* sjopn-BIIS | 835.1 IR-TWK | 6,537 | t| JDD-TWK | 8459

M oreTwr | 9148 IR-TWKCP | 6,606 | | IR-BJIS | 880.2
v S/OPN-JIS | 1920.4 JDD-RAND | 6,618 LF-TWK | 892.3
JDD-TWK | 943.9 JDD-CON | 6,686 JDD-TWKCP | 910.2
LF-TWK | 947.0 IR-CON | 7,034 LF-TWKCP | 920.0
IR-TWKCP | 953.1 T IR-BIS| 7,726 v IR-JIS | 927.1
5/OPN-TWKCP | 958.6 i r-yis | 8,500 {F JDD-CON | 1,021.4
S/OPN-TWK | 965.7 LF-BJIS | 8779 |||y JDD-RAND | 1,028.9
JDD-TWKCP | 973.3 S/OPN-TWK | 9,455 IR-TWK | 1,044.4
LE-TWKCP | 9767 /|| LF-RAND | 9,847 LF-RAND | 1,061.0

4 JDD-RAND | 1,084.7 v S/OPN-BIJIS | 15,564 LF-CON | 1,068.5

™ spp-con| 1,312 | §|| -IR-RAND | 18,655 +  IR-TWKCP | 1,070.2
LF-CON| 1,152.2 LF-CON | 19473 ||TS/IOPN-TWKCP | 1,140.3

v LF-RAND | 1,163.5 LF-TWKCP | 19,658 S/OPN-CON | 1,197.4

+ IR-CON | 1,1963 | y| LF-TWK | 19,686 || S/OPN-TWK | 1,207.1
IR-RAND | 1,209.0 SYOPN-RAND | 20,668 IR-RAND | 1,270.6

v S/OPN-CON | 1,212.8 S/OPN-JIS | 66,049 IR-CON | 1,307.7
v S/OPN-RAND | 1,278.0 S/OPN-CON | 185,088 | y S/OPN-RAND | 1,308.4
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54 sammlwammmimaasmmnmumau (Complex Structure)

a J A
54.1 fﬂﬁ'JLﬂi'lgﬁl’)ﬂWﬂTithﬁ"Uﬂ\N'luTﬂU!ﬂﬁﬁl (Mean Flow Time)

a J
54.1.1 myuanevanuulsdsou (ANOVA)

Two-way ANOVA: F versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for F

Source DF SS MS F P
Dispatch 3 83053625 27684542 767.92 0.000
Due Date 5 502575 100515 2.79 0.017
Interaction 15 1318956 87930 2.44 0.002
Error 456 16439306 36051

Total 479 101314462

[l
=

a 4 9 A A A
zﬂ‘ﬂ 5-97 Nﬁﬂ?iﬂlﬂinﬁﬂ'NiJllﬂiﬂﬁ'Ju@WUL'JQWﬂWithTﬁ"U@QQWHIﬂUmﬁEl Tuszuunnan

2 v
FUUTATIAT VDTGB (Complex Structure) NFTAVMI IFNUVDITLUD 80%

Two-way ANOVA: F versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for F

Source DF SS MS F P
Dispatch 3 2.194E+09 731387566 103.86 0.000
Due Date 5 8676887 1735377 0.25 0.942
Interaction 15 30230963 2015398 0.29 0.996
Error 456 3.211E+09 7041814

Total 479 5.444E+09

~ a o 9y A A a
g”]J“I/I 5-98 Naﬂﬁ’JLﬂﬁZﬁﬂ’leﬂiﬂi3uﬂ1ut3ﬁ1ﬂ13llﬁasll@\iﬂujﬂ‘c’lmﬁﬂ Tuszuuinan

2 v
FuuIasaaduuFUdeu (Complex Structure) N5LAUMI IFNUVDITLUD 90%

Two-way ANOVA: F versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for F

Source DF SS MS F R
Dispatch 3 402791002 134263667 232.13 0.000
Due Date 5 4052272 810454 1.40 0.222
Interaction 15 17371721 1158115 2.00 0.014
Error 456 263746807 578392

Total 479 687961802

A a o 9 A A a
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5.4.1.2 M3ANTIZH II3eMANN1AIUNYNITI1097U (Dispatching Rules Analysis)

Main Effects Plot - Data Means for F
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Main Effects Plot - Data Means for F
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Main Effects Plot - Data Means for F
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5.4.1.3 myaazdiladenannimiungmssimuanaidaen

(Due Date Assignment Rules Analysis)

Main Effects Plot - Data Means for F
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Main Effects Plot - Data Means for F
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Main Effects Plot - Data Means for F
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54.14 mﬁmiwﬁﬂﬁﬁuwuﬁﬁm (Interaction Analysis)

Interaction Plot - Data Means for F
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Interaction Plot - Data Means for F
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5.4.1.5 M3uAT1eH laalHimailn Tukey Multiple Comparison Test

{ a I'é a 4 a 1
M3197 5-9 Wam 31N 1Y InelHnatin Tukey Multiple Comparison Test 1/aW1581911A

~ A a Qy 9 o 9
L'JﬁWﬂ"Iiul'ﬂa‘Uf]\i\NUIﬂﬂLﬂaﬂ Gluﬁgllll‘ﬂNa@]GISUQ'IUTﬂﬁ\‘]ﬁﬁ'NGD'U%@u (Complex Structure)

80% Utilization 90% Utilization Unbalanced Shop
Rules Mean Rules Mean Rules Mean
iDD-TWK | 4376 | 1 JpD-TWK | 1,034.5 | 4 IDD-TWKCP | 769.6
IDD-JIS | 477.6 JDD-BJIS | 1,053.0 JDD-TWK | 875.4
JDD-BJIS | 477.7 JDD-JIS | 1,072.8 JDD-BJIS | 912.9
JDD-TWKCP | 483.5 LF-CON | 1,195.6 JDD-JIS | 943.5
LF-CON | 5193 LE-TWK | 1,195.6 JDD-RAND | 967.1
LE-TWK | 519.3 LE-TWKCP | 1,195.6 JDD-CON | 1,018.1
LE-TWKCP | 519.3 LE-JIS | 1,195.6 LE-RAND | 1,047.3
LE-JIS | 5193 LF-BJIS | 1,195.6 LF-CON | 1,163.8
LF-BIIS | 5193 | 1| LF-RAND | 12451 LE-TWK | 1,163.8
LE-RAND | 519.4 JDD-CON | 1,341.3 LE-TWKCP | 1,163.8
JDD-CON | 5233 JDD-TWKCP | 1,358.1 LE-JIS | 1,163.8
4 JDD-RAND | 5243 4 JDD-RAND | 14095 | | LF-BIIS | 1,163.8
1 IR-CON | 11431 | 1 IR-CON | 42843 | | IR-CON | 2,580.6
IR-TWK | 1,143.1 IR-TWK | 4,284.3 IR-TWK | 2,580.6
IR-TWKCP | 1,143.1 IR-TWKCP | 4,284.3 IR-TWKCP | 2,580.6
IR-JIS | 1,143:1 IR-JIS | 4,284.3 IR-JIS | 2,580.6
IR-BIIS | 1,143.1 | [ IR-BJIS | 4,843 IR-BIIS | 2,580.6
IR-RAND | 11622 | |1 IR-RAND | 46753 S/OPN-RAND | 2,617.1
* S/OPN-BIIS | 1,301.3 S/OPN-TWK | 5,755.3 S/OPN-BIIS | 2,617.5
vh | S/OPN-IIS | 1,360.0 | | [S/OPN-TWKCP | 5,949.0 S/OPN-IIS | 2,722.5
S/OPN-RAND | 1,427.8 S/OPN-JIS | 5,968.2 |1 IR-RAND | 2,861.0
} |y SIOPN-TWK | 1,460.7 | | | SIOPN-RAND | 6,057.2 | | |S/IOPN-TWKCP | 3,235.8
v S/OPN-CON | 1,5744 ||| S/OPN-CON | 6,151.0 | |} S/OPN-CON | 34087
v S/OPN-TWKCP | 1,6502 | | S/OPN-BIIS | 73514 |y  S/OPN-TWK | 3,6103
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a 4 1 {
54.2 fﬂﬁ3&?151&1’“')@11@11%}1"1]@\1\11141?]Elmaﬂ (Mean Tardiness)

a J
54.2.1 myuaneranuulsdsou (ANOVA)

Two-way ANOVA: T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for T

Source DF SS MS F P
Dispatch 3 20766933 6922311 391.94 0.000
Due Date 5 1196236 239247 13.55 0.000
Interaction 15 2291169 152745 8.65 0.000
Error 456 8053744 17662

Total 479 32308082

~ a 4 9 Do) A A a
ETJ‘VI 5-109 HamsapsziaNuulsdsiuaunaiasvesau laamas Tussuunnaa

A3

FuUInssad 1T U U (Complex Structure) NTLAVNT 1H91UVDITLUY 80%

Two-way ANOVA: T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for T

Source DF SS MS F P
Dispatch 3 1.303E+09 434487315 110.23 0.000
Due Date 5 105613733 21122747 5.36 0.000
Interaction 15 78404853 5226990 1.33 0.182
Error 456 1.797E+09 3941614

Total 479 3.285E+09

A a 'd Y T 9 A A a
E’]J“VI 5-110 wamsansizvaNuulsdsivaunaiamvesau laamas Tussuuinga

v v
FuauIasaaduuugudeu (Complex Structure) N5EAUMI IFNUVDITLUD 90%

Two-way ANOVA: T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for T

Source DF SS MS F P
Dispatch 3 272549046 90849682 237.88 0.000
Due Date 5 23561805 4712361 12.34 0.000
Interaction 15 27442494 1829500 4.79 0.000
Error 456 174152801 381914

Total 479 497706146

A a I'd 9 1 9 A A a
E‘]J“VI 5-111 wamsansizvanuulsdsivaunaasvesau laamas Tussuuinga
Y v

Fuau Inseas 19U UFudoU (Complex Structure) Tuszuud liduga (Unbalanced Shop)
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5.4.22 MIATLHTaTendnn1eAIUNYN1T910914 (Dispatching Rules Analysis)

Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for T
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(Due Date Assignment Rules Analysis)

Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for T
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Mean

Interaction Plot - Data Means for T
Dispatching
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5.42.5 M3uAT1eH laelHinailn Tukey Multiple Comparison Test

{ a o a 4 a
M3197 5-10 Wam3NAI 1y Iaeleimadin Tukey Multiple Comparison Test 1/aW1581811

[ 1T 9 td' td' a Qy 9 [ 9
A1V laanas TussuuinaaFuIn Inseds WFUFou (Complex Structure)

80% Utilization 90% Utilization Unbalanced Shop
Rules Mean Rules Mean Rules Mean
IDD-JIS | 0.01 +  ppuis| 24 Y ppus| 125
JDD-TWK | 0.04 LEJIS | 34 LE-JIS | 277
LE-JIS | 0.06 mooBIs| 327 | T| opBus| 572
JDD-BJIS | 0.82 LF-BJIS | 81.6 JDD-TWKCP | 61.8
LE-BJIS | 1.07 | 4| IDD-TWK | 140.7 JDD-TWK | 123.1
JDD-CON | 237 LE-CON | 233.7 JDD-RAND | 125.0
LF-CON | 3.09 LE-RAND | 256.9 LE-BJIS | 126.7
JDD-RAND | 3.60 LE-TWK | 259.2 LE-RAND | 164.4
JDD-TWKCP | - 5.67 LF-TWKCP | 275.9 JDD-CON | 174.6
LF-TWKCP | 6.66 JDD-CON | 333.0 LF-CON | 2532
LF-RAND | 6.88 JDD-RAND | 397.1 LE-TWK | 264.9
4 LF-TWK | 7.09 IDD-TWKCP | 408.6 | 1|4 LF-TWKCP | 2918
4 sopnis | 21730 | H | siopnanis | 1,736.7 (4 S/OPN-JIS | 760.0
t siopn-Biis| 27928 | ||[§  wRais | 19724 ({1 sopn-Buis | 9803
il IR-1IS | 322.81 ||y R-BJIS | 2,387.0 ||T IR-JIS | 1,306.1
"IN wmeus| 36078 [|T R-cON| 31745 3| |[B/OPN-RAND | 14508
IR-CON | 37523 IR-TWK | 32212 IR-BJIS | 1,483.2
IR-TWK | 386.59 IR-TWKCP | 32886 || il IR-CON | 1,680.8
IR-RAND' | 393.90 S/OPN-BJIS | 3,345.0 [R-TWK | 1,721.0
IR-TWKCP | 42571 ||y|  IR-RAND | 3,546.1 IR-TWKCP | 1,780.0
o1 sIoPN-TWK | 44921 S/OPN-TWK | 4,282.5 || | IR-RAND | 1,974.7
4 | S/OPN-RAND | 480.65 |y $/OPN-TWKCP | 4,664.1 || SIOPN-TWKCP | 2,080.3
Tv S/OPN-CON | 593.83 S/OPN-RAND | 4,705.9 S/OPN-CON | 2,244.2

lS/OPN-TWKCP 702.00 v S/OPN-CON | 4,758.5 S/OPN-TWK | 2,278.0
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a ¢ 73 7 "y
5.4.3 miuasgnlosiFuavosnuaid (% of Tardy Jobs)

a J
54.3.1 myuaseranuulsdsou (ANOVA)

Two-way ANOVA: %T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for %T

Source DF SS MS F P
Dispatch 3 52737.55 17579.18 2243.23 0.000
Due Date 5 592 .56 118.51 15.12 0.000
Interaction 15 742 .54 49.50 6.32 0.000
Error 456 B5VIR AT 7.84

Total 479 57646.10

d' a ¢ ) N "y 4 a 2
zﬂ‘ﬂ 5-121 Waﬂ'lijlﬂi’WWﬂ'JnJllﬂiﬂﬁ'Ju@'IUHJ’f]iLG]fu@]sU@Q\ﬂua']“]ﬂ EluﬁZUU‘VINaGI%uQm

Taseadauududan (Complex Structure) N5£AUMI IFNUVDITLUY 80%

Two-way ANOVA: %T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for %T

Source DF SS MS F P
Dispatch 3 108207 36069 286.17 0.000
Due Date 5} 27578 5516 43.76 0.000
Interaction 15 1873 125 0.99 0.464
Error 456 57475 126

Total 479 195133

A a o 9 J I 4 "9 A A Qy
E‘IJVI 5-122 wamsansizvanuulsdsiuaulesiguavesauaid luszuunnansuau

Tasea 1w udeu (Complex Structure) N5EAUMI IFNUVDITLUY 90%

Two-way ANOVA: %T versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for %T

Source DF SS MS F P
Dispatch 3 59572.8 19857.6 220.58 0.000
Due Date 5 4372.6 874.5 9.71 0.000
Interaction 15 2407 .3 160.5 1.78 0.034
Error 456 41050.8 90.0

Total 479 107403.5

A a o 9 J I o 1 9 A A Qy
51U 5-123 wamsaasizranulsUsiuaudessuavesniuars IussuunnanFuau

U

Tassardauuududou (Complex Structure) Tuszuui liieuaa (Unbalanced Shop)



159

a P A A v A ' P-4
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Y
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5.4.32 MIUATIZHTTonanNeAIUNYNIT118911 (Dispatching Rules Analysis)

Main Effects Plot - Data Means for %T
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Main Effects Plot - Data Means for % T
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Main Effects Plot - Data Means for %T
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(Due Date Assignment Rules Analysis)

Main Effects Plot - Data Means for %T
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Main Effects Plot - Data Means for %T
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Main Effects Plot - Data Means for %T
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5.4.3.4 MyNATIZHURENRUTI (Interaction Analysis)

Interaction Plot - Data Means for % T
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5.43.5 M3uAT1eH IaelHinAiln Tukey Multiple Comparison Test

{ a o a 4 a
M319% 5-11 wam3ins ey Iaeleimadin Tukey Multiple Comparison Test /aW1581811

' sl "y A a 2 Y o Y
ﬂ’]!ﬂ@il“]fu@sll@\i\i']ua'lsﬁ'] 1“531]1]7]Wa@]sb'u\ﬂujﬂﬁ\iﬁﬁ']\igﬁﬂcﬁﬂu (Complex Structure)

80% Utilization 90% Utilization Unbalanced Shop
Rules Mean Rules Mean Rules Mean
JDD-JIS | 0.01 Y Jppus| 124 Y pDns| 495
JDD-TWK | 005 | 1 Lrais | 200 | T|iop-rwkep | 10.59
LE-JIS | 0.09 v JDD-BIIS| 12.09 LE-JIS | 10.60
DD-BIS | 055 |] v LE-BJIS | 1489 | || JoD-TWK | 11.23
LE-BJIS | 0.72 JDD-TWK | 1653 |} JDD-BJIS | 13.81
mpp-coN | 089 ||t Lrcon| 1977 JDD-RAND | 14.26
LF-CON | 0.98 LE-TWK | 22.79 | JpD-CON | 1557
JDD-RAND | 1.14 LE-RAND | 23.45 1 LrrAND| 1796
LE-RAND | 141 JDD-CON | 23.63 Y Lrcon| 2057
JDD-TWKCP | 1.84 JDD-RAND | 2424 ||| LE-BJIS | 20.62
LF-TWKCP | 2.10 [|{| LE-TWKCP| 2444 ||y LF-TWK | 21.57
v LFTWK | 221 4 IR-JIS | 26.86 |y || LF-TWKCP | 23.86
4 rcon| 1682 |41 |ipD-TWKCP | 27.46 IR-JIS | 26.83
IR-TWKA{ 17.03 |#]] IR-BJIS | 30.25 IR-TWK | 27.62
IR-RAND | 17.35 |||4| S/OPN-JIS | 37.53 IR-BJIS | 27.72
IR-JIS | 18.19 4. IR-CON | 39.58 IR-RAND | 28.08
IR-BJIS | 1854 || IR-TWK | 40.10 3| IR-CON| 2827
Ty IR-TWKCP | 19.05 IR-TWKCP | 41.34 N IR-TWKCP | 29.65
4|0 s/oPNIS| 2190 | IR-RAND | 4158 | #3| S/IOPN-JIS | 3254
S/IOPN-TWK | 2240 | 4] S/IOPN-BIIs | 4833 || | siopN-Bus | 39.46
S/OPN-BJIS | 23.47 |1| S/OPN-RAND | 56.89 S/OPN-RAND | 40.82
v| SIOPN-RAND | 2431 S/OPN-TWK | 57.53 ||y S/OPN-CON | 42.48
L S/OPN-CON | 26.19 ||| S/OPN-CON | 59.75 S/OPN-TWK | 46.77
S/OPN-TWKCP | 31.04 |y S/OPN-TWKCP | 62.50 |} S/OPN-TWKCP | 47.93
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a S o @ <
544 fﬂﬁ’Jlﬂ51$1’?‘ﬂ1ﬁilDuﬁﬂ‘!ﬂlﬂi!?ﬂ?ﬁWﬂﬂJ@QﬂuIﬂmﬂaEJ (Mean Absolute Lateness)

a 4
5.4.4.1 M35unsznanuualslsiu (ANOVA)

Two-way ANOVA: MAL versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for MAL

Source DF SS MS F P
Dispatch 3 5234576 1744859 113.71 0.000
Due Date 5 31491676 6298335 410.47 0.000
Interaction 15 2958245 197216 12.85 0.000
Error 456 6996952 15344

Total 479 46681448

A a 7 "o s A
zﬂ‘lfl 5-133 Waﬂ1531ﬂ51$ﬂﬂ’31ﬂ!Lll'i‘]Ji’31!?’9]}11!?11ﬁﬂuiﬂﬂ]@ﬂl’)a1ﬁ1€ﬁl@ﬁ\ﬂu1ﬂElmﬁﬁl 114

v 4 v
srUDNaaFuNUTasaa 19T EaU (Complex Structure) N5LAUMS IHFNUVDITLUD 80%

Two-way ANOVA: MAL versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for MAL

Source DF SS MS F P
Dispatch 3 1.426E+09 475325875 104 .59 0.000
Due Date 5 32219217 6443843 1.42 0.216
Interaction 15 25678158 1711877 0.38 0.984
Error 456 2.072E+09 4544764

Total 479 3.556E+09

=1 a 4 9 1 o o A
?j‘IJVI 5-134 Nﬁfﬂﬁ’Jlﬂi1$14f”l’JHJLL‘lJi‘]J’i’J‘LlSf’ﬂuﬂ1ﬁiJ‘iJuimsll’t)\‘]L’m1ﬁ18J‘lJE]\NWuIﬂ‘c’Jﬁme 1‘11!

v Y v
sruninaasunuIaseaedudeu (Complex Structure) N5EAUMS IHFNUVDITLUD 90%

Two-way ANOVA: MAL versus Dispatching Rules, Due Date Assignment Rules

Analysis of Variance for MAL

Source DF SS MS F P
Dispatch 3 295614942 98538314 258.37 0.000
Due Date 5 39263086 7852617 20.59 0.000
Interaction 15 19543046 1302870 3.42 0.000
Error 456 173914633 381392

Total 479 528335707

P a 4 9 [ 4 A
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5.4.42 MIuATIEHIaTenanN19AIUNYNIT11891 (Dispatching Rules Analysis)

Main Effects Plot - Data Means for MAL
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Main Effects Plot - Data Means for MAL
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Main Effects Plot - Data Means for MAL
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(Due Date Assignment Rules Analysis)

Main Effects Plot - Data Means for MAL
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Main Effects Plot - Data Means for MAL
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Main Effects Plot - Data Means for MAL
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5.4.4.4 MyAATIZRURENRUTT 0 (Interaction Analysis)

Interaction Plot - Data Means for MAL
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Interaction Plot - Data Means for MAL
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Interaction Plot - Data Means for MAL
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5.4.45 M3uAT1eH IaelHinAiln Tukey Multiple Comparison Test

{ a o a 4 a
M3197 5-12 wam3ins ey Iaeleimadin Tukey Multiple Comparison Test /aW1581811

1o t4 . { a Qy %
mduysaivewamelaomaes Tuszuuinaasuaulnseasedudou (Complex Structure)

80% Utilization 90% Utilization Unbalanced Shop
Rules Mean Rules Mean Rules Mean
4 LF-JIS | 491.0 1 LF-JIS | 470.1 4 LF-JIS | 3827
l JDD-JIS | 496.1 JDD-JIS | 479.3 JDD-JIS | 396.3
T LF-BJIS | 640.0 JDD-BJIS | 492.2 4 JDD-BJIS | 532.6
Tl JDD-BJIS | 658.8 LF-BJIS | 527.4 LF-BJIS | 545.6
4
Tl S/OPN-JIS | 783.9 LF-TWKCP | 936.4 ' JDD-TWKCP | 933.7
l S/OPN-BJIS | 812.5 LF-RAND | 998.4 LF-TWKCP | 1,001.7
4 IR-JIS | 1,026.7 LF-CON | 1,001.8 LF-RAND | 1,011.2
IR-BJIS | 1,055.0 fr JDD-TWKCP | 1,042.3 JDD-RAND | 1,011.9
LF-TWKCP | 1,075.4 JDD-CON | 1,054.7 JDD-CON | 1,061.1
A
v | [JDD-TWKCP | 1,107.6 JDD-TWK | 1,075.1 v LF-CON | 1,072.6
4 JDD-CON | 1,211.3 JDD-RAND | 1,114.4 LF-TWK | 1,199.1

JDD-RAND | 1,211.6 v LE-TWK | 1,152.1 v JDD-TWK | 1,202.7

tl|  Lrcon|i2ies [ty sopn-ns | 34782 | |1 siopn-Bis | 14925
v LF-RAND{ 12244 IR-BJIS | 3,782.1 [ ¢|  S/OPN-JIS | 1,493.2
4 S/IOPN-RAND | 1,263.1 IR-CON | 3,794.7 | T\ SIOPN-RAND | 20333

S/OPN-TWK | 127117 IR-TWKCP | 3.874.1 ||| SIOPN-TWKCP | 2,506.4
IR-TWKCP | 1,903 IR-TWK | 3,988.1 IR-CON | 2,511.0
LF-TWK | 1,325.9 IR-JIS | 4,107.8 IR-BIIS | 2,513.5
${OPN-TWKCP | 1,336.9 IR-RAND | 4,147.3 IR-TWKCP | 2,562.9
IR-CON | 1337.3 S/OPN-BJIS | 4,379.2 IR-JIS | 2,603.4

v| || s/oPN-cON | 13432 S/IOPN-TWK | 4,640.1 ||y IR-TWK | 2,698.5

v/l IR-RAND | 1,355.0 | | SIOPN-TWKCP | 4,961.1 S/OPN-TWK | 2,780.9
v| IDD-TWK | 1,392.7 | | S/OPN-RAND | 5,083.4 S/OPN-CON | 2,809.8
| IRTWK | 14635 |y  S/OPN-CON | 5096.0 || IR-RAND | 2,819.7
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Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for MAL
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Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for MAL
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Mean Flow Time Mean Tardiness % of Tardy Jobs Mean Absolute Lateness
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Main Effects Plot - Data Means for T
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Main Effects Plot - Data Means for MAL
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One-way ANOVA: F versus Distpatching Rules

Analysis of Variance for F

Source DF SS MS F P
Distpatc 1 218.6 218.6 8.74 0.005
Error 38 950.0 25.0

Total 39 1168.5

One-way ANOVA: T versus Distpatching Rules

Analysis of Variance for T

Source DF SS MS F P
Distpatc 1 U022 0.01122 7.27 0.010
Error 38 0.05867 0.00154

Total 39 0.06990

One-way ANOVA: %T versus Distpatching Rules

Analysis of Variance for %T

Source DF SS MS F P
Distpatc 1 0.1452 0.1452 10.90 0.002
Error 38 0.5063 0.0133

Total 39 0.6515

One-way ANOVA: MAL versus Distpatching Rules

Analysis of Variance for MAL

Source DF SS MS F P
Distpatc 1 8.74 8.74 4.25 0.046
Error 38 78.20 2.06

Total 39 86.94
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Main Effects Plot - Data Means for F
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Main Effects Plot - Data Means for %T
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Main Effects Plot - Data Means for MAL
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Taaldtnatin Tukey Multiple Comparison Test

Mean Flow Time Mean Tardiness % of Tardy Jobs Mean Absolute Lateness
Rules Mean Rules Mean Rules Mean Rules Mean
New 196.50 New 0.01 New 0.05 JDD 205.12
DD 201.17 JDD 0.05 JDD 0.17 New 206.06

WA 4.67 Hang 0.04 | wWan 0.12 WA 0.94

% 2.32 % 80 % 70.58 % 0.45

[

* New WU1903 N3 JDD Nillmaiumatialumsaadmuanudiny
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Individual 95% Cls For Mean Flow Time

Level N Mean Sthev  ————+————————— e Fom S
JbD 20 201.17 5.91 (Gt Fmmmm - )
New 20 196.50 3880~ (-1 - Trr-rieo D)

e Fom e ——— Fom e ——— +—=
Pooled StDev = 5.00 195.0 197.5 200.0 202.5

Individual 95% Cls For Mean Tardiness
Based on Pooled StDev

Level N Mean Stbev  ——+————————— o o Fo—
JDD 20 0.04900 0.04587 (————-—-—--- F )
New 20 0.01550 0.03137 (-———-—-—-—- H e )

B T T T — T . o ——— e

Pooled StDev = 0.03929 0.000 0.020 0.040 0.060
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Individual 95% Cls For Mean « of Tardy Jobs
Based on Pooled StDev

Level N Mean Sthev  —————————- Fmm e ——_—— e S - L S
JbD 20 0.1740 0.1301 (-—————-—- Fmmm o )
New 20 0.0535 0.0986 (------- e LT )

—————————— PRy R S
Pooled StDev = 0.1154 0.070 0.140 0.210

Individual 95% Cls For Mean Absolute Lateness
Based on Pooled StDev

Level N Mean Sthev  ————————- Fom S - E -

JbD 20 205.12 1.63 (———-—---- H e )

New 20 206.06 1.21 (-—-—-—-———-- H e —— )
————————— o

Pooled StDev = 1.43 205.10 205.80 206.50
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6.3.2.2 3zVUNWAATUIUTATIAS 19UV DS (Tall Structure)

One-way ANOVA: F versus Dispatching Rules

Analysis of Variance for F

Source DF SS MS F P
Dispatch 1 17036 17036 4.12 0.050
Error 38 157307 4140

Total 39 174343

One-way ANOVA: T versus Dispatching Rules

Analysis of Variance for T

Source DF SS MS F p
Dispatch 1 0.00380 0.00380 2.26 0.141
Error 38 0.06387 0.00168

Total 39 0.06768

One-way ANOVA: %T versus Dispatching Rules

Analysis of Variance for %T

Source DF SS MS F P
Dispatch 1 0.01560 0.01560 2.45 0.126
Error 38 0.24228 0.00638

Total 39 0.25788

One-way ANOVA: MAL versus Dispatching Rules

Analysis of Variance for MAL

Source DF SS MS F P
Dispatch 1 84.7 84.7 2.18 0.148
Error 38 1476 .6 38.9

Total 39 1561.2
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Main Effects Plot - Data Means for F
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Main Effects Plot - Data Means for %T
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Taaldnaiia Tukey Multiple Comparison Test

Mean Flow Time Mean Tardiness % of Tardy Jobs Mean Absolute Lateness
Rules Mean Rules Mean Rules Mean Rules Mean
New | 468.32 T New 0.001 T New 0.007 T JDD 463.78
JDD 509.60 l JDD 0.020 l JDD 0.046 l New 466.69
WaRe | 41.28 TGERN 0.019 | Wam1e | 0.039 RN 2.91
% 8.10 % 95 % 84.78 % 0.62
* New WU1903 N3 JDD Nillmaiumatialumsaadmuanudiny
= T s oAy Y A A )
% MUY Lﬂ@ﬁ!%uﬂﬂ’ﬂml@]ﬂﬂNﬂqﬂ LiJf]WIEJ“Uﬂ‘UWﬁﬂI@QﬂQ JDD HyuUsIIUAN
Individual 95% Cls For Mean Flow Time
Based on Pooled StDev
Level N Mean Sthev  ————+————————— o T +—-
JDD 20 - 509.60 87.19 ae1:34 )-0-1---- )
New 20 . 468.32 ssland¥1+-1- o¥-1 & )
—————— o ———_—— o ———_—— A
Pooled StDev = 64.34 450 480 510 540
Individual 95% Cls For Mean Tardiness
Based on Pooled StDev
Level N Mean Sthev —+————————- Fom———— Fom e Fmm—
JDD 20 0.02050 0.05790 [ * oo )
New 20 0.00100 0.00308 (--—---——-— I )
S S —— B B o
Pooled StDev = 0.04100 -0.016 0.000 0.016 0.032
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Individual 95% Cls For Mean « of Tardy Jobs
Based on Pooled StDev

Level N Mean Sthev  ————————- o ———— S - S -
JbD 20 0.04650 0.11231 (- K )
New 20 0.00700 0.01174 (--------- H e )

————————— e
Pooled StDev = 0.07985 0.000 0.035 0.070

Individual 95% Cls For Mean Absolute Lateness
Based on Pooled StDev

Level N Mean Sthev --—----—- Foo———— Fo Fo———

JbD 20 463.78 8.04 (———-—------ - )

JDD+New 20 466.69 3.61 - e )
------- [ TR SRS - ———

Pooled StDev = 6.23 462.5 465.0 467 .5
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v Y
6.3.2.3 szuvinaayuaulaseadaududou (Complex Structure)

One-way ANOVA: F versus Dispatching Rules

Analysis of Variance for F

Source DF SS MS F P
Dispatch 1 8223 8223 3.54 0.068
Error 38 88387 2326

Total 39 96609

One-way ANOVA: T versus Dispatching Rules

Analysis of Variance for T

Source DF SS MS F P
Dispatch 1 0.0000900 0.0000900 0.94 0.337
Error 38 0.0036200 0.0000953

Total 39 0.0037100

One-way ANOVA: %T versus Dispatching Rules

Analysis of Variance for %T

Source DF SS MS F P
Dispatch 1 0.000810 0.000810 1.03 0.316
Error 38 0.029790 0.000784

Total 39 0.030600

One-way ANOVA: MAL versus Dispatching Rules

Analysis of Variance for MAL

Source DF SS MS F P
Dispatch 1 46.0 46.0 4.20 0.047
Error 38 416.5 11.0

Total 39 462.5
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Main Effects Plot - Data Means for F
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Main Effects Plot - Data Means for %T
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Taaldtnatin Tukey Multiple Comparison Test

Mean Flow Time Mean Tardiness % of Tardy Jobs Mean Absolute Lateness
Rules Mean Rules Mean Rules Mean Rules Mean
T New | 448.92 T New 0.002 T New 0.005 JDD 496.09
l JDD 477.59 l JDD 0.005 l JDD 0.014 New 498.23
TGERN 28.67 | Wan 0.003 Wag1e | 0.009 RN 2.14
% 6 % 60 % 64.28 % 0.43
* New WU1903 N3 JDD Nillmaiumatialumsaadmuanudiny
= T s oAy Y A A )
% MUY Lﬂﬂﬁ!%uﬂﬂ’ﬂml@]ﬂﬂNﬂl’lﬂ LiJf]WIfJUﬂ‘UWﬁﬂI@Qﬂ;] JDD HyuUsIIUAN
Individual 95% Cls For Mean Flow Time
Based on Pooled StDev
Level N Mean Stbev --—-—--—-—- FAe=e - Fo Fo—
JDD 20 . 477.59 53.90 243 O-f-———--- )
New 20 . 448.92 BldoAIF1-1-¢ * ¥ )- )
------- Sy
Pooled StDev = 48.23 440 460 480
Individual 95% Cls For Mean Tardiness
Based on Pooled StDev
Level N Mean Sthev  -——————- Fom S - S -
JDD 20 0.005000 0.012773 [ CE— L )
New 20 0.002000 0.005231 (--—---——--—- L )
——————— e
Pooled StDev = 0.009760 0.0000 0.0035 0.0070
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Individual 95% Cls For Mean « of Tardy Jobs
Based on Pooled StDev

Level N Mean Sthev  -———————- e S - S SR
JDD 20 0.01450 0.03748 (- H - )
New 20 0.00550 0.01276 (- H e )

———————— PRy Sy
Pooled StDev = 0.02800 0.000 0.010 0.020

Individual 95% Cls For Mean Absolute Lateness
Based on Pooled StDev

Level N Mean Sthev -———4-———————- Fo Foo———— +-—-

JbD 20 496.09 3.39 (-———-——---- HFmmmm - )

New 20 498.23 3.23 (-——-—--——- Fmm - )
R ——— [ T —— [ R —— [ p——

Pooled StDev = 3.31 495.0 496.5 498.0 499.5
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First Come First Served (FCFS) uazﬁmuﬂnmdemumuﬂg Constant (CON)

@31 Model

0%
1$

22$

2$
3$
5%
4%
23$

248
25$
268
278
28$

luszuvnenaniuanulasaad vy (Flat Structure)

CREATE,

ASSIGN:

BRANCH,

DUPLICATE:

ASSIGN:
ROUTE:

ASSIGN:

DUPLICATE:

ASSIGN:
ASSIGN:
ASSIGN:
ASSIGN:

DUPLICATE:

1: EXPO(30):MARK(ArrivalTime):NEXT(1$);
DueDate=ArrivalTime+570:
JobType=DISC(1/3,1,2/3,2,1.0,3);
1:

If,JobType==1,28%,Yes:
If,JobType==2,23%,Yes:
Else,28%,Yes;
1,4$:NEXT(39);

NS=A1;

0.0,SEQ;
NS=A2:NEXT(5%);

1,258:

1,268%:

1,27$:NEXT(249%);
NS=B1:NEXT(5$):
NS=B2:NEXT(5$);
NS=B3:NEXT(5%);
NS=B4:NEXT(5$);

1,30$:

1,318%:

1,328%:

1,33%:

1,34%:

1,358:NEXT(299);
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29% ASSIGN: NS=CI1:NEXT(5%);
30$ ASSIGN: NS=C2:NEXT(5%);
31% ASSIGN: NS=C3:NEXT(5%);
32% ASSIGN: NS=C4:NEXT(5%);
33% ASSIGN: NS=C5:NEXT(5%);
34% ASSIGN: NS=C6:NEXT(5%);
35% ASSIGN: NS=C7:NEXT(5%);
63 STATION, StationSet;

7% ASSIGN: SetIndex=MEMIDX(StationSet,M);
83 QUEUE, QueueSet(SetIndex);
9% SEIZE, 1,0ther:

MachineSet(SetIndex),1:NEXT(109);

10$ DELAY: OpTime,,Other:NEXT(118$);
11$ RELEASE: MachineSet(SetIndex), 1;
12$ ROUTE: 0.0,SEQ;

13$ STATION, AssemblyStation;

143 BRANCH, 5

If, NS==A1,A1Route,Yes:
If;NS==A2,A2Route,Yes:
If, NS==B1,B1Route,Yes:
If;NS==B2,B2Route,Yes:
If,NS==B3,B3Route,Yes:
If;NS==B4,B4Route,Yes:
If;NS==C1,C1Route,Yes:
If, NS==C2,C2Route;Yes:
If,NS==C3,C3Route,Yes:
If,NS==C4,C4Route,Yes:
If,NS==C5,C5Route,Yes:
If,NS==C6,C6Route,Yes:
Else,C7Route,Yes;
AlRoute QUEUE, AssemblyQ1:DETACH;

A2Route QUEUE, AssemblyQ2:DETACH,;
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B1Route QUEUE, AssemblyQ3:DETACH;
B2Route QUEUE, AssemblyQ4:DETACH;
B3Route QUEUE, AssemblyQ5:DETACH;
B4Route QUEUE, AssemblyQ6:DETACH;
ClRoute QUEUE, AssemblyQ7:DETACH;
C2Route QUEUE, AssemblyQ8:DETACH;
C3Route QUEUE, AssemblyQ9:DETACH;
C4Route QUEUE, AssemblyQ10:DETACH;
C5Route QUEUE, AssemblyQ11:DETACH;
C6Route QUEUE, AssemblyQ12:DETACH,;
C7Route QUEUE, AssemblyQ13:DETACH,;
MATCH: AlRoute,15%:

A2Route;
159 ASSIGN: NS=JobA:

1S=0;
16$ ROUTE: 0.0,SEQ;
17% STATION, ExitSystem;
19% BRANCH, 1:

If, TNOW>DueDate,Tardy Jobs,Yes:

Else,NonTardy,Yes;
Tardy Jobs ASSIGN: Tardy=Tnow-DueDate;
408 COUNT: TardyJobs,1;
38% TALLY: MeanAbsoluteLateness, Tardy+Early,1;
398 ASSIGN: Early=0;
20% TALLY: Tardiness,Tardy-+Early,1;
18% TALLY: FlowTime,INT(ArrivalTime),1;
21% DISPOSE: No;
NonTardy ASSIGN: Early=DueDate-TNOW:NEXT(38%);
MATCH: B1Route,36$:
B2Route:
B3Route:

B4Route;
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363 ASSIGN: NS=JobB:

IS=0:NEXT(169);
MATCH: ClRoute,37$:

C2Route:
C3Route:
C4Route:
C5Route:
C6Route:
C7Route;

37% ASSIGN: NS=JobC:
IS=0:NEXT(16%);

aIu Experiment

PROJECT, "DistP-FCFS,DD-CON#Flat","prasong",,Yes,No,Yes,No,No,No,No,No;

ATTRIBUTES: OpTime:
Early:
JobType:
ArrivalTime:
DueDate:
Tardy:

SetIndex;

QUEUES: MCI1Q,FirstInFirstOut,, AUTOSTATS(Yes,,):
AssemblyQ1,FirstInFirstOut,, AUTOSTATS(Yes,,):
MC2Q,FirstInFirstOut,, AUTOSTATS(Yes,,):
AssemblyQ2,FirstInFirstOut,, AUTOSTATS(Yes,,):
AssemblyQ3,FirstInFirstOut,, AUTOSTATS(Yes,,):
AssemblyQ4,FirstInFirstOut,, AUTOSTATS(Yes,,):
AssemblyQ5,FirstInFirstOut,, AUTOSTATS(Yes,,):
AssemblyQ6,FirstInFirstOut,, AUTOSTATS(Yes,,):

AssemblyQ7,FirstInFirstOut,, AUTOSTATS(Yes,,):
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AssemblyQ8,FirstInFirstOut,, AUTOSTATS(Yes,,):
AssemblyQ9,FirstInFirstOut,, AUTOSTATS(Yes,,):
MC3Q,FirstInFirstOut,, AUTOSTATS(Yes,,):
MC4Q,FirstInFirstOut,, AUTOSTATS(Yes,,):
MC5Q,FirstInFirstOut,, AUTOSTATS(Yes,,):
MC6Q,FirstInFirstOut,, AUTOSTATS(Yes,,):
MC7Q,FirstInFirstOut,, AUTOSTATS(Yes,,):
MCS8Q,FirstInFirstOut,, AUTOSTATS(Yes,,):
AssemblyQ10,FirstInFirstOut,, AUTOSTATS(Yes,,):
AssemblyQ11,FirstInFirstOut,, AUTOSTATS(Yes,,):
AssemblyQ12,FirstinFirstOut,, AUTOSTATS(Yes,,):

AssemblyQ13,FirstinFirstOut,, AUTOSTATS(Yes,,);

RESOURCES: Machinel,Capacity(1),,Stationary,COST(0.0,0.0,0.0),,AUTOSTATS(Yes,,):
Machine2,Capacity(1),,Stationary,COST(0.0,0.0,0.0),,AUTOSTATS(Yes,,):
Machine3,Capacity(1),,Stationary,COST(0.0,0.0,0.0),,AUTOSTATS(Yes,,):
Machine4,Capacity(1),,Stationary,COST(0.0,0.0,0.0),,AUTOSTATS(Yes,,):
Machine5,Capacity(1),,Stationary,COST(0.0,0.0,0.0),,AUTOSTATS(Yes,,):
Machine6,Capacity(1),,Stationary,COST(0.0,0.0,0.0),,AUTOSTATS(Yes,,):
Machine7,Capacity(1),,Stationary,COST(0.0,0.0,0.0),,AUTOSTATS(Yes,,):

Machine8,Capacity(1),,Stationary,COST(0.0,0.0,0.0),,AUTOSTATS(Yes,,);

STATIONS: .- MCl:
MC2:
MC3:
MC4:
MC5:
MC6:
MCT7:
MCS8:
AssemblyStation:

ExitSystem;
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SEQUENCES: 1,A1,MC4,0pTime=NORM(15,3)&MC5,0pTime=NORM(15,3)
&MCS8,0pTime=NORM(15,3)& AssemblyStation:
2,A2,MC6,0pTime=NORM(15,3)&MC2,0pTime=NORM(15,3)
&MC3,0pTime=NORM(15,3)& AssemblyStation:
3,JobA,MC1,0pTime=NORM(15,3)&MC7,0pTime=NORM(15,3)
&EXxitSystem:
4, B1,MC3,0pTime=NORM(15,3)&MC7,0pTime=NORM(15,3)
&AssemblyStation:
5,B2,MC5,0pTime=NORM(15,3)&MC1,0pTime=NORM(15,3)
&MC2,0pTime=NORM(15,3)&AssemblyStation:
6,B3,MC8,0pTime=NORM(15,3)&AssemblyStation:
7,B4,MC4,0pTime=NORM(15,3)&MC1,0pTime=NORM(15,3)
&MC6,0pTime=NORM(15,3)&MC4,0pTime=NORM(15,3)
&AssemblyStation:
8,JobB,MC3,0pTime=NORM(15,3)&ExitSystem:
9,C1,MC4,0pTime=NORM(15,3)&MC2,0pTime=NORM(15,3)
&AssemblyStation:
10,C2,MC3,0pTime=NORM(15,3)&MC8,0pTime=NORM(15,3)
&MC5,0pTime=NORM(15,3)&AssemblyStation:
11,C3,MC1,0pTime=NORM(15,3)
&AssemblyStation:
12,C4,MC8,0pTime=NORM(15,3)& AssemblyStation:
13,€5,MC5,0pTime=NORM(15,3)&MC7,0pTime=NORM(15,3)
&MC2,0pTime=NORM(15,3)&MC6,0pTime=NORM(15,3)
&AssemblyStation:
14,C6,MC1,0pTime=NORM(15,3)&MC6,0pTime=NORM(15,3)
&AssemblyStation:
15,C7,MC3,0pTime=NORM(15,3)&MC4,0pTime=NORM(15,3)
&AssemblyStation:
16,JobC,MC2,0pTime=NORM(15,3)&MC7,0pTime=NORM(15,3)

&MC8,0pTime=NORM(15,3)&ExitSystem;
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COUNTERS: TardylJobs,,Replicate;

TALLIES: MeanAbsoluteLateness:
Tardiness:

FlowTime,"c:\pilotrun.dat";

DSTATS: 1,NR(Machinel)*100,Machinel Utilization:
2,NR(Machine2)*100,Machine2 Utilization:
3,NR(Machine3)*100,Machine3 Utilization:
4,NR(Machine4)*100,Machine4 Utilization:
5,NR(Machine5)*100,Machine5 Utilization:
6,NR(Machine6)*100,Machine6 Utilization:
7,NR(Machine7)*100,Machine7 Utilization:

8 NR(Machine8)*100,Machine8 Utilization;

REPLICATE, 1,0.0,400000,Yes,Yes,160000,,,24.0,Minutes,No,No;

SETS: QueueSet, MC1Q,MC2Q,MC3Q,MC4Q,MC5Q,MC6Q,MC7Q,MC8Q:
StationSet, MC1,MC2,MC3,MC4,MC5,MC6,MC7,MC8:
MachineSet,Machinel,Machine2,Machine3,Machine4,Machine5,Machine6,

Machine7,Machine8;



luszuvinaniuanulasaad I uuuuuy (Flat Structure)
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o y : .
sgaumsldan | agmIne ﬂ;]mi'ﬂmm . . o6, -
VOITEUL AU AFINY

80% JDD CON

80% JDD RAND

80% JDD TWK

80% JDD TWKCP

80% JDD JIS

80% JDD BJIS

80% S/OPN CON

80% S/OPN RAND

80% S/OPN TWK

80% S/OPN TWKCP

80% S/OPN JIS

80% S/OPN BJIS

80% IR CON

80% IR RAND

80% IR TWK

80% IR TWKCP

80% IR JIS

80% IR BIIS

80% LF CON

80% LF RAND

80% LF TWK

80% LF TWKCP

80% LF JIS

80% LF BIJIS
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sTAUMSIHOU | ngmstie | ngmsivua _ _ .
, F T . WAL
YDITLU nu naeaNoy
90% JDD CON
90% JDD RAND
90% JDD TWK
90% JDD TWKCP
90% JDD 7S
90% JDD BJIS
90% S/OPN CON
90% S/OPN RAND
90% S/OPN TWK
90% S/OPN TWKCP
90% S/OPN JIS
90% S/OPN BJIS
90% IR CON
90% IR RAND
90% IR TWK
90% IR TWKCP
90% IR JIS
90% IR BIJIS
90% LF CON
90% LF RAND
90% LF TWK
90% LF TWKCP
90% LF Js
90% LF BIJIS
szuuliauga | JDD CON
szuvliauga | JDD RAND
seuulidguaa | JDD TWK
seuulidguaa | JDD TWKCP
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seuulidguaa | JDD 1S
szuuluduga | JDD BIIS
seuuluauga | S/IOPN CON
seuuliauga | S/IOPN RAND
seuuliauga | S/IOPN TWK
szunliauga | S/IOPN TWKCP
szunldauga | S/IOPN s
seuulidguaa | S/IOPN BJIS
seuuluanga | IR CON
seuuluanga | IR RAND
seuuldauga | IR TWK
seuuldauga | IR TWKCP
seunldauga | IR s
seuuldauga | IR BJIS
seuuliduaa | LF CON
seuuliduaa | LF RAND
seuuluauga | LF TWK
seuuliauga | LF TWKCP
seuuliauga | LF s
seuuliauga | LF BIIS
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