, 2537,

, 2539.

, 2537,

52547.

, 2545,

, 2542,

, 2539.

12537.



55

Donald Gross,Carl M.Harris . Fundamentals of Queueing Theory .New York : John
Wiley&Sons , 1985.

Fishman , c.s. Grouping Observations in Digital Simulation . Management Science 24 (1977)
:510-521.

Goldsman , D. and G. Tokal. Output Analysis Procedures for Computer Simulation . In
Proceeding of the 2000 5Winter Simulation Conference 39-45.

JA. White \]W Schmidt, G.K. Bennett. Analysis of Queueing Systems : A Subsidiary of
Harcourt Brace Joranovich ,1975.

Shane G. Henderson . Mathematics for Simulation . In Proceeding of the 2001 , Winter
Simulation Conference : 83-94.

Sheldon M Ross . Simulation . San Diego : Acadamic Press , 1997.

. David Kelton ,Randall P.Sadowski, David T.  rrock . Simulation with Arena .

Singapore :McGraw-Hill, 2003.

W olff, Ronald W, Stochastic modeling and the theory of queue . New York
:Prentice-Hall, 1988.



AWIAINTAUNNIINY 1Y
CHuLALONGKORN UNIVERSITY



5/

Arena
Arena
(Simulation)
(Probability) (Statistics) (Operation
Research) (Student version 7.01)
www.arenasimulation.com
www.rockwellsoftware.com Simulation with Arena ( . David Kelton , Randall

P.Sadowski , David T. Sturrock . Simulation with Arena , Third Edication . Singapore : McGraw-
Hill ,2003)
Simulation with Arena . David Kelton (Professor , Department of
Quantitative Analysis and Operations Management , University of Cincinnati) Randall P.Sadowski
(Product Manager , Application Programs 1Rockwell Software) David T. Sturrock (Director ,
Simulation Development, Rockwell Software)
Arena ( dent version 7.01)

Simulation with Arena
1. Entities

entities

2. Attributes
entities


http://www.arenasimulation.com
http://www.rockwellsoftware.com
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3. Variables

4. Resources

entities entities resource busy

5. Queues
entities Resource

6. Statistical Accumulators

1. Events

8. Simulation Clock

9. Starting & Stopping
Attributes
Statistical Accumulators



Simulation with Arena

(Bottleneck)

Statistical Accumulators
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Maodel statements for module: Create 1
108 CREATE,
| MinutesToBaseTime(0.0),Customer:MinutesToBaseTime(EXPO(10)):NEXT(1L );
1§ ASSIGN: Customer Arrives to System.NumberOut=Customer Arrives to
System NumberOut + 1:NEXT(09);
Model statements for module: Assign 1
08 ASSIGN:  Entity.Sequence=l:NEXT(I$);
Maodel statements for module: Seize 1
1$ QUEUE,  Queue.Queue;
SEIZE, 2VA:
Resource 1,1:NEXT(15$);
15% DELAY:  0.0,VAINEXT(3$);
Maodel statements for module: Process 1
38 ASSIGN: Service.NumberIn=Service.Numberin + 1.
Service. W1P=Service. WIP+1;
45% STACK,  I:Save:NEXT(17$);



b1

17$ DELAY: Uniform(0,10),,VAINEXT(26$);
26% TALLY: Service.TotalTimePerEntity,Diff.StartTime,|;
50$ ASSIGN: Service.VATime=Service.VATime + Diff VATime;
51$ TALLY: Service.VATimePerEntity, Diff. VATime,l;
16$ RELEASE:  Resource 1.1
65% STACK, 1:Destroy:NEXT(64$);
643 ASSIGN:  Service.NumberOut=Service.NumberOut + 1:
Service. W IP=Service.W IP-1:NEXT (43);
Model statements for module: Decide 1
4$ BRANCH, L
If Entity.JobStep=2,68,Yes:
Else,58,Yes;
Model statements for module: Decide 2
5% BRANCH, 1L
With,50/100,698, Yes:
Else, 708, Yes;
69% ASSIGN:  Not Repeat.NumberQut True=Not Repeat.NumberOut True + L:NEXT(7$);

10$ ASSIGN: Not Repeat.NumberOut False=Not Repeat.NumberOut False + 1:NEXT(99$);
Maodel statements for module: Record 2
1% COUNT:  Record 2,1 :NEXT(89);
Model statements for module: Dispose 1
8% ASSIGN:  Customer Leaves System.NumberOut=Customer Leaves System.NumberOut +
I;
1% DISPOSE:  Yes;
Model statements for module: Assign 2
9% ASSIGN:  Entity.Sequence=I:
Entity. JobStep=2:
Picture=Picture. Woman:NEXT(I$);
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Model statements for module: Record 1
69 COUNT: Record 1,1:NEXT(8$);

1.2

Maodel statements for module: Create 1
108 CREATE,
|,MinutesToBaseTime(0.0),Customer:MinutesToBaseTime(EXPO(10)):NEXT(II$);
118 ASSIGN:  Customer Arrives to System.NumberQut=Customer Arrives to
System.NumberOut + 1:NEXT(0$);
Maodel statements for module: Assign 1
08 ASSIGN:  Entity.Sequence=l:NEXT(8$);
Model statements for module: Hold 1
8% QUELUE, Queue.Queue;
SCAN:
( Service.Numberln == Service.NumberOut ) I ( ( Service.Numberin ==
Service.NumberOut ) && (EntityJobStep==2) )
NEXT(19);
Maodel statements for module: Process 1
1$ ASSIGN:  Service.NumberIn=Service.Numberin + L
Service. WIP=Service. WIP+1;
43$ STACK, |:Save:NEXT(159);
15$ DELAY: iform(0,10), VA:NEXT(249);
24% TALLY: Service. TotalTimePerEntity,Diff StartTime, 1;
489 ASSIGN: Service.VATime=Service.VATime + Diff. VATime;
49$ TALLY: Service.VATimePerEntity,Diff VATime,l;
638 STACK, 1:Destroy :NEXT(62);
628 ASSIGN:  Service.NumberOut=Service.NumberOut + L
Service. W IP=Service.W IP-1:NEXT(2$);
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Maodel statements for module: Decide 1
28 BRANCH, L
If Entity.JobStep==2,48,Yes:
Else,38,Yes;
Model statements for module: Decide 2
38 BRANCH, L
With,50/100,678, Yes:
Else,688,Yes;
67% ASSIGN:  Not Repeat.NumberOut True=Not Repeat.NumberOut True + 1:NEXT(5$);
68% ASSIGN:  Not Repeat.NumberOut False=Not Repeat.NumberOut False + 1:NEXT(79);
Maodel statements for module: Record 2
58 COUNT:  Record 2,1 :NEXT(6$);
Model statements for module: Dispose 1
6% ASSIGN:  Customer Leaves System.NumberOut=Customer Leaves System.NumberOut +
I;
69$ DISPOSE:  Yes;
Model statements for module: Assign 2
7$ ASSIGN:  Entity.Sequence=2:
Entity.JobStep=2:
Picture=Picture. Woman:NEXT(8$);
Maodel statements for module: Record 1
4$ COUNT:  Record 1,1:NEXT(6$);



2.1

Model statements for module: Create 1
14% CREATE,

|,MinutesToBaseTime(0.0),Customer:MinutesToBaseTime(EXPO(10)):NEXT(159);
15$ ASSIGN:  Customer Arrives to System.NumberOut=Customer Arrives to

System.NumberOut + 1:NEXT(0$);
Maodel statements for module: Assign 1
08 ASSIGN:  WIP=EntitiesW IP(Customer):
Entity.Sequence=1:NEXT(108);
Maodel statements for module: Decide 3
108 BRANCH, L
If WIP<=15,18%,Yes:

Else,193,Yes;
18% ASSIGN: NotFull.NumberOut
19$ ASSIGN: NotFull.NumberOut

Model statements for module: Seize 1
1$ QUEUE, Queue.Queue;
SEIZE, 2VA:
Resource 1,1:NEXT(219);

True=Not Full.NumberQut
False=Not Full. NumberQut
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True +1:NEXT(1$);
False + L:NEXT(L19):



218 DELAY:  0.0,VANEXT(3$);
Maodel statements for module: Process 1
38 ASSIGN:  Cooking.NumberIn=Cooking.Numberin + 1.
Cooking.WIP=Cooking.WIP+1;
51$ STACK, 1:Save:NEXT(239);
23% DELAY: iform(0,10),VA:NEXT(32$); =
328 TALLY Cooking.TotalTimePerEntity,Diff.StartTime,l ;
56% ASSIGN:  Cooking.VATime=Cooking.VATime + Diff VATime;
57$ TALLY:  Cooking.VATimePerEntity Diff VATime,l ;
22s RELEASE:  Resource 11;
718 STACK,  1:Destroy:NEXT(708);
708 ASSIGN:  Cooking.NumberOut=Cooking.NumberOut + L.
Cooking.WIP=Cooking. WIP-L:NEXT(13$);
Maodel statements for module: Process 2
13% ASSIGN: Eating.NumberIn=Eating.Numberin + 1:
Eating.WIP=Eating.WIP+1;
102% STACK, 1:Save:NEXT(74$);
74% DELAY:  EXPO(5),VA:NEXT(83$);
83$ TALLY: Eating. TotalTimePerEntity,Diff.StartTime,|;
107$ ASSIGN: Eating.VATime=Eating.VATime + Diff VATime;
108$ TALLY: Eating.VATimePerEntity,Diff. VATime,l;
122$ STACK, 1:Destroy:NEXT(1218$);
121$ ASSIGN: Eating.NumberOut=Eating.NumberQut + 1:
Eating. W IP=Eating.WIP-L1:NEXT(4$);
Maodel statements for module: Decide 1
4% BRANCH, L
If Entity.JobStep==2,6$,Yes:
Else,58,Yes;
Model statements for module: Decide 2
5% BRANCH, L
With,50/100,1269,Yes:
Else, 1278, Yes;
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126$ ASSIGN:  Not Repeat.NumberOut True=Not Repeat.NumberOut True + L:NEXT(7$);
127% ASSIGN:  Not Repeat.NumberOut False=Not Repeat.NumberOut False + 1:NEXT(99);
Model statements for module: Record 2
7$ COUNT:  Record 2,1:NEXT(89);
Model statements for module: Dispose 1
8% ASSIGN:  Customer Leaves System.NumberOut=Customer Leaves System.NumberOut +
1;
128% DISPOSE:  Yes;
Model statements for module: Assign 2
9% ASSIGN:  Entity.Sequence=I:
Entity.JobStep=2:
Picture=Picture. Woman:NEXT(I$);
Model statements for module: Record 1
6% COUNT:  Record 11:NEXT(8$);
Model statements for module: Record 3
11$ TALLY: Record,BET, 1:NEXT(129);
Model statements for module: Dispose 2
128 ASSIGN:  Leave.NumberOut=Leave.NumberOut + 1;
1298 DISPOSE:  Yes;

2.2

Model statements for module: Create 1
148 CREATE,
1,MinutesToBaseTime(0.0),Customer:MinutesToBaseTime(EXPO(10)):NEXT/(15$);
15% ASSIGN:  Customer Arrives to System . NumberOut=Customer Arrives to
System.NumberOut + 1:NEXT(0$);
Model statements for module: Assign 1
08 ASSIGN:  WIP=EntitiesWIP(Customer):

Entity.Sequence=I :NEXT(109);



Model statements for module: Decide 3

108 BRANCH, L
If WIP<=15,18%,Yes:
Else, 198 Yes;

18% ASSIGN:  Not Full. NumberOut Tme=Not Full. NumberOut True + L:NEXT(1$);

198 ASSIGN:  Not Full. NumberOut False=Not Full. NumberQut False + L:NEXT(118$);

Maodel statements for module: Seize 1

1$ QUEUE,  Queue.Queue;

SEIZE, 2VA:

Resource 1,1:NEXT(21$);

218 DELAY:  0.0,VAINEXT(39);

Model statements for module: Process 1

38 ASSIGN:  Cooking.NumberIn=Cooking.Numberin + 1.
Cooking.WIP=Cooking.WIP+1;

51$ STACK, 1:Save:NEXT(239);

238 DELAY: Uniform(0,10),,VAINEXT(32$);

328 TALLY: Cooking.TotalTimePerEntity,Diff StartTime,|;

56$ ASSIGN:  Cooking.VATime=Cooking.VATime + Diff. VATime;

57$ TALLY: Cooking.VATimePerEntity Diff VATime, L,

22% RELEASE:  Resource 11;

718 STACK, 1:Destroy:NEXT(709);

708 ASSIGN:  Cooking.NumberOuDCooking.NumberOut + 1:
Cooking.W1P=Cooking.WIP-1:NEXT (13$);

Model statements for module: Process 2

13% ASSIGN: Eating.NumberIn=Eating.Numberin + 1:
Eating.WIP=Eating,WIP+l;

1028 STACK, 1:Save:NEXT(74$);

74$ DELAY:  EXPO(I0),VAINEXT(83$);

83$ TALLY: Eating. TotalTimePerEntity,Diff StartTime, 1;

107$ ASSIGN: Eating.VATime=Eating.VATime + Diff VATime;

108$ TALLY: Eating.VATimePerEntity, Diff VATime, L;

122% STACK, |:Destroy:NEXT(121$);
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121$  ASSIGN: Eating.NumberOut=Eating.NumberOut + 1:
Eating.W IP=Eating.WIP-I:NEXT (49);
Model statements for module: Decide 1
48 BRANCH, L
If Entity.JobStep==2,6$,Yes:
Else,58,Yes;
Model statements for module: Decide 2
5% BRANCH, L
With,50/100,1268,Y es:
Else, 1278, Yes;
1268 ASSIGN: Not Repeat.NumberOut True=Not Repeat.NumberOut True + LNEXT(7$);
127% ASSIGN: Not Repeat.NumberQut False=Not Repeat.NumberOut False + 1:NEXT/(9$);
Model statements for module: Record 2
7$ COUNT: Record 2,1 :NEXT(89);
Model statements for module: Dispose 1
8% ASSIGN: Customer Leaves System.NumberOuUCustomer Leaves System.NumberOut +
L
1288 DISPOSE:  Yes;
Model statements for module: Assign 2
9% ASSIGN:  Entity.Sequence=2:
Entity.JobStep=2:
Picture=Picture. Woman:NEXT(1 );
Model statements for module: Record 1
6% COUNT: Record 1,1:NEXT(89);
Model statements for module: Record 3
118 TALLY: Record,BET,1:NEXT(12$);
Model statements for module: Dispose 2
128 ASSIGN: Leave.NumberOut=Leave.NumberOut + 1;
1298 DISPOSE:  Yes;
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