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I. Inventory Control

Question: & 4 b chpE 4 2 e g

Fixed Order Period Fixed Order Quantity
P model Q model
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B(t): $ ik chii= B3 D(O): ¥tk eng &

S(t): ¥ tixensl & £
O(t): #tixen  f &

E(t): § ¥ e % B

e B()=E(t-1)+O0(t-3) 4R 5=t FH AR G+ FH o H £
=mi HEEF PRt FRE
e S(t)=min(B(t),D(t)) & & & z
o E(t)=B(t)-S(t) # AR G=h4 R 5-482
e O(t) =max(0,1 ,,-E(f)-0(t-1) - 0(¢t-2))
PBrEF o g AZE Ok
NKFUST Simulation Chapter 4 - Terminating Simulation Slide 5
HEANERAE G
A RRE AP
Inventory.xlsx
HS - ( £ | =MAK(HSZ(ES+F5+G5)0)
B G D E F G H 1 J K L M N
=77 1 BB B (U RS B HE A A
| 400 55 51 52 530 570 |
HHER BERY HES MEEF £iF 152 (T8 #HENE RARE BERE wEfF fTSM+ EHi
400 213 213 187 o o[__213] sioes s2330 50 $30 $70 $672
187 179 179 8 213 0 179 $895  $310.50 50 $30 $70 s48s
8 182 8 0 179 213 8 540 539600  §348 530 5§70 (5804)
213 177 177 36 8 179 177 $885  $31150 50 $30 570 5474
215 282 215 0o 177 8 215 $1075 $29250  §134 $30 $70 $549
g 218 8 0 215 177 8 $40 S39600  $420 $30 $70 (3876)
177 155 177 0 & 2s 177 $885 S31150  $156 $30 570 5318
146 267 146 0 134 120 146 $730  $32700  $242 $30 570 861
120 201 120 0 146 134 120 $600  $340.00  $162 $30 $70 (52
134 176 134 0 120 146 134 $670 $333.00  $84 $30 570 5153
146 161 146 0 134 120 146 §730 §$327.00  $30 530 570 5273
120 128 120 0 146 134 120 3600 $34000  S§16 $30 570 5144
[ 14846 18323 12948 1898 $64740 $33526 $10750 51046
FU105 HE = R G s @5 3T 4255200 -
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Attrlbuteq\entltym’f B NE R ﬂ,\r ,@; entltym T o
demand % Af % 7 K& - order size 5 GELis T H R

Variable#s it & sk it » T i@ entity - PR g f;% B3 4p
e #cid o mventoryz‘?JR,p 3 & o totalusage®_% i ¥ £

» total shortage#_% 3+4* | £ > order count#_% 3+4f | =& #&c

warning: 18 # 7 # 7| & H_attribute?:%& #_variable?
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Create 1 I Assign 1 Dispose 1

e Assignticie ¥ X %~ o4k ~ i} tzattribute, variable
E
=

CRPRYREERLE
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Assignfi- 8 % 458 { ATHE

Assign Pl X
MName:
Transaction -
Assignments

m [ 0] Total Usage < Total Usage +

1

‘Variahle. Total Shortage. Total Shorage+(den

Variable, Inventory, Imventary-mn(demand, Inve

Eraries mn(demand, Inventory)
Assignments -

Type: Wariable Name
Mew Value:

Total Usage+mn{demand. Inventory)

o[ cons )

Help

e Type: Attribute or Variable
e demand=disc(0.5,1, 0.8,2, 1.0,3)

e B {234 {7 ! Inventory « Inventory — mn(demand, Inventory)
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Create 2 \ Decide 1 il Assign 3 } Process 1 — Assign 4
/ E
0
Dispose 2
0
o Createfici : 7|:Z pF R ¥ If 72 5 Constant » # & 3 7 days
o Decidetiie @ PR & Sk L7 8 F 37 %
o Assignfice @ AW L AT R HE TR
e Processfiie @ fdg < p TR R
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Decide M
Nare: Type:
Decide Order
If: Marmed: I
Walue:
100
[ ok ][ cancal ][ Hep
e Type: 2-way by Condition
o B 7' IiTh B { ™ ! Inventory <=100
o it sza‘&True v F P:E & Falsed
L OFmAm AN T ARmA L ELET i

L
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Assign )
Name:
Process @ S
Order Preparation -
Assignmens: e Type
Variable, Order Count Order Counte1 T Delivery Process hd
Aftribute, orcler size, 300-nvento
L g 2rpi B —> || Acton
BT - .
[ ok ][ ocamce |[ rew |
v ¥ ‘7 3§ Triangle(1,2,3) )it
e R ;7 ¥ 5 i Triangle(1,2,3) days 1 &
Name: Delay Type: Units Allocation:
Replenishment [Trianguiar | [Days v | [value Added -
Assignments, Minimurn! Value (Most Likehy): Masimurn
Variable, \r\venmi mvenmii +Order Size < | 2 3
m Report Statistics
s
i T [ ook | ok | [ concel |[  Hel
Cancel | [ Help
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Attribute vs. Variable

Attribute Zentity BB - IS & EentitylE R - #FLb
BREENBEBEREM - BEEBUNKEANEAR - Fla0
demand 2B EBEEMNEKE ' ordersizeEBRBEENE = -

Variable @ ;0% 2 & A H AR RS - T T entityZF = EEVRIAH R 1
& - 1§JﬁD|nventorym¢%uuﬁTz’EFQT_“W’EM\KE’J Zi

iFinventorysRa& Asattribute - CISEE A B R EE VR ARV E
Z&  HIRE LEEI = ARNERRT -

fForder sizeiriEk Ayvariable - 2RI ESE W B BRG] E
B - HEERBEBAEIERNSH N —E NEMNBEEEN -

NKFUST Simulation Chapter 4 — Terminating Simulation Slide 14




5 1@

Example 4-1.doe

Create 1

4.1

[ e
/

Inventory=Inventory —
mn(demand, inventory)

Dispose 1

AR etE A B

’ el Inventory =
Inventory <=100 * . Inventory + Order Size
—\ \
Create 2 I Decide 1 Assign 3 Process 1 = Assign 4
0
0 e 0
Dispose 2
—
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e > 2 v 2 Y
A i B4 + B
@ FEle | B Z RS
| RunSpeed | RuComwol | Repors | ProjctParameters |

Replication Parameters Array Sizes | Arena Visual Designer

Nmber of Repliations Initialize Between Replications Example 4-1 _doe

1 [¥] Statistics [V System

Start Date and Time:

[Chotoze sH24E o 02:16:52 [ENd -

Warm-up Period: Time Usits Total time WIP

00 Customer 0 0
Replication Length: Time Units: -

30 o - Reviewer 0.9786 0.1398
Honrs Per Day:

12

Base Time Units: — .

Dars > Q2 P s ?

Terminating Condition:

£ w7
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o H#+& 4 ¥ ¥ (period) ~ 37 b B:(reorder point) -
B 7%+ *(limit)*k % variables °

o e T FHFETREGER
o ¢ * StatisticsPrE T & L A B L = A o
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k& Plot =)

Data Series |Axes |T|tles IAreas | Legend | 3-0 V\ewl

Data Series

Inventoy Level Properties:
+ | |2 Source Data

Line > DrawMode > Stairs

-
+ . Name Inventoy Level .
i Expresﬁlnvenlury) |:|
& Fill 300+,
Pattern {[](Mo Fill)
ForeCo.... [lIRGB(128,0.0) 250
BackC... | [ IRGR(?A5 2 =

Add

H Remowve ]

| Cnnrca Nata

200

Sample

1
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T
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[ ey vl

150

100

80 90 100
QK ]I Cancel “ Help
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e Time-persistent variable: 5{ F# [ @ 2 % chdici® » 4o 75

s &
F# * #i > Arenafi & discrete change variable - ;g %2
o ¥R A B - BPFERPNTIBE - 4o P (rTHRE
7 ° #i % time-based average -

o Iy TinE
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Tally variable: e #f 3| FBRLR & > 4o 7 (> ehy

¥ iﬂ@i{ﬁ&ﬁ’?@imﬁﬁr‘f VLR doh 1S T E A
Z 2 L% iRl > % fiL 5 observation-based average © %
Xy Xy o X, R A P > 23016

n
i=1Xi
n

e Counter: 3" # % » %3

B R o o S8
C RS e R L RE R

4

NKFUST Simulation

Chapter 4 — Terminating Simulation

Slide 20




Statistics - .7 Time Persistent % #c

Type 1= =L Collection Period Report Label
1) IOn Hand Inventory  Time-Persistent Inventory  Entire Replication j On Hand Inventory

Type: Time-Persistent

Expression: Inventory
Arena ¢ i B 3 %t Y

T 5 3 ¥ =DAVG(Inventory)

Type Collection Period | Report Label Qutput File
1 | inventory cost | Time-Persistent {Inventory®0.02  |Entire Replication | inventory cost

Double-click here to add a new row.

Expression: Inventory*0.02
Arena g BB 33 AR L E TR 54 A

NKFUST Simulation Chapter 4 - Terminating Simulation Slide 21

Outputit Z & 4% & B3 5 § % i

Name Type Collection Period | Report Label

1 inventory cost TimePersistent  Inventory0.02 Entire Replication _ inventory cost

2 b |daily cost TD (60 Entitiesin{reviewer)+ 2007 order count+5+total JENHre HEplEaHER" daily cost
shortage)/350 +DAVG(inventory cost)

3 total usage count Output Total Usage Enfire Replication  total usage count

4 total shortage count  :Qutput Total Shortage Entire Replication | total shortage count

5 total order count Output Order count Entire Replication  total order count

Double-click here to add a new row.

Expression Type

rExpress\'cn Builder u‘ 4.2
Type: Output
Entity Type:
[#-Advanced Process Vatiables - reviewer -

-Basic Process Varisbles Hp 23 A= A A+

Atribute

3 b A A A
@ Costs
\. Numberin o )
L eaee =(60*EntitiesIn(reviewer) +
i 200*order count +

Process

Recors - 5*total shortage) /350 +
EEEE BE DAVG(Inventory Cost)

Current Exprassion
(B0*Enitiesin{reviewer) +200*order count+Botal shortage)y350 +DAVG(nventory cost) ~
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Example 4-2.doe

& & #EEE - M4 3 of3 )
Preview
B ”gj{.:’;d Project |User Specified
& User Specified
- Tally
Time Persistent Ta"y
=-Output
Output Expression Minimum Maximum
Average Half Width Value Value
Record Inventory 10282  (Insufficient) 0.00 221.00
Time Persistent
Time Persistent ) Minimum Maximum
Average Half Width Value Value
inventory cost 26978 0.109258719 0.00 6.0000
Output
|Ou!pul ‘ Value
daily cost 32.2692
total order count 25.0000
total shortage count 470.00
total usage count 6795.00
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IT1. #3 e id 17 4] s
Terminating simulation : 3 & T_ifde 4587 & chig i+ 5 fw
FIem LR AL HT 4 F - AP P IuE F
= = L 2 L - N Y-~
o HABIUf R BRI Rt Z By Y
..1,4 P 2o Dl 2, P I A e 2
o LANFRMERG HADB LD » R TPy o
: : . %2, 4 N [N 27 K I Y
Steady state simulation : % stift £ PF R i@ (7 > 2 i i

R QR
o A AMITR AR > A EART AR > K- X 5
wl%’mﬁ%fﬂﬁm#%%%@ro
o kBT 403 0 F 4
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Terminating vs. Steady State

o 4 A MPPLIAT & MLk
o 4 A MIJSLIRF 70537 H ek 1 AR

o« PRAFUEFEICE
° %F?om*#ﬁ ’E.'IE"_

FREALCEE S PR IET P & o
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Schedulefi- 23K T & 3% g R

KRG ke ZED > X HE R > PF AR 5 Terminating Simulation

P % (days) 1-50 [51-100{101-150|151-200|201-250{251-300{301-350
& pFFliE#c| 09 1.0 1.05 1.1 1.05 1.0 0.9
(arrivals/hour)

Schedule 7 #2 #i- %2 Type: Arrival

Schedule - Basic Process ‘ . |
Durations 3
‘ HName /jiype\ | Time Units | Scale Factor | Durations ‘ - [
T b |Demand Schedule( Amval JDays 10 Trows | Value| Duration
1 09 80
Double-click here to add a new row.
2 i 5
3 105 150
1.1/hour for 50 days —f[* |1 %
5 105 150
6 i 5
7 0980
Double-click here to add a new row.
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e fiz & Demand Schedule: 3k % @ 34 &

Create M

Name: Entity Typs

Demand Arrival ¥ customer -

Time Betwveen Arivals
Type Schedule Name!

Schedule ~ | Demand Schedule -

Random EXED

Max Arrivals:
Constant
Expression Infinite

[ OK ] l Cancel ] I Help
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Example 4-3.doe (1 replication)

& F= 205 - o4 3 of2 ]
Preview
=-Unnamed Project P
Entity |User Specified
& User Specified
& Tally
Time Persistent Ta"y
£ Output
QUL Expression Minimum Maximum
Average Half Width Value Value
Record Inventory 99.94 (Insufficient) 0.00 211.00
Time Persistent
Time Persistent Minimum Maximum
Average Half Width Value Value
inventory cost 2.6564 0.148211145 0.00 6.0000
Output
utput
p p ‘ Value
daily cost 33.8564 32.2692
total lost sales count 584.00
470
total order count 25.0000
total sales count 6860.00
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Run Setup —
T Terminating simulation
. Initialize Between Replications :
I\Ill;mberofRephca ons: S e = IID Observatlons
= 95% confidence intervals
[Clo13% 4F 195 L5 06:23:34 B~
Warm-up Period: Time Units:
00
Replication Length: Time Units:
0 = i i 33
S 10=% replications s »<
: e % i
Base Time Units:
f;y:mg S— Average |Half- Min. Max.
width Average Average
daily cost 32.4058 0.93 29.9170 33.8564
total usage 6699.3 73.91 6474 6860
[ ®me ][ = count
total shortage |480.50 65.86 306 584
count
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2 7 ] NG
AT SRR LR
n replications 2n replications
Sn S2n
hy =t — h,=t —
1 n—1,«/2 2 2n—1,x/2
/2 /2 2n
h, 1
—=—=0.707
hi V2
2

o h
# 3 #-LFd h % 2 h= #7F replications = n 71
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ARENAA Wl #4553 B 4 A5 3 E7 2 & B

AT BEDLFED =X, — % * L Fefrhi+th, > F L 2
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% SRR R § e

20 replications

Example 4-2.doe & = 3 g1t Example 4-3.doe 7 = 34 % i
Average | Half-width Average | Half-width

daily cost 31.8001 0.43 daily cost 32.4286 |0.50

total usage count | 6686.75 37.15 total usage count | 6672.45 |43.77

total shortage 438.40 30.56 total shortage 481.10 |35.36

count count

100 replications

S LOHEYE it |Average  |Half-width |3 = g8 2 & |Average |Half-width
daily cost 31.9454 |0.21 daily cost 32.4341 |0.22

total usage count|6687.66 |15.06 total usage count |6677.56 |18.10
total shortage 450.04 14.88 total shortage 482.07 15.73
count count

Caution: & * ﬁ},ﬁ%éi LAY ETF AL RN Epmd R
BrhAFE e VNG REFLAFELA LA IRGRFTLE

NKFUST Simulation Chapter 4 — Terminating Simulation Slide 32




