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F1+ A 7]+ B |Interaction
fe =1 -1 -1 +1
fe 2 -1 +1 -1
fe>3 +1 -1 -1
fe 4 +1 +1 +1

Y5 =Y+ (Y, —Y2)

2
AB2 5 (e Yy—-Y)—-(Y,-Y) (h+Y,) (Y2+7Y3)
2 2 2
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A gl il R P P I R
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Example 5-5.doe: 3% ¥R B d 4] S B>t A ) 5 el B E 4

num_A | num_B |Kanban 2
2 2 2
2 2 3
2 3 2
2 3 3
3 2 2
3 2 3
3 3 2
3 3 3

3

Response: % se# 41 & output rate
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PAN: Process Analyzer

Arena: Tools > Process Analyzer
== X

& Process Analyzer - [Projectl] [nsert > Scenario
Tools Run Help
ML

File Edit View\Inse:
DSW|Gm|&

= Scenario Properties
Project Items Displas R
Scenarics S Name Program File ‘ :P
+ Controls Double click here to add a new scenario
Responses
Charts - N
Scenario Properties u
MName:
Scenario 1
Tool Tip Text
Scenario Name
Program File
HisimBookiExample 56 — I
= i scenarjo(treatment)
— PR i -\
Status. Version: 25 LeE ﬁ 7 e ﬂa‘—*
Pragram File OK.
ok || Cancel | [ Hep
< | 1 »
% Project || s=us
NKFUST Simulation Chapter 6 — Experimental Design and Optimization Slide 11

->

R A F

B Process Analyzer - [Project2.pan] =8 X
File Edit View Insert Tools Run Help
Insert > Control ﬂ
ST TR
— Scenario Properties
Project liems Displa
& Scenarios 5 Hame mm_A
G Scenario | Visle| [ S T g R
& Controls =
b mm b Visible|| | [ —
Responses Insert Control @
& Charts
G output 1 Visible Click on the control you want from the candidates below.
Controls Type hodel File Names
L1 User Specified
batch_size Varisble array  Example 5-5.p
nun_A Variable Example 5-5.p
< " ] »
% Projost [ 150es <[ m »
Control Selection I}
Ready Name
nurn_B &
Column Format
Data Typs:
Heading Toal Tip Text
num_B num_B(User Speciied Yeariable in Example 5-5.p)
NKFUST Simulation Chapter 6 — Experimental Design and Optimization Slide 12




EH R RO T

@PrccessAr\alyzer—[Projectl] =B S
> File Edit View Insert Tools Run Hel
p
DEd &8m A7
= Scenario Properties Controls Response
Project Items Displa; B
- Scenarios S| Name Program File :" num_A ‘ num_B ‘ Kanban 2 | output rate
6 Scemacio | Visibl| [t _
[l ¥ “Scenario 1 26 Example. 0 2 2 2 =
G mum_A - Visibl
srmnp Vbl | [insert Response =)
& Rﬁ‘f Ranban 2 Visible Click on the response you want from the candidates below.
esponses
o ot rte Visibe Responses Tye Model Fils Namss
Charts Entity
Quene
_— Resource
System
- User Specified
batch_size Variable Amay  Example 5-5.p
num_A Variable Example 5-5.p
num_B aricble Example 5
E
<] n »
% Project |[] St <[ m »
Response Selection S
P
Ready Narne:
output rate r
Column Format
N, o 14 . Decimal Places:
K THERS bsp o
Heading Tool Tip Text
auputrate autputrate(User Specified Outaut in Example 55.)
NKFUST Simulation Chapter 6 — Experimental Design and Optimization Slide 13
R AR FIFF R
8 Process Analyzer - [Projectl]
File Edit View Insert Tools Run Help
el &
= Controls Response
Project Items Displa &
- Scenarios Program File j" num_A num_B Kanban2 | output rate
G Scenario | Visibl
i Scenario 2 Visibl Bigamee. 2 2 2 z =
6 Scenario 3 Visibls e "‘ 3 3 3 5 =
6" Scenario 4 Visibls S =
6 Scensrio 5 Visibl 2 E=wic| O 2 3 J =
69" Scenario Visibls 43 Eeme O 3 2 2 =
6" Scenario 7 Visibls 25 Bamps 0 3 2 3 =
& Scenario 8 Visible 26 - Example . 0 3 3 2 =
& Controls Example | 0 3 3 3 —
‘;; :m:g z:::iz Doubls-slick here to add a new scenar.
G Kanban2  Visible
- Responses
& cutput rate Visible
Charls
< m »
3 Project [[ Joms ]
Run selected scenarios A NUM
B BT R IR g . T
1. /f Bl:E 4% #7F Scenarios » 3% God b T FE3L
B ¥ £ Yk
2. 84 ¢ & *.pan
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PAN p #3 7 i

num_A | num_B |Kanban 2| Output Rate | AB Interaction
-1 -1 -1 0.584 +1
-1 -1 +1 0.598 +1
-1 +1 -1 0.585 -1
-1 +1 +1 0.595 -1
+1 -1 -1 0.621 -1
+1 -1 +1 0.626 -1
+1 +1 -1 0.610 +1
+1 +1 +1 0.615 +1

XN ARWN =

(0.621 + 0.626 + 0.610 + 0.615)  (0.584 + 0.598 + 0.585 + 0.595)
4 4

= 0.0275

0.584 + 0.598 + 0.610 + 0.615 0.585 + 0.595 + 0.621 + 0.626
4 4

= —0.005
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PANEn % £ b s it

# Process Analyzer - [Projectl.pan] =B X
File Edit View Insert Tools Run Help
IS 53|l x2
ixi
Scenario Properties Controls Response S £ 7 R
Fropo fome Dl - * 7 El:E #% Response
& Scenarios S| Meme | Program File [P|  num_A num_B Kanban 2 Y e . - e
% . 2
¢ Seenario 1 Visible| g S 5g 2 2 2 *&B ’ /[‘klnsertlﬁﬁ FEREY
gg:z:gz% X:ZE 2|4 Scenaro? 26 :Example 20 2 2 3 C 4
3 Scenario3 26 - Example 20 P 3 bl 3‘% ¢ » Chart
6 Scenario 4 Visibl 2
66 Seemario s Visitld| 15 & L0 \izard: Stey 10f4‘—CharlType
6 Scenario 6 Visible %7 i 2
¢ Seenario? Visibld| [E 18 L1 o
6 Scenario 8 Visibld| [ 7 |4 o et
& Coniols 516 || @ Compare the average valuss of a response across scenrios
eemm A Vislel| [ Compare the replication valuss of a responss for a single scenario
= Dou
@ mm B  Visible . .
66 Kanban 2 Visible Chart Type: Sample:
© Responses — —
@ outputrate Visible
Charts
R Display confidence intervals and range of data for response values
o [T heainsta scenario name or control vale, Scenarios must contain
B Project three or more completed replications to be included,
Ready
—
e q
i£ # Box and Whisker ¢ ¢ ]
T—£m- BLA R
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8 Process Analyzer - [Projectl.pan] =B X
File Edit View Insert Tools Run Help
SEIET £ % il %
=L Scenario Properties Controls Response
Project ltems Displa =
- Scenarios S| Name Program File | "2P|  num_A num_B [P output rate
6 Soemasio | Visible| [ T 5o Erample 1 20 B 2 B
65 Scenario 2 Visibl: =
o Sematio 3 Vishld| [ 2|8 Scenario? 26 Exampls | 20 2 2 3
5 Smtind Vigtd| | 3]& Scenario3 26 Example 20 p: 3 2
4 4 e
& Scenatio 5 Visibla) [ —F8] Chart Wizard: Step 4 of 4 - Set axis categories
6 Soenario 6 Visible| | 5 1% |
6 Scenario 7 Visibls| | 6}
6 Seenatio . Visibla| | 7 1 H axis orientation (degreesy:
= Controls | & |4 0 -
6 num_A Visible ol Data set identdfiers:
Grmum B Visible Scenario 1
G Kanban 2 Visible Scenario 2 —
- Rosponses || |[Scenario3 — R
G outputrate Visible Scenario 4
Charts Scenario §
Scenario 6
Scenario 7
Scenario 8
I |
QLD - ! . ‘
2, Project ||| Saus
[l

Ready

Tdentify Best Seenaric Show best scenaries
—
© Bigger is bettg G-Scenazio ©

0 Smaller is better

Identlfy Best Scenarios Esvos Tolerances  0.004163
Bigger is better

= E—%@) Bl BLH e
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% &b ) 7 P BE R iE enScenario

Scenario 6: num_A=3, num_B=2, Kanban 2=3

ut rate by Scenario l
v8 +
0
0.
0
! *
0
] ok -} ) ol )
Rl RO ol 20 2o ol
o' o o " o o
I AR T AR 6.1
! ! ' ! ! ! Soensrio

NKFUST Simulation Chapter 6 — Experimental Design and Optimization Slide 18




(‘ﬂ}
N
gn;-
T;
?“F
% S
o [k
A
/\ -
|
fie
o
E=
Sk
&
a\
i

o AHFHREFT A A RRA LR NF]F > UF PR LS

A F] S A LS AR o

NKFUST Simulation

Chapter 6 — Experimental Design and Optimization Slide 19

o ALFE XA

A szt FiL

—

ﬁé_wmé‘g 1E1\’f | eng. < b

FH Maximize f(xq, x3) RALASE ¥
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FRZAZ O » HHEfENE

X

HORE 55 % B fx e x,0) B33, x,)

Questions: F — # 3% VTR
A QHBER e 24 5327

X

QueStiOl’l: 4 %ﬂx1+8’x2+6) Ll ‘ﬁ"}- vz Q
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OptQuest for Arena

1. B fxExample 4-3.doe > Tools > OptQuest for Arena
2. File > New Project
3. % New Projectih. ¥ P i #% Optquest optimization

8 Arena Visual Designer Training & Evaluation Mode - Commercial Use Prohibited

Hle Edit View Tools Window Help 4. % # ¥R HArenafz 3

ODSH B 2Z2/DM %
y
e
New Project — Select Asens Modsl File:

[Create new project]

1 would like to staxt my projact with:

i

D Dushbeard  Optgquest
visualization wisnalization —opttmization

Description

Example 4. o8
Example 4-2 v15.doe

Creates a Visual Designer
project that contains an
initial Optauest
optimization, The 3D scene
andfor Dashboard may be
added if desired.

Weme  Example 4-3 viSa23
Locatioc  F/Simulation'2016 ||

[] Create directory for document

Browse | [ ok J[ cucal

NKFUST Simulation Chapter 6 — Experimental Design and Optimization Slide 24




OptQuestd T/ &

18 Optquest optimization 4.a23 - Arena Visual Designer Training & Evaluation Mode - Commercial Use Prohibited - [Optimization 14] [=[@] %
File Edit View Run Tools Window Help =lelx
U3 RORIZOCX Pr»T?E] —O 04
Toolbox x| i Optimization 1*_| EIJBEs|
5 OpiQuest Optimization Controls
+le Constrsint Controls Summary’
) Obijective Induded  Category Name Element Type Type Low Bound  Suqaested Value Hiah Bound  Step Description
- SRl it » B UserSpecfied LIE Variable Continuous 270 300 330 NA
= User Specfied | FE7tg;  Variable Continuous |0 0 0 N/A
[ |userspecfied |2i=&  |Varble Continuous |0 0 o VA
] User Specfied |7 & | Variable Continuous | 180 200 Tool window
[[] |userspecfied s  Variable Continuous |0 0 Project Explorer =
] User Specfied |$74$2% | Variable Continuous |90 100 B Opiquest oplimization 4
] User Speciied |88 Variable Continuous |6.3 7 =] Do;nw
YA Optimization | =
. @ Graphic Filss |8 Open Editor
s o
Drag sad Drop above items to Edit E Bl Export OptQuest
< - |8 copy  cilsc
Editor Explorer & Properties - Optimiz Rename
it Optimization 1 " =X Delete
(23 Best Solutions 3 7 Properties
@ Constraints 4 Basic B
3 @3 Controls Name  Optimizati |
& @ User Specified T —
Contiden 10
E Fixed  True E
4 iﬁ—_"’ Maximu 10
ﬂgﬂ 3E ? %;{ i Minimur 2
N Replicati: 1 L
4 Solutions
(2 Obectives
3 Opiminaion Solutions C:Wsers\st
- @ Responses 4 Stop Options
2 Suggested Solutions AvomatiFalse  ~
« n » Shrs
Name of the optimization
For Help. press F1 i Feady
NKFUST Simulation Chapter 6 — Experimental Design and Optimization Slide 25

How OptQuest Controls Arena

o LirB & E £ hArenaff;t > £ £z OptQuest

o OptQuest¢ % »#r#lArena s 7] N4z B 14 7§24 eh% #ic(controls) &2
¢ F_& ¢’ »x(responses)

o 5d YiE:E H (editor explorer) » X T B F-Hceh i H # F &2 4p B il ox

o 5 FiBEH o % 3K LUG]5 (constraints) & & i i chp R4
(objective)

e When the optimization runs:
= OptQuest F £#*iF - & %ﬁitﬁ;f] » Arenafg ;b > B 4538 (7 HCHR
= Arena #Hi$E % % 2 X 0ptQuesti®iz
= OptQuestiddpic =t & L il e % > AP E IR H 2 A 4 3reh- e fodk
s FEREART ETEAF 0 BRI P RS AR iR

e OptQuest 2 & {8 » Arenafz:" w4p Jn £3% %
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R S
1 5
Hii Optimization 1* |

Controls
Controls Summary

Included Cateaory Name Element Tvpe Tvoe Low Bound Suagested  Hiah Bound Step
User Specfied | EFR Variable Discrete 200 300 800 10
[} User Specified | TEmg; Variable Continuous 0 0 0 N/A
1} User specfied | &S Variable Continuous 0 0 0 N/A
] User Specfied EZEE Variable Continuous 180 200 220.000000... |N/A
=] User Specfied | S Variable Continuous 0 0 0 N/A
User Specfied | 57458 Variable Discrete 100 100 400 10
» User Specfied | 3885 Variable Discrete >1 7 40 1
Binary
Continuous
Integer

Discrete:% 78

e )
High Bound — Low Bound 43K € Step Size

Step

NKFUST Simulation Chapter 6 — Experimental Design and Optimization Slide 27

9 {8 Optquest & if Benif x

E Example 4-3 v15.a23 - Arena Visual Designer Training & Evaluation Mode - Commercial Use Prohibited - [Optimization 1%] ‘ =8 X ‘
File Edit View Run Tools Window Help Tool window
o T e RS
2@ 2RI Z/OCR P E| — ¢ Project Explorer &
Toolbox Example 4-3 v15

- 3 OptQuest Optimizations

= OptQuest Cptimization 2 4 Optimization 1

#|¢ Constraint Responses Summary (@ Graphic Files
) Obiective Included Cateqory  Data Type Name
- Szl Sten User Speci... Output : Output Value I

TFERE (Variable)
HER (Variable)
[E7E (Variable)

ENTITIES | Wait Cost z.WaitCost  Tally Value
ENTITIES | Wait Time  |zWaitTime  Tally Value

User Spedi... | Output 2@EE | Output Value
User Spedi... Output SHES ‘Qutput Value
a ENTITIES  |NVACost  |zNVACost | Taly Value Properties - SEAE (Out...x
] ENTITIES NVA Time ZNVATIme  Tally Value
Tos a ENTITIES | Other Cost | z.OtherCost | Taly Value S B
Drag and Drop sbove items to Bdit Exlorer 3] ENTITIES | Other Tme |zOtherTime | Tally Value il <SR

[m] ENTITIES | Total Cost  |zTotalCost |Taly Value 4 Optimization

Editor Explorer L ] ENTITIES | TotalTme  |zTotalTime | Tally Value g“lmd True

4 Response b

st Solutions - @] ENTITIES | TranCost  |zTranCost |Taly Value

[uetrainte ] ENTITIES | Tran T TranTi Tally Val Name

Introls ranTime |zTranTime |TalyValue J|ume of resoonse

3 User JS:pBchmecl | @] ENTITIES | VA Cost ZVACost  |Taly Value

bl E
I ariatle) =] ENTITIES |\VATime  |zVATime Taly Value

m]
=]
m]
=]
0
a

A Entity NumberIn | customer.... |Output Value
JEHA (Variable) -
Ljectives Entity Number Out |customer.... | Output Value
stimization 4 Entity NVA Cost customer.... |Tally Value
. il » Entity NVATime | customer.... Taly Value o
For Help, press F1 Example 4-3 v15.doe Ready
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18 Example 4-3 v15.a23 - Arena Visual Designer Training & Evaluation Mode - Commercial Use Prohibited - [Optimization 1#]

Tips

Drag and Drop above items to Edit Expl

(==& ]
Fle Edit View Run Tools Window Help =gl
DG AN 2O PP E] ¢
Toolbox x| i Optimization 1= | [ 3]
© OptQuest Optimizstion Constraints P ZF #OptExpression
#|« Constraint — = -
 Objective Included | Nams Tspe Description Expression .
¥ Suzgested Solution -
N e = | [EAULEE) [ (SALER]  [E2RER]) =090 ]

a5 OptExpression

= [

- Controls
FBR (Variable)

SEEE (Varisble)
=+ Responses
2EHER Ou

Editor Explorer

mization 1

Best Solutions
Constraints
Constraint 1
Controls

{8 User Specified

T
Add

Ohiectines
<

- _HBE Variable)
TERE (Variable)
HER (Variable)

1

FTEE) (Variable)

tput Value)

2EMEE Oniput Value)
HH A Quipat Value)

Expression

sinh cosh tanh

[RELES] [ (£ELER] + [REREED »=0.90

& 2 FI90% b hig ok ok

EEfER: (Variable)
REE (Variable)
= FTER (Variable)

i) § |
For Helo. press F1 Example 4-3v15.doe Feady J
NKFUST Simulation Chapter 6 — Experimental Design and Optimization Slide 29
2 ré V4 L
=k £ 1" P &
Example 4-3v15.323 - Arena Visual Designer Training & Evaluation Mode - Commercial Use Prohibited - [Optimization 1] [=[=] % ]
File Edit View Run Tools Window Help =lelx
D30 hARIZIOCXIPHPIIE ——v
Toolbox x| i 1| [ BIR
5 OptQuest Optimization Objectives Summary B2 FzOptExpression
4] Constraint T
2 Objective
" Included Name Tvpe Goal Description Expression
¥ Suggested Solution
» \ ] |objective 1 NonLinear Minimize B [ CERE ]

Tips
Drag and Drop above items to Edit E

s} OptExpression

= | [

= Controls

LR (Variable)

5B (Variable)

8 (Variable)

= Responses
SEULER (Output Value)

Editor Bxplorer

x

¥ Optimization 1

(2 Best Solutions

(3 Constraints

2 Controls

(2 Objectives
Obiective |

(21 Optimization

(23 Responses

(32 Suggested Solutions

For Help, press F1

SERER (Output Valve)
EHAA Output Value)
[ sunAlCommols |
Expression
[f==Fz3]

Check Expression

Tool window

Project Explorer

| Example 4-3v15
(22 OptQuest Cptimizations
2% Optimization |

(@ Graphic Files

« [ »

Properties - Objecti... <

4 Basic =
Name  Objective I |
4 Objective )
Descripti BiAE/MI
Expressic [F H A
Goal  Minimize
Type | NONLINE .
Name

Name of the Obiective.

Example 4-3 vI5.doe

NKFUST Simulation
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2% 7.
B E R
\) /

Project Explorer x

Example 4-3 v13
£ (3 OptQuest Optimizations
—L > ¢ Optimization |

{@ Graphic Files

*

Properties - Optimization 1

N

Replications
Confidence Interval Percent
—> Fixed
Maximum Replications
Minimum Replications
Replications
4 Solutions
Solutions Log
Stop Options
Auntomatic Stop
2 —> Manwl Stop
—1-> Number of Simulations
Run Cnly Suggested Sclutions

N

4 Tolerance
Teleranze

Optimization 1

10
False
100
10

1

C:WUsers'staff\Documents\OpiQuest

False
False
300

False

True -

False

T

B S BE

it = #ic
Bt A2 5 Rloghh

H0% 300 1 315 4

Use Number Of Simulations
Indicates the ontimization will sto

v after Numnber of Simulations is reached.

6.3

NKFUST Simulation

Chapter 6 — Experimental Design and Optimization
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189 Example 4-3 v15.a23 - Arena Visual Designer Training & Evaluation Mode - Commercial Use Prohibited [Run Mode] - [Optimization 1] =[5 s
File Edit View Run Tools Window Help =llx
EL LIRS LI B A L R R4
i Optimization 1 | [ B [X]
biective Status Best Simulation 9
Best Value easible Rumning Simulation 25 M
Current Value Replication 1 of 11
__ Controls
Control Name /" Best Value Current Value ‘onstraint ype tatus
E A 650 | Conomaint! |NonLinew |Feasitle |
RN )
sy @ /
Objective Values 3
34 — Feasible
. |nfeasible
30. |\
3 272
]
2 o3 ‘
204 1
17 N
0 5 10 15 20 25 30 3 40 45 50
Simulation
For Help. press F1 Example 4-3v15.doe T
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Optquest?| d! & i f%

88 Exemple 4-3 v15.223 - Arena Visual Designer Training & Evaluation Mode - Commercial Use Prohibited - [Optimization 1]

-ls1x]

Fle Edit View Run Tools Window Help
126 AR 2K PHHPNTE| O v
Toolbox x| i Optimization1 |
 OptQuest Optimization Optimization Completed
+lo Constraint
£ Objective
+ Suggested Solution Obieeive | Stabis )
BestVahe 16338137 |Fessible Tota simulations: 300
Corent Valee
Control Name _Best Valoe __Carcent Value Constrsint___T;
IR 750 Consaint 1N
Tise G 00
Drag and Drop above tems 1o EAit E sy »
i
ditor Explorer x
1
| & C Best Solutions Objective Velues
;- C Consteints
@ Controls
3 Objectives
[ElOptinization 312
;- C Responses
3 Suggested Solutions 5 26,
B
& 2
16.
0 50 100 150 200 250 300 350 400
For Halo, press FL Exampls 4-

Optquest&| 4% & = *.a23 » BB & 5 *opt

188 Example 4-3v15.223 - Arena Visual Designer Training & Evaluation Mode - Commercial Use Prohibited - [Optimj

Ele Edit View Run Tools Window Help
2G| FARZ(OMX PHHIE| 0 4
Toolbox
2 OptQuest Optimization
+le Constrsint Best Solutions
X Icuded _ Simuton __Obiecive _ Staws _Confidence _Ren
+ Suggested Solution
] 74 16338137 |Feasible Met 0
] 143 16338137 |Feasible Met 10
| 147 16338137 |Feasible Met 10
a 149 16338137 | Feasible Met 10
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