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TITIYA VAPEENAE : COMPARISON OF EFFICIENT SCHEDULING
RULES FOR JOB ORDER PRODUCTION WITH TRANSFER TIME.
THESIS ADVISOR : ASST. PROF. KANCHALA SUDTACHAT, Ph.D.,

88 PP.

SIMULATION/TRANSPORTATION/PRODUCTION SCHEDULING

The goal of scheduling the production order is to manage the resource which is
limited to achieving the set goal. Prioritizing job orders to assign to set of machines
and routing to the product to meet the needs of customers in a timely manner, resulting
in good production is one important things that makes higher efficiency to resource
management.

This thesis presents the development of a heuristic method by condering the
distance between machines and workstations to get a better scheduling rule. The job
order of production system was considered which the machines were layout parallel to
study the effects of the Shortest Process Time (SPT) and Longest Process Time (LPT).
The approaches compared to our heuristics algorithm. The objectives were to
minimize the average flow time, the maximum flow time and minimize the number of
works in process. The real world data used to verify our heuristics algorithm. There
were 8 products (4 round-shape products and 4 square-shape products) that were
processed on the same finishing process; sharpening and polishing. Although the
difference was, the machines were specifically to produce on round and square shapes
of each product. The process time and the transfer time were following on uncertainty

with known probability distribution. The input data collected from the real world



production system. The simulation models used to examine the algorithms. The results
0 show that the heuristic algorithm provided the efficiency over the SPT rule at
55.56% and better than the LPT rule at 86.32%. The sensitivity analysis investigated
by the change on the process times and the transfer times. The results indicated that
the processing times were increased, the number of throughputs were increased, but
number of work in processes were decreased. The sensitivity analysis of interval time
shows that the interval times were increased; the number of throughputs and number
of work in processes were decreased. These results implied that the production reflects

the reliability of the system although the input parameters were changed.
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A15197 3.3 LLZ‘TﬂQL’J@WﬁTLﬁHﬂﬁﬂJ@QQWHﬂﬂiJLLiJiJL@ﬂGlﬁ‘WLHUL%EJﬂ : EXPO(Lambda): Lambda

A o Yy A A o o ~
0 AT UVURAYIUDINAANTUN (‘LlTVI)

Hanf AN Az lu(Aui) VALI(AUIN)
NUNaNl EXPO(3.7) EXPO(18.6)
UNaN2 EXPO(4.5) EXPO(08.8)
NUNAV3 EXPO(3.2) EXPO(10.3)
NUNaN4 EXPO(17) EXPO(10.8)
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Q15197 3.4 UAAYIAIA NN UNITUDIITUIMASNUUUIO AT INIUUIFeA : EXPO(Lambda):

= [ 9 = a [ 4 =
Lambda A9 9T UV URAYUDINAANUN (U IN)

Haaf I az'lu(Aui) VAI(IUN)
qmméam EXPO(15.8) EXPO(9.8)
amm?;auz EXPO(40.7) EXPO(15.4)
\ﬂumalﬂm3 EXPO(18.4) EXPO(9.8)
qmm?; g4 EXPO(40.7) EXPO(15.4)

3) NAABUUNUYBINIUNANLL LY NA

A15197 3.5 HAAINAA VYNV UAANLDDNA : Norm(Mean, Standard deviation)

Hanf AN az'ly Gui) VA1 (UN)

NuUNauNl NORM(3.66, 0.320) NORM(18.6, 4.62)
U2 NORM(4.46, 0.421) NORM(8.8, 0.608)
NUNAU3 NORM(3.20, 0.196) NORM(10.3, 1.23)
AunNaN4 NORM(10.8, 1.180) NORM(17, 2.60)

4)y At uNuMasyuulng

A1519% 3.6 LAAIIAANHUNITUOINUIMAsNLUVUNA : Norm(Mean, Standard deviation)

Hanf N azlu Gui) Tar AuIn)
amm?;am NORM(15.8, 0.739) NORM(9.84, 1.04)
qmm?iﬂm NORM(40.7, 4.27) NORM(15.4,2.27)
QTL!L‘W?;MB NORM(18.4, 2.05) NORM(9.84, 1.04)
mumﬁlﬂm NORM(40.7, 4.27) NORM(15.4,2.27)
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ity ﬁﬂ1ﬁ’§u@ﬂ FLILNIN(FUANAT)
Raw Material Sharpen Station (circle) :M, 2840
Raw Material Sharpen Station (circle) :M, 2980
Raw Material Sharpen Station (circle) :M, 3120
Raw Material Sharpen Station (circle) :M, 3260
Raw Material Sharpen Station (circle) :Mj 3400
Raw Material Sharpen Station (circle) :M, 3540
Raw Material Sharpen Station (circle) :M, 3680
Raw Material Sharpen Station (square) :M, 2980
Raw Material Sharpen Station (square) :M, 3120
Raw Material Sharpen Station (square) :M, 3260
Raw Material Sharpen Station (square) :M, 3400
Raw Material Sharpen Station (square) :M; 3540
Raw Material Sharpen Station (square) :M 3680
Raw Material Sharpen Station (square) :M, 3820
Sharpen Station (circle) :M, Polish Station (circle) :M, 720
Sharpen Station (circle) :M, Polish Station (circle) :M, 1010
Sharpen Station (circle) :M, Polish Station (circle) :M, 1300
Sharpen Station (circle) :M, Polish Station (circle) :M, 860
Sharpen Station (circle) :M, Polish Station (circle):M; 1150
Sharpen Station (circle) :M, Polish Station (circle) :M, 1440
Sharpen Station (circle) :M, Polish Station (circle) :M, 1000
Sharpen Station (circle) :M, Polish Station (circle) :M, 1290
Sharpen Station (circle) :M, Polish Station (circle) :M, 1580
Sharpen Station (circle) :M, Polish Station (circle) :M, 1140
Sharpen Station (circle) :M, Polish Station (circle) :M, 1430
Sharpen Station (circle) :M, Polish Station (circle) :M, 1720
Sharpen Station (circle) :M; Polish Station (circle) :M, 1280
Sharpen Station (circle) :Mj Polish Station (circle) :M, 1570
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Sharpen Station (circle) :Mj Polish Station (circle) :M, 1860
Sharpen Station (circle) :M; Polish Station (circle) :M, 1420
Sharpen Station (circle) :M Polish Station (circle) :M, 1710
Sharpen Station (circle) :M Polish Station (circle) :M, 2000
Sharpen Station (circle) :M, Polish Station (circle) :M, 1380
Sharpen Station (circle) :M, Polish Station (circle) :M, 1670
Sharpen Station (circle) :M, Polish Station (circle) :M, 1960
Sharpen Station (square) :M, Polish Station (square) :M, 700
Sharpen Station (square) :M, Polish Station (square) :M, 990
Sharpen Station (square) :M, Polish Station (square) :M, 1280
Sharpen Station (square) :M, Polish Station (square) :M, 840
Sharpen Station (square) :M, Polish Station (square) :M, 1130
Sharpen Station (square) :M, Polish Station (square) :M, 1420
Sharpen Station (square) :M, Polish Station (square) :M, 980
Sharpen Station (square) :M, Polish Station (square) :M, 1270
Sharpen Station (square) :M, Polish Station (square) :M, 1560
Sharpen Station (square) :M, Polish Station (square) :M, 1120
Sharpen Station (square) :M, Polish Station (square) :M, 1410
Sharpen Station (square) :M, Polish Station (square) :M, 1700
Sharpen Station (square) :Mj Polish Station (square) :M, 1260
Sharpen Station (square) :M; Polish Station (square) :M, 1550
Sharpen Station (square) :M; Polish Station (square) :M, 1840
Sharpen Station (square) :M, Polish Station (square) :M, 1400
Sharpen Station (square) :M, Polish Station (square) :M, 1690
Sharpen Station (square) :M, Polish Station (square) :M, 1980
Sharpen Station (square) :M, Polish Station (square) :M, 1540
Sharpen Station (square) :M, Polish Station (square) :M, 1830
Sharpen Station (square) :M, Polish Station (square) :M, 2120
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o a a [ J {
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® LPT rules: 1¥ianudh

Classify circle shape of
product n;

SPT rules

Circle/Square

Select job by priority
Pi,ms/ Pj,ms /Pi, mp/Pj,mp
base on shortest process time

| [ I l
‘Number izl‘ ‘Number i:Z‘ Number i=4
[ I

Sort priority P,
Base on dispatching rule or
Heuristic

Yes

Order priority of job

Priorityl Pl‘ ‘PriorityZ Pz‘ ‘ ‘ ‘ Priority P,

4
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Classify circle shape of
product ny

[ I
‘Numb‘erlzl‘ ‘Numb‘erlzz‘ ljj

Sort priority P,
Base on dispatching rule or
Heuristic

LPT rules

Circle/Square

Select job by priority
I:)i, ms / I:)j, ms /Pi, mp / IDj, mp
base on Largest process time

Yes

Order priority of job

Priorityl Pl‘ ‘Priorityz Pz‘ ‘ ‘ ‘ Priority P,

9
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elect machine minimum Qs 0 No

dispatching rule / minimum d, s for
heuristic that ms=1,...,7

Yes

A v A A

Machine mg=1/ |Machine mg=2 Machine ms=7
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m, (m=1,....3) 29319 3.9 1Az 3.10

Go to polishing SPT rules
process

Circle/Square

Sort priority P,
Base on dispatching rule or
Heuristic

l l ] }

Priorityl P,| |Priority2P, | .. | | Priority P,

Select job by priority
Pi‘ ms / Pj‘ ms /Pi, mp / Pj, mp
base on shortest process time

Order priority of job

Y
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UM 3.9 TUABUMSTIAMALIUVOIHAAN UNAY VUN 4 A1UNg SPT
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Go to polishing LPT rules

process

Circle/Square

Sort priority P,
Base on dispatching rule or
Heuristic

Select job by priority
PI‘ ms / PJ‘ ms /Pi‘ mp / PJ‘ mp
base on Largest process time

|

‘Priorityl Pl‘ ‘Priorityz Pz‘ ‘ ‘ ‘ Priority P,

Order priority of job

Y
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elect machine minimum Qp,, fo
dispatching rule / minimum dms,mps for

heuristic that ms=1,...3 No

Yes

Machine my=1| | Machine m,=2 Machine my=3
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Classify circle shape o
product n;

Heuristic algorithm

Circle/Square

!

! I 1 !
‘Number i=1‘ ‘Number i=2‘ Number i=4
[ I

Select job by priority
Pi, ms / I:)j, ms /Pi, mp / I:’j, mp
base on shortest process time

Sort priority P,
Base on dispatching rule or
Heuristic

Yes

Order priority of job

Priorityl Pl‘ ‘Priorityz Pz‘ ‘ ‘ ‘ Priority Py,

Y
C%

! ¥ o a [ 4 g}/ ! a a A
Eﬂﬁ 3.12 TUADUNITIAGIAVNIUVBINAANUNNAN VUN 1 ANFITEAN

A A A pRp v & oA A
2. 1a9NIATDY (lﬂi@ﬁﬂgll‘ll) ‘Vlll'igﬂgljﬂWﬂqﬁﬂluﬁﬂﬁu%q@ﬂJ@QWiﬂ

A [ A

Aon30InTNInaNga d, m (m =1, ..., 7151 liAnswmarswvesnulufmaznaves

' ]
v A o % 2

do v o g 4 2 a4 4 P R
nuiamasduiumsedluasoil auidingyigane lnmses m Nlndnge Az 3.13

elect machine minimum Qs fO No

dispatching rule / minimum d, s for
heuristic that ms=1, ...,7

Yes

h 4 k. ) 4 Y

Machine mg=1| |Machine my=2 Machine ms=7
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m, (mp=1,...,3)

Go to polishing Heurstic algoritm|

process

Circle/Square

Sort priority P,
Base on dispatching rule or
Heuristic

| l l l

‘Priorityl Pl‘ ‘PriorityZ Pz‘ ‘ ‘ ‘ Priority P,

Select job by priority
I:’i, ms / Pj, ms /Pi, mp / Pj‘ mp
base on shortest process time

Yes

Order priority of job
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elect machine minimum Qm, fo
dispatching rule / minimum dms,mps for

heuristic that ms=1,...3 No

Yes

. Y
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o a @ 14
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Y 1
nanludiu 3.3.2.1 uaTuasUNITAL 1UIS19z1A0MAT0AZ U m_ (m = 8,..., 14) 1Ay

ATTUIUNTVARNUTIVLLADNATOIVAL m,(m, =4, ...,6)

Classify circle shape of
product ny

Avrrival

lassify square shape of
product n,

[ ]
‘NumberiZI‘ ‘Number i:Z‘ ‘ . ‘
T T r

1 1 1
‘Number i:A‘ ‘NumberiZS‘ ‘Number izs‘ ‘
T T T

‘ ‘Number i:8‘
T

Sort priority P,
Base on dispatching rule or
Heuristic

Sort priority P,
Base on dispatching
Heuristic

n
rule or

Priorityl P]‘ ‘Pnamyz Pz‘ ‘
T T

‘ ‘ Priority Py
7

[priority1P | [Priority2 P,] |
: :

‘ ‘ Priority P,
T

elect machine minimum Qs fol
dispatching rule / minimum dy, ms for
heuristic that mg=1,...,

Yes

elect machine minimum Qs fol
dispatching rule / minimum dy, s for
heuristic that m,=8,...,

‘Machine me=1] ‘Machine me=2 ‘ ‘ ‘Machine m=7 ‘Machine m;g‘ ‘Machine me=9) ‘ . ‘ ‘ Machine mg:m‘
T T T 7 T T I T
Go to polishing Go to polishing
process process
Sort priority Py, Sort priority P,
Base on dispatching rule or Base on di: ing rule or
Heuristic Heuristic
[ [ 1 [ 1
‘Priorityl P ‘ ‘Priorityz Pz‘ ‘ ‘. ‘ ‘ Priority P, ‘Priorityl Pj‘ ‘Priorilyz P»‘ ‘ ‘ ‘ Priority P,
T : T T

lect machine minimum Qmp
dispatching rule / minimum dms_mps for
heuristic thatms=1,...3

Select machi

heuristi

tule fminimum g mp for

ne minimum: Qpp fo

c that M =4,..6 No

‘ ‘Machine mn=3‘

‘Machine mp=4HMachine mp=5‘ ‘

‘ ‘Machine mp=6‘

Leave system

SPT rules LPT rules

Select job by priority
Pi.ms / Pj,ms /P, mp / P mp
base on shortest process time,

Order priority of job

Select job by priority
Pi.ms / Pj.ms /P, mp / P mp
base on Largest process time

Order priority of job

Heuristic algorithm

Circle/Square

Select job by priority
Pi ms / Pj.ms IPi.mp ! Pj,mp
base on shortest process time

Order priority of job
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1311915 EMN9NTLUIUMT (Number of Work in Process)



344

maveullsunsu

TugaildluTdsunsy

Create (x8)
Assign (x65)
Batch (x28)
Enter (x8)
Request (x28)
Decide (x84)
Station (x21)
Separate (x21)
Process (x20)
Transport (x56)
Record (x1)

Dispose (x1)
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TUNAY2 4.46,0.421 4.237,0.421 4.014, 0.421 4.683, 0.421 4.906, 0.421
UNAN3 3.2,0.196 3.04, 0.196 2.88,0.196 3.36,0.196 3.35,0.196
MUNN4 10.8, 1.18 10.26, 1.18 9.72,1.18 11.34,1.18 11.88,1.18

A oA a @ S A 4 = a ~
A1TNWN 3.11 nmmguumiﬂjmwammmmaEjmmmaﬂqfiwmuwaa (EXPO (u) IUMN) :

Tunounsly
Hanfaa AT UAN anad 5% anad 10% A 5% | A 10%
anmaey 1 15.8 15.01 14.22 16.59 17.38
AU 40.7 38.665 36.63 42735 44.77
A3 18.4 17.48 16.56 19.32 20.24
AumasN4 40.7 38.665 36.63 42735 44.77

{ o a a [ 4 { a a 3’,
A5NN 3.12 A NHUNTYDINARNMNHABUULUYNA (NORM  (u, 6) IUIN) : TUADY

az'ly
HanfaA AT UAN anae 5% anad 10% G % | A 10%
anuvaeyl | 15.8,0.739 | 15.01,0.739 | 14.22,0.739 | 16.59,0.739 | 17.38,0.739
INUVAGN2 | 40.7, 427 | 38.665,427 | 36.63,427 | 42735427 | 44.77,427
NUWAB3 | 18.4,2.05 1| 17.765,2.05 . 16.83,2105 .| 19.635,2.05 | 20.57,2.05
qmm‘éam 40.7,4.27 38.665, 4.27 36.63, 4.27 42.735,4.27 4477, 4.27

A o a a [ 4 4 = a =
A159N 3,13 A BUUNITVDINAAAUNNANLU U NF IWU U TR (EXPO (w) 3UIMN) :

VuARUTAL
Haafaa AT UAN anad 5% ana 10% W 5% | A 10%
TUNAU] 18.6 17.67 16.74 19.53 20.46
UNAN2 8.8 8.36 7.92 9.24 9.68
UNAN3 10.3 9.785 9.27 10.815 11.33
JTUNN4 10.8 10.26 9.72 11.34 11.88




{ o A a [ 14 a a
A15190 3.14  nadumsvosHaanumnautuulng (NORM (u, o) ’J‘LH‘I?I) :
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Y
%

VUADUVALI

Haafaa AT UAY anad 5% anae10% | A 5% i 10%
UNaN1 18.6, 4.62 17.67, 4.62 16.74, 4.62 19.53, 4.62 20.46, 4.62
JTUNAY2 8.8,0.608 8.36, 0.608 7.92, 0.608 9.24, 0.608 9.68, 0.608
UNAN3 10.3,1.23 9.785,1.23 9.27,1.23 10.815, 1.23 11.33,1.23
TUNN4 17,2.6 16.15,2.6 15.3,2.6 17.85,2.6 18.7,2.6

A oA a @ S A 4 = a ~
AT NN 3.15 nmmguumﬁjmwa@mmmmaEjmmmaﬂﬂwmmwa (EXPO (u) IUMN) :

TunouTAL
Hanfaa AT UAN anAaI5% | anad10% i 5% | A 10%
qmméﬂm 9.8 9.31 8.82 10.29 10.78
Q1HLW§EJ§J2 15.4 14.63 13.86 16.17 16.94
\1114!,145'833 9.8 9.31 8.82 10.29 10.78
muméam 15.4 14.63 13.86 16.17 16.94

{ oA a [ d { a a g’/ o
A5 3.16 naiumMIvRINaAN MIHagNLUULUNA (NORM (u, o) ’J‘Lﬂﬁ) CUVUABDUUAN

HanfaA DATUAN anad 5% anad 10% i 5% | A 10%
mum?iam 9.84,1.04 9.348, 1.04 8.856, 1.04 10.332, 1.04 10.824, 1.04
VRGN | 154,227 | 14.63,2.27 13.86, 2.27 16.17,2.27 16.94,2.27
SNUIWAG3 | 984, 1.04 | 9.348,1.04 | 8856, 1.04 | 10332, 1.04 | 10.824, 1.04
TAGNA | 154,207 1] 14:63,2.27 13.86,2.27 16.17,2.27 16.94,2.27

H ' 1 =]
ﬁ']'i'l\‘]ﬁ 3.17 2LV NUDIUIANITUUAIVDINIUNAY (u']ﬁﬂf]ﬁ@ﬁ)

HaAS I AT UAY ARAI5% | anaa10% | LNAM 5% i 10%
TUNaU1 34 35.75 37.4 32.25 30.6
IUNAY2 44 46.2 48.4 41.8 39.6
UNAN3 38 39.9 41.8 36.1 342
TUNN4 80 84 88 76 72




{ 1 1 { =]
A15190 3.18 5LULHINVBUIAINITUUTIVDINUH ALY (mﬁmaa@)
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Haafaa DATUAN | BAAI5% | anad 10% WA 5% | AU 10%
QWHL‘VI%EJ?JI 104 109.2 114.4 98.8 93.6
QWULﬁéEJiJZ 34 35.75 37.4 32.25 30.6
TG 30 31.5 33 28.5 27
QTHL‘H?IEJ‘JJ4 30 31.5 33 28.5 27
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4.2 MISUD (Replication)
o 7Y g‘./ = gIJ [ 2 A A
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43 namMsvamagvesny (Average Flow Time)
MINMIASLVUTIA0INTIAGINVIUAIMNG SPT rule, LPT rule 1AZN15 19873 d@An

9 A
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. . . = [ . a 1 Y A L <
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@ §y 1w 2 [ { [
Lﬁﬂ’ﬂﬂ‘ljﬂa LPT uazgﬁanmmumiwammﬂu 150 ¥U/Q06 anm?wmivlwammu 23.05

i Aenilu 69.21% iilofiouiung SPT uag 87.52% ieifiounung LPT Aagali 4.2



42

Average flowtime (Expo)
200.00
:é 150.00 -
~.§' 100.00
2 50,00 E
0.00 ; E}] % ; == E E g
SPT Heuristic
Lot50 30.62 138.18 24,17
E Lot100 51.62 167.72 22,94
IR Lot150 74.56 184.65 23.05
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Average flowtime (Norm)
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30.47 147.27
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74.14 ‘ 207.21
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4.4 nmms"lﬁagaqﬂmmam (Maximum Flow Time)
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5U7 43 uaasmsnSeuiounuvesmnannaems IMavo s uauuATIUNTMTHINIIND

Tugili 4.4 vaaemsnfSoufionnuvesainaigagans Iavesy auuagIuniinig
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LH]ﬂLHN"UE]\‘IL’JEHGUEJ\iﬂiz’]J’JuﬂﬁllflJ‘lJLE]ﬂ“IfIWLuuﬂfEJa W‘]J’JHﬁE]i]WU’JuﬂﬁNﬁ@ 50 ¥U/a96 ’J%
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AATNTNNITINAALT ﬁ?iﬁ@lﬂi‘ﬂlﬁlﬁ1Q'Qi,jﬂﬂ'lillﬂaﬂ/nﬂﬂ 39.21 4N ﬂﬂlﬂu 54.74% Lﬁﬂlﬁﬁlﬂ

o a g 4 v 4 o a 1w Q" <3
nUNg SPT uazfau 97.63% Lﬁfllﬁﬂ'ﬂﬂﬂﬂa LPT uamﬁ@mu’mmiwammﬂu 100 ¥U/Q0H

THnangegams auiiiy 65.36 1 Aadlu 53% Weifouiung SPT uazdaiiiu 95.83% iije

% 4 A o a (Y Qy IS [
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Maximum flowtime (Expo)
2000.00
= 1500.00
=]
E 1000.00
= 500.00
0.00 == NN = I
SPT LPT Heuristic
Lot50 86.62 1681.56 39.21
& Lot100 139.05 1567.16 65.36
B Lot150 171.52 1527.41 38.97

5UM 4.4 vaasmsnSeumounuvesmnagagans lHavo s uauNAFIUMTHINIIIYA

L’JﬁTSIJ’ENﬂi%ll’]uﬂﬁLL‘U“]JL’E)ﬂ“]ﬁWLuuL%EJﬁ
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LPT tagiiiols1aumskaamn 150 ¥u/aen ldnaigagams liaminu 36.88 u1il Ay

78.38% IiioiiunUng SPT 1A 97.88% Ko unung LPT
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Maximum flowtime (Norm)
2000.00
= 1500.00
=]
E 1000.00
2 500,00
0.00 = === — e —
SPT Heuristic
Lot50 84.07 1653.27 36.88
E Lot100 124.69 1597.95 60.36
n Lotl50 170.56 1741.42 36.88
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4.5 MUIUNUTLHNINIZVIUMS (Work in Process)

Work in process (Expo)
8000.00
i
8 6000.00
g 4000.00 }5555
g
C e HEE mEE
E 000 . == KR _ Eﬂ I
'g SPT LPT Heuristic
[ Lot50 571.38 2239.29 1604.28
B3 Lot100 708.53 2397.53 2700.47
Bl Lot150 1037.67 2726.78 6816.10

gﬂﬁ 4.6 !L’(?fﬂ\iﬂTiLlldiEJ“IJLﬁEJ‘U‘iJ?JlﬂﬂN1113314’51\'1ﬂ58U’J‘LlﬂﬁﬁilNa§1uﬂ1i!mﬂ!m\‘ﬂlﬂﬁma1
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Work in process (Norm)
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ELotl150 1030.00 2933.22 6754.49
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