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Steady State Simulation
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Decide$ e 3§ B~ 4 sends i p %
Decide ? B

Diecide to Ancept Order
It

Expression -

~ [ 2way by Condiion ~

Tipe ‘

Expression Builder

Walue:

o BEHIEE I APFERFLAD
TTH LR D6k o
o NQiZ p2ddfc> 72 31 b

W

NO[Praduction Pracess. Queus6 |

Evpression Type:

Queue Name:
= Basic Process Varizbles « | Production Process Queue -
(- Attribute B
Enlity
(= Pracess E
[ Queue

——p- Current Number In Duelie m
L. Average Mumber In Queve
o fiverage Wait Time
L. Average Wait Cost
- Vialue of Queued Enity Attribute
- Sum of Queued Enity Atiibutes ™

R S

Curtent Expressior:

fansl[ar] [10] [e]

NGFroduction Frocess. Oueue) < B p:

NQ(Production Process.Queue) < 6

ok | [ Concel | [ Hep |
4
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S (1)
Assign P %
Name Type
Assign Order Infarmation -
Assignments: Logie
Aribute. order size, unif2,12, ad Action Frierty
(Atribute, due date, o [ssize Delay Relsass -] Medum) -
<End of list> [ P
Assignments pa— Resnuu:e Production Line. 1
Type Atribute Name m
New Value (it
nowarder sizestia(12.36.46) Delay Type Ui Alocation
:CEHEE [Expression ~| [Hous ~ | [Velue Added ~
Expression
—F> ordersize -
. .= i [¥ Report Statistics
order size: 3T ¥ X /| &3t @
J H‘J;— [ o [ camce |[ rep ]

R ~3 5H32312

L

due date:

Y PEREEE G tnow+ AT B Y +tria(12,36,48) ] BF 0l 5 4 T

tnow 3 1i-$% % PF ehpF ¥ 8k (variable)
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o %3 QueueF #Hiie > Typet§ g3k 5 FirstIn First Out > &
AR EIE DR LEER

e :Z i Lowest Attribute Value » # Attribute Name 54§ 35 # /&
M due date » P % EDD ;% P] » i # order size » P = SPT;% P -

E Queue - Basic Frocess
— ‘ Name ‘TYF’E Attribute Name ‘ Shared | Report Statistics
due date|

Queue Resource 1 ‘ Production Process Queue Lowest Attribute Value zr 1
Double-cick here o add a new row. T 7
@ E Ent\ty.Createl'E ‘
Entity.Currer—
Variable  Schedule Entity.HoldC
Entity_JobSt:

Entity NVAC ™
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Decide { ¥ ih]

Name Type

Decide On Time Deliven] ~ |2-way by Condition

It

Expression B

ecide On Time
Delivery

e
ﬁ%:om On Time —« Dispose 2

Value
thow <= due date

Record Tardy
Jobs

.\ Dispose 3

ok |[ cancel || Help

tnow % #5-4% ¥ 45 (variable) > due date 3 i %37 ¥ shattribute
o i&iB{EIE 1 | & T Record - 2Record On Time (Type: Count) >
# ¥ Record Tardy Jobs -
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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

LEEEER? Bt 5NQ<8?
2. AR EFIFO# 5 SPTF £ 2 2 9 A .2

Caution: What are needed to complete the experiment?
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? X
Entity Type
Bl .
Time Between Arivals
Type Valug Uniits
Constant ~ Hours v
Entiies per Arival M Arivals: Firet Creation:
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o HVIEMIKFITEER  RIR
o HMERRERFERMFERRE  MAZTEHHE

io PEAR

AINT:ERZ

B4 ER

Systems Simulation

Chapter 5 — Manufacturing Simulation

Slide 8




ez

Resource

i

Schedule

x|

Picture

|

Resource

=

Schedule

Wait: %4 &7
‘g— /

Ignore: ¥

Preempt:

Wik

Schedulefi- ¥ (capacity)

Schedule - Basic Process.

Name |Type Time Units
1)y [EREER Capacity  Hours
Double-click here to add a new row,
Durations n

Value| Duration
1 12
2 1 12

Double-click here to add a nev

Scale Factor | File Name | Durations |
0 [2mows |

FRiesource - Basic Process

[Name  |Type ——|Schedule Name | Schedule Rule|Busy / Hour
1 b |EER (Basedon Schedule ) ERRIFR ignore {00
Double-click here to add a new row. \Wait

\m)ve
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P ERAAARANESIBE L X R 2R E - .
AR LIBRE - R AT A R A B
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Decide: i 5 % i

production process
tnow + SAQUE( N 4R .Queue,NSYM(3] B2 K/)\))/1.5 <= 5] B

- *2 % EL
F:7H R E

due date
5 X HA

order size

Expression Builder

Expression Type:

Queue Name:
5-Basic Process Variables ~| | FEEE Oueue
- Attibute
S Aftibute Name:
MName: 2. Queus TR
ST ~ Current Number In Queue
7 Average Number In Queue
Average Wait Time
Expression - Average Wait Cost
Value of Gueued Eniity Atribute
alue: Sum of Queued Enfity Atributes
tnow + SAQUE(TFE&E. Queue NSYMETE R\ & <= 3TETE] Entity Nurnber Of Queued Entity 82
A ] =T |5 <= [>=] land][or

SAQUEIZI%(';‘F’
1B 32 Y S8 B M N 48 22K

Current Expresslun

[s]S Can

HrEAMA
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Example 5-1 ext v15

Y
( Record Reject

N
L

e Scheduled Utilization
P SREERTEE

RIERR

P V4 I
= |Record OnTime p—f{ sk
\ .
\ 0

Record Tardy
Jobs

/
/

I wEmE
LY

|[Resource

Usage

Instantaneous Utilization

Minimum

Maximum Minimum Maximum

Average Half Width Average Average Value Value
EEE 09322 007 08814 09732 0.00 1.0000
e Instantaneous -
. . B s Number Busy Minimum Maximum Minimum Maximum
= = Average Half Width Al A Val Vall
UtilizationE=T HHM L B e
PRI EARIIF e i
Average Half Width Average Average Value Value
EEF 1.5000 0.00 1.5000 1.5000 1.0000 2.0000
Scheduled Utilization Average Half Width V\;;\mmum M:x\mum
verage verage
EEE 10191 0.01 09753 10525
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5.2 Example 5-2 § # 2 & & I
NS . . o . r [ 44 .
KA REE PSS LRI - shf i e r §- 2o
3 KA L 22 ’= 4 AR 7 PR #A N
AFHE Y- w2 ES g AR BNE - 2
7 N2oas LA
A FIENF 2o
L iE
TN R 2 T 2 A ~ N ¢ - > P =
R AR ER R AL VERENG
IV E A R A

$ 2 PR e 1 RS 0 A A SR RIS
BB ied T4 v de 18R 2INEAT o
PR I % - b Ea E A A
fe S pE Je 2 pE S e TN

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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glwamei] |

Input Output

giwanes] | 0 [ [awer)
ol o=

® |

Kanban 1 u u

Input Output Input Output

ofmenet] | [ glweaned]

2 —|
Supply E
Nl = =
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
B Release Kanban W Release Kanban
—d | Seize Kanban 2 1 J Process 2 )
0
S ———
0
Batching Process 3 Separate Batch End of Process
orgnal
0
0 0 (0 Bopiate
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3= 8
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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FTH Assignii- e | FE

A%

.
T2

r

Process
[PPSR
AFABHITEREET
- 7 MName: Type
r ~ Process 1 ~ |Standard
Assign M
Logic
it B
ame Action Priority.
A B Inf ti
Fen s rbnmanan M Seize Deloy Release ~| Medium(2)

Assignments

Fesources

Aftribute” Process 1 Timg, unif(1.5, 2.5)
AftributeNProcess 2 Time, gammi(2.1)
Adtribute, Bat 2ss Time, LOGMN(4. 21+6

adds Fesource, Station 1.1

<End of list>

Add
Edit

Delete

%1 £ e e9Process 1 Time/§ |+ »
¢ Process 1#- 2.7 fJd2

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

Fieport Statistics

* A&

[ o

| [ concal

i

L
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Batch¥? Separatefi- .37 #13+ £ i 42

Batch#i- 2 erTypei% 38 2 Temporary » i o

vl ;‘ & [
F 18 eh

Separate i f2§c# £ » 14k & B entity ek 42

Lﬁ Separate

(-5 e |

MName:

Rule:

LBy Atibute”

Representative Entity Type

v1 Entity Type

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

[ Last

Aftribute Name

Separate Batch

Member Attributes

Type

V—.[»Sphl Existing Batch

zl

[Relam Qriginal Entity Values

zl

x|

Cancel

)l

| [ cancal ||

Help
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Example 5-2 v15

At >—- ALEER |

EE—IER ®—4 P EEonER FRE IR
Bz \ BAEEHN 0
e
| S ! |
e I N e =" | o
. 0
(st RS IEER R HouEEE "{Mii&ﬁi F SEER
0

0 0 0
Resource 7 #4 #i-/e : #Kanban 1% £ £ Kanban 278 & ‘}‘;rz 520

Run > Setup: Replication Lengthk % 24 hours °

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

e Steady state simulations,% %o 838 FiF (Fenq| g o L K T

SR EER s X BH L & U 7 (infinite horizon) s H#E ) #& -

7

e Steady state simulation p i ¥ ¥ 3% £ P F (7T T 5y
L Gldod AMhE ) PFEA DK .

e QLT EZEFES AN RAEPEFF?
e Q2:Empty &idlesdedp e f6 2.5 2 ¥ A& 2 27 ¢ BB ?
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R R R RS

5-2’% % sh

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

2-1H =L 2R 7% 2iepr @ 4 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
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o o . V4 g
Initial Bias B 53 % %

A i £ enAg 4 B_F) 5 HoERACE pF o SRR L IE P entity
e BEF o B 5 empty and idleshdz ek 5 0 i g @ S
TR PR A AN T 08 R i o

AR R A S IR ok AR § S Tl i £ g o

Bg el sAche B ¢ WG R Al G g R THE G
BBk ERS -

By

1000

Terminating simulation o
» ¥ i A& 2 initial bias 7001

600
500
400+
300+

s NN

T T T T 1
10 20 30 40 50 60 70 80 90 100
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¥ sk SR 8 g PR e g L

g UEBEE o R S unif(1.0,2.4)
7 et ’ N
6 X /\\‘k’\—&;ﬁ ——repl
5 = - —m—rep2
4 rep3
6 .
3 T H]
5 14
1 12
0 10 - —o—repl
8 50 300 —m—rep2
8
rep3
6 - / - rep4
4 ~s-rep5
) StE R A unif(1.2, 2.5)
0 .
8 50 300 1000  frfsEig T
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1% jB) ¥ 3= 15 Initial Biase i 3¢

Welch’s Plot

o F % X" L Zinitial biase iR F R £ B

o BT edinfzE & 325}7%":5‘.1?‘5 fif g it

o BT 5 repllcatlons S BB Ry %

o KX JETRY K X ¥Finitial blasm ;58 pE Y £ B (warm up period)
o I “fiHT % ¥ F warm up period sy

Alternative

L (Y P

o {7 {*& #replication > # ¥ & “i# i2” initial bias
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EntitiesWIP(Product B)

Collection Period | Report Label | Output File
WIP L\simBook'WIP dat -

Diiible-cli

2. Output Analyzer
el =R A S N
g 2 ek R &

Q

5.3

Caution: 1 %t B& 1S

l.jig?l NI ek

&) Output Analyzer - Outputl.dgr

[File View Graph Analyze Window Help

(DM |55l b L 32|

Systems Simulation

Data File

Data File:

Chapter 5 — Manufacturing Simulation

WIP.dat

owse
Replications:

o —H

o

Lumped

Slide 25

11 Welch’s Plots 18 |42 40t £

24 p# p

1

Time  (X109)

s it
|
1

Systems Simulation

Chapter 5 — Manufacturing Simulation

Slide 26




5.4 Steady State Simulation#§ S K T_

(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

38.7033 3.64 42.8737 3.66

)

2)
EE(3) | 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 % &

e ARENAZ * 7 % 320 #icdy 1 B 43+ & Batch Means
e Batch Means#icP 7207 402 B » 3+ 4% % 4%4F
o drdk iy Ko R % X § ¢ o “Insufficient”

o FPEFEITREE S W ims T i MM “Correlated” » £ it
PR GIIFETIOER ST 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 E E VARG S HE T Yes

BlAed A E &

Ne i¥ 4% terminating
simulation (1)

7 if & terminating simulation >

A % {§ jplinitial bias

warm up period £_% 4p e ?  Yes

&4 >t replication length=710%
No

i¥ #% truncated
i¥ % Batch Means (4) replications (2)
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5.5 Variables and Expressions

'{F/l"y;i SLenEAliE AR p FiT o BT EL AER
SPAIEREE > AR EFFEFS - g .

+E 1 y T

* - >
v f B SE PR

L
o

PTE ‘f;s j&-@}ig 3 1;—},;,11/}_:{\ iz 4
?*—ﬁ%#ﬁwvwaT@% sE
S QR 2 iEs

e Basic Processw # siSeparatefi-iecn¥ — * = ¥ AF WAp
shentity » #4577 47 @ 5-(Duplicate) s} v i w ik Az A 2L
A g EAOR ’f 7 & % (Original)ed) © B 43
Process 24 » N4 & 4w A% - 2k o

d

A
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R PR AR

Max Arrivals=1 A S ALY - sh A EgT
Entities per Arrival=num_A 5 - :&ﬂ I pE N
IS B sl
l Delay%s- LN TR i i ;}}d
{6 enif i p Y
BEEH Bk EE_HER Eﬁﬂﬁﬁﬁ?’iﬂ jw
0 ‘ 0 Sewical
Problem: 4F WA & ¢ 7 40 F /12

_ - - I

— e 0 ) f’
— Bk %}K&é‘%:%if TERMEEE oo T PR —-\U\ FERER
. \‘\ 4

0 ] 0 0
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\J
%
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
mb‘ [S— Narns Alocaion

Frepercion - o =

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 Expression Values _— @

‘B2 AR

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>

DE\E‘E
] k’ @‘ ;EJ; ;\: @EJ—&"‘(L _E Z k’ é rr{" ° Delay Type: Units: Allocation:
[Expressian | [Minutes ~| [Velue Added =
Expressinn
Bateh Process Time(Type) -
PReport Statistics
ok [ cance | [ Hep
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Expression# Variable et &
Variable Expression
¥ 7 e P S BEA T
HRE B O
RS PR %%?ﬁPﬁﬁ%ﬁi
Fries € AT E
R FOANHEARY AR T |2 HTLR R
RS
FEd A 1T oo e AR TS | A
B R E
1ag2ew g |v v
# 0l EnE fEkK e T
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Results of Truncated Replications

Name Expression Report Label | Output File

1 output rate  (Qutput  {(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

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

%t 5% % & ot output rate=0.5839 > half-width=0.0 -
20~ replications=4 o1 5 % # = ] = 0.5810~0.5871

Question: & @ w0 f= |2 4 g & I 5 ?
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