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Basic

Introductory

Arena &Y soms

Customer Service, Internal
Business Processes such order

fulfillment, service, or simple
manufacturing flows

Professional

| N T T A O A

Flagship -
Development
Platform

Complex, large-scale projects
involving highly sensitive changes
related to supply chain,
manufacturing, processes,
logistics, distribution,
.warehousing, and service systems

Enterprise

Comprehensive
Product Bundle

Comprehensive offering of
products for the organization

facing a wide range of modeling
problems .
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Arena &Y soms

Factory Analyzer

Application
Focused

Operational and strategic
packaging line design issues such
as investing in new machines,
designing sensor logic, and
conveyor operations as well as
manufacturing operations for
high-volume production of
combined discrete-continuous
systems.

Contact Center

Application
Focused

Developing customer strategies
such as transforming to e-contact,

virtual call center, skill based
routing, and staffing models.

Other Template

And add-in
software or model
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Arena - [Modell]
File Edit “iew Tools Arrange Object Fun Window  Help
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Flowchart and Spreadsheet
Views

Model window split into two views
— Flowchart view
* Graphics
* Process flowchart
* Animation, drawing
 Edit things by double-clicking on them, get into a dialog
— Spreadsheet view
* Displays model data directly
* Can edit, add, delete data in spreadsheet view
* Displays all similar kinds of modeling elements at once
— Many model parameters can be edited in either view
— Horizontal splitter bar to apportion the two views

— View/Split Screen (or |B) to see only the most recently
selected view
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i Modules
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Joik pb
IR Create

3959 &9

‘- Random
(Expo)

Y-Schedule
Y- Constant

f- Expression

mm Create ) Create Flowchart Module
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SMU%HUN S ) Create Flowchart Module
Mg ~

3303 8581 25 s e 3l S Arena Type ss5¢5
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mm Create ) Create Flowchart Module

1wl 5 5 « EXpression glgn s

Summary of Arena’s Probability Distributions

Distribution Parameter Values
Beta BETA Beta, Alpha
Continuous CONT CumP,Val,, ... CumP Val
Discrete DISC CumP,Val,, ... CumP Val
Erlang ERLA ExpoMean, k
Exponential EXPO Mean
Gamma GAMM Beta, Alpha
Johnson JOHN Gamma, Delta, Lambda, Xi
Lognormal LOGN LogMean, LogStd
MNormal NORM Mean, StdDev
Poisson POIS Mean
Triangular TRIA Min, Mode, Max
Uniform UNIF Min, Max
Weibull WEIB Beta, Alpha
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== Entity Data Module

Entiky

g s oS ilibee gls aaiin 5 a S5 :Entity Jyjl
Ded oo dul Jgibe ol low g 3515 549

Entity Type| Initial Picture |Holding Cost / Hour|Initial VA Cost|Initial HVA Cost|Initial Waiting Cost| Initial Tran Cost|Initial Other Cost|Report Statistics
1 Entity 1 = 0.0 n.n n.n 0.0 0.0 0.0 ™l
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rcess' b Process Flowchart Module
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Process )

Process Flowchart Module
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s Process Flowchart Module
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Process Flowchart Module

Sg0d !9 3 Spreadsheet o (g5 0 [y Process f9jko .

Hame Type Action Priority |Resources| Delay Type Units Allocation | Minimum| Value | Maximum| Report Statistics
Crilling Center Standard Seize Delay Releaze: Medium(2) 1 royys  f Triangular ?nﬂinutes ﬂ “Yalue Added (1 3 G ™3
A

Type

Resource Hame
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Double-click here to add & new rowvy

tasic Process
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- Process Flowchart Module
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Connecter
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< oiswsey | Dispose Flowchart Module
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m;m =1 Queue Data Module

Queue
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Setting the Run Conditions
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Fun Speed I
Project Parameters

Mumber of Replications:

Start Diate and Time:

Run Control |

Reports

Replication Parameters

Initialize Between Replications
v System—‘

|7|F Statiztics

X

=

Wharm-up Penod: Time Units:
0.0 Minutes J
Replication Length: Time Units:
20 Minutes j
Hourz Per Day: Baze Time Units:
24 Minutes J
T erminating Condition:

aF. Cancel Spply Help

Setting the Run Conditions
RunSetup
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mlgﬂ Animating Resources and Queue
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e Dynamic Plots
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Part A Prep Rework
.~ Scrapped
Part A ﬁfm
EKFG[5} Sealer w/. H’“Eﬂ%m Sﬂ.l‘lfﬂgﬂ'd
TRIA(1,4,8) o EXPO(45) and
/ Shipped
Arrivals \\\
Part B Prep Sy 415
Part B L TRIA(1,3.4) + Shipped
Batches of 4 Fart B
EXPO(30) WEIB(2.5,5.3)

TRIA(3,5,10)
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A axbs

Interarrivals: expo () minutes

From arrival point, proceed immediately to Part A
Prep area

— Process = (machine + deburr + clean) ~ tria () <¥A)
minutes

Go immediately to Sealer
— Process = (assemble + test) ~ tria ()<Y <¥) min.
— Y/ pass, go to Shipped; Else go to Rework
Rework: (re-process + testing) ~ expo (¥2)
— A+7. pass, go to Salvage/Ship; Else go to Scrap
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B asbs

Interarrivals: batches of ¥, expo (¥ +) min.
Upon arrival, batch separates into ¥ individual parts

From arrival point, proceed immediately to Part B Prep
area

— Process = (machine + deburr +clean) ~ tria (Y¢®¢) +)
Go to Sealer

— Process = (assemble + test) ~ weib (¥,0, &,Y) min. ,
different from Part A, though at same station

— 4/ pass, go to Shipped; Else go to Rework
Rework: (re-process + test) = expo (Y¢) min.
— A+7/. pass, go to Salvage/Ship; Else go to Scrap

. s

@.:AAJJM :o.A.U.SA.:.u‘Jf

WOD U IUe 14 | MWWW

WO "SY000a 4 | MWW

l11°ues1ap Wo MW



| N T T A O A

RUN L.

Start empty & idle, run for four A-hour shifts (Y¢4Y+
minutes)

Collect statistics for each work area on

e Resource utilization

* Number in queue

* Time in queue
For each exit point (Shipped, Salvage/Shipped, Scrap),
collect total time in system (a.k.a. cycle time)
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\ IFIar‘u:In:lm [Expa) j |3|:| IMinutes j
Part B Arrive B>
Entitiez per &rrival; bl & Arrivals: Firgt Creation;
l~ 4 |Infirite 0.0
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mﬂﬁ 1w | Assign Flowchart Module
‘ /

wly gols palie b ldie Olg o Josle opl 3l eslizal L:ASSIgN Jo5L
13 Ganadi S n s ple 53lg JSE 0l g g ol Ca sast s i

Assign 2|
J o ol M arme;
Sk p .
Azzign 1 -
Create | [
\/ Azzighments:
5 Olasie g l’B Wariable, Warable 1, 1 Add.

\/ <End af list>
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\- Variable
Y- Attribute

d s
¥-Entity type
v . .
" ariable M ame: M et W aluie: Entlty pICture
Variable 1 =T o-Other
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S5 slS Je L

(A 4axtad) Sealer b)) (ewas -

M arme:

2=

I.-'-‘-.ssign Part & Sealer and &rrive Time

B sinnmEnbe

©)

Attribute Mame; Mew Value:

Sealer Time ‘ j ITF“-"-"-['L 3.4
)

] @ Cancel | Help '

4. [ o)

Attnbute M ame; M e Y alue:

Arive Time x| | THOW

] Cancel Help

Edit...

Delete

Help
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(B axkad) Sealer o) Lamass -

Name Assign part B sealer and
arrival time
Type Attribute
ERNANRNEE Attribute Name Sealer Time
New Value WEIB(Y,0:0,Y)
Type Attribute
Attribute Name arrival Time
New Value Tnow

Display form
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Part A Prep olle ploxs

A axtad -

Type:

j I Standard j

— Logic

Ao 2/
I Seize D

R esource Mame: [uiartity;

<End of [Frep & =1 [
Bt

k. I Cancel | Help

Dielay Ty @
ITrianguIar j IMinutes ‘_ j Ivalue.-'l‘«dded j
b irnirmini; Walue [Mozt Likel): b i
[ |4 E @ @
v Report Statistics
k. Cancel | Help |
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i Part B Prep &lles el
M

Name Prep B Process
Action Seize Delay Release
Resources
Pl Type Resource
/ Resource Name Prep B

Quantity )

Delay Type Triangular | f several Resources

Units Minutes - were named (Add :

Minimum Y  button), entity would have |

Value (Most Likely) o Seize them all before
. . the Delay could start. :

Maximum o
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Sealer Clles ol

Name Sealer Process
Action Seize Delay Release
Resources
Type Resource
Resource Sealer
Name \
Quantity
Delay Type Expression
Units Minutes
Expression Sealer Time

Recall — Sealer Time attribute was defined upstream for both Parts A and !
: B ... now its value is being used ... allows for different distributions for A

and B.
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Dec

Joik pb
Decide
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a.:ba.&a)o

M ame:

2]

> Decide Flowchart Module

Jgﬂé,fwo\;@d,ju ol Slestizal L Decide Jsjle
Ja3le oS 4y oyl 15 ax s Laslgs ST 5 ConlnS Laslgs (subas L

Ly

Type:

Decide 1
Per True [0-100):

a0

ME:

j 2-way by Chance j

2-way by Chance
2-way by Condition
M-way by Chance
M-way by Condition

(] 4 I Cancel Help |

i
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Sealer a> o 51 s Slakas iy 3L

* Name: Failed Sealer Inspection
 Type: Y=way by Chance (default)
* Percent True: q

* Different exit points for True, False results — connect

appropriately downstream

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————

. — Note it’s percent true, not probability of true ... so “3” means probability of «, 9.
. — We arbitrarily decided “true” meant part failed inspection ... could have reversed.
i — This is a rich, deep, versatile module

__________________________________________________________________________________________________________________
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Name Rework Process
Action Seize Delay Release
Resources
Type Resource
Resource Name ?ework
Quantity
SERERERER. Delay Type Expression
Units Minutes
Expression EXPO (Yd)
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mm - | Record Flowchart Module
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Attibute 1 - [T Becord into Set \- count
Slnvlll\ﬂn Tl )
_ e Y- Entity statistics
) Recaord 1 il
Tally fb\/ — ¥-Time interval
OF. Cancel Help f-Time between
‘ o-expersion
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Record Flowchart Module

:ﬁdeslqai‘c\fg\.c)’\b‘ Cy

\- count
Mog;gﬂrv,yl&,@»@,lmxlg@
Y- Entity statistics

b b awgio b Ao Jlo Oilgas 4 wilgd OleMb! ol oS O >3 395 10 1y 3lgi oyl  Sledb!
> Lol RS PE VNP P . CRS il SLNC,
Sl Sl F o a5 0 5g0 45 (S50 DML B

¥-Time interval
WS (00 SO 158595 5 A Oy 63959 Olo) 3 e ol dl> w0 O 51 Ol D
f-Time between
33l (0 0 >3 905 (003N 3lg 98 Jleke 3959 Obo) D
d-expersion
o T 395 5 4 o ABMe &7 (S plao plu
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i

Name Record Shipped Parts

Type Time Interval
Resources

Attribute Name Arrive Time

Tally Name Record Shipped Parts

______________________________________________________________________

SRR REER This option records the length of time that elapsed
. up to now (TNOW) from when an entity attribute was !
. marked with a time “stamp” upstream |

. &
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RewOork 31w olakd 055 @l b 03 5 < 5o

//
y 4
)y 4 v Tree
S
y_ q
b Decide )
D
Vo
\;;\
'Y Fake

* Name: Failed Rework Inspection
 Type: Y=way by Chance (default)
* Percent True: ¥

* Different exit points for True, False results — connect
appropriately downstream
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- Record |>

055 e 5 & sl » Record

o L S )\5

Name Record Salvaged Parts

Type Time Interval
Resources

Attribute Name Arrive Time

Tally Name Record Salvaged Parts
Name

Record Scrapped Parts
Type Time Interval
Resources

Attribute Name Arrive Time
Tally Name Record Scrapped Parts

LS"':A‘ZJM :ov\llSA:u‘.:f

wod "u lue 1.l Mmwn

WoJ "S)00(Qgs 1 | WWW\

l1°ue.l 1ap WO MWW



]
it

Pl sles > ¢l » Record

Name
Type

Shipped

Time Interval

Name
Type
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Salvaged

Time Interval

Name
Type

Scrapped

Time Interval

i
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Run/Setup tfor Run Control

Without this, model would run forever — no defaults for
termination rule since that’s part of your modeling assumptions

Project Parameters tab:
— Fill in Project Title, Analyst Name

— Detaults for Statistics Collection, except we cleared the
check box of Entities — not needed for what we want,
and would slow execution

Replication Parameters tab:
— Replication length: Y Y, accept Hours default for Time
Units

— Base Time Units: Minutes for internal arithmetic,
units on output reports
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Running the Model

Check  (if desired)
— Find button to help find errors

Go = (will automatically pre-Check if needed)

— Some graphics don’t show during run ... will return when you
End your run ... control via View/Layers

— Status Bar shows run progress — replication number, simulation
time, simulation status

Animation speed — increase (>), decrease (<)
Pause (J) or Esc key; ® to resume
Run/Step (p) to debug

Run/Fast-Forward ) to turn off animation
— Run/Run Control/Batch Run (No Animation) 1s even faster
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Time-persistent
9 i, dl ya sl 3l v gie (o s sl Bl sldad v g dSle ol e
T LS w5 OT pslie Sl (SKes Olaj 51 abesd o 534S oy oo pllas
~ Counter
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Outputs
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mm Electronic and Test System _fow 4zxwgs

* A Story
— Original model shown to production manager

— Pointed out that this 1s only the first shift of a two-shift day —
on second shift there are two operators at Rework (the
bottleneck station) ... ) 7-hour days

— Pointed out that the Sealer fails sometimes
» Uptimes ~ exponential, mean Y hours
 Repair times ~ exponential, mean ¥ minutes

— Wants to buy racks to hold rework queue
e A rack holds )+ parts
* How many racks should be bought?

— Run for )+ days

 Need: Schedules, Resource States, Resource Failures
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Change Run Conditions

« Redefine a “day” to be 7 hours — Run/Setup/Replication
Parameters

* Change Replication Length to )+ (of these) days
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W =2 Schedules

!  Resource

* Vary Capacity (number of units) of a resource over time
* In Resource Data module (spreadsheet view)

— For Rework Resource, change Type from Fixed Capacity
to Based on Schedule

— Two new columns — Schedule Name and Schedule Rule
— Type in a schedule name (Rework Schedule)

— Select a Schedule Rule — details of capacity decrease if the
Resource is allocated to an entity

| N T T A O A

Rework resources

Type Based on Schedule
Schedule name Rework Schedule
Schedule Rule Ignore
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W =2 Schedules

!  Resource

* Ignore — Capacity goes down immediately for stat
collection, but work goes on until finished ... “break” could
be shorter or gone

* Wait — Capacity decrease waits until entity releases
Resource, and “break” will be full but maybe start/end late

* Preempt — Processing is interrupted, resumed at end of

“break”
preempt . . » Time line
B
Wait : ' .,
Ignore - >

Sy
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i Schedules
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0
Day1 02:00:00 Day 2 08:00:00
00:00:00 000000
WM Optiohz... | Clear | ak | LCancel
il
i Time Slot30 | Dap 2 13:00:00 - 14:00:00 | Capaciy =0

Name Rework Schedule
format type Duration
Type Capacity
[EiRevoricschedue _igix]
=]=] =]
Capacity << Dap1 00:00:00-Dayp 2 14:00:00 by 1 hour »»
4
3_

)
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S Resource Failures

il Resource

e Usually used to model unplanned, random downtimes

e Can start definition in Resource or Failure module
(Advanced Process panel) ... we’ll start in Failure

Name Sealer failure

type Time

Up Time Expo (YY)
Y Up Time Units Minutes

Down Time Expo (¥)

Down Time Units Minutes

Uptime in this stat only: Defines the state that should be considered
for the time State only between failures (only for time-based failures).

. &
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Resource Failures

Attach this Failure to the correct Resource

— Resource module, Failures column, Sealer row — click

— Get pop-up Failures window, pick Failure Name Sealer
Failure from pull-down list

— Choose Failure Rule from Wait, Ignore, Preempt (as in
Schedules)

Can have multiple Failures (separate names)

Can re-use defined Failures for multiple Resources (operate
independently)
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‘Smm Frequencies

Record time-persistent occurrence frequency of variable, expression, or
resource state

— Use here to record % of time rework queue is of length +, (+, )],
(V+, Y+], ... to give info on number of racks needed

Statistic data module (Advanced Process panel)
— Five Types of statistics, of which Frequencies is one

— Specify Name (Rework Queue Stats), Frequency Type
(Value)

— Specify Expression to track and categorize

* Right-click in field to get to Expression Builder
— Report Label (Rework Queue Stats)

— Pop-up secondary spreadsheet for Categories (browse file)
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Frequencies

Hame Type Frequency Type Expression Report Label Chutput File| Categorie:
Fework Queue Stats requency “alue MZiRework Process Queue) Fework Queue Stats o oS
Zealer States Frequency State Expres=ion 1 Zealer Zealer States 0 rowws
' 3
] Constamt or Range | Value|High Value| Category Hame |Category Option
1 onstant illil 0 Racks Include
B = EII:I 1|j .............. 1Ha|:k ............... |I'|I:|L.IdE.: ..............
e Hangé" .............. i EIj .............. EHacka ............... Includé ..............
i Hangé" .............. o 3Ij .............. SHacks ............... Inn:ludé ..............
z Hangé" ............. _.3I:I _4Ij .............. 4Hacks ............... Inn:ludé ..............
Double-click here ta add a new row.
6"':3;: O _gawa :o.A.U.S 4.:.;‘.:;.

WOD U IUe 14 | MWWW

WO "SY000a 4 | MWW

l11°ues1ap Wo MW



) Frequencies

it 1

06:38:54E 1 Frequencies IOCAEN 27, 201

Electronic Assembly and Test Version 2 Replications: 1

Replicatiun 1 Start Time: 000 Stop Time: § 60000  Time Units: Minutes
Fawork Cuele Stats Mumber Ohs Average Time  Standard Percent Fectricted Percent

0 Racks 41 BY.4722 28 67 24 87

1 Rack 52 118,96 b4 98 b4 .98

2 Racks 12 42,8210 5.35 aiila
Sedler States Mumber Ohs Average Time  Standard Percent Fectricted Percent

BUSY BY7 11,6044 84.25 84 25

FAILED BE 4 1861 287 297

IOLE G40 1.4173 1278 12.78
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Station

Station Module

Name

Part B Arrival Station

Station Name

Part B Station

Name

Prep A Arrival Station

Station Name

Prep A Station

Name

Prep B Arrival Station

Station Name

Prep B Station

Name

Sealer Arrival Station

Station Name

Sealer Station

Name

Rework Arrival Station

Station Name

Rework Station
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Station Module

Name

Shipped Parts Arrival Station

Station Name

Shipped Station

Name

Scrapped Parts Arrival Station

Station Name

Scrapped Station

| N T T A O A

Name

Salvaged Parts Arrival Station

Station Name

Salvaged Station
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Station M amme:

w
Station
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Frep & Station

\- Station

ok,

Cancel |
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Help

Y- Sequential
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f- Exprssion
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Route Module

Name

Route to Prep B

Station Name

Prep B Station

Name

Route to Sealer

Station Name

Sealer Station

Name

Route to Rework

Station Name

Rework Station

Name

Route to Shipped

Station Name

Shipped Station

Name

Route to Salwvaged

Station Name

Salvaged Station

Name

Route to Scrapped

Station Name

Scrapped Station
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