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F* 3T H ehAttribute p

ordersize: :TH 7% 2 AR (=X)~ 3593 A 323112/ pF
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Assign P X
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Replication Length=200 days, Number of Replications=20

NQ<6 NQ<8 | NQ<8+EDD | NQ<8+SPT

{6/ 375 #ic | 129.9£12.8 | 126.4+14.6 | 132.8+13.3 116.3+12.6

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+23.2 102.613.5

1#H E 2R3 B2cs 5NQ<8?
2. B AP K FIFO#c % SPTV 35 2 2 #p & 71

Caution: What are needed to complete the experiment?
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1 GTBIRE Count 298 |Days 1100 05 Days
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| {12 rows [¥
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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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Example 5-2 0§ .5 %

Resource ? LR

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

#-Kanban 1 # & ¥? Kanban 2
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Steady State Simulation
e Steady state simulation=,% 5L 8@ F3iF (Fenq| f 0 2 F K L

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 &idleside 4k fi 8% 5 ¥ &£ 2 £.F € 7
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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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Collection Period | Report Labal | Qutput File A B o) IR K 3
1 WP Time Persistent \Ei P(Product A) + ) Entire Replication : WIP ClsimBookWIP dat | ]-ih] EARER “ FK*%‘J‘;% .dat

Dibiible~clieK ists to add & igw T Caution: E%EP yﬂﬁﬁg

& Output Analyzer - OutputL.dgr =@ x ]

[File View Graph Analyze Window Help |
(DM |55l b L 32|

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

itle:
chods Labsl ime
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~Axis Label ‘alue

Cancel
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Steady State SimulationsHz f& F %K €

(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 Visnal Designer ‘

Initialize Between Replications
Ly Number of Replications: P

10 Statistics System
Start Date and Time:
[Clo13% 58 38 £ 09:26:30 [Ehd
Warm-up Period: Time Units:

T2 [HOLHS ']
Replication Length: Time Units:
200 lHours ']
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r R Rk 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
2801 38.4370 3.45 42.6248 3.47
gE5(2) 38.7033 3.64 42.8737 3.66
E25(3) 39.3940 2.35 43.5811 2.62
gi(4) 39.4180 2.23 43.6032 2.76

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

EXn FIBREDEFERRF > x,,,... 5 warm up{s ehF #L

Xlo weos Xy Xy 1o Xpgs voeevennenneenennnnn s Xyi ko> Xnik

%t iTidentically distributed

xn+1,. . .,xn+b, xn+b+1,. .o ,xn+2b, ...... Iy xn+(m_1)b+1,. . .,xn+mb

X1, .722, X

#E£bsg+ > & T 32 (batch means) 5 £ 3 4pjb
< H R 3E -
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G
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i
=y
N
i
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e ARENAZ * 7 & 3201 #k¥y 1 ¥ >3+ & Batch Means

e Batch Means#cP 72031 402 fF » & 4% % A% 4F

o ok Hicdyp 2 B HEES % L § ¢ A7 “Insufficient”

o FHEIGFITRETI e Vi M “Correlated” 5 £

PRARGREPETEET 2T B2
Total 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

Systems Simulation Chapter 5 — Manufacturing Simulation Slide 30




Batch Means vs. Truncated Replications

G R AR R TR G E (F 9
bldod A RE E &S l
\—l i¥ % terminating
simulation (1)
7 if & terminating simulation »
Pl % 1 jplinitial bias

H

warm up period #_% 1p ¥ ® ?
4] **replication length710% l

H 1% #% truncated
replications (2)
i£ #% Batch Means (4)
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Example 5-5
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e Basic Processw {5 iiSeparatefi-iech ¥y — * 2 EAF WA F
shentity - #4577 4F @ 5-(Duplicate) sy v i w ok 424z 2L
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SO AR 3

Max Arrivals=1 %
Entities per Arrival=num_A o

Delayi-fe it £ 3 4w

AL s i

0
BEHR Bk EE_HER l BAEEEIR k

o
0 S

I — — ]

0
— Bk b— R IEER TERMEEE oo HEEEER —-Z{\ X

0 ] 0 0
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Expressions € 773K T 4L 1% %

Expression Values ' @

Name Columns | Data Type | File Name | Expression Values
1 » | Preparation Time 2 Native 2 rows| _ w2\
2 Process 1 Time 2 Native 2 rows 1 uni(2,5) SELT
3 Process 2 Time 3 fative D s £xpo(2)+3
[ Baich Process Time |2 fative 2 rows | |

Double-click here to add a new row.

Expression Preparation Time (Type) &
TS| 4] hh 4 f R E

Mame:

Assign Alnformation -

I— Delay [
Aftribute, Type. 1
mmb‘ e ] Harns Aicatan

reparation Time(Type) « [Minutes -
[ o

K[ camce |[ Hew |

ok |[ cencel |[  Hew |

Delayt 2 1235 Typefpte » 12 7 o 8 5
LN o
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1-Dim Variablesi®X %3 f&7 F 12 g+ §

Initial Values
Name Rows | Columns | Data Type | Clear Option | File Name | Initial Values | Re|
] num_A Real System Trows | - T _ ‘/H_ %
F num_B Real System e |im 2 A :gt
3 ¥ |batch_size 2 Real System 2rows| |
Double-click here to add a new row.
Name Type
Batch o Sanve Criterion:
- 7 batch_se(Type)
Batch #1245 Type 1+ - -
+ . } YQI) &" rl Rule: Adtribute Name:
> |l
BAFAROFEAIR o | pawen e .
Representative Entity Type:
o J[ cacel |[ Hem
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1-Dim Expression® % e+ £ 4 A PFFRF

Expression Values

Name Columns | Data Type | File Name | Expression Values
1 Preparation Time 2 Native 2 rows
2 Brocess 1Tims 2 Native B tria(2,4, 6)+batch size(1) nifif"" 2 ,J. kS
3 Brocess 3 Time 5 Hiative Frome LOGN(4, 2)+batch_size(2) -
4 ) Batch Process Time 2 Native 2 rows
Double-ciick here to add a new rov. — @‘g
Neme Type
Prces S —
Logic
Action Priority:
[eize Delay Release =] Medium(z) -
Fesources:

Processtr. e 1345 Type 1 > 14
PREE NI E T R AN

Resource, Station 3.1
o)

Delay Type: Units: Allocation

[Expression | [Minues | [value Addea -
Expressian

Betch Process Time(Type) -

Report Statistics

ok | [ cencel | [ Help
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Expression Variable e+t f&

Variable Exmesﬁon
M e Rl e~ A
giEE o N
i gt EHFKE IAE

21
e
EECSUE A S S IS RSO

T v h
gz
B A 1 s LI e T
B &E
1aE28w & ¥ ¥
ol EHE Rk PRt ERR
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Results of Truncated Replications

Name
output rate

Report Label | Output File

1 p éOutput (EntitiesOut{Product A) + EntitiesOut(Product B))(' (tnow-720) ) output rate

Double-click neretoFdd aneow,

Statisticﬁf PR T ABERELS
A4 3

Question: 3 P @ f& ] 7 4 g & 01 5 ?

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

Bt % % B ot output rate=0.5839 > half-width=0.0 -
20=treplicationssh A ) 5 % & # [f] 5 0.5810~0.5871
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# ~v 31 B: Machine Setup

o MAETREENEMARMUNAETSEERHE
o FEBRELHEXIRIR

e Example 5-6: 55 = IHHUHE S EATIBE EBEIA - HIEEETAH
BHsetup - WREEBEEE Em - B/ 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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WS o g E g )

Variable 5 —IHEERE | a0 EENEmREE (1 or2)

BoutftEEE J

0 Decide

REBTRER

- 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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ey RS 7 ;;“] by 2= L4
g s o AEA| 2 sedk
BsignTT 2],
| Name:
| [ ~]
. 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
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