Arena Trial versioon

https://www.arenasimulation.com/simulation-
software-download

® Kui ennast kasutajaks registreerida, saab endale
Arena Trial versiooni alla laadida tasuta
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https://www.arenasimulation.com/simulation-software-download

Arenas kasutatavad jaotused

® EXPO(m) eksponentjaotus, m keskvaartus p(x)—%e m

® NORM(m,s) normaaljaotus, f(x)= e %

m keskvairtus, s standardhilve  ©Vo©
TRIA(min, m, max) kolmnurkjaotus, I
ExF O Mean )

min minimaalne vaartus, m mood,  |noRM( Mean  StdDev)
max maksimaalne vaartus. TRIAL Min |, Mode | Max

Mood on tunnuse enim esinev vaartus |UMIFChin , Max )
” 2(x —min) ERLA( E}{pnhﬂean k)

x e[min,m] |BETA( Beta , Alpha

(m—min){max—min)’
2(max—x)
 (max—m)max—min)’

P(X) =+ : .
¢, xe[minmax

0, mujal

UNIF(min, max) uhtlane jaotus, min minimaalne
vaartus, max maksimaalne vaartus

xe[m,max] f(X) ={
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® RA juhuslik arv arvude 0 ja 1 vahel
POIS(m) Poissoni jaotus, m keskvaartus
@ Diskreetse juhusliku suuruse jaotus, mille korral

jaotustabel defineeritakse valemiga JOHN{ G, D, L, %)
}\dk LOGH Loghlean |, Logs
p(x) =g , k=0,1,... POIS( Mean )
k! WEIB{ Beta , Alpha )
COMT(P1 %1, )
DISC(PT W1, ..

Juhuslik suurus tekib n katsel toimuvast k
siindmusest, lisaks n—<« ja p—0, np = A on
“normaalses” suurusjargus.

Naiteks kirjavigade arv

masinakirjutajal/sekretaril. Rikete arv seadmes,
keskvaartus: EX = A, dispersioon DX = A.
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Elemendid

® Arrive objektide sisenemine susteemi

® Server objektide kasutamine

® Depart objektide valjumine susteemist

® Inspect objektide testimine, osad labivad testi,
osad mitte

Failure probability toenaosus testi mittelabimiseks
® Time between kui tihti objektid sisenevad susteemi
® Batch Size mitu elementi korraga
® Leave data objektide liikumine edasi
@ Route time lilkumise aeg
® Number of Replications = mudeli too korduste arv

Kuna lahteandmed sisaldavad juhuslikkust, peaks
tegema mitu katset

27

b Basic Process

< Camman

i
Arrive Depart
m} m]
4
l'l'i L’i';
Server Inspect
B P
P & B
AdvServer Process
thr 5
P el
Enter Leave
O
ﬁﬂf ﬁ
Actions Container
lo = -
2. — -
Menu animate
y=x OllA

Expressions Queue



@ Capacity type voimsuse tuup

Capacity 7 voimsus 7 (naiteks tooliste arv)
Resource perioodiliste katkestuste lisamine
Failures katkestus koigile ressurssidele
Downtimes katkestus 1 ressursi kohta
Shedule ajaplaan

Nimi : ajaplaan

lgnore  voimsuse vahenemine toimub olenemata kasutusel
olevatest ressurssidest (kui tootlemise aeg on luhike
vorreldes voimsuse vahendamise ajaga)

Preempt tuhjendab mooduli, vahendab voimsust, hoiab
objekti kinni

Wait voimsuse vahendamine toimub peale ressursi
valjumist moodulist (kui ajavahemik voimsuse vahendamiste
vahel on suur vorreldes vahendatud voimsuse kehtimisajaga)
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Elektroonikaseadme tootmise
modelleerimine

@ Uurime jarjekordade tekkimist lihtsas
tootmisprotsessi mudelis

® Eesmark teada saada, kus on vaja voimsust tosta,
kuhu suuremat ooteruumi vaja voi kuskohast saaks
hoopis kokku hoida

® Koosnegu protsess jargmistest ettappidest:
detailide saabumine, ettevalmistus, paigaldamine
(seadme koostamlne) kontroll ja MUk
suunamine.

@ Kontrolli mittelabinud tooted lahevad
umbertootiusele ja seejarel uuesti kontrolli.

@ Detallid tulevad kahelt liinilt, teada on ka
kOikvOimalike toode ajad, mis on antud naites
juhuslikud suurused.

® Mudelis on ajauhikuks valitud minut ja toote
uhikuks 1 toode.
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® Tootmisse (mudelisse) tulevad sisse kahte
erinevat tuupi detailid:

detailid A ja detailid B, mis on juba eelnevalt
toodeldud.

Ajavahemikud detailide A saabumiste vahel alluvad
eksponentsiaaljaotusele keskvaartusega 5
minutit. Tootmisse (mudelisse) saabunud A tuupi
detailid toimetatakse ettevalmistusosakonda kahe
minutiga.

Detaili A tootlemiseks kuluv aeg
ettevalmistusosakonnas on juhuslik suurus, mis
vastab kolmnurkjaotusele (1,4,8)- st koige
toenaolisemalt kulub tootlusele 4 minutit, max 8
ja min 1 minut.

Edasi toimetatakse detail A kahe minuti jooksul
paigaldusosakonda.
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Detailid B saabuvad tootmisse 4-pakina (4-st
eksemplarist koosnevate komplektidena), naiteks
nende eelnevat tootlust tegevas tootmises oodatakse
ara kuni on kogunenud 4 detaili ja alles siis
saadetakse meie poolt uuritavasse
tootmisse/mudelisse.

B detailide komplektide saabumiste vahelised
ajaintervallid alluvad eksponentsiaaljaotusele
keskvaartusega 30 minutit.

Tootmisse (mudelisse) saabunud B detailid saadetakse
samuti ettevalmistusosakonda kahe minutiga.

Detailide B komplektid voetakse lahti ja iga detaili
tootlemiseks kuluv aeg ettevalmistusosakonnas allub
kolmnurkjaotusele (3,5,10).

Edasi toimetatakse detail B kahe minuti jooksul
paigaldusosakonda
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@ Paigaldusosakonnas detailist toodete
valmistamiseks ja testimiseks kuluv aeg allub
detaili A korral kolmnurkjaotusele (1,3,4) ja
detaili B korral normaaljaotusele (2.4, 0.5).

® Valmistoodangust (nii detailidest A kui ka
detailidest B valmistatud) toodetest labib testi
edukalt ja laheb muuki 91%.

® Testi mittelabinud tooted lahevad
umbertootlemisele.

® Umbertoodeldud tooted testitakse uuesti ja 80%
nendest laheb muuki, ulejaanud 20% laheb
praagiks.

® Koik toodete uleviimiste ajad on 2 minutit,
umbertootlemise aeg allub
eksponentsiaaljaotusele keskvaartusega 45
minutit.
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Mudeli skeem

: I : i, oo,
— EEZ:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:ZEEEE

Detailid A | | DetailideA | Umbertdstlemine

—————— | |Ettevalmistus | test

ExPO(5) | TRIA(1.4.8) ||
R EXPO(d.ﬁ)
Paigaldamine, test
A-TRIA(1,3.4)

DE‘E Eﬂld B B_ NDRM(Ed-.,GS)
4-nekpl | Detailide B ||

ettevalmistus  |f

809%
miiiik

EXPO(30)
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@ Statistika osade liikumise kohta tootmises (aeg igas
moodulis, ooteajad, jarjekorra pikkus jne).

Run - Setup - lipik Reports valida Default Report
lahtrisse SIMAN summary report

® Mudeli taitmise ajaks valime esialgu 2000 minutit.
@ Paneeli (nupuriba) COMMON lisamine menuust

File - Template Panel - Attach valida avanenud aknas
OldArena Templates ja Common.tpo

Et mudel oleks paremini arusaadav (loetav) kasutame
paraja pikkusega nimesid.

® Mudeli koostamiseks valime common paneelilt
vajalikud moodulid ja paneme mudeli aknasse

(2 Arrive, 2 Server, 2 Inspect, 3 Depart ja 1 Simulate)

® Mudeli erinevate moodulite uhendamiseks on joon
Route &

@ Vastava nupu lisamine nupuritta menuust
View - Toolbars - Animate Transfer.
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b Basic Process

< Camman

i
Arrive Depart
m} m]
4
l'l'i L’i';
Server Inspect
B P
P & B
AdvServer Process
thr 5
P el
Enter Leave
O
ﬁﬂf ﬁ
Actions Container
| — i_
Menu animate
y=x ClA

Expressions Queue



Pangasaali mudel

Arrive

TEVAKLIENT

[ |
_‘,e -|Depart
. LAHKLMIMNE

Arrive -|Sewer

valuutavahet

TEERMINDLIS
Arrive
FERSOKLIENT O

Simulate
PANGASAAL mudel
480

® Tavaklient EXPO(2), Valuutavahetaja EXPO(30)
@ Personaalklient NORM(35,15)
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ave _?|X

Enter Data

w Station | ﬂ

" Station Set

Stafion... ‘ Dptions... ‘

Arrival Data H . s |
S1EN ? x
Batch Size: |1

First Creation: | Assignments:
: : EXPOZ -
Tims Betweers  |=FO0) = Attribute, TEENINDUSAEG, EXPO Add...
bzx Batches: | <End of ligtx
bdark Time Aftribute: | ﬂ Edit..
Asgsign... Animate... Delate
I .
Leave Data Assignments 2]
Tran COut... Count... -
® Foute w Sthm O Seq " Expr Assignment Type
¢ Connect .
onne w Aftribute
Station: | ﬂ L ‘;larlable
" Hate
Foute Time: |1 ﬂ r Level
" Other
OK. | Cancel | Help | (Station, Sequence. Jobstep, ete)
. Aftribute: | ﬂ
® teenindusaeg vove |

® Tavaklient, valuutavahetaja, personaalklient
® EXPO(10), EXPO(5), TRIA(15,20,45) .




Emnter Data

Label: | Station:

server Data

Resource: | ﬂ

Capacity Type: |CE'LFI acity ﬂ

Capacity: |?

[+ Resource Statistics

Process Time: | hd

Options... | F{eanurce...‘ Clugue... |

Animate. ..

j TranIn...

Leawve Data
Tran Cut... ‘ Count... ‘

& Route @ Sthm O Seq " Expl
" Connect
Station: | ﬂ
Foute Time: |':I ﬂ
Depart

Enter Data

Lakel @ Station

" Station Set
Station... Tranin... Options...
Count Tally

" Maone

Counter:

Increment;

w Individual Counter
(" Counter Set bember

ILAHKUMINE_C

<

® [ndividual Tally
" Tally Set kember
" MNone

Tally: LAHKUMINE _Ta

Type of Stafistics

=

@ |ntersal " Between " Expr

Aftribute:

B4



Simulate

Fraoject

Title: PANGASAALI mudel

Analyst: |tuden g

Date: | | |

Replicate

Mumber of Feplications: |1|:|

Beqinning Time: 0.0
480

Length of Replication:

Terminating Conditian:

Between Replications...
[v Initialize System

[v Initialize Statistics

Warm-Up Period:
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] ¢

=Depart
Arrive @ - MY K
OSADE & SISEMD CET & ETTEY %E@; _
[o—D & Jinspect
Arrive Jf HOOSTELIM - - Depart

OSADE B SISEND l|8rawer Qaq PARAND MK
S T 0
Inspect
YMBERT
-|Depart
PRAAK

Animate
YMBERT_R_G
Mumker in Queus
|
Simulate
Tootmisteehhi j2riskordade uuring
2000
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Arrive

Enter Data

W Station |
(™ Station Set

otation... ‘ Options... ‘
Arrival Data
Batch Size: |1
First Creation: |
Time Between: |E><PO(5:' j

hax Batches: |

SAABUMISAEG  +|

" Expr

Mark Time Attribute:

Assign... Animate. ..
Leawe Data

Tran Cut... Count...
& Route w Sthm O Seq
(= Connect
Station: |
Foute Time: |2

Assignments:

Adtribute, FAIGALDUSAEG, TRIA[ Add..
<End of list>

Edit...

Delete

Assignments

Assignment Type
w Aftribute
" Nariable
" Rate
 Lewel
" Other
(Station, Sequence, Jobstep, eic)

Adtribute: | j

Yalue: |
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Arrive B I ) 4

— Enter Data
® Station OSADE B SISEMD n
" Station Set

Assignments:

Aftribute, PAIGALDIUSAED, MR Add
Station... Options... <End of list>
Edit..
—Arrival Data
Delet
Batch Size: I4 BlEle
First Craation: I
Assignments
Time Between: IEXPO( 30) ll
hdax Batches: I Assignrment Type
bark Time Attribute: ISAAEEUMISAEG LI J Attn.bute
¢ Nariahle
Asgsign... Animate...  Rate
O Lewel
— Leawe Data o Other
Tran Out... Court... (Station, Sequence, Jobstep, eic)
@ Foute @ St{m O Seq " Expr T e
 Connect Adtribute: PAIGALDUSAEG n
salue: MORKZ.4.0.5)
Station: DETEBETTEY
Foute Time: Z ll
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% — Enter Data

Lakel: Station: DETAETTEY u Tran In... |
—aerser Data —Leawe Data
Sl oLl DET AETTEY R Tran Cut... | Count... |
e ICﬂpﬂEity" LI @ Foute w Sthim O Seq O Expr
¢ Connect
Capacity. | st KOOSTELIN
v Fesource Statistics
Foute Time: |2 ﬂ
Process Time:
Cptions... | Fesource... | Clugue... |
Animate. . |

—Enter Data

Label: Station: DETEETTEY u Tran In... |
—merser Data —Leawe Data

Fesource: CETBETTEY_R Tran Cut... | Count... |

ey Ty ICapacity lI @ Foute w Sthm O Seq O BExpr

i~ Connect
Capacity. | St KOOSTELIN
[¥ Fesource Statistics
TRIAGE 0] Foute Time: LI
Process Time: Al T
Options... | Fesource... | Clugue... |
1

Clueue Marme
@ |ndividual Cueue
" Internal Clueues

CETAETTEY_R_O

Clueue:

— Queue Characteristics
[v #in Queue Statistics

[v Time in Cueue Statistics

[T Shared Queus

IFirstInFirstCl Lt LI

Fanking Rule:

Capacity: I
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® Resource
® Failures katkestus

koigile ressurssidele

® Downtimes

Enter Data

Label: | Station: | ﬂ Tran In...

Server Data Fass Inspection Leawve Data

Fesource. | v Tran Out... ‘ Count... ‘

ey s |Capa|:ity ﬂ & FRoute @ Sthm ¢ Seg O Expr
" Connect

Capacity: |1

Station: | ﬂ
ﬂ Route Time: |2 ﬂ

[v Besource Statistics

Process Time: |

Fail Inspection Leawve Data

—

Failure Probability:

. Tran Out... ‘ Count... ‘
1 ressu rS] kOhta Options... ‘ Fesource. . | Clugue. . | & Foute & StNm C Expr
" Connect
Animate... e | ﬂ
Dac = Information Foute Time: |2 ﬂ
StateSets Failures (entire resource) —
stateSet: | ﬂ Failures:

Change State of Server Resource:

After Seize: ﬂ

Fesource Mowement

w Stationany " Paositional

thbseisakud, Time, Wait, EXPO[ 13
<End of list» ]
Failures

El

Failure Based On: |Time ﬂ

Duwntimes {indiradual units) Fail Yhan: |Wait ﬂ
Downtimes: Ustime | ﬂ
Downtime: | ﬂ

Uptirme in this State Only:
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Inspect

Enter Diata
Label: Station: MBERT Tran In... |
Server Data Fass Inspection Leawve Data
Resource: MBERT_R Tran Out... | | Count... |
Capacity Type: Capacity v © Route ®StNm  OSeq  OExpr
() Connect
Capacty. Station: FARARD k™Kl
Resource Statistics
A Route Time: |2 W

Process Time: | ccl i)

Fail Inspection Leawve Data

Failure Probahility: 0.2
Tran Out... | | Count...
Options... || Fesource... || Cueue... | ® Route ) StNm OExpr
() Connect
|
Station:
Foute Time: 2| w
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Depart Ll
Enter Data
Label: | @ Station | j
(" Station Set Froject
Title: |T|:u:|tmi5tsehhi 12rjekordade uuring
otation.., Tran In... ‘ Options...
Analyst |tUdE”'-]|
Count Tall
- y - Date: | | |
@ |ndividual Counter @ Individual Tally
" Counter Set Member " Tally Setbdember .
Feplicate
" Mone " Mone
: : Mumber of Replications: |1
Counter: |MWK'—C ﬂ Tally: MY'YKi_Ta ﬂ 00
Beginning Time: | :
| Length of Replication: |2|:”:”:I
Increment: 1 .
Type of Statistics Terminating Condition:
@ Interval " Between " Expr

Between Replications...

Adtribute: ﬂ

[ Initialize System

[v Initialize Statistics

Wharm-Up Period:
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Simulate,

FROEC I

Simulate

animate

Animate

Data Ohject

O Resource
(O Transparter
O Canveyor
) Oueue

O Starage

O variahle

Cueue Mame:

Infarmation

® Mumber in Queue
) Sum of Attributes

) Station

O Counter

O Tally

() System Time
) Other

“MMEERT_F_0

Display As..
[¥]%ariahble

Lewel
Histogram
Flot

Froject

Title: ootmistsehhi [2rjekordade uuring
Analyst tudeng
Diate:
Feplicate
Mumber of Replications: 1
Beginning Time: 0.0
2000

Length of Replication:

Terminating Condition;

Between Replications...
[“]Initialize System
[“]Initialize Statistics

Wiarm-LUp Feriod:

Animate

YMEERT_R_Q
Number In Quewe
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Kontroll ja kaivitus
® Mudeli kontroll: Run - Check Model voi F4

® Mudeli kaivitamine : sumbol » menuuribalt
voi menuust Run - Go voi F5

® Run - Setup

Replication Parameters Run Setup
. 00 . . : | Fiun Speed [ Fiun Contral [ Fieports |

m u d e l] ka ] V.I ta m ] Se p] kku S | Project Parameters | Replication Parameters Aray Sizes

%]

. .o h . k Mol el s Initialize Between Replications

aJ a u ] | | Statiztics System
Start Date and Time:
a v
Warm-up Penod: Time Units:
||:|.|:| | | Minutes w |
Feplication Length: Time Units:
2000 | [ Minutes v
Hours Per Day:
2 |
Base Time Urits:
| binutes w |
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spect |2
Katkestused  ceow

p urune mi ne Label | Station:  PAMELER0 i, |

—Servser Data —Fass Inspection Leawve Data
T YMBERT R Tran Out... | Count... |
® Schedule ajaplaan .. Foedie  v]  ®PRowe  @stm cSeg B
" Connect
Schedule: IIgnDre - | Station BARAND MYYK]

[v Fesource Stafistics

S - -
ExPO[45) Fuoute Time: I _I

FProcess Time:

— Fail Inspection Leawve Data

Failure Probahility: 0.2
Tran Out... | ount... |
Options... | Fesource... | Clueue... | & Poute & SN  Expr
 Connect
Schedule... | Animate... |
Station:
Schedule Foute Time: |2

Capacity Duration:

Add. i
2, 240
<End of list> Edit..

Delete I
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Arena 13.5
[ oo \ SN
S|si§tnué§vad lr 2| Assign Moodul lienditeenindus fe—
1 & p-

ﬂ.

@ﬁ\ssign moodulit saab kasutada ka
anda vaartus muutujale, atribuudile,
pildi sisule voi teisele siisteemi muutujale '
Uued vaartused antakse avaldistena l

- Arvestus
1]

Mame:
Agsign Module )l Assignments
Agsignrnents: Type: Aftribute Mame:
Attribute, Entity Tywpe, DISCLE Call Ty = Add Attribute Entity Type o
<End of listx

Edit_ Mew Value:

DISCLE.Call Type A1, Call Type B)
Delete

Ok | | Cancel | [
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Mame:

Marmne:

Sissetulevad kbned

Assign Moodul

Time Betweean Arrivals
Type: Yalue:

Linits:

Assignments:

Fandom (Expo) w1

Hours

<End of list»

Entities per Arrival: bae Arrivals:

First Creation:

1 Infinite

0.0

Decide

Assignments

Twpe:

Adtribute, Entity. Ty

ae, DISC A KEne tyyp A1, KE

Adtribute Marme:

Entity. Type

Mew Walue:

MName:

Type:

kEne suunamine

Z-way by Condition

v

If: Mamed:

Attribute » | | Entity. Twpe

YWalue:

I=:

FhAne tyywp A

DISCLAKEne tywp A1 KEne tyyp B)
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Marme: Type: Narne: Type:
|Klienditeenindu5 v| |Standard |AWESW5 V| |Standard
Logic Logic
Arction: Prigrity: Action: PrIDrlt‘}.’j
oeize Delay Release w | |Medium(2]| |SEiZE Dielkey Fislees b | |Med|um(2j
Fesources:
Resources:
Fesource, Accountant, 1
Fesource, Operator, 1 —— , n ) .:.f| L cocountan Add.

<End of list>

|
—
Delete
Delay Type: Units: Allocation:
Delay Type: Units: Allocation:

- |Triangu|ar V| |H|:|ur5 V| |Value£—\dded
|Trlangular v| |H|:|urs v| |‘v’alue Added inirmum: Yalue (Most Likebd: hdairmurm:
kdinimum: “alue (Most Likelyd: bdaimurm: |5 | |1 | |1 :

5 BE |15 ' '
Fepon Statistics
Fepaort Statistics e
- Resources K4t
Resources @ T =
4 YPe: -
Twpe: F:.Ee:z: aurce ' |
F:.Ee:z:lzn.n'l::E e | 1 Resource Name: Cluantity:
Fesource Mame: Clyantity: ‘ Ao r | |1

|Dperatu:|r v| |1 |

@ Dispose nimi L6petatud kéned
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Entity - Basic Pro

Entity Type Initial Picture Holding Costf Hour [Initial %A Cost | Initial BvA Caost | Initial Waiting Cost | Initial Tran Cost | Initial Other Cost | Report Statistics
1 F  |KBne jF‘ictureHepun 0o .o n.o 0.0 0.0 n.o ™
2 kBne tyyp & Picture.Report 0.0 n.n n.o 0.0 0.0 n.o v
3 kBnetwp B iPicture. Report 0.0 .o n.o n.o n.o n.o ™

X

Run Setup

| Run Speed || Fiun Contral i Reports |
® Ru n Setu p | | Fieplication Parameters | |

Project Parameters Array Sizes

LT bar S Anlis atises Initialize Between Replications

Statistics System
Start Date and Tirne:

E19. november 2010, a. 13:08:38 hd
W arm-up Period: Time Unitz;

nan Hours w
Replization Length: Time Unitg:

430 Hours v

Hourz Per Day:
24

Baze Time Uitz

Hours w

Terminating Condition:
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