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ABSTRACT

The objective of this research is to determine the most appropriate scheduling
algorithm and sequencing rules for solving tardiness job problems and profitability improvement
for the transportation service provider.

The research applies Interactive Production Scheduling & Sequencing Software
(IPSS) in this study . There are two performance measures : total tardiness and number of tardy
Jobs. There are two schedule generation methods, including the active schedule generation and
nondelay schedule generation algorithm. There are three rules, including the SPT rule, LPT rule
and MPWT rule.

The most appropriate scheduling algorithm and sequencing rules obtained by the
IPSS is the nondelay ;;f schedule generation algorithm with LWKR (Least Work Remining) rule.
According to the results 30 days implementation, these enhance the reductioﬁ of tardy percentage
from 17.31% to 0 %. Additionally, the bus availability increases; which doubles the revenue.

Moreover, the profitability is increased by 5.65% after the improvement.
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[] b d ]

M519NIAUAIUNAIU (Partial Schedule) 39 PS, uaznveIduasunIsH IR

b d b d
11198 151914 (Schedulable Operations) 130 S, Tasluudaz Tunsuiitunsunisviiauu
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dunouidalilddaaslumise dmsuduseunisiinn j luavesdunounisvinud
o [ . ) 9/ a v vd o
a1301§113AA1519 (Schedulable Operations) 130 S, 1M O, ununaGudulAGNigaves

Y Y .
TUADUMIN Y uaﬂﬁ'Rj unuRasINYBINAIMIININUHYestuasunde lu'ldasaasluaisa
[] Y [] Y
Y9391 (Job) NareandesfuduasumamMamnididensIsensy aniuau (Job) AINA1INZ
[ = 9 d o v P = cv ¥ 1Y -4
annsouduase ldedesina iy O, + R #amnsad@sudnlszinamnamaudi

Y
YOINUVBITHABUM ST j TAmuaunis

Estimator of C,=0,+R, (2.5)

1 v d
ifie C, Ainnm A3 (Completion Time)
t 4
AnuamsamdnlsznumveIma Ve (L) T@awaunms
L,=C,—d, 2.6)
(ile d ABIaiMuUARINBUIY
vy
Aniuannsamdnlszinamvesnaadwesan (1) Tdamaums
T, =max(0,L,) Q.7
N 0v0391u TAUINAY (Mean Lateness 150 Mean Late) (1a21721a81919839914

Taonay (Mean Tardiness %50 Mean T) M lamuaunis

n

2L

_ &
L=- .8)
n
n
T,
_ &
T=— 2.9)
n
razamnsam@nlsznamvessuauadn leawaums
n
N =) 8(T)) (2.10)
=1
Tagh 8(x) =14dex>0

8(x) =01lex <0
ad o d va' = u’: a d’
Asmsvmlanesunauuy Inunmueiivuaouasll
c’: $ [~ [ 1) o LY o 4 Y] @ []
YuAsuN 11HUAIA1Y dmMSumsiuavesnuuaznieadnsilegiivuaziyan

foptiudiuswesnuiigniden

t 4 v )
Tunouh 2 Smuasusudu 1&un A1 Mean T = 0 A1 Mean Late = 0 4azA1 N =0
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Sunoud 3 ﬁmﬁauqﬂq{wumnnmm Wdhdetunoud 7

Sumpui 4 s uduvestuReuMITIT MNovRtosinIvesTuney
MUY A UAS IV099IUT FMUAF Mean Late = Mean Late + (221348
YOTUABUMIINN + AHATINIMI LM EDYeINT — A MuAdWELIY

Sunouit s ieuiouswesialsanamnaudaadevesn funadmua
dareua Siiannnn I IHAMUAM Mean T = Mean T + a3 uduvedunounsiay +
AN IAATINI TN AU MUAT IO HAZAHUART N = N + 1

Funouit 6 douRnsanauda oy wuaeuii 3 ATLYNNY

SuABUT 7 SIMUAF Mean Late = Mean Late / §12UOUHMLA uazdmuas
Mean T =Mean T / 51mm1u°hzwuﬂ

} 4 1 ]
Funoui 8 rania1ee aauidusvesnunazinsesinsilogiiu
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( START )

Keep current job and machine data
Set all values from selected job to current
job

|

I := 0; MeanT := 0; MeanLate :=0; N := 0

I < Number of total jobs

Yes

Find start time of operation I (Zigma)
Find machine that this operation I works on
Find finish time of work remaining of job of

operation I (Job Completion Time)
MeanlLate := MeanLate + Job Completion

Time - Due Date

ob Completion Time > Due Date

Yes

MeanT := MeanT + Job Completion Time - '

No

Due Date
N:=N+1
=1+1

MeanlLate := MeanLate / Number of Total
Jobs

MeanT := MeanT / Number of Total Jobs
Set data to current job and machine data

\ 4
END

A 2.3 Hans Tnavesdsmsnilaresunauuylni (Chatpon M.,2005:9-30)
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ASTUIUAISAINIUBOUNAY (Backtracking)
[V [] & & P o 9
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. y 1 4 1
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' o o o 3 o @ a0 (A .
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o v a

1 4 ' y
Solution 11N 381 Node NAIN138419§92QNAANININAISA 14U (Fathomed)

o o

' =9 Y =y = 9/ 1 , .
2) Mlanviu1IAvee Node ndoundvliWeisaniiaiiosniifives Trial
1 4 1 4 .
Solution 1unsditidewunilymidessin Node viu ae il (519zuonilynidesasliifosq
o o o ] o Ay o o Y J q’: "
Taresu12a993 Node 89 higndananinmissiim) sunsensdeszivagansalnidude
o o a 4 n’: o o’: . . &4
Towadninsemrsramsnaaitifuaeunisinauasuynduaey (Trial Solution) Fuiluaisia
a o LY 4 ° o’: [T 1 o o P Y '
msudafidunadnsnnmsdmanassniSoumeuduTanesuaguiludalssuas
a o o P ' =)
¥89 Makespan V04 Trial Solution Ay td2thm Taresuniandesnii llulsesufsuay
psZUIUAMSMIHIBGaUNaUAD 11

Ly

ATTUINMIMUINIDUNAY (Backtracking) veaniiuaa ll sunsevdaseaun la

y
@ A

annsausnilymeemiluilamides 1ddauaz Node d13q ldgadansesnvinmsfuin
o’/‘ £ o b 4 a dad
nanua $a1 19 185 1enswanhanga
Jes1iavenszuIumIAiuIudoundy
dmsvilgmindowialug  asdnnaiinnugnnuazdedlsnannulums
AnnaemaIsNMIHIauIULeANARANgA 1319190l AsuIANINIITUNFAVBINT I
a ~ a Pl s & []
mswdauuuuenin llifluravesmsnswdanuuueudiad Fuilunisaannugeoinuas
] 1 4 ]
N UMMM AEAYEITUADUNITR NI (Operation) NAIWITOUIWIAAITIINTS
L 4 v t
HARUU DY RGN S 1 HTUARUMSTI U DUN TIYAYed THABUMITINTU AT INITATIN
o a [} d ° ° L. a
samsnnsnaauuuneniin 8611 lspmmnsdAnnumuaszuIumsmuIadounaudnd
' 4 ¥ o 2y VoA o 9 A vall ¥y o o’: 2
anvgannuazas lga lumsdnnauiiuaimezi il 1slumal §UaTe Aniusits
gas P & o 1A ° 9 v & aa & & P &
19755 msneuau1d lao lilinsAaaudoundudadt msusususuaunaz dugaiio
@ 4 LY 4 ' aa Aa A a ada
wuwadwinu'l/18 (Feasible Solution) Mitlumadniusnuazdeldinduiznsd3aands
&
N

2. 35MsgIsaan (Heuristic Procedures)
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vosilgmifitivinalng Taglidealdnisdanumin (Baker, 1974) ngaraq MilugsSadn
¥
1aun
1) NHMIAAIAUAINANAY (Priority Dispatching Rules)
(1) EDD (Earliest Due Date)
dy - o’/‘ o ] < o [
ﬂ{]ulﬂi‘lﬂ'ﬁlﬁﬂﬂﬁluﬂﬂuﬂ'ﬁﬂ"I\T'Ilﬁlﬂ\i\ﬂuﬂﬂzﬂﬂ ATHUALIATN
4 A
NUIGINGA
(2) SPT (Shortest Processing Time)
d’,ﬂ A H ° Aea ° Yy
nqut uﬂ'lﬂﬁﬂﬂ'iluﬂﬂuﬂ'li?’l101“ﬂﬂlﬁﬁ1ﬂ1iﬂ101uuﬂﬂﬂqﬂ
(3) LPT (Longest Processing Time)
d’,ﬂ A H ° aa ° o
nfgul umsmaﬂ‘uumaumswNmmu’Jmmimﬂumn‘n?m
2) M3 ?fll (Sampling Procedures)
aq dy -} aq 1 o’/‘ dy&, fa o 3 o b4
'Jﬁﬂ'liuﬂ%lﬁﬂﬂ')ﬁﬂ'ﬁqn mumuagnumu’mmumaumsmﬂuﬂ’w
o Y 1 v A v 9/ v o b b1 o dda ) a [ -
ﬂ'lu'Juﬂ'JﬂU']\]ﬂ'lﬂﬂ'ﬁ'(;”J‘VlﬁJ'lﬂﬂ'J'W%vlﬂNﬁﬁWﬁVIl‘lﬂ1ﬂﬁNﬁﬁWﬁVIﬂU1ﬂﬂ'J'lﬂ'lu'Ju AIDYINN
9/ T
UaynNN
Aaq T : ' age e o .
3) 'Jﬁnﬁqﬂmhmmummﬂu (Probabilistic Dispatching Procedures)
< o ] [ [ 9J v as s a & 9/ as
dumsthanmninzdhunldlumsnwadninaigs  dndromy
A5MS ’cfiJGT’JE)tiN (Sampling Procedures)
a, a o
3. FENMINNAUAMEAAS (Mathematical Approach)
o o a o o o & ]
dumsiuvusasmudundiamansinlFlunsninadans d9laun Tlsunsy
o ] . ad o 5] & o ddad
QAU IUIAY (Integer Programmmg) lﬁuﬁﬁﬂ’li T‘leunsma*umu’mmumamwaawwwm'gﬂ

o o ' o da o ddad . .
Taoaunsosualseiuldd wadwii Idilluwadnsiafiga (Optimal solution)

4. MITAIY n ¥R IAALIASDY m IATBININVUIUAY
@ 9 dy a - 9 A'l s d' P A as 1 dy
Tuadoil aznorsandinis1dnseatnsvaronies Tasiinsaadnamaiiiig
o & o Yt o A A ad ¥ o
Y Fatmualilisaunies m ines uaz lunsditiveeyanaldaulanan aunse
' . ¥ ¢ ' f .
W lddunsesdns ldsunseudeauviniu Tavee liaunsodiolihniosdu’ld Janinee
o a P-} - 9/ A w ‘o 0 a o a 4'{ o 1 A ~
Wninsanie msdenldnieatnsuazmstadidua dmiuniesinsuaazinios Taed
fq Y1 o o Ay 4 e .
galszaenldnundovesnarlumsinuiianiesnga (Minimize Mean Flow Time) 1az12a1

[ ] 1 4
Tumsihaua$esau (Makespan: M) Tooiigaisnlaniticail
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ASDAINT m IATDIINVUIUAY
4 o i 4 v A e d v
A 2.4 NANNMTAADUNYBIUGIATBITNININYMIUAY

[ d' d'dl 9/ d‘ o [ A o 4‘ t-=l s
1) AuRdunaINuNIfMYasNgad 1MIUIATEIINT m 1ATBININVUIUAY
(Minimize Mean Flow-Time on m Processors) 1a#81/6n159AA1ALIUULY SPT 15101115092

Il t 4 b 4
saunnu lildunseadns lamudunounsne lail
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Y 4
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1NMIVAZ ALY SPT 92 1A 1AUIUAD 6-10-3-7-9-1-8-2-5-4

3 3 1 5
wibnading 2. 10 9 2
1 é 7 8 4
e T N I e

a @& o w o 9
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2) aaranasTaUIIN IMlBsas MIMTUIATEITNT m IATEININYUIUAY
(Reduce Makespan on m Processors)
aq aq 9 v Y o rA ¥ ° =
Amsnldviezasadutuiuuuy SPT nanafe 1z ldnarlunisiiaun
d' . . s o = Q’l‘ s 1 dy
819MqA (Longest Processing-Time : LPT) THundn fetidunoudan i
v N
JuABUN 1 AR IAUNY n ¥HAN LAY LPT
3 a a & =< i 9 9/ e
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d v Y o o A [V A [y
3) ﬁﬂl’]ﬁ'llfﬁilsi'l‘ll'iﬂfiﬂ'qﬂ‘lﬁuﬂﬂﬁﬂ TIURIUIANITOINNTG m ATDIINNVYHIUNY
(Reduce Maximum Tardiness on m Parallel Processors )

t 4 E 4
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2.1.4 WIAANIINUMIIAMI1IIMIHAALUY TAROY (Interactive Production Scheduling)
.4 " d'd n’l‘ o =) o way ar

mssansnskaaduilgmniiasunaiiludmquiuazl§id dgwinisda
o o ad A 9/ o a dad Y o A

a1 MInan luFmgusuneidesiunmsmmsuniskianangauazaeandeefiudonly
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b ]
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=y { i . . o Q/ o A o ] 4 1
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o a wa [ 0 A a a ", o dd {
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4 a 1Y [l a 9 9 v & a
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«.

Yes.

I := 0; Phi* := Maximum Date; M* := 0

I < Number of total operation

Yes

Find start time of operation I (Zigma)
Find machine that this operation I works on
Find finish time of operation I (Phi)

Yes

Phi* := Phi
M* =M

I:=1I+1

No

igma of operation I < Phi
and
M of operation I = M*

Put Operation I to the set of Active Schedule

No

I:=1+1




67

Heuristics

£ > Find PS Job with the EDD Rule

‘o LWKR > Find PS Job with the LWKR Rule
MWKR ,|  Find PS Job with the MWKR Rule
MOPNR Find PS Job with the MOPNR Rule

SMT » Find PS Job with the SMT Rule

S Find PS Job with the SPT Rule

- STPT Find PS Job with the STPT Rule

y
Keep all data of this operation 4—@

5

M 3.5 Aants naveansadwasiuuuueaiin Tasldngnisdadaunmd iy (Priority

Rule)

2. MsAd I NUUUYBUARY (Non-delay Schedule Generation)
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i)

START

1:=0; Zigma* := Maximum Date; M* ;=0

1 < Number of total operation

Yes

Find start time of operation I (Zigma)
Find machine that this operation I works on

Zigma < Zigma*

Yes

Zigma* := Zigma
M* :=M

I'=1+1

Y

1 < Number of total operation

Yes

Zigma of operation [ = Zigma
and
M of operation I = M*

Yes

Put Operation I to t'he set of Nondelay
Schedule

I:=1+1
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Heuristics

EDD Find PS Job with the EDD Rule —

KR o Find PS Job with the LWKR Rue |

MWKR ' ' Find PS Job with the MWKR Rule ~ |——

MOPNR , " Find PS Job with the MOPNR Rule

SMT_, Find PS Job with the SMT Rule
L Find PS Job with the SPT Rule
STPT_,, Find PS Job with the STPT Rule

y

Keep all data of this operation *-d)

5

AN 3.6 RIS Inavesmsad A nuuveudad lasldagnissadvuanuding

o

(priority rule)
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(A

START

Keep current job and machine data
Set all values from selected job to current
job

v

1:=0,MPWT :=0;N:=0

| < Number of total jobs

Yes

Find start time of operation { (Sigma)
Find machine that this operation | works on
Find finish time of remain operation {
(CompletionTimeEstimate)

ompletionTimeEstimate
Due date

Yes

h ]

N:=N+1

ProgressiveTardiness = (CompletionTimeEstimate -

due date) * Penalty * (1 + progressive)N-!
TotalProgressiveWeightedTardiness :=
TotalProgressiveWeightedTardiness +
ProgressiveTardiness

f=1+1

MPWT =

TotalProgressiveWeightedTardiness / ,

Number of jobs
Set data to current job and machine data

AWN 3.7 /IM3 118 LAAIITAITIANITINLU MPWT
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ngmmﬂmimmu LPT fidunoudatl
funoudt 1 Amuamrasuvesnmmahauiimiedudududumiy
&Y (Return Value) (usifidfosfiqa
14 [ » . L ]
JuAouN 2 MiMsugulseunsinsunntuasuMIiinuRTmITaiun
9 < - a o
A3 NN UIBANHHIIMI UL IYOUA@E
L4 [ [] b4 14
JuasuN 3 MIAHATIWVBIIAIMIMOUAMTBYB NUVUIUADUI]
H ~ =t - ] ﬂ ' oA 'Y ﬂ 1A 1q
Juasun 4 ulSouiisuginiluannnimielu duiluainunndild
[) > L 4
Amuamiifurasuvesanhaufimasvesnuuuduneuil
1 4 ] [) b4 Yy ¥ v
duaoud 5 euniduasumsmiauda lludwihdiuaeui 2 suasumn

wﬂaumiwmu

[ L4 [l ]
dunoudi 6 DONTUABUMTINNUNTNATINYB AN IWBINTTINIUNMAD

4 @ ) o
VoINUNINAGATAAL lHIN U TN UA

START

RetVaIue = Minimum Date

ere are other job sets
Yes

RetValue < Work
remaining (i

Yes
RetValue := Work remaining

0]

No
|
No

Shift to the next job set
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START

RetValue := Maximum Date

here are other job set

Yes
RetValue > Processing
time (i
Yes
RetValue=Processing time (i)
No
|

Shift to the next job set

AN 3.9 HINT 1HAYBINGMITIARITIMSULY SPT
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22.7.-2009 07:04

22-5.@.-2008 07:10

g Fact 2

Busareivnias

22-5.7.-200307:10

22-5.9.-2009 07:15

nau v ot

Busasfinias

22-4.n.-2009 07:15

22-5.m.-2009 07:29

] Jeansastagsm

Busarslinfay

224.7.-2009 07:29

22-5.7.-2009 03:00

areg# Center

Busasdinias

22-5.A.-200318:13

22-5.9.-2009 13:00

| amsisalwaysan

NIAN 5.28 WONITIAATITIHININITIAUTO UV Active Schedule with the LWKR

Bus-aadiniaa

22-.7.-2009 19.00

22-5.5.-2009 19:51

(with Setup Time) Rule : Bus ﬁ1UﬁlﬁﬁﬂQﬂ§Uﬂ§ﬂﬁﬁ
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smdsalwagsan Bus-aralinlaa| 22-5.9.-2009 065:25 | 22-5.n.-2009 06:26
maght Factd Bus-#ra¥infaa} 22-5.1.-2009 06:26 ;| 22-x.».-2003 07:04
avgd Fact 3 Busaalinlas! 22-5.1.-2009 07:04 | 22-x.m.-2003 07:10

3R Fact 2 Bus<atialvw¥aal 22-5.,.-2009 07:10
Busarwlinias; 22-5.».-2003 07:15
L _Bus " TBusanetinisel 22:0n.2009 07:28.
| mgh Center ) T Bus Busaalivnlas 22’1.'«:-2059 18:13 ’
vaFsnlWaysen Busanalinfas! 22-5.¢.-2009 13:00

NNA 5.29 HAMSTIANTINIAINITIAUSA LIUY Non-Delay Schedule with the LWKR

(with Setup Time) Rule : Bus aodmanalsuilyalui

mistssuranamstanrunams@ausalugliuuasedifiuaanning 5.28
tazadl 5.29 11001519 LWKR (with Setup Time) #2635 nsuvu@aiidaldan (Active
Schedule) tazuuuE laintiruniion (Non-Delay Schedule) tluman1ssaa1saanfusaly
sliuumssinuhannseIfusms ldamnai 1danasiu iawaadudud 06.25 u. uas
whmsAmdnlugrsvudiiing 0715 Tanedrdudsunamanas 1 iinat 0730 .
dszane 15 wifitaweq drav Idensetise ldsuauningsisusnismiede 141y
$291921 07.30 u. Frwmssuminauves venveadi'ing lildefisanTanszunseioyson
udainsoieul iR Start Time #ina118.13 w. Sumsfandnlumsiminguyes
uen.A1gd arwesmes (Wszmalng) ndulugamieenanlsaay dmsunmszauiy
ferveenamisouimsidmeludmuaiinat 19.51 w aanamimualfouads Due
Time) #1281 20.00 ugAsiInaNaS YA SRR BUA ML ALAE AT INS M T AN
goandeafumszaniiosing 145y

3) Waf 1dvndIuvesnisiamsuamsiusefikiududmuduveslsunsy
Option) aiagulszasdvesmssamsnnams@usoiiiimuald Tasmsiorsaining
Sawa dafina1audrluiaded 5.2 Fawadnin 1891n3Tn1ssan15 100810150
(Algorithms) AMuLFaR18 9190 (Active Schedule) uaznuuFaliniramiies (Non-Delay
Schedule) #2809 (Rules) firmua1luan3ivil ves Bus medmasnliudyalnildnadng

MUAIANA (Measures of Performance) AaNUaaAd UM 5.30
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AT 5.30 WamianaA1egvedRguazItmItamseiidenly

: Show Performance Table : Bus mu?fmﬁmﬂé”nﬂgﬂwﬁ

Adadanai 1aeinn1snaassntunmi 5.18 wudrludunis Bus areimies

o n:” s '8 4 1 4 o
Wulgelmiithifidlymarwaidn neludavveswasveanaadvesaumaz S uauay
a1 luseuunmsng LWKR @20795015 2 uuy 14un Active +LWKR(with Setup Time)
1ALV Non-Delay + LWKR(with Setup Time) laswadns lae1n lulsupsuamnsaueaag
Tugduuumisedoyauazununmuaasdoyaniaada (Graph) AIN131N 5.5  UATAIN W

LerAgn 5.31 - 5.32

dl Y o @ w 4' LY a
159N 5.5 WadnsemudaIanan 1aanmssansnaTaeTalsunsy IPSS vouduniausnis

Bus dwfimdeslSulgalna

HasIWAIYIAIAIIN $muuEn
AQUATITMS Y899114(Total Number of Tardy Jobs)
Tardiness)
Active +LWKRS(with Setup Time) 0 0
Active +MWKRS(with Setup Time) 790 2
Active +MPWT Heuristic 25 2
Non-Delay + LWKRS(with Setup 0 0
Time)
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15190 5.5 (AD)

NR3IUMYDIIAEN $umnuan
AQUAEITMs YB39 1(Total Number of Tardy Jobs)
Tardiness)
Non-Delay +tMWKRS(with Setup 790 5
Time)
Non-Delay+MPWT Heuristic 25 2

800
700
600
500
400
300
200
100

Time (U1

08

i

AAARRRN

| Total Tardiness

W No of Tardy Job

acy
nQUATITNIT

Active+LWKRS (with Active+MWKRS{with Active +tMPWT
Setup Time}) Setup Time}

AT 5.31 WHUATNAIAITANA Total Tardiness 1Az No of Tardy Job 91nngNIADN

ﬁ"]tlfﬁi1 Active Schedule Generation : Bus a8ty ﬁmﬂ's”uﬂ;a'lﬂﬁ
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2

Time (W)

800
700
600
500
400
300
200 -

100 - v ﬁ /

O T 1 4

Non-Delay Non-Delay+MWKRS  Non-Delay + MPWT nguaz?ﬁmi
+LWKRS{with Setup {with Setup time)
time}

m Total Tardiness

i

ASANNNN

(e

m Noof Tardy Job

AN 5.32 WHUAITWAIRITAND Total Tardiness % No of Tardy Job 31nAQALABA

A073 Non-Delay Schedule Generation : Bus @ GO LRI 1J1J§ alny

«

aglnanmisTinszddeyauazisziiunansanisuims i ldvessafuii 3
Wusmsidunemodmde)uljalni szidenldng LWKR(with Setup Time) A2075013 2
wuuididen 1quAuumdelimitaniion (Non-Delay  Schedule) AuuunFasidalda
(Active Schedule) s ziilunguaziimsfimnzay v ldinasaumvesniadvesnu
(Total Tardiness) 1 T IRR R A (Number of Tardy Jobs) RLTR

o o

= s aa g :;
5.4.4 WAANITNANDINATMITUATIZHNNADAT TN I UAIIAND mfluwamnmﬂ%’ngua:

FEmsninlisunsu IPSS anrauyag umMsnanssaainanda luiaden 5.2 vessoianun

[] 14 ] [
4 ﬁ“lﬁ'u?nmﬁ'umamuﬁmma Augaamstamsrnamaausoluiui 22 Sunau 2552

(Due Date) File 1’1'81@ Bus-e19@1ia1a ﬂ%"ljﬂiqsﬂﬂll' : Bus_Scheduling 22Dec2009 Brown —

14

new Line.mdb #amistinauenanisnaassez li'ldnaniesvazdualudiuveswaiildan
ifumeuﬂa?unﬁmﬁfﬂ’faga ileemnramsianneldnuaizisu@uIfufy Bus mudiiicy
weiinuuanaemuludiuvesteunzoazdoammizifmualuduma awiildvivaue
utluiade 5.4.1 snfudvinauedninamsinddeyaveuau funaninlszuana

as oo Yy 1
anguazIsnisnimual Taun
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sy ¥ u’l’ o e ¥ 9 ac o ' = 9
1) Naﬂ"lﬂmmmﬂauﬂasnmsmwwagammﬁmsﬂnanswaztatm'lmﬁ'ﬂu

unh 4 aauaaaluning 5.33 waznnn 5.34

| unanlsiv 1 -$.0. W_NIryY
ATy Fact 4 frgi Fact 4 1 22-s.n.-09§ 07:30! sw_nmgy
gl Fact 3 fragd Fact 3 1 225009 07:30: wm_mmagy
t| avagi Fact 2 mag Fact 2 1 22-5.n.-03 07:30 su_nimgy
S[vaBumumdnigias | vaRumamindiag 1 225909 20:00; sw_wwry
3| wraathuinruen wiaathwinawa 1 22-5.4.09; 20:00; sa_vmamigy
7 a3 Center frngl Center 1 225203 20:00; u_mmiy
ety iy 1 225009 2000 ua_wny

Jab 0 mnkdv Q
wnlrdg AMMgH Fact 4 45
wnlzav g Fact 3 48
urusiv Mgl Fact 2 53
uralziv \itudmwsinilas 570
urnicdy wehaatiniWnnuey 40
PRIV IN mngit Center 45
wrnlslv » Malksdv 1

ATy Fact 4 wnkiv 48
ooy Fact4 mogh Fact 3 5

g Fact 4 ATMgH Fact 2 10
e Fatd f aaumeedodia S

P o 9 9 . = o’: A o
NINN 5.34 HaNIIuUYIvDYa Setup Time : 510513!@0@!35111“ﬂ"lﬁﬂ\‘llﬂﬁﬂ\‘lﬂﬂﬁ

b d
Bus dodtiaansualgaln

o o - : o [} 4
wanmsiiudrdonya Job Form : WesuamwdihaalSudgalntluniwi 5.20 il

9

T
LY

A @ 4 -~ o o o 4 4 @
mshendnvesasrnsimdye 13du usn.mgll awesmes szmea’lng) Auaainisia

“ U

asrnamsausaluiudi 22 funau 2552 (Due Date) Arumsifiiams IRuTnrsuuds

moaledu idmuaisuiugausnfilsailauialedu A20a13 Start Time H128106.25 .
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] } 4
i lildagagaiionusimgdyainiolunal 07.30 u. (Due Time) INHUIZDYIUFIINTTO
1 i 4 v

A9u5UNAU 1% 2991990N A1219H 1 Center BNASIN Start Time 1721 16.00 U. HATAIMUAAS

o [ [ a ¢ ] PRy
THud a5 9971141981 20.00 (Due Time) Taolur 1998171918328 07.30 — 16.00 U. (HUFIN

o Y a Y A o 9 Y A a 1 9
aunsarhse ldsvauninmseSumeniio 1 ulaathuwnauaiu Flinanenisasis

YA ay 1 & 9 v P v da a o o o
s1wlamuviunesnnsalenislalse Teminsaianiinaisenssuilng dmsvdunoums
¢ ¥ v
vudhdeyaluiiitluldnarauazuansnaiifasinludmues Workstation Form Machine Form
[ t
1182 Operation Form (HovinliNaludnyuemiloudun1sautiuns Bus a10@iiduney
5lga
2) wan ldnndruvesmsiansams@usondunmsiszurananissanisie
t

dumsnansudennguazitmsanlilsunsuliun Bus aedthaadSulyalmi snnguasy
AMsNon1uN153AAII1UVY Active Schedule with the LWKR(with Setup Time) filJ Non-
Delay Schedule with the LWKR(with Setup Time) Li‘luwams i]”ﬂmmﬁmmmﬂﬁﬁﬁms &

a a d o A P o
ﬂiﬂlla%lﬂuvlﬂﬂ'lllﬂ'liﬂ’l]“llﬂﬂﬂﬂﬂﬂi ﬂ»ﬁ'luﬂﬂﬂ'h‘lﬂ'lW‘ﬂ 5.35 1A% NINWN 5.36

usgivharal 22-5.9.-2003 -5.¢.-2009 06:26

7 ;11718.‘1 Fact 4

Busawivama

22-5.,.-2008 06:26

22.5.7.-2009 07:12

argh Fact 3

Busangiviwena

22%.7.-2008 07:12

225.3.-200307:18

args Fact2

Busans¥hfwma

22-5.m.-2009 07:18

22-5.7.-2009 07:29

avanihuwnavay

Busansivhena

22-5.,.-2009 16:00

22-5.7.-2009 16:16

| vatumandnilas :

Bus-awivhara

22-5.3.-2009 16:16

22-5.0.-2009 16:47

A131gH Center

Busansivhana

! 22-5.9.-2009 16:47

22-%.7.-2009 13.00

malksdv

AN 535 WANITIAANTIINIAINISIAUTA LY Active Schedule with the LWKR

Busarsthhan

| 22-5.7.-200919.00

22-5.4.-2009 13:49

E 4
(with Setup Time) Rule : Bus muﬁmmaﬂi"uﬂ;ﬂﬁﬁ
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(8

¢

{4

.

e
Busawihhava

225.7.-2008 06:25

22-5.A.-2009 06:26

argi Fact 4

Busaneivhena

24..-2009 06:26

N-5a.-200907:12

argh Fact 3

Busahaiivdena

225.0.-2008 07:12

2259.-200807:18

Aarngs Fact 2

Busanirhena

2+.0.-200907:18

22-5.9.-2009 07:29

] vilshanidia

Busaneivhera

22+4.7.-2009 16:00

225.9.-2009 16:16

{avanthwmsinawam

Busangivea

22522009 16:16

22-5.9.-2009 16:47

gl Center

Busareihwma

225.0.-2009 16:47

225.».-200919.00

aitav

Busansivhwa

225.7.-200919:.00

22-5.7.-2009 13:49

141

NN 5.36 HANISIAAITIAIAINTIAUTO WU Non-Delay Schedule with the LWKR

v
(with Setup Time) Rule : Bus mum‘immﬂ%uﬂ;ﬂﬂn

nMsdszuianan1sInas 19 IM IR0 TuguuuaIsesInaua 5.35 uagnm
#1 536 ilumsIRuSnsoinms1dng LWKR (with Setup Time) #2035 msuuuiFeirdaldam
(Active Schedule) ttaziuuiFalinizamilos (Non-Delay Schedule) 1luman13san13 191907
“ Pe] [ Y a 3/ o 9 [ ,Vng A 3/ P
wusalugvesmsninunansalduims ldawnari 1danasdu iananiudun

o a a ] Y o Qy [ a sld'
06.25 W. waziasvmsnavanluyavutnnng 07.29 w. @ivdunsuiaiianasiina
14
07.30 u. wennnuudITsaiise luSuausingsivuimanieds 1dluraaial 16.00 u.
Y 1Y Y] “ Y A v oA Y o a [] o a 9/
Arwmssuntinauasuaenidies llduaaiinauaunouuaisssavunadlzau uda
d’ Q' = wey . d' - = Q (-] ar
5OABUINBISUNIAY Start Time N1 16.00 U. SUAISAIMAN TUNISTINTNIILYDS Y9N,
a =] o ' & o
Al awesmes (Uszmeaing) ndulugaieenainlssnu Fmszanlumeiviesn
o a 9 o a Ao Vv o . o
nawnsorsms lnmeludivuainal 19.49 w. vnnarfidmualiau@ia (Due Time) 7
o Ay a 1 o a w
1181 20.00 LEAIDIANATITUAITNINOUMNUALAZATIIIATILIMTIANUTEANABINY
a o Yo
miznuienns 1Ay
d' 9 [ o o :i T n‘ a
3) wad ldnndauveamssamaanaimsdusofidiudumudnvesTsuns
a g Y “ {0 a Y

Option) Aiaglszdsnvesmstamsnamsiausanfimuald Tasmsnnsananag?
o o A ' b 4 o ¥ A & v o g [ a .
Jawa asnina1ualuiaden 5.2 Fanaawin 1AI5MIIAMITINIAINTIANTD (Algorithms)

MUY UFaA189199711 (Active Schedule) uaznyuiFeluntiluniios (Non-Delay Schedule)
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.
A o

aw ¥ >y [y ] o o s
#ng (Rules) Aitmualdluanisoll voe Bus dwfimialiulgalnildnadniauds

JAH@A (Measures of Performance) AdNdAI lunINN 5.37

% Performan

M 5.37 Hamdddarad 19 veInguasIinsTaniseiidend

v
: Show Performance Table : Bus ’cT‘ItJﬁﬁ‘lGl‘lﬁ‘lHU‘lexﬂﬁll'

Vv o a4 ¥ P ' ¥ e
Adrianan 1heInA1snaasInIuaInm 527 wu31ludunie Bus aetinia
[ Id” = 1 o’: 1 L o
slgalmiit lutilgmaauaid naludvesnasvesnaraivesnuuazimauau
anluszuuaInmsng LWKR a2635m5 2 it 1un Active tLWKR(with Setup Time) 112
R o [y Y
111 Non-Delay + LWKR(with Setup Time) 1M 5unaansa laa1n Ilsunsvamisovnanly
sulnuumsiedeyauazunuamuaaItoyan19aaa (Graph) Aam1319h 5.6 HazAININUEAL

5.38 waznINN 5.39
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[ [ y
15197 5.6 waantawaianan laninnmssaaisnalasTusunsy IPSS Bus aefiviana

Usualgalna
HasWAveIMAdn | Swauuadn
aQuaL s Y9N 1YU(Total Tardiness) | Number of Tardy
Jobs)
Active +LWKRS(with Setup Time) 0 0
Active tMWKRS(with Setup Time) 86 4
Active +tMPWT Heuristic 7 1
Non-Delay + LWKRS(with Setup Time) 0 0
Non-Delay +MWKRS(with Setup Time) 86 4
Non-Delay+MPWT Heuristic 7 1

Time (4

%

90 -

j -

80

70 -

60

50 -

40 A

30 +

20 1

SRR

R Total Tardiness

® Noof Tardy Job

Active+LWKRS {with Active+MWKRS(with
Setup Time) Setup Time)

Active +MPWT

“ / ngua

sk
203

AT 5.38 UHUNNAIAIIANE Total Tardiness UAZ No of Tardy Job 91AALTILADA

v
ﬁ'w”ﬁ% Active Schedule Generation : Bus muﬁmmaﬂ%’uﬂ;ﬂﬁu
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® Total Tardiness
# No of Tardy Job

Non-Delay Non-Delay+MWKRS  Non-Delay + MPWT ng;mzfﬁms
+LWKRS(with Setup {with Setup time)
time)

Time
90

30
70
60
50
40

~

SANNANN

NS

10

U |

AT 5.39 UNUNINAIAITANE Total Tardiness 1Az No of Tardy Job 11nngIten

i 4
A3 Non-Delay Schedule Generation : Bus muﬁﬁmmﬂ%uﬂ;q‘lnu

agdnanisimseddeyauazlsafiunamsumsuins i ldvessatiasud 4 §
Wusmadumemedihaatiulzelmi widenldng LWKR(with Setup Time) #2675 2
wuuliden T8usuvuiFalintramiion (Non-Delay  Schedule) fuLDUF A 18319910
(Active Schedule) insziunguaziimsfiminzay i ldiinasawdwesaardvesa
(Total Tardiness) #a2$1UIUIUA191 (Number of Tardy Jobs) M1 0
545 waminaasaazmsinTzimeadadmisdaiama Aiumaninmsidnguaz
35ms vesTlsunsu IpSs amauyfgumanaassdainanudi luiaded 5.2 vessadad
#i 5 #l¥uSmMsidunaaedm File {doya Bus-a10®n1: Bus_Scheduling_22Dec2009 Gray
Linends  Taomstinauenaniimaaesez lildnddinvazdealudauveswaitldan
1Tyumuﬂe§un1sﬁm’f1i’fw,a lesnnranssansafifnuazisuREIMIRL Bus mufiity
eunstsuilge ssfinuanarssuludinvesfeuas svazidoammeiismualudunis
At diaueudaluinde 541 dufusuivauedulfinamaiudrdeyaresuam fu

9

aat oo yyy
wamsszuianamunguazImsitmuall laun
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R H o o 9 9 an a0 - Yy ¥
1 Na'ﬂvlﬂinfnluﬂﬂu‘ﬂﬂsiﬁnsu1H|11|ﬂ!al'aﬂ']ﬂ')ﬁﬂ'ﬁﬂﬂa1')51ﬂa3laﬂﬂ1')ua')1u

UNH 4 aauaaslunInn 5.40 uaznvn 5.41

s

“‘lﬁ “a\:‘

] lumﬂuwx \

1 Hana_vedWe
g HO in argd HO in 1 22-5.2.-09 07:30] nana_wasiwe
argiiCenter ArngiCenter 1 22-s.m.-09 19:00] sanra_wasiviar
waRivaud werRivaud 1 22.5.0.-09i 19:00] nena_wasivia

= REIRAREEERERERIRIGINERIRIEREE

P> ° 4 a
AN 5.40 Han151ud9eYa Job Form : W33 Bus dwdm

<% Setup Tin

Job O wanAiuaud
) waAivasd #1gd HO in
Cwneedeitee e
warfinavd waRinand 1
i T um}ﬁum& SR
gl HOin ;-rnuﬁ(:enle: 2
e R S BTl
rragiiCenter wariivavel 18

rngiCenter argi HO in 2

argiCenter ‘werRinavd 18
wasiinand wetrivand 1
s aBluaud Kk o R ITE. LL

o o ¥ ¥ . a S A& w
NINN 541 Naﬂ'ﬁiﬂl’ll']’llﬂlql'a Setup Time : 51Uazlﬂﬂﬂna11Uﬂ15ﬂﬂlﬂiE]Qi]ﬂi

Bus a18dM1

o o = P a w
#an51iu91983a Job Form : Mesvammodmlunni 535 Munisfondnves
4 oo o Y o - [ (] o
pennsiiidya 130y ven.mngl awesmes (szmalne) lunisiadaynainsszau
UsMs ArwsatialFuerna Vi TuTufi 22 $unan 2552 (Due Date) Raumsiliianis
g a L] 4” 4 a 1 9/ A aaw
TAusmsvuds moustiluaud Tao Start Time #98105.45 u. i lildsgagaiofiusim

ar ~ dy [ A aw
a1 olual 07.30 u. (Due Time) yausniinauaua njunw 4 lilgagadoiuiim
o

ed. ed.

} 4 [ ]
a1 mimindlusrnarsensnindulugasnesnit 712195 Center 1 Start Time 1121

° ] . 4 3 Ly a
16.57 . nazmuuadalduduas 19911901 19.00 U. (Due Time) FI3zH WM 1%l
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asti llSuaunagsfsSamstumnliiudhuilesnndesniuguauniuazeiauazaa
9 a d' Y] Ty J . é [l <2
WS ouuIn15veesn lavansa 119 INGATIMT NI DMEUgIN A IWdUG dIuIngdseease
] v

ApuIM s lugauenninlssny dmdudiumsuanwaiifinoinduasunistindidoya
1ud2uv89 Workstation Form Machine Form ttag Operation Form Lildnaruazinausly
44 4 - o A 'Y 0o A ad a o o
N1l ieeniniina ludnyazmileunumsAiums Bus memiQquneuiliuils

2) waf ldnnamvesmstamsnansausaniiunsdszulanan1stan1sa

- acd 9 1 =} ac ci -

AwnisnaasudonnguaziTnmsnnlulsunsuliun Bus awdmi nnaguazitnsidenly
M59AAI5191AY Active Schedule with the LWKR(with Setup Time) i1 Non- Delay Schedule
with the LWKR(with Setup Time) iiluranisiamisisiicnunsodfifanis 143 saunisfvues

o o A o -
BIANT ﬂ\?ﬂllﬂﬂ\ﬂﬂﬂ‘l“ﬂ 5.42 La% NN 5.43

wasinaug Busansihim | 225.9.-2009 05:45 | 22-5.7.-2009 05:46
amngi HO in Bus-aaivm | 22-5.2.-200905:46 | 22-5.7.-2009 07:28
arnghCenter . Busansitvm : 225.7.-2009 1657 : 22-5.7.-2009 17:00

wosflinaud | | Busarwlvm | 224.0.-200917:00] 224.2.-2009 1859

NN 5.42 HANITIAMTINIAINITIAUIO UUY Active Schedule with the LWKR

(with Setup Time) Rule : Bus @ G




«.

(e

4

(

147

bt &

wasRinane Busansdvm | 22-5.0.-2009 05:45 | 22-5.9.-2009 05:46

argi HO in Busarsdim | 22-6.a.-2008 05:46 | 22-5.7.-2008 07:28
margsCenter Busavsdvn | 22-5.7.-2009 1657 | 22-5.q.-2009 17:00

wafluaud Busaslim | 22-5.7.-200917:00 | 22-5.7.-2009 1859

AT 5.43 HANSTAAITIIAINITIAWSTO LUY Non-Delay Schedule with the LWKR

(with Setup Time) Rule : Bus @ gdmm

miszananamstamsnmnsiavsa lugiluuymsiedanuaainnnn 5.42
wazn i 5.43 Wumsliusaseamsldng LWKR (with Setup Time) #2033 msuumids
fdal497u (Active Schedule) ttazsuuidd lintizamiles (Non-Delay Schedule) (Puran1ssa

a - 1 9 a 9 Ay ¥ [ 9/ :
asnnauause luglvesmseinuhaunsaldusoms laawnain laanasdu Tivaaan
] 1 v L d 1
GuAud 05.45 u. naziomsiandnlugrcudiinar 07.28 u. iwisdumelunariianadll

] b 4 )
=y LY ar A

finan 07.30 u. iuRnsasensuiiedl §iiRNY Start Time Hiaa1 1657 w. Sumsiondn
TumaiiyamnsszduuSmsves ven. Mgl mwesmes @lszmealne) ndulugaen
ponuInTssuFamsvudaatoaudenat 18.59 1. 1nRAMAMUATTUASS (Due Time)
#01 19.00 1. nAAIEIIA RS VAU I AIABUMIMUANAZAI NI MITIA T OARADY
funszaufiesdns 1450

3) wad 140 1nduvesnssanmsnamsauseidiudiuduveslilsunsy
(Option) aingilszasduesnissamsnnmmsiausofidmualy Tasnsfinsanang
Sama aaiina1audaluaded 52 Fawaantn lae1ndtn1ssan1s12a10151AUS 0

o

(Algorithms) AMULFIN 18919911 (Active Schedule) taznuinda lsinamilss (Non-Delay
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