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Decidefi- 28 B~ 2 Seend lu N %

Decide ?| B

Name: Type

Decide to Accept Order = | Zway by Condition

It

[ Al
[Espression ) Expression Builder 5

Walue:

Expression Type:

Queue Name:
NOPreduetion Process Gueuz)® - Basic Process Variables ~ | Production Pracess.Dusus -
Attibute M
- Enlity
Process =

= Queue
—— Cunent Number In Queue
- fuverage Number In uzue
L. Bverage Wait Time
o Boverage Wait Cost

= T ‘ T L2 3 - Vialue of Queued Eniity At
o TTHNE I » TIOF IR it |
P56 P RG] =elld bbb ) [w] (=]
N Sl e a2 . Cument Expressior:
[ JIFE-_EE ]l% = . s F} A E NO{Froduction Frocess. Gusue] < & L

B T H % JE S 63

« b

NQ(Production Process.Queue) < 6

ok | [ Concel | [ Hep |

L
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F* 3T H ehAttribute p

ordersize: :TH 7% 2 AR (=X)~ 3593 A 323112/ pF

due date: JE3 < & FﬁF'“ B 4 x+tria(12,36,48) ] pF el 5 & &

= Process M
Assign P X
Narme: Type.
Assign Order Information -
Assignments: L=
Atribute, order size. unif(2 12 add asic ey
Atribute, due date, size+ria(12,36.4 Seize Delay Release: -] Mediumi2) -
<End of list> [—T—
. Resources:
Assignments P Fiesource. Production Line. 1
Type: Attribute Mame: m
NewValus, [ pewe ]
inowarder sizetia(12,36.45) Deley Type Ui P
[_concs [Expression ~ ] [Hous - | [value Added -
Exprassion
> order size -
B?)z ) . Fg‘;']
FM Vs “ [¥IReport Statistics
ok J[ Gancel |[ Help ]
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= Lowest Attribute Value > ’ﬁ_Attrlbute Name et§ i35 3
&, M due date > B % £ 420EDD ;2 P >
Rl & B4R SPT 2 B o

[ J
VH

i« % & order size >

.,\l’a

@ Queue - Basic Process
e
‘ Name ‘Type Attribute Name ‘ Shared | Report Statistics
L Resource 1 ‘ Production Process Queue  |Lowest Attribute Value {LIEGEE gr iV i
Double-click here to add a new row. T
E E Entity. Craatsl ‘
Entity Currer—
Variable  Schedule Entity.HoldC
Entity.JobSt:
Entity.NVAC ™
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Decide @éj
Name Type

Decide On Time Deliven] + |2-wey by Condition

If:

Expression ~

Value
tnow <= clue date

oK. J[ Cancel ][ Help

e tnow i 1% ¥ 48 rwvariable » due date i B % i7 ¥ o
attribute
o &% = BDecidetrieif | # & cFRecordfi-ie o

Systems Simulation Chapter 5 - Manufacturing Simulation Slide 7
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ecide On Time
Delivery

Assign Order \_
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Record Reject fe—n

i
=

e
<Hézcurd On Time Dispose 2
gi ]
Record Tardy Dispose 2
Jobs g
g: ]

e Type: Count

e Record Rejecticéripi65% ™5 Hcp o

e Record On Time¥ Record Tardy Job 4 %] 7545 & < Hp
B FaRTHE P o
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Replication Length=200 days, Number of Replications=20

NQ<6 NQ<8 NQ<8+EDD NQ<8+SPT
4537 H ¥ | 129.9112.8 | 126.4+14.6 | 132.8+13.3 116.3t12.6
M pEiT H e |423.9+16.3 | 250.3£29.5 | 235.2423.2 580.917.6
uE FE3TH ¥ | 238.7416.1 | 422.6127.2 | 436.3+23.2 102.6£3.5

1.3EH 2 2 B2y 2 NQ<8?
2. B AP FIFO¢ 5 SPTV £ 2 2 ¥ 4 .

Caution: What are needed to complete the experiment?
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. | Create ? X
- Neme: Entity Type
BEZitc — <] o= »
- 0 | TimeBewesn Arivals
Type Value Units
Constant v Hours v
Eniiies per Arival Max Arrivals First Creation:
[AINTMORM(E15) | [infinits
Cancel Help AI NTHQ%%&
o AVIEMRFITEER RMRBE—LER
o HMERRERFERIFERRE - MAGFIERH
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|

Name Type Time Units Scale Factor |File Name | Durations
Resource

1)y |ERER Capacity  Hours 10

Double-ciick here to add a new row.

12 rows| |

Schedule #i- 3 (capacity)

E Durations

Schedule Value|Duration

1 12
=

2 1 12
Picture

Double-click here to add a new row.

|

Resource

Type —— [Schedule Name | Schedule Rule|Busy / Hour
IS ‘égﬁi (Eased on Schedu\e) ERIEE Ignore w00

Double-click here to add a new row. \Wait

@ Ignore

Schedule

Ignore: IRB 15T FIT -

Wait: IRB T E5em & Tt - & LM

#ER5 L3

Preempt: 1B T3 - LW EBEZEMRIRALE
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Decide: ik 35 & i 37 H 1}

Expression Builder

Expression Type:

CGueue Name

£ Basic Process Varishles

| fi-Aftibute

i i Eniity

— Frocess

2 Queue

2EEN - Cunent Number In Queue
Average Number In Queue

i Average Wait Time

T — @ Average Wait Cost

Value of Queued Entity Atrbute

Sum of Queued Entity Attributes
tnow + SAQUE(TFER&E Queus NSV (STEA))1.5 <= STHHR Entity Mumber Of Queued Entity

Decide

Walue:

~ TégkE Queue

Adtribute Narme:
TR

== =

| Current Expression
oK. Ca

SAQUER E1:#% Z % & N
12 32 RO SR Ml B ME N A8 HEZR
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Example 5-1 new

Y
( Record Reject

N
L

e Scheduled Utilization
P SREERTEE
TRE AR

| Record On Time

Record Tardy
Jobs

/
/

I wEmE
LY

|[Resource

Usage

Instantaneous Utilization

Minimum

Maximum Minimum Maximum

Average Half Width Average Average Value Value
EEE 09322 0.01 08314 09732 0.00 1.0000
e Instantaneous
Ut.l. t. = A_._I_/é— E IjE Number Busy Average Half Width V\;;\mmum M:x\mum M\m\r/m‘lm Max\\/m‘um
= verage verage alue alue
. I___Iza |OnZE; ki EEE 15286 0.01 14630 15787 0.00 2.0000
%2 NI /=
'/ii & BE TE )Eﬁ -+ E/\] :F il_] Number Scheduled Minimum Maximum Minimum Maximum
Average Half Width Average Average Value Value
EEF 1.5000 0.00 1.5000 1.5000 1.0000 2.0000
Scheduled Utilization Minimum Maximum
Average Half Width Average Average
EEE 10191 0.01 09753 10525
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2

E S
8 e

Product A | unif(2,5)

1.6

norm(1.9,0.4)

6

tria(2,4, 6)+6

Product B

expo(2)+3

unif(1.5, 2.5)

gamm(2,1)

6

LOGN(4, 2)+6
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Input Output Input Output
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Supply @
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Input Output Input Output
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R AR

o & A f8A K fentities: Product A, Product B
o iékA S-4p M F i chattributes
o 2 = x{¥% ® = firesources: Station 1, ..., Station 3

o F ¥ ¥ - f8i 7% -~ Lresources: Kanban 1, Kanban 2

o X4 #& 53]:E ihCreatedi e
e 1Seizef ke 27 Releasetr e kB~ {8 &2 8 1) —g =
o N4 & :hiT ¥ dProcessit i

o it * BatchiiCe B ff b 473 & &1 i A4+ £ 401 » £ o Separate
Bl fRdg e A % 0 1R B B]entity in 42
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Product A Amval}

44

Y ot
n Wbyt

-

AR R

|
|
Seize Kanban 1 Process 1
Product B Amva)-i A 0
0
Release Kanban W Release Kanban
—d | Seize Kanban 2 1 J Process 2 )
0
e
0
Batching Process 3 Separate Batch End of Process
orgnal
0
0 0 (0 Bopiate
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11 Seize BB gL F F ik A

Seize

MName
Seize Kanban 1

Allocation:
Resources:

fé g2 )lfé‘}fg,
e Seize Kanban 1 = Process 1 = Seize Kanban 2 =

Release Kanban 1 = Process 2 = Release Kanban 2

Resource, Kanban 1.1,
nd of list>

I

Queue Type!

Pricirity:
- e

Systems Simulation

Queue Mame

[

-

(8]

] |

Cancel

De\ete

J{

Help
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Assignfi- e 3

A A BT EER T

Assign

Marme:

Agzign B Information

4

Assignments

Aftribute” Process 1 Timg, unif(1.5, 2.5)
AftributeNProcess 2 Time, gammi(2.1)

Adtribute, Bat 2ss Time, LOGMN(4. 21+6

Add...

EEEEENS

P

-
Process
MName: Type
Process 1 ~ |Standard
Logic
Action Priority.
Seize Deloy Release ~| Medium(2)

Fesources

Fesource, Station 1.1

<End of list>

Edit

% i % I hProcess 1 Time 1+ »
¢ Process 1#C2 ¥ EJ2 % F A &

Delete
Delay Type: Units: Allocation
[ oK ] I Cancel ] I Halp ] [Expreasmn VI [Mmulea VI [Va\ueAdded
Bpssim  F ¢ 3 entity 14 o8 5 5\

L

Fieport Statistics

Lo I )

Cancesl
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Batch¥? Separatefi- .37 #13+ £ i 42

Batchti- 2 eriTypeik 7 & Temporary o
Pp

Separatefr e f2fz 4 £

) gm
2 i entltymy,,z ﬁi

Lﬁ Separate

(-5 e |

-
Batch
MNarme: Type:
Batching -~ Temparary
Batch Size: Save Criterian:

[ Last

Rule: Aftribute Name

LBy Atribute” = Enliy Type

Representative Entity Type

x|

)l

Cancel

MName:
Separate Batch

Member Attributes

Type

V—.[»Sphl Existing Batch V]

[Relam Qriginal Entity Values V]

[ ok [ caneel || Heln
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Example 5-2 v15
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Example 5-2c## & %

Resource 41 - @ #-Kanban 1¢#c & £ Kanban 29
i T‘;K L 520

Run > Setup: Replication Length % 24 hours °

Average Total Time

Average Number in Queue
Product A |Product B| Seize Kanban Batching
1.Queue Queue
34.0483 | 38.5183 3.6672 5.0133
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5.3 Steady State Simulation

e Steady state simulation#1 s ¥t 8 if F & (7 enf| i 0 )

=
(A~

BREE S~ S & 'Y I (infinite horizon) dickR 4] & -

e Steady state simulation P =@ § § 3% & i (7T 0T

se s blhed A A [ PEA D o

e QLT EZEHI S A A M N A EBF TS

o Q2 Empty &idlesris 4ot 5 2.3 5 ¥ i 2 LF § 5B

54
%
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5—2'?7 Ik kL

Replication Length

Average Total Time

Product A |Product B

8 hours 30.7217 | 35.4434
24 hours 34.0483 | 38.5183
100 hours 40.0244 | 43.6376
300 hours 39.8805 | 43.9851

2-18 3 4R (7% wiapm 5 unif(1.0, 2.4)

Replication Average Wait
Length Time
8 hours 2.9495
50 hours 6.1880
300 hours 5.2912
1000 hours 5.0589

Systems Simulation
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Initial Bias* 38 3% % %

3&3‘!‘ A A 2 B F L RRER R > AR L B entlty
e EFV 0 24l empty and idlesbAz ek B 0
# €A TR FEE AP T OHP K o

R IR ) A Tl L R P -

B ERDR A R A 2
}il?t 2\ %’J\Zg"ﬁlr5°

Terminating simulation+~ ¥ s. A& # initial bias
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H2R2gpladedhi

9
g RN S PER 5 unif(1.0, 2.4)
7
6 ——repl
5 —#—rep2
4 rep3
16
3 PSRRI
2
1 12
0 10 —o—repl
8 50 300 —a—rep2
8
rep3
6 / =% rep4
4 -se-rep5
, SHE R 5 unif(1.2, 2.5)
0 T
8 50 300 1000 fEHEHERERE
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Ve

e

Initial Bias=%2 fgﬁ

Welch'’s Plot

o EH/P Y OHRFFLR

o if BT 4k ALE & ol o
o T 4fiE {7  =treplications

o R BBLRHS P

o JEJFRE &k X ¥initial biase B RERF £ B
Alternative

-é; e W

e 3 {7 i & greplication > # ¥ it

i i2” initial bias % %
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Name Callection Period

Report Label | Output File

WP

Entire Replication L:\simBook\WIP.dat  :

WIP Time-Persistent \ Entities\WIP(]
es\WIP

DisiiblE:E

EFE TS A R

Caution: ﬁﬁq: R

@] x ]

& Output Analyzer - Outputl.dgr
File View Graph Analyze Window Help
DS M [0l - 2 |
[ outputi.dar [ [@][=]
2
% Output Analyzer || ou e
ey o Lb .
ZATHEFEE I
EERGLT
1 by
] ]ﬁ%} ek 304 %
Data Files
Title: Data File
X-Axis Label Time:
DataFile: WP dat
‘Y-duis Label N
5.1 Display Time from:
Lumped
PlotValues from:

Systems Simulation
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=

Cancel

Slide 28




11 Welch’s Plots ig |42 4. 1 &

¥

24| pEp s it

1

Time  (X109)
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Systems Simulation

5.4 Steady State Simulation 7§ Zk K 2

(1) 20 replications, replication length=240 hours, no warm up

(2) 20 replications, replication length=240 hours, warm up=12 hours
(3) 1 replication, replication length=4800 hours, no warm up

(4) 1 replication, replication length=4800 hours, warm up=12 hours

|

Run Setup
Run Speed | Run Control | Reports | Project Parameters ‘
Replication Parameters ‘ Array Sizes | Arena Visual Designer ‘
74>Number of Replications: Initialize Between Replications
10 Statistics System
Start Date and Time:
ko132 sH 38 £5F 09:26:30 [
Warm-up Period: Time Units:
T 12 lHours ']
Replication Length: Time Units:
200 [HOLHS ']

Systems Simulation Chapter 5 -

Manufacturing Simulation
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TR RK TS

(1) 20 replications, replication length=240 hours, no warm up

(2) 20 replications, replication length=240 hours, warm up=12 hours
(3) 1 replication, replication length=4800 hours, no warm up

(4) 1 replication, replication length=4800 hours, warm up=12 hours

Product A Total Time | Product B Total Time
Average | Half-width | Average | Half-width
) 38.4370 3.45 42.6248 3.47

2) 38.7033 3.64 42.8737 3.66
ELHE) 39.3940 2.35 43.5811 2.62
4) 39.4180 2.23 43.6032 2.76

% (3)(4) ¢ 3 half-width ?
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Batch Means Estimation

s AA s ]

Ex;n RIBREEOZGFFER > x,,,... > warmupts i3 #L

X1y vees Xy Xppi 1> Xppids cvvevennnnenennnnnnn s Xpik1s Xnik

#tiTidentically distributed

xn+1’--.’xn+b’ xn+b+1’.--,xn+2b, ------ ) xn+(m_1)b+l,.--’xn+mb
%, Xy e , %,
#Ebig L » 4P enT 3a0E (batch means) ¥ £ 7 ip
o Ve
EoTr kAT EHRR
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Batch Means ¥ ¥ % #f % &

ARENAZ > % & 3201 #icdhy 1 B >3 & Batch Means
Batch Means#ic P 22031 402 & » $+ & 4% < A% 4F
hod Bodp 2 X B % ohd F € A r “Insufficient”

o FPEFEITREE S W ims T i MM “Correlated” » £ it
POBRAGLSPETIFET SAPT B
lTotal Time | Minimum Maximum
Average Half Width Value Value
Product A 34.0483  (Correlated) 13.0939 72.5903
Product B 38.5183  (Insufficient) 11.4479 78.7606
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Batch Means vs. Truncated Replications

SRR R T AR S A HIF T ? Yes

blhed A S & K

<

7 if & terminating simulation >
A % {§ jplinitial bias

H

warm up period¥_% 4p $t# i@ 9 Yes

|

i£ #% terminating
simulation (1)

&4 >t replication length=710%

o

i£ # Batch Means (4)

l

i£ # truncated
replications (2)

Systems Simulation
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5.5 Example 5-5

o G G AenEHEARIY EIT > BARVFELAER
SPHRFEREE  PRREPFTEFS - gl .

o Tt R I MAHRE P AERALKEid F- Ak R
3 & - :é.;{s\-;in FALT /‘%Fg # WA f R B PR
R

e Basic Processw # siSeparatefi-iecn¥ — * = ¥ AF WAp

centity » #4557 48 8 5 (Duplicate) s} T i v irf2 4 2L
s R A A h B % 7 & % (Original)ed) © B 43
Process 24 » N4 & 4w A% - 2k o
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j‘@" \A#‘)"#IJ& ‘-—m/”l. E ES
Ma>.( Arrlvalszl. A - sha A
Entities per Arrival=num_A F PR - ﬁ P
¥ € i A ﬁ E-;}')&‘}’-
l Delay e i 4 i v i i
\ 4 Pkt el i pE R
AR AEEI
J:
\ BEHR Bk FEEIEER Liﬂﬁﬁﬁfxﬂ
B & Hl B#EAI2 0 0 S
J:
e — e [ —
—_———— —— f ,fa’:
— Bk | HEISER TERMEEE oo Ty&giggﬁﬁ —-\U\ EETER
. \‘\\
0 ] 0 0
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%
b

Expressions & #7K Z_%

Name Columns | Data Type | File Name | Expression Values
1 b |Preparation Time 2 Native |2 rows | — %y oo
z Brocess 1 Time 3 fitie 2 rows 1 uni(e.), Loy
3 Brocess 2 Time 3 Native 2 rows 2 |epol2y+3
T Batch Process Time 2 Native 3 rows | |

Double-click here to add a new row.

Expression Preparation Time (Type)

e R S i 1

Name:

Agsign A Information -

P — Delay [EE=>>
Attribute, Type, 1
i — ] Narns Alocaion

Frepercion - o =

A
reparaion Time(Type) v [Minutes -

o) [ o | [_rep ] [ ok J[ cace |[ ren |
Delay#+ 21235 Type B id » 11 7 8 5
b EIEH A& e
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1-Dim Variablesik 2.3 #8% 4 g §

| nitial values

Name Rows | Columns | Data Type | Clear Option | File Name | nitial Values | Re
1 num A Real System
Y v Tous |- |5 T _ L‘a‘% ﬁ;’:
2 num B Real System Tows |1 |7 5
TV |baich sizs 2 Real System rows] ]
Double-click here to add a new row.

Name Type: I

Batching ~ [Temporary -

Save Criterion:

Batch# i 1245 Type s » || (oetoe) e

Fule: Adtribute Name:

RARASTHETR o (7T R— T .

Representative Entity Type

ok |[ cecel |[ Hep
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1-Dim Expressionk T_% [ i

I Express

‘B2 AR

ionValues @

Process#c 21345 Type i1 >

Name Columns | Data Type | File Name | Expression Values
1 Preparation Time 2 Native Zrows
z Brocess 1 Time 3 fiative 2 tows tria(2.4, 0)batch, size(1) l‘_;:f*uL 2 L ,J
3 Process 2 Time i Native 2 rows LOGN(4, 2)+batch_size(2) =
4 b Batch Process Time 2 Native 2 rows
Double-gick here 1o add a new row. T [
Name. Type
Logic
Action Priority:
Seize Delay Release | Medium(@ -

Pesources:

Pesource, Station 3, 1
<End of list>

[ Dees |
ARERS RIS ER AL |
[Brpression =) [maes <) [Veus Adsa =
Expressinn
Batch Process Time(Type) -
ReponSHisics
o) o) e
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Expression# Variable et &
Variable Expression
r % 7 U Sl PR
HRE B O
RS PR %%?ﬁPﬁﬁ%ﬁi
Py £ AT
B E Y FoAREARY RR L | SN AL R
RS
BTy TR AT s | AR
YR
1ap2aw g |+ v
# 01 E5E ik TP EER
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Results of Truncated Replications

Name

Expression Report Label | Output File

output rate  (Output  {(EntitiesOut{Product A) + EntitiesOut{Product B))( {tnow-720)  output rate

Double-click here(ufdd aneow.

Statisticti- e 3% T A g ki
e

PR AMNS

1

Question: 3 @ ét'a"fagséf;njz YRADF?

Number of replications=20, warm up period=12 hours,
replication length=240 hours

H#-#2.% % & o1 output rate=0.5839 > half-width=0.0 >
20=treplicationssh A 1 & % & 4 [F] 5 0.5810~0.5871
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