A= 0|4

- E

O]
nNO

202143 9 1«

atcyet



HH
=
o HIA UAEM QXL BIM #01 ~ #13)

00. Al=20|d &2l

01. Al=g0]H0|2t F3QIT}?

02. Al=gfo|MHel 7|2 i E

03. =&Y E TAHSH= AtA X2 A= 0|

04. 2T EAEE AFESH Al=20|H

05. ARENA Z2t&o| : 2= 3-1

06. ARENA ZZt&to] : & 3.2 @& 3.3 BE 3.4 HH 3.5
07. 7|2 SH™e| &t ™ . nE 4-1

08. 7|2 e 23t ¢ . 2H 4-2, 2 & 4-3
09. 7|2 SH™e| &t oy . 23 44

10. M2 223 2 & 5-1

11. M5 222 . 2E 5-2

12. M5F 222 . 2E 5-3

13. M5 222 . 2E 54

- 1/279 -



SSAAl ¢ 2021-07-29 11:18:20
1. e A

M E-817| 20214 25t7| 7l4d&tat B3 = A S St

WSHS-ZHHHS | 6577008 01 i == Al&2|0|M
= 5 MEH St /A4 3-3-0

|A|ZHZeA 401,02 ,03 [H-211(3t0|<A)]

kAl H|cHH

|210] =A=amEs YA (ML)
43} 043-261-2401 E-mail kcjeong@cbnu.ac.kr

|4 40 St st 043-249-1820
LS L LA B2 (45H)
RIZpAYE | o=gy | oZAlS| | HBAs | &AM |

@ ARENA Simulation SoftwareE 0|83}0{, A[Z210]442| 7| 27H'E, AREA ALEH, HAA|A” 7|2 340 st
o DR 0 M S 2o CfEt OIE% Sh& it
O A= 0|H 2 &Y HE5S Soll AlE2l0|MS 28 MASHA VeS| CHS Ol =8 =2ICt
SE=H ® AREE O|E510] 7HAMCE MAARE ZALE £~ Qe 7|8 IR
A5 A SHEALE S
a9 EQEE HE/LE R JNE/EY U’ 7|et
Z|BHE}EH 50% 0% 50% 0% 0% 0%
—ood™
AM|Z @ O|EZ0|of AL HAH .
JHIBE | ¢ 0|E%0l(50%) + HAUE(50%) = B 100%
SZtAL 72|ZDAL £4 F= | 7|E}
HHH 40% 40% 20% 0% 0% 0%
AMAEE @ Z7t1AH40%) + 7| L DAH40%) + 2M(20%) = & A 100%
@ =A% 208 OHY I-E- TAZE 2N S 1d 43, 18 A2 058 23
AL
el B
L Z3aZ3 1. 502 : ARENAE 0|25t A|221|0|d 6T, 2UF, o, 2HA, 2|F, MacGraw-Hill Korea, 2015
>l FAZEAT(HEZH)
A
o
H ZolAE
TYUE WAHL U A Z i
A P D00 = A H|cHH £~
Ao, 1. AlE20]H0|2t 22ITL? SMEIA #01 (eCampus £+2)
2}t =] o (] =AM HltHE _/I\_OI:I-I
2% ANEd0|de] 7|2 7 AU 2 RIlsHE At A|EF AlE2 0] SME 1M #03 (tgéicrjmus s2)
2O
2% AlE2d0]/ 49| 7|2 JfE : AT EAIEE 0|88 A[ZE21|0|4 - News Vendor| = HICHH &~
2, M/U/1 Queue 24 SHEM #04 (eCampus 22)
H|ICHH o=
e _
SZHAL (eCampus 28)
32 ARENA Z2}0| : 2& 3-1(A simple processing system) 2t Al& ZME M #05 OB 20 (S AIS)
37~|-. ARENA 7|EI.ZI-O| . EE—H 3_2(2| 4_.|E|) 3 3(‘=”3411E'_|) 3 4(2|E1 1a|, = HlEHllj_:l A
AZEAOIN7H)3-5 (8 23], A ZIDIN|ZH 2t s EREAM #06 (eCampus &8)
47 71220 B2l @l DEl 4-1(An electronlc assembly and test yaa— HIOiH =&
system) 2 A& EMEIM #07 (eCampus &2)
4% 712 349 D2 Y 1 D 4-2(2RYYE, 1, =45, 2™ HICHSH
CHerw / A27H[101073] 1/2 usu_0805m

- 2/279 -




X HH A Q Ol
M=ol =8 ZOJLfE (=2 2)
(SX|AtE, ZO| L E : https://cbnu.blackboard.com)
(-*-l‘.‘.'%*glh:_ : http://kcjeong.cbnu.ac.kr/working/ss)

¢
ol axt PILSESS| HA Ala
EME A
17 | em12 |zolad, AgalolMola 2ot0vp E52041 | Buffon Needle
#01 Calculation of Pi
EME A
o= | omsy |w=aoMel 7E Ay = T MM/t Queue
AZHO|MO| 7|2 7HE . &Y E RIMSH= At X[ A2 | EMHETN
= 2l 1c ol A EE0|M AIE
3F 9¢ 15¢ 40| #03 | Z2{ 0] |
A BH0|MO| 7|2 7| - AT EAEE AIESH A|ZHO|AM -
4z 02l 229! News Vendor &4 EZME 1M | Newsvendorxls
AlZHO|MC 7|2 7HE : AZZ EAIEE AT AlE80|M - #04 MUI.xls
M/U/1 Queue &H|
53 98 29¢ ERANIPN,
6= 108 62 i\r{ENA ZEtEOo| : 2 3-1(A simple processing system) 2t | EAE TN @ 3
e #05
ARENA 220 I E 322N, 3-3(B2A D), T & 3- 2
! HINM D& 3.2 3.3
VES 109 13 |a(Rzx|g|, AteEtAA|Zh, B2 k|E| AbEIA|7H AHA =4 '
F 2 13¢ A(I;e 12|, &2 AIZh, 3-5( 12, [Zt #06 o8 3.4 35
gz 102 202 7|2 3789 R} 4 . 2 4-1(An electronic assembly | EAE 1A @ 41
and test system) & A& #07
S| | | . | 1 k == A
oz 109 27 712 3™ Y 4y . nE 4-2(?\-'?-%%, 1% =5 | SMEDN D8 42 43
Ay, 2= 430 0O|ME Z3h) A HE #08
EME A
105 | 1832 Pz ane e g Y 44 T NS el eass
EMETA
1FE | N2 102 (M5 2R 29 51 Call center) A0 Xt Mg Eﬂ#m* T ewsy
o= 1% 172 NE 22l . 2@ 5. (& Call center : A|Zt0] 2} Hdl= | S E DA o 5
EXE, JHoIE 22 A7 E BHY) AlEY0|M &Y HE #11
| . | =19 N2 . ESE A e =M
135 | 119 24 [MF 228 22 53 (3T Call center: LHETH X|E & | SHZ AN o 53
) AEHOIN Y MG #12
NE 2. 38 5.4 (s, S) Inventory system with = g
= 2l 10l : = MR Al S50 % SHEIM ol
14 128 12 |backlogging) Al Z2{0|M dE& & OptQuestE &-E73t % #13 DE 54
Xzt
15 128 8¢ 7|2 0AL

- 3/279 -




Ze|2dh, Al=e 0] d0|2 FHvt?

=M oM HIM #01-(1/2) :

=g

=

Rl

ol

ol
_ =

21
=

20214

of =0l oish & E5tAI.

1T

<= 1> Al 220|H2

- 4/279 -



=4 0HE BTN #01-2/2) : Z2|27), AlS0|Mo|2 RAeITl
MEY 2021 _ & U o JE!
<23 2> ASH0|M0|| UYOIM ZEHO| RSB0 TS HHSIA| L.

<z 3> AlZ2 0|89 TR0 s 2YSHA 2.

- 5/279 -




EM Q™ E BN #02-(1/2) : AlE22f0|Me| 7|& THE
HMzEg 20218 & o o O| & :

<z 1> A2 0|He 88X FO|E 2ol AFEEl= LhE BlS0f O 2stA 2.

- B(t)

<z 2> BHE A2 0]He S8 -AH 0| Tof 2 TSt 2.

- Q) dt
20

- maxQ(t)
0<t<20

- [®B(t) dt
20

- 6/279 -



=4 2188 210N #02-2/2) : A2 0]2] 7|2 JH'E
Mzg: 20219 & & ot O] &

<z 3> M/M/1 CHZ[A -0 B Z|AIZHS 517 fleh Al0F =& AIZE AT MB| A A|ZHe| Eatghol ChEat
Z0| 0l Us M, BuL7|A[ZtE FotAIL.

_ ﬂié up =E(interarrival time)
N —E(service time)

_.LL=|—F|- EXFAP l7—7_I:4O8—r—

- Ho MH|A A|ZH =346 2

- BRT| AIZ =

<z 4> O3 A2 0l #EaaS0f tis 2YstA2.

- 7HH| Entities :

- &4 Attributes :

F

K

12

) B4~ (Global) Variables :

- X} Resources :

- Oi7|13 3 Queues :

- EAA™ £&™ A A7 Statistical accumulators :

- AHA Events :

- A|22{|0|M A|A Simulation clock variable :

- AFA =3 Event Calendar :

- A|&tdF 52 Start & End :

- 7/279 -




2 H 1AM #03-(1/8) :

<2l al St
=

THYSZ TAS Al=2] 0]+
H

= =

g AlEgold E4E 018

StO] ¢ = 00 M £ = 207HX| A[220| 1S A2

System Clock B(t) Q(t) Arrival times of Event calendar
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completed waiting |waiting times in queue | Q(f) B(t)
times in queue
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= 20.00, The End

~h

System Clock B(f) Q() Arrival times of Event calendar
custs. in queue [6, 23.05, Dep]
o @ 20.00 1 1 (19.39) [[8, 3491, Arr]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(t)
times in queue
6 A=E1,23456 15.17=1517 + 0 15.78 18.34= 17.73 + (20 - 19.39)
= 15.17 + (20 - 19.39) * 1
4
34
Q(t) graph 5 |
;| 466 19.39
0 . . | .
1.73 2.903.79 8.05 12.57 17.03  18.69
0 S a1® 10 15 20
B(t) graph ' . . . 1 1
1] 5 10 15 20

Time (Minutes)

Interarrival times 175 1.25, Q7T, 082, 1478, 0770, 1552, 3.15, 1.76, 1.00, ...

Service times 280, 176, 3.9, 47, 446, 436, 2.07, 3.36, 2.37, 5.38, ..
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A
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00t

3> Mo i7|AZHS AMSEZ] AT CHEA 0 ol 2 FotA| 2.

WQ/' = max (WQ/'_‘] + -S-/'_'| - /4/; O), /= 2, 3,

<z 4> ®FL| CH7| A2t A LSEo| @9t A AZ8(0|H oS 24 o &
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=M o™ E1M #05-(1/2) : ZE 3-1

A
MzEg 20219 & @ ofH: Of

ajn

<23 1> Create BROAE BEO| 2t Y20l o/0|0| Chs) LYSHAIL.

Create ?

Entity Type:
3 > | |Part |
Tirne Between Arrivals
Tvpe: Yalue: Units:
|Random (Expo)  ~| |5 |Minutes |
Enfities per Arrival: Paw Arrivals: First Creation:
1 [Infinite [0

k. | Cancel | Help

[Time Between Arrivals : Type] Random(EXPO) :
[Time Between Arrivals : Value] 5 :

[Time Between Arrivals : Units] Minutes :

[Time Between Arrivals : Entities per Arrival] 1 :
[Time Between Arrivals : Max Arrivals] Infinite :

[Time Between Arrivals : First Creation] O :

<= 2> Process E2PALE 2E0| 2f YTl of0[0f L3 2 FSHA 2.

2?
Process b

Type:
| |Standard x|
Lagic
Action: Priarity:
|Seize Delay Release x| |Mediumn(2) x|
Besources:
Resource, Drill Press, | Add,.

Edit,,,
Delete

Delay Type: Units: Bllocation:

| Triangular | |Minutes x| |Value Added x|
Minirmum: Walue (Mogt, [GEEITINE

1 3 [

v FRepor Statistics

(08 | Cancel Help

[Logic : Action] Seize Delay Release :
[Logic : Resources] Resource, Drill Press, 1 :
[Delay Type] Triangular :

[Minimum] 1 :

[Value (Most Likely)] 3 :

[Maximum] 6 :
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MzEd: 20219 & 4 otH - =S

<z 3> ArenaS 0|83t 2 3-15 Ag5t0] At =, 21t otHS HKXS = of2fof &5t MEdt7| BHE

L_l EI‘ Mol 3.1

A Sl Procesing System
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EM Ol 1 - DGl
=AM 1™ HM #06-(1/3) : 22 3-2, 3-3, 3-4, 3-5
EXe) L =]| ol S - ER
X'”EE 021|j = = —|H|_'|. =
o3 o o = AlS old= = = S o o] &
<z 1> Oe2 B2 320 44N T YR E E0|3 20 Qb 0] 20t H1 X A|~Hel X 5L sjaeet
= 23502
Time Time per Entity
VA Time VA Time Per Entity
Ayerage Average
Application 4.0990 Alfie Checks Credit 1.0241
Betty Prepares Covenant 0.8792
NVA Time Chuck Prices Loan 1.0472
Ayersge
Dioris Disburses Funds 1.0915
Application 0.00
Wait Time Per Entity
Wait Time pm—
__ i Alfie Checks Credt 23919
Application 11.9841 Betty Prepares Covenant 1.2582
Transfer Time Chuck Prices Loan 31087
Average Daoris Disburses Funds 51924
Application 0.00
Total Time Per Entity
Ayerage
Other Time
Ayersge Alfie Checks Credit 3.4160
Application 0.00 Betty Prepares Covenant 21375
Chuck Prices Loan 41539
Total Time Daris Disburses Funds 62839
Ayersge
Application 16.0831
oS o o c C Al 3| = Qo|lH= = = hral = =
<23 2> 422 Y 320 B 3-30] MYZAD 5 YLE HOIFD UCk O AWE Yo TH B wa
| A H=
off Chef HEBHAI 2. . _ .
Time 2& 3-2 Time 2& 3-3
VA Time VA Time
Ayersge Average
Application 4.0990 Application 4.0560
MNVA Time NVA Time
Average Average
Application 0.00 Application 0.00
Wait Time Wait Time
Ayerage Average
Application 11.9841 Application 1.3282
Transfer Time Transfer Time
Ayersge Average
Application 0.00 Application 000
Other Time Other Time
Average Average
Application 0.00 Application 0.00
Total Time Total Time
Puesage Average
Application 16.0831 Application 5.3842
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=M 0IME BN #06-2/3) : DY 3-2, 3-3, 3-4, 3-5
MZEQ 20019 2 A s o= -

<z 3> ArenaS 0|83t ZH 3-28 Ad5t0] et =, 21t otHS HKXS = of2fof &St XEZst7| BHE
LTk :

kel 13
\ Spariskeed Sevisl L ssa Applcation

<z 4> Arenas 0|83t ZH 3-35 Ad50] At =, 21t otHS HKXS = of2fof &St XEst7| BHE
L|ct.
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=M 0IH8 H 1M #06-(3/3) : 2 & 3-2, 3-3, 3-4, 3-5
HMeEgd 20219 & o o JES

<z 5> ArenaS O|83t0] ZH 3-45 Ag5t0] Aot =, 21t otHS HKXNS = of2fof &St XEZdt7| BHE

l__l EI-. e

<z 6> ArenaS O|&3t0] ZH 3-58 Ad5t0] At =, 21} otHS WS = of2of &5t

A |=5t7| BHE
LT} =

X
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=M Q™ HIM #07-(1/2) : B 4-1
= 0| (=] ol S = .
MEY:20219 o U s 0|z
<2 1> Ct2 Create Z&2| YHHYEE &8I0, 100A|2tS 2 B = Part AL B 7HA|2| B 75 A 2.
Create ? Create ?
Entity Type: MName: Entity Type:
: B =] [Parth = E =] [FanB =]
Tirme Between Artivals Timne Between Arrivals
Type: Yalue: Units: Type: Value: Units:
[Random (Expoy | |5 |Minutes | [Random (Expay = | [30 |Minutes |
Entities per Arrival: Maw Arrivals: First Creation: Entities per Atrival: Maw Arrivals: First Creation:
I |Infinite [0.0 |4 |Infinite 0.0
QK | Cancel | Help | Ok | Cancel | Help
<z 2> Og2 23 410 ddd0 35 288 EF 20 Q0L O] Z0E B0 S A|LHEIS| 22X S sf2%et
= 252
Queue
Time
Waiting Time
Average
Prep A Process.Queue 14.6220
Prep B Process.Queue 26.9037
Rework Process.Queue 456.35
Sealer Process.Queue 2.5153
Other
Number Waiting
Average
Prep A Process.Queue 3.1680
Prep B Process.Queue 3.5017
Rework Process.Queue 12.9534
Sealer Process.Queue 0.8631
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== .
EM Q™8 EAM #08-(1/2) : ZH 4-2, 4-3
2= 0] . (=] (@] o) . = .
Meg 20218 2 & o . Ol &
<=2 1> O3 Failure HIOIH 2=2| YHFEEO| o|0|0f CH3H HHSIAL.
Failure - &dvanced Process
Name Type Up Time Up Time Units Down Time Down Time Units | Uptime in this State only
1 Sealer Failure - [Time EXPO(120) Minutes EXPO(4) Minutes.
Up Time :
Down Time :
LS O] BESE #8310, Part/t &3] S2E T 7HE5H00, CHEE FoHA L.
IEE =
1Y 5L YE -
100 AIZHS 7HESH 22 HE DF UM ol =
<ze 2> g2 B 412 4 ZN T LREE B3 ULt O ZIE B4 oS HIZhe| gtE AlLtsto]l f=3s
INE"R
|Electronic Assembly and Test Version 2 Replications: 1 |
‘Rep"cation‘] Start Time: 0.00 Stop Time: 9.600.00 Time Units:  Minutes
Rewaork Queue Stats Mumber Obs Average Time Standard Percent Restricted Percent
0 Racks 41 69 4722 2967 2967
1 Rack 52 119.96 64.98 64.98
2 Racks 12 42 8210 5135 535
Sealer States MNumber Obs Average Time Standard Percent Restricted Percent
BUSY 697 11.6044 84 25 84 25
FAILED 68 4.1861 297 2.97
IDLE 640 1.9173 12.78 12.78
Number Obs | A Ti R = Standard Percent
umper S verage lime . anaar ercentage
9 Number Obs * Average Time 9
41 69.4722
52 119.9600
12 42.8210
A 9,600.1322 100.00%
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=M OIHE 1AM #08-(2/2) : R 4-2, 4-3
Mzg: 20219 3 & <fH: 0|2 -

<z 3> ArenaS O|83t0] ZH 4-35 Ag5t0] At =, Zit otHS HKXNS = of2fof &St XMEZst7| BHE
L|Ct

T S
A A

S ey 131 T [P

K g L
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A
20214 _ A & 0| & :

<ze 1> Og2 B3 440 4 ZN T LREE E0F10 ULt Zf BF2 +=EA[ZH0] &4 6A|ZhD Z|CH gA|[ZI 2
X}O[Z} L= O| 7O CHoi 2 YA 2.
Transfer Time . Minimum Maximum
Average Half Width Value Value
Part A 6.1648 0.030857118 6.0000 8.0000
Part B 6.1823 0.038994067 6.0000 8.0000

<z 2> ArenaS O|83t0] ZH 445 2d5t0] et =, 21 otHS HXS = of2fof &St ME5t7| BHE
L|ct :
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=M oHE H1M #10-(1/2) : 2 & 5-1
MEY: 20219 _ & Y s JES
23t 1> CFS Assign Z22RAE ZEOM AFRE|D Y= F B4 MaxCalls@t CallsPerArrival?| 2= 0f CHs| A s}

Assign ? x Assignments ? X
Mame: Tope: Yariable Name:
Cut Dif Incoming Calls| ~ | Yariable v | | ManCalls - |
Azzignments: New Value:
W ariable, MaxCalls, Add.. |‘I |
Vanable CallsPerdurival, 0 =
<End of list> B
el Cancel Help
Delete
Assignments ? X
Tuope: Wariable Name:
oc | [ cares | [
Wariable w | |CallzPerdrrival w |
MNew Value:
0 |
Cancel Help
MaxCalls = 1

CallsPerArrival = 0

a4, NRO2F MR(2| 2/0]0fl T8} M YBIAIQ. 3, O]

<zg 2> Ot3 Decide EERXAE ZE0M AFBE|D U= F
st=58 0|83t Expression “NR(Trunk Line) > Mr(Trunk Line)"2| 2|0]0f CHal M HSIA| L.
Decide ?
Type:
x| [2-way by Conditior = |
If:
Expression -
Value:
[NR{Trunk Liney < MR{Trunk Line}
0K | Cancel Help
NR:
MR :

NR(Trunk Line) > Mr(Trunk Line) :
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=M OINE EIM #10-(2/2) : 22 5-1

M
M= 20219 _ & Y ot O|& :
<2% 3> L2 Run-Setup SHHAHA S22 "“TNOW >= 600.0 && Total WIP == 0"2| 2|0|0f CHs & HSIA|L.

Run Setup

Run Speed
Project Parameters

Murmnber of Replications:

Start Date and Time:

Run Control ] Reports ]
Replication Parameters ] Array Sizes ]

Initialize Between Replications

[ Statistics [ System

Lo

Warm-up Period: Time Units:
0.0 | Hours -~
Replicaticn Length: Time Units:
[infinite | Minutes -~

Hours Per Day:

Base Time Units:

|2"— |Minutes j
Terminating Condition:
|TI\IC-W == 600.0 && Total WIP == 0

ol s | | ==z |

<z 4> Arenas 0|83t 2 5-15 &d5}0]

L|ct

B, T e

i

I

i
I
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=M OHEE HM #11-(1/2) : P& 5-2
Mzg: 20219 3 & <fH: 0|5 :
<28 1> O+S JEE 08510, Arrival Schedule Z=2| Arrival Rate 12 Z & 2Hg3HA| 2.

Table 5-2. Call Arrival Rates (Calls Per Hour)

Time Rate Time Rate Time Rate Time Rate
8:00 - 8:30 20 10:30 - 11:00 75 1:00 - 1:30 110 3:30 - 4:00 90
8:30 - 9:00 35 11:00-11:30 75 1:30 - 2:00 95 4:00 - 4:30 70
9:00 - 9:30 45 11:30 - 12:00 90 2:00 - 2:30 105 4:30 - 5:00 65
9:30 - 10:00 S0 12:00 - 12:30 95 2:30 - 3:00 90 5:00 - 5:30 45
10:00 - 10:30 70 12:30 - 1:00 105 3:00 - 3:30 85 5:30 - 6:00 30
Arrival Schedule O
-
Arrival B ate << Day 1 00:00:00-711:00:00 by 30 minutes > =
110
a0
72
a4
J6
184
]
Day 1 02:00:00 04:00:00 06:00:00 08:00:00 10:00:00
Q0. 00:00
O ptions... ] Cancel Help
Time Slat 13 Dap 1 06:00:00 - 0&:30:00 Armval Rate =10
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=M o™HE 2 #12-(1/2)

=
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ol

ol
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202149 &

M=g

P 7ts 2d

ALE
[el=]

198, M7HA J &=
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d% 7t

88, 7 M=

o
ol |__O K
et _|__”_

~ = od
N 0 n — —
(@]

33
A
EN
ufJ

o
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ol
=
A .
T .
A
=
=
7
7

mnn_ _|__“_ ot ol ﬂ_./._h_.m_._h_.m_ ._o_n

oemnuEuEe:muMoMomwow
oHoHzoz0E <O - ul

s i J||||5
U T ._M._Mme_%
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RN
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ofl
[

-
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=
=H]

o
ol
Kfo
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|

<0
ofl

<

o
ol
Ko

-

Kk

Tot7| flgt ChE Aol 2|0 & 2E5HA[2.

=
=

<2% 2> New Res Cost

New Sales*340 + (New Tech 1 + New Tech 2 + New Tech 3)*320 + New Tech AllI*360 + 98*MR(Trunk Line)

=
=

<23 3> Total Cost

New Res Cost + 12820 +
Excess Sales Wait Time*4.09 + Excess Status Wait Time*1.73 + Excess Tech Wait Time*1.84
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2 H1M #13-(1/2) : 24 5-4
2021 @ L o|H .

<2% 1> Ch3 Expression 2&°| Demand Size

=13

—

Expressions ? ks
MNumber: | |
Mame: | ~ |
1-D Array Index: | |
2-0 Array Index: | |
Data Tupe: M ative ~
Linked File: | ~]

E=pression ¥ alues:
DISCI0E7.1, 052, 0.833.3,1.04)

1140 Paint

Cancel Help

2> Ch=5

ne
ne

ne ne
ne

ne

ne
ne

Inj

L]

rlo
Ml

549 53 ZT 5 Y

[Demand Sizel| & E 2 X

170
270
3N

40

Job tob ot
1T ] A 1
[ [ [

io
1]
|

ST 22 20 2.

gel]

25 2032 QUCt O YEE HEL=Z O3 H| &S

Time Persistent Minimum Maximum
Average Half Width Value Value
Holding Cost 9.3701 (Correlated) 0.00 60.0000
Shortage Cost 17.0265 4.19506 0.00 200.00
Output
Output Value
Avg Ordering Cost 100.39
Avg Total Cost 126.79
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EM OINE HEIM #13-(2/2) : 22 5-4
MzEd: 20219 & 4 otH - o= .

<z 3> ArenaS 0|83t 2H 5-35 Ad50] At =, Zit otHS HKXNS = of2fof &St XEZst7| BHE
LTk :

100,

(s, S) Inventory
With Backlogging
Model 5-4

o - ':"!"*1\"-”::{: A l'.l: i 4 L L _".;-\H"l'i_1 n]!.il,' s
ot R J et

Time (Diys)
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wits gy
1. 298 38

A E-247| 20214 2817| 74 dstat |3 A B3t}
DUSHS-FUHE | 5577008 01 =Y AlE2|0]4

Ol HSHE /A= 3-3-0
ZolAlzzeld £01,02,03 [H-211(510]HA)]

TRYA H|CH o

Zejeiof g@gus F2A(HY )
ks 043-261-2401 E-mail kcjeong@chbnu.ac kr
Zo|EA 40 S8} 043-249-1820
Heas sdtd St (45HH)
FLIZVAUAE | oYY | oigas] | 4ang [ g2x1% |
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DR 4R

2. A2 e
® ARENA Simulation SoftwareZ gl% 1o, AlE2|04d2] 7|1 270'E, AREA AFEH, dAA| Al 7|12 ZH 0| it
Fiip) (=] DA} MR 20| TfF 0|28 sH&EiCt
° Algaﬂow D9 2N AL B AIB2I0]ME TR MM MBSO CfE O|FIES E0ICH
SesH ZE{Z 0|2310] JHAIO2 MAA|ABIS DAFE £ Q1= 7|H S BI2C}H
A EYY EAlE o2
9 Eo/EE ARG Hyts N/ ey uu 7|Et
A0 2I8HHIY 50% 0% 50% 0% 0% 0%
@ O|2740|9} HAAIZ Eisl
SHEE | g 0EZ0|(50%) + AL (50%) = BHA| 100%
SUDAL 7|LAL &4 H= A 7|Et
40% 40% 20% 0% 0% 0%
oy
ANES ® Z2104(40%) + I%u-ka:m%) + 24(20%) = B 100%
@ 2HHA 20 UHIZ 1AL EM T 1A 2, 18] 2|2 20 5H Z24A
I T
Saor TedR seiwes
DAY Y RADEH | 1 =W ARENAZ 0|25 A|B0|M 6T, 2UH, stk =oHAl 2|92 MacGraw-Hill Korea, 2015
;;Ia%m ZOEAB(HEY)
- 7I-O| I S
FEZoA =
3. 3¢ oAy
TaH +eUE uAHe| I A2 H|3
1 [Zel22H, 1. AlB0140|2t 291017} 242 DA #01 e e )
2 |27 AB2jo|Me| 7|2 Y 2HE0M #02 (Heléﬂaﬁuis 282
3 |23 AlB201Ho] 712 44 £ARAOR AL A2 2T AIBHOIM 2474 #03 T
23 A|220140] 7|2 i - AT CAEE 0|28t A|Z2I0[A - News Vendor| = HICHOT 29
4 | S5 MU/1 Queue 24 242104 #04 (eCampus B8
- HICHOT ¢
5 |22t (eCampus E8)
6 | 3% ARENA Z2tE0| : 22 3-1(A simple processing systermn) 24 A& S2ME M #05 Ot 9 (51 AE)
3% ARENA Z21g0|: B 3-2(F 3 2)), 3- 3{%221&} EFTEERE . HICHE 29
7 B8N0 AT SN 2% E420M #06 (eCampus E8)
2 JE23 EEREE cil - _ o 2=
8 iryst'e;l} ki IEJ%EQ 2|7F 2121 : 22 4-1(An electromc assembly and test 2ME DA #07 l(jeléﬂa'ﬁw&tsgggj
47 J|E 220 D@ 9 | 0d 4 229U, 1%, C4EA), O F HICHO 29
9 |4.3(0LI0i[0]4 Zt3h) 2tA A& =ML DA #08 (eCampus Z&)
10 4% 712 B330| RUYY 93 : DU 4-4(45) HY U 2495 14 #09 oo B
11 |52 M% 292 : 9 5-1 (Call center) A|B2|0]4 ZA Al 245 DA #10 ?éé"a%ﬁ?sgg)
SH ME DEd E% 521 &g Call center : AIZF0]| THel Hale C21E, J101E | HICH DY 4
12 :'T "‘dl'—“ HE ﬂ - k : E4E2IA 411 (eCaEr;nE;EJs g§E)
Z T 29 EE 2 CIF5r SR E 9HE) A[220[A | 2 H[CH O
5"“ »'~1|=‘ Deal B8 5-4 ((s, S) Inventory system with backlogging) 5 HICH® 9
14 | [ S2)0[4 24 A5 & OptQuestS B85 2245} EH20M #13 (eCampus E8)
15 [ 21224t i 49 (S AIE)
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4. ZOHSH4E YTt 2te A YIIAIH AY

° ”“?HIH H0{ w3} £7| A8 i
Algdda 2 AIYR] AE, BRE

I_—|D

o1 =

® SIS 2o T A3, ChE £20 Y
(A2} £Al2 £ 5hd) B R)|32

| £7) 21| HEY, 29 58 5, A AHE 01zt ey

A IS &
|(22L20Fa[4) AOIZE U HToj that AlF AIZH 1580 ~ 1,780 A
5t 32 S5UI A A2 S BB

® COVID-19 Pandemic A&cz 9l
® = 2o 2ol PPT £2H0|=0f

=
ShAY

r= HA

-l-
OoOr —
=

AlZ2]0o]d Zela|

Algjo|Molzt 29107t

Algglojdel 7|2 71

AlEgoldel 7|= 7iE -

| ==

ot= Ard X2k AlZ20]d

04

A
e
AlZ20]d2] 7|2 JhE : &
A

AlZeolde 7|12 | -

A E80|M - News Vendor 2X|
Al=Z2{|0]M - M/U/1 Queue 2K

05 |ARENA ZzZtE 0| : =& 3-1(A simple processing system) &d H&
06 ﬁﬁi’iﬁ;lawol DE 3R EHa), 3-3(FEX]), 2 34BN, SEYAZ, 3-5(F Bz,
gAIZh & 25

07 |7|2 332 22& 1t Y= ZE 4-1(An electronic assembly and test system) &4 H&

08 |7|2 37 ZHn Y 2E 422 R LY, 1Y, E5SA), 22 43(0iLMOo|M Z3h) Ay HE

09 |7|2 33l D2 A ZE 4-4(F5) FE &

10 |ME 2= 28 5.1 (Call center) A|E20|M 2HY A&

11 fIEEfO%L?XF%%'Sﬁ_Z (= Call center : A|ZHOf| h2t BiSt= EALE, 7O 22 A7FE YY)
=8|0]8 Hd H5

12 (M5 22E : 22 5-3 (= Call center : CHESE JutX|H HHY) Al Z20|M 2 &

13 M REY: ZE 54 ((s S) Inventory system with backlogging) AlZ2f0|d &4 H& & OptQuestS
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7|-o| ol X4
I o—l 2 0O
A
= LR} Zo|FH| o5
= o
Buffon Needle
= 219 |[Zo|Af A|Z230|AMO|Et 210172 4 4
I5e 9218 |[Zelal AEeolH0l t? Calculation of Pi
2% | 93 8¥ MEFojMe 7= Y M/M/1 Queue
3F | 93 15Y Al=Zo|de 7|2 Y : AR TWSH= At X|EF AlZ20|M AEZOIE AE
AlZ220]32 7|2 W E  AZHEAMEE AHESH A|E2 0|8 - News Vendor A N ndorxl
4% | 92222 NBo|MO| 7|2 Y : AZHENES ALBE AIHOIY - M/U/T Queve  [EAIEIA #04] O PHEE O
= Xl '
= | 9g29¢ SUDAL (CHH AlH)
= 108 62 |ARENA ZE}EO| . 23 3-1(A simple processing system) 2H4 & D 31
o 1501 |ARENA ZEtEH0| : 2 & 3-2(2 &K 2|), 3-3(HBN2|), ZH 3-4FHKX2, HH3-2,3-3
102 32 lyaxtefaizh, 352N, 44 AAIZh 3 U 234,35
H X0 (== olgd . Eil _ H
102 202 77(1; le" DElan 43 2E 4-1(An electronic assembly and test system) =5 DM #07 D 4
T o 2d
o 712 38 RN 4 RH 42282 YHE, 1Y, &), 22 =
2 27¢d << < o oy SV M 4.9 4.
102272 3oL oo/ M Ztsh =ty A% =4 Z24-2,43
1139 V|2 SE 2 8 B 4455 &d 45 =4 2E4-4
1138 102 |ME 22 B8 5.1 (Call center) A|E8|0|M 2 A& =M 5.
o M 2 2H 52 (2 Call center : A|ZHO| et WSt EAHE, 7Hold 28
M2 172 g ) Amalols 58 As I s 2852
119 242 ﬁli 2 2E 5.3 (MY Call center : THYE SIAIE 2 AZ 01 2 | oo 53
. ME DR 28 5.4 (s, S) Inventory system with backlogging) Al&2{0|M
1281 A Al g Othuest% %%@' _7|<_|;5-||ré y 99'ng =M DE 54
128 8¢ 7|2 AL (CHE A[R)
e
o
=
ZHl AL
(= | olf A = X
v' 20214 9 292 (=), 5= AH0ll THE Al OIS
tHO| - 1 X ~ A= Gl Al 7}
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at
Q JIZ1Al
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20214 128 8(=r), 15FX10fl HH Al Ol
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& Ed
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v SMY1MN W8S ZX0I 55
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1% 01.mp4 EMEIN #01
2F 02.mp4 EMETNM #02
3T 03.mp4 EME M #03
4 04.mp4 EME DM #04
5F SLUOA
63 05.mp4 Model 3-1.mp4 EME TN #05
Model 3-2.mp4
= Model 3-3.mp4 2= H T A
s 06.mp4 Model 3-4.mp4 S5 =LA #06
Model 3-5.mp4
83 07.mp4 Model 4-1.mp4 =ME M #07
= Model 4-2.mp4 =0 T A
S 08.mp4 Model 4-3.mp4 EHE0M #08
10F 09.mp4 Model 4-4.mp4 EME M #09
113 10.mp4 Model 5-1.mp4 EMENM #10
125 11.mp4 Model 5-2.mp4 EMEIM #11
1353 12.mp4 Model 5-3.mp4 =MEM #12
= Model 5-401mp4 ZMHEH DA
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ol A
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20214 9€ 1¢

Al=2f0]d

o ZolAEA
F¥ Zolyg
o 21N YAFA U BIN %01 ~ #13)

00. A[E0]4 Zrofa7Y

01. AlEd|0 IMOIE Foel7k
02. AlZ30]4 7|E— e

03. & o2 YsHE MH X g A2 0|4
04, ALY CAESE AETH A E0[H

05. ARENA Z2HE0|: 2% 341

06. ARENA Z2{EH0|; 28 3-2, 2 & 3.3 2 & 3.4 2 3.5
07. 7|2 =23-o| 2¥alnt g 29 41

08 7|2 ¥ 2Han Y . 29 4-2 249 4-3
09. 7|2 3o 2HEN YH . Y 44

10. MF 222 . 29 5.9

1. Mg 228 .29 5.2

12, Mg 228 2 & 5.3

13. e 223 - 9& 54

11

M YA

4 QHE 220 M #05-(1/2) : 2% 31
HE 201 _ @ W Hd. Ol & :

<BE 1> Create BESNE SES 2 Youo] 2/0j0) (he] FFopA2
Creste

e Eatiy Tyow

| dLETLITETUS =] [Fant =]
Tirig Ewtwean dtvaly
Tioe: W s
[Findar (Exsai =] [6 (s 0|
Erlan por fial Mas Serhenli et Crowion:
m =29 (]

ok Cocel | o0 |

[Time Between Arrivals : Type] Random{EXPO)
[Time Between Arrivals : Vahue] 5

[Time Between Arrivals : Units] Minutes :

[Time Betwoen Aurivals
[Time Between Arivals

[Time Betwoen Arrivals

Entities por Arrival] 1 :

Max Arrivals] Infinite

First Creation] 0

<28 2x Process BERTE DF0| 2 Qeiuo] ojojof gjof 2B 2

Process ' En

Bame: Troe
[ =] [Fedurd 7]
Logic
deten: Eranty
[Eoize ety Prlnues =] Wl =l
Besoerces:
Bt L |

=i

_ lnies |
Dwtey Tyoe Unas: e ston
[Traradae = [ <] [l 70508 =
Meveream: Wk (Mot Basizurn
I y s
7 Renoget Sraivics

[Logic : Action] Seize Delay Reloase :
[Logic : Resources] Resource, Orill Press, 1:
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00 |AlZao]d Zofa
01 |Al=zfojdolzt Faeldt?
02 |Al=efojdel 7|12 44
03 |Al=gfojde 7|12 HHE . =2 Y22 TMSI= At X[ Al=2fo|H
AlZgoldel 7|2 7HE -
04 AZHEAEE ALESH A|ZH 0| M - News Vendor 24|
Al&2 0|42 7|E e -
AT EAEE AHETH AIE20]E - M/U/1 Queue =X
05 |ARENA Z2t&0| : 23 3-1(A simple processing system) &fd A& >
ARENA ZE2tE0| : B3 3- 2(’5! =2X2l), 3-3(EEA2), ZE 3-4FBXNE, 2
06 |A1zh, 3-5(BTHEL SR EA) 4 Ao
07 72 378l 23t 23 : I 4-1(An electronic assembly and test system)
Y HE
08 712 3Ee RN 9 B 422 F Y, 1T, =84, 2 430140
o|d &3 &g 45
09 |7|2 3-o| Y 3 . 2 4455 Y HE
10 |ME 2E2: 2@ 5.1 (Call center) A|E{0|M =t AL
11 ME 22 23 5.2 (2 Call center : A|7H0]| 2t o= ZAHE, 701 2
8 A7 E ) AlE20|M &Y M5
12 ﬂ!—'?')—u%%'%' D H 5-3 (=& Call center : LYo MK & BHY) A|lE2|0|M &
o
13 N&E 22 2 54 ((s, S) Inventory system with backlogging) Al E 20|
A MG & OptQuestE 283 XX 3}
e |
[ 4
1. Simulator / Framework
'd
JERE MEfEE MAAEEE e RN ISIEIANE]
« Process Time « WIPE E(PROC, . AZHM A | (Move * ALS(Area Level « Ban, Dedication,
Simulation «P-F-OEE LOAD, RESV, SELE, TEa;_ec')t)l_ - Scheduler) 2% Exception
Input « ZHH| (Reticle) B £ WAIT) . 0.79{5 o2 (Photo Area, 7|E} « ZH|=2[(MTTR)
+Q-Time¥E - YHBMEE X IéElb_;_FHB K Area) + A& Sampling
- BH M= - HHlPME R by P *RTD 2% (Photo, | |- EH| D& &
cHELMEY * Backup&EfH & an 7|Eh + Rework 24
AN
p
Entity(Lot)=O| Resource(Machine)E AHESt7| Qo Zetstes IHES BAISH AFH T2
Resource (Machine)
R
Simulation Entity :
Model Arriving Lots > - - -
Entity : Lot in Queue il | g
(ALS, RTD) A _ ,
L Entity : Lot in Service
MOVE TAT = A
. What-If &4
: : O Entity7} Ol ZX] Ol ZX] - O AFH R
Slr(r)‘lutlatlton O‘IFTEI RGSOUI’CEO"H D|EHA:1/§I'0:"§ —|X||'§J <
e OIS AT EEB AZE 7|2 WIP IsE SEIS =
o=x_ || oIS kPt A=

4

8
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1. Simulator / APS &8

Simulation 7|t APS(Advanced Production Scheduling)

- FAB Scheduler 23{H & -AEEE
L MENRE ; %ﬁ%‘%ﬂ% Cut-OffA| =],
- RH|AE Reticle™ Producta =H TAT -Day Ver : '] 3;_
7|"7‘1E RESESESE -Shift Ver : Of Shift &
-NES . CFQ AHAFAIR AZE ChiftEE
- P-F-O, ZH|Arrange, ST, 28 U 2 Shift 2E
Iy 7 X AT IEX| P-F-OE M Move,
*1-v--r| MEFlowHE H&, P-F-Ot AIX TAT
. VEE = ="
FAB Simulator AEEE FAB Scheduler
- Hlefx=A e 5—4°xH:|_
: Dedication, Dispatching s = e
Rule8/ S M29] -7|1EEE
: P-F-OProduct-Fow-Operation)
-P- FM%UEOLEZ#SWTPE ) OI= GliolE - Target &
T8 : P-F-09| Zshift(2+Y) MOVE/WIP Target2
> Product®] 29 /O, 3FIAEY WJ 0], : Backup”|®| +&
A Total MOVER
RTS DB
- JH|E o=
(oY 7S E, FHIE oY MOVE
- LOT o= - Area-ZHH| ¥ Schedule HE
(LoTel 3FY o= T AL | ”0'7"5" A2l : LotO| Operation'd
A|XI— 2}_@3
- FAB Scheduler Y& CNEEE
- HEfEE cH TS, HH|HE, Reticle ™ E
: ZH|H &, Reticle™® & e
IES-T : P-F-O™ &, ZH|Arrange, ST,
Area Simulator : P-F-O, ZH|Arrange, ST, FHEF, M= (Dedications) Area Scheduler
SM=2|, MEFlowHZE HE,
PMZA| =l
= J‘1|°‘_7E?i
: Dedication, Dispatching
Rule& S M =9

¥ |

2. FAB Simulator

O & (Static) vs. &% (Dynamic)
— AZtO] RHIO|N SRt 2 sHS=7 ME 22 vs. ZH &E T

O ¥=%-B3H(Continuous-change) vs. O|At-H#3}(Discrete-change)

— A|ARIO MEfT7F E AIFOA T Bttt = Q=T OFL|H AX|LE Hatgh =
U712 7|52l Z(FOUP)2| 7 B3} vs. I{L| A (Furnace)2| &= H3}
O 2™ ™ (Deterministic) vs. &4 & (Stochastic)

— BE 0| 2A3T}? OB 224 KHO| Y

- —

2|t FAB Simulator (A2 2 % AN ASHS HX| AS)

O d4 A=l +8S : 2 e
> 54, O[4-Hat, =44 E4ES 7Y
> 37128 M=ol 20| (2HE HEf2l 85 B7HA| 0| 8)
<« HE 7S A2 (8H 1F & 2], [MEAY S £2)

M

- 46/279 -




2. FAB Simulator

pds
A

Scheduler LHE0f

Zf SimulatorE RS0l F7| FAB &&0f Chol o=

Simulation Model

1 HE/SE 2
(Process Flow)

2) ZHI/AHE 2

AB 2% 7|

FH

3) RTD Rule %

SE/gH Het 2
o

/ﬁ_\ @

a8 |\, . = j=al

Constraints

& Selection

Simulation 2%

Next Event

Simulator
o

AEE Dj2) SHAEK

&

-

J

7

| Gl 522 ®Al

- A3l 7Hs Move/WIP
Target KA

-7 R84 Schedule
-HH| 75 E K& Al
-WIP Bzt o1&

-Move & FAB Out 0| =X
-7|Ef OJ2f M= X[&H o=

¥ |

2. FAB Simulator / What-if

H A

Ly |

- . . .
What-If Analysis based on Simulation
Ve 4
Y (AMLIE|R) E(GIFR)
« N = KPI £2%9| « MOVE., WIP, TAT
Bshy At ST, TAT 224, s
WIP Balance) Heles e -
cEztee e || kA | [T AHEE ; 7
_ N i - SH/0|Z/4Y HnX|
- SE TAT/WIPS| B3t Simulator R 7=||{g *;;r - |
« Backup Plan2| 3} M
- 712hE o 5% |
- FHl2l F=7H % H Q) Lo - )
T CHIEE o= == = —
« MZ2| =7t A M Q| - ~
- 3 0 EK | |
o J N J
9 Y, r A\
% AR
Ally 5 R N
iAE SEX (FZHMA ) T E 3 (@) |(@)]| ()] |(FH)
\C /
4 2\
[ FAB HHX| (Z7hdLte) ]— View
2
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2. FAB Simulator / H5ZtX| 9 215}

M

£ HMEF0ol Chsi £ 30| &= BottleneckO| & 7ts-d0i| CHs ZX|E & 5 UM
i S8 Move 2|zl =7t FH| &, Bt 7 Back-Up & M S0t Ot30] 7ts
WIP & Movement Trend Forecasting
8OO
700 R B
1
500 Bottleneck!
500 7DFTl
400 WP
300 e OVINE

200

100

F7t 2 7tse YHE =4 Area Scheduler 2 El FAB CAPA &8
@ =7t 2Y0| 7ttt TH 22T @ 3% MovementE %|Ci3} Logic @ Send FABZ &% Back-Up 2
oot HEg =2e
@ =27 FH F0| 7tsE0| F& @ HH 7tsE A2t Logic &
o =2 oiE SH &Y (5 ¥ Recipe, Setup Change %|2)

2. FAB Simulator2| / PM A|EZ™ S Run-Down %X|

ZHd| o] WIP & Move Trend, 7S & 0
ZHH|9] PM A1t S ZH| S EF FH|O| ArrangeE HAY = UTE OAHEY XY

ot Run-Down & X|

PM 37| &H|2| WIP & Movement Trend Forecasting

i

 —_—
- el

250 _\ _—

— WP

—B—Moving

100 PM _’!‘_t-l '_!I'7|'

4/6

2| 4/50[38 s
PM O™ Y PM ¢i7|

What-If SimulationS
H|(Z) Arrange &

[Swp B8 |£an 2% L= lis F |20 20 |25

2 las 20 IE] Fl |25
jLayeci s L R Rl EEi e el AL CEEMLESSS it e CR e
e S JUN/2400 7 8N/3A00 0 UNF2400 - BN(IAG0 0 UN/3A00 - BN/IA0E 02400

e /BB/2400 ¢ BE/2400 ¢ GB/2400 / BE/2400 ¢ BB/Z400 / BE/Z400 C BR/Z400 ¢ BB/3400

muz

Ap8/560
4 A08/560 ¢ 100/560 < 108560 7 100/560 1007560 7 100/560 - A00/5G0 ¢ 100/560

EIFSE FREBEIET | 3 P9 3

¥ |
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2. FAB Simulator / MAA|2 AH 715 of 5 mHCH

Biz. At=to| B} 2t M=7|2 S 25 E Product Mix H3}7F 2 S ZH MAtAZI0] £
CAPA Simulation= Edlf MA|=l 7 MAA =IO M I7tsSHX| 2T 7t

= [

- Simulation Horizon: 4 ~ 8 weeks
- Product Mix s}

M M -Flash A4 *Eot% 12,000/ 20| A 28,000/ 2 HY

DRAM 28,000 12000 -= gHA F 3]
FLASH 12,000 28,000 DRAM: 7,000 - 3,000
TOTAL 40,000 40,000 FLASH: 3,000 - 7,000

- F Ck2| FAB Out CAPA Simulation Z3}
Month 1M 2M
Week 1w 2W 3w AW S5W 6w W aw
DRAM 7,200 6,900 7,000 6,800 5200 3,000 3,000 3,000
FLASH 3,100 2,800 2,900 3,300 4900 5200 5,500 5,500
TOTAL 10,300 9,700 9,900 10,100 10,100 8,200 8,500 8,500

10,000 +—— 1

Flash 4 AH2k0|
el B B B B EeTaaee $ 5,500/
o| & B7tstx| 28

— — TOTAL

5000 T o oram

U]
4,000 +— —

2000 O —— L ———— B B

1w 2w W AW SW BW TW BW

3. Area Simulator

H (Static) vs. &% (Dynamic)

- AlZto] RHOM B3 dgs sdSt=7 M= Z” vs. ZH HE FH
H=-H3}(Continuous-change) vs. O|&F-# 2} (Discrete-change)

- A 2" HEfZL SE AEOMTE Hatel = A=717 OFL| B A KL}

q

Ae=7h L7150 E(FOUP)Q| 7%= ¥ 3} vs. I L| A (Furnace)Q| &=

Q’S’ﬂ(Deterministic) vs. =& (Stochastic)
- BE Z{0| 23717 OfL| ™ S2hA 0| J=7t? A=) A vs S ERS
AY Az +ES 28t AREA Simulator (21! =AM7t 5823
> &4, O[4t-Hgt =EH E4E 7+
> EH7|Zte| A|Z2|0| M Z0| (ZHIh2 Of2iof it =Y A 0 %)
< dE EH BEE VIS A7 EH 1 & 2], HEY & 2E))

r.
"er
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3. Area Simulator

Scheduler LHE0| ZtZ} SimulatorS & XHSHA TH7| Area A 2H0]| CHSH Ol =

Simulation Model Simulation 27l

1 HME/SE 2
(Process Flow)

Next Event
Simulator

- Resource,
2) AH|/AtY e ‘

Area Scheduling Logic

DIRE
/AWET]

Photo | Etch

3) RTD Rule ¥
SE/EH Mt =R

Constraints B8]
& Selection 8=

- Bottleneck &H| 0f

- /

¥ |

3. Area Simulator / Area SchedulerE $|st HE N3

Z 8 E InstanceZ TESH= Area Schedulerdf O & =2 Lot HE, Hot Lot HE, 0| & &H| 235} 55
Hasto 2N, HA&2| , Hot Lot 22|, 37t 28H 2ol &Y 50| &8 7tsat

[=

1. Q-Time X &
1) Q-Time 7
) *U WS
3) Q-Time &

o| | £ AT OF
2t9| Q-Time LotO| Y AIZfAIZE 8 2tz A|ZH
OlfE ATO| HE 7S

o oX N ¥2

2. 0| =& AIZH ME
1) B3EY Lot HEY ofl &t =& A|ZH
2) Furnace Batch 2|AF A7 Jts
3) Setup Change %|23} 7ts
4) Hot Lot2| &% Manage 7t

-

qE

¥ |
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3. Area Simulator?| &8 U9t / Scheduling Logic 2%
Area Simulator2| RTD 3 RTD rule 7|2t &% A2#E2{ 8 RTD Logic #5 X 7| o= 7t

1. 2#HE2 Logic AF
1) Area Scheduler°| T8 Logic o AT
2) Hot Lot & Normal Lot2] 3% T3 A|ZH
&

M =
S
3) KPI B & Sot A7 &2 SHE 7o HF

ove o

2
I

2.RTD 2% AS
1) RTD/AQMO]| -8 &l Area & Logic A5
2) Area Simulator O 2|3t Z1t % RTDOf| 2|5t A& ZADt H| W
3) E | X—I* EII 7|.|)\-|

r
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00 |AlZao]d Zofa

01 |AlZgfo[Mo|2t FoiQ1Tt?

02 |AlZgojMel 7|2 7iE

03 |AlZg0o[Me 7|2 /g . =X Yo 2 TAHSt= At X AlE2fo|M
AlEefoldel 7|2 71 :

04 ATYEAEE A3 AIE0|M - News Vendor =X
AlZg|o[Mel 7|12 i :
2T EAEE AFESH A[Z8|0[H - M/U/1 Queue =X

05 |ARENA Zz2t&0| : =& 3-1(A simple processing system) &fd A& s
ARENA Z2tE0| : 23 3 2(75| =X 2)), 3-3(HBMa)), 22 3-4H2H 2, Y5

06 |A1zh, 3-5(BTHEL SR EA) 4 Ao

07 712 378e| 2D 23 : 2 4-1(An electronic assembly and test system)
I dE

08 712 38e| DAL 4 RH 422 FLE, 1F, ESA), 2= 4301
ol d=h &y da

09 7|2 38 22gn ¢ B3 4-455) MY H5

10 [ME 22 : 23 5.1 (Call center) A|[E|0|M X4 A&

11 (M 228 23 52 (B Call center : A|ZHOf| M2} Bl =48, Hold 2
2 2717 89 )\|§Eﬂ0|)kq A dE

1 N& 2Ea: 2 53 (2 Call center : CHESH x| &7 BHH) A|Z20]4d &
dHE

13 N&E 22 2 54 ((s, S) Inventory system with backlogging) Al E 20|
e H& & OptQuestE 283t XXzt

:'1 Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 1 of 21

AlZ¢&jo] 40|zt

AlZ80]4 : PEIH o2 Yot AT EQ0|S AHESH0] AFE H0IM

A2 Ei(System)2| HE5= SUHLEZ| flo HEE S8 €E =0

A AEIO] HO|: D2| A0 Systema: =X $}HEl FA| (Organized whole)0| Al THO{ 7}
el | A AIAE“% =dot R-_r”\fé*% SEMIUCHE 382 38 S 7HA 1 2y
L Riote 2 EE 2 of Igte = g EICt

Mg 22H )\l’H E=Z2MAE 7270, 22 EXHSEALE OFL| ™ A=l &
A =k Ct

CHEER A|AE 0 T1A, AR, 2E8H2(7], Z4H|0|0] HERt ME St 22 T+ E
X-”X_I_XI-

r
>
rir J|
410
0x
fo
>
mn
(@]

Al=20] o] 2E : A|2ZO 55 5ot A" 2ES SdAIZIAH,
ENSHA| G AILES EASH| 2[5l 0| &ttt

:'1 Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 2 of 21
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E Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 3 of 21

0

o RHO F5E(Validity)
. BE2 S ALRX7} B
SretM L otEICtE ooy,

- Verification: 223 & 2 Z2 20| H[A=71? RHS AREH Z2OMo2 7= 180
QEIYE=T?

E8H 200) AR AAHOR N MHBORM S&Y & Y AT B

- Validation : Z20| HMA L ASE SHI2A BtIstn A&7t
. Garbage In Garbage Out(GIGO) : X E ZEZ 0|85l == 12y ZQUCHH == 12§Y0| OfF 2|
A L0 AFEH Z2 O] HUMAE SHEA 8IS = = QICt- 2o 528 Z4Xx

—
o CHet Feret S CHs g2

— 25—

- XN 3FZ 2F(Type lll Error): 22 XX LJE 9O - &
ZX0f CHot Z2ASHZE Of RO

»  Validation1} Verification= E$ %EFOHOF AHNMA S HES F2o| #HE 5+ A= EFH

rm
Mo
=

AlZ220|d Z230| 2bdE 4 ULt
N
-1 0
Validation Verification
E Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 4 of 21
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. BB UYE A8 F24

You’re walking along in the dark and see someone on hands and knees
searching the ground under a street light.

You: “What’s wrong? Can | help you?”
Other person: “I dropped my car keys and can’t find them.”
You: “Oh, so you dropped them around here, huh?”
Other person: “No, | dropped them over there.” (Points into the darkness.)
You: “Then why are you looking here?”
Other person: “‘Because this is where the light is.”
c THIESHAY = A= Heleh YHE0| AX| T, o] WHES AFESIX| @fn K
LiZtojo] 1 Q= YHELRE ZH & siZst2{ 1 &

:'1 Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 5 of 21

L R

22| 2 Physical (iconic) models
- DI FI| 7R E
- HE IV IjAEFE AG
- YRt S A 2O Ko A
- =25 HAd A[=20[H

o =2|H($+%H) ¥ Logical (Mathematical) models

. OlE AT A AR SOTHE K|S HlS ok EHSIAHL sl Falt A
. O7I 0|2, DEUHA, MEA LY 5

o
- HS HYot2ZEQOE 0|8t AFH ZR2IH-MC = #E
= =
=

S
S +AHA 20E @10 0| Sl 2¥l A300 sl st

:'1 Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 6 of 21
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- 2YO| ZHESICHE =2 (o) 2 S Sofl 249t0 Fetet Z2aHE 2= A0| 7ts
- JoL R EC HE A|LES2 IR SL0I0 fad AUs o9 ZY2 =2 BHlsH=

Ao| 27s¢
» OHESHA Chetst REESHE A Y 2 72l
- Type lll error — 22 & DEO| CHS 2HE F= 25

o LCHQH2 Falol7}?

- AFH AIZ2 0|4

o AMEZo]de 2R

- AMEO| RAFSI0] eAtohs L F ol A[AFEE2 JTo| SHotH, O 20 Al~"e

=]
2ot ol H i E ot XY =& A=0, HE=Z o2t R20AM

I

o
il
o

i
=2
=
2
X
0%
fot
o

AlZ20]d0] 2EE

= o O

z Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 7 of 21

- HEE AEH M
. A|AHlO| 2018l EMZ muIsy| 93| MAE AZES0|S ALBEL0 £X| KOl Bt
oM Sid MA A|AFC Chefot RES ASt= AR S 2|0[TtCt.
o AlEg|0]H0] 7|7} Q= FE O]
. %7&3& A LB @ REO| SESHELE 0| & LHE += U= SE0| A7 W&
- HAFEHSIERO 2z EQo{o] T 7|2
- HARHESIEAOS +A /7t B2 et &y
* Al2go] e tHE
- W2 2N A[LE2 MOZt E7tsct, HES 0 o) B Ee
- HREE2l Al 0|8 RES0| =AHQ YHeAES 4A & 2itHoz =50|
HESHA &
— [
- NAFQ dAA 2 =30 et SAK 240 Zad
z Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 8 of 21
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AlEd|0] 49 tHES

c 2Q@&2/FEae Fofel 7Y R85 MY ==
= 1978: M.S. graduates of CWRU O.R. Department ... after graduation
1. Statistical analysis
2. Forecasting
3. Systems Analysis
4. Information systems
5. Simulation
1979: Survey 137 large firms, which methods used?
1. Statistical analysis (93% used it)
2. Simulation (84%)
3. Followed by LP, PERT/CPM, inventory theory, NLP, ...
= 1980: (A)IIE O.R. division members
- First in utility and interest — simulation
- First in familiarity — LP (simulation was second)
= 1983, 1989, 1993: Longitudinal study of corporate practice
1. Statistical analysis
2. Simulation
= 1989: Survey of surveys
- Heavy use of simulation consistently reported

:'1 Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 9 of 21

AlEg|o]de FF

U EX(static) vs. S (Dynamic)
- A7HOl RHOIM 523t dE 2 +HSt=? HE 2 vs. ZFH =HE FH
U H&-#H3HContinuous-change) vs. 0| 2-¥3}(Discrete-change)
- M2l HENZHSE ATt Haket = AETt? OfLI @ AL #otet £ 9le7t?

CH7| 5 2 E(FOUP)Q| 7+ B3} vs. I{L| A (Furnace)l| & Bis}

U 28 X (Deterministic) vs. 4| X (Stochastic)

- BE 20| STk OfL| B 22 HO| UETE? Y M vs. BEHS
U oifEe 28 nd2
> &%, 0[4h-rish £ £4g 7
QO AlZ20]H2 =¥ U2 HREE O|ME 7t
:'1 Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 10 of 21
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&0 2 8= Algo|M
| Zo| HHsHX| 7| U
d
o ﬂ

Estimate 7 (George Louis Leclerc, c. 1733)

Toss needle of length | onto table with stripes d
(>1 ) apart 2]

P (needle crosses a line) = d

Repeat; tally p = proportion of times a line is
crossed

* Estimate 7 by 21
pd
E Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 11 of 21

AlE g o] d

=
ISEX7] 49
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= Al =Zdf|o] M

r
HE x| 7| A3

N L

| Drop 1 H Drop 10 H Drop 100 H Drop 1000 |Drop Amount |10 H Dmpl

Measurement Value

Needle Scale 1

Extent = Perimeter / Greatest Vertex Distance]

MNumber of Drops 10)

Number of Hits Just for fun:

Drops / Hits 1.4285714285714286) q 2

i~ Exten™ S Drops  Hits 7857142857 142857 http://www.mste.uiuc.edu/reese/buffon/bufjava.html
E Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 13 of 21

2 3 A B2 0| M
HHs EX| 7| A

| Drop 1 H Drop 10 || Drop 100 H Drop 1000 |DrnpAmount‘1UOO | Drop|
Measurement Value

Needle Scale 1

Extent = Perimeter / Greatest Vertex Distance]

Number of Drops 1000)

Number of Hits Just for fun:
Drops / Hits 1.6339569281045751

I = 2 * Extent * Scale ” Drops / Hits 3.2679738562091503 http://www.mste.uiuc.edu/reese/buffon/bufjava.html

E Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 14 of 21
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=0 = Al = 0|M
£0 F=3
— el
= -_'|=O| |:||-—'— = II 7| Al
Nno— = - = O
Measurement Value
Needle Scale 1
Extent = Perimeter / Greatest Vertex Distance) | e,
Number of Drops 1000000)
Number of Hits
Drops / Hits 1.5701495724482715]
T = 2 * Extent * Scale * Drops / Hits 3.140299144896543
E Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 15 of 21

Al =2 0] M:

Monte Carlo Simulation

NE X Y z B
1 | =1-RAND()*2 | =1-RAND()*2 | =B272+C2"2 | =IF(D2<=1,1,0)

10000 [ =1-RAND()*2 | =1-RAND()*2 | =B3"2+C3"2 | =IF(D3<=1,1,0)

=SUM(E2:E4)
=E5*4/A4
4 A B € D E
X ! X Y z o

1 0.176776 | 0.858728 | 0.768664 1
-0.5021 | 091313 | 1.085913
0.316613 | 0.162613 | 0.126687

U Area of square =2*2=4
O Area of circle = nr*=n
U Random number generation : x, y = Random(-1, 1)
O Calculate z = x>+y? : if z < 1 than count++

U Repeat N experiments

U 4:nt=N:count> nt=4*count/N

@ W e W R

0
1
0.83799 | 0.29547 | 0.78953 1
-0.91836 | -0.46533 | 1.059927 0

e

k

M

Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 16 of 21
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o AubHol =22 Y A0 (FORTRAN, C, C++, C#, Java, Matlab, others)

|, 282 Wo| 22 54

o AIPEAE

. HEHH B I Al 0|8
. R AUEIS, BB BE MEY, SN BT B
. 2%l O (SHLts HH B, SLts SN oY)

« AE 0|4 AN
« GPSS, SLX, SIMAN (Arena®| 7| 20| &= A, Arenalil LI R Z| O] US)
- 5500, dE=ME AHE T

- o5s ?loll SEc A0l 28, 2t ALE, A 280 4=0l{0F 7

ot

"'5 Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 17 of 21
. — s =~
AMEgo|HE loll RH =&
= T [ = O
 Ig AE8olH
- ARESHY| 2| RH, 2eid QAH I O|AF JHE
- NEQI MEHA (M =X, 84 &)
» AoHEQl Y, RYol FREE RAY = US U FE20 KUY MS 2F
* High level simulators for
. - Simulating Reality
. < RE|7HHIRA E =+
. - Simulation software for discrete event, continuous, and
simulation**
. software for discrete event, continuous, and agent-based simulation.
. , an open-source package based on
. , a well established commercial compiler
. a for M&S of
"'5 Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 18 of 21
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Arena= O{C|0f| Hgtstr}2

P

. AN T

. Lo

A
o
o
0
2
ol
=2
X

0310 &2 H
p ©rjopZ O nEof
mjooZ >+ 19 oinfoo

E Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 19 of 21

Al E0] 8 EHAL

o A|EY 0|2 SIES 0 A= ES 02| LIz}t BHH wWHGH S
o ZXHE7| (1950s-1960s)

- H{R HIMEH St =72 A F

- O AFEe S 20| 27 F

- 22 FORTRAN 210 0| & (& X|0{= Assembler 20{ 0|&)
* HXM7| (1970s-early 1980s)

- AFHIEE WK M A
HH o2 200 M AlZ2f 0| 2| 7tX|E QI EHT| A|ZH g
AlE2f 0| AZEQ 07} JHME|RA 2L, fH3| 3t&0| ERstn, EtO|HO| ER35IH,
HiX| & 2|7t 2t

- ASAet S 2O0FoA EX| OFE EX =2l s A S 25l o] 8=
*  Z|Z (late 1980s-1990s)

- OO|3Z HAFH &%

» GUI, Animation 7| & AH|3t AZEQ|0f Tz}

- B0 H2 20fofA Z5 A 'ot 50 &

- O3 o7 B4

- A|E0|M = 50| AHOo| LT} F

-—

E Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 20 of 21
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AlEd| 0] 4

2 AL

- oy
- AR VYo E =t

- BEEERE X2 ES

- dAel =7| EHAMM =2 0| & F
- HAIZ SHO 28
|
. Y, Tl gleh e Bl
- ArES3tE A 24, 24
- HAUHER/AHOH 7
- CHE OfZZ|A 01 S
LR RS
(=) = L— 3T o -
o AAR MA U 20l ChSt ASHILET U O MAHXIAE TR BE
z Simulation with Arena, 6th ed. Chapter 1 — What Is Simulation? Slide 21 of 21
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00 |AlE2i[0]M Zo|ay

01 |AlZzilo]Molgt 2aielot?

02 |AlE2o|Meol 7|2 74

03 |[AlE2[0o|Mol 7|2 WY : A Y22 TIdSt= At X2 AlZ2f 0|4
AlEg|ojMel 7|12 4 :

0a |SZEISAIEES A8 A0 - News Vendor Z|
AlZg|o[Mel 7|12 i :
2T EAEE AFESH A[Z8|0[H - M/U/1 Queue =X

05 |ARENA Z2t&0| : 23 3-1(A simple processing system) &fd A& »
ARENA 7'Ef”0| 2E 328 EHNa)), 3-3(FENE), ZE 34BN, &5

06 |A1zh, 3-5(BTHEL SR EA) 4 Ao
712 3740 mEalar 28 . I3 4-1(An electronic assembly and test system)

07 |xtg g

0 |712 S8 REYM YUY 2A 4222 LY, 27, =48), 22 430K
oY Z=h &g d5

09 7|2 38 22gn ¢ B3 4-455) MY H5

10 [M& 2E2: 2 5-1 (Call center) A|Z2|0|M e HE

11 (M 228 23 52 (B Call center : A|ZHOf| M2} Bl =48, Hold 2
2 27E HHY) )\|§l’—1|0|)q e HE

1o [MF 2EY: 28 53 (Y Call center : LT UK E Q) AlZ2|0[ &
dH5

13 N&E 22 2 54 ((s, S) Inventory system with backlogging) Al E 20|
A HE & OptQuestE 283t 23t

2 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts

Slide 1 of 21

Al =¢e]o] 4 tH

El . C

A AAR ;B

— n ] L n
cCal oA
zeix (Server)
(FFSEIX Li%) QIMEl B
stz — QOO @ — “EIT
Ej%p -II:I
ch7) 3 \_ oz mo| um
MUHE(FIFO) & EATS
« T HIF, T ZH| A"
- Blank £50| =A5HA, HH[O|M 7S ot 2, 2bdE £50] &[0
N2ug o
- AlEY0]E 5H:
. 7| A o
- H7[d20jMel BF TH7|AIZH Ti7|S e 22 =, TH| 7t & 0=
2 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 2 of 21
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A El Al -" )
AMAE M EE
oiEio - O0Os
o Z7| (MZto) CH7[HA2 H|O{A, HH|= 77 SE
o] . & O
o 7|2 A ZHEHY] : = T
N
- 4 X2 (FOIX lrka 7hH)
HEHD SAAIZHE) SAAZHZHA(R) AH|2 AZHE)
1 0.00 4//+/ 1.73 2.90
2 1.73 + 1.35 1.76
3 308« 071 3.39
4 3.79 0.62 4.52
5 4.41 14.28 4.46
6 18.69 0.70 4.36
7 19.39 15.52 2.07
8 34.91 3.15 3.36
9 38.06 1.76 2.37
10 39.82 1.00 5.38
11 40.82 .
« AlEZgo]d2 20 SA AT 2 =7
b Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 3 of 21

X -

MEE0o|M=H: &

-

+ 204 &E 5

o

rol & YA+ (P)

Ne

20

o H £
T 0=
N
2 WQ
=1
N

N =CH7|S opsl 2Eo| £
WQ, = i £Eo| C7| A2t

59 L 7| Y EOfA{S] Ba LHZ[AIZF:

Know: WQ, =0 (R#Hm| ££E2 tf7|A|Zt = 0)

N> 1 (Rm 222 257017 &=)

. BEEO| [ 7Y 2Lf Lf 7 A2+
a)§ WQ,

i=1,...
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NECNREREEE

o LY7|SHZOYA F|CIE| L HEZEO AIZF Tt T2
o Q(t) dt Q(t) = A ZH tOfAf Ll 7/ 24 Ef off

20 7|50l £ Eof +

o Y HE A F|rpE) e 2Eof Frys . MAXQW)

(t)

4,66

civerO

19.39

o 173 290379 ¢ 805 1o 1257 15 1703 1869 o
3.08 441

E Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 5 of 21

AMEgold 5528 sd HE

o HEZLEO

FPESY AL EO0fA] X F o
(a.k.a. 7| AlZt cycle time):

Ml

&t A 2 A ZF

P
2. TS

=1 max TS
P i=1,...,P

TS, = 85 i A2 X F AlZf

z Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts
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MEHO|M 25 53 £ N

« ZH[o 7tEE (7tE S A2t H[E)

o B(t)dt B(t)—1 if the machine is busy at time't
20 10 if the machineisidle at timet

Server status B(t) = 1 for busy, 0 for idle

Slide 7 of 21

Q HEE9 A2 HF o= H Y 2f A/ZHFI| M2t cycle time): EEEp TAT

Q &/ 7}5E (FHEEQ AlZte| H|2): mmmp Utilization

2 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 8 of 21
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Analysis Options

- AYoM L2 x5
- B ERAZ HH =408 2
- o MH|A AZE=346 &

. DFOF TR CAIA|ZF 7HZ < T AJH|A A|7HQI Aol
ASECIY S0|9E HE £} A AHS WAL 2E
42 OF 2o X|7| 20, th7| B e =eat

. =, BQI0| Tf7| £E0| S0iL} [§7| 2740 7S A} b 2

:'1 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts

Slide 9 of 21

Analysis Options (conta)

. o7 o2
- 7P Htedtn s Al 29 M/M/L queue

- BT M EAAIZE 2HS ~ RIS RE, SAAIZE 212 SN
o

FRHE M MBS A[ZE~ X2, ME[A A2 =
1 : ZH|(Server?} 2tLH)

E(MBIA AZhH < E(=2AIZE 282) > 2HE S Ef
CHo|A- O M| Hetot Bt Cf 7| A[ZFS O[2H 2=

P ua = E(interarrival time)
Up — lis s =E(service time)

- B SERA[ZHZEH =408 2
- BT MH[A A[ZE=346 &
- HAOH7| AZH=3.462/(4.08 —3.46)=19.31&2

=

__I_I_

-
o

=

F

i — |
=IPS |
A

% .
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AlEd0]d 22| 182

o A Entities

- LR E2| A[=0| M0 = A|AH LHEE O|SSIHA HEIE
HIA[Z| 1, EE CHE 7K S A[AEIO| HEJO| 2|5 Hek=
F7|E ot 2L S, S8 =l o geS 0[X|=
74 M| (Entities) 7t RULF.

- H|= Al=g0[d LHO|M & LY =2 M, dEH o=
H-EE[0f, HOFS Ot A B L{EZ SOFCELCH2F, 1 CF20f
MNAEE MLEHA AT

- gEtM o = AN AFES LIEFHCE

-t 7S AlI2": VM= BE
Slide 11 of 21
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AlEd0]d 22| 182

o =AM Attributes
- JWH=2 7HE =St fI6h =58 (Attributes)ES & QI CT.
EH2 RENNVI A= S5 £, 7HM OtCt A 2

" o=
CHE 22 7HE = UL O E 28 252 -
— =X AlZE Time of arrival
~ 7| Due date
- M =% Priority
— MA Color

""5 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 12 of 21

- 68/279 -




AlEd0]d 22| 182

a 22~ (Global) Variables

ok
3

- E—’F(Varlable) =39 E—T—(Global Variable)= A|A & Of
Z=MSt= WM E2| =2 SFO| 2tA 8lo|, A|AEIe] EHS
Ut Fot= HE Q| 5tLIO| LT,

- Hd0t= el HeEE2 o E80 JHN| o HZE| 0 /K|
0 A A|AEO HAE 0] RUCH

- SdS A YoM SOICIL = N0 22 NE[HE
dZotChd, HaS2 Hol 7| S5t AR5 7He)22
AH2-stet o g 23,

- A|AE Ljo] BEO| 4
- AlE2o|M AlA

""5 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 13 of 21

Al Ed0]d 2| 1 Edaa

e Xf2/Resources
=2 AMEE, 2H| 2= 3 7|7t Mot=l & 57t 51t

>+

- 7} = o
2 AHE S LIEHL = A}I(Resource)2 5 E MH|A S EHY
L PN ESPS 2 RN )

- /iXl= XHO| 0|8 7tse W AHRlS EFSH0 AFESHD,
AA0| A2 E|H X2 =0F =Lt

""5 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 14 of 21
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>

AMEdo]d EEe| FE8

o L7/ & Queues

- StLtO| M7t O Ols2 &~ BlE M, Ol & S, CHE 7HA 7t
Ar2 el ot B2l & A T2 8%, ArdlE ER/oH7| RsHA
7|ICHE o= = SU0| ER5IE} O S¢S Ch7[ 4 E 0|2}
H= |_

T = .
:'1 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 15 of 21

AlEd0]d 22| 182

o E7X =&AL/ Statistical accumulators
- A= 0| B8 s=d ML E 27| RISHA =, Al=20]M0]

Tids] &40of el Crdol S A A =2 AL B 4=(Statistical

Accumulator Variables)E & 22|30 otCt O & =T,
— 8 4FZF Number of parts produced so far
— CHZ|A|ZE2| Bt Total of the waiting times spent in queue so far
- Li7|2tE 5E= No. of parts that have gone through the queue
— ZE|CH Cf 7| A|ZF Max time in queue we've seen so far
— AARIOAM E A|ZHO| 2 Total of times spent in system
_ A AHIO|M HE X|CH A|ZF Max time in system we’ve seen so far
~ Q(t) 2= o2l HA Area so far under queue-length curve Q(t)
_ Z|C Q(t) 2t Max of Q(t) so far
~ B(t) 2= ot2f = Area so far under server-busy curve B(t)

:'1 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 16 of 21
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AlEd0]d 22| 182

o AfZ1Events
- AMZAO|2E = E—’F, S A A X
AUZ AN, ASIA[7FO| EX 2=74H0|| LHAHSIC} AFZ40| SFAYSFH:
- A SO w2l AE] Het M2

- EAX| A4
_ Dj2j AbZiO| WA A|ZHS A4

. AlgEﬂOI %*%‘ ofei 1, OJ2fo] 201z A= O E &
AAS O THeh M =X zh2| 2 sfof 3 Ef Arena®i A] O]

MEE= AHA ':*E"(Event Calendar)Oﬂ Moot
« O/ AP AJE ) O[LIO0A = AIE )0/ 49 A[ZHO] &fL}f2f
AP B A ZFOJ A CFE AP BFMAIZEO 2 & Z(Jump)
c 22 BE9| = iH(A) AMH, R E BEo| =iH(D)
A, AlE2Eo]d S E(E) AHA

2 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 17 of 21

AlEd0]d 22| 182

& ALA MHIAAI2H S AA

Yes

EEAIZ2EA AHIAAIZE
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AlEd0]d 22| 182

o A/E)0/H A/Z Simulation clock variable (internal

In Arena)
- A E2[0[ 0| AlZFo| SiXY 2t Al=2[0] AlA 2t

=c|= B0l ZHESHA 22| =l E

- Al=2)0] 4 A A= 2 X AlA 2| Bf=3F £0] A[ZE 0]
HEHO 2 HHY K| BE1, SfLES| At A[ZHO| A Tt A =l
A AZEQ 2 ALFELE > oLt b Al=2 0|8 (EE e
Ao MEE A 2B A Ef 7t =)

z Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 19 of 21

AlEd0]d 22| 182

o A EE A J[F0f Lff2t &
- (A 2E B A Tl A[ZH A 7]
- APA 2l AlZEe 2 HESH0] 2t
- Hi= CHS0| 2dot= Ard0] Arzd &=l T 2{0f 2| K]
- AE8|0]d 7|3t Al WM =2 A AN T2 AMAS
27 = .

F

[ot

z Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 20 of 21
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AMEdo]d EEe| FE8

>

EFET

- Al=2|0| 0| SRoHA|ZH NI = 7Hit|= A2
Al=2{0]42] A&t AE= dot= AO|Lt.

- AE (0= AR, T

z Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts
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00 |Al=efo]d Zo|aay

01 |Al=zfojdolzt Faeldt?

02 |Al=efojdel 7|12 44

03 |Al=gfojde 7|2 JE . =2Yo 2 TMSt= At X[ Al=2fo|H
Al=glo|del 7|& JHYE .

04 ATYEAEE AMRSH A|SH 0| M - News Vendor 2|
AZglojdel 7|2 7S -
AT EAEE AHETH AIE20]E - M/U/1 Queue =X

05 |ARENA Z2t&0| : 22 3-1(A simple processing system) &4 A& e

ple p g sy

06 |ARENA detgol - 2 3-2R N2, 3-3(HB AN, ZE 343 BN, 45
AAIZh, 3-5(HBX 2|, &2 PAZh 2d H5

07 712 378e| 2D 23 : 2 4-1(An electronic assembly and test system)
A dE

08 72 3o e 9 nE 422F YUY, 0F, A, 2 43040
O|M 3 2td &

09 |71 3o AN UH . R H 4-4F) Hd HS

10 (M5 222 2 5.1 (Call center) A|SE0|M ZM A&

11 NE D2l o 5.2 (2 Call center : A|ZH0] 2} Hste ZALE QI 2
8 A7E ¢ AlEgold &Y dE

12 NE ngal: @ 5.3 (= Call center : CHeH HtX| & HHF) A|[E20] M &t
ddE

13 MF 2> 23 5-4 ((s, S) Inventory system with backlogging) Al=2{ 0|4
A HE & OptQuestE 283t 23t

:'1 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 1 of 25

THYULE +HSI= A= 0|4

o MZ2 2EF9 =X Arrival of a new part to the

system
- MRS SAK AL (O A[ZHO| M SIXH2)

_ Q(t) 2{= ofaf HA

- Q(t) ZICHEL

- B(t) J2i= ofzff HH
EABE AFHL| AT A 7HE 7| B8l & (& AE)
S| 7t 7HESHH(E |7 5 SO0[H):

_ TS AEH(EE AP M), ZH| HEVE Tt

2tE =(+1), TH7| Al 24| (+0: =EX| 2

X ™ (HH[7} 7ts SO0[H):

- B2ES H7IYEL 20 /IXIAIZ|, L7 | S HO|E Lt T7t

CH SR A MY

HA|
O -

~
\J
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THYULE +H5I= A= 0|4

o 2l El 2EZ9] ZE Departure (when a service is

completed)
- AL 2t E REFO[ =5 NSt = SAK Al(+1)
- AMXHEIO HERE AZH @A ZE - 25 A ZhH Aok S 2
A4

- 7|EF AlZE XSS %ﬁlxl A4 o] AI7+01|A1 A Z)
- Cf7[AZ0] 5|0 /X 2 H(LH7|S 2 F=50] AL H):

ol LES THU, CH7| S ZH0i| A 2

A H

- L7l 2 O*OHH CH7| S
=

7| A7 A AT S A S A, ME[AS AR (TS S AFHS

—

AH )k-l)
oo
= OoF oH 24 o
- J1EX| o™ (Cf7[dZ0] H|0f R2H™)
- YH|IQ| HEE R S22 HE (7|52 50| gIfE2 [}3
Y AHE HEE = 23)
"'5 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 3 of 25

- MRS SAKX A (M=220]d S& AL Z)
- SAH FH ALV|E 0|80 2T 2 s HES AL

© O|AF ALZH A|B|O| 4 T2 A
- A4 AHAS] ME|E flBM =,
- M AL Z2EHo W™ 2| At S ML,
- MAE ArdS 0] 8510 Al =204 A|Zh= A LI5HH,
- A LEO| HEfQr SA X Z Ao,

. ZUS BESHE B ME 2 ATIS LAY
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+EQO 2 £t A B 0| M

KHIAAIZE

Machine Yes

Idle?

Part
Waiting?

Yes

EXAI2H2EA MHIAAIZE

z Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 5 of 25

THYULE +HSI= A= 0|4

Yoz =Wst= A= 0] d

- At B SeF JE B (Q(t), B(t) 5)p sAH =5
AMZI(P, N, ZWQ, £ TS §)E =X 2t2|stCt.

. ZO|E £ A|ZH b2 T MH|A A|7HS 0| 83BiCt

- MARESEHZ, AP T A2 Ard /) EEHE FX[SHL

- A=Z20[ 3 A[AE StLe] AFAO|A Chx At 2| Zd
AlZto 2 o|Z 3L},
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SimUIation by Hand: Simulator Setup

System Clock B(t) Q(t) Arrival times of Event calendar
x| Arey f71=9l custs. in queue
SRR EA MES =1 [HEQF QueuelllM CH7| 5 QI ArdEH
S HEE x| 885 =0 HEZ2| =&AZt (MSH=Z, AFHALAAZE AHARH)
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(t) B(t)
times in queue
7|5 25D MHIAE | [f7|S 2= HES CH7I3Ql MIZo| 4:0fl TS AlZH | FH|AFEO| CHSH AJZH R X] :
HAE HZo| che CH| A2kl Bty =XK| : Qn A= ofey HE B(p 1= ot} HH
4
3
Q(t) graph 2
1
0
0 5 10 15 20
B(t) graph f\\\\\\\\\\\\\\\\\
grap S O
0 5 10 15 20
EAA|ZEZH MZ1-2 2~3 3-4 4~5 5-6 Time (Minutes) o-10 10-~11
Interarrival times 1.73, 1.35, 0.71, 0.62, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 2.90, 1.76, 3.39, 4.52, 4.46, 4.36, 2.07, 3.36, 2.37, 5.38, ...
MH[2A|ZH HE1 HE2 HE3 HE4 HE5 HE6 HI7 HME8 HIB9 HE10
"'5 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 7 of 25

Simulation by Hand:
t = 0.00, X£7|2} Initialize

20% > MEZ0[H F& A x7[3

System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [1, 0.00, Arr]
0.00 0 0 <empty>|[-, 20.00, End]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(t) B(t)
times in queue
0 0.00 0.00 0.00
4
3
Q(t) graph 2
1 4
0 T
0 5 10 15 20
2
B(t) graph ;
0 5 10 15 20
Time (Minutes)
Interarrival times 1.73,1.35, 0.71, 0.62, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 2.90, 1.76, 3.39, 4.52, 4.46, 4.36, 2.07, 3.36, 2.37, 5.38, ...
"'5 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 8 of 25
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Simulation by Hand:
t =0.00, Arrival of Part 1

System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [2, 1.73, Arr] =o041.73
0 0.00 1 0 <empty>|[1, 2.90, Dep] = 0 +2.90
[-, 20.00, End]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(t) B(t)
times in queue
1 HZ1 0.00 0.00 0.00
4
3 4
Q(t) graph 2
1 4
0 T T
0 5 10 15 20
2
B(t) graph ;
0 5 10 15 20
Time (Minutes)
Interarrival times 1,45, 1.35,0.71, 0.62, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 220, 1.76, 3.39, 4.52, 4.46, 4.36, 2.07, 3.36, 2.37, 5.38, ...
""5 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 9 of 25
System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [1, 2.90, Dep]
9 0 1.73 1 1 (1.73)[[3, 3.08, Arr] =178 +1.35
[-, 20.00, End]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(t) B(t)
times in queue
1 ®=1 0.00 0.00 1.73 =0+ (1.73-0)
4
3
Q(t) graph 2
1 4
01 , ,
o 173 5 10 15 20
B(t) graph ;—-
0 5 10 15 20
Time (Minutes)
Interarrival times 1,45, 1.35,0.71, 0.62, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 2420, 1.76, 3.39, 4.52, 4.46, 4.36, 2.07, 3.36, 2.37, 5.38, ...
""5 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 10 of 25
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Simulation by Hand:
t =2.90, Departure of Part 1

1 Ge——
0 5 10 15 20

Time (Minutes)

System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [3, 3.08, Arr]
e 2.90 1 0 <empty>|[2, 4.66, Dep] = 2.9p + 1.76
[-, 20.00, End]

Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(t) B(t)
times in queue
2 m=1,2 1.17 =290-173 1.17 =0+ (290-1.73) * 1 2.90 =173 + (1.73-1.17)

4

3 4
Q(t) graph 2

T

0 T T T

o 17329 5 10 15 20

B(t) graph

Interarrival times

1,45, 1.35,0.71, 0.62, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...

Service times

220, 1786, 3.39, 4.52, 4.46, 4.36, 2.07, 3.36, 2.37, 5.38, ...

"1 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts

"5 Slide 11 of 25
System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [4, 3.79, Arr] =3.08+0.71
6 9 3.08 1 1 (3.08)|[2, 4.66, Dep]
[, 20.00, End]

Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(t) B(t)
times in queue
2 H=1,2 117 =117 +0 117 =117+0 3.08 =2.90 + (3.08 - 2.90)

4

3 4
Q(t) graph 21

1 4

0 1 ]] T T T

o 17329 5 10 15 20
3.08
B(t) graph ;—o—-
0 5 10 15 20
Time (Minutes)

Interarrival times | 1,73, 1.3%, Q2#1, 0.62, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 220, 1786, 3.39, 4.52, 4.46, 4.36, 2.07, 3.36, 2.37, 5.38, ...

"1 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts
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Simulation by Hand:
t =3.79, Arrival of Part 4

System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [5, 4.41, Arr] =37
@ 6 @ 3.79 1 2 (3.79, 3.08) | [2, 4.66, Dep]
[-, 20.00, End]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(t) B(t)
times in queue
2 HZE1,2 1.17 =117+0 1.88 =117 + (3.79-3.08) *1 | 3.79 =3.08 + (3.79-3.08)
4
3
Q(t) graph 2
14 l—“—]
0 T T T
o 173 290379 5 10 15 20
, 3.08
B(t) graph ;—o—n—-
0 5 10 15 20
Time (Minutes)
Interarrival times | 1,.#4, 1,35, Q.7T, 082, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 290, 1786, 3.39, 4.52, 4.46, 4.36, 2.07, 3.36, 2.37, 5.38, ...
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System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [2, 4.66, Dep]
G a 6 @ 4.41 1 3 (4.41,3.79, 3.08)|[6, 18.69,  Arr] =44 +1428
[, 20.00, End]
Number of Total of Area under Area under
completed waiting | waiting times in queue | Q(t) B(t)
times in queue
2 HE1,2 117 =117 +0 3.12 =188+ (4.41-379)*2|4.41 =379 + (4.41 - 3.79)
4
3 4
Q(t) graph 2]
1 4
0 T T
o  1.73 2.903.79 10 15 20
, 3.08 4.41
B(t) graph 1
0 . ; :
0 5 10 15 20
Time (Minutes)
Interarrival times | 1,74, 1,25, 07T, QL82, 1428, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 200, 176, 3.39, 4.52, 4.46, 4.36, 2.07, 3.36, 2.37, 5.38, ...
"'5 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 14 of 25
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Simulation by Hand:
t = 4.66, Departure of Part 2

times in queue

System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [3, 8.05, Dep] = 4.46 + 3.39
G a 9 4.66 1 2 (4.41,3.79)([6, 18.69, Arr]
[-, 20.00, End]
Number of Total of Area under Area under
completed waiting | waiting times in queue | Q(t) B(t)

3 mM=1, 23 2.75 =1.17 + (4.66 - 3.08) 3.87 =312+ (466-441)*3|4.66 =441+ (4.66 - 4.41)
4
3 4
Q(t) graph 2]
1] 4.66
0 T T
o  1.73 2.903.79 10 15 20
, 3.08 4.41
B(t) graph 1
0 . ; :
0 5 10 15 20
Time (Minutes)
Interarrival times | 1,287 1,35, 0#1, 0L.&Z, 1428, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 290, ¥76, 34@‘ 4.52,4.46, 4.36, 2.07, 3.36, 2.37, 5.38, ...
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S' lation by Hand:
Imuiation oy fnand.
System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [4, 1257, Dep] =845 + 4.52
6 a 8.05 1 1 (4.41)|[6, 18.69, Arr]
[-, 20.00, End]
Number of Total of Area under Area under
completed waiting | waiting times in queue | Q(t) B(t)
times in queue
4 x=1,23,4 7.01 =275 + (8.05 - 3.79) 10.65=3.87 + (8.05-4.66) * 2| 8.05 = 4.66 + (8.05 - 4.66)
4
3
Q(t) graph 2]
1] 4.66
0 T T
o  1.73 2.903.79 8.05 10 15 20
, 3.08 4.41
B(t) graph 1
0 . ; :
0 5 10 15 20
Time (Minutes)
Interarrival times | 1,287 1,35, 0#1, QL.&Z, 1428, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 290, 176, 3,39, 4,57, 4.46, 4.36, 2.07, 3.36, 2.37, 5.38, ...
"'5 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 16 of 25
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Simulation by Hand:

t =12.57, Departure of Part 4

Time (Minutes)

System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [5, 17.03, Dep] =12
e 12.57 1 0 (|6, 18.69, A
[, 20.00, End]
Number of Total of Area under Area under
completed waiting | waiting times in queue | Q(t) B(t)
times in queue
5 ®Z1,2,3,4,5 15.17=7.01 + 1257 -4.41) |15.17 12.57 = 8.05 + (12.57 - 8.05)
= 10.65 + (12.57 - 8.05) * 1
4
3 4
Q(t) graph 2]
1] 4.66
0 )|
o  1.73 2.903.79 8.05 10 12.57 15 20
, 3.08 4.41
B(t) graph 1
0 . ; .
0 5 10 15 20

Interarrival times

1,28 1,35, 077, 087, 1428, 0.70, 15.52, 3.15, 1.76, 1.00, ...

Service times

290, 1.76, 3,39, 4,57, 446, 4.36, 2.07, 3.36, 2.37, 5.38, ...

"'5 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts
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Simulation by Hand:
t =17.03, Departure of Part 5

System Clock B(t) Q(t) Arrival times of Event calendar

custs. in queue [6, 18.69, Arr]
17.03 0 0 0 [-, 20.00, End]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(t) B(t)

times in queue
5 WE1,23,45

15.17 =1517 + 0

1517 =1517+0

17.03 = 1257 + (17.03 - 12.57)

- 82/279 -

4
3 4
Q(t) graph 2]
1] 4.66
0 )|
o  1.73 2.903.79 8.05 10 12.57 15 17.03 20
, 3.08 4.41
B(t) graph 1
0 . . . )|
0 5 10 15 20
Time (Minutes)
Interarrival times | 1,24, 1,35, 0#1, 087, 1428, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 290, 176, 3,349, 4 57, 4 46, 4.36, 2.07, 3.36, 2.37, 5.38, ...
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Simulation by Hand:
t =18.69, Arrival of Part 6

System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [7, 19.39, Arr] =18§9 + 0.70
6 18.69 1 0 0 [-, 20.00, End]
[6, 23.05, Dep] = 18}69 + 4.36
Number of Total of Area under Area under
completed waiting | waiting times in queue | Q(t) B(t)
times in queue
6 MZE1,2,34,5,6 15.17=1517+0 15.17=1517+0 17.03 =17.03 + 0
4
3 4
Q(t) graph 5]
1] 4.66
0 )|
o 173 2.903.79 8.05 10 12.57 15 17.03  18.69 o
, 3.08 4.41
B(t) graph i . . —1 1
0 5 10 15 20
Time (Minutes)
Interarrival times | 1,24, 1,35, 0.#T, U872, 1428, 070, 15.52, 3.15, 1.76, 1.00, ...
Service times 200, 176, 3,39, 4 &7, 4 46, 480, 2.07, 3.36, 2.37, 5.38, ...
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S' lation by Hand:
Imuiation y dnda.
System Clock B(t) Q(t) Arrival times of Event calendar
a 6 custs. in queue [, 20.00, End]
19.39 1 1 (19.39) | [6, 23.05, Dep]
[8, 34.91, Arr] =19.39 + 15.52
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(t) B(t)
times in queue
6 #ZE1,23,456 15.17=1517 + 0 15.17=1517 + 0 17.73=17.03 + (19.39 - 18.69)
4
3 4
Q(t) graph 2
19.39
1] 4.66
0 )|
o 173 2.903.79 8.05 10 12.57 15 17.03  18.69 o
, 3.08 4.41
B(t) graph ; . . . 1 —
0 5 10 15 20
Time (Minutes)
Interarrival times | 1,75, 1,35, Q7T, Q82, 148, 9770, 1752, 3.15, 1.76, 1.00, ...
Service times 2490, 1706, 339, 482, 440, 4856, 2.07, 3.36, 2.37, 5.38, ...
:'1 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 20 of 25
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Simulation by Hand:
t =20.00, The End

System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue [6, 23.05, Dep]
ﬂ 6 20.00 1 1 (19.39) | [8, 34.91, Arr]
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(t) B(t)
times in queue
6 HE1,23,4,5,6 15.17=1517+0 15.78 18.34=17.73 + (20 - 19.39)

=15.17 + (20 - 19.39) * 1

4
34
Q(t) graph 2
19.39
1 4.66 )
0 ‘ )|
o 173 2.903.79 8.05 10 12.57 15 1703 1869 o
3.08 4.41
B(t) graph ; . . . 1 1
0 5 10 15 20
Time (Minutes)
Interarrival times | 1,753, 1.35, Q7T, Q82, 148, 9770, 1752, 3.15, 1.76, 1.00, ...
Service times 2490, 1706, 339, 482, 440, 485, 2.07, 3.36, 2.37, 5.38, ...
2 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 21 of 25

Simulation by Hand:
Finishing Up

= = > 77

o« PESS LJI/HE oYL Bt Lf7[A/ZF:
Total of timesinqueue 15.17 :
, : g : = 2.53 minutes per part
No. of times in queue 6
System Clock B(1) Q(1) Arrival times of Event calendar
/ custs. in queue [6, 23.05, Dep]

o @ 20700 1 1 (19.39) |[8, 34.91, Arr]
Number of _ Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(t)
times’in queue ;
6 'HE1,23456 15.17=1517+ 0 15.78 18.34=17.73 + (20 - 19.39)

= 15.17 + (20 - 19.39) * 1

z Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts
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Simulation by Hand:
Finishing Up

o LYZ|HE YA Z/CtE/= PES AZE EBat T+
Areaunder Q(t) curve 15.78

=0.79 part

Final clock value _~20
System Clock B(#) Q(t) Arrival times of Event calendar

9 6 , custs. in queue [6). 23.05, Dep]

20.00° |1 1 (19.39) |[8, ~\34.91, A
Number of Total of Area under Area under
completed waiting | waiting times in queue | Q(f) B(t)
times in queue :
6 H=E1,23 4,56 15.17=1517+0 15.78 18.34= 17.73 +\20 - 19.39)
= 15.17 + (20 - 19.39) * 1 :

) :
2 19.39
; 4.66 . : =079
o 173 290379 & 805 1o 1257 15 1703 1869 o
3.08 4.41
E Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 23 of 25

Simulation by Hand:
Finishing Up

- B9 IEE:
Area under B(t) curve 18.34

= 0.92 (dimensionless)

Final clock value 20
System Clock B(#) Q(t) Arrival times, of Event calendar

e 6 custs. in queue [6,\ 23.05, Dep]

20.00 1 1 (19:39) |[8, “\34.91, A
Number of Total of Area under Area under
completed waiting | waiting times in queue | Q(f) B(f)
times in queue .
6 HE1,23 4,56 15.17=1517+0 15.78 18.34= 17.73 + 20 - 19.39)
= 15.17 + (20 - 19.39) * 1 )

2
1 1
(1) 1 ) ) : i 1 ]0. 92
0 5 10 15 20
z Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 24 of 25
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Simulation by Hand:

[ =

System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(t) B(t)
times in queue
4
3
Q(t) graph 2
1 4
0
0 5 10 15 20
[ [ [ 1T [ [ ] [ I I
B(t) graph IS I . N R A B I R
0 5 10 15 20
Time (Minutes)
Interarrival times 1.73, 1.35,0.71, 0.62, 14.28, 0.70, 15.52, 3.15, 1.76, 1.00, ...
Service times 2.90, 1.76, 3.39, 4.52, 4.46, 4.36, 2.07, 3.36, 2.37, 5.38, ...
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00 |AlZ2{0|M Ze|al|
01 |AlZ2{0]MO|Zh F AT}
02 |AlE20jMel 7|2 1

03 |AlE2fo]Mel 7|2 71 :

AlZ 0|2l 7|2 7HE -

04 AIDYEAEE ALESH A28 0|M — News Vendor 2K
AlZH 0|2l 7|2 7HE -

AT EAIEE AFESH A Z20[M - M/U/T Queue =X

g0z 7N

r|r

A Rl AlZ2f 0]

1

05 |ARENA Z2t&0| : 23 3-1(A simple processing system) &fd A& »

06 ARENA 7'Ef”0| DE 3-2AEKN), 3-3(HBAN), ZE 3-4FBN, 4E
AIZh, 3-5(HBX 2|, AEPAIZh ”“ *'A

07 712 378e| 2D 23 : 2 4-1(An electronic assembly and test system)
A dE

08 72 SO REEN Y . R 4 2R YUY, 0, TEA), ZE 430041
O|M 3 2td &

09 |71 3o AN UH . R H 4-4F) Hd HS

10 (ME 222l 38 5.1 (Call center) A|ER{0|M &4 A&

11 ME Z@al . 23 5.2 (ZE Call center : A|ZH0]| T2}t Bst= ZXHE Jj01E 2
£ A7 v) AlZ2o|M 2 dE
ME 2@ D@ 5.3 (& Call center : CHFYSH HtX| & HHYH) A|22{|0|M X}

12
§ Mg

13 N&E 22 2 54 ((s, S) Inventory system with backlogging) Al E 20|
A HE & OptQuestE 283t 23t
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O

AL EAEE 0] 88 Al Ed 0]

r

e 0|3 24T E i 22 CSHO| 1 F+Lt A
AMEE & A =78 08510 A|ZY0|¥MSE X

* F7H<| ol x|
. ASTOHY 0] HThEt - BN D
. TR A 7O M) ThTIAIZH 0% - BX 2
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* Rupert= d72|0jA L7t MES Ol St}

- M=ot 7S 0 7t ¢ = $0.55, TOi 744 r=$1.00
- Oj ObH, A& q 2 E o)
|_, O = > OJAFA™ Hs

>~

" o _//'E = o= = O T
o S}& B9 ME £92: D=max (X],0)
- AN™ XNE2E2EH FHE, X ~normal (m =135.7, s =27.1)
- I XT= s X E7HE 71t E4E Hast= ot
« H%D<q, ZE +2F UF}L, (g-D 2 0)F7t
2, B2 HdE2 (s =$0.03)0] H|X| = o
W D>q, dE &E (g 7l HE 0fE), T =07
- 1L} O| B2 D—-q>0F2 &of 7|21 & =t &2

* 0]9] Z[CH=}tE flSH M, g &2 E0H7t I 0 OF & 77k?
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(= T oF A
M= Eof o]9] g Fe
- 6t S2ko| 0[O| A|CH7t £ =8 g ZE AH
q 7t HF oM, 2ttt 5 $0.45(=1-0.55)2| =7t Tf 7|3 A4
q 7t HF 3, 0jE0E S57F > $0.52(=0.55-0.03)2| &3 E
Ot H{X| = o
- MYEQl 2FHE £
Chget el S8, Hd =X =4
- H2 3R ANE 72 = US
- 2EEAES 0|85 A AlZ20|d & &= US
. 312 E9to| o[22 q o B2 LIEMH 4= 98
W(qg) =r min (D, q) + s max (q — D, 0)—&&

2ol =< LA 79 7o HE
. W(q) £ B8 B - 0[22 njUo e

* 271 obdl F= g ofl thal, E(w(q)) 22 Zch3t

o
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>
|l

i
K=}
R
>
o
o
I

i A = i
« Yolof Zk qoll CHsH, =82 D & ‘448, olF S22
0|2 = A4t
. olgt 2 ua o= of2] Lo ofsf MEe SYNoR
Ut o+, oS 01830 E(W(q)) =8
- MEIFZHE =T, P(loss)E FH, W(q)0ll TS =2 == ZHY
- £ q {0l Oisk, ol el Ba 4 E(W(g)E =8
o =9 D UM U : D = max (LX], 0)
+ X ~normal (m = 1357, s = 27.1)E LA L
- O E2, X=F,(U) 2 20| gt 71d= 0| 8310 X
7re "HhAA|Z]
HA = =2 O =
Us &2 [0, 1]0AM A= HE FH
Fos © ST (m, 5)2| FHSEZZ &< (CDF)
"'5 Simulation with Arena, 6th ed. Chapter 2 — Fundamental Simulation Concepts Slide 5 of 19

X ~N(0,1)
0.5
1 7(><*/z)2
e f(X)=——e 2
w 0.34 ,// % 2mo
o
o g2 {
) //‘ \ 007
0.1
0.0 r T T T T T T D06 —
-4 -3 -2 -1 0 1 2 3 4 0.05
= A —
z k7
10 - T 004
094 E
1?— E 0.03 —
o ; S o002
L(fl 05 : ;
O J;_\_ : 0.01 —
0 000 —
024, T I T T T
g - | Ba 84 100 118 132
N & % 3 3 3 3 i* A .5 >
: o= 5o, ¢ 7 X HFEEEs 4o BEBl0
eI+ E T4 o2 HlolE 710/ EIIE
[RAND () > z - D = i + zo| > T 45 &Y 0/
D = Max(.135.7 + 27.1z], 0)
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ol Ml MS Excel ZHA] HitH

* T 04xisx-NVEH AIE

- YUS{Hs 4 S B4-B8 ()

+ 281%) WO g Ofl LS 7S

*DES EMHD (1,2,..3

© E ®O| 315 500 9 .

= MAX(ROUND(NORMINV(RAND(), $B$7, $B8$8), 0), 0)
ROUND(N V(RAND(), $B37, $BS8

Y h'd
Rounding F -1 u(o, 1) m S
function random number

X ~normal (m, s)

. . . : Round to
RAND() is “volatile”  $ pins down following nearest
SO regenerates on column or row when integer MAX 2nd
any edit, or F9 key copying argument
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ol Ml MS Excel &Hd

o Zkq 240l CHoH:
- “Sold” &: &< THOf =
- “Scrap” &: &Y LO{SID o I X| 2
- “Profit’ &: 29
- A EALE ol 2
* “Profit” 2| Of2ff £ &

| L.
- 30 €=Oto| HHE A7t O

o
|O
H
=
o

- 2.045 = At 298 4=
- 2o ME[FZ A2 E “l-beams” M &

. P(W(q) < 0): 3% S0t2| 0|9J0| 0 Ct &2 22 =X
_ COUNTIF &%= 0|8

 OF2Hoil w(q) ol CH

. 0 3ol £ 4 43

Ok 0

teEsE2r XS
off 2t 0]0| 2| &[=

r

rx

e

J
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- 2q sl =
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[Newsvendor Problem — 30 Days |

q = 100 q = 120 q = 140 q = 160 q = 180
INPUT DATA Day Demand| Sold Scrap Profit | Sold Scrap Profit | Sold Scrap Profit | Sold Scrap Profit | Sold Scrap Profit
Wholesale price ¢ = $0.55| 1 110[ 100 0 45.00] 110 10 44.30] 110 30 33.90] 110 50 23.50] 110 70 13.10)
Retail price r = $1.00 2 176 100 0 4500 120 0 54.000 140 0 63.00] 160 0 7200 176 4 7742
Scrap price s = $0.03] 3 111 100 0 4500 111 9 4527| 111 29 3487 111 49 2447 111 69 14.07
Demand parameter ;; = 135.70) 4 103 100 0 4500| 103 17 3751 103 37 2711 103 57 1671 103 77 6.31
Demand parameter g = 27.10) 5 126 100 0 45.00] 120 0 54.00| 126 14 49.42] 126 34 39.02| 126 54 28.62
6 119] 100 0_45.00] 119 15303 119 21_42.63] 119 41_3223| 119 61_ 21.83
7 124] 100 0 45.00[ 120 0 5400 124 16 47.48] 124 36 37.08] 124 56 26.68
70 8 141 100 0 4500 120 0 54.00[ 140 0 6300 141 19 5357 141 39 43.17]
9 130[ 100 0 4500 120 0 5400 130 10 5330 130 30 42.90| 130 50 32.50
%60 1 10 121 100 0 45.00] 120 0 5400 121 19 4457 121 39 3417 121 59 23.77|
= 1 122|100 0 4500 120 0 5400| 122 18 4554 122 38 3514] 122 58 24.74
%50 L { 12 142 100 0 4500 120 0 54.000 140 0 63.00] 142 18 5454 142 38 44.14
[ . 13 121 100 0 4500 120 0 5400] 121 19 4457 121 39 3417 121 59 23.77
240 14 134] 100 0 45.00] 120 0 54.000 134 6 57.18] 134 26 46.78] 134 46 36.38
8 15 114 100 0 4500 114 6 48.18] 114 26 37.78] 114 46 27.38] 114 66 16.98
30 1 16 133 100 0 45.00] 120 0 54.00[ 133 7 56.21| 133 27 4581 133 47 35.41
3 17 115 100 0 4500 115 5 49.15| 115 25 3875 115 45 28.35| 115 65 17.95
=20 4 18 129 100 0 4500 120 0 5400 120 11 5233 129 31 41.93 129 51 31.53
19 157[ 100 0 45.00] 120 0 54.000 140 0 63.00] 157 3 69.09| 157 23 58.69
10 T 20 118 100 0 4500 118 2 5206| 118 22 4166 118 42 31.26] 118 62 20.86
80 100 120 140 160 180 200 | | 24 125 100 0 4500 120 0 5400 125 15 48.45| 125 35 38.05| 125 55 27.65
q (papers) 22 114 100 0 4500 114 6 48.18] 114 26 37.78] 114 46 27.38| 114 66 16.98
23 132 100 0 45.00] 120 0 54.000 132 8 5524] 132 28 44.84| 132 48 34.44
24 147[ 100 0 4500 120 0 54.000 140 0 63.00] 147 13 5939 147 33 48.99
Afel>XHE> 2 A 25 175 100 0 45.00] 120 0 54.000 140 0 63.00] 160 0 7200 175 5 76.15
XHE £ >80 obR>2 X 2tTH> 26 147[ 100 0 45.00] 120 0 54.00] 140 0 63.00] 147 13 5939 147 33 48.99
7| EFQ Aot SAASAFS RFR| 27 109 100 0 4500| 109 11 4333 109 31 3293 109 51 2253 109 71 12.13]
95% AlZ| 77t 28 109 100 0 4500] 109 11 4333 109 31 3293 109 51 2253 109 71 12.13
29 145 100 0 4500 120 0 54.000 140 0 63.00] 145 15 57.45| 145 35 47.05
30 157 100 0 45.00] 120 0 54.00] 140 0 63.00] 157 3 69.00| 157 23 58.69)
—_ E(Profit/Day) 45.00| E(Profit/Day) 51.48| E(Profit/Day) 49.39| E(Profit/Day) _42.09| E(Profit/Day) 32.69
Y -u- o I £+ 0.00 + 166 £ 432 £ 6.02 + 6.8
E -x sx Prob(Loss)  0.00] Prob(Loss) 0.00] Prob(Loss) 0.00] Prob(Loss) 0.00] Prob(Loss) 0.00
—— Bin Tops Cum. Freq. Cum. Fregq. Cum. Freq. Cum. Freq. Cum. Freq.
40| 0 0| 0 0| 0 0| 0 0| 0 0|
¢ NV E 01 AI E £ -20 Y 0 0 0 0 0 0 0 0 0
o — a 0| 0 0| 0 0| 0 0 0 0 0 0
£ 20| 0 0| 0 0| 0 0 1 1 8 8|
g 40) 0 0| 1 1 8 §| 16 15) 21 13
2 60| 30 30| 30 29| 21 13 26 10 28 7
80| 30 0| 30 0| 30 9| 30 4 30 2
100) 30 0| 30 0) 30 0 30 0 30 0|
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T

27 =&  ACROBAT
£63 v Z z
C D E F G H -
1
E— g=100
3 | | Day Demand Soid Serap Profit
4 1= MAXROUND{NORMINV(RANDY), SB57, $858), 0), 0) = MINSES, H52) = MAX[HS2 - SE4, 0) = SBS5F4 + SBS6°G4 - SBS4'HS2
5 2 = MAX(ROUND(NORMINV(RANDY{), SBS7, SB8), 0), 0) = MIN(SES, HS2) = MAX[HS2 - SE5, 0) = SBS5°F5 + SBS6°GS - SBS4'HS2
6 MAXROUND{NORMINV(RAND(), SBS7, SBS8), 0), 0) = MIN(SEG, HS2) = MAX[HS2 - SE6, 0) = SBS5'F6 + SBS6°G6 - SBS4'HS2
7 MAX(ROUND(NORMINV(RANDY), SBST, $858), 0), 0) = MINSET, HS2) = MAX[HS2 - SE7. 0) = SBS5'FT + SBS6'GT - SBS4°HS2
8 5 = MAX(ROUND(NORMINV(RANDY{), $BST, SB8), 0), 0) = MINSEB, HS2) = MAX(HS2 - SE8, 0) = SBS5'F8 + SBS6°G8 - SBS4'HS2
|9 6 = MAX{ROUND{NORMINV({RANDY), SB57, SBS8), 0), 0) = MINSES, HS2) = MAX{HS2 - SE9, 0) = §BS5'FY + SBS6°GY - SBS4"HS2
|10 | 7 = MAXROUND(NORMINV(RANDY), SBS7. SBSB), 0), 0) = MIN(SE10, HS2) = MAX{HS2 - SE10, 0) = SBS5°F10 + SBS6°G10 - SBSA'HS2
11| 8 = MAXROUND(NORMNV(RANDY), $857, $B58), 0), 0) = MINSE11, HS2) = MAX(HS2 - SE11, 0) = SBS5'F 11 + SBS6"G11 - SBSA'HS2
112/ | 3= MAX[ROUND(NORMINV(RANDY), SBS7. $8S8), 0), 0) = MINSE12, HS2) = MAXHS2 - SE12, 0) = SBS5'F12 + SBS6°G12 - SBS4'HS2
13 | 10 = MAXIROUND{NORMINV(RAND(), SBS7, $BS8), 0), 0) = MINSE13, HS2) = MAX(HS2 - SE13, 0) = SBS5°F13 + SBS6°G13 - SBSA'HS2
14| 11 = MAXROUND(NORMENV(RAND), SB57, $858), 0), 0) = MINSE14, HS2) = MAXHS2 - SE14, 0) = SBS5'F 14 + SBS6'G14 - SBSA'HS2
15 | 12 = MAXIROUND(NORMENV(RANDY), SBS7, SBS8), 0), 0) = MINSE15, HS2) = MAX(HS2 - SE15. 0) = SBS5'F15 + SBS6°G15 - SBS4'HS2
16 | 13 = MAXIROUND[NORMENVIRAND), SBS7. SBS8), 0), 0) = MINSE16, HS2) = MAX[HS2 - SE16, 0) = $BS5'F 16 + $BS6°G16 - SBS4'HS2
17| 14 = MAX(ROUND(NORMENV(RAND), SBS7. SBS8), 0), 0) = MIN(SE17, HS2) = MAX{HS2 - SE17, 0) = SBS5F1T + SBS6°G1T - SBS4'HS2
18 | 15 = MAX(ROUND(NORMINV(RANDY), SBS7, S858), 0), 0) = MINSE18, HS2) = MAX(HS2 - SE18, 0) = $BS5'F18 + SBS6'G16 - SBS4'HS2
1191 | 16 = MAX[ROUND(NORMINV(RANDY), SBS7. $858), 0), 0) = MINSE19, HS2) = MAX[HS2 - SE19, 0) = $BS5'F19 + SBS6°G19 - SBSA'HS2
20| | 17 = MAX(ROUND(NORMINV(RANDY), SBS7, SBS8), 0), 0) = MINSE20, HS2) = MAX(HS2 - SE20, 0) = $BS5'F20 + SBS6°G20 - SBSA'HS2
[l 1 MAX{ROUNDNORMINV(RANDY), SBS7, $838). 0), 0) = MIN{SE21, H52) = MAX{HS2 - SE21, 0) = $B55'F21 + 5B56"G21 - 5BS4°Hs2
22| | 19 = MAX(ROUNDINORMINV(RANDY), $BS7, SB8), 0), 0) = MIN(SE22, HS2) = MAX(HS2 - SE22, 0) = SBS5'F22 + $B56°G22 - SBS4'HS2
23| | 20 = MAXROUND(NORMINVIRANDY), $BS7, SBS8), 0), 0) = MIN(SE23, HS2) = MAX(HS2 - SE23, 0) = $BS5'F23 + SBS6'G23 - SBSA'HS2
124 | 21 = MAXROUND(NORMINV(RANDY), SBS7. $BS8), 0), 0) = MINSE24, HS2) = MAX(HS2 - SE24, 0) = SBS5F24 + SBS6°G24 - SBS4'HS2
25 | 22 = MAXROUND(NORMINV(RANDY), $BS7, SBS8), 0), 0) = MIN(SE25, HS2) = MAX{HS2 - SE25, 0) = $B55°F25 + 5B56°G25 - SBSA'HS2
26| | 23 = MAXROUND(NORMINV(RANDY{), SBST, SBS8), 0), 0) = MINSE26, HS2) = MAXHS2 - SE26, 0) = $BS5'F26 + SBS6°G26 - SBS4'HS2
27| | 24 = MAX(ROUNDINORMINV(RANDY), S857, 5858), 0), 0) = MINSE2T, HS2) = MAX(HS2 - SE27. 0 = SBS5'F27 + SBS6°G2T - SBSA'HS2
|78 25 = MAX{ROUND{NORMINV{RANDY), SBS7, $858), 0), 0) = MIN{SE28. HS2) = MAX[HS2 - SE28, 0) = S855°F 28 + $B56°G2E - SBS4"HS2
|23 | 26 = MAXROUND(NORMINV(RANDY), $B57. SBS8), 0), 0) = MINSE29, HS2) = MAX{HS2 - SE29, 0) = $BS5°F29 + SBS6°G2Y - SBS4'HS2
1301 | 27 = MAXROUND(NORMINV(RANDY), SB57. $858), 0), 0) = MINSE0, HS2) = MAX(HS2 - SE30, 0) = $BS5'F30 + SBS6'G30 - SBSA'HS2
1311 | 28 = MAX[ROUND(NORMINV(RAND), SBS7. $8S8), 0), 0) = MIN(SE31, HS2) = MAX(HS2 - SE31, 0) = $BS5°F31 + SBS6°G31 - SBS4'HS2
132/ | 29 = MAXROUND(NORMINV(RANDY), SBS7. SBS8), 0), 0) = MIN[SE32, HS2) = MAX(HS2 - SE32, 0) = $BS5°F32 + SBS6°G32 - SBSA'HS2
33| |30 = MAXROUNDINORMINV(RANDY). $BST. SBS8). 0). 0) = MINSE3, HS2) = MAX(HS? - SE33. 0 = $BS5°F33 + $B86°G33 - $B34'HS2
) E{ProftDay) =AVERAGE(HA H13)
— I + =2 045"STDEV(H4 HI3VSQRT(COUNT(H4 H33))
[ ] _u_I- % 0 4 x I sx Prob{Loss) = COUNTIF(HA H33.< 0"YCOUNT(H4 H33)
L
£ Bin Tops Cum Freg
39 0 =COUNTIF{HS4 H533, < 407) =63
°® Nv.w A Al A E 20 =COUNTIF(HS4 HS33,"< 20°)  =G40-G39
41 'E' -1 — 0 =COUNTIF(HS4:HS33,"< 07) =G41.G40
2 |% 20) =COUNTIF{HS4 H533 "< 20%) =G42-G41
"l B 40 =COUNTIF(HS4HS33 < 407)  =G43.G42
|2 60 =COUNTIF(HS4HS33 "< 607)  =G44.G43
45 80) =COUNTIF(HS4 HS33, < 80°)  =G45.G44
46 100 =COUNTIF(HS4 HS33 "< 100) _ =G46.G45 E
NVE NvE=4) ey MU =4 F . -
| B W @O - | + 100%
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* Ct22 HMelot thxst 718 A|AMN S
CEARANZE A ~HA 1/1=1622 K|+,
« MH|A A[ZE~ %'%F%E [a, b] = [0.27, 2.29]=.
- 50HH R CHZ7[A|ZHO] ZHEE|H Al Z2f O] &
- &, 504K 1240 MH|AZ AZSIE A0 B2
o CLHZ|E oA L] CHZ|AIZHS BHE WQ,, WQ,, ..., WQs,
- =0 = o= Al=g0|Mt He| CHE A2 2ESHA| Y2
S, =17 O MH|A A|ZH
D72 i — 13} Afo|o] EXHA|ZH 742
* Lindley M7 £/2E) 4/ (1952): WQ, =022 X735},

>
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Lindley’s recursion

i1 Ex i-1 AH|A A|E i-1 ME| A B =
: : —
wQ, , Si.s
i DXt i AH| A A[EY
Case 1 I I I >
A WQ=WQ;+S;+-A
i E Xt i AH|A A|Z
Case 2 I I I >
A WQ=WQ,.1+S;.+-A
| E g AH|A AR
Case 3 I A I >
i WQi=WQi-1+Si-1-Ai<O
WQ=0
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AZHEAEE 0|23 A2 0|M

h

DX 2 A|ZH X2 M U~ Ufo, 1]

s N2 (BT 1/ A)A =—~(1/2) In(1 - V) === zomrm—rm

- UAUYEII (g, b S=a+(b-a)u_—>r |\
o I} 04.xIsx —NU1 28 A|E
* B4-B6 (blue) **'01I 242

I'IJ

-WQ—mﬂ”é

74
of |cwumujﬂu5ﬂ+%ﬂ)
MW CH7|A| 22

O 2 X7|3}, 0|F Lindley 74! 0] &

|0 |

O—'—“

J2mE 00|M AN, QEZ02 U2 MEN 57|
- WQ 0] CHofl Ofef[o = Z45 ol of 2t T
WQ, £0| SEHO|QICIH, MF2 £2 E0|F
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Exponential & Uniform =i

Probability density function Probability density function
flx) 1.6 T
1.4} A=0.5
1 —_—A=1
) . N 1.2
b-a 5
U :Rand() 1.0 A=15

y_X=2 éo.a\
b-a 0.6
o 3 b x >:=a+(b—a)U 0.4
Using maximum convention 0.2
S=a+(b-a)U :

Cumulative distribution function

1 v
Fix) Cumulative distribution function

Yo me X7 E T
B2 E I} 40] ZHEFSHO]
GE+E # 402 EHE 0| 5

0 a b X U :Rand()

Notation U(a,b) or l1nif{a?,5‘) U=l-g*
Parameters —w<a<h <OO 1
Support z € [a,b] ) X= 7(;)11‘1(1 -U)
PDF { = fqr’i € [a,b] Ve >

0 ’,(Jytherwise A — _(1 lﬂ/) In(1 — U) - ~Far§meters A = 0 rate, or inverse scale
CDF 0 /forz<a ! Support X € [0, =)

{ 3. forz€la,b) POF . e™
1 forz >b CDF N
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Simulating with Spreadsheets:
Single-Server Queue — Results

- W WA M)

- Bt ZAAIZE L
R-E-EIC¥)

- TE, 72 M9 dAef=Z7r HE

- 53| Bt=0f o

- O|2X 7[CHX[0|M 2

af AH[A A ZE2 Z|EX O 28

- B@O| MSHO| HfEx Ol bt
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[M/U/1 Queue -- 50 Customers

R 1 R 2 13 R 4 R 5  |Cross-Rep|

INPUT DATA Customer| A S _WQ| A S Wa| A S Wa| A 5 Wa| A s _Wa[Ag Wa

Mean interamival tme 1/ 2 = 1.60 T 207 0.00 0.790.00 0.98 0.0 .95 0.00 768 000] 0.0

Min senice timea = 0.27] 2| 175 147 033 0.38 187 041 068 091 030| 044 150 150 254 030 0.00[ 051

Max senice time b = 2.29 3| 268 1.08 0.00] 370 090 0.00| 019 218 1.01| 0.26 222 275 113 205 000| 075

4l 001 142 1.07| 409 134 000 241 053 078| 1.49 043 3.47| 464 1.80 0.00| 1.0

E(Senice time) = 1.28 5| 112 185 1.37] 037 200 097 0.04 1.04 1.27| 281 0.50 1.09| 040 075 1.40| 122

Var(Service time) = 034 6| 264 228 058l 007 118 279] 173 055 058l 220 141 000 347 131 o000 079
Steady-state expected mean wait in queue = _ 3.09 7| 0.88 0.39 1.98 0.1 225 3.8 0.18 1.37 095 211 1.60 000 062 124 068 149
8| 5.08 029 0.00| 074 082 537 0.04 1.89 227 1.42 1.18 0.18| 0.58 1.00 1.34| 183

ol 116 148 0.00| 556 1.71 063] 420 050 0.00| 0.05 0.63 131 0.61 199 173 073

12 10| 0.18 1.83 1.30| 020 1.15 2.13| 247 1.17 0.00| 0.40 0.32 154| 1.61 067 2.11 1.42
1| 080 176 233 397 1.56 000| 0.01 087 1.17| 0.08 0.44 179 045 142 234 152

104 12| 214 082 1.96| 039 1.96 1.18| 7.74 053 0.00| 0.66 1.66 156 0.46 068 3.30|  1.60
3 ) 13| 327 1.99 0.00| 055 020 258 0.47 1.05 0.05| 0.94 0.61 2.28| 1.28 061 2.71 1.52
] A 14| 240 1.01 0.00[ 538 1.18 0.00| 1.60 068 0.00| 3.72 0.96 000| 0.06 187 3.25 065
£ 15| 1.18 121 0.00[ 2.65 1.03 0.00| 0.17 1.04 051 1.02 0.97 000| 1.16 147 3.96| 089
s 16| 241 0.85 0.00[ 040 202 063 208 202 0.00| 032 220 065 1.67 138 376|  1.01
i 17| 0.78 029 0.06| 432 204 000] 0.38 032 1.64| 329 1.16 000| 0.47 072 4.67] 127
<} 18| 0.22 079 014 456 0.31 000] 043 122 1.83 212 1.82 000| 0.71 179 468  1.33
£ 19] 0.81 027 0412 120 058 0.00 0.30 0.71 275 0.60 1.52 1.22| 0.79 1.02 568  1.95
5 20[ 013 211 0.26| 346 1.85 000 092 050 253 243 083 032 0.15 1.33 654  1.93
s 21| 1.85 052 052 1.15 213 071 0.14 227 2.90| 216 038 0.00| 1.35 1.81 653 213
22| 119 058 000 0.35 1.64 248 440 1.04 077| 0.62 157 0.00| 152 1.12 681 201

23| 056 180 002 093 201 319 355 200 000| 0.76 1.83 0.80| 2.88 0.72 508  1.81

24| 093 094 089 265 129 255 489 1.50 000| 228 126 0.36| 1.07 1.48 4.71 1.70

Customer 25| 0.01 112 1.82 1.65 1.25 219 030 1.53 1.20| 1.54 1.94 0.08| 1.03 1.40 515  2.09

26| 356 041 000 0.64 1.41 280 3.88 1.95 0.00] 0.71 131 1.31| 249 0.55 407  1.64

271 050 086 000 1.92 125 220 417 070 0.00| 0.3¢ 228 228 358 0.65 104  1.12

28| 021 116 0.66| 0.75 099 279 061 1.16 0.09] 0.50 1.13 4.06| 0.36 0.83 133  1.78

20| 003 059 179 1.37 1.04 241| 423 090 000| 1.21 1.05 398 0.16 040 200 203

30| 020 049 208 279 206 066 1.75 092 000 3.97 084 106| 201 072 038 084

° E (0] | 31| 086 116 1.71| 0.51 120 221 1.50 069 000 3.05 094 000 053 169 058 090
= -x sx 32| 159 1.02 1.29| 350 153 0.00 0.62 1.63 0.06| 0.30 1.69 0.64| 1.79 222 047] 0.9
33| 046 043 185 0.33 215 1.20| 1.06 1.48 063 039 208 1.95 0.26 159 244 162

34| 004 027 224] 1.00 099 2.35| 055 0.64 1.56| 202 122 201 145 189 257 215

-l-i 35| 1.95 1.01 056| 0.87 112 247 454 1.19 000| 3.89 227 000 1.24 109 322 1.5

() NU1 EO A E 36| 061 1.81 096| 1.00 165 258 0.73 2.0 047| 1.44 125 083 0.14 081 417 1.0
o — 37| 123 075 154 411 162 0.12] 029 1.00 228 0.07 206 2.01| 0.08 0.60 49| 217

38| 1.87 211 042| 040 195 1.35| 0.76 1.33 261| 0.41 062 3.66| 1.94 2.08 356  2.32

30| 0.82 0.42 1.71]10.98 106 0.00| 030 1.92 364 206 204 221 1.91 151 373 229

40| 084 171 130 0.79 128 0.27] 1.02 047 455 221 190 204 028 1.04 496 262

41| 160 216 1.41| 063 087 092 098 1.99 404| 281 045 113 199 217 401 230

42| 127 216 230 0.04 155 1.75| 1.45 099 458 430 125 0.00 143 0.41 474 267

43| 236 071 210 034 1.44 296 153 1.20 4.04| 1.08 036 017 072 113 443 274

44| 173 142 1.08| 061 037 379 062 1.93 470 2.35 039 0.00| 1.82 1.66 374 266

45| 195 095 054| 0.60 1.66 357 0.41 216 6.22| 1.66 207 0.00 213 2147 327 272

46| 058 116 092 118 173 4.05| 1.07 152 7.31| 042 150 1.65 078 1.75 466  3.72

470 048 126 160 1.83 066 395 1.15 227 7.69] 807 090 0.00 137 045 504 365

48| 045 197 242 053 083 409| 220 134 775 102 104 000| 036 0.86 513 388

49| 350 122 0.88| 248 120 244 009 204 899 0.78 099 0.26| 030 217 568  3.65

s0| 059 0.54 151 0.06 207 3.5 353 1.81 7.51 1.10 078 0.15| 0.80 028 7.0f 3.9

Average| 1.30 1.16_0.05] 1.80 1.8 1.73| 169 1.28 2.00] 1.63 127 1.05[ 123 105 3.27] _ 1.60
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Model 3-1
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Double Click!
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Resource ?
Type:
| [Fixed Capacity |

Capacity:
I =l
Costs
Busy / Hour! Idle / Hour: Per Use:
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Run-Setup

Run Setup
Replication Parameters Array Sizes Arena Visual Designer
Run Speed Run Control Reports Project Parameters
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Simple Processing
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|Delbert McClinton

Project Description:

This is a simple single-server, single-queus introductory model.
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exactly 20 simulated minutes.
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Replication Parameters Array Sizes Arena Visual Designer

Initialize Between Replications

| Statistics System
Start Date and Time:

[O20178 82212 22 2= 71436 B |
Warm-up Period: Time Units:

| 0.0 | Minutes v
Replication Length: Time Units:

20 | [Minutes v

Hours Per Day:

\

E

Base Time Units:
Minutes

Terminating Condition:

\

I
ro

/
Voo

A= 0| 7|7t 202

23

i

Adobe Acrobat
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Results

Model 3-1

A Simple Processing System

Part Arrives to \

Drilling Center

Part Leaves

Tine (Minutes)

Systerm I Systerm
7 —
)

3
5. \—
L&)
—
©
g
= 14
&

0 I I I

1] 5 10 15 20

Titne (Minutes)

2
B
=
[us]
T 1
=)
g
=
=

o T T T

0 5 10 15 20
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Results

©% 7:16:44 Category Overview 8¢ 21,2017
|Simple Processing |
Replications: 1 Time Units: Minutes

Key Performance Indicators

System Average
| Number Out 5|

25
|E ntity I
Time
)
VA Time Minimum I\-‘laximum]
Average Half Width Value Value
Part 3.4056 | (Insufficient) 1.7642 4.516?)
NVA Time Minimum Maximum
Average Half Width Value Value
Part 0.00 [ (Insufficient) 0.00 0.00
Wait Time Minimum I\-‘lammum]
Average Half Width Value Value
Part 3.0340 | (Insufficient) 0.00 8.1598}
Transfer Time Minimum Maximum
Average Half Width Value Value
Part 0.00 [ (Insufficient) 0.00 0.00
Other Time Minimum Maximum
Average Half Width Value Value
Part 0.00 [ (Insufficient) 0.00 0.00
Total Time Minimum Maximum
Average Half Width Value Value
Part 6.4397 | (Insufficient) 2.8956 12.8185}
N/
=1 H it = 1L
7t50] gtz & 570 B0 oieh B
26
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Results

|Process I

Time per Entity

VA Time Per Entity ( ) Minimum Maximum
Average Half Width Value Value

Drilling Center 3.4056 | (Insufficient) 1.7642 4.5167
Wait Time Per Entity Minimum Maximum
Average Half Width Value Value

Drilling Center 3.0340 | (Insufficient) 0.00 8.1598
Total Time Per Entity Minimum Maximum
Average Half Width Value Value

Drilling Center 6.4397 (Insufficient) 2.8956 12.6185

7t&E0| 2= &l 571 £F0f Lt Ba

27
|Queue I
Time
Waiting Time i Minimum Maximum |
Average Half Width Value Value
L Drilling Center.Queue 25283  (Insufficient) 0.00 8.1598 )
Other = o P =
= ik
7| & 220t 670 20 tict Ba
Number Waiting Minimum Maximum |
Average Half Width Value Value
L Drilling Center.Queue 0.7889  (Insufficient) 0.00 3.0000 )
28
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Results

|Resource I

Usage
Instantaneous Utilization Minimum Maximum ]
Average Half Width Value Value
Drill Press 0.9171 (Insufficient) 0.00 1.0000 J
Number Busy Minimum Maximum
Average Half Width Value Value
Drill Press 0.9171 (Insufficient) 0.00 1.0000
Number Scheduled Minimum Maximum
Average Half Width Value Value
Drill Press 1.0000 (Insufficient) 1.0000 1.0000

Scheduled Utilization

Value

Drill Press 0.9171
Total Number Seized ]

Value

Drill Press 6.0000

29

hetsty|
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00 [Al=2|0]M Zela7y

01 |AlZ&o]dojgt 227t

02 |AlZao]He 7|2 g

03 |AlZ80o[Me 7|2 W : =&Yz TWst= A X[E A|=20]Md
AlZg|o[Mel 7|2 71 .

04 AT EANEE AFESH A|Z2|0[4H - News Vendor 2|
AlZg|ojMel 7|2 71 -
ATYEAEE AHETH A[Z2[0[M - M/U/T Queue = H|

05 |ARENA Z2tE0| : 2 3-1(A simple processing system) 2t A& -

06 |ARENA Z2tEO|: B3 3-2(H2XN2|), 3-3(FEXE]), 22 3-4H2N2|, g+H
PAIZh, 3-5(H BN, &2 YAZhH Bd d5

07 712 30| mEEut A 2E 4-1(An electronic assembly and test system)
ad dE

08 712 3Eo| R U R 422 R LY, 1Y, 8 A), 2 43(0f L[
oM Zsh g 5

09 |7|2 338 ZEY 4 ZE 4-4(x5) MY dE

10 [ME 2 ZE 5-1 (Call center) A|[22{0|M =4 &

11 |MS 22 2= 52 (2 Call center : AP0 W2t ks EXE, JHAY 2
F 277 8E) A=Y old A 25
N&E 2Ha 2 5.3 (2 Call center : YD X & HHY) AlE2f 0] M &

12 15 48

13 N&E 2= 22 5.4 ((s, S) Inventory system with backlogging) Al&2{0|M

2 45 & OptQuestE &3t %X 3t
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EXPO(1.25)

Arriving
Applications Chec_k
T e
Prepare
e || EXPO(1)
Price
uoo# (Cnic @

Betty= BF7}BtL), Chuck
2Zf Doris 2f-23}7F Z & -
g7 559 &b/?

Disburse
Funds

(Doris) .

I Completed
Applications

o Y EHAIZ AEEOE €7

HEE M3, tz A%M &y, iz = 238, tes Xa

- ZF EHAl= expo(1 hour) AH|A A|ZE AQ

- OE A2 expo(1.25 hour) EXMA|ZE 2t o 2 dbl

- JEW tiEdE2 A2 oo =4
- 160 AlZH 52 A[Z2 0] +H

- 7S Eo S A0 &% A (WIP) 2HE

- Oz 40| Al280 R E B 8 20 HF Al 2&

H

- Ul B AR 2E

1A%

4

\ Alfie Checks

Application Arrivesl'“' Credit ’—‘
0

\_‘ Beity Prepares
Covenant ’—‘

L9 Model 3-2

Specialized Serial Loan Application

—

Chuck Prices
Loan

Applications in Process
=
I

(=1

T T
40 80 120 160
Time (Hours)

(=]
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Entity

Entity Type

Initial Picture

Holding Cost / Hour

Initial VA Cost

Initial NWA Cost

Initial Waiting Cost

Initial Tran Cost

Initial Other Cost

Report Statistics

1 Application

Picture.Report

0.0

0.0

0.0

oo

oo

oo

I

5
Resource
oo BoscPocsss
Name Type Capacity | Busy / Hour | Idle { Hour | Per Use | StateSet Name | Failures | Report Statistics
1 Alfie i Fixed Capacity 1 0.0 0.0 0.0 Orows [V
2 Betty Fixed Capacity 1 0.0 0.0 0.0 Orows [V
3 Chuck Fixed Capacity 1 0.0 0.0 0.0 Orows [V
4 Doris Fixed Capacity 1 0.0 0.0 0.0 Orows v
6
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Queue

ProcessO| Al Resource 22 Al XI5 A A

Name Type Shared | Report Statistics
1 Alfie Checks Credit.Queue w | First In First Out r I3
2 Betty Prepares Covenant.Queue First In First Out r [+
3 Chuck Prices Lean.Qlueue First In First Out r I3
4 Doris Dizsburses Funds. Queus First In First Out r [+
Sl 24 . Ol =
CH7 | & MYME
7
Create ?
Entity Type:
) ] |.ﬁpp|icati0n ]

Tirne Between Arrivals

Type: Yalue: Units:

|Random (Expo} = [1.25 . |Hours Ed|

Enfities per Arrival: [GEERE vals Eirst Creation:

1 |Inf|n|te |0.0

Cancel I Help
. e} H 17
CEAAZEZEA - R EDE X2 \
A H 1T 1L
KN+z2o Ha

- 115/279 -




2. Process

Process
Type:
| |Standard =]
~Laogic

Action: Priarity:
|Seize Delay Release | [Mediumi2) =]
Besources:
Resource, Alfie. 1 Add,

Edit,., |
Delete |

Delay Type: Units: Allocation:
|Expression x| |Hours | |Value Added ]
Expression:
[EXFOL T =l
v Report Statistics
(04 I Cancel Help I
Resources ?
Type:
Besource Mame: Quantity:
|Alfie x| N
[0):8 I Cancel Help I
9
2. Process
Process ?
Type:
| |Standard |
~Logic
Action: Briority:
|Seize Delay Release | [Mediumi2) |
Resources:
Resource, Betty, | Add,.,
Edit,.. |
Delete |
Delay Type: Units: &llocation:
|Expression x| [Hours | |value Added |
Expression:
[EXPOL T =l
v Report Statistics
()8 I Cancel Help I
Resources ?
Tvpe:
Besource Mame: Quantity:
|Betty gL
[0):8 I Cancel Help I
10
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2. Process

Process

Type:

| |Standard ]
~Laogic
Action: Priority:
|Seize Delay Release | [Mediumi2) =]
Besources:
Resource, Chuck, 1 Add,,,
Edit,., |
Delete |
Delay Type: Units: Allocation:
|Expression x| |Hours | |Value Added ]
Expression:
[EXFOL T =l
v Report Statistics
(04 I Cancel Help I
Resources ?
Type:
Besource Mame: Quantity:
|Chuck x| N
[0):8 I Cancel Help I
11
Process ?
Type:
| |Standard ]
~Laogic
Action: Priority:
|Seize Delay Release | [Mediumi2) =]
Besources:
Resource, Daris, | Add, .,
Edit,., |
Delete |
Delay Type: Units: &llocation:
|Expression x| |Hours | |Value Added ]
Expression:
[ERPG( T =l
v Report Statistics
k. I Cancel Help I
Resources ?
Type:
Besource Mame: Quantity:
|Doris gL
[0):8 I Cancel Help I
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3. Dispose

. 2
Dispose :

v Becord Enfity Statistics

k. | Cancel Help |

13

Animation

Model 3-2
Specialized Serial L.oan Application

4

Alfie Checks

Application Arrivesl'-" Credit ’—‘

\_‘ Betty Prepares
Covenant ’—‘
0 || &

] 204 \_‘ Chuck Prices
s Loan
S
b
g 107 || O
5
=
o) \_‘ Doris Disburses
0 T T T B »——={Application Departs
0 40 80 120 160
Time (Hours) 0

14
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Animation-Queue

Queue

|dentifier:
Alfie Checks CreditQusue

Queue

|dentifier:

Betty Prepares Covenant. Queus

Type Type
@®Lne () Point Paitits... = (O Point Paitits...
= = = Caler... = = Caler...
Effects Effects
Shift  []Botate Flip Shift  []Botate Elip
Maxirium duration to animate queue arrival: Mawirium duration to animate queue arrival:
a Houre ~ ] | Hours ~
OK. Catcel Help Catcel Help
CQueue ? > Queue ? >
Identifier; Identifier;
Chuck Prices Loan Queus Chuck Prices Loan Queue
Type Type
@ma () Paint Paints... Color @ma O Baint Paints... Color
Effects Effects
Shit ] Botate Flip Shift ] Botate Flip
Maximum duration to animate gueue arival: Maximum duration to animate gueue amival:
| 0 | Hours w | 0 | Hours w
Cancel Help Cancel Help
bl -l
State: Idertifier: Current Librany:
) hasicnrnress nlh
Fowel: [ s L i B

Add i .
=] D dle Picture [D: State:
C — Add
s . Idle
Delete L Copy
Delete Busy

. Inactive
rFs

- . Failed ~

A\

Inactive

‘IQDD

Current Library:

hasirAranass nlk

[ et

Current Library:

pt Failed
Size Factor |1.50004 Au
Effects Size Factor: - A
Wwhen multiple pictures are d Effects

thiz simulation timing to animg

[] Rotate By Expression:
Seize frea

[¢c

YWwhen rultiple pictures are
thiz simulation timing to anir

] FRatate By Expression:
Seize Area

[

Picture D bazicprocess. plb
’ State:
A Due Powel: [ ]
S —— Add Add
s [ o [ Je E
elete Copy Capy
[~
0 Inactive Delete |:| Busy Delete d?b
-~ A
[ :
; Inach LSO
- . Failed ~ /A Nactive %
— . Failed Mew ﬁ
. QOpen...
Size Factor: | 1.50004 A Save... * v
Eliech Size Factor: |1.50004 Auto Scale
“When multiple pictures are
this simulation tirming to anir Effects

] Rotate By Expression:
Seize brea

[
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“When multiple pichures are defined for the same resource state, use
thiz gimulation timing to animate a series of pictures:

| ~ || Hours ~ | per picture

[] Rotate By Expression:
Seize Area

Cancel Help
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Animation-Plot

[ plot

Dt Series Apss  Tites  Areas

Data Series:

Legend 3D View

Applications in Process Properties:

B Source Data
Name : Applications in Process
Expression  :EntitiesWIP(Application) —
@ Fill Vi
Pattern I iNo Filly /
ForeColor * MIRGB(128,0,0§
BackColor [JRrRGB(255 25925
GradientBal... : 50
B Line
Color WRGB(128,0,0)
DrawMode Stairs. I
Style —Solid [
B Scale I
Verticalaxis Left  f
J
Source Data
Add Remove
Sample
J
=
@ 20
g
-
A
&
%
at
10
T T T
0 40 20 120 160
Time (Hougs)
L Jok || Cencel Help

AN AlAE 2Hof [A=(CH7] E= 7tS)

Application Entity2| ==

cE e

Build Expression
\ Expression

Expreszsion Type:

Builder

Entity Type:

[+ Basic Process Yanables
(=) Entity

Costs
Murber [n
MNurnber Dut

umber [n F
Initial Picture
Tirmes

[+~ Process
[ Queue
[#- Resource

A pplication

+

LCurrent Expression:

and

or

Cancel

Help

17

Animation-Plot

k= plot
DataSeriez Awes Tiles  Aeaz  Legend 3D Wiew
Axes Time [=] duxiz Properties:
Time (] i Wisible iTrue ~
Left Value [] Awis Bl Scale
Riight Valug (] duwis Minimum @0
Maximum 180
Majorincre... ; 40
MinorCount : 0
AutaScroll  :True
Autescroll... | 100
Reversed (False
| Title
Color MRGB(O,0,0
Font Times New Roman, ...
Text Time (Hours)
Visible: True v
Gridlines
Sample
% 10_
o 2
2
[= 9}
5
]
%
=
10
T T T
0 40 20 120 160
Time (Hours)
Cancel Help

B Plot X
Diata Series Awes Tiler  Aeaz  Legend 3D Wiew
Axes: Left Walue [1] Axiz Properties:
Tirme: [4] Az | \Visible iTrue ~
B Scale
Right Yalug [] duis Minimum  : 0
Iaximum 25
Majorincre... ; 10
MinorCount : 0
AutoScale... i True
AutoScale... (False
Reversed Falze
B Title
Color WRGB(0,0,0
Font Times New Roman, ...
Text Applications in Process
Visible True v
Gridlines
Sample
[ ]
% 20- S Plot
&
= DataSeries  Awes  Tiles  Areas  Legend 3D View
E Legend Properties:
g [ Show Legend £ Border
i Color ERGE(0,0,0)
= — Style — Soiid
10 Visible True
= Fill
— Pattern O=olid
0 - — Encalnlnr T 1BQRRAMEE BEE BECY
Time (Hours)

Lancel

Help

18
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Run-Setup

Run Setup Run Setup
Replication Parameters Array Sizes Arena Visual Designer Run Speed Run Contral Reports
Run Speed Run Control Reports Project Parameters Replication Parameters i Array Sizes
Project Title:

|Lc:-an Appliction (Serial)

Analyst Name:

| Daddy Warbucks

Project Description:

Loan applications arrive, are processed serially through four stages,
and then leave. Interarrivals are exponential with mean 1.25 hours,
and all service times are exponential with mean 1 hour. The model
starts empty and idle and runs for 160 hours.

Statistics Collection

[ Costing ] Queues [ Transpgrters
Entities Processes [] Conveyors
Resources [] 5tations [] Activity Areas
[ Tanks
=l Hx HEN L=y

Initialize Between Replications

Mumber of Replications:

Project Parameters
Arena Visual Designer

| 1 | Statistics System
Start Date and Time:
[O20172 8= 222522 oF 71343 3
Warm-up Period: Time Units:
|E-.E- | Hours ~
Replication Length: Time Units:
[160 | Hours ~
Hours Per Day:
[ |
Base Time Units:
Hours ~
Terminating Condition:

=il e B HEW E=

g

19

Results

iJ

Adobe Acrobat

=

Model 3-2
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o \ Afio Chocke Specialized Serial Loan Application
Application Arrwel - Credit
128
1
Betty Prepares
Covenant
U E=1E=E=F=llF= E
o 20 Chuck Prices
B Loan
B
é 10 B
%
E fan_l Doris Disburses
0 J f ! Funds
a 40 &0 120 160
Time (Hours)
§

20




Results

Time Time per Entity
WA Time WA Time Per Entity
Average Awerage
Application 4.0990 Alfie Checks Credit 1.0241
Betty Prepares Covenant 0.8792
MWA Time Chuck Prices Loan 1.0472
Ayerage
Doris Disburses Funds 1.0915
Application 0.00
Wait Time Per Entity
Wait Time Awerage
Average -
_ Alfie Checks Credit 23919
Application 1.9841 Betty Prepares Covenant 12582
Transfer Time CthckF_'rlces Loan 31067
Average Doris Disburses Funds 51924
Application 0.00
Total Time Per Entity
Other Time _
Average Alfie Checks Credit
Application 0.00 Betty Prepares Covenant
Chuck Prices Loan
Total Time Doris Disburses Funds
Average

Application 16.0831

v 2R3E:
- N8 SE2 t7|AIZt0] 2Lt > Y Y 25 OHX|2EH B X2 164|240 22 &,
v Sl Z A
- X3 HEHQ| Alfie, Betty, Chuck, Doris 33 H&%}5t0] HEH3| ot > 2H 3-3
- M8 SE MHIA A2t s dE EQTh > 2 34
21
= Al X |_IZIAI. H =4 .| |
(EHE|_|<:>A T =. OEX E—)
22
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Hl 7He| =2 MA BES SILC| =2 M|A R EE CHA
= Delay type — Expression
EXPO(1) + EXPO(1) + EXPO(1) + EXPO(1)

EXPO(1) +
EXPO(1) + Alfie ,
all 4 steps
EXPO(1.25) EXPOI) + /| eeeter
Arriving Betty Completed
Applications m (all 4 steps’ Applications
—1» —1»
e o Chuck
,‘;/ = A7) SEfS L 7] (all 4 steps
Ve X /A2 b Hf
— Of AtS &= 2/ X Doris
L 4ol &= = = (all 4steps,
expo(1AZ2H 2] B
MAtatlo] BH| S S-S Ao M8 A7l Hata
BE FHS0| BE HYS £ & UEE €33 A7
= M2F2 H| WS, IS D X[ A3 Cycle Time &4
of, |t 7ts &2 dstof 2O Metot MEFR2 FH|
g3t ™Eo|rt.
23
Model 3-3
Generalized Parallel Loan Application
One of the Peaple o
Application Arrives\»—- Processes All ADDFQIC;:ESH
I Four Steps P
E 201
&
=
g
% 10
&
o I I |
0 40 80 120 160
Time (Hours)

24
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Entity

Entity Type Initial Picture Holding Cost ! Hour | Initial VA Cost| Initial NVA Cost| Initial Waiting Cost | Initial Tran Cost | Initial Other Cost| Report Statistics
1 Application Picture.Report 0.0 0.0 0.0 0.0 0.0 0.0 Ir'd
Name Type Capacity || Busy / Hour | Idle | Hour | Per Use | StateSet Name | Failures | Report Statistics
1 Coan Officer Fixed Capacity 4 / 0.0 0.0 0.0 Orows [[v
N HSIE ES =0 D™ ASHEI= O] MAIREIS ©
MH| HEDIE Sl 8L 382 TUSH= 4| WMEHS =H
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Queue

ProcessO| Al Resource 22} Al XI5 A A

Name Type Shared | Report Statistics
1 One of the People Processes All Four Steps.Queue First In First Out r [+

27
1. Create
Create ?
Entity Type:
) ] |.ﬁpp|icati0n ]

Tirne Between Arrivals

Type: Walue: Units:

|Random (Expo} = [1.25 |Hours Ed|

Enfities per Arrival: Max Arrivals: Eirst Creation:

1 |Infinite |0.0

0k I Cancel I Help

28
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2. Process

Process
Type:
| |Standard ]
~Logic
Action: Priority:
|Seize Delay Release | |Medium(2) |
Besources:
Add. ..
Edit... |
Delete |
Delay Type: Units: Allocation:
|Expression rs | |value Added ]
Fraression:
EXPOCT Y +EXPOCT ) +EXPOC T3 +EXPOCT) -
<\| + + + / _I
(04 I Cancel Help |
Resources ?
Resource Mame: Quantity:
|Loan Officer =l
k. I Cancel Help |
29
3. Dispose
Dispose ?
=l
v Becord Entity Statistics
k. I Cancel Help |
30
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Animation

Model 3-3

Generalized Parallel Loan Application

&

\ One of the Peaple

- . Application
Application Arrivess»—= | Processes Al pD%parts
I Four Steps
r‘I r‘I
v v
n
e
]
o 20+
&
=
Lo
g 10
= -
=
E
b
0 T T T
0 40 80 120 160
Time (Hours)
31
Queue ? X
|dentifier:
One of the People Processes All Four Stey
Type
@i,_l;!_r_]__; () Point Faints... Elln.
Effects
Shift [ Botate Flip
Mauirium duration to animate queue arrival:
|D | Hours ~
Cancel Help
32
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Animation-Resource e rX
|dentifier: Loan DOfficer ~ Current Library:
bazicprocess. plb
Stale:
Type
Foweio: [ ] Olre @ Paint..
Add Add ~
E Idle \ ||?|E Effects
G C
= \ oI Skt [JRotste | Flip
Delete Busy Delete G‘?b
P Points
@ Inactive 44 b33 %
- = Picture Rotation Angle
al & & e ([ |0 T
i Add
269 elete
259 —
Size Factor: |1.50004 Auta Scale [~ User Defined
Effects
When multiple pictures are defined for the zame resource state, u
thiz gimulation timing to animate a series of pichures:
~ || Hours ~ | per picture =3 e |
| Heg2g > 21gH

[] Rotate By Expression:
Seize frea

Cancel

3 Model 03-03.doe - Picture Editor [ = | B |[=3]
~

Help

]
< > 33
S Plot X
DataSeries fwes  Titles  Aeaz  Legend 3D Wiew
Data Series: Applications in Process Properties: - id
N Eleeans Expression Builder x
I Name i Applications in Process
Expression  :Entities\WIP(Application) I 1 5
..Exp : WIP(App AN Exprezsion Type: Entity Type:
@ Fill - - o
Pattern Lo Fil) =) Basic Process Wariables ~ Application ~
ForeColor WRGE(128,0,0) \
BackColor | []RGB(255,255,755) N
GradientBal... ;| 50
E Line
Calor MRGE(125,0,0)
Drawhode Stairs
Style — Solid & Times
[ Scale P
Verticalixis | Left &t Process
: - Queus
Source Data (- Resource hd
Add Bemove
+ * /7 =||gx|| < > || =] = and | o [ C
Sample
Current Expression:
« 20 41_,7
&
2
[= 9
5
]
2
i 10
<
Cancel Help
T T T
0 40 20 120 160
Time (Hours)
Cancel Help 34
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Animation-Plot

k= Plot X = Plot e
Data Series A%2s  Titles  Areaz  Legend 3D Wiew DataSeries A%es Titles  Areaz  Legend 3D Wiew
Anes: Time [] Awiz Properties: Anes Left Walue [Y] Axiz Properties:
Time [) Axiz i Vigible iTrue ~ Time [+] Asis | Visible iTrue A
Left Value [v) duis B Scale eft Value ] Awis E Scale
Riight Value ) s Minimum 0 Fiight Value 1) Axis Minimum 0
aximum 160 Maxi 25
Majorincre... ; 40 Majorincre... : 10
MinorCount : 0 MinorCount : 0
AutoScroll  (True AutoScale... (True
AutoScroll... : 100 AutoScale... (False
Reversed False Reversed False
E Titlﬂ' ..... E Ti‘lle .....
Color MRGE(D,0,0) Color WRGE(0,0,0)
Font Times New Roman, ... Font Times New Roman, ...
Text Time (Hours) Text Applications in Process
Visible True v Visible True w
Gridlines Gridlines
Sample Sample
5 20 —l—,_ .20 —1—,_
£ &
2 2
(=™ =%}
=l i=}
& &
% 10 % 10
o -
1 1 1 1 T T
o 40 20 120 160 0 40 20 120 160
Time (Hours) Time (Hours)
Concel || o Concel || o 35
Run Setup * Run Setup *,
Replication Parameters Array Sizes Arena Visual Designer Run Speed Run Control Reports Project Parameters
Run Speed Run Control Reports Project Parameters Replication Parameters —© Aray Sizes Arena Visual Designer
Project Title: i o Initialize Between Replications
— Mumber of Replications:
|Lc:-an Appliction (Parallel) | L
| 1 | Statistics System
Analyst Name:
|D3dd}" Warbucks | Start Date and Time:
Project Description: |D 20179 g2y Eey oHF EH |
Loan applications arrive, are processed in parallel through four stages, e ] o
and then leave. Interarrivals are exponential with mean 1.25 hours, Warm-up Pericd: Time Units.
and all service times for each stage of service are exponential with | 0.0 | Hours ~
mean 1 hour. The medel starts empty and idle and runs for 160 hours
Replication Length: Time Units:
. ) | 160 | Hours “
Statistics Collection
Hours Per Day:
[ Costing 1 Queues [JTranspgrters |2) y |
Entities Processes [] Conveyors ] ]
Base Time Units:
Resources [] 5tations [] Activity Areas Hours -
[JTanks Terminating Condition:
=l Hx= HEWA L=t EHel HE HEWA) L=
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Results

Adobe Acrobat

2M

Model 3-3

(eneralized Parallel Loan Application

| ()

\ One of the People N
Application Arivess — || Processes All A%%'E:rf['son
I Four Steps
138 135
3
S 204
=
R
§ 10
E
-
a I I I
0 40 20 120 160
Time (Hours)
37
Results
Time DE 3.2 Time oE 3.3
WA Time . VATime Average
Average . -
Application 40990 Application 4.0560
NWVA Time
MNWA Time Average
e Application 0.00
Application 0.00
Wait Time
Wait Time Average
fuerage Application 1.3282
Application w 7D|'_+_
Transfer Time
i Average
Transfer Time
Auerage Application 0.00
Application 0.00
Other Time
_ Average
Other Time o Application 0.00
Application 0.00 Total Time
Average
Total Time . Application 5.3842
Average
Application 16.0831
AT
—t . . o — | e — —
v IiM: X HERO| Alfie, Betty, Chuck, Doris 382 #H&3}st0] &} $hot
o HICH7|7|ZF 11.98A1ZF > 1.33A]2t
« HIAQAZE 16.08A1ZF > 538A|2t
38
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Model 3-4

(Model 3-2 =7%)

39

MH|A A|ZHO| Atz

g 2!
Cycle Time Z[23}, ZH|Zt 7tSEL

Model 3-4

4

Application Arrive:

\
/:

Specialized Se
Wit

Alfie Checks

Credit ’—‘
: | @

‘ .
L Betty Prepares
Covenant '—‘
: | @

Applications in Process

| -
L Chuck Prices

Constant Task Tlmes

Loan ’—‘
: | @

| -
Doris Disburses

40

T T Funds
80 120 160

Time (Hours)

pplication Departs
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2. Process

Process
Type:
| |Standard |
Briarity:
|Seize Delay Release | [Medium(2) ]
Besources:
Add, .,
Edit,.. |
Delete |
P
</Delay Type\ Units: &llocation:
@ay ~| |Hours | |walue Added ]
Value:
|1
v Report Statistics
k. I Cancel Help
Resources ?
Type:
Besource Mame: Quantity:
|Alfie Ll I
[0):8 I Cancel Help I
41
Process ?
Type:
| |Standard ]
~Logic
Action: Priority:
|Seize Delay Release ] |Medium(2) ]
Besources:
Fesource, Betty, 1 4dd,
<End of lis —
Edit... |
Delete |
_—
/Qelay Type\ Units: Allocation:
< |Constant x| |Hours | |Value Added ]
Yalue:
I
v Report Statistics
(04 I Cancel Help
Resources ?
Type:
Besource Mame: Quantity:
|Betty gL
[0):8 I Cancel Help I
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2. Process
Process ?

Type:
x| |Standard ]
~Logic

Action: Priarity:
|Seize Delay Release | |Medium(2) |
Besources:
Resource, Chuck, 1 Add..
< o —

Edit... |
Delete |

</Qelay Type\ Units: Allocation:

@ay | |Hours | |value Added |
Yalue:

I

v Report Statistics

0K I Cancel Help

2
Resources b

Type:
Resource Mame: Quantity:
|Chuck x| N

[0):8 I Cancel Help

2. Process
Process ?

Type:
| |Standard ]
Priority:
|Seize Delay Release ] |Medium(2) ]
Besources:
Add,.,

Edit... |
Delete |

_—
</Qelay Type\ Units: Allocation:

@ay x| |Hours | |Value Added ]
Yalue:

I

v Report Statistics

(04 I Cancel Help

2
Resources b

Type:
Resource Mame: Quantity:
|D0ris gL

[0):8 I Cancel Help
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Results B

Adobe Acrobat

2M

= B Model 3-4
‘\ Specialized Serial Loan Application
Application Arrivel — Alf'%égiws With Constant Task Times
108
4 E
Eetty Prepares
Covenant
1 E
% 30 Chuck Prices
B Loan
R
2 10 f B
A 0 M T T T "Jrﬂh]’ﬁ[( DoriSFEu):]Sdt')aurses —— thApplication Departs
0 40 80 120 160
Tine (Hours) 102
1
45
Results
Time Dal3. Time 2E 3.4
WA Time N VA Time Average
Average i
Application 40990 Application 4.0000
MYA Time N NVATime Average
T Application 000
Application 0.00
Wait Time
Wait Time m y Average
Auerage Applicati 13182
Application 11.9841 TEA
Transfer Time oL
Transfer Time Average
Auerage Application 0.00
Application 0.00 )
et Other Time Average
erhime Aversge Application 0.00
Application 0.00 Total Time
Average
Total Time -
@ Application 53182
Application 16.0831  >
rAES
v MV 37 MH|A A2t s dE EQIC
o HIO7]7]2k 11.98A|2F > 1.32A]2t
o HIAQAZE 16.08A1ZF > 5.32A|2t
46
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Model 3-5

(Model 3-3 =7%)

47
A3}
\ One of the People
Application ArrivesS—= | Processes All
I Four Steps
§ 204
&
8
4
-% 10+
E
=)
0 I I I
0 40 80 120 160
Time (Hours)
48
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2. Process

Process ?
Type:
=| |Standard ]
Logic
Action: Priarity:
|Seize Delay Release x| |Mediumi(2) |

Besources:

Add...

Edit...
Delete

Allocation:

Delay Type: \ Units:
|Constant | [Hours
Yalue:

| |value Added ]

I
v Report Statistics
(04 | Cancel Help
Resources ?
Type:
Resource Mame: Quantity:
|Loan Officer =l
k. | Cancel Help
49
Results &
Adobe Acrobat
M
Model 3-5
Generalized Parallel Loan Application
With Constant Task Times E
——_ |E
EERE =
=
\ Dne of the People @
Application Arrivess — || Processes All | ————— chApplication Departs
I Four Steps
104 102
7
S 20
&
=
3
-% 10+
&
= M r'“'ﬂa /!
1 I I I r'ﬂllLl
] 4n 80 120 160
Time (Hours)
50
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Results

Time
Time Dal3. _ D2H 3.5
VA Time
Ayerage
YA Time N Application 4.0000
Auerage
Application 4.0990 NWA Time
Average
MVA Time N Application 0.00
Average
Application 0.00 Wait Time
Wait Time N Application
Average
Application 11,0841 Transfer Time A
O Awersge
Transfer Time X Application 0.00
Average
Application 0.00 Other Time
Ayverage
Other Time . Application 0.00
Average
Application 0.00 Total Time
Taotal Time Application

Ayerage

Application 16.0831 - >
PAE

v M Y 3™ AMHIA AZEe] HEE S EQICT
o HWAOH7|7|ZF 11.98A|7F > 0.81A|Zt
. HIAAQA|ZE 16.08A17H > 4.81A|Zt

51
(2}t 7|
Model 3-2.mp4
Model 3-3.mp4
Model 3-4.mp4
Model 3-5.mp4
52
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00 [Al=2|0]M Zela7y

01 |AlZ&o]dojgt 227t

02 |AlZao]He 7|2 g

03 |AlEefojdel 7|2 E : =Xz FASt= At X[ AlZ20|M
AlEeoldel 7|2 71 -

04 AT EANEE AFESH A|Z2|0[4H - News Vendor 2|
AlEefoldel 7| 71 -
ATYEAEE AHETH A[Z2[0[M - M/U/T Queue = H|

05 |ARENA ZZH0| : 23 3-1(A simple processing system) 2Hd M &

06 |ARENA Z2tEO|: B3 3-2(H2XN2|), 3-3(FEXE]), 22 3-4H2N2|, g+H
PAIZh, 3-5(H BN 2|, &2 YAZhH BHE 25

07 712 389 @At 43 . 2H 4-1(An electronic assembly and test system)
KA AlA
1O =2Hd

08 712 38e| 2N 6 RH 4-2(2FLE, 2, =xSA), 22 430410
o8 dah Ad da

09 |7|2 338 ZEY 4 ZE 4-4(x5) MY dE

10 |MlE 2 . 2 5-1 (Call center) A|E8|0|M 24 ME

11 NE 2= . 28 5.2 (=5 Call center : A|Zt0] 2} #E ZAHE, 7iQIE 2
F 277 8E) A=Y old A 25

12 N&E Z2E 23 5-3 (ZE Call center : LB x| & BtF) A|Z2f 0| &
g HE

13 N&E 2= 22 5.4 ((s, S) Inventory system with backlogging) Al&2{0|M

2 45 & OptQuestE &3t %X 3t
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41 FX=E 3 A A 2H]
7|CH %]

. Part A Prep Rework m/“' Scrapped 1.8%
|
EXPO(5) Seal /' e Salvaged
THIA(1.4.8)\ bl o EXPO(45) o gﬂd d 7.2%
Arrivals Ppe
Part B Prep Par A a1%
Part B TRIA(1,3,4) Shipped 91%
Batches of 4 Part B
EXPO(30)  TRia(35.10) WEIBE25.5.9)
T SF 2HSE TX} K| di BE (A B)
EX 2E HX RESS BNY £ YEE 012 JIBE £ 32 Ao/~
25 A 75 B: 22| EH|(Prep)TEH2E 0|F > 7||0| HE 7|42
IS
ZEat HALE fIsl 23 7|(Sealer) 2 0|5 - &E(Shipped)0|™ HIZ2
M=, 220 1= (Rework) 43
= - 430 xf ME (Salvaged and Shipped)2 2 MZE, Aij™

= EI=§(Scrapped) o2 H|7|

41 MRLEY L AA A2

=
7[Chx|
Part AP Rework
a rep ewor -~ Scrapped 1.8%
Part A |2
EXPO(5) Sealer / Em“‘ﬂ-ﬂ Salvaged 9
TRIA(1.4.8) % EXPO(45) g?:.i d 1.2%
Arrivals o
Part B F're;:%lrl r 91%
TRIA{1,3,4 ;
_PartB | (1.3.4) Shipped 91%
Batches of 4 Fart B
WEIB(2.5,5.3)

EXPO(30)  TRA3.5.10)

Part A

o HIZ Xt AZFZHA . " 529| X|+2XE EXPO (5) min.
. E*"o}ﬁ, HIZ Part A Prep2 2 0| &
- JFSAIZE = ZIA7FS + CIHE + MA) ~ 222 TRIA (1, 4, 8) min,
o O|FA|Zt glo] HE7|2 0|
- JFEAIZE = (= + A ~ of4EZE TRIA (1, 3, 4) min.
- 91% YE > MH 9% 2T > K=Y
o XHEYH: (RHEY + 7**}) ~ " 45829| X|+=2E EXPO (45) min.

- 80% HE > MME ME 20% ALl > ETFE I 7|
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4.1 MXZE U AL A|AH

7| CH %]
Part AP Rework
a rep ewor -~ Scrapped 1.8%
Part A |2
EXPO(5) Sealer / Emﬂ Salvaged 9
TRIA(1.4.8) B% EXPO(45) g?:.i d 1.2%
Arrivals o
Part B F're;:%lrl r 91%
TRIA(1,3.4 ;
Part B (1.3.4) Shipped 91%
Batches of 4 Part B
WEIB(2.5,5.3)

EXPO(30)  TRA3.5.10)

Part B

« BE DX AZHZHA ;47 HiX|, B2 3022| X|TEZE EXPO (30) min.
. E**ol-ﬁ, HI2 Part B Prep2 £ 0| S

- 7tSAZE = PIA7FS + CIHE + &) ~ 2 2ZHE I TRIA (3, 5, 10) min.
 O|3A|ZE QIO 2372 Ol

- JtEAZE= (=" + AN ~ 20| 2 &% WEIB (2.5, 5.3) min.

- 91% YE > ME 9% 22 > IfEY
o IHEA: (RHEY + HADH ~ 3 4522| K|+ EXPO (45) min.

- 80% 88 > MdE X, 20% 21 > 2F H|7|

Model 4-1
An Electronic Assembly and Test System
E— —|
\ Assign Part A
Part A Arrive I‘—' SeaerTandArnveF Prep A Process
D ime 4|

Sealer Process
Assign Part B

Part B Arrive \v—- Sealer and Arrive Prep B Process

I ime
0

i

Rework Process

"~ écord Scrapped {E
Parts | Scrapped
0
4
Record Salvaged
Parts |‘< Salvaged
0
Record Shipped {:;
Paris |>—- Shipped
0

<. Decide: 28 Tt ZO| T2} HHE EI|AI7IE A
- Assign : Attribute, Variable, Entity Type, Entity Picture 52| 2k
x|x—|'
) |

El
[0
ot
>

Assign Record ° Record . Al%E—ﬂOlﬁ _)F-é-oH ZQF)_ = i) C-)IE% —)r—xt:l-cl)_l'f g:!-c.’él'




Entity

Entity Type Initial Picture Holding Cost / Hour | Initial VA Cost | Initial NVA Cost | Initial Waiting Cost | Initial Tran Cost | Initial Other Cost | Report Statistics
1 Part & « | Picture.Blue Ball 0.0 0.0 0.0 0.0 0.0 0.0 Ira
2 Part B Picture.Red Ball 0.0 0.0 0.0 0.0 0.0 0.0 Ira

Resou

rce

Name Type Capacity | Busy / Hour | Idle | Hour | Per Use | StateSet Name | Failures | Report Statistics
1 Prep A Fixed Capacity 1 0.0 0.0 0.0 Orows [V
2 Prep B Fixed Capacity 1 0.0 0.0 0.0 Orows [V
3 Sealer Fixed Capacity 1 0.0 0.0 0.0 Orows [V
4 Rework Fixed Capacity 1 0.0 0.0 0.0 Orows [v
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Attribute

Attribute - B asic Process

Prep A Process. Clusue -

First In First Out

Prep B Process. Queue

First In First Out

Sealer Process.Queue

First In First Out

| L R =

Rework Process.Queue

First In First Out

I

RURUREY
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Name Rows | Columns | Data Type | Inttial Values
1p Sealer Time Real 0 rows
2 Arrive Time Real 0rows

Name Type Shared | Report Statistics
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1. Create

Create ?

Entity Type:
art x| |Parta ]
Time Between Arrivals
Type: Yalue: Units:
|Random (Expo)  ~| |5 [Minutes Ed|
Enfities per Arrival: Max Arrivals: Eirst Creation:
1 [Infinite (0.0

0k | Cancel | Help

100A|ZF SOt Ao

= &l Part A EntityQ| Bo i<
= 170/58 * 100A| 2t *

60=/AlZH = 21,2007

11
2. Create
Create ?
Entity Type:
art E ﬂ |PartB ﬂ
Tirne Between Arrivals
Type: Yalue: Units:
|Fandom (Expo} = | [30 [Minutes 4|
Entities per Arrival: Max &rrivals: First Creation:
|4 [Infinite (0.0
0] | Cancel | Help
100A|ZF S0 M d &= Part B Entity2| B 7H=
= 471/302 * 100A| 7+ * 60=/AlZt = 2F 80074
12
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3. Assign

<End Df I|st> Edit .. |
o
_ Delete | £ Sealer TimeS X%
gk 1, Z|EIgt 3, =[CHgk 40 2R
k. I Cancel | Help I
Assignments ?
Type: Afiribute Mame:
[Sealer Time |
Mew Yalue:
[TRIACL 3. &) !
0K | Cancel Help |
Assignments ?
_/_-|\_)\o'|: ?_%E&FAl?_I-% X—I?él- Tupe: gttrilbutelName:
Al%a_”olﬁ JCL>F9-| -6|_4XH Alnj_l' , [Arrive Tirme |
\ Mew Yalue:
| THOW
0K I Cancel Help I

4. Assign

t l.
<End of list>

Lok ]

Add,,,

Edit,. |
Delete |

Cancel | Help

Parameters A € (0, +o00) scale

k€ (0,40c) shape

Probability density function

M (Scale) 2=
&4 (Shape) 2

32 QiO[EE X%

Hi| Ef

2.5, Y0} 5

Assignments
Tvpe: Attribute Name:
|Sea|er Time Ed
Mew Yalue:
|WEIB(Z.5, 5.3)
ITI Cancel Help |
Assignments ?
Type: Atribute Name:
|P-.rrive Tirne =]
Mew YWalue:
| THOW
0K I Cancel Help I
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5. Process

Process
Marne: Type:
| |Standard |
~Logic
action: Priarity:
|Seize Delay Release | [Medium(z] =]
Besources:
Resource. Prep A 1 Add,,,
Edit,,. |
Delete |
Delay Tvpe: Units: Allocation:
| Triangular | [Minutes | |Value Added |
Minimum: \ Walue (Most Mawximum:
I \ F [
v Report Statistics
Ok I Cancel Help
Resources ?
— Tupe:
= = = = 4
KA 18, At 4R HOiZE 8RO MZtET
Besource Mame: Cuantity:
|Prep A =
Ok I Cancel | Help |
15
Pracess ?
Tvpa:
| |Standard |
~Logic
&ction: Priority:
|Seize Delay Release | |Medium(2) |
Besources:
E!E:IZIIJI'IZ:E!,. Prep B, 1 Bdd...
Edit,., |
Delete |
Delay Type: Units: Allocation:
| Triangular | |Minutes x| |walue Added |
Minirurmn: \ Walue (Most Mawirnumm:
K \ |5 |10
v Fepaor Statistics
0k, I Cancel Help
Resources ?
= = = H i1
|47t 38, HRIg 52, Hoig 1020 4zEE .
Resource Mame: Quantity:
|Prep B x| N
(04 I Cancel I Help I

- 145/279 -

16




/. Process

Process
Marne: Type:
| |Standard ]
~Logic
Action: Priority:
|Seize Delay Release | |Medium(2) |
Besources:
Hesource, Sealer. | Add...
Edit,.. |
Delete |
Delay Type: Units: Allocation:
|Expression | |Minutes | |value Added |
Expression:
|Sea|erTime \ ]
v Report Statistigs
k. I Cancel Help |
Resources ?
7HI-||9_| —/—'\TAo-l 0‘” I—IQElO-I %U:,j Sea|er T|me% Ol% Besource Mame: Quantity:
|3ealer Ranll
[0):8 I Cancel | Help I
17
8. Decide
Decide ?
Type:
x| |2-way by Chance ~|
E =] %
k. I Cancel Help
9% : True
91% : FalseZ T3
18
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9. Process

Process
Type:
| |Standard ]
~Logic

Action: Priarity:
|Seize Delay Release | |Medium(2) |
Besources:
Resource, Rew Add.

Edit... |
Delete |

Delay Type: Units: Allocation:
|Expression | [Minutes | |value Added ]
Expression:
[EXFOUE \ =l
v Report Statistiks
(04 I Cancel Help |
Resources ?
Tvpe:

— Resource

g =Ne) A H 1T

OE'O| 457'—_ I—I Xl_l__l'—_i Resource Mame: Cluantity:

|Hew0rk >0
[0):8 I Cancel | Help I
19
10. Decide
Decide ?
Type:
: Tework Inspechon x| |2-way by Chance ~|
Percent True {0-100):
|2EI x| %
k. I Cancel Help
20% : True
80% : FalseZ T3
20
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11. Record

Record

Type:

&ftribute Mame:

x| | Time Interval

|.-’-‘-.rrive Time -] [~ Becord into Set
Tally Mame:
|Hecord Scrapped Parts |

0] 4 I Cancel Help

=
SIXHAIZE TNOWSRS Arrive Time2t2| A|ZH ZtA S 7|2
o] : A|AES WA LZL= A ZHO|AM A|AEI0| S012 Al
= WO 2N AAH0 BE & AZHS A LSO 7|15
Record ?

Twpe:

N \ x| | Time Interval |
7H x'” OI =9 O“ X-I 7(I-El O'I 9/'\ = Aftribute Name:
Arrive Time= 0|2 [Brive Time =] [~ Becord into Bet
Tally Mame:
|Hecard Salvaged Pars |
Ok I Cancel Help |
Record ?
Type:
| |Time Interval =
Aftribute Mame:
|Arrive Time ~] [~ Hecord into Set
Tally Mame:
|Hec0rd Shipped Parts =
oK I Cancel Help 5 4
1
12. Dispose
Dispose ?
=
v Becord Entity Statistics
0K I Cancel Help I
Dispose ?
=
v Becord Entity Statistics
Ok, I Cancel Help |
Dispose ?
Marme:
[Ehipped =l
[+ Becord Entity Statistics
[0]:8 I Cancel Help |
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Animation

Model 4-1

An Electronic Assembly and Test System

Part A Arrive

Part B Arrive

Time

Time

Assign ParitA |
ealer and Arrive

Assign Part B
ealer and Arrive

Prep A Process
0
I Sealer Process
Prep B Process 0
0
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écord Scrapped
Rework Process Parls Scrapped
]
Record Salvaged
Parts Salvaged
Record Shipped
Pars e Shipped
Queus ? X Queue ? X
Identifier: Identifier:
Prep & Process. Queue Frep B Procesz.Queue
Tupe Type
@ ) Faint Paints.. Color. ® O Baint Paints... Color..
Effects Effects
Shift [ Rotate Flip Shitt [ Rotate Flip
Iazimum duration to animate queue arival; t arimum duration to animate gqueue amval;
|D | Hawirs ~ |D | Haurs ~
Corcel | [ Hob Corcel | [ Hop
Queue 7 X Queue ? X
ldentifier: Identifier:
Sealer Process. Quewe Rework Process. Queue
Type Type
®iLing () Poirt Paints... Calor.. @®Lnz O Foint Paints... Calar...
Effects Effects
Shift [ Botate Flip Shift [ Botate Flip
Iazimum duration to animate queue arival; b arimum duration to animate queue amval;
||3 | Hours ~ |E| | Hours w
Cancel Help Cancel Help
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Animation-Variable

Variable

Expression:
|Par‘c & Arrive, NurnberOut

=l 0
Variable

F
r Ex=pression:
; |F‘ar1 B Arrive, MumberOut

=2

Eorrmat:

By

I~ Fixed Decimal Paoint

Alignment
’_G Left " Right

» I

2
v
Area,,, |
Border, . |

v Mo Border

Fant,,. |

l |+ Transparent Background

Title

[~ Use Title

Fercent Height:  Vert, Horiz, &lignment:
[5.0 = [Top =] et =]
Title

| Font... |

[ oK 1]

Variable ?
Ex=pression:
|F‘re|3 & Process, WP x| 0 |
| Variable ?
! Expression:
| |F‘re|3 B Process, WP | 0 |
‘ WVariable ?
1 Expression:
| |Sea|erPrDcess.WIP | 0
Eormat:
[~ Fixed Decimal Paint Eoider,. |
v Transparent Background
&lignrnent I# Mo Border
’_(‘ Left i+ Bight Fant,.. |
Title
[~ Use Title
Fercent Height:  Yert, Horiz, &lignrment:
[0 = [Top | Lett Ea
Title
| Font,.. |
()8 I Cancel | Help |

25

Animation-Variable

Failed Sealer Inspection.NumberQut False
Failed Sealer Inspection.NumberOut True

Variable

Expression:
|Fai|ed Sealer Inspection,NumberC - |

Variable

Expression:

» K

0

Format:

v Transparent Background

alignment
 Left " Right

|
‘ |Fai|ed Sealer Inspection, MurnberC - |

e
_
Border, .. |

¥ Mo Border

Fant,.. |

Title

[~ Usze Title

Percent Height:  Mert, Horiz, Alignment:

|50 = [Top = Jiett |

Title

| Fondt,.. |
0k I Cancel I Help |
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Variable ?
Ex=pression:
|Failed Rewark Inspection,Murnber ~| g |
Wariable ?
Expression:
|Fai|ed Rework Inspection, Mumber - | 0

Eormat:

Area,,, |
Border, .. |

[+ Mo Border

Faont,.. |

v Transparent Background

alignment
’7('“ Left = Right

Title

[~ Use Title

Percent Height:  Yert, Horiz, alignrment:

j250 =1 |Top | Jiet =]

Title

| Font, ., |
[0]8 I Cancel I Help |

Failed Rework Inspection.NumberOut False
Failed Rework Inspection.NumberOut True
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Animation-Variable

Variable

E=pression:
|Hewnrk Pracess, WIP

=l 0

Area,,, |
Border,,, |

[+ Mo Border

Font,.. |

Format:

[~ Fixed Decimal Paoint
[+ Transparent Background

Alignrment
’7(‘ Left + Right

Title

[ Use Title

Fercent Height:  Mert, Hariz, &lignrment:
[25.0 = [Top | JLett =]
Title

| Font,., |

Variable

Expression:
|Scrapped.NumherOut

=l
Variable

Ex=pression:

|Sa|vaged.NumberOut

Ex=pression:

=1
Variable

:: |Shipped.NumberOut

Eorrnat:

I~ Fixed Decimal Paoint

Alignment
’7(? Left " Right

=]

Brea..,,
Border, ..

> IEH
Sl
il
o
_ rea. |
__ Border.. |

v Mo Border

Fant,,. |

l |+ Transparent Background

K I Cancel | Help I Title
[ Use Title
Percent Height:  Vert, Horiz, &lignment:
J25.0 = [Top = et |
Title
| Font... |
k. I Cancel | Help |
Run Setup * Run Setup *
Replication Parameters Array Sizes Arena Visual Designer Run Speed Run Control Reports Project Parameters
Run Speed Run Control Reports Project Parameters Replication Parameters Ay Sizes Arena Visual Designer
Project Title: o Initialize Between Replications
- Mumber of Replications:
|Electron|c Assembly and Test .
| 1 | Statistics System
Analyst Name:
|Mr. Munchkin Start Date and Time:
Project Description: |[| 20179 g2 22 LY 2F 8:.01:57 E- |
The first version of the electronic assembly and test model, e } o
as described in Section 4.1. Warm-up Period: Time Units.
|0.{} | Hours ~
Replication Length: Time Units:
. ) | 32 | Hours “
Statistics Collection
i Hours Per Day:
[ Costing Queues [JTranspgrters | m |
Entities Processes [] Conveyors ] ]
Base Time Units:
Resources [] 5tations [] Activity Areas Minutes -
[JTanks Terminating Cendition:
e FHE HEW =S ol 3 HEQ) E2%
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Results "R

Adobe Acrobat
=M

Model 4-1
An Electronic Assembly and Test System

Part A Arrive \ Sealer and Arrive

IMT LS

I Assign Part A

Time

Prep A Process

Part B Arive \ Sealer and Arrive

IHE L8

&
I Assign Part B

Time

® — || Sealer Process
Prep B Process | —— § —‘

2000000000000

£ 1
r Inspectiog Rewark Process
5gd 2

lled Rework Inspectiof

&

ecord Scrapped
Parts

< Scrapped
4

Record Shipped

Record Salvaged Salvaged
Parts
32

Pars

<( Shipped
fgd

29

Results
Queue
Time v =H73E:
« Rework S| WPt CHZ[A|ZE
Average |:|.
Prep A Process.Queue 14.6220
Prep B Process.Queue 26.9037 v .6H 74 %kH.
= .
Rewaork Process Queue 456.35 . Rework o °| Lo 3 _C')_EI_
Sealer Process.Queue 25153 91 o—l oco= '—o -
oth + Rework 3™ MH[AA|ZIE =
ther o
PICH
Number Waiting * Rework _g_jg A-ll:lliklnj_l'—(?-l tlﬂ%
Average g% %O| L—_l_
— .
Prep A Process.Queue 3.1680 -
P « &= HEHO| (PrepA, PrepB),
Prep B Process. Queue 3.5017 IO OBl
Rework Process.Queue 12.9534 Sealer BLeWOI’k oco=ZE O 02|-o|-
Sealer Process.Queue 0.8631 O:I I:<§EE:I |' °|_H:|'-
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hatst 7|

Model 4-1.mp4

31
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00 |AlZ2{0]d Zof7h

01 |Al=2{0|H0|2t FARI7}?

02 |Al=gfo]def 7|= JH'E

03 |AlEEojdel 7|2 7HE : AP 2 TAlSH= At X[ AlE20]d
AlZ|o[def 7|2 7Y :

04 |SZEIEAIES A8 AZ2{0[4 - News Vendor =4
AlZg|o[def 7|2 7Y :
AT EAEE AHETH AlE2[0]M - M/U/T Queue =X

05 |ARENA Z2tE0| : 22 3-1(A simple processing system) 2 &

06 |ARENA Z2tEO|: B3 3-2(H2XN2|), 3-3(FEXE]), 22 3-4H2N2|, g+H
YAIZh, 3-5(F BN, dHUAZH) HY dE

07 712 30| mEEut A 2E 4-1(An electronic assembly and test system)
MY HE

08 |12 S0 R 9 2E 4T RYY, 1Y, =5E4), 22 4304
ojojd Z=h &8 da

09 (7|2 33 222t 4 B 4-4(35) 2d HE

10 |M% 222 23 5-1 (Call center) A|Z2|0[M 2 A&

11 |MS 22 2= 52 (2 Call center : AP0 W2t ks EXE, JHAY 2
7 277 HE) AlEY ol Y e

1o (M5 2EY: 28 5-3 (2% Call center : CHYSH JIHX| & BH) AlZ2j|0ld 2
M oAl

13 N&E 2= 22 5.4 ((s, S) Inventory system with backlogging) Al&2{0|M

n
g A& & OptQuestE =83+ X X5}

Model 4-

(Model 4-1 =%
dLr2e| X B85
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o AS= Floll irgte|xtof|A| 2 4-18 BEOE >
HAEE| K= 37HX] 2| AS M A

1. Wiz 2X
- 4-12 AHR wCHZDE 0
- MN2E 20l AR 16412 3 7+H5)0] O| RO H
- FEH WOEOIAME YA (ES 2YE RO oHHO| of il =HOo| AKXt

=1

2. &7 Mz 00| 2dsta JF= XA
- 0% AtO|Q] 7tE A|ZHMTBF) ~ EXPO (2) hours
- 0% 2| AIZHMTTR) ~ EXPO (4) min.

3. MRS Rl CH7 |50 22 22o17| ffet M Ee
_ StLto| MEF2 1071 EE2 2 2 = U3
- H 7o MELZ F AU OF SH=TI?

- 1020f CHs HEEHROl 16A12h 1 & 160412 2 A

o« Qs J|s:
« Xt 2™ (Schedule 2&)
- X D H(Failure 2 &)
- Xt AE{ & A (Statistic 2=)

3
Model 4-2 Aol _
The Enhanced Electronic Assembly and Test System o KX Z2RYE B
e HEY| 7 AL B
S\ MR MERD 2 otef
. \ Assign Part A /
Part A Arrive I Sea\erT?rr:]céAmve ——= | Prep A Progéss |
) 1\ |

—

Sealer Process

} \ Assign Part B
Part B Arrive Sealer and Arrive Prép B Process [+
I Time
ul

Rewaork Process

écord Scrapped .{ é
Paris | Scrapped
0
Record Salvaged ( é
Parts | Salvaged
0
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Resource

Failures B
Failure Name | Failure Rule
1 Sealer Failure - [ \Vait
Double-click here to add a new row.
. =13
Sealer : D&

Name Type Capacity Schedule Hame | Schedule Rule | Busy / Hour | Idle | Hour | Per Use | StateSet Narge | Failures | Report Statistics
1 Prep A Fixed Capacity 1 1 Wait 0.0 0.0 0.0 \ ODrows (W
2 Prep B Fixed Capacity 1 1 Wait 0.0 0.0 0.0 \ ODrows [V
3 Sealer Fixed Capacity 1 1 Wait 0.0 0.0 0.0 ‘1 rows [V
4 Rework Based on Schedule :Rework Schedule Rework Schedule lgnore: 0.0 0.0 0.0 ODrows [V
. S =
Rework : A| &0 et 8T HE
Mame Type Scale Factor | Durations
| 1) Rework Schedule f | Capacity 10 2 rows
812 ZEAIZE: 8AIZH 2RI = 164
OI-_I_ I__I_A |7_|- . 8A |7_|- ZE—E - 16A |7_|- Run Setup %
m H H oo
1 AL C 1 o =T Run Speed Run Centrol Reports Project Parameters
2Jj|_ EH . 2 %:' E-_I?I_ Replication Parameters Array Sizes Arena Visual Designer
o Initialize Between Replications
Mumber of Replications:
i Statistics System
Run > Setup [l |
Hours per Day . 1 6 Start Date and Time:
[Oz20174 8% 222 31R% °F 81220 B-|
Warm-up Period: Time Units:
|{).D | |H0urs V|
Replication Length: Time Units:
| o |
Hoursh( Day:
e ) |
e Units:
|M|’nutes V|
Terminating Condition:
[ ) = ([ | == ||

- 156/279 -




Schedule

Schedule - Basic Process

Name Type | Time Units | Scale Factor | Durations |

-
1p Rework Schedule « | Capacity §Huur5 1.0 m Cl k
= ' IC

Rework Schedule - 0O R
kl<] =]
Capacity << Dap1 00:00:00-Dayp 2 14:00:00 by 1 hour »>
4*‘
\\\\\\
\\\
\\\\
——
3 \‘\\\\ Options
—
\\\\ X-aRis T-amis
-
m:
é;hve slots]: injpirm:
|30 |0
S ar speed [slot: per click): Shap spacing:
/ I I
‘ [v Show vertical grid lines
a
Day 1 09:00.00 Day 2 09:00.00 Wwhen at end of schedule:
0o:00:00 00:00:00 * Repeat from beginning
[ = 0 | o | e || CRemsnsemey [
Time Slat 17 Dal_l,J2 00:00: 00 - 0T 00T Capacitn =0
. Apply Cancel
Schedule - Basic Process
Name Type Time Units Scale Factor | Durations |
1 p, [Rework Schedule [l Capacity gHuurs 10 2 rows E
Schedule ?
Marme: Format Type:
x| [Duration |
Type:
| Capacity ]
Double Click Time Units: scale Factor: Durations ?
|Hours ~| 10
Durations: Walue(Capacity}

Add... 1

Duration:

<End\af list> Edit
= ) |8
Delete
ok |

Cancel Help |

. 2
Durations b

Yalue(Capacity)

X‘I% 8A|7L|'% 1%1 Duration:
Che 8AIZH2 2 ’

0k | Cancel Help
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Schedule

Name Type Time Units

Scale Factor | Durations
| 1 p [Rework Schedule [ Capacity {Hours 1.0 2 rows
2 = XX D|‘ o A =Z| actor | Durations.
— T— =2 1 [Zrrem !
I N = Insert Row
Delete Row
Build Expression...
Edit via Dialog...
Edit via Spreadsheet...
Properties...
Durations n
Value| Duration
1 1 -]
2 2 & \
Double-click her\Ta NEwW row.
o o
M2 8AIZH=2 1F
o o
Ch2 8A|7H2 2

Failure

Template Panel - Advanced Process

Up Time : 1& 7t (Mean Time Between Failure ; MTBF) : 81 1202 X[+=&2X%
Down Time : =2|A|ZH(Mean Time To Repair ; MTTR) : B 4& X|+E2IXE

Name

Up Time Up Time Units Down Time

Down Time Units | Uptime in this State only

1 Sealer Failure - EXPO{120) Winutes EXPO4)

JI':'Iinute.s

120 / (120 + 4) x 100% =

gHo E7 1T &

- 158/279 -

96.77%

4 /(120 + 4) x 100% = 3.23%

CEr

20 + 4)2 x 100A|Zt x 60&2/A|Zt = 48.4H

10




Statistic : Template Panel - Advanced Process

Name Type Frequency Type | Expression SN L Sl Collection Period Report Label Output File | Categories
1p Rework Queue Stats Freguency Value NQ(Rework Process.Queue) Entire Replication Rework Queue Stats S rows
2 Sealer States Frequency State Expression 1 Sealer Entire Replication Sealer States 0 rows

Categories n
Constant or Range | Value | High Value Category Name | Category Option
1 [Constant i 0 0 Racks Include
2 Range ] 10 1 Rack Include
3 Range 10 20 2 Racks Include
4 Range 20 30 3 Racks Include
E)(p[eggign Builder 5 Range 30 40 4 Racks Include:
Double-click here to add a new row.
Expression Type: Queue Name:
=-Basic Process Variables ~ |Hew0rk Process, Queue Ll
[=+1- Entity
i Process
= Queue
Current Murnber In Queue
verage Mumber In Queue
Average Wait Time
Ayerage Wait Cost
Value of Queued Entity Attribute
Sum of Queued Entity Atributes iy o
¢ . Entity Mumber Of Queued Enfity Rework 5SS WIP=
R = |
C O| O| AMH Oﬂ I
1070 THel2| durof =2t

] =l <> | «]e] and o] Of €] > 9 J§o| MEIS £O0t0f Bh?

Current
MO(Rework Process, Queue)

Ok I Cancel Help

11

Run-Setup

Run Setup * Run Setup *,
Replication Parameters Array Sizes Arena Visual Designer Run Speed Run Control Reports Project Parameters
Run Speed Run Control Reports  :  Project Parameters - . Replication Parameters —© Aray Sizes Arena Visual Designer
Project Title: o Initialize Between Replications

- - Mumber of Replications:
|Electron|c Assembly and Test Version 2 | L
| 1 | Statistics System
Analyst Name:
|Mr. Munchkin | Start Date and Time:
Project Description: [D20179 82 222 3122 2F 52134 EM
The second version of the electronic assembly and test model, e ] o
as described in Section 4.2. Warm-up Pericd: Time Units.
|0.0 | Hours ~
Replication Length:
[10 | v
Statistics Collection
i Hours Per Day:
[ Costing Queues [JTranspgrters | s |
AN
Entities Processes [] Conveyors ]
Base Time
Resources [] 5tations [] Activity Areas Minutes -
[JTanks Terminating Conditiod
-t
= .
otF 7ts AlZt: 16A[Zt
ol e HEW L= =0l Ha HEA) L=
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Results X

Adobe Acrobat

=M

Model 4-2
The Enhanced Electronic Assembly and Test System

L 2
- P 4 '
\ AssignPart A |
Fart & Artive — | |Sealer and Arrive Prep A Process
I Time .
18445 €V y 4
i
2000000 Sealer Process
) \ Assign Part B
FPart B Arrive I — | [Sealerand Arrive Prep B Process 0
1288

8

/ U 4
Rework Process “Failed Rework Inspectiof —— ecorcFi)aSrttzgapped _ Scrapped
\ 70
228
4
Record Salvagedl Salvaged

Parts

228

Record Shipped
Parts | Shipped

1822

13

Results
Model 4-1 Model 4-2

Queue Queue

Time Time
Waiting Time Waiting Time
Average Avexage
Prep A Process.Queue 14 6220 Prep A Process.Clueue 192028
Prep B Process.Queue 26.9037 Prep B Process.Queue 51.4159
Rework Process Queue :
Sealer Process.Queue 25153 Sealer Process.Queue T.8260
Other Other
Number Waiting Mumber Waiting
Average Aversge
Prep A Process.Queue 3.1680 Prep A Process.Clueue 38876
Prep B Process. Queue 3.5017 Prep B Process.Queue G.8862
Rework Process Queue W SsIStT

Sealer Process.Queue 0.8631 Sealer Process.Queue 2 6266

14
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Reports-Frequencies

|Electronic Assembly and Test Version 2

Replications: 1

‘Replication1 Start Time: 0.00 Stop Time: 9.600.00 Time Units:  Minutes
Rework Queue Stats Number Obs Average Time Standard Percent w  Restricted Percent
0 Racks 41 69.4722 2967
1 Rack 52 119.96 64.98
2 Racks 1 428210 535
Sealer States Numbgr Obs Average Time Standard Percent Restricted Percent
7ts% BUSY 697 11.6044 4.25
NEH($E])3 FAILED 68 4.1861 97
S=3% IDLE 640 1.9173 12.
Number Obs x Average Tiphe > Standard Percentage
g . HRAIZE =
Number Obs Average Time NV 155 7 AvereE e Standard Percentage
41 69.4722 2,848.3602 29.67%
52 119.9600 6,237.9200 64.98%
12 42.8210 513.8520 5.35%
StAl 9,600.1322 100.00%
® 1712| RackE HX|SH, WA O 2 94.65%(=29.67%+64.98%)2| 7|7t SOt
dgho] £ 6H<| M=
= ~ ~ o
® 2712| RackE EXIotH, TH| 7|zt St HEho] FF5HX| S
15
M O d e | 4 = 3
AL
(Model 4-2 =7
OjL|O|O| M 7F§}
- O
16
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JWH| O B
- Edit > Entity Pictures 7|5 E&
o LH7|MES MHEfO A HE2| Ee ez HY

- A=A ZEE FAE AS

o X}l a8l F715}7]
- Resource button Z'& s
o HQl T 5 F7I5}7|

- Variable object &
- Plot button & b

17
Entity
Entity - Bazsic Process
Entity Type Initial Picture Holding Cost ! Hour | Initial VA Cost | Initial NVA Cost| Initial Waiting Cost | Initial Tran Cost| Initial Other Cost| Report Statistics
1 Part & « | Picture Part A 0.0 0.0 0.0 0.0 0.0 0.0 [+
2 Part B Picture.Part B 0.0 0.0 0.0 0.0 0.0 0.0 2

Current Library:

Current Library:
bazicprocess. plb

Add ~ Add
Add Add . A PFicture. Part B

~
A Ficture. Part &
Copy Copy

. Copy Copy
i PFicture.Part B
Delote . Picture. Part B Deleta d?b A Delete . icture. Par Delete d?b
-
. Ficture.Red B SRS %3 . Ficture Red B SRR {%
s i
- . Picture.Green Mew ﬁ - . Picture. Green Mew ﬁ

Open... Open...
O Picture. r'ellow O Picture. 'ellow

Save... Save...
&; Picture. Boat ﬁﬁ Picture. Boat

@F’icture.Box @F’ictureﬁox
B Picture.Disket B Picture. Digket
] . ¥

t | —
Size Factar: Auto Scale Size Factor: Auto Scale

W
= L

Edit - Entity Pictures 18
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Animation

Plot

Model 4-3
The Enhanced Elegtronic

ssembly and Test System with Enhanced Animation

T T T T T T T
1920 28B0 3840 4800 5760 6720 T6E0 BG40

2600
Time (Minutas)
Queue
(8 B
° Prep A -
i 18| 7
0 Sealer
T2l Atol 1[=] /
[ I — I — ] 0
- Prep B
{[#] Resource
\ 0 Variable

AN

N

Queue= Of2jOi| A O A2

ZEY 29

<
[=]

0 Scrapped

0 Salvaged

0 Shipped

19

Animation-Queue

40702 MESH EA|

@) Line ) Paint Paints...
Effects
Shift [ Botate Flip

Maximum duration to animate quewe arrival:

|U | Haurs w

Cancel

I— dentifier:

Type

(®) Line

Effects

Shift

t arimum duration to animate queue amival;

() Point

[JEotate

Puoints...

Elip

o

| Hours

Cancel
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Queue 4 x Points ?
|dentifier:
Picture Rotation Angle
L — #40: 150 :l Cancel
Add
O line  (®) Paint Paints... Col 180 ~ = Help
Colar. }EH Delete jal
Effects }EH [ User Defined
Shift [ Botate Flip 1a0
180
Mauirium duration to animate quewe arrival: 180
]
|D | Haours ~
Cancel Help
Queue ? * ‘
Identifier. Queue ? % ‘
d | |‘ Identifier: Queue ? %

® Line J () Point Faints. .. Erfln.
Effects
Shift [ Botate Flip
b M awiraurn duration to animate queue arrival:
a | Hours ~
Cancel Help

20




Animation-Variable r52=4 g

Variable

Expression: |

Expression:

sealer Process, |
0
?

Expressi

'rep B

Eormat:

Iﬂﬂ LI brea,., |

Variable

E=pression: |

Expression: |
TERAR erCiut n
2

Expression:

shipped, Murmberut

|
|
Format:

‘ = =
[~ Fixzed Decimal Paint

v Transparent Backaround

alignrment
’7(‘ Left = Right

Area,,, |
Border,,, |

[+ Mo Border

Fant,., |

[~ Fixed Decirmal Paoint Border | Title
|+ Transparent Background = -
Alignrment v Mo Barder B Lk Tlth.e .
, Percent Height:  Wert, Haoriz, &lignrment:
" Left & Right Fant... |
= 5.0 = [Top | Lett =]
Title Title
[~ Use Title | Font.. |
Fercent Height:  Mert, Horiz, Alignment:
[Z5T =1 [Top =] [rett | OK | Cancel |  Help |
Title
| Font.,., |
0k I Cancel | Help |
21
Seize Area ? x
|dentifier: Current Library:
bazicprocess.plb /\
State:
i [ ] o
PICtu{Z;Z: o Oline @i Faints. .. Color.
sl
E Il \ FE Effects
Copy Copy = =
Shift Botate Elip
Delete E Busy \ Delete d?b
Inactive 44 £
. Bl 5
Falled New
b I == \ ﬁ Cancel Help
QOpen...
\ Save... * v

Auto Schle

Size Factor:

Effects

When multiple pictures are defined Rpr the same rezource state, uze
thiz gimulation timing to animate a sefes of pictures:

| per picture

| A OLirs

[] Fiotate By Expression:
Seize Area

ni
T
mlu
Ju
Jot

Points 4 x

Picture Rotation Angle

Cancel

#2: 272

Add

Help
Delete

[JUser Defined
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Animation-Resource

¥ Arena - [Model 04-03 - Picture Editor] ][ ]
B Eile Edit \iew Tools Arrange Object Window Help = [ & =
el &8 & =) 52 [T5% -
= L
\6p}eDé>QA ﬁv&viv Yy =~ Evmvv =k -
| ~
&
i W
= £ >
For Help, press F1 (2040, 195)
|dentifier; - Current Library:
bazsicprocess. plb
Powerd: [ ]
|dentifier: Current Library:
Add basicprocess.plb
D Idle State:
Copy
C I |
Delete Busy |dentifier: Frep B e Current Librany:
Inachive - Blate -
- Powel: [ ]
. i Delete Busy
Failed
b Add Add ~
- E
Inactive
C C
- opy opy
. Failed Delete iy Dete | | GO
Size Factor: Auto Scale N
Dlnactive < 4—_\;3
Effects “~
‘wien multiple pictures are defined for the sa . e Mew ﬁ
! s P > ; ] sl
thiz simulation timing to animate a series of pi Size Factor Ao Soale w
| | Hours Open...
Effects *
[ Rotate By Expression: ‘when multiple pictures are defined for the sai SEE-- ¥
Seize Arsa thiz simulation timing to animate a senes of pi Size Factor it Soale
| ~ || Hours
Effects
[1 Ratate By Expression: wihen multiple pictures are defined for the same resource state, use
Ceine Area thiz simulation bming to animate a series of pictures:

| ~ || Hours w | pEr picture

[] Ruotate By Expression:
Seize Area

24
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Animation-Plot

I plot e
.
DataSeres Awes  Titles  Areas  Legend 3D View ReWO rk Processg—l I:'H 7| %3” EE:1 0” A-I
Drata Series: Mumber in Rework Queue Properties: EH 7 | % ol_l 7H X‘” 9' _)|\_
4+ |B Source Data
1 Hame i Number in Rework Queue
+ - ;
H Expression  NQ(Rework Process. Queue; E:-:pressic»n Builder %
= Fill
Pattern I;!(Nu Filly
ForeColor MRGB(128,0,0) Expression Type:
gla_:;ii?_llgal ERGBQ“'Z“'Z““’ - Advanced Process Variables A
o iine = Basic F'.roc:ess W ariables
Color WRGB(128,0,0) - Attribute
DrawMode  Stairs - Entity
Style — Solid B Process
O Scale . B Queue
Verticalaxis Left i - Cument Number In Queve
i Awerage Mumber In Queue
Sourcelliata Awerage Wait Time
fdd Bemoyve Awerage 'Wait Cost
i Walue of Queued Entity Attribute ™
S ample
gﬂ;z E | R = | < s 2= |v= |land| o [ C
5]
s 95
75
Z 704
63
+ 60
5]
43
8 40
334
£3]
= j%:
154
10
j -5
T T T T T T T T T
] 060 1020 2880 3840 4800 5760 6720 7680 8640 9D600)
Time (Minutes) Cancel Help
e | o

Animation-Plot

S plot X E plot X
DataSeries A¥es Tiles  Aeas  Legend 3D Wiew [ata Seies 2#e: Tifles  Ameas  Legend 3D Wiew
Axes Time (] Axiz Properties: Axes Left Walue [v] &xiz Properties:
| JVishle e ~ Time [] Auis T Visble  True ~
Left Walue [v] Auiz Bl Scale T o Scaie
Right Yalue [v) Asxis Minimum 0 Right Value [] 2is Minimum 0
Maximum 9600 Maximum 100
Majorincre... | 950 Majorincre... : 5
MinorCount : 0 WMinorCount @ 0
AutoScroll i True AutoScale... iTrue
AutoScroll... : 100 AutoScale... (True
Reversed iFalse Reversed False
= Title = Title
Color MRGB(0,0,0} Color MRGB(0,0,0}
Font Times New Roman, ... Font Times New Roman, ...
Text Time (Minutes) Text Number in Rework Queue
Visible Trug v Visible True W
Gridlines Gridlines
Sample Sample
95 93
20+ 20 ]
839 83
80 80
% 75 3 75
Z 70 & 70
SRS (SRR
+H 60 + 60
22 2
i i3
15 35 ]
2407 2 40
2 33 T 35
£ ke
234 254
= 20 < 20
13 159
10 10
2 i
T T T T T T T T T T T T T T T T T T
o 960 1920 2880 3840 48300 3760 6720 7630 8640 S600) 0 60 1920 2830 3840 4800 3760 6720 7630 8640 9600
Time (Minutes) Time (Minutes)
Cancel Help Cancel Help 26
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Results &

Adobe Acrobat

=M

i 1.
E 10
-
Model 4-3 ¥ M !\\ J‘u Mh.ﬂ
The Enhanced Electronic Assembly and Test System with Enhanced Animation 2 LN Y T IS I S || VIR
a 260 1920 2830 3840 4300 5760 G720 TA30 &G40 9600
Time (Mitotes )
Rework
- Prep A n N 7 0 Scrapped
hA E 2 F
e S 228
Sealer Salvaged
0 I
Prep B 2922 Shipped
.’.....’.E |
\ §
A 4

\

A E20|M ZF A|-O| A|AH! OOl = 137H9Q| Part A2} B7t EM(7ta £ : 470, TH7| & : 97H)
2tZ =l Part AR B == & 3,22071 O] & =& =2 7071

27

OF

[Tt2tot7|

Model 4-2.mp4
Model 4-3.mp4

28
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00 |AlZ2{0]d Zof7h

01 |Al=2{0|H0|2t FARI7}?

02 |Al=2|o]def 7|2 71

03 |AlEEojdel 7|2 7HE : AP 2 TAlSH= At X[ AlE20]d
AlZ2olde] 7|12 JHE

04 |SZEIEAIES A8 AZ2{0[4 - News Vendor =4
AlZ80lde] 7|12 JHd
AZY EAES AESH AlZ20[ - M/U/1 Queue K|

05 |ARENA Z2tE0| : 23 3-1(A simple processing system) 2Hd &

06 |ARENA Z2tEO|: B3 3-2(H2XN2|), 3-3(FEXE]), 22 3-4H2N2|, g+H
YAIZh, 3-5(F BN, dHUAZH) HY dE

07 712 30| mEEut A 2E 4-1(An electronic assembly and test system)
MY HE

0g |12 S8 REYM 9 2R 4T RYY, 1Y, =), 22 4300440
oM Zah) &g 25

09 7|2 382 2t iy R 4-455) MY 45

10 |M% 222 23 5-1 (Call center) A|Z2|0[M 2 A&

11 (M5 228 53— 5-2 (21 Call center : A[ZHO] W2} Hote 22E, JHRE &
7 277 HE) AlEY ol Y e
NE zgal: o 5.3 (& Call center : CHESH HatX| & BHY) A|E20|M =}

12 15wz

13 N&E 2HI 2 54 (s, S) Inventory system with backlogging) Al &2 0|4
Zhd A% & OptQuestE 83t %X 3t

Model 4-4

(Model 4-3 =%
T & o
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Ha
O ro N

rok Ao
J

ol

HZo rg Ao 2 0|5 Al A2t A
A7ZHO] 295
|S: Station, Route

—J IR

« HX B (4 Lot Batch) O}0|& HZA .
Edit > Entity Pictures

1o

H O

o
[UE!

1 5 7 9 12

Assign Part & : :
Part A Arrive ealer and Arriv Pms’: :\"Nal ~——= | Route to Prep & - Pre;fr"wal Prep A Process
[ Time ation ation 1 4

2 A I—| 6 8 'I O ’I ’I (_7'5 J |-) 1 3 Route to Sealer

Assign Part B i Prep B Arrival ign Pi Prep B Process
PartB A”Wﬁ' ealer and Arriv Part;?"wal ~—= | Route to Prep B " Station (SR EETE P
/ Time ation
Picture.Batch B Picture.Part B

15 17

Sealer Arrival
Station

— (Sealer Process

19 21 23 24 25

. 0 e
Failed Sealer . | scrapped Parts Record
Inspection Routz to Rework Arrival Station Scrapped Parts SEEEL
1}
e Salvaged Parts écord Salvaged
—a — Salvaged
1 6 1 8 20 22 Arrival Station Parts
1}

o Rework Arrival

Failed Rework I e
Inspection

Route to Scrapped

! = Rework Process
Station

Parts (
.|| Shipped Parts ecord Shippedf,____, Shipped
— Arrival Station Parts
0

Route to Salvagedl
Parts

Advanced Transfer I{ 9 S 3 F7t
[]: o™ Z2M 27 YojLhs &

Station Route 4
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W alue:
Poweid: ||
Add )
:: Picture Batch
Copy
Delete . Ficture. Red B

. Ficture. Green
i

- O Ficture. vellow

&; Picture. Boat

@ Ficture Box

E Picture. Disket

| %
Picture, Letter

Size Factor:

Auto Scale

basicprocess. plb

Edit - Entity Pictures

Add . -
Copy ”?E
Delete d?b
< | [ %3
MHew ﬁ
Open..
Save... *
.

Entity Type Initial Picture Holding Cost ! Hour | Initial VA Cost | Initial NVA Cost| Initial Waiting Cost | Initial Tran Cost| Initial Other Cost| Report Statistics
1 Part A w | Picture.Part & 0.0 0.0 0.0 0.0 0.0 0.0 2
z Part B Picture.Part B 0.0 0.0 0.0 0.0 0.0 0.0 I3
Current Library:

4. Assign

Assignments:

Atribute ler Tirne, WEIB(Z
O

Sttribute, Arrive Time, TR
Entity Ficture, Picture Batch B
<End of list>

Edit... |
Delete |

Assignments

Aftribute Mame:
|Sea|er Time |

Type:

Mew Value:
|WEIB(Z.5. 5.3

k. I Cancel Help |
=
Part B tiE& HE +—

0K I Cancel Help |
Assignments ?
Type: Attribute Mame:
|.f3.rrive Time ]
Mew Value:
| THIOY
0K I Cancel Help |
Assignments ?
Tvpe: Entity Picture:
Entity Picture |Picture.Batch B |
’T‘ Cancel Help
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5. Station

Station ?

Marne: Station Type:
Station 2 =0°| O| 2 ([Farifreteten]  [Stton =
Station Mame:
Station9| 0] | % (Eart & Station J=]
Parent Activity #rea: Associated Intersection:
! =1 <]

¥ Beport Statistics

QK | Cancel Help

6. Station

Station ?

Marne: Station Type:
Station 2 =0°| O| 2 (Faifir=eten J  [Staton =
Station Marne:
Station9| 0] | % (Eart B Station J=]
Parent Activity #rea: Associated Intersection:
! =1 <]

¥ Beport Statistics

QK | Cancel Help
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/. Route

B
Destination Type:
|Station

x| |Prep & Station |
K | Cancel | ﬁb\ |

JENEL

Route ?

Marne:
|Route to Prep & |
Boute Time: Units:

= | [Minutes |

Station Marne:

A
12

9
8. Route
Route ?
Marne:
|Route to Prep B |
Boute Time: Units:
2 = | [Minutes |
Destination Type: Station Mame:
|Station = | [Prep B Station |
A
O| & A|Zt Ok | Cancel | ﬁb\ |
202X
-1 1
10
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9. Station

Station ?

Mame: Station Type:

[Prep & Arrival Station] [Station |
Station Marme:

[Prep A Station |

Parent Activity &rea: Associated Intersection:

I =N =

¥ Beport Statistics

k. | Cancel Help

11
10. Station
Station ?
Mame: Station Type:
[Prep B Arrival Station| | Station |
Station Marme:
[Prep B Station |
Parent Activity &rea: Associated Intersection:
I =l =l
¥ Beport Statistics
k. | Cancel Help
12
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11. Assign

Assign

Add,.,

Edit,., |
Delete |

[ ok 1]

Cancel I

Help |

Type:
Entity Ficture

Assignments
Entity Picture:

- |P|cture Part B

/ Sl Help
Part B M= B4

o

Picture. Batch B = Picture.Part B
CAHSHI= 474 €

ot 2 =S| 7t

OH

Sol= 170 SRAZ ¢

OH

=
=]

13
14. Route
Route ?

Marne:
|H0ute to Sealed |
Boute Time: Units:
B | [Minutes |
Destination Type: Station Mame:
| Station | [Sealer Station |

k. I Cancel Help I

14
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15. Station

Station ?

Mame: Station Type:

[Sealer Arrival Statian] | Station =l
Station Marme:

[Sealer Station |

Parent Activity &rea: Associated Intersection:

I ]| =

¥ Beport Statistics

k. | Cancel Help

15

16. Station

Station ?

Mame: Station Type:

[Rewark Arrival Statian] [Statian =l
Station Marme:

[Rework Station |

Parent Activity &rea: Associated Intersection:

I ]| =

¥ Beport Statistics

k. | Cancel Help
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21. Route

Route ?
Marme:
[Route to Rewark |
Boute Time: Units:
[2 | [Minutes |
Destination Type: Station Mame:
| Station v | [Rework Station ~]|
[0]:8 | Cancel Help |
Route ?
Marne:
|Fioute to Shipped Parts |
Route Time: Units:
|2 | [Minutes |
Destination Type: Station Mame:
|Station | |shipped Station B
[0]8 | Cancel Help |
17
22. Route
Route ?
Marne:
|Foute to Scrapped Parts| |
Route Time: Units:
2 | [Minutes |
Destination Type: Station Mame:
| Station v | [Scrapped Station |
0K | Cancel Help |
Route ?
Marne:
|Foute 1o Salvaged Parts |
Route Time: Units:
|2 | [Minutes |
Destination Type: Station Mame:
|Station | |Salvaged Station

o]

Cancel
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23. Station

Scrapped Parts Arrival Station
?

Station

Salvaged Parts Arrival Station
?

Station

Station Type:

Station

» I

Marme: Station Type: Marne:
lpped Parts Arrival Statior, |Station | paged Parts Arival Station |Station |
Station MName: Station Mame:
|Scrapped Station | |Salvaged Station =
Parent Activity Areat Associated Intersection: Parent activity &rea: Associated Intersection:
| =11 = | =N =
[v Beport Statistics W Beport Statistics
lTl Cancel | Help | lTl Cancel | Help
Shipped Parts Arrival Station
Mame:

Station Type:

ipped Pars Arival Statior |Station

Station MName:

|Shipped Station
Parent Activity Area

=

=]

Agsociated Intersection:

v Beport Statistics
0K | Cancel Help |
Station 55 &% 7ts
Prep A Stationd| M Li7t= 252 EO{F

Animate Transfer B sttion 32 49 7t
no = = L oao =
Bl uf o W RS &2 Prep A Station2E S0{2= 252 E0{FE
L

; /

&

7

& o

&

Model 4-4 5
The Enhanced Electronic Assembly and Test System with Two-Minute Part Transfers % 10 /:g's: W0 awe SR e W0 B s
Time (Misstss)
+' (% }l’
K oute / Prep A = 0 Scrapped
Station - B .
0 0 Salvaged

= 0 Shipped
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Animation

Station 3= &Y 7t
Prep A Stationd| M Li7t= 252 B F
Station 35 &% 7ts

Prep A Station2 2 S0{& 2

ES
=

fjo

=20

=
=)

Part A Stafon Prep A Station

Prep B Station
Part B anéan

Rework Station Rework Station

Scrapped Station
Prep A Station

Salvaged Station

Sealer Station

Sealer Station

Shipped Station

D

Prep B Station

7.

Station 55 &2 7ts

Prep B StationO|A LI7t= 2&2 20

=
=

Station 55 &Y 7ts
Prep B Station2 2 E0{2= B&2 EO0F
21
Animation-Station
Station ?
Identifier:
[Part & Station| B D
I~ Parking
LCalar,..
(0] | Cancel | Help |
Station ?
[dentifier:

Frep & Station
Frep B Station
Rework Station
Salvaged Station
Scrapped Station
Sealer Station
=hipped Station

22
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Animation-Route

=4t Station
=X} Station

Route

From Station:

|Par‘( & Btation
To Station:

|F‘re|3 & Station

# Points:

e

Cancel

Route

From Station:

|Prep & Station

? Route ?

From Station:
|Par1 B Station

To Station:
|Pre|3 B Station |

# Points:

l?—
k. I Cancel | Help

? Route ?

From Station:
|Prep B Station

To Station: To Station:
|Sea|er Station x| |Sea|er Station |
# Points: # Points:
|E |EI
Cancel [0]8 I Cancel | Help
23
Animation-Route
Route ? Route ?
- . From Station: From Station:
== Statlon |Sea|er Station =] T, | |Sea|er Station =] Tl |
. To Station: To Station:
=X} Station  [Feworkstten =] [Ehipped Station =l
# Points: ; o # Points:
|EI |3
Cancel Cancel | Help
Route ? Route ?
From Station: From Station:
|Hew0rk Station =] Eron.. | |Hew0rk Station =] T |
To Station: To Station:
|Scrapped Station x| |Sa|vaged Station |
# Points: rE # Points:
|3 I~ Flip |3
Cancel (]S I Cancel | Help
24
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Results

X

Adobe Acrobat

2M

& 35-]
& 3
rg 25

20
i 15

FRUE
Model 4-4 2 1 pnafed®
The Enhanced Flectronic Assembly and Test System with Two-Minute Part Transfers T o0 130 gm0 0 4m0 S 670 60 a0 9600
Time (Mirotes)

Rework
BasaBBALaB G
saaBAEAEBABS 4
‘ Prap A A A [#] 54 Scrapped
AAAAAAAAE 2 4 #
9 Sealer 226 Salvaged
AAA"A.A.A'E. %
12
g Prep B 2971 Shipped
- UUUUUUUU‘E
10
25
Results
Transfer Time ) Minimum Maximum
Average Half Width Value Value
Part A 6.1648 0.030857118 G.0000 8.0000
PartB 6.1823 0.038994067 G.0000 8.0000
WEY TR
(X) ©)
3H =& (61) : Part A Station = Prep A Station - Sealer Station = Shipped Station
4 =& (8=) : Part A Station > Prep A Station = Sealer Station - Rework Station = Scrapped/Salvaged Station
3 =& (6%) : Part B Station = Prep B Station = Sealer Station = Shipped Station
48 =& (8=F) : Part B Station = Prep B Station = Sealer Station = Rework Station = Scrapped/Salvaged Station
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hatst 7|

Model 4-4.mp4

27
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00 |AlZ2{0]d Zof7h

01 |Al=2j|o[Hdofgh F3Aelt?

02 |AlEE0]8ef 7|2 7HdE

03 |AlEEojdel 7|2 7HE : AP 2 TAlSH= At X[ AlE20]d
AlZ2olde] 7|12 JHE

04 |SZEIEAIES A8 AZ2{0[4 - News Vendor =4
AlZ80lde] 7|12 JHd
AZY EAES AESH AlZ20[ - M/U/1 Queue K|

05 |ARENA Z2tE0| : 23 3-1(A simple processing system) 2Hd &

06 |ARENA Z2tEO|: B3 3-2(H2XN2|), 3-3(FEXE]), 22 3-4H2N2|, g+H
YAIZh, 3-5(F BN, dHUAZH) HY dE

07 712 30| mEEut A 2E 4-1(An electronic assembly and test system)
MY HE

0g |12 S8 REYM 9 2R 4T RYY, 1Y, =), 22 4300440
oM Zsh) &g 25

09 7|2 582 2 ¢y R 4-455) 8 45

10 |[MF 2 2 5.1 (Call center) A|Z2{|0|M ZHd HE

11 (M5 228 53— 5-2 (21 Call center : A[ZHO] W2} Hote 22E, JHRE &
7 277 HE) AlEY ol Y e
NE zgal: o 5.3 (& Call center : CHESH HatX| & BHY) A|E20|M =}

12 15wz

13 N&E 2HI 2 54 (s, S) Inventory system with backlogging) Al &2 0|4
e A& & OptQuestE 283t %X s}

Model 5-1

(Call Center)
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ME|A7E 27kse > " AZE
- Ol2gt AE St (T8t MH|A HE)E FIRE
7

ACF Mol EAMA|ZF 7FHE - EXPO(0.857) min

=
MW ME Mot= 020 2l
At Mol= & M7HX] Sd0| =X
40| QLY MA|X| HF 2, AH|A B2 FRE=2
MESI=0| 2 %|= AlZF: UNIF(0.1, 0.6) min

= K| ¥ (76%), THOf A B (16%), TEAER 22 (8%)

- OZHO| QLY AKX HF =, & E 22 MEFS MES=H 25 =
AlZF ~ UNIF(0.1, 0.5) min

- ME S5 1(25%), 2 (34%), or 3 (41%)

- 7= K| SHERIL ME

- MZ 10| 29, MZF 20] 3G, X|Z 30 3F2| AER HfX]|

MER2 EHE M E0HE AET = AS .. Model 5-20{A HY
- Z NS S50 CHoll MYeME RACE ME NS
- HE AL 2E ME ZF0 CHSH TRIAG3, 6, 18) min
S 2 SUHE Y
of & M3t
2= M= 5570 Cisl s¥et ME|A K=

stLtol MYUMZ Hefo| 7| WE 29
AFEE A|ZF: TRIA (4, 15, 45) min

AtEH & ZMEE [{Lt

o0 T =2 L— = [}
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Model 5-1
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44
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ol 3o
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LHO 1o

A
o
FAHO A 2

: TRIA(2, 3, 4) min
: TRIA(2, 3, 4) min

)

N

= AlZE

ALE
- ©

=t L

= JEf =2

e QT BAIEEH @

6A| 77HX]
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Model 5-1
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Create Call Arrivals ec°'dé"f:}f'“"‘

runk Line Available?

L P Increment Active Stare for Initial nitial Recording
cal Counter ecording Del

Record Rejected Dispose of
Call Rejected Call

Unstore from
nitial Recording
Delay

Store for Tech
Call Recording
Delay

Tech Call
Recording Dela

Betermine Product Typg

Unstore from

Tech Call

Recording Dela)

Process Product
Type 1 Tech Call
Process Product
Type 2 Tech Call
Process Product
Type 3 Tech Call

Create Arrival
Cutoff Entity

ispose of Arrival
Cutoff Entity

0
Arrival Cutoff Logical Entity

— Advanced Process Panel

I R Ry

AHE OARE Al 28
WHE XM/ /A

LH

==
Store Delay  Unstore
O O [ zexsxes
RS HA/XH/EOFLD
Seize Delay  Release
= E—
& Seizs Delay Reiease & T o  Process |

Seize : 38 Queue AHE 7ts

— Engtl; _?alesa(rljl BiocessiSales Release Trunk ecrement Activel, Record Dispose of Call
ka_ll’[: Call Line Gall Counter Completed Calls
]
0
Sales Calls
Blocks Panel
Assign Order Delay Block : Blocks EH Ié% %SH —’F—jf
i No Sales Person b Delay I = = _
tatus Entity Typgs————  Dela - _ =2 SHHHO| B3
and Picture Y Required? (Store-Delay-UnstoreS SHHH O E3H)
TRIA(2.3.4)
Store Delay Release = Delay L
Order Status E,SIalus Order Status
L Se'cg,)ﬁd,f,fﬁ'g“s Call Seizes Conversation Call Rel
Sales Person With Sales Sales Person 7

Order Status Calls

er

Entity

Entity Type Initial Picture Holding Cost / Hour| Initial VA Cost| Initial NVA Cost| Initial Waiting Cost | Initial Tran Cost | Initial Other Cost | Report Statistics
1 Tech Call Picture.Report 0.0 0.0 0.0 0.0 0.0 0.0 I3
2 Sales Call Picture. Report 0.0 0.0 0.0 0.0 o0 0.0 I3
3 Order Status Call Picture.Report 0.0 0.0 0.0 0.0 0.0 0.0 I3
4 Incoming Call Picture Black Ball 0.0 0.0 0.0 0.0 o0 0.0 I3
a3 Avrrival Cutoff Picture.Report 0.0 0.0 0.0 0.0 0.0 0.0 I3
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Queue

Name Type Attribute Name Shared | Report Statistics
1 Process Product Type 1 Tech Call Queue  f First In First Out Attribute 1 - [+
2z Process Product Type 2 Tech Call Queue First In First Out Adttribute 1 r I3
& Process Product Type 3 Tech Call Queue First In First Qut Attribute 1 - [+
4 Seize Trunk Line.Queue First In First Out Adtribute 1 r I3
5 Process Sales Call Queue Luwe‘st Atftribute Value Sales Call Priority E I3

h7 |2 @M= 4.
Sales Call Priority &4 2t0| &2 N2 H SMX2 2 K|

9
Resource
Resowee BascProcsss
Name Type Capacity| Busy / Hour | Idle | Hour | Per Use | StateSet Name | Failures | Report Statistics
1 Tech 1 Fixed Capacity 2 0.0 0.0 0.0 Orows [[v¥
2 Tech 2 Fixed Capacity 3 0.0 0.0 0.0 Orows [V
3 Tech3 Fixed Capacity 3 0.0 0.0 0.0 Orows [[v¥
4 Sales Fixed Capacity 4 0.0 0.0 0.0 Orows [V
5 Trunk Line Fixed Capacity 26 ~§ 0.0 0.0 0.0 Orows [[v¥
10
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Variable

Data Type | Clear Option | File Name | Initial Values | Report Statistics

Name Rows | Columns
1 Total WIP Real System 0 rows r
WaxCalls Real System 1rows L= ——> Initial Values n
Real System |m| , r

3 b | CallsPerarrival

Initial Values n

Expression

-

7l K& & A7
Name | Rows | Columns | Expression Values X_“%o _7F__|§|_O-|| g7:||310| TRlA(3, 6, 18)

|1 Tech Time = T

Expression Values B
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Storage

Name
1 Initial Recording Delay Storage é,“é.l' —f‘;—-ﬁ- A._'|E—|" A| D‘l—?—gf X‘l 75,*_/.\_
Tech Call Recording Delay Storage 7|%X .°£_| X-"% Zg__ﬁ_ ﬁ%{ A| _?_EE X-l?é)l-_/.\_
Order Status Deay Sirage FE2 NE 20| X SE Al HREE HEa

13

5.Record

8.Assign

= R F i - : Increment Active Store for Initial
X 2
Create Call Arrival Call pkilnelivatables Call Counter Recording Delay

6.Record

Dispose of
Rejected Call

13.Assign

1.Create 2.Assign 3.Dispose

12.Decide Assign Tech Cal Store for Tech

Entity Type and Call Recordi 5
",!k};"; Delay ng Recording Dela

Unstore from
Tech Cal Tech Call

Create Arrival ispose of Arrival

Cutoff Entity Cutoff Entity
0 ]
Determine Call Type 18.Process Arrival Cutoff Logical Entity
=
1 7.Decide Process Product’
Type 1 Tech Call
Betermine Product Typg
19.Process
Process Product
Type 2 Tech Call
20.Process
Process Product
Type 3 Tech Call
. 31.Assign 32.Record 33.Dispose
21.Assign  22.Process __ - 9 P
ign Sales Ca'l | Process Sales Release Trunk T AET Rt Dispose of Call
E“"’,!g}:_ﬁz and Call Line Call Counter [ | Completed Calls Entity
]
Sales Calls g
23 Assign - 25.Decide Advanced Process Panel Blocks Panel
e e o
tatus Entity Typel————
and Picture Reqimedd o Delay -
Store Delay  Unstore
— O —
Order Status . SH - Order Status -
Selcca)lrldgl[k?!alts Call Seizes Conversation Call Rel Seize Rel
iy Sales Person With Sales Sales Person 1 4
Order Status Calls
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1. Create

1.Create 2.Assign

Casioff Ertty

3 Dispose

« -
Create Amval | _\c;ummmmg o Despose of Amval
Cals Canalf Entty

Arrival Cutofl Logical Entity

Create
Marme: Entity Type:
Create Arrival Cuioif ] |.ﬁrriva| Cutoff -]
Tirne Between Arrivals
Type: Yalue: Units:
|Constant | [999359 |Minutes Ed|
Enfities per Arrival: Max Arrivals: Eirst Creation:

I I
oK |

[E0n

Cancel

\ Help

Arrival Cutoff 7HX|= 60020 X222 T4t

Arrival Cutoff Zi A= Tt 1742 =%t

15

2. Assign

1.Create 2.Assign

:
Create arval §, Mlcuon n:om-ngl o
Cutolt Erty Caly

3 Dispose

| Oespose of Amval
Canalf Entty

v

Arrival Cutofl Logical Entity

Assign ? * Assignments ? X
Mame: Type: Wariable Mame:
Cut Off Incaming Calls w | Wariahle w |MaHEaIIs ~ |
Aszignments: Hew Value: I
‘W ariable, M axCalls, 1 Add... |1 I |
Wariable, CallsPerdmival, O =
<End of list> -
e el Edit... / Cancel Help
Lelete ¢
Cancel | [_Hop MaxCalls = 1 o et orat
O 0] Incoming Call2 4 d3sHX| %A &
Assignments ? *
Type: Variable: Mame:
Wariable ~ | CallsPertrival R |
Hew Value: I
0 /
/ Cancel Help

Y

CallsPerArrival = 0
H3t7t 600 & O|2 0| =&SHE AS YA
(421 Create Z=0f|A{ O|& : Entities per Arrival)
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1.Create 2 Assign 3.Dispose

3. Dispose [} fr) e

Arrival Cutoff Logical Entity

. 2
Dispose :

Marne:

Nispose of Arrival Cotoff Entiy LI

v Becord Entity Statistics

k. I Cancel Help |

17

4 C re a te = -...\.}_,_n- ;-—-l._ 9.‘:.5.1_“;-;:-}_. =
Cal Arrive =P S
Create ? X
Mame: Entity Type:
Create Call Amivals ~ | |Incoming Call w
Time Between Arivals
Tupe: Walue: Units:
Fiandom [Expa] ~ | (00857 Minwtes ~
Entities per Arrival: Maw Arrivals: First Creation:
[ CallsPertrival | [ManCals | oo
Cancel Help

AlE 02 A|ZHEE @ CallsPerArrival(1), MaxCalls(999999)

A 6002 S 2%t : CallsPerArrival(0), MaxCalls(1)

18

- 190/279 -




5. Record ==

Calls Arrive

Record ?

Name: Iype:
: ~| |Count |
Yalue:
|1 I~ Record into Set
Counter Marne:
|.-5.ttem|3ted Calls |
Ok I Cancel Help
19
6. Decide, Record, Dispose = =

Decide ?
Type:
| |2-way by Conditior » |

Resource > Usage

[Expressian | NR : Current Number Busy

Value: MR : Current Number Scheduled
[FRCTrunk Ciney < MACTrunk Line) o|0| : Trunk Line XA 2| TAXH AHE 0| Trunk Line

At A R A2 B2 > Hofe|Ho]
Of A= B2 7H2= OfLFH 6= 27|

0k, I Cancel | Help |

Record ?
Type:
= - Dispose ?
[~ Becord into Set Mame:
Counter Mame: zpose of Relected Ca LI

|Hejected Calls | v Becord Entity Statistics

[0);8 I Cancel Help (04 I Cancel Help I

20
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7. Seize

- [ . ™ | ol
WS 6 recond By 6 Dinpose
T | —
. G ——a
Cah Arrive | i

Seize ?
&llocation: Briority:

| |Cther | [Mediumi2) ]

Add, AEE MEE + =S

Edt. | Ci71g Queue > 33| M0 o F

Delete | 7|' %IkE %'_CID_O'”F_I- %7|7|' E|7| [[HE_
Queue Type: Quewe MName: O'" AEIX-” EH7|§O|_| %ﬁl'l_ EEXH-%- -’F
[Queue =] [Seize Trunk Line, Queue gi%

k. I Cancel | Help |

2
Resources i

Besource Mame: Quantity:
|Trunk Line =

Besource State:

| =l
(04 I Cancel Help

21

5 Aeconed 6 Dacide Bassign

:1_”,_._.. I — :Vm},mmh

18 6 Fecod = 6 Dipose

it ot et L Dmpora

. .

Calh Arrive \ "

8. Assign

Edit,.. |
Delete |

0k, I Cancel | Help I

- 2
Assignments :

Tvpe: Wariable Marne:

Variable |T0tal WP ]
Mew Walue: \

[Total WP + 1

[0):8 I Cancel I Help

Total WIP = Total WIP + 1
Total WIP HZ= Z+& SfLt

S MEOA ME[A S

0|>|

7t
P =& oStHt 371 AIE

OHH
fot

22
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9. Store

10. Delay

Store

Storage Mame:

|Initia| Recarding Delay Storage « |

ME B5 MY Al DjREE X
Ok I Cancel I Help I

Store for Initial Recording Delay
Initial Recording Delay Storage

23

Delay

’
Allocation:
| [Cther |
Delay Time: Units:
[OHIFCOT 0B | [Minutes =
AlZt k. I Cancel Help |
USRI F[AZH0.1:), ZICHEL(0.62)
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11. Unstore

BAssign 9 5tore
: [——

| oy o [ ——
» '-»{—1'»:.'::: ih;wm....lr‘v"“.’;.‘... ”l“'-"“r‘:.'."’“l'

Unstore

Tvpe:

ENIEIEY - | [Default |
AE S5 MY A BREE HEA
Ok I Cancel I Help I

Unstore from Initial Recording Delay

25

12. Decide

Decide ?
Marne: Type:
[Determine Call Tvpe | [W-way by Chance |
Percentages:
6 Bdd...
<End of list>
Delete |
Ok Cancel | Help |
Conditions ?
Percent True (0-100):
[ x| %
k. I Cancel Help |
v
Conditions
76% : M JHXK| =2 27| Borcant Trus (0100
ercent True (0-1005:
16% : FHW 7t 2 =7 o
b | %
100% - 76% - 16% = 8% : OFX|8} JIX| 2 27
QK I Cancel

Help |
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13. Assign
Assign ?

Marne:

|.~‘-‘«ssign Tech Call Entity Type and Picture |
Assignments:

Add,.,

Edit,.. |
Delete |

0K I Cancel | Help |
Assignments ?

Tvpe: Entity Type:
Entity Type - |Tec:h Call |

Ok I Cancel Help I

- 2
Assignments :

Type: Entity Picture:
Entity Picture ~ | |Picture.Fed Ball |

0K I Cancel Help I

14. Store

Storage Mame:

|Tech Call Recording Delay St~ | 7|1&=X 8 HE 5 ME A| HREE2= HEA

[0]8 I Cancel | Help

Store for Tech Call Recording Delay
Tech Call Recording Delay Storage

28
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15. Delay

Delay ?

Mame: &llocation:

|Tec:h Call Recarding Delay |

Delay Time: Units:

[OHIFCOT, 05D | [Minutes =
JEXE ME BF ME A7 Ok I Cancel | Help |

29

16. Unstore

Unstore ?
=1

7= X2 H

k. I Cancel | Help |

o
op

2 M A DREE XFA

Unstore from Tech Call Recording Delay

- 196/279 -

30




17. Decide

Decide

Marne:

Twpe:

» IEl

Percentages:

<End of list>

| |M-way by Chance ~|

Add,..

Edit... |

Percent True (0-100):
&

o=

Delete
k. I Cancel Help |
Conditions ?
(04 I Cancel Help

Percent True (0-1003:

25% : AHR 7tX |2 27|
34% : SRR 7HX[2 27|
100% - 25% - 34% = 41% : OFX|2} 7}X| 2 27|

Conditions

R

[ ok 1]

Cancel Help I

18. Process

Process
Marmne: Type:
|F‘rocess Product Type 1 Tech Call LI |Standard LI
~Logic
&ction: Briarity:
|Seize Delay Release ;] |Medium(2) ;|
Besources:
Resource, Tech 1.1
<End of list>
Delete |

Delay Type: Units: &llocation:
|Expression | [Minutes | |value Added |
Expression:
|Tech Time |
¥ Report Statistics

Ok Cancel Help I

Type:

Resources

Besource Mame:

Quantity:

|Tech 1
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0k I Cancel Help |
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19. Process

Resource, Tech & 1
<

Process
Type:
| |5tandard =]
~Logic
&ction: Briarity:
|Seize Delay Release | [Mediumiz =]
Besources:
Add,

Edit,.. |
Delete |

Delay Type: Units: &llocation:
|Expression | [Minutes | |Value Added |
Expression:
|Tech Time |
¥ Report Statistics
0k I Cancel Help I
Resources ?
Besource Mame: Quantity:
[Tech 2 EdRL
k. I Cancel Help |
33
20. Process
Process ?
Type:
| |5tandard |
~Logic
&ction: Briarity:
|Seize Delay Release ;] |Medium(2) ;|
Besources:
Add, .

Resource, Tech 3, 1
<

Edit,.. |
Delete |

Delay Type: Units: &llocation:
|Expression | [Minutes | |value Added |
Expression:
|Tech Time |
v Report Statistics

k. I Cancel Help I

Resources

Besource Mame:!

Quantity:

|Tec:h 3
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[ ok ]

Cancel

Help |
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21.Assign 22 Process

21. Assign e

Sales Calls C

Entity Ty
Ficture, Ficture, Green Ba

ntity .
<End of list> Edit,.. |
Delate |

0k, I Cancel | Help I
Assignments ?

Type: Entity Type:
Entity Type |3ales Call |

0K I Cancel Help |
Assignments ?

Tvpe: Entity Picture:
Entity Picture |Picture.6reen Ball |

oK I Cancel Help I

35

21.Assign 22 Process

22. Process e
Process ? n

Type:

| |Standard |

Sales Calls

~Logic
Action: Priarity:
|Seize Delay Release | |Medium(2) |
Besources:

Add...

Edit,.. |
Delete |

Delay Type: Units: Allocation:

| Triangular x| |Minutes x| |value Added |
Minirnurm: Walue {Most Maximum:

|4 |15 |45

v Fepor Statistics

k. I Cancel Help

2
Resources b

Type:

Resource Mame: Cluantity:

|Sa|es RaRL

0k I Cancel Help

36
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_3 Ass 'gn

23. Assign

24.Delay

i IGST‘ Dﬂe‘
= s Erety T Gy
fl =P e

25 Decide

ey
e

— 26.Ast caign - 2‘?.5.“ _'.....,.......-
L Pt Py ‘Ef."sf'.;'f-," Lamm }— - &:’:mm}
Or;iersumtll|
<End Uf list> Edit |
Delete |
0k, I Cancel | Help I
Assignments ?
Type: Entity Type:
Entity Type |Qrder Status Call |
0K I Cancel Help |
Assignments ?
Type: Entity Picture:
Enfity Picture |Picture.BIue Ball |
0K I Cancel Help I
37
23 Assign 24 Delay 25 Decide

24. Delay Block

True

.............-
| Oner Sans
wmm — C-! Rz-enm
Wit Sales

E <) wire} — 26 Assign =

(Store-Delay-UnstoreE SHH RO EH) Li‘?,,.i. i{;
Blocks EH%% %6H _;It_jl' s =y Rekase b — Delay Or;krsum(.m
Delay Block ?

Lakel: |Order Status Delay

Mark Atribute: | ~]

Mext Label: |

Duration: Y =3 AE 29| XK= S A|ZH

Storage 10: |OrderStatus Delay Storage ] =2 ME| 29| Xt=E 2B Al O

Allocatian: | Other =]

~Comments
I

ok |

Cancel Help
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25. Decide

23.Assign 24 Delay 25 Decide

’ms—.P...n .

_.M- -t True
T ’.Ei"f?'l AR _'....,».__
Onider
“‘”‘“‘“‘}— «:::wm|> = } “'“*‘*‘}
Order Status Calls
;
Type:
0 x| |2-way by Chance ~|
Percent True (0-100):
|85
k. I Cancel Help
39
. 25.Decide
26. Assign S
T ’.Ei"f?'l AR _'....,».__ I
O Saatus
atmml - f:‘::‘m} m },- Cal Reteases
Order Status Calls

Attribute, Sales Call Priority, 1
<

Tvpe:

Mew Value:

f ?
Assignments :

|Sa|es Call Priarity

=

|1

(k. I Cancel Help

«  Order Status Call9| Sales Call Priority = 1 - Order Status Call®| M=% E ¥F & ZAIE =&Y

«  Sales Call9| Sales Call Prlorlty._ ol X| Of

« 2 Sales Call Priority &4

2 XA}s2Z 0%t 73
2 7HE 70K 3 LMo Z ME|5F2 2 Sales CallO| Order Status
CaII HO 2ME o2 HE|E > Queue B

40




27. Seize gy -,

20 Release
Seize ? L
Mame: &llocation: Briority:
] | [Medium{z) ]
Add,,, |
Edi.. | Sales Call M2| ZTZMA 21}
Delete | CH7 | HE S/ (B2 AH2 Sales AHE)
Cuewe Type: Queue Mame:
|Queue -] |Process Sales Call.Queue |
k. I Cancel | Help
Order Status Call Seizes Sales Person Resources ?
Besource Mame: Quantity:
|Sa|es >0
Besource State:
| =l
[0):8 I Cancel Help
41
28. Delay ..
20 Release

Order Status Calls

Delay ?
MName: Allocation
Status Conversation With Sales Perso LI
Delay Time: Units:
[TRIACZ. 3,23 | [Minutes =
k. I Cancel | Help |

Delay for Order Status Conversation With Sales Person

42
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23.Assign 24 Delay 25 Decide

29. Release

Doty Regqaes o
b SETTT .
26 Assign 275eize — 28Delay  29Release
s ] — e i
d Coder Slates Staz | Ordes Seas
[Ji".-_‘:t-'mw | Cal Seizes ~= Conversation |-——di Cal Reteates
L | saies Pescn With Eales | Gales Person

Order Status Calls

Release ?

Ok, I Cancel | Help |

2
Resources :

Besource Mame: Duantity:

|Sa|es ~| 0

()8 I Cancel Help

43

30Release 31 Assign 32 Record 33 Dispose

30. Release

1 [
Af Disgessa ot ot
}_"'f Ertty

Release ?

2
Resources :

Hesource Name: Quantity:
| Trunk Line ~|

k. I Cancel Help

44
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30.Release 31.Assign 32 Record 33 Dispose

31. Assign e} o) o e

Assign ?

" Call Counter |
Assignments:
‘Variable, Total WIP, Total WIP - 1 Add,
<End of list> =

Edit,. |
Delete |

k. I Cancel | Help |
Assignments ?

Type: Wariable Mame:

Varlable | Total WP ~]
Mew Value:

[Total WP - 1

k. I Cancel Help

SME A MHA 5O St =5 SHLE 2 A A Z
A|AH OLo] WIPE 3L} = ¢
Total WIP = Total WIP - 1

45

30Release 31.Assign 32 Record 33 Dispose

32. Record ) Ve Wy W =

Record ?

Mame: Tvpe:

' | |Count |
Walue:
1 [~ Becord into Set

Counter Marne:
|C0mpleted Calls |

Ok I Cancel Help

46
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. [0Releaza 31406 32Record 33 Dispose
33. Dispose e ““:%;,__(w,|

Dispose ?

v Becord Entity Statistics

k. I Cancel Help |

47

Animation

ol o W — v | R E |
Model 5-1

Call Center, Version 1

€3

Order-Status Delay

| 0]
0]
0]
o]

E

48
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Animation-Storage(animate Transfer Toolbar)

Storage ? X Storage ? X
|dentifier: Identifier:
Ir'uiti.al Recarding Delay Starage ~ | Te-::h Call Becording Delay Starage ~ |
Type Type
®Line O FPaint Paints. . o @®Lne O Point Paints... Colar
Effects Effects
Shift ] Botate Elip Shift  []RBotate Flip

Cancel Help Cancel Help

Storage ? X
Identifier:
| Order Status Delay Starage w |
Type
(®) Line () Point Paints. .. Calar
Effects

Shitt [ Rotate Elip

Cancel Help

49

Animation-Queue
Process Product Type 1 Tech Call.Queue Process Product Type 2 Tech Call.Queue

Queue ? X Queue ? X
Identifier: |dentifier:
F'rn:u:: roduct Tope 1 Tech Call Qe R | F' roduct Tupe 2 Tech Call Husucjee |
Type Type
®Line (O Foint Faints... Color.. ®Line (O Paint Faints. . Color..
Effects Effects
Shitt ] Rotate Flip Shift ] Botate Elip
M awimum duration to animate queue arrival: Marimum duration to animate quewe arrival:
| 0 | Hours ~ | 0 | Houwrs v
Cancel Help Cancel Help
Queue ? X ? 5
ldentifier:

Type

Type
@ Line () Paint Fuaints... Colr.. ® Line () Point Paints... Color..
Effects Effects
Shit ] Botate Elip Shitt ] Rotate Flip

Mawimurn duration to animate queue arival: Maximum duration to animate queue arival:

|D | Hours ~ |D | Hours ~

Concel | | el s | [ Ho

Process Product Type 3 Tech Call.Queue 50
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Animation-Plot

15 plot x Expression Builder X
Data Seri i B . _
atasenes  Awes  Tilles  Areas  Legend 3D View Expressman_l,lpe. Flesmyes Nems
Trunk Line Busy Properties: v Costs Y e
4+ |@ Source Data +- State
3 { MName : Trunk Line Busy - Usage
. Expression :NR(Trunk Line) i Current Number Scheduled
= - Average Mumber Scheduled
Pattern Lo Fil) Current Number Busy
ForeColor !RGBUZS,D,D} A Mumber B
BackColor | [ JRGB(258,285 255) YEI30E NUmDEr Dusy
GradientBal TEp Current Utilization
g Line Scheduled Utilization
Color mrceo00y | || b e Total Number Seized
DrawMode  Stairs (- Wariable N
Style — Solid
B Scale
Vorfnibone o + - * £ = || || < > || e=|]2= and| | or [l C
Source Data
Add Remove
Sample
30
=
% 20
[ur]
w
Eé Concsl | | b
& 10
I I I I I I
0 100 200 300 400 500 600 axo e = —
Time (minutes) A|'oT:'>_|_| Egl' glAl_-ITE -'H'—Al
B | [ B 51

Animation-Plot

5 plot X S Plot X
DataSeres Axes  Tiles  Areas  Legend  3-D View DataSeries Axes Titles  Areas  Legend 3D View
A Time [+<) Axis Properties: Awes Left ¥alue 1] Axis Properties:
Time [4] Visible iTrue Py Tirne [+ Axis i Visible iTrue s
Left Walue [v] Auiz E Scale e [ [ Scale
Riight Walue 7] uds Minimum 0 Riight ¥ alue (] uds Minimum 0
Maximum 660 Maximum 30
Majorincre... | 100 Majorincre... : 10
MinorCount | 0 MinorCount |0
AutoScroll  iFalse AutoScale... (True
AutoScroll.. : 100 AuteScale... (False
Reversed :False Reversed iFalse
g Title B Tte
Color WRGE(D,0,0) Color !RGB(D,U,D}
Font Times New Roman, ... Font Times New Roman, ...
Text Time (minutes) Text Trunk Lines Busy
Visible True v Visible True v
Gridlines Gridlines
Sample Sample
30 30
g )
a 207 & 20
5 5
E 10 B 10
I | I I I I | I I I I I
0 100 200 300 400 500 600 0 100 200 300 400 500 600

Time (minutes) Time (minutes)

LCancel Help LCancel Help 5 2
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Animation-Resource

| dentifier: Tech 1 v Current Librany: Seize Area ? ¥
bazicprocess.plb
G A
Add Add |— Type
E Idle (O Line Pairts... Cal
Copy Copy oo
Delete E Busy Delete d"b Effects
P Shift [ Rotate Flip
V/ Inactive 4 ESS %'3
. /]
- Failed Mew ﬁ
Open...
Size Factor: Auto Scale
Points ? ped
Effects
“When multiple pictures are defined for the same rezource state, uze Ficture Rotation Angle
thiz gimulation timing to animate a series of pictures: o
. B2
| ~ || Hours w | per picture = Cars)
270 Add
[] Fiotate By Expression: E Help
) Delet -
Seize Area L=
[JUser Defined
|dentifier: Current Library: Seize Area ? b4
bazicprocess.plb
State:
Poweio: [ ] A
Type
Add Add
] e = Otre @
Copy Copy ==
Effect
Delete a Busy Delete d?b Be
' Shitt [ Botate Flip
Inactive <4 £
p_—7 i
- Failed Mew ﬁ
Open...
Save.. * 0K Cancel Help
Size Factor: Auto Scale
Points ? *
Effects
When multiple pictures are defined for the same resource state, uze Picture Rotation Angle
thiz gimulation timing to animate a series of pictures: —
. H3:
| ~ || Haurs w | per picture = Cancel
270 Add
[ Ratate By Expression: 270 Help
m Delete —

Seize Area

[JUszer Defined
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Animation-Resource

|dentifier Current Library: Seize Area ? b4
bazicprocess.plb
Poweld: [ ] A
Add a Add . Type
Idle . ; 3 - :
E Otre @
Copy Copy
Delete a Busy Delete d?b St
F Shitt [ Botate Flip
V/ Inactive | | 4:,‘}3
e /]
— Failed New ﬁ
QOpen...
Gave. * 0K Cancel Help
Size Factor: Auto Scale
Points ? *
Effects
“When multiple pictures are defined for the same resource state, use Picture Rotation Angle
thiz simulation timing to akimate & series of pictures:
. - 270
| ~ | Haurs “w | per picture 83 Bl
270 Add
[] Fiotate By Expression: 270 Help
Seize Area E Delete
[JUser Defined
|dentifier Current Library: Seize Area ? X
bazicprocess.plb
Type
Add Add
Idle i i ] ; ]
H E Ot @eon
Copy Copy
Effect
Delete E Busy Delete d?b B
77 Shitt [ Botate Flip
Inactive £ 3
-7 -
— Failed New ﬁ
QOpen...
* 0K Cancel Help
Save...

Size Factor: Auto Scale

Effects

“When multiple pictures are defined for the same resource state, use
thiz gimulation timing to animate a series of pictures:

| ~ || Hourg w | per picture

[] Fiotate By Expression:
Seize Area

Points

Ficture Rotation Angle

#4: 270
270 Add
49
270 Delete
ET

[JUszer Defined

Cancel

Help
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Animation-Variable

Process Product Type 1 Tech CallWIP  Process Product Type 2 Tech Call. WIP
Variable ? Variable ?

Espression: Expression:
|355 Product Type 1 Tech Call. WIF = | O |355 Product Type 2 Tech Call. WIF + | O
Format: Format:
I** LI Area,,, | |** LI Area,,, |
[~ Fized Decimal Foint Bordar | [~ Fixed Decimal Foint E—r— 1
[~ Transparent Background Variable k] <gr Variable ?

Alignment —
’7(' Left  Right Expression: ght  Expression:

Title : S —

. Fi fi8
I Use Title Berrmiets LU

Fercent Height:  Mert, Iﬂl i i LI &l I ETe———— LI LI
[0 = [ 7] [T Fixed Decimal Point Border.. | [T Fixed Decimal Point EETE |

T t Back d [~ Transparent Background
Title B Lznepeien ee gren [~ Mo Border [~ Mo Barder

alignment L Alignrment .
|  Left & Right Fant,.. | ’7(‘ Left v Right Fant, .. |

=2
for)

=

ok | T Title - Title
[~ Use Title o [~ Use Title
Percent Height:  Mert, Horiz, Alignmment: Fercent Height:  Wert, Horiz, Alignrment:
[250 =] [Tor =] [Cef =1 [25.0 =1 [Top | Lett =
Title Title
| Font... | | Font... |

0K | Cancel | Help | Ok, | Cancel | Help |

Process Product Type 3 Tech Call.WIP
(FEMEIZOI0M O Z 0|2 Callg Z=Est7| {8l 57
Process Sales CallWIP > O AEF T 7| Call o=2F LEFL

Run-Setup
Run Setup Run Setup

Run Speed | Run Control | Reports | Run Speed Run Control | Reports
Project Parameters | Replication Parameters I Array Sizes Project Parameters Replication Parameters | Array Sizes
Project Title: o Initialize Between Replications
_ Mumber of Replications:
Call Center Model Version 1 I.I @ Statist 7 Syst
1 v istics v System
Analyst Name:
Ernestine Start Date and Time:
Praject Description: [Cio0148 72 152 sl92 9 10:40:24 ~|
Calls arrive, may or may not get 2 trunk line (if not, they get a busy . . o
signal and just go away), three types of calls (tech-support, sales, Warm-up Period: T2 s
order-status), "flush-out" stopping rule. I{}_o IHDUI’S j
Replication Length: Time Units:
N . [nfinite [Minutes ~|
— Statistics Collection
I Costing [ — I Transporters IHDur5 Per Day: IBase Time Units: J
24 Minutes =
v Entities ™ Brocesses ™ Conyeyors Terminating Condition:
¥ Resources [~ Stations [ Activity Areas ITNOW = G000 &5 Total WIP ==
[~ Tanks
=9l 2 | maw | =sm | 50l #2 || =aw cew

SiZHA|ZH0| 6002 ECH 311 Total WIPO| 091 AL,
0] 7| M Total WIPO| 09! B2 = MMEl B E Cal|0] AH|AZS OFAICH= 20|12

A|AEl o) CallO] BILIE Q1S > BE Call2 NE 58
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Results &

Adobe Acrobat
2x

Model 5-1
Call Center, Version 1

|
' |
Order-Status Delay 1 Sales

59
Results
Waiting Time Scheduled Utilization
Average Value
“Process Product Type 1 Tech 25.7528 Sales 0.8165
Procots Product Type 2 Tech 25360 oo 0.9967
Call. Queue ' Tech 2 0.7588
Process Product Type 3 Tech 3.6833 Tech 3 0.8368
Call.Queue Trunk Line 0.7755
Process Sales Call.Queue 12.6188
Number Waiting Count
Average Value
“Process Product Type 1 Tech 5.3349 Attempted Calls 734.00
ga"-QueLF'f duct Toe 2 Tech 06443 Completed Calls 643.00
rocess Product Type 2 Tec : . -
Call Queue Rejected Calls 91.0000
Process Product Type 3 Tech 1.1446
Call.Queue
Process Sales Call.Queue 2.0992

60
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hatst 7|

Model 5-1.mp4

61
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00 |AlZao|M Zojay

01 |AlZaojMojgt Fael7p?

02 |AlZEo[Mel 7|2 i

03 |AlEefojdel 7|& e : sEYge =z MASt= A X|& AlZ20|M
AEgloldel 7|2 74 .

04 ATYEAEE AESH A[Z2[0[M - News Vendor |
AlZgloldel 7|2 71 E .
AT EAEE AFR3H A2 0|M - M/U/1 Queue 2H|

05 |ARENA ZZH0| : 23 3-1(A simple processing system) 2Hd M &

06 |ARENA Z2tEO|: B3 3-2(H2XN2|), 3-3(FEXE]), 22 3-4H2N2|, g+H
HAIZh, 3-5(H B M2, M2 YAIZH 2d 5
7|2 3-89 e} 3 IE 4-1(An electronic assembly and test system)

07 b y y
e dE

08 712 380 R EAL 4 RH 422 R LY, nE, =x8A), 2 43041 0
ol Z3oh &d 45

09 7|2 378e 2 EAnt 4 R H 4-4(3) & HE

10 |MIE 222 . 29 59 (Call center) A|E&|0|M XY A&

11 ME el R 5.5 (ZHEF Call center : A|ZH0]| 2} Hsl= E2HE 701 2
F 27E vtE) AlE2o|d AHY HE

12 ﬂl—'f’;l%%'%' c 28 5-3 (% Call center : CHESE X[ & EHY) AlE2f 0| M %
o =25

13 N&E 2= 22 5.4 ((s, S) Inventory system with backlogging) Al&2{0|M
Y ME & OptQuests 8%+ XM 3}

Model 5-2

(Model 5-1 =%
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Model 5-2: SMIE

SHEE S0:s Me & US7L ALEE &0

Table 5-2. Call Arrival Rates (Calls Per Hour)

Time Rate Time Rate Time Rate Time Rate

8:00 - 8:30 20 10:30 - 11:00 75 1:00 - 1:30 110 3:30 - 4:00 00

8:30 - 9:00 35 11:00-11:30 75 1:30 - 2:00 95 4:00 - 4:30 70

9:00 - 9:30 45 11:30 - 12:00 90 2:00 - 2:30 105 4:30 - 5:00 65

9:30 - 10:00 50 12:00 - 12:30 95 2:30 - 3:00 90 5:00 - 5:30 45

10:00 - 10:30 70 12:30 - 1:00 105 3:00 - 3:30 85 5:30 - 6:00 30

e} EH = X O|
. Schedule module g 0| &3} *|7“:H E“E 0o —
Arrival Schedule e

« T TEAA|ZIZHA = /2 AR

- ZEE = 20F/A|7H

- BT DA = 17208202
=3&/& =3&

Model 5-2: SAIE
odae =
= - (=] o) A
ZEsHs ATRIo| 271 AJZHIEE Ao|
. Sales Schedule® O|23}0] A|ZHIHE Atchel & Ho i
71X 4EHH
- EEE do|gt 2R A2 - X A8 Schedule= 0| 8510 2| |
. o= aotge sHzol ol oz nzg sz + u2 . [N
Table 5-3. Technical Support Schedules e
Product Time Period (30 minutes)
neme | Lines [ 53 [ 4 56 |7 |89 10111 1213 [ 141516 [17] 18] 1920 |21 |22
Charity 1 [ o T S R e e . e (e (o |0 |0 | o @
Neoah 1 o (o0 |0 @ . L] e | o | o o0 |0 ® @ . e |
(Molly 1.3 « e | s |8 0|0 @ L3 T T T T O T I T I O )
Anna 1,23 e (e (o | 0o @ |e|o|e|e|s o e s o o @ ——> Set 7HLI:1;| Ol%
\_ Sammy 1.2,3 e (e | o |® | ® e e . o | e o | @ o |9 | e e |@® . )
Tierney 2 L R B T B B e o | o o o |0 |0 | e e
Aidan 2 o | o o | @ o | o (oo o | o 9o o | e o e e
Emma 2 e | e o 0o @ 0 T I T T O A T O T O T A
Shelley 3 e | e (o |0 o | o @ e (o | o @ o |0 0 | o @
Jenny 3 o o o | e e | o (o0 oo e o o o e e
Christie 3 e | oo o 6@ L] . e | o (e |0 o o e 8o o @ 4
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Model 5-2: ZSAMIE

« 4%2] 7|2 x| 2 AT M3} Aleto 2 D2 a|g|X| £
510 C}E 7| SX YT E HUH £7HEAE 28

off Of gt

- O] AS2 O E 7IsXEAE2E EUHY, EXPO(60)= 2
A|ZFO] 22 ]
- F7rEA ZiE A JES HERE KA A CHA] 2L
AW, et 7|sXd dEEL =2 fU=%E 7t8
- O] 7|=X|@ A2 S50 DH0A Mets 20 &&= O
F2| of, dEHAZL2 TRIA(2 4,920 228 : Zil St
JA Mot 2ds ERE
- Tt 7S 0] BRYE 9F S FH00 SA = o
=
5
[(BEAr]
1 AIZERE olst =48
2. AlzHeHe Abost B4
3. e olgt 22 A2t
— =y 4. FIEN 7|2 X Mt
—‘ 11. Delay
10. Release 12. Assign
— et i '
2 =
3. AssigP 6. Process 13. Decide 14. Seize ' 17. Process  20.Release
o T R WIS et il = o = Reyvnm

! 15. Seize . 18. Process 21.Release
ATT\T;W _,“ qge_f_;:fzcu H| l?,fﬁ\'fz'

16. Seize . 19. Process 22.Release

iz Tech Agert] Rerred Cai
Typed Typerd
T

4. Assign 7. Process

1 Call 2 Ersityl], || Process Procuct
o ared Pichre: ‘yo: 2 Tech Ca

Refesrse Tech
Ageri Type: 3

Backoffice Rezearch,
Returned Tech Calls

Order Status Calls
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Entity

Entity Type Initial Picture Heolding Cost / Hour | Initial VA Cost | Initial NWA Cost | Initial Waiting Cost | Initial Tran Cost | Initial Other Cost | Report Statistics
1p Tech Call Picture.Report 0.0 0.0 0.0 0.0 0.0 0.0 Ir2
2 Sales Call Picture Report 0.0 0.0 0.0 0.0 0.0 0.0 Ird
3 Order Status Call Picture . Report 0.0 0.0 0.0 0.0 0.0 0.0 I
4 Incoming Call Picture.Black Ball 0.0 0.0 0.0 0.0 0.0 0.0 Ird
5 Tech Call1 Picture. Report 0.0 0.0 0.0 0.0 0.0 0.0 E
(1] Tech Call2 Picture Report 0.0 0.0 0.0 0.0 0.0 0.0 Ird
T Tech Call 3 Picture. Report 0.0 0.0 0.0 0.0 0.0 0.0 2
AT Q| AFCHS HS QI8 At = &4
=R HEHAH FEEZ fol AP E = S
Name Rows | Columns | Data Type | Initial Values
1p Tech/Agent Index Real 0 rows
o AFCH B A H =] O| 2 Sales Call Priori Real
LH:IH OI- o VS. T = oI-E  — ity 0 rows
3 Tech Call Type Real 0 rows
it BH == |° X"". __I_I_H:IQ O|-'-H |._9 |'— E~WS
M8 7|=Xd Hzt 82 o] AF8E= 54
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Queue

Name Type Aftribute Name Shared Report Statistics
1p Process Product Type 1 Tech CallQueue w | First In First Out Adttribute 1 r 2
2 Process Product Type 2 Tech Call. Queue First In First Out Adtribute 1 r I3
3 Process Product Type 3 Tech Call. Queue First In First Out Adttribute 1 r 2
4 Seize Trunk Line.Queue First In First Out Adtribute 1 r I3
5 Process Sales Call. Queue Lowest Attribute Value Sales Call Priority Ir'd [+
(1] Returned Call Type 1.Queue First In First Out Adtribute 1 r I3
T Returned Call Type 2.Queue First In First Out Attribute 1 r [+
3 Returned Call Type 3.Queue First In First Out Adtribute 1 r 2
9 Seize Tech Agent Type 1.Queuse First In First Out Attribute 1 r [+
10 Seize Tech Agent Type 2.Cueue First In First Out Adttribute 1 r 2
11 Seize Tech Agent Type 3.Queue Firgt In First Out Adtribute 1 r 4
9
Resource
EHOf & B
TR0t JEAEL I AU ERZ H0]

- 217/279 -

Name Type Capacity Schedule Name Schedule Rule | Busy / Hour | idle / Hour | Per Use | StateSet Name | Failures | Report Statistics

1p Sales | w[fBazed on Schedule Sales Schedule Sales Schedule Vait 20 20 oo Orows f[v
2z Trunk Line Fixed Capacity 28 26 Wait 0.0 0.0 0.0 ODrows f[v
3 Charity Based on Schedule Charity Schedule Charity Schedule lgnore 18 18 0.0 ODrows [
4 MNoah Based on Schedule Noah Schedule Noah Schedule Ignore 18 12 0.0 ODrows f[v
5 Malty Based on Schedule Molly Schedule Mally Schedule lgnore 20 20 0.0 ODrows [
[ Anna Based on Schedule Anna Schedule Anna Schedule lgnore 22 22 0.0 Orows f[v
T Sammy Based on Schedule Sammy Schedule Sammy Schedule Ignore 22 22 0.0 ODrows [
& Tierney Based on Schedule Tierney Schedule Tierney Schedule Ignore 18 18 0.0 Orows f[v
9 Aidan Based on Schedule Aidan Schedule Aidan Schedule lgnore 18 18 0.0 ODrows [
10 Emma Based on Schedule Emma Schedule Emma Schedule Ignore 18 18 0.0 Orows f[v
1 Mya Based on Schedule Mya Schedule Mya Schedule lgnore 18 12 0.0 ODrows f[v
12 lan Based on Schedule lan Schedule lan Schedule Ignore 18 18 0.0 Orows f[v
13 Christie | Based on Schedule Christie Schedule Christie Schedule Ignore 18 12 0.0 ODrows f[v
=R SEA

HEE oIt 2FAZE 2olS ?lol, B2 B X2 YEZ F2

10




Schedule

Schedule - Basic Process
Mame Type Time Units. Scale Factor | Durations
1p Charity Schedule v | Capacity Halfhours 1.0 4 rows
2 Neah Schedule Capacity Halfhours 1.0 4 rows
3 Mally Schedule Capacity Halfhours 1.0 5 rows
7 | %Xl % é)I' L_E-ll- —?I;_I 4/ Anna Schedule Capacity Halfhours 1.0 S rows
E‘—?—Al 7|_|- Aol_ | E-é-:i 5 Sammy Schedule Capacity Halfhours 1.0 S rows
— (1] Tierney Schedule Capacity Halfhours 1.0 4 rows
Fi Aijdan Schedule Capacity Halfhours 1.0 4 rows
] Emma Schedule Capacity Halfhours 1.0 5 rows
9 Mya Schedule Capacity Halfhours 1.0 4 rows
10 lan Schedule Capacity Halfhours 1.0 4 rows
11 Christie Schedule Capacity Halfhours 1.0 5 rows
Ejill'% % §|‘ _-E_él__:l <—42— Arrival Schedule Arrival Halfhours 1.0 20 rows
13 Sales Schedule Capacity Halfhours 1.0 10 rows

11
Schedule
A (@) o H
7l=X@ =R Charitys
= = o= . = .
0Al~3A] 30= &7, 30 84 =, 4A[FH 8A| 30=7HA| 2578
Charity Schedule O X
=
Capacity << Dap1 00:00:00-11:00:00 by 20 minutes »»
2
1
a
Day1 020000 04:00:00 050000 0&:00:00 10:00:00
000000
Options... Clear 1] Cancel
Time Slot 10 [rap 1 04:30:00 - 05:00:00 Capacity =1
12
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Schedule

MNogh Schedule
>

Capacity
2

<< Dap1 00:00:00-11:00:00 by 20 minutes »»

0

Dag1
000000

Options...
Time Slot &

02:00:00

Clear

Dap 1 033000 - 040000

040000 0: 0000 08:00:00

Ok

Capacity =1

Cancel

10:00:00

13

Schedule

Molly Schedule
>

Capacity
2

<< Dap1 00:00:00-11:00:00 by 20 minutes »»

a
Dag1
000000

Options...
Tirme Slot 12

02:00:00

Clear

[rap 1 0%:30:00 - 060000

040000 0: 0000 08:00:00

Ok

Capacity =1

Cancel

10:00:00
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Schedule

Anna Schedule
>

Capacity
2

<< Dap1 00:00:00-11:00:00 by 20 minutes »»

0

Dag1
000000

Options...
Time Slot &

02:00:00

Clear

Dap 1 033000 - 040000

040000 0: 0000 08:00:00

Ok

Capacity =1

Cancel

10:00:00

15

Schedule

Sammy Schedule
>

Capacity
2

<< Dap1 00:00:00-11:00:00 by 20 minutes »»

0

Dag1
000000

Options...
Time Slot 4

02:00:00

Clear

[rap 1 01:30:00 - 020000

040000 0: 0000 08:00:00

Ok

Capacity =1

Cancel

10:00:00
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Schedule

Tierney Schedule
>

Capacity
2

<< Dap1 00:00:00-11:00:00 by 20 minutes »»

a
Dag1
000000
Options...
Tirme Slot 12

02:00:00 040000 0: 0000

Clear

Dap 1 0%:30:00 - 060000

Ok

Capacity =1

08:00:00

Cancel

10:00:00

17

Schedule

Aidan Schedule
>

Capacity
2

<< Dap1 00:00:00-11:00:00 by 20 minutes »»

0

Dag1
000000

Options...
Time Slot &

02:00:00 040000 0: 0000

Clear

[rap 1 023000 - 03:00:00

Ok

Capacity =1

08:00:00

Cancel

10:00:00
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Schedule

Emma Schedule
>

Capacity
2

<< Dap1 00:00:00-11:00:00 by 20 minutes »»

0

Dag1
000000

Options...
Time Slot 9

02:00:00

Clear

040000 0: 0000

Dap 1 04:00:00 - 04:20:00

Ok

Capacitpy =0

08:00:00

Cancel

10:00:00

19

Schedule

Mya Schedule
>

Capacity
2

<< Dap1 00:00:00-11:00:00 by 20 minutes »»

a
Dag1

000000
Options...

Time Slat 1

02:00:00

Clear

040000 0: 0000

Dap1 00:00:00-Dap1 000000

Ok,
Walue = 0.0

08:00:00

Cancel

10:00:00
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Schedule

lan Schedule
>

Capacity
2

<< Dap1 00:00:00-11:00:00 by 20 minutes »»

0

Dag1
000000

02:00:00 040000 0: 0000

Time Slat 1

Dap1 00:00:00-Day1 000000

Ok,
Walue = 0.0

08:00:00

Cancel

10:00:00

21

Schedule

Christie Schedule
>

Capacity
2

<< Dap1 00:00:00-11:00:00 by 20 minutes »»

0

Dag1
000000

Options...
Time Slat 1

02:00:00 040000 0: 0000

Clear

Dap1 00:00:00-Dap1 000000

Ok,
Walue = 0.0

08:00:00

Cancel

10:00:00
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Schedule

TAE

Arrival Schedule
>

Arrival Fate
110

<< Dap1 00:00:00-11:00:00 by 20 minutes »»

Z[CH 1102 /A Lt+

XA 20 /A Lt

im =

Dag1
000000

Options...
Tirme Slot 10

02:00:00 040000 0: 0000

Clear Ok,

Dap 1 04:30:00 - 050000

Arrival Rate =

10:00:00

08:00:00

Cancel

105

IO AFCFO A
|_|' DH o O EI T
Sales Schedule O X
=

* Capacity << Dap1 00:00:00-11:00:00 by 20 minutes »»

Z[CH 6 «——

A 19 «

Day1 020000 04:00:00 050000 0&:00:00 10:00:00
000000
Options... Clear 1] Cancel
Time Slot 1 Dap1 00:00:00-Dap1 000000 Walue =00
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Statistic

FtzEAL B 7&K

Name ype Counter Name Collection Period Initialization Option | Counter Output File | Report Label Output File
N 3 Period 01 w [[Counter Period 01 Rejected Calls Entire Replication Replicate Period 01
2 Period 02 Counter Period 02 Rejected Calls Entire Replication Replicate Period 02
3 Period 03 Counter Period 03 Rejected Calls Entire Replication Replicate Period 03
4 Period 04 / Counter Period 04 Rejected Calls Entire Replication Replicate Period 04
5 Period 05 / Counter Period 05 Rejected Calls Entire Replication Replicate Period 05
5] Period 06 / Counter Period 06 Rejected Calls Entire Replication Replicate Period 06
T Period 07 / Counter \ Period 07 Rejected Calls Entire Replication Replicate Period 07
3 Period 08 / Counter \ Period 08 Rejected Calls Entire Replication Replicate Period 08
9 Period 09 / Counter \ Period 09 Rejected Calls Entire Replication Replicate Period 09
10 Period 10 Counter Period 10 Rejected Calls Entire Replication Replicate Period 10
11 Backoffice Research WP | Time-Persistent \ Counter 22 NSTO(Backoffice Research Storage) (Entire Replication Replicate Backoffice Research WIP
12 Tech 1 Total Online WP Stat Time-Persistent Counter 23 Tech 1 Total Online WIP Entire Replication Replicate Tech 1 Total Online WIP Stat
13 Tech 2 Total Online WIP Stat Time-Persistent \ Counter 24 Tech Z Total Online WIP Entire Replication Replicate Tech 2 Total Online WIP Stat
14 Tech 3 Total Online WIP Stat Time-Persistent Counter 25 Tech 3 Total Online WIP Entire Replication Replicate Tech 3 Total Online WIP Stat
MNZHHE M S3t4 S M&2 7|EAlE Sotr =
APCE Z= AA(CH 7)) ES
O 605 OpC}O| JgH & T(H7]) S2= +
X Il S HEA| ESLA
2 83t 5 TASH| #I5 T/IEA 2 (Ch/1) S=2r
/ -I = &2 = d ot/ T10 = - o
=H SAE 0|&
Name Type Members
1P Product 1 ; = Resource 5 rows
2 Product 2 Resource 5 rows
5 Product 3 Resource 8 rows
4 | Rejected Ca/ls CWr 10 rows
Members / n Members j Members n
Counter Name Resource Name o Resource Name o
1 Ferod 01 Rejocied Cals = 1 Tharty - M= 1 ] Tomey =1 HME 2
A o A o
2 Period 02 Rejected Calls 2 Noah 7|= X H0| 2 Ajdan 7|& X ~H0|
=3 =&
3 Period 03 Rejected Calls 3 Wolly 7}‘ o J . 3 Emma 7|- o = N
AFCEQ| XISH ALCHQ| XISt
4 Perind 04 Rejected Calls 4 Anna oo HH 4 Anna oot He
5 Period 05 Rejected Calls 5 Sammy 5 Sammy
8 Period 08 Rejected Calls Double-click here fo add a new row. Double-click here to add a new row.
7 Period 07 Rejected Calls
8 Period 08 Rejected Calls.
9 Period 09 Rejected Calls
10 Period 10 Rejected Calls Members n
Double-click here to add a new row. Resource Name
- - SLA XIS m Name Product
AlZtCHE AHE Sat g i ya — Lines
2 lan X‘” = 3
A o :
3 Christie 7 | §x| 1.;-] 0| Charity 1
Lo
1 Tolly 7tk Noah 1
CIFS S
5 Anna AOI- EII- 'L‘I ﬂ ?=|I'
Molly 1,3
(] Samny|
Double-click here to add a new row. Anna 1,23
Sammy 1.2, 3
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Variable

Mame Rows | Columns | Data Type | Clear Option | File Name: | Initial Values

1p Tech Return WIP 3 — Real System 0 rows

FItEAL 7 DSV Qo 7K St #7370 1AHR B E

Tech Return WIP[1], Tech Return WIP[2], Tech Return WIP[3]

27

Expression

Eoesn ddumeedprocess S

Name Rows | Columns | Data Type | File Name | Expression Values
1 p  [Returned Tech Time - Native - - 1 rows - — T RAZ.L0)
2 Tech Time Native 1 rows
3 Tech 1 Total Oniine Wi Native 1 rows Expression Values
4 Tech 2 Total Online WIP Mative , 1rows —
5 Tech 3 Total Online WIP Native 1w TRIA(3 6. 18)

Expr%on Vay{les/
¥l L./

X ILr
‘” = 1 Protes s /Product Type 1 Tech Callwib + Tech Return wibi11

/ HEY 7|ax o Sot =

Expyessi Dn/\-’alues

ILT
X'” = 2 Process Product Type 2 Tech Call.WIP + Tech Return WIP(2)

/

E:-:pyéssion Values

v

ILT
X-” = 3 Process Product Type 3 Tech Call. WIP + Tech Return WIP(3)
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Storage

Storage - Advanced Process

Name
1 p  [initial Recording Delay Storage AMEF =2 MENA| HEE2E= HEA
2 Tech Call Recording Delay Storage 7|§I|% Xﬂ% == Al_E_|H A| |:|-|_E'I_EE X‘Igﬁ
3 Order Status Delay Storage _7'5__51__ )gEH _E_gl Xl’% %Iék A| D.I_I?_EE x.l)(()p_)l\_
4 Backoffice Research Storage 7|%I|—?;-| )6|.E'|- $—7|'_7F_A|' Al D_l_l?_EE X_I ;g._/‘\_

29

1 . Create Arrival Schedule . X

>

Arival Rate ¢ Dap1 00:00:00 - 11:00:00 by 30 minutes »>
110

Create ? X
Mame: Entity Type:
e | |Incoming Call w |
Time Between Arrivals
Type: Schedule Name:
Schedule ~ |Anival Schedule \ w |
Entities per Arrival: b aw Arrivvals:
1 | [Infinie |

Dapl s an an: s s
Cancel Help UU'EE'DD 02:00:00 04.00:00 (0E:00:00 [08:00:00 10:00:00
Options... Clear Ok Cancel

Tinne Slat 10 Day 1 04:30:00 - 05:00:00 Arrival Rate = 105

Arrival ScheduleOf| [t &S} T Af

30
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2. Record

Members

Counter Name

Period 01 Rejected Calls

' 4
2 4 Period 02 Rejected Callz
;/ / Period 03 Rejected Calls
MNA 7O L 2| kA 4 / Period 04 Rejected Calls
o H*_E H o o’ 5/ Period 05 Rejected Calls
B/ Period 08 Rejected Calls.
T/ Period 07 Rejected Calls
? Period 08 Rejected Calls
Period 09 Rejected Callz
Record ? b4 10 » Period 10 Rejected Calls
Double-click here to add a new row.
Hame: Tvpe:
Count ~
|1 [ Becord ingh Set
LCounter Set Mame: Set Index:
|Fieiected Calls | [AINTITNDW/ED + 1)\ ~|
ncel elp
=~ ol A& Xl
TAIZE ~ 10A)ZF CHOIM AZE S22 = EA
= = = (=] =
1~60= 2 1, 61=~120= =2 2, ..., 541=~600= > 10
31
3. Assign
Assign ? X Assignments 7 X
Mame: Tuvpe: Ertity Type:
Tech Call 1 Entity Type and Picture ~ Entity Type w | | Tech Call1 w
Aszsignments:
Entity Tupe, Tech Call 1 Add...
Entity Picture, Picture. Tech Call 1 =
Attribute, Tech Call Type, 1 B
<End of fist> Edt... Cancel Help
Delete -
Assignments ? X
Tuvpe: Entity Picture:
Cancel Help Entity Ficture w | |Picture. Tech Call 1 ~
IL s (@) X—' 5
ME 1 7]=X& H3t E— Help
Assignments ? »
Tvpe: Attribute M ame:
Attribute « | [Tech Call Type v|
TIEm W alue:
(D) |
\/
Cancel Help
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4. Assign

Assign ? Assignments
MHame: Tuvpe: Entity Type:
Tech Call 2 Entity Type and Pichure] Entity Type w | [Tech Call 2 i
Azsignments:
LAY, all 2 Add..
Entity Picture, Picture. Tech Call 2
Attribute, Tech Call Type, 2 B
<End of lizt> Edfi Cancel Help
LDelete
Assignments
Tuvpe: Entity Picture:
Cancel Help Entity Picture w | |Picture. Tech Call 2 w
HME 2 7|aXY ®
e L
'”E 2 |E | ™= |' Cancel Help
Assignments
Tvpe: Attribute M ame:
Attribute ~ | |Tech Call Type w |
TeEm alue:
(=) |
N—"
Cancel Help
Assign ? Assignments
Mame: Tupe: Entity Type:
Tech Call 3 Entity Type and Picture] Entity Type w | |TechCall 3 w
Aszsignments:
ity Type. Tec 3 Add..
Entity Picture, Picture. Tech Call 3
Attribute, Tech Call Type, 3 B
<Erd of list> B Cancel Help
LDelete
Assignments
Tupe: Erttity Picture:
Cancel Help Entity Picture « | |Picture. Tech Call 3 v

M&E 37X 8 H=t

Cancel

Help

Assignments

Tvpe: Attribute M ame:

Attibute « | |Tech Call Type " |

/ﬂ?h\\-f ale:

) |
-

N

Help
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6. Process opol = ZOBF HO oL AFCHO
Ihel =71 DA EHRot 3R Ol 4EEO|
O AICISHO = = A = ols 2
- Sh I &% AFCHO = 122 JEHAUJA= K& 7|8l F7] Il 08
HZ10 Ciet 7|=X| & &= I8~ X
Process ? X
Tupe:
Pioduct Type 1 Tech Call ~ | Standard d
Logic Quantity:
Action \LF'rodulct y v| |1 . |
Seize Delay Release » |Medium[2]/ » | Selection Rule: Sawe Attribute:
Resouoss: Prefemed Order w |TBC|'1 AgentIndex V| 1 , 2, 3, 4, 5
iF'nt 1. 1. Preferned Onder. Tech Agent Index Add... Carme] / Help
Edi...
Delete
Dielay Type: Units: Allacation:
E spression | | Minutes ~ | |Value Added w
Expression: s A % X151 olol o = oA o
|TechTime v| I_-Ig_l'__A-I -H-ﬁ |=IOI=| Tl— I:IH-|E T = A|-O
Fieport Statistics Member/ n
oK. C | Hel Resource Name
o] cecd | [ b N |
P / Neah
3 7 | Moly
4 Anna
%§ 5 Sammy
Double-click here to add a new row.
35
/. Process
IL = s o o =
=20 oot 7|=X|& &5H2 A&~
Process ? \ Resources ? X
Mame: Tvpe:
roduct Type 2 Tech Call w | Standard ~ e
Logic Quantity:
Action: \LF'roduct 2/ v| |1 |
o — » |Medium[2]/ » | Selection Rule: Sawe Attribute:
Besources: Prefered Order w |Tech.¢.gent|ndex v|
i F'ut 2.1, Prefered Order, Tech Agent Index Add... B Help
Edi...
Delete
Delay Tope: Urits: Allocation:
E=pression | | Minutes ~ | |Walue Added w
E=pression:
|Tech Time ~
Fieport Statistics Members n
Eerieel Help Resource Name
1 Tierney -
2 Adidan
3 Emma
4 Anna
5 Sammy
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Double-click here to add a new row.
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8. Process

ME30 tiet 7[sX & SEE s~

Process ? \\ Resources ? X
Type: Tupe:
Praduct Tupe 3 Tech Call W | Standard ~ Set o
. Set Mame: Quantity:
Logic Q / | | |
i Product 3 ~ | (1
eton Selection Rule: Save Attribute:
Seize Delay Release ] | Medium[2]} - | Selection Rule: Save Attnbute:
Besources: Prefered Order ~ | Tech Agent Index w |
Set, Product 3, 1, Preferred Order, Tech Agent Index Add..
<End of st = Cancel Belp
Edit...
Delete
Dielay Type: Units: Allacation:
E spression | | Minutes ~ | |Value Added w
Expression:
|Tech Time ~
Fieport Statistics Members n
Cancel Help Resource Name
1 Mya -
pd lan
3 Christie
4 Molty
5 Anna
[ Sammy
Double-click here to add a new row.
7 x

Dope:

w || 2-way by Chance

L

Percent True (0-100):

4 v

Cancel Help

38
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10. Release

Release 7 X

Mame:

Release Trunk Line for Offine Backoffice Research « |

Resources
Rezource, Trunk Line, 1 Add...

<End of list>

Delete
ok Cancel Help Resources ? x
Tvpe:
Resource ~
Besource Mame: Guantity:
Trunk, Line v| |1

Cancel Help

FIEZRAL W3t Fel 2| 174 By

39

11. Delay - Blocks

Delay Block ? *
| abel: |foline Backoffice Research |
Mark attribute: | ~ |
Mest Label: | |

Duration: E=PO[ED] |
Starage ID: Backoffice Research Storage vl
Allocation: Other v
Comments
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12. Assign

'.':“"r—'--:: H
Tech Return WIP(1) : &4l S217F Hast ME 1 7 DA A=
Tech Return WIP(2) : &4l S22t 2ot MF 2 F7h ZAF A=
. — _— —_ _— A
Tech Return WIP(3) : &4l S217F Hast ME 3 7t A A=
Aszsign ? * /
MHame: -
Increment Appropriate Tech Return WP ~ Assignments ? x
Assignments: Type: Wariable Marme: Bowr
"'-I:al,I [1D], Tech Retuin WIF, Tec Add.. Wariable Array [10) ~ |TECh Freturn '/ V| |TEC|“1 Call T_'.JIJE| 1, 2, 3
— Mew Value:
= Tech Retum WIPTech Call Type] + 1 |
Lelete
Cancel Help
Cancel Help
v
x —_ H — — A= =
FItE=AL 2 EA S HR HE StL S7HAEA
41
13. Decide
Conditions 7 X
Decide ? X If Mamed:
Mame: Type: Ertity Type w || Tech Call1 v
|| Weweay by Conditior
Conditions:
Entity Type, Tech Call 1
Ett_l,.l Type, Tech Call 2 Sl Cancel Help
<End of lizt> Edit..
= Conditions ? >
- IF: Mamed:
Entity Type ~ |[Tech Call 2 ~
Cancel Help
Entity TypeS 7|&2 Corcel | [ Hop
= ey — =
F7t ZAFHE BF 1, 2,30 e 27
42

- 233/279 -




14. Seize

Besources:

<End of lizt>

Allacation: Eriority:

Set, Product 1, 1, Specific Member, Tech &gent Index, Add...

Edi...

Delets

Gueue Tupe:

[ueue

Gueue MNane:

w |Seize Tech Agent Type 1.0 v|

Cancel

ME10 Chet 7[=X& dEE 2

Resources

Type:

Besource State:

Specific Member

Set w
Set Mame: Guantity:
\| Product 1 / w | |‘I
Mule: Set Index:

v |Tech»’-‘«genllnde:-: |

43

15. Seize

Besources:

<End of list>

Allacation: Eriority:

Set, Product 2,1, Specific Member, Tech &gent Index, Add...

Edi...

Delete

Gueue Tupe:

Queus

Gueue MNane:

w |Seize Tech Agent Type 2.0 v|

Cancel

X Z20f Cf

o 7lEXE dEE 3

Resources

Type:

Set v
Set Marme: Gluantity:
\| Product 2 / v | |‘I

Selechion Rule:

Specific Member

Besource State:

Set Index:

~ | Tech Agent Index

> |

Cancel
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44




16. Seize

Seize 7 *
Allocation: Priarity:
Add...
Edi...
Delets
Gueue Tupe: Gueue MNane:
Hueue ~ |Seize Tech Agent Type 3.0 v|
Cancel Help

>

ME30 cheh 7|=X & dEE &

Resources ? X
Tope:
Set w
Set Mame: Guantity:
\| Product 3 / w | | 1 |
Eﬁﬁﬁule: Set Index:
Specific Member ~ | Tech &gent Index e |
Besource State:
| v
Cancel Help

45

17. Process

| Retumed Tech Time

Report Statistics

Canc:

Help

Process ? X
. : HIAESIZ2 O3t A&t S| &
Hame L= HiS=E fle et old =e
Returned Call Type 1 V| Standard w
Logic f
Action: Eriority: Resources 2 >
Seize Delay Release e |Hi9h[1] W
Besources: ope:
Hesource. Trunk Line. 1 Add... Resmee -
<End of list Besource Mame: Quantiby:
Ed.. Trunk Line | ~ | |'I
Lelete
Delay Type: Urits: Allocation:
Expression ~ | | Minutes ~ | | Walue Added w Cancel Help
Expression:

Expression Values

~ [TRIAZ.4.8]
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18. Process

Process 7 x>
. : HIAESI2 O3t A&l S| &
Hame L= HiS=E fle et old =E
Fieturned Call Type 2 V| Standard ~
Logic f
Action: Eriority: Resources 2 %
Seize Delay Release w |Hi9h[1] W |
Tupe:
Besources:
ource, Trunk Line. 1 Add... | Resource / i |
<End of list> Besource Mame: / Quantity:
Edi. |Trunk Ling | ~ | |'I
Lelete
Delay Type: Uitz Allocation:
E zpression ~ | | Minutes ~ | | Yalue Added w Cancel Help
Expression:
|F|etumed Tech Time ~
Feport Statistics
Caye Lkl Expression Values n

T [TRIAMZ 4.9)

47

19. Process

Process ? X
Hame L= 2SS Fle et 2l =2
Fieturned Call Typ V| Standard w
Logic f
Action: Briority:
Resources 7 X
Seize Delay Release w |Hi9h[1] W
Besources: Lope:
e, Trunk Line, 1 Add... RiEEBLTEE ¥
<End of list> BEesource Mame: Quantity:
Edi.. Trunk Line I ~ | |‘I
Lelete
Delay Type: Unitz: Allocation:
E xpression ~ | | Minutes ~ | Walue Added ~ Cancel Help
Expression:
|F|etumed Tech Time ~
Repart Statistics
Caye Lkl Expression Values n

T [TRIACZ . 4.9)

48
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20. Release

M0 tiet 7|=X & dE& A=

Release 7 w
Resources ? x
Mame:

Type:
Set

Releaze Tech Agent Type 1 - |

Besounces:

Set Name: Quantity:

) i Qf'mduct y w | | 1 |
BE@HUIB: Set Index:

Delete Specific Member ~ | Tech Agent Index ; w |

0K Cancel Help Cancel / Help

Set, Product 1, 1, Specific Member, Tech Agel Add..
<End of list> —

Tt Z2AF SEE YEH TS SEHE ALE OfA

49

21. Release

Type:

Release Tech Agent Type 2 i

Release 7 x
Resources ? x
Mame:

Set ~
Besounces: ]
Set, Product 2, 1, Specific Member, Tech Age Add.. Seilieme Eerilly
<End of list> = Qfmduct 2/ - | | 1 |
Edi... Belease Rule: Set Index:
Delete Specific Member w |Tech Agent Index vl

Cancel Help Cancel Help

50

- 237/279 -




22. Release

IT = AL o C}lo =
M&30i oiet 7[=X& & 15
Release 7 X \
Resources ? X
Mame:
Tupe:
Releaze Tech Adgent Tupe 3 v e
Set v
Besounces: ]
Set, Product 3.1, Specific Member, Tech Age Add. Set Name: Buantity:
<End of ist> = N Product 3 /' Mk |
Edit.. Belease Rule: Set Index:
Delete Specific Member w |Tech Agent Index vl
Cancel Help Cancel Help
= =23 =1 Sk AFCEO =
F/t ZAF SEE HE ZAS2 JEHEAE AFE SHA

51

23. Assign

Tech Return WIP(1) :

- 238/279 -

A4 S st ME 1 7 ZAH A
Tech Return WIP(2) : 24l E317} QS HE 2 7t ZAF A
Tech Return WIP(3) : &4l S%t7F Qo M&F 3 F7F ZAF A=
Assign ? X /
Mame: .
[ ecrement Appropriate Tech Feturn WP, ~ Assignments ? x
Azzighments; Tvpe: Wanable Mame: Bows:
‘Variable &may [10], Tech Retum WP, Ted) Add. Yariable Array (10] b |T'3'3h Return WP Vl |TE'3h Cal TPDE| 1, 2, 3
<End of lizts =
it Mew Value:
— Tech Return WIP[Tech Call Type] - 1 |
LDelete
Cancel Help
Cancel Help
\4
= = 3l = = =
FIEAL S WASS T HAE SLt YA 2
52




Run -Setup

Run Setup *,
Run Speed Run Control Reports Project Parameters
Replication Parameters Array Sizes Arena Visual Designer

A o Initialize Between Replications

MNumber of Replications:
| 1 | Statistics System
Start Date and Time:
[D2021 72 12822 23 22142 EM
Warm-up Period: Time Units:
|C-.E- | Hours -
Replication Length: Time Units:

| Infinite | Minutes ~
Hours Per Day:

24 |
Base Time Units:

Minutes W

Terminating Condition:

ITNC—W »= 600.0 && NR(Trunk Ling) == c-|

=0l i HEA L=

53

Animation

MH[AE 7|0t =

Model 5-2
Call Center, Version 2

20 3} 07|

T JEHe Seh + FEAL = Y SEHUS S9b

Process Product Type 1 Tech Call.WIP + Tech Return WIP(1)

Tech Support

Product 1

T
300

Time (minutes)

|
Tech-Call Recording Delay

|
Order-Status Delay

Product 3

F/tEAL S VA E g A

NSTO(Backoffice Research Storage) ”
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. . = o
Animation - Queue AMHAZ 7|Ct2ls A 53} 7|
M= 1
Queue 7 x
dentifier: X‘” % 2
EiEeiEEe Tech Agent Type 1.0usus vl ueue ) >
Tupe T
. . : |dentifier:
®Line O Eoin Faints... Color... Eieize Tech sgent Type 2.0 usus v|
Effects Type
Skt []Rotate Flip (@) Line ) Paint Faints... Calar.
M awinaurn duration to animate queue arrival: Effacts
o | Hows shit [Rotate | |Flp HZ 3
Cancel Help M aximum duration to animate queue arrival: Queue ? »
|D | Hours d Identifier;
—r
Cancel Help Tope
®Line (O Puint Paints... Color..
Effects
Shit  []Botate Flip
Maximum duration to animate gueue aival:
|D | Hours w
Cancel Help
55
Animation - Storage
= = A o C
FItE=AL SO 7|=XH SH A HEL
Storage ? s
|dentifier:
El-an::l-:.n:-ffin::e FHesearch Storage \ v| |7
Type
@®Line () Paint Poipts. .. Elln.
Effects
Shift [ Botate Flip
Cancel Help
= = A o C
Tt =AM EQ VXA HE A
NSTO(Backoffice Research Storage)
56
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Animation - Va

riable

Wariable X—”% 1 ? x Variable X‘” = 2 ? X Variable X‘”E 3 ? x

E=pression: Expreszion: Expression:

| ~ | 0 Taotal Onling ~ | 0 ~ | 0
‘}’ | frea... fiea... fiea...

[ Transparent Backgroun Border... Border... [ Transparent Bagkground Border...
Alignrment (1Mo Border Alignrment (1Mo Border Alignrment (1Mo Border
() Left (®) Right . () Left (®) Right Fant.. () Left FRiight .
Title Title Title
[ Use Title [JUse Title

250 Top Left 25.0 Top Left Top Left
Font... Font... Font...
Cancel Help Cancel Help Help
Expression Values ' / AL S SLA
| / ] M SEHE Sot +
XILX S HEA| AFEFXA S E S
Process Product Type 1 Tech Call.WIP + Tech Return WIP(1) T 7 |_—‘—A T = I_I [ I_-| 2|- o gl-_l_
]
Expression Values / / n
14
Process Product Type 2 Tech Call.WIP + Tech Return ‘yI‘F'(E}
A
Expression Values / n
14
Process Product Type 3 Tech Call.WIP + Tech Return WIP(3)
57
Animation - Variable
F7F ZAF S0 7|=XE 4E A
NSTO(Backoffice Research Storage)
*
Variable ? ¥
Expression:
| T0[B ackoffic h Shorage R | O
Farmat:
|’cx ~ | Area...
[ Transparent Background Border...
Alignment [INo Border
O Left @ Bight Fart...
Title
[JUse Title
25.0 Top Left
Font...
Cancel Help
58
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Animation

b d &
=

Project Bar

EA Arena Training & Evaluation Mode (Student) - Commercial Use Prohibited - [Model 05-02....
Fd Fle view Tools Window Help

<> Basic Frocess

- O *
- & X
& 57% -
L] A2
— —
Identifier: [Charity ~ Current Library:

basicprocess. plb Offl Ce . p | b

D (] 2| ==
et Dispose Powen: [ |
Add ~
= A nactive ||?E
I:I <> Copy Capy
Process Decide Delste ﬁ Idle Delete d’b
iy sy s 2] &2
o a |
Batch Separate e . Failed Mew &
Open.
O O =] @
Assign Record Size Factor: |1 Auto Scale
Effects
E E ‘When multiple pictures are defined for the same resource state, use
n thiz simulation timing to animate a series of pictures:
Attribute Entity ‘ <l Hours " g
E E ] PRiotate By Expression:
Seize Area
Queue Resource
Cancel Help
Variable Schedule
v
<> Advanced Process
< Blocks
Lo Reports
i Mavigate |§|
x
I(;'Ici?% 52 Version 2 Adobe Acrobat
all Center, Version Document
|
gm' Tech Bupport
| Product 1
1
Initial Recording Delay & 107 %
U U U U U U CHARITY HNOAH
1} 100 200 300 400 500 600

Titme (mimates)

WIF

—
| Tech 1 Ontind 0]

|
Tech-Call Recording Delaly

' ANNA

—
| Tech2 Onlind 0]
1

S
| Tech 3 Ontind 0]

|
Order-Status Delay

1 MY 4

T4N
Dffline

%  Backoffice

o—

Product 3

TIEFHEY  AIDAN

EMMA

Product 2

SAMMY

CHEISTIE

Fesearch

| @ Sales | 0]

= = A o C
F7t ZA SO 7R AE A
Terminating Condition:

TNOW »>= 600.0 && NR(Trunk Ling) == 0
- 242/279 -
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Output

Counter
Count
Value
Attempted Calls 740.00
Completed Calls 652.00
Period 01 Rejected Calls 0.00
Period 02 Rejected Calls 0.00
Penod 03 Rejected Calls 0.00
Period 04 Rejected Calls 0.00
Period 05 Rejected Calls 33.0000 740 -652 =33 + 17+ 11 +24 + 2 + 1
Period 08 Rejected Calls 17.0000
Period 07 Rejected Calls 11.0000 =
x =0 == ol AFCF 7 . 7
Period 08 Rejected Calls 240000 Tt ZABQ 7|=X| A HE A O™ 1A
Period 09 Rejected Calls 2.0000
Perod 10 Rejected Calls 0.00
800000
B Attempied Calls B Completed Calls
700.000
600.000 o gzll'::d 01 Rejectad o 2:1;::(1 02 Rejected
500.000 [ Period 03 Rejected g Period 04 Rejected
Calls Calls
400.000 Period 05 Rejected _ Period 08 Rejected
300.000 Calls Calls
200.000 m gzll'::d 07 Rejected o 2:1;::(1 02 Rejected
100.000 g Period 09 Rejected g Period 10 Rejected
0.000 | — 1 Calls Calls

61
Output
= = 2 o C
Tt AL EQ 7 |=XE 4 A
) _ NSTO(Backoffice Research Storage)
Time Persistent
Time Persistent Minimum Maximum
Average Half Width Value Value
Backoffice Research WIP 1.9143 (Insufficient) 0.00 6.0000
Tech 1 Total Online WIP Stat 2.2794 (Insufficient) 0.00 10.0000
Tech 2 Total Online WIP Stat 47040 (Correlated) 0.00 13.0000
Tech 3 Total Online WIP Stat 4 6422 (Correlated) 0.00 12.0000
T JEHS ot + FIEAN 2 Y SHTS S8
Expression Values n
Process Product Type 1 Tech Call WIP + Tech Return WIP(1)
Expression Values n
Process Product Type 2 Tech Call WIP + Tech Return WIP(2)
Expression Values n
Process Product Type 3 Tech Call. WIP + Tech Return WIP(3)
62
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hatst 7|

Model 5-2.mp4

63
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00 |AlZ2{0]d Zof7h

01 |Al=2j|o[Hdofgh F3Aelt?

02 |AlEE0]8ef 7|2 7HdE

03 |AlEEojdel 7|2 7HE : AP 2 TAlSH= At X[ AlE20]d
AlZ2olde] 7|12 JHE

04 |SZEIEAIES A8 AZ2{0[4 - News Vendor =4
AlZ80lde] 7|12 JHd
AZY EAES AESH AlZ20[ - M/U/1 Queue K|

05 |ARENA Z2tE0| : 23 3-1(A simple processing system) 2Hd &

06 |ARENA Z2tEO|: B3 3-2(H2XN2|), 3-3(FEXE]), 22 3-4H2N2|, g+H
YAIZh, 3-5(F BN, dHUAZH) HY dE

07 712 30| mEEut A 2E 4-1(An electronic assembly and test system)
MY HE

0g |12 S8 REYM 9 2R 4T RYY, 1Y, =), 22 4300440
oM Zsh) &g 25

09 7|2 382 2t ey R 4-455) HE 45

10 M5 2 2 5.1 (Call center) A|Z2{|0|M ZHd HE

11 (M5 228 53— 5-2 (21 Call center : A[ZHO] W2} Hote 22E, JHRE &
7 277 HE) AlEY oY Y e
NE ngal: od 5.3 (& Call center : CHYSH HatX| & BHY) A|E20|M =}

12 |9 us

13 N&E 2HI 2 54 (s, S) Inventory system with backlogging) Al &2 0|4
e A& & OptQuestE 283t %X s}

Model 5-3

(Model 5-2 =%
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Model 5-3: S Ml H

« ATl 2| M
- ool 818 B - ol=iH /A2 8, L@ Jicta
A shs) T MH|AZ QIS H|E
o MH|A EX0f Clist M 7|, HEE St HlE %
o QIHH|X|E SE|= MEiAS F7I, XL (H2te|M)S
=c|= MEiALSE F7}
o 5HO| MHE AN Z7H H|EE FAoE
. =
Model 5-3: ZSAllH
* Resource O|O|E| B& - AMErR0f CHst A|ZHEE S
= $20/hr. EHO{ M ER AF
- $18/hr. ~ $22/hr. = H 0| 12 7|=X| & MER 22
. 22 F0|E 2% 30| BAgl0] Y2 X2
. THO) APERY
— 45A|ZH/ Y X 20 2{/A|1ZE X 5LY/F = 45002 H/F
- 72X 3 AEA
- 8% X 8AIZH/Y)/Y X 18FH2{/A|Zt X 5Y/F = 5760 2/F
1 X BA|ZH/Y)/E X 20E /A2 X 5Y/F = 800E 2|/F

_ 20 X (BA|ZH/ Y)Y X 222 /A2 X 5Y/F

Ct
=

2/ + 5760 /3 + 800 /= +

- 246/279 -

= 1,760 2{/ZF

&1 AMEFRIO| LSt F=7F £7|XH2H[E : $12,820/F (=4,500

1,760 2{/3F)




Model 5-3: Z2AXIH

o MRBEE 35 4A|IMX| Tof & 7|=X|3 4EHE == =8 >
512 aA|Ztet 25
= Variable New Sales = M| =7t HOi &E& ==
- F7F SERIE $17/hr, 4 hrs./day, 5 days/week = $340/week
— Schedule HIO|E| 2&E0|A| capacityS New Sales 2t& S7tA|Z
— Sales &EH212 0|0| Resource HIO|E ZE0| &=}
= Variable New Tech 1, 2, 3, and New Tech All = M{EA F7t=l 7|=

NE SEEs

- $16/hr. SHEX| M & SFE AEE = A= B R(Larry(1), Moe(2), Curly(3)),
$18/hr. & HE SFE 4EE = U= A A (Hermann)

- $320/week Tt &E HEH, $360/week BE TF &= HHA

- Resource H|O|E 2=0| M2 &&# 7t Larry, Moe, Curly, Hermann

- Schedule H|O|E 2=0| M2 & capacity =7F(New Tech 1, 2, 3,

and New Tech All)

Model 5-3: Z2AXIH

o 32| ME 2671 0|22 S71 Al
« F7HEl M| ME §98/week

* Expression 82| New Res Cost : 7| A H| &
New Sales*340
+ (New Tech 1 + New Tech 2 + New Tech 3)*320

+ New Tech AllI*360
+ 98*MR(Trunk Line)

. O] HI B2 Al20l4 Zoket 7 8l0] @12 Ztof ofehA
279
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40| stAA|ZvS EA| 7|Cte[H 2}7t L4, ofof &
of= H| 80| EY - 17} i H|E

oA AlZh: 7l=X[& SEO| Cidoh 3=, THOf & &0l CHol 1
=, TeJE 22 = Ho) 2=

SHAAZtE o, = CHE2| H[E0| T

/=X A SE $0.368, HOf E $0.818 FTEJE =2 o

3702 ME2 Assign 2=2 0|85t =& SA K| At=
- Excess Wait Time : MAX(ENTITY.WAITTIME - 3, 0)
Sz AFO|, 7t =8 =Y 7| A ZE Excess Wait TimesOf|
‘5 X =3 HE&"S &5t 40| 27} LM HlstE =78
HZ2 A=
o= L=
5 x $0.368 = $1.84 for tech, per week
5 x $0.818 = $4.09 for sales, per week

5 x $0.346 = $1.73 for order-status, per week

Model 5-3: Z2AXIH

e Statistic O|O|E] B &, Total Cost

Type = Output, BIEAHE S & A|OICt M=
New Res Cost 7t At HIE

+ Excess Sales Wait Time * 4.09 —— ©ojus 12 20 08
+ Excess Status Wait Time * 1.73 ——— =ue) 20| 12 21 b
+ Excess Tech Wait Time * 1.84 ——— 7I=X&d 24 2 HIE

+ 12820 —— =71 1 8

o Statistic C|O|E{ 2-&, Percent Rejected

712 H Total Rejected Calls A=l 024 A& o= A=
Type = Output
100 * NC(Total Rejected Calls) / NC(Attempted Calls)
- HEE D ME = TR ARE 04 HE e HE
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Resource

AlZtE A= EE (9)

Name Type Capacity Schedule Name Schedule Rule | Busy / Hour | ldle / Hour | Per Use | StateSet Name | Failures | Report Statistics
1p Sales Based on Schedule Sales Schedule Sales Schedule Wait 20 20 0.0 Drows fv
2 Trunk Line Fixed Capacity 28 26 Wait 0.0 0.0 0.0 Drows f[v
5 Charity Based on Schedule Charity Schedule Charity Schedule Ignore 18 18 0.0 Drows fv
4 Noah Based on Schedule Noah Schedule Noah Schedule lgnore 18 18 0.0 Drows f[v
5 Mol Based on Schedule Molly Schedule Molly Schedule Ignore 20 20 0.0 Drows fv
i} Anna Based on Schedule Anna Schedule Anna Schedule lgnore 2z 2z 0.0 Drows f[v
f Samny Based on Schedule Sammy Schedule Sammy Schedule lgnore 22 22 0.0 Drows f[v
8 Tierney Based on Schedule Tierney Schedule Tierney Schedule Ignore 18 18 0.0 Drows f[v
9 Aidan Based on Scheduls Aidan Schedule Aidan Scheduls Ignore 18 18 0.0 Drows f[v
10 Emma Based on Schedule Emma Schedule Emma Schedule lgnore 18 18 0.0 Drows f[v
11 Mya Based on Scheduls Mya Schedule Mya Schedule Ignore 18 18 0.0 Drows f[v
12 lan Based on Schedule lan Schedule lan Schedule Ignore 12 18 0.0 0rows v
13 Christie Based on Scheduls Christie Schedule Christie Schedule Ignore 18 18 0.0 Drows f[v
14 Larry Based on Schedule Larry Schedule Larry Schedule Wait 18 16 0.0 Drows fv
15 Moe B%ed on Schedule Moe Schedule Moe Schedule Wait 16 16 0.0 Drows f[v
18 Curhy .Qsmhadule Curly Schedule Curly Schedule Wait 18 16 0.0 Drows fv
17 Hermann H{sﬁ\n@cw Hermann Schedule Hermann Schedule Wait 18 18 0.0 Drows f[v

H e B F7HEE FB 1 7|2KE MBS fEss By
TE os® MEA F7tE= ME 2 7|sXd =S ti#st= Y
MEA F7tel= MZ 3 71X @ S tEste B8
MEA =F7tEl= 2= HE 40| 7ts2 7X@ 4222 tHEsts Y

Set

Name Type Members
1p Product 1 Resource 7 rows
2 Product 2 Resource 7 rows
3 Product 3 Resource & rows
4 Rejected Calls Counter 10 rows

Model 5-22} =&

Counter Name
Period 01 Rejected Callz

Period 02 Rejected Calls
Period 03 Rejected Calls
Period 04 Rejected Calls
Period 05 Rejected Calls.
Period 06 Rejected Callz
Period 07 Rejected Calls
Period 08 Rejected Callz
Period 09 Rejected Calls
Period 10 Rejected Callz

= @) ea| = | en| da] La| P =

=

Members

Resource Name

Charity

Noah

Larry

Maolky

Anna

Sammy

~i| @ | | o] ra] 4

Hermann

Members

Resource Name

Tierney

Aidan

Emma

Moe

Anna

Sammy

| @ | | 3 P

Hermann

Members

Resource Name

Mya

lan

Christie

Curly

Malty

Anna

Sammy

gal = | en| da| L] PRI =

Hermann
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Variable

THORAREE SHA A| 2t

[

o
FEJEN 22| SHAA

—

7|E R H SHAAIZE Z=1F T 7| A2k
171X &

MEH %7t=l HZ
MEH #7tsl

HE 2 71=X#

MEA F7tel ME 3 7|=X 4
MEA F7tel 2E ME 7I&X#
MEA F7he Eoj

Name Rows | Columng | Data Type | Clear Option | File Name | Initial Values | Report Statistics
1 B | TechReturn WP 3 Real System orows [
ESn S PSP Excess Sales Wai Time Real System orows ([T
A ESni sy PIPNP A E Excess Status Walt Time Real System Drows ([~
Bl 4 Excess Tech Wait Time Real System orows [T
=l B NewTech1 (O or More Real System 1rows [
ALERQ] A [6 NewTech2 (O or More Real System 1rows [
Aterol =~ |7 NewTech3 () or More Real System 1rows ([
AbChol 2~ I3 New Tech Al ) or More Real System 1rows ([T
AMCEQ] 2~ |9 New Sales (0 or More Real System 1rows ([T

ME F7tHel gl x7| 3= B0

11

Schedule

HQEE QF 4AITHX]

- 250/279 -

mof 9l 7|sX Y MY +5 5
[l S o0 N
30& B
< 4 Value Duration |
1 /‘ 1 z
Name Type l T|rneUn'rt5 l Sle Factnr Durations 2/ J 2
1 Charity Schedule Capacity  :Halfhours 1.0 4rows j 4 3
] Noah Schedule Capacity Halfhours 1.0 4 rows 5 1
3 Molly Schedule Capacity Halfhours 1.0 5 rows s 5= New Sales 1
4 Anna Schedule Capacity Halfhours 1.0 S rows 6 BEHoW SHes | 2 75‘,' 2—‘?— E‘I
5 Sammy Schedule Capacity Halfhours 1.0 S rows 7 5+ New Sales \ 3 2__6': 4A| 77|'X|
6 Tierney Schedule Capacity Halfhours 1.0 4rows 8 &+ New Sales \ 2
T Aidan Schedule Capacity Halfhours 1.0 4 rows 9 & \ 1
8 Emma Schedule Capacity Halfhours 1.0 S rows 10 & \ 1
9 Mya Schedule Capacity Halfhours 1.0 4 rows " 3 \ 2
10 |lan Schedule Capacity  :Halfhours 1.0 4rows 122 \ 2
11 Christie Schedule Capacity Halfhours 1.0 S rows Double-click here to add a new row.
12 Arrival Schedule Arrival Halfhours 1.0 20 mwg/
12 rows
14 Larry Schedule Capacity Halfhours 1.0 3 rows
15 Moe Schedule Capacity Halfhours 1.0 3 rows
16 Curly Schedule Capacity Halfhours 1.0 3 rows
17 Hermann Schedule Capacity Halfhours 1.0 3 rows
MEH =7t Tof SE =+

12




Schedule

HREH 22 4A|7HA|

TOj U 7| SX Y N S5 5T

Name Type Time Units Scale Factor | Durations
1 Charity Schedule Capacity Halfhours. 1.0 4 rows
2z Noah Schedule Capacity Halfhours 1.0 4 rows
3 Molty Schedule Capacity Halfhours. 1.0 S rows
4 Anna Schedule Capacity Halfhours 1.0 R — Durations 305_ L;I-_?,l
5 Sammy Schedule Capacity Halfhours. 1.0 5 rows Value Duration
& Tierney Schedule Capacity Halfhours 1.0 4 rows 1 0 8 = 2 = E‘i
T Aidan Schedule Capacity Halfhours 1.0 4 rows 2 Mew Tech 1 \ F o = TA 7
8 Emma Schedule Capacity Halfhours. 1.0  rows 3 o \ [+ QT 4 | 7|'X|
9 Mya Schedule Capacity Halfhours 1.0 4 rows Double-click here Yo add a new. row.
10 lan Schedule Capacity Halfhours. 1.0 4 rows
11 Christie Schedule Capacity Halfhours 1.0 5 rows
12 Arrival Schedule Arrival Halfhours. 1.0 20 rows
13 Sales Schedule Capacity Halfhours 1.0 12 rows

3 rows

15 Moe Schedule Capacity Halfhours 1.0 3 rows
16 Curly Schedule Capacity Halfhours. 1.0 3 rows
17 Hermann Schedule Capacity Halfhours 1.0 3 rows

MEA =7t HE 171X & +

13

Schedule

HREH 22 4A|7HA|

oo X 7|sXE dEHE 5 =8

Name Type Time Units Scale Factor | Durations
1 Charity Schedule Capacity Halfhours. 1.0 4 rows
2z Noah Schedule Capacity Halfhours 1.0 4 rows
3 Molty Schedule Capacity Halfhours. 1.0 5 rows
4 Anna Schedule Capacity Halfhours 1.0 5 rows
5 Sammy Schedule Capacity Halfhours 1.0 S rows Durations 30—.‘?‘_— F_I‘-?—l
(] Tierney Schedule Capacity Halfhours. 1.0 4 rows Value Duration
ri Aidan Schedule Capacity Halfhours. 1.0 4 rows 1 T ) x o
8 Emma Schedule Capacity Halfhours. 1.0 E rows B New Tech 2 2 o g—r E'I
] Mya Schedule Capacity Halfhours 1.0 4 rows 3 B \\ E 2:'5_ 4A| 77|'X|
10 lan Schedule Capacity Halfhours. 1.0 4 rows T, V. new- -~
11 Christie Schedule Capacity Halfhours 1.0 5 rows
12 Arrival Schedule Arrival Halfhours. 1.0 20 rows
13 Sales Schedule Capacity Halfhours 1.0 12 rows
14 Larry Schedule Capacity Halfhours. 1.0 3 rows

3 rows

16 Curly Schedule Capacity Halfhours. 1.0 3 rows
17 Hermann Schedule Capacity Halfhours 1.0 3 rows

MEA =7t ME 2 7I=XE dE& +

14
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Schedule

HREH 22 4A|7HA|

oo X 7|=Xd dEHE 5 =8

Name Type Time Units Scale Factor | Durations
1 Charity Schedule Capacity Halfhours 1.0 4 rows
2 Neah Schedule Capacity Halfhours 1.0 4 rows
3 Molly Schedule Capacity Halfhours 1.0 S rows
4 Anna Schedule Capacity Halfhours 1.0 S rows
5 Sammy Schedule Capacity Halfhours 1.0 5 rows Durations 30—.‘?_— E._I'-?-l
[ Tierney Schedule Capacity Halfhours 1.0 4 rows Value Duration
T Aidan Schedule Capacity Halfhours 1.0 4 rows 1 0 2 x 2 - E—I
8 Emma Schedule Capacity Halfhours 1.0 5 rows X Mew Tech 3 a o ~ e
5 WMya Schedule Capacity Halfhours 1.0 4 rows 3 0 \\ 3 2—?— 4A| 77|'X|
i lan Schedule Capacty Halfhours 1.0 4 rows Double-click here Yo add a new row.
11 Christie Schedule Capacity Halfhours 1.0 5 rows
12 Avrrival Schedule Arrival Halfhours 1.0 20 rows
13 Sales Schedule Capacity Halfhours 1.0 12 rows
14 Larry Schedule Capacity Halfhours 1.0 3 rows
15 Moe Schedule Capacity Halfhours 1.0 3 rows

3 rows
Ty Hermann Schedule ECapacity gHaIfhnurs 1.0 3 rows
I Pl Bl bmm de — A = e e

MEA =7t ME 3 7R dE& +

15

Schedule

HREH 22 4A|7HA|

oo & 7|=XE dEHE 5 =8

Name Type Time Units Scale Factor | Durations
1 Charity Schedule Capacity Halfhours 1.0 Arows
2 Neah Schedule Capacity Halfhours 1.0 4 rows
3 Mol Schedule Capacity Halfhours 1.0 Srows
4 Anna Schedule Capacity Halfhours 1.0 S rows
5 Sammy Schedule Capacity Halfhours 1.0 S rows S 305'_ EI‘ O|
6 Tierney Scheduls Capacity Halfhours 1.0 4rows B =T
T Aidan Schedule Capacity Halfhours 1.0 4drows Value Duration
8 Emma Schedule Capacity Halfhours 1.0 S rows 1 0 & ~ 2 [ E_I
E] Mya Schedule Capacity Halfhours 1.0 4 rows 2 Newr Tech All \ 8 o = _'_A IS
10 lan Schedule Capacity Halfhours 1.0 4rows 3 0 \ & 2_'_ 4 | I- |
11 Christie Schedule Capacity Halfhours 1.0 5 rows Double-click here tg add a new row.
12 Arrival Schedule Avrrival Halfhours 1.0 20 rows
13 Sales Schedule Capacity Halfhours 1.0 12 rows
14 Larry Schedule Capacity Halfhours 1.0 Irows
15 Moe Schedule Capacity Halfhours 1.0 3 rows
16 Curty Schedule Capacity Halfhours 1.0 Irows

3 rows

MEA F7tel 2E MEF 7|&X -0

st SEHE =

16
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Expression

Double-click here to add a new row.

Name Rows | Columnz | Data Type | File Name | Expression Values
1 Returned Tech Time Native 1 rows
pid Tech Time Native 1 rows
3 Tech 1 Total Online WIP Native 1 rows
4 Tech 2 Total Online WIP Native 1 rows
5 Tech 3 Total Online WIP Native 1 rows
1 rows

Expression Value

New Sales*340 + (Mew Tech 1 + New Tech 2 + New Tech 3)*320 + New Tech AlF350 + S8*MR(Trunk Line}

Double-click here to add a new row.

S L LERE

0|
x

=7t AX[El Hate|d HIE

17

Statistics

Name Type Counter Name Limit Collection Period Counter 0... | Report Label Output File
1y [Peroa ot Counter Period 01 Rejected Calls Enlie Replcaton  Replicate Period 01

z Feriod 02 Counter Feriod 02 Rejected Calls Enfire Replication | Repiicate Beriod 02

3 Period 03 Counter Period 03 Rejected Calls Entire Replication Replicate: Period 03

z Period 04 Counter Feriod 04 Rejected Calls Enfire Replication | Repiicate Period 04

5 Period 05 Counter Period 05 Rejected Calls Entire Replication Replicate Period 05

3 Period 08 Counter Period 08 Rejected Calls Entire Replication Replicate Period 06

7 Feriod 07 Counter Feriod 07 Rejected Calls Enfire Replication | Repiicate Period 07

8 Period 08 Counter Period 08 Rejected Calls Entire Replication Replicate: Period 03

B Period 08 Counter Feriod 0 Rejected Calls Enfire Replication | Repiicate Beriod 03

10| Period 10 Counter Feriod 10 Rejected Calls Enfire Replication | Repiicate Feriod 10

11 | Backoffice Research WP Time-Persistent - Couiier 2 NSTO(Backoffice Research Storage) Entire Replication  HEplicale Backoffice Research WIP
12| Tech i Total Oniine WiF Stat Time-Fersistent | Counter o Tech 1 Total Onine WP Entire Replication | Replicate Tech 1 Total Onine W Stat
13 Tech 2 Total Online WIP Stat Time-Persistent : Counter 24 Tech 2 Total Online WIP Entire Replication Replicate: Tech 2 Total Online WIP Stat
1% iine ViiF Stat Time-Persistent - Counter 20 Tech 3 Total Onine WP Entire Replication  Replicate Tech 3 Total Onine W Stat
157 | Total Cost N Output Counter 33 lew: Res Cost + Excess Sales Wait Time*4.09 = Excess Status Wak Time*{ 73 + Excess Tech Wait Time™1 84 + 12820 RN BERIEERERRapicae Total Cost

1| Percent Rejected JJX_ Output Counter 26 100 * NC(Total Rejected Calls) / NC(Attempted Calls) Entire Replication Replicate Percent Rejected

New Res Cost + Excess Sales Wait Time*4.09
+ Excess Status Wait Time*1.73 + Excess Tech
Wait Time*1.84 + 12820 —— F7} AL H|8 + 22 2L H|E +

100 * NC(Total Rejected Calls) /NC(Attempted Calls)

——— 7E S5 u|8
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[edArgh

1. OJAFA™ B4 : New Sales, New Tech 1, New
Tech 2, New Tech 3, New Tech All, Trunk Line

2. X3t : (Total Cost = New Res Cost + Wait
Time Cost + 12820) & A& £3} H|& F|4 3}

. Store for Initial

g Delay
1. Record

Creste Call Initial Recording
Anivals

Dispose of
Rejected Call

atsl
Reject=d Calls

fssign Tech Cal Store for Tech T E] Unstore from
niity Type snde| Cal Recording Tach Call
Ficture Reoording Delay || Resording Delay

ine Call Ty
Tech Call 1 Process Product] Setzs Tech Agent Retumned Call Release Tech
ntity Type and| Type 1 Tech Type 1 Type 1 Agent Type 1
Picture Call H
2. Assign
Seizs Tech Agent Returned Call Relsass Tech Dectement
Tech Call 2 Process Product pez 1 Typez gent Type 2 ppropri
ntity Type and Type 2 Tech ﬁnwn E{_«?ﬁ yPe "ech Return WI
Picture Call sit Time|
Seize Tech Agent ||| Retumed Call Release Tech
Tech Call 2 Process Product Type 3 Type 3 Agent Type 3
nity Type and Type 3 Tech
Picture Call

3. Assign

f"ziﬂﬁ et Gk
— - R'Ayl-s_:‘eTn.l( mpme‘mmca” _‘u\sﬁlzmu
[]
4. Assign
Lfmmi
Call Priority
Order Status Calls
1. Record
? x
Tupe:
V| |Count ~

| [JBecod into Set

Lounter Mame:

|Total Rejected Calls \ w |

\ I Ok || Cancel || Help

Hote|M0] ZA2tM AR E o F St 5

—
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2. Assign

Assign 7 x
Mame:
i ?
Azsign Excess Tech Wait Time w | Assignments i
Azzignments: Tvpe: Wanable Mame;
Add... Yariable ~ |E:-:c:ess Techwait Time - |
<End of list>
New Y alue:
E— Excess Tech'Wait Time + MA[ ENTITYWAITTIME -3.0) |
Delete
Corcal | [ tioh
0K Cancel Help

Zl=XE & AH0| oA Hi7|AMZtEE)E G 7ICHEM 28 ERE

21

3. Assign

A 220

Assign ? X
Assignments ? X
Azzighments: Tvpe: Wariable Mame:
Y arniable, Add... Yarnable e |E:-:cess Sales wiait Time |
<End of list> —
Edi Mew Walue:
it..
- Excess Sales wWait Time + MaAx] ENTITY WAITTIME -1.0) |
Delete
Carcel
Cancel Help

SHA CHZ|A|ZH12)2 &

=)= 82 7ICHM 28 E2AE Al
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4. Assign

Assign ? >
Assignments ? >
Azzignments; Tvpe: Wariable Mame:
*aniable, E Add... " ariable ~ |E:-ccess Statuz Wait Time vl
<End of listy = New Valug:
Edit... = :
Excess Statuz 'Wait Time + MAS ENTITY WaAITTIME - 2.0 |
Delete
Catcel Help
Cancel Help
=O = 3 Hy O HL =2 7, [ Z]
TEJE =2 &' 20| otA tH7[A[ZHeE)E gl It 2 =& SAE A2 =5 > B8 2
Run Setup *,
Run Speed Run Control Reports Project Parameters
Replication Parameters Array Sizes Arena Visual Designer
Initialize Between Replications
Mumber of Replications: P
| | Statistics System
Start Date and Time:
[D2021 42 202 S22 23 511923 EM
Warm-up Period: Time Units:
|D.D | Hours -
Replication Length: Time Units:
| Infinite | Hours ~
Hours Per Day:
24 |
Base Time Units:
Minutes ~
Terminating Condition:
TNOW == 600.0 && NR(Trunk Ling) ==
=0l i HE L=
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Output

Model 5-3 @
Call Center, Version 3 Adobe Acrobat
Document

o
e Tech Support
i E Product 1
1
Initial Recording Delay E Lo4
0t T T T T T T
0 100 200 300 400 500 600
Time (minutes)
WIP
—
| Tech 1 Online EI
| —
1 .
Tech-Call Recording Delay | Tech 2 Online IE'
—
, Tech 3 Online E
! AT
Offline Product 3
——————————— 0@ Backoffice
Research
|
! |
Order-Status Delay ! Sales E

25

Output

New Tech 1, 2, 3, New Tech All, and New Sales = 0 2| 4<%

User Specified

Output

Qutput Minirmum Mezeimum
Ayverage Half Width Average Porerage

Percent Rejected 11.9606 1.39 10.4558 13.5546
Total Cost 2224255 1,439.47 2061212 23837.38
24000000
20000000

16000.000

12000000

8000000

4000.000

0.000

26
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- CHAlHOl ghe M Za|
- 7|20t =Tt A EE SE, 26702 Mot 2|M
EH| € = $22,500.07 56 e W 21

HE H[E = 12.9%

- JfMOt - HE ZSEO| MERIS 3N S &, 3749 Matz|M
FI7t > FTI7HAEHE S7T & D AWELHE, AHAEHE 4
=H|8 = $22,668.69 W& 0H0) [ E21?

HZ HE = 1.6%

=

OF

it}

Model 5-3.mp4
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00 |AlZ2{0]d Zof7h

01 |Al=2j|o[Hdofgh F3Aelt?

02 |Al=2|o]def 7|2 71

03 |AlEEojdel 7|2 7HE : AP 2 TAlSH= At X[ AlE20]d
AlZ2olde] 7|12 JHE

04 ATYEAEE AHRBH A|E0|M - News Vendor 2|
AlZ80lde] 7|12 JHd
AT EAEE AFESH AIZ8|0[4H - M/U/1 Queue & A

05 |ARENA ZZH0| : 23 3-1(A simple processing system) 2Hd M &

06 |ARENA Z2tEO|: B3 3-2(H2XN2|), 3-3(FEXE]), 22 3-4H2N2|, g+H
YAIZh, 3-5(F BN, dHUAZH) HY dE

07 712 30| mEEut A 2E 4-1(An electronic assembly and test system)
MY HE

0g |12 S8 REYM 9 2R 4T RYY, 1Y, =), 22 4300440
oM Zsh) &g 25

09 (7|2 33 222t 4 B 4-4(35) 2d HE

10 (M5 2@ : 2E 5-1 (Call center) A|ZH0|Md 2 A&

11 |MS 22 2= 52 (2 Call center : AP0 W2t ks EXE, JHAY 2
F 27 2E) AlZ2old AY dE
M& 22l o3& 5.3 (25 Call center ; TSt MItX|H BHY) A|[E20|M =t

12 M )éﬁ

13 |MIF 22 28 54 (s, S) Inventory system with backlogging) Al Z2|0]

=] n
g A& & OptQuestE =83+ XX}

Model 5-4

(222 23)
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odel 5-4: (s, S) X 12t

n <

o 78 TXAIZF 7HH ~ EXPO(0.1)Y
- S22 Ha 100 00| EXF MR EX2 o) LSt
K| Q00 KW =XPA[ZF 742 20 S
o NZHO| == O|4H &E HE
oL 4 =2 1,2 3 4702 7| AEKXZE #&

(@)
c\hlJ§
~Tlo
(@)
N
VSN
‘(}) -—
M
-T
0jo
w]lo

S0t A7 JUCHH, a2 |22 TRt A4™=2 M
=t Z40|Ct

ator 40| R USIAX Sl= 20| FH|E|¢ /UX| 23}
™ EE5H 22 EX1(Backlog, (/(t)E &5)7F &,

Mo7F ES = 0|2 EXEME X &2 Bof ZHC}

gl[EEHr /()7F Oo|0] BRCtH, 5 42 88 4§ HX A

Model 5-4: (s, S) X D2t2

o Y O} M +FES TYslo] BF Al HEF F

« AZEO, 1,2, .., 1198 OO =&, & 120H (120
=)

* (s, S) X1k
« 2 /(7) 2 5 OFF A= SHA| ©3
- Bt J(t) <5 S-/(¢t) 2L MHES FT&E (ST =&
- FHe| HM M g2 AFOF R 5=20, 5=40(s< S
- F22 X|HA|ZHLead Time) O|20f] =& ~ U

- X|A7|Zt IS¢ =87t Bdo
Alge| AjdsE2 S 7t OFE

{0

o

oM

)
NIF(0.5, 1.0)Y
F HIZ0| EAS

N
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2
[Ika
=
=k
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I\/Iodel 5-4: (s, S) Aotz

-
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— op3 —
=) ._._6 gl Ro
L 20 g — N
ol L_.Almw_ 0 o ol - _||t @ 00 = alo
o % & am & ., B o - K=
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-y > ¥ g & S D
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% Create Assign

Interdemand Time Inventory Level

Dispose

Demands Against Inventory

o =2

Inventory Evaluation and

Delay Assign Dispose Possible Ordering with
Subsequent Order Arrival
%  Create F———=a Branch Delivery Lsg Inventory Level
Total Ordering Cost
Evaluation Interval
IE"I5= veEntly Level < Little s Xl EEI' _LI_I__ El
: \—- Dispose
) ) . Modules from Elements Panel
Variables Expressions Aitributes Entities
||'_\'E”°|'Y Level Interdemand Time Ordar Quantity Customer
Litte = Demand Size Inventory Evalustor
Big & Evslustion Interval
Total Ordering Cost Delivery Lag
Setup Cost H
Ineremens Cost Replicate DStats Outputs
Unit Holding Cost o azt/ Diave
Unit Shortage Cost Project Days to Run Unit Holding Cost * MX(Inventory Level, 0) Total Oraering Cost/Days toRun _ .
Days to Run T — Unit Shortage Cost * MX(-Inventory Level, 0) OVALUE(Awg Ordering Cost) + DAVG({Holding Cost) + DAVG({Shortage Cost)
|_ L | & Attach Template Panel & Attach Template Panel
ow-Leve 2 AH0 Template El =g 2= A0 Template =] cf B
(FleXIble) B : “T3 e ESI 0z ‘ TE 9T 2z~
. || Agentutil.tpo 2005-00-02 2 1. TPO I | contactDatatpo 2005-09-02 2 1. TPO Ig
P rOg ra m m I n g || BasicProcess.tpo 2005-09-02 2= 1. TPO IE || csutiltpo 2005-09-02 2= 1. TPO I
i Blocks tpo 2005-00-0¢ & TBO 9 F[ " Elements tpo 5005-00-00 @= 1 TPO iifg
9 || ContactData.tpo 2005-09-02 2% 1: TPO IHE || FlowProcess tpo 2005-09-02 2% 1 TPO It
|| csutiltpo 2005-09-02 2% 1t TPO g || FlowProcessUtil tpo 2005-09-02 2% 1 TPO It
B I O C k & || Elements.tpo 2005-09-02 2% 1t TPO g || Packaging.tpo 2005-09-02 2% 1 TPO It
. || FlowProcess tpo 2005-09-02 2% 1: TPO I || Seripttpo 2005-09-02 2% 1 TPO It
2}'9— |_| FlowProcessUtil.tpo 2005-09-02 2% 1 TPO It | utlarena tpa 2005-09-02 2% 1 TPO It
ement a5 o WRETT e O v
< > < >
e o2 [Blocks.tpo 271(0) B2 0|2 (): |Elements tpo 71
o BAD [Template Files (+tpa) ~| A I FHAm): [ Template Files (+tpo) ~| EES
Variables Inventory Level ,
Wariables Element 7 X Wariables 7 = | thtle S
) Variables ? >
Yariables: Murnber: |
] Add... - Mumnber:
. Little =, , . Real, Spstemn, Mone, None, — Wem= | I :
Big 5. .. Real. System, None, Mone 10 & . MHame: e
. P =l . - . N mat |nde”_ i)
. Total Ordering Cost, | . Real, Spstem, - g | | |
. Setup Cast, , , Real, System, Mone, b | . 1-D Array Indew:
. Incremental Cost, ., Real, Spstem, Mo Delete B0 oy el | | |
. Un!t Huolding Cost, . . Real, System, N Data Type: Real 2-D Anray Index:
. Unit Shortage Cost, . . Real, System, Froal
. : ea ~
,Days lo_Flun, .. Real, Spster, None, Clear Option: Spstem Data Type:
<End of list: ;
Contral Categan: | Mone Llear Dptior: System ~
Eesponse Category: |None Contral Categan: |None |
ok Cancel Help Lirwked File: | Fesponse Category: |None |
Linked File: | ~ |
7140 Paint
7140 Paint
Cancel Help
Cancel Help
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Variables

Big S

Total Ordering Cost

Wariables

Murmber:

Mame:

1-D Array Indes:
20 Anray Indes:

Setup Cost

? * Variables ? > Variables ? X
| | Mumber: | | Mumber: |
Mame: M ame:

1-D Array [ndes:
20 Array [ndes:

1-D Array Index:
2-0 Array Index:

Data Type: Real ~ Data Type: Real n Data Type: Real w
Clear Optian; System hl Clear Option: System hl Clear Option: Sysbern o
Cartral Categary: | None | Control Cateqory: | Hone | Control Categary: | Hane |
Besponze Category: |None | Besponse Category: |None | Response Category: |None |
Linked File: | ~ | Linked File: | ™~ | Linked File: | w |
Initial W alues:

X 7|7F o =] 2

- 7 | HA O | HA — E O — H | o
1140 Pairt 1140 Paint 1140 Point

Concel | | Hob Concl | | sl | [ B

Variables

Incremental Cost

Unit Holding Cost

Unit Shortage Cost

Days to Run

Wariables

Murmber:

M ame:

1-D Array Indes:
20 Array Indes:
Data Type:
Clear Option:

Contral Category:

Besponse Categony: I@

Linked File:

]

Real

System

I

1-D Array Index:
20 Aray Indes:
Drata Type:
LClear Option:

Contral Categony:

Besponse Categony: @

Lirked File:

Real

Syztem

I

Wariables Variables
Mumber: Murmber:
Mame: LIt Holding C M ame:

1-D Array [ndes:
20 Array Index:
Data Type:
Clear Option:

Contral Category:

Besponse Category:

Linked File:

/biﬁ{l\-falues:

Frbigl v alues:

Real

Syztem

I

Variables ? »

Murmber:

M ame:

1-D Array Indesx:
20 Aray Indes:

Data Type: Real w
Clear Optior: System w
| Home |

Contral Category:

Response Categony: |None |

Linked File:

| v]

I 3

Y

)

1193339

=3 HL| | e o X HE JHE =X H|g 12020] 1212#HM 20| LY5t=
S - == = — L = o°r
FEHE| M ML RN US| | Y BRu8 || pogdiiem Feo sus
119.999920f AlZ2E0|HE =

7140 Paint 1140 Paint 7140 Paint 7140 Paint
Cancel Cancel Cancel Cancel Help
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Expressions

Expressions 7

Demand Size

X
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Expressions Element 7 ® Humber: | |
Mame: Demand Size
Expressions:
1-D Auray Indes: | |
, Interdemand Time, . Mative, , Mo Add.
. Demand Size, ., Native, . No - 20 Anray Index: | |
. quluation Interval, . Mative, . Mo Edit _ .
. Delivery Lag, ., Mative, , Mo =" Diata Type: Mative e
<End of list> . .
Delets Linked File: | ~ |
Expressions [ 4 s .
Interdemand Time PV
DISCI0167.1, 052, 0.833.3.1.04)
Nanber: | ' DISC(0.167, 1, 0.5, 2, 0.833, 3, 1.0, 4)
[Cox| M=
1-D Aray Index: | | _T|_7_||'| X-”% —_l'L(I):lI _)IK_EOI:
20 Array Indew: | |
Data Type: N ative > 1140 Paint
Linked File: | ~|
Espression Yalues: Cancel Help
ExPa[01)
EXPO(0.1) [Demand Size2| &&E& 2 Z2]
DA A Al 74 e
1140 Paint 17H = %!-E = 0167
27§ =& = 0.5 - 0.167 = 0.333
30Y =& = 0833 - 05 = 0.333
4701 =& = 1.0 - 0.833 = 0.167
Cancel Help H ==E 1 1
Expressions
Evaluation Interval Delivery Lag
Expressions ? X Expressions ? X
Humber: || | Humber: | |
Mame: E waluation Intereal Mame: Delivery Lag
1-D Array Index: | | 1-D Array Index: | |
2D Amay Indes: | | 2D Aray Index: | |
Data Type: I ative ~ Data Type: I ative w
Linked File: | v] Linked File: | v]
Exprezsion Walues: Expression Walues:
1 UMIF[0.5, 1.0)
UNIF(0.5, 1.0)
HE =& 37| XA A2
1140 Paint 1140 Paint
Cancel Help Cancel Help
12




Attribute

Attributes Element

Attributes:

, Order Quantity, . Real
<End of ligt>

Add. .
Edi...

Delete

Order Quantity

Mame:

Attributes

MHumber:

? X

1-D Aray Index: |

2-D Auray Indes: |

Cancel Help Data Type: Real ~
Initial ¥ alues:
(s, S) He[ZH0
= X O A
lII- — T =T %t
Cancel Help
13
Entities
Entities Element ? x
Entities:
T er. 0.0,0.0, 00, 00,00 00 Add..
. Irventory Evaluator, , 0.0, 0.0, 0.0, 0.
<End of ligt> Edit
Delete
Cancel Help
Customer Inventory Evaluator
Entities x Entities ? >
Murmber: Mumber:
Entity Type: Entity Type:
Initial Ficture: | w | Initial Picture: | ~ |
Costs Costs
Helding Cost/Hour: |EI.EI | Helding Cost/Haur: |EI.EI |
Iritial Y2 Cost [0 | Initial Y2 Cost: [0 |
Initial NvA Cost: . | Initial NvA Cost: . |
Initial wait Cost: [0 | Initial w'ait Cost: [0 |
Iwitial Transter Cost: | oo | Initial Transker Cost: | oo |
Initial Other Cost: [0 | Initial Other Cost: [0 |
Report Statistics rlil- I:IH —Ll_'_— E.l Feport Statistics 5 EEI- —Ll_': E.l
Report D atabaze Clazsification Report D atabaze Clazsification
Cateqony: | | Cateqony: | |
|dentifier; | | |dentifier; | |
Cancel Help Cancel Help 1 4
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Project

Widgets by Bucky

Title:
Analyst Mame;

Date:

Statistics Colle

[ Costing
Entities

Tanks

Project Element ? *

Summary Report

[JEesouces [ Stations [ Auctivity dareas

Cancel Help

- |Jim b iz |

chion
[ Queves [ Transporters
[JProcesses [ Corvevars

15

Replicates

Replicate Element ? *
Humber of Replications: | |
Beginning Time: |U-U |
Simulation Start Date: ||:| 2178 BENREHEZE - |
Beplication Length: ||::'*5'-'r'S to Aun |
Terminating Condition: | |
|mitislize System
Iritialize Statistics
‘wtarmep Period: |D'D |
DLL Mame in Double Quotes: | |
Hourz Per Day: |24'D |
Basze Time Lrnits: |Da-"'S - |

] Run in Execution Mode

[] &dvance Simulation Time Using Real Time Factar

1 Include Fractional Resource Units

[[] Dizable R andamness

Cancel Help
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DStats

DStats Element ? x
DStats:
. Uit Helding : ] Add...
, Uit Sh_ortage Cost * Mx[rventomn Li —
<End of list» Edi..
Delete
Cancel Help
+ X H|& |Dstats XY DQKXIH|E ? *® Dstats EHH|8 ? X |- M2HE
Humnber: || | MNumber: | |
SIMAM Expression: [R50l ls) SlIkaM Expression: | |E0EEGE =]
Name: |Holding Cost | | M amme: |Shartage Cost | |
Dutput File: | | Dutput File: | |
Beport [D: | w | Beport ID: | w |
Feport Database Classification Report D atabase Classification
Data Type: |"Time Persistent | Data Type: |"Time Perzistent” |
LCategony: |"Usel Specified"” | Cateqgory: |"L| zer Specified” |
Identifier: |HOIding Cost | |dentifier: |Shortage Cost |
Cancel Help Cancel Help

Unit Holding Cost * MX(Inventory Level,

0) Unit Shortage Cost * MX(-Inventory Level, 0)
17

Outputs

Qutputs Element ? X
Dutputs:

, Tatal Ordering iun, | Add.

, ALLIE [Aog Ordening Cozt] + DAV G =

<End of list> E dit

Delete
Cancel Help

Outputs FEH|& ? x

Mumber: | |

SIMAN Expression: Tu:-r.al Ordering C

Output File: | |

Mame: I.t'-‘-.vg Ordering Eostl |

Report D |

Fieport Database Classification

Total Ordering Cost / Days to Run

QOutputs ? *

Humber: || |

SIMAN Expression: I:I"-.-".-"J'.L|_|EI:.t"-.'-.-'g Ordering Cozt)

Output File: | |
Mame; |#va Tatal Cost | |
Bepart [D: | B |
Report D atabaze Classification

Data Type: |"Dut|:-ut" |
Lategony: |"User Specified” |
Identifier; |.t'-‘wg Total Cost |

HRF2H|8 HATDQXHE
OVALUE(Avg Ordering Cost) + DAVG(Holding Cost)
+ DAVG(Shortage Cost)

Yo EEHE

Cancel Help

Data Type: |"D utput” |
LCategony: |"User Specified” |
Identifier: |Avg Orderning Cozt | o
S Pl = S
Cancel Help 25} STwm=E &

18
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1. Create

Expressions:

Expressions Element ?

Add...

(o p{m o]

Demand Size, . . Mative, . Mo
. Evaluation Interval, . . Mative, . No g
. Delivery Lag. . . Mative, . No
<End of list> |: Expressions 3 %
Create Block ? Murber: [ |
Mame: Interdemand T e
Label: | 1-0 Araw Indes: | |
Mark Attribute: I -] 0K | | Cancel | I: 20 duray Indes: | |
Mext Label: | Data Type: | Mative ~ |
Linked File: | v
Batch Size: m
Eirst Creation: |Interdemand Time = Erpression Yalues:
Entity Type: |Cust0mer w ] ExPO(0.1)
Interval: {Interdernand Time \
Mazimum Batches: |
Entities Element ? x
~Comments
Entities:
I L -
I I Add...
0K I Cancel Help - . -
<End of list:
- o
Interdemand Time ]| cacel || Heb
Customer | Y ' |
. ] 4 Cancel Help
Interdemand Time
19
2. Assign {Lom 0w ]
Expressions Element ? b4
Assign Block ? Epressions:
, Interderand Ti Add...

Labeal:

Mext Label:

Mark Attribute:

Yariahles:

Inventory Level, Inventory Level - Dem
<

Add..,

Edit,.. |
Delete |

. Demand Size, ., MNative, . Mo

. Evaluation Interval, . . Mative, . No
. Delivery Lag, . . Native, . Mo

<End of list>

e
T

Expressions
MHumber:
TS -

1-0 Array Index:

Demand

—Caomments 20 Array Index:
I Data Type: | Mative w |
Linked File: w
[0]8 I Cancel | Help | | |
E=pression Yalues:
Variables % L~ DISCI01E71, 062 08333.1.04)
Mariable: —
or Attribute: Inventory
Walue: Inventory Level - Demand

Ok I Cancel I Help |

DOl 4+ L BHE THOFY

Inventory Level

Inventory Level — Demand Size

1140 Paint

Cancel | | Help

20




3. Dispose

Dispose Block ?

Label: |

[]Becord Entity Statistics

Comments

Cancel

Help

21

4. Create

Create Block

Magimum Batches: |

Label: |
Mark Attribute: | =]
[ext Label: |
/
/
/

Batch Size: [T /
First Creation: |a /
Entity Type: |Invent0r5.' Evaluator LI
Interval: |Evaluation Interval

Entities Element

Entities:

Add..
Edit...

Lelete

Cancel

Expressions

~Cornrents

[ oK 1|

Cancel I Help

Inventory Evaluator
Evaluation Interval

Expressions Element

Expressions:

. Interdemand Time, ., Native, . No
,Demand Size, . . Native, , No

<End of list>

Cancel

MHumber:

Mame:

1-D Auray Indes:
2-D Auray Indes:

ation Interval
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Data Type: I ative ~
Lirked File: | v
E xpression Yalues:

™ |1
1140 Paint

Cancel

Help




5. Branch, Dispose EHE[=E=
Branch Block ? Inventory Level < Little s

Branch Types

Label: |

& 0t  ith  Else O Always

Eranch Type |

Mayx Mumber of Branches: |
Max Number of Branches: [ Condition or Probability:

Bandom Mumnber Stream: | Send To Label:

Branch Types: ¥ Primary Entity Indicator
If, ||'|"H|'|h|r',' Level < Litle ‘Bg Add... Cancel Help |

<Enc| Df I|5t> Edit,.. | -
Delete | Branch Types

Eranch Type
(ol  With o Else  Always |

—Comments
I
Send To Label:
0K I Cancel | Help | ¥ Primary Entity Indicator
Cancel Help |
Dispose Block ? Variables Element ?
Label: | Mariablps:
S , Inuentur Level, ., Systemn, None, Add,.,
T ystern, Nane, ""- Edit |
. gutal Ocrderlng %DSt 5 StemNNor =T
[~ Becord Entity Statistics . metup Cost ystern, None, Mone
. Incremental Cosf, . . Systern. Mone, Delete |
. Unit Holding Cost. . . Systern. Mone,
~Comments . Unit Shortage CDSL .. Systern, Mom
Days to Run, . . Systern, Mone, Mon
| <End of list>
0K I Cancel Help

[0):8 I Cancel Help | 23

6. Assign == = =
A 2
Assign Block ) Attributes Element 2
Label: | Attributes:
Mark Attribute: | =l Add,,
Iext Label: | Edt.. |
. Delet

| Order Quantity [SECED

Variahles:

Big S - Inventory Level
Variables ?

Order Quantity, Big 5 - Inventary Level Add,
otal Ordering Cost, 0 : —
<End of list> Edit,.. |
__ Delete | Yariable:

or Aftribute:
Value: Big 5 - Inventary Level

| e |

Order Cluantity

~Comments

()8 I Cancel | Help

Yariable:
or Attribute

k. I Cancel | Help

Variables Ele
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: Bl
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. Hnlt Shogage CUSSL . yRJtem, fr\\ljnnu -
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oK I Cancel Help | 24
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7. Dela ==
Delivery Lag :
Expressions Element ? *
Delay Block ?
Expressions:
. Interderand Time, . . Mative Add..
Label: | . Demand Size, |, Mative, | M =
: . - . Ewaluation Interval, , . Mative, . Mo :
lifeits AfiloLies I =l -Delivery Lag. . . Native, . No
Next Label: | <End of listy
i ?
Duration: \ Expressions ? %
Starage 1D | \ ;l
Allacation: |Other ;' Humber: | |
: Mame:
~Comments 1D Aray Indes: | |
| 20 Aray Index: | |
oK I Cancel Help Data Type: | Native = |
Linked File: | |
Expression Yalues:
™ [UNIF0E, 10)
1140 Point
I Ok, | | Cancel | | Help | 25
8. Assign [
» I
Assign Block ? s
. Little 5, . _Systemn, one, Mone -
. Big 5. . . Sustern Mane MNnna ST 1
Label: [ - Ttal e Attributes Element 2
Mark Attribute: | ~| . Increment:
Mext Label: | i Holdl atributes:
.Daysto R ETGETENERLOD
<End of list  [<Endof st
Variables:

Inventory Level, Inventory Level + Orde

Add...

Edit... |
Delete |

[

~Comments

ok |

Cancel

Help

0K | Cancel I Help
Variables ?
Variahle:
or Aftribute:
Walue: E antity
0K | Cancel I Help I
Xjngo| FRaaa Hopx
Inventory Level =
Inventory Level + Order Quantity
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9. Dispose

Dispose Block

Label: ||

[]Becord Entity Statistics

Comments
|
Cancel Help
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Animation-Level
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Animation-Plot
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Results

Aol HF BT
Time Perglstent Minimum Maximum
Average Half Width Value Value
Holding Cost / 9.3701 (Correlated) 0.00 60.0000
Shortage Cost 17.0265 4.19506 0.00 200.00
Output
Output
Value
Avg Ordering Cost 100.39
Avg Total Cost 126.79
AU W 5 2P| U Y7 F2H|G
AU WP PG - ALY WP F2HG + AL B NYIQAHS + YU BF ZHH|G
126.79 = 100.39 + 9.3701 + 17.0265
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Optimization - OptQuest

/7 OptQuest for Arena [New Optimization] - O X
File Edit View Add Run Help
DS $BR - pPa| P
e Controls
B~ Mone
----- Big 5 (Variable) pntrols mman
""" Days to Run (Variable) Included | Category | Control / Element Type | Type Low Bound | Suggested Value High Bound Step| Description
----- Incremental Cost (Variable) W [None  |Bigs Variable Integer 0 40 500 1
""" Inventory Level (Variable) [ |Neone Days to Run Variable Continuous|  107.39991 119.3009)  131.09983| NJA
""" Littie 5 (variable) [ MNone ncremental Cost  |Variable Continuous, 27 3 3.3 NA
""" Setup Cost (Variable) ] Mone Variable Continuous, 54 60 66 N/A
----- Total Ordering Cost (Variable) " Variable Integer
----- Unit Holding Cost (Variable) =] Variable Coninuous
----- Unit Shortage Cost (Variable
R ¢ v ) [ TNOrE(ring Cost|Variable Continuous, 0 0 0] Nf&
+]--Responses
o ] [ Unitwiﬁ‘mst Variable Continuous 0.2 1 1.1 NjA
----- Constraints
O None Unit Shoh&&?ost Variable Continuous 45 5 55 NfA

& -Objectives

L. New Objective
..... Suggested Solutions Add Control From Array |
----- Optionis .
----- Optmization ZE s Hay ME
----- Best Solutions
Select all Clear All Modify
/7 OptQuest for Arena [New Optimization] - O X
Fil=  Edit View Add Run Help
DEE & RB( o~ PPOT|?
|_:_|"-Cc:mtrols Co |
B~ Mone
: Control amE’lBig 5 )
----- Days to Run (Variable) Descriptio
----- Incremental Cost (Variable)
----- Inventory Level (Variable) —Type
..... Litle s (Variable) {~ Continuous " Binary
""" Setup Cost (Variable) {~ Discrete {* Integer
----- Total Ordering Cost (Variable)
----- Unit Holding Cost (Variable) —Values—il—@,—%k—%—é“,—%i-?—l—ﬂ i
----- Unit Shortage Cost (Variable)

(=]
g
Lower Bound I 0 ol‘ﬂﬁcrete Step Size I 1

[+]--Responses
----- Constraints Suggested Value I 40 "ISHZI

& -Objectives
i.... New Objective Upper Bound I g0 Z|CH 2}

----- Suggested Solutions

----- x|

----- Optimization

----- Best Solutions
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Optimization - OptQuest

File Edit View Add Run Help

I OptQuest for Arena [Mew Optimization]

DE-E fBRR o~ PP @ P

[=l-Controls

E| None

----- Big 5 {Variable)

----- Days to Run (Variable)

----- Incremental Cost (Variable)

----- Setup Cost (Variable)

----- Unit Holding Cost (Variable)

[+]--Responses
----- Constraints
& -Objectives

e New Objective
----- Suggested Solutions
----- Options
----- Optimization

----- Best Solutions

----- Total Ordering Cost (Variable)

----- Unit Shortage Cost (Variable)

—Type
" Continuous

i~ Binary

" Discrete

~values X[ HZF AAM EHOL M

(=]
g
Lower Bound I 0 ol‘ﬂﬁcrete Step Size

—

Cancel |
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Optimization - OptQuest

Fil=  Edit View Add Run Help

I OptQuest for Arena [Mew Optimization]

DE-E fBRR - ppr@ P

[H-contrals
-Responses

- Constraints

- Objectives

- Suggested Solutions

Responses
Included Category Data Type Response / Response Type | &
[ Entity VA Time Inventory Evaluator.VATime Tally Value
] Entity Wait Time Inventory Evaluator.WaitTime |Tally Value
O Entity WIP Inventory Evaluator. WIP DStat Average
O Mane Variable Big S Variable Value
[ MNone Variable Days to Run Variable Value
] MNone Variable Incremental Cost Variable Value
] Mone Wariable Inventory Level Variable Value
O MNone Variable Little s Variable Value
O Mane Variable Setup Cost Variable Value
[ MNone Variable Total Ordering Cost Variable Value
] Mone Wariable UnitHoldingCost Variable Value
] Mone Wariable Lnit Shortage Cost Variable Value
O System Number Qut System.NumberQut Output Value
O User Specified | Qutput Awg Ordering Cost Qutput Value
W User Specified | Qutput Output Value
] User Specified | Time Persistent|Holding Cost DStat Average
O User Specified | Time Persistent|Shortage Cost / DStat Average | |
/
Add Response From Array |
E8 He ME

Select All | Clear All |
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Optimization - OptQuest

I OptQuest for Arena [Mew Optimization] AEI

0%

DE-E fBRR - Ppal P

[ Controls [ Contraols
[--Responses i -Big 5 (Variable)

-Little s (Variable)
- Responses
- Avg Total Cost (Dutput value)

L. New Objective
Suggested Solutions

XAl M
= 11 =2 O
[Avg Total Cost] X3}

File Edit View Add Run Help Objectives

| Select

u M |New Objective

Objectives Summary

Lnear  Goal _ Description Expression

MaonLinear| Minimize

[Awg Total Cost]

sgrt | log | logld
pow | exp abs
pi rand | floor
e | fmod| ceil
sin cos tan
sinh | cosh | tanh
asin | acos | atan
DtoR | RtoD | atan2

Sum All Controls |

MName Description
INew Objective I

Expression

[Avg Total Cost] \
" Maximize % Minimize

Check BExpression |

oK

Cancel |
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Optimization - OptQuest

/7 OptQuest for Arena [New Optimization] - O X
File Edit View Add Run W\
DEH & BB oF >N a|?
E3-Controls N—r1 Optimization Completed
B~ Mone
----- Big 5 (Variable) Total simulations: 74
----- Days to Run (Variable) Obiective Value | Status
""" Incremental Cost (Variable) Best Value 116.220894|Feasible
----- Inventory Level (Variable) Current Value
----- Little s (Variable) Best Simulation 67
----- Setup Cost (Variable) Controls
""" Total Ordering Cost (Variable] Control Name | Best Value | Current Value
----- Unit Holding Cost (Variable) Big S 59|
----- Unit Shortage Cost (Variable) Little 5 26
[F]--Responses %= i‘t
----- Constraints
- Objectives Objective Values
i..New Objective
12700
----- Suggested Solutions —
Options 1250000 -
plimization 1240000
----- Best Solutions 123,0000 =
1250000 4+
121000
B XAl ZF | 7<O-II:h |-7('| I |
120,0000 — /| HAO = 1 _ﬂ o _‘liA
19,0000 - . Best Value
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Optimization - OptQuest

/7 OptQuest for Arena [New Optimization] O
File Edit View Add Run Help
DS $BR - pPa| P
=]~ Control -
E-Controls Best Solutions
B~ Mone
----- Big 5 (Variable) Best Solutions
----- Dy to R (variabie) Select| Simulation Objective Value Status Big S
i .2208% sib 9 2
..... Incremental Cost (Variable) | 67 116.220894|Feasible 5 6 x| =Zk
..... Inventory Level (Variable) ] 21 116.252072 |Feasible 60 27
----- Litte = (Variable) O 69 116.290902 |Feasible 58 25
----- Setup Cost (Variable) [} 43 116419500 | Feasible 59 27
----- Total Ordering Cost (Variable) O 64 116.451763 |Feasible 57 24
----- Unit Holding Cost (Variable) [ 56 116.473747 | Feasible 58 26
----- Unit Shortage Cost (Variable) [ 22 116478448 | Feasible. &0 28
[H--Responses O 66 116.627966|Feasible, 57 25
""" Constraints O 20 116.650338 |Feasible 60 26
[-Obiectives O 15 116.714003 |Feasibled 59 25| . |
... New Objective
----- Suggested Solutions
----- Optionis
----- Optimization
""" View Solutions Advanced———— [~ Save Solutions
a5 Mare Solutions I 253' addto Suggested |
Refresh | Refine Solutions Write to File |
Select All | Clear all | View |
-t
rhatst |
o 5.4 7= : Model 5-4.01.mp4
B2 5- = : Model 5-4.01.mp
5l 5-4 X| X3} : Model 5-4.02.mp4
B'E 5-4 A2 : Model 5-4.02.mp
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