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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 |
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3R H IE LR

¢z % Lowest Attribute Value >
M due date » B 52 EDD ;£ p]

» 1% #order size » B & SPT;£ p| -

. é » /2 3
% 37 H ehAttribute p
ordersize: :TH 7% 2 AR (=X)~ 3593 A 323112/ pF
due date: jEZ 2 #p Eﬁ B & 3 x+tria(12,36,48) | pF eis 5 & i
= Process M
Assign P X
Name: Type:
ez Production Process -
Assign Order Information -
Assignments: Lege
Atribute, order size. unif(2 12 add asic ey
R Seize Deley Reloase -] Medium(z) .
Edil Resources
Assignments — Resource, Production Line. 1
Type: Aftibute Name
NewValus, [ pewe ]
inoworder sizevtia(12,36.48) eum— e P
[_concs [Expression ~ ] [Hous - | [value Added -
Exprassion
= order size: -
B?’: ﬁ"& Vs. FE%IJ [¥IReport Statistics
ok J[ Gancel |[ Help ]
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e ¥ QueueF #Hicie > Typetf *F 3k & FirstIn First Out » &

# Attribute Name s 35 #

@ 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

Name: Type:

~ | [2:way by Condition =

Decide On Time Deliven]

If:

ecide On Time
Delivery

Expression =

Dispose 2

;ﬁmm on Time:

Value
tnaw <= cue date

Record Tardy
Jobs. Dispose 3

{
\

[ ok ][ ocancal ][ hHem |

tnow % 3% P & (variable) » due date % % |37 H shattribute

i BB X 2@ 343 % Record fic 2 Record On Time (Type:
Count) » # ¥ _Record Tardy Jobs -

2

1=
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LRBEAES R R R

Replication Length=200 days, Number of Replications=20

NQ<6 NQ<8 NQ<8+EDD NQ<8+SPT
JE% 37 H #c | 129.9412.8 | 126.4+14.6 | 132.8+13.3 116.3+12.6
B pE3T H #c | 423.9416.3 | 250.31£29.5 | 235.2423.2 580.9£7.6
1287 H e | 238.7+16.1 | 422.64£27.2 | 436.3+23.2 102.6£3.5
1LBEEERD BTt 5 NQ<8?
2. B R FIFO#x 2 SPTF & 2 < ¥ £ 3R

Caution: What are needed to complete the experiment?
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HETE }—

|27 A&

A ESm4/NREL - BIEAE

, A}

Create 7 X
Name Entity Typs

e | = ~
Time Between Arrivals

Type Value Units:

Entities per Arival Max Arrivals: First Creation:
[AINTNGRM(E15)) | [Ininits | oo

nvb\ 'ﬂf $ H__r FEﬁ

ﬁﬁx

A iy AR

AINT:EVZ

EJ— 4R
=R =]
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|

Schedule i 3. (capacity)

Resource Name Type Time Units Scale Factor | File Name | Durations
ERiE Capacity  Hours 10 Zows|
Double-giick here to add a new row.
E Durations n
Schedule Value| Duration
1
2 1 12
E Double-click here to add a new row
Picture

|

Resource

3

lgnore 0.0

Type —r
» ‘ég%ﬁ sted on S:hedu\e) ERITE

Schedule Name | Schedule Rule [Busy / Hour

=

Schedule

Wait: 45 & (7 »
Ignore: 4 & {7

Double-click here to add a new row.

Wait
Ignore

Preempf

I EXE RS
S EREES ¥

S LIBHE >
FL1BH >

R a2 w2BH = o
v lp X gL w)RBH > oo

Preempt: = i1 » A 5 1B HE = [ B Agt Az i 8 -
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A&

Decide: i% JP? F

3 H

production process order size due date
== T oo Ao
tnow + SAQUE( MRZEE.Queue, NSYM(F] BEK/N))/1.5 <= 5] BEEZZHA
Expression Builder
Expression Type: P—
-Basic Process Variables ~| [T cuee
Decide | Attribute
E:‘SE’EEE Aftribute Narme:
Name: L s P
REEE v Current Number In Queus
p ‘Average Number In Qusue
Average Wait Time
Expression v Average Wait Cost
Walue of Queued Entity Attribute
Yl Sum of Queued Entity Atributes
thow + SAQUE(FEEE Queue NSYMETERAV)1.5 < TETE Entity Mumnber Of Queued Entity A
A== IR E and | or
oK Ca
S A
SAQUER B S =& APRA
g =
(EEC NS ElEg e IIEETERN
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Example 5-1 ext v15
HEHE "—‘U TEE I—v
V¢ V 4 /
Record Reject TRecovd onTime p—=  mmg
L
/\7 /”‘
H Rec(z'[)dblardy ’\’ o
e Scheduled Utilization [Resource |
\ y N | i
P SAREERGEE veage
;}E 1§ FH $ Instantaneous Utilization Average Half Width V\ch::grg M:\):;r;ugrg M\m\r/r:g Max\\/rgtrg
EEE 09322 007 08814 09732 0.00 1.0000
e Instantaneous -
. . = s Number Busy Minimum Maximum Minimum Maximum
=R Average Half Width Average Average Value Value
L;tl_l_lzatlon/_”E_;-l—# E }jf EEE 15286 0.01 14630 15787 0.00 2.0000
%L Y A =
PIRPEARIIFY e coroni
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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B RE A o FABE S - hfin o s ¥
ASMBEF - H 0 SFREE - AR B E - 2
FELE B
PG R ASES DRI AIEZE T ERE NG
B LS = e
FZrhgEBp R o1 i PR A B R R AT - 2
WEEAREFAL o e S 2B AT o

POoFL R I ¥ -z E L 5z
AR | AR | HE | PFEAOER
Product A | unif(2,5) 1.6 norm(1.9,04) 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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Output

i

Input

'{FT P F ] okl on B g AR
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elecnet] |
= ﬂ Demand
Kanban 2 u 2
Input Output
gvaeine] | 1
—
S e i
Kanban 1 u u &
Input Output Input Output
— S
Afwanet] |
_ O —p
Supply &
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% AP iR ’f#-

o %A {4 53 fentities: Product A, Product B
o i4kxA S4p M F I chattributes
o 2 = s E = flresources: Station 1, ..., Station 3

o F¥ 4 - 8 % >+ Lresources: Kanban 1, Kanban 2

o M & & 5.7if enCreatefic e
o 1USeizetir® & Releasefire kP~ (T2 1) 4 45
o N4 % :Li¥¥ hProcessie

o & *Batchfire A ff R A K1 F# &4 1 » L d Separate
Bl f2 4 A 5 AR B B]entity s A2
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“m|

Product A ArnvaI)»;
0
Seize Kanban 1 Process 1
Product B Arrva}»i A 0
|
0

iw%

Release Kanban

Release Kanban
—a Seize Kanban 2 1 Process 2

0

e e —

0
W Process 3 Separate Batch ]—< End of Process
Orgoa
. : !

0 0 0 Supreate
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Y Selze’h.—.\,_:j‘f"’ﬁi] RN WE B

e Seize Kanban 1 = Process 1 = Seize Kanban 2 2

Release Kanban 1 = Process 2 = Release Kanban 2

r 5
Seize [
MName Allocation Priarity:

- s .

Seize Kanban 1

Resources:

Reauurce Kanban 1. 1.

De\ele
Queue Type: Queus Name
[ ok ][ camal |[ He
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F73 Assignir e

-
Process
RN
ASABRITERR 7
MName: Type
- ~ Process 1 ~ | Standard
Assign L2 [
Logic
Name 2 .
Action Priority.
Assign B Information -
|Seize Delay Felease | Medium(z]

Aszsignments
Resources:

Resnurce Station 1,1

Attribute/ Process 1 Time, unif(1 5, 2.5 Add
AttributenProcess 2 Tirpé, gamm(2.1)
Attribute, B& cess Time, LOGN(4, 2)+8

Edit..

Delete
Delay Type Units: Allocation:
[ OK ] l Cance! ] l bizlp ] [Expressmn V| [Mmutes V| [\/a\ueAdded

Egression. ¥ & 7 entity i 14 ou8

B X

¥ 5

%8 £ I ehProcess 1 Time /g |+ >
Repnn Statistics

i Process 1#£27 &2 % b & &

[ o

] l Cancel ] [

S
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Batch¥#? Separateti- 237 #]$+ £ /n 42

Batch i % 1iType:E 38 5 Temporary » i& L 3F {8 4§ 9

Separatefr e f#fz#+ € > 1RAR &

¥ entity e 42

N
' ==
Batch @ Separate )
MName: Type Name: Type
Batching —*[Temparary Separate Batch V—ulSpI\t Existing Batch v]
Batch Size By Crieiem Member Attributes:

E

ule:

[Relam Qriginal Entity Yalues

|

Last

Attribute Name

By Atribye”

_vT Entity. Type

Representative Entity Type

ok |[ cameal |[ H
- [ QK. ] [ Cancel I [ Help
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Example 5-2 v15
AR »—- AEEH —
EE—ER E SEhER HE—IEER
Bk ) ES-5 0
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Example 5-2 0§ .5 %

Resource ? LR

*Z K BT a2
Run > Setup: Replication Lengthik % 24 hours -

#-Kanban 1 # & ¥? Kanban 2

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=,%

RABFF T > LG R
SFRiEE > X BH S & U F (infinite horizon) rﬂ%s_#gg’“] T

Moo Blded A M ehE ] pEA A1 K o

e QL:VEZ R IA I N NALDE

e Q2:Empty &idleshde ok f5 8.3 5 % % 2 2.F € B

w7

e Steady state simulation p i ¥ ¥ 3% £ P F (7T T 5y
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LR R R OR RS S

5- 2 F‘] 'tE‘ i -"‘a
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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Initial Bias B 53 % %

o Azdnibh A A 4 BT A Bkt R pE > AR R 3 i i entity
» FRe £ o of 5 empty and idlesAs gk i 0
¥ gt T8 FpE AN T o8 p i o
o AXE i N E FFE Nk AR E X FlAdR R A PR o
o BEHEAEGAES E PR A EE L g T
B sh kERS -

e Terminating simulation~ #

it A 2 initial bias
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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 27

11 Welch’s Plots 18 |42 40t £

24 p# p

1

Time  (X109)

s it
|
1
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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 ?

Systems Simulation Chapter 5 — Manufacturing Simulation

Slide 29

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”

FOREE R BE 4y 0 fF e ¥ ac IR “Correlated” 0 & s

v

PR PR TOET S AT Y

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 Type

output rate  {Output

Expression Report Label | Output File

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

Double-click here(ufdd aneow.

Statisticti- e 3% T A g ki
TEANE L
Question: & ™ L3 &3 3 g A 15 ?

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

W% % & 1 output rate=0.5839 > half-width=0.0 -
20=treplicationssh A 1 & % & 4 [F] 5 0.5810~0.5871
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5.6 ¥ B AL xR

HEEI005RE]E - FB¥X

Name Type Up Time Up Time Units | Count Down Time  [Down Time Units | Uptime in this State only
1 FHEIfRE Count 295 {Days 100 05 Days ]
2 P |ERHPE  Time EXPO(50) Days DaysTo 2 “Hours i j

P50 R G IR - HEER/\F

Name Type Capacity |Busy / Hour (Idle / Hour [Per Use | StateSet Name | Failures | Report Statistics

1) |$§§§< Fixed Capacity 1 00 0.0 0.0 i {12 rows | ¥
Double-click. - ﬂ

e Rl \n it 3375 TAESEALTE - TG

HE%’WE Peenit 7| preempt: STEN4ES - BRAIRALME

Double-click here t{Wait
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Machine Setup

o MAETREENEMARMUNAETSEERHE
o FEBRELHEXIRIR

e Example 5-6: 55 — ULV S 1EATIBEL IEBEIA - BB EETTAD
BHsetup - MREBHEBE Em - BIFE Hsetup -

o HIFRsetupfFfE1& - product ALE 4 ERFBIE N Htria(0, 2, 4) +
batch_size(1) + product Bt 2 £ ERFBHELALOGN(2, 2) +
batch_size(2) °
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S 5 iR

Variable 5 —IHEERE | a0 EENEmREE (1 or2)

BoutftEEE J

0

REBTRER

Decide

- 0 Fase -
Mame: Type
[emEmme v | [2-way by Conditian

rEmE e BeEE I MNamerd ls

[ariable | [pEnamEn ~] [
Walue:
]
*TEE =
s EEMY
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=2 L 'z ;:“] by 2= AY
g s o AEA| 2 sedk
st 2|
| Name:
| [rmma ~]
Assignments:
Variable, g8y, BiaRe+1 Add...
Variable, =354 B 188y
Edit...
Delete
OK | Cancel | Help |
SetupRl - EFEANRESBRIAVE] EHRE
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Example 5-6 v15

S —
AEHER H—w | SEoER
B f3H ) BRI 0 0 Sl
0
+— —
= PR IEE IR AR Fir TS
0
0 0
sEcuBs FEokR
0
5.6
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