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> <4 2402 o5 2r 21
#H T L b AR G
Create 1 )-—u Hold 1 Delay 1 Dispose 1
FEREPIE FEI D oA TR BDiEAE
Create 2 )-—u Hold 2 Delay 2 Dispose 2

Create 3 \r Signal 1 Delay 3 Signal 2 Delay 4

s B A TIEIaE S 3 4% Morwfrk £ B wig
Question: 4@ Fr 4]+ 3 A H 2 4o B A B o pFERE Q
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' 2
3 % im A2 crHold ke
i . SIS WA =B NEs
— . Hold #i 2 Typ\e:z 7 B oo oAy

Name: Type: %i F"ifi ‘E\. f’l‘ m—% °
Hole1 - e Wait for Signal ¥ 4 6 & & H s g
\:\/a\ﬂm\/a\ue Sean ar o mSlgnalfs- ‘e z¥ R i3 %’i
DT ° Scan for Condition®_3 # g2 & B 1%
Queue Name = {?’ & st
e ' e Infinite Hold % it /% 4% » entityie » fk

[ o ][ camcel |[ Hel

EE\;P—EL ’ .uﬁﬁ_ﬁ

d H

Yo

AR RO B
1—“! is /"'__ELB":” °

m WaitforValueif 78 * #ic@ kX % 4 % F 17 55

» Limitff =% 9

v F o7

- % x“lﬂ",J

T 13 Hlehentities#ic £

= Hold 1.queuef% i %7 i& thentities
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5 B L4z enSignalii- e

Hold Bl
Signal @ﬂ—Hj
Name Type:
Hald 1 > |\‘Waitfor Signal - MName:
1 Signal
paifoale Soan for Condiion Signal 1 -
-1 Infinite Hold ) o
Signal Value: Lirmit
Quave Type,
!
Queue Name
Hold T Queue - oK I [ Cancel J l Help ]
[ o< ][ camce |[  Hem

e Signal Value: 1% 4 i sof 4izb 5k 2 + &
F B g o

*%

o Limitf 2% 25 % 12

G BE 5 218 A SR s B B

Fueb R A RE

LE E !

7'\5’@?])\257

éﬁl » % #bus_ limit > =50 Bla Lo
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> 22 A¥ v
4#5§ﬁ;méw$*%“ﬁt
Assign Mj
- Aoy AR R e E

Assignments

Variable, time to park. unif(15.20)

Adtribute, number on board, mnthus_limithNOH
Gt —— ;.

' % X #number on board ¥ **
mn(bus_limit, NQ(Hold 1.Queue))

o]

oK Cancal Hel > . . |
Lo ][ o] % #ctime to parkdy 413k £ i 4
53 A gr i
Record ) ﬁ‘
Name Type:
Paont o T —
Walue:
number an board [CJRecord into Set
Tally Name:
Fecord to Park -
[ o< ][ cencel J[ ren ]
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5 L thy SR AR 2

time to park

%H%gﬂiﬁ) EIHEE HIERE FEERE T
[ 0

time to station

%E%%EEF REEE |f— ZEEEZ *%?&%EMTE
[ 0

fime to park+5
EEERE \ i%fﬁﬂéiﬁéﬂi%"‘ HE5FE 1 P11 | Record to Park I%ﬁﬁ%?ﬁ{
I ’—‘ TR

i
L time to station+5
CoEETSEE R —— | EFERE LE '——{Fcurdm Station [
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Example 7-1 3% 5 %

Replication Length = 18 hours

EEIaE | MREERIN L

REFHEGERE 8.3852 8.2789
RESHRHBRAE 254899 26.9825

HER AR KE 37 35
FIEEH 13.5368 14.4681

NKFUST Simulation Chapter 7 — Transportation and Supply Chain Operation Slide 8




2T PRI A

o R LE] RS D SR ME D Ak IR S 155 4
TL’K{'“&%QI’%‘J’SA\%# T ¥ AR o

o INERBEER > FLB IS FIEA LT -
o FRERES S NE LG 50D AR R D Akt
BRI L1544 o REEFLD TP - 2 IF S pE i
¥ - :‘,L’;}E" ¥k o
o MMAFTM IHERAS T 0 ENEPOERPFETHRLER
A4 230448 0 ¥t A 3 0 £ "] Arms/}@jﬂ;\ # o
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ey D 3 NS ande

time to park

EUFEFRE }—d iR ELTE HENETE
0 ]

time to station

HERFEE } HEER BEETEN HERUTE
0 0
3

0

BHutRE —| %fﬁﬁﬁ?ﬁtﬁﬁ]'—' HiRELE Record to Park EEITHRITE)
»—‘ EELITERITE
pa
VR R 3 \ 30
HEBE I'— %{ﬁﬁﬂéﬁl&é&}, WEFEE L ‘A‘\Ecnrdm Station
0

PR g @
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W18/ PFindg % 1t

Example 7-1
B | RS F B
FETBEERR 8.3852 8.2789
FEZEFPFRELE 25.4899 26.9825
Cdt S SN 37 35
EFErE Y 13.5368 14.4681
Example 7-2
BABE A | ks g gk
FELTRBREERER 7.8621 7.5479
FEEERFRE A E 19.764 15.000
Edll /.S Sk 31 25
Ty 19.291 17.791
r b et W45 - Sreplication i iER B % pickup, dropoff
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72 5 R % H A feit 4R

k& FE 3 2 dproduct 1, product 2¢0% 37 H o A %S R P
& o A3 ena iy 5 ¢ Kaohsiung(2), Dalian(1), Shanghai(1, 2) » B &
en1 Ji ¢ HsinChu(1), Shenzhen(2)

o ART A SRR - BE T FRIKEFRETEMN B
AZH IR A - KAV AT ETH o

s RAVESORANAG ART AT AEBEE ok S BRTE
Q‘Lﬁ ’ ;}’F] /'kdﬂ%i;,]ﬁﬁ -
priority Product 1 Product 2

1 Dalian (A) Shanghai (A)
2 Shanghai (A) |Kaohsiung (A)
3 HsinChu(B)  [Shenzhen (B)
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Modeling Issues

o Entity:7 B feh—- &3 H nfe o A f;éz%’r.‘ &3 H A
e Resource:7 B2 A&

o k- UTHIRARAR 0L 0 TR R AR o
[N

x
Create 3 )‘{ Assign 3 % Seize 1 Delay 1 Release 1 Dispose 3
0 0

QlidreEAp i nfe s * file ?
Q24 i 4 fie ?f‘ A H B LR

QBrhe e 38 & Rl AR — AR i K & 9
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YU E RARIE SR SRR AR

o XL AResourceFH ez i BF R & # % Dalian, HsinChu,
Kaohsiung, Shanghai, Shenzhen » 2% {5 & SetF#l e & - B & &
factory set » #g 7] % Resource °

[ Members

MName Type Memb,
1 Set P1 Resource 3 rows Resource Name
2 Set P2 Resource 3 rows 1 Dalian
3 P |factory set Resource 5 rows | 2 Hsinchu
4 Set Entity Type  Entity Type 5 rows : Kaohsiung
" 4 Shanghai -
Double-click here to add a new row
5 Shenzhen

T - [ Members . [ Members ‘ &
ame o Members
T Set Pl Rosars 3 rows Entity Type — g:{";ueue QS::;V“ !M:"“'S'SI Queue Name|
2 Set P2 Resource Fewe | || Order 1 [srows| |§ 1 Queve T~
3 factory oot Resous o 2 Order 2 Double-click here to add a new row. 2 Queue 2
I ¥ |SetEntity Type  Entity Type pawewen | |5 Order 3 : Queue 3
1 Order 4 [ Quete &
Double-click here to add a new row. T rapie 5 HeE
Set Queue

Set Entity Type
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£ — ARy H oy T e

7~ ne

e o Fe PR AT R F PR T R
R H h)E .
2t izl FRB~F R factory set N F R
Set Queue J

Create 3 )W }—n Seize 1 Delay 1 Release 1 Dispose 3
0

SR bl B R
LR PR

Set Entity Type Expression:
Process Time
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LM index 7 entity type s ¥ B
Assign ? X 0> e-f%_rﬁ B PR 1] 2 e éTE
AT H AN R e
Narne:
Assign 3 -
Assignments: Assignments B g
Aftribute, index. di
P Type Attibwe Name,
| Newvalue:
Set Entity Type(index)
) (e |

Order 1
Order 2
Order 3
Order 4
Order 5

indexe{1,2,3,4,5}

Set Entity Type
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Mindex B E A F R chd A AR

Sei I ~
elze
| Resources m
Name Allocstion Priority:
| Type
St =
Resources
St hame Quantity
factory et -1
Selection Fuls SetIndex
Specific Member. ~| inctex -
Cyclical
Queue Type: Set Name: Setindex: Fandorm
Set - | Setusue index |
g Capactty
[T] m !jll Smallest Number Busy Cancel Help
T
Release P21 Resources m
Nare -
Relesse 1 - " -
Resources SetName Quaniity
factory set -1
Release Rule Sethndex
Specific Member «|[ incex -
aK Cancel Hel
ok | [ concel ][ Hem| [ J [ _concer [ [ rew
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B L2 eyt b 4

DISC

indexe{1,2,3,4,5}

regular process
Set Entity Type Set Queue factory set time

Dalian

Order 1 Queue 1 tria(1,2,3)

Order 2 Queue 2 Hsinchu tria(1,2,3)
Order 3 Queue 3 Kaohsiung tria(1,2,3)
Order 4 Queue 4 Shanghai unif(1.5,3.5)
Order 5 Queue 5 Shenzhen tria(1,2,3)

7.1
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TH AR

product 2

Priority:% 78 ¢z % High(1)
B —

x

Shanghaif ¥4 R AL > F & H & iy 5 75 % 8% enpE ilf@i‘—'_?f & H

Dalian . speed1

product 1 Set P1 Shanghai  _(1 108, 1)
Hsinchu

7\ Y\

Create 1 Assign 1 Process 1 —
/.
0

Create 2 ) Assign 2 }—- Process 2 —
0 Shanghai speed2
1] .
Kaohsiung  =(1.08, 1, 1)
Set P2 Shenzhen
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RN Ry S

Members &3l
N T
- o e Members | Resource Name|
e esource 3 rows 1 Dalian % E3 hlg )E‘f‘
B SetP2 Resource 3ows |||z S |
3 factory set Resource siows || |5 o
4 Set Entity Type | Entity Type 5o
Process @ X
Name: Type
Logic
Action Friority
Seize Delay Release ~| High(y -
Fiesources: 9
Resources | (B [t
Set SetP1 1. Preferred Order, index R —
<End of list> K
Type:
Set -
SetName: Quantity:
SetF1 v 1
Delay Type Unite:
Selection Rule: Sarve Attribute:
Expression ~| [Days
Preferred Order ¥ | index -
Expression | o=
order_size*speed 1 (index) Random _
Preferred Order
L Specific Member ! -
Report Stetistics " ergest Remaining Capacity
Smallest Number Busy
oK Cancel Help
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2 W ek fe e 2r 2L
>t fffmm‘u fi - B 3K %
R - T H AR
Create 3 \W F Seize 1 Delay 1 Release 1 Dispose 3
/4 :
—]
\ A
Create 1 I Assign 1 Process 1 W Record A Dispose 1
0 - 0
Product 1??‘ L3i7H AR e s No=| index<2=Atk 1
FE—
Create 2 )W }— Process 2 Record B Dispose 2
! 0
[}
Product 2 ?f L3TH LR
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SRE—RETE \ HES =) }_’
/

FiEdE

LR

SEF

PiETE

o

—\% ¥

PAET B

e

TETESERE

Record A r—-é ARHTR
—
P2:TE )% POTE R }— 2B Record B {% T
1
0
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Statistics -3 T_& 5§ i’ia}fq i

Name Type pressio Report Label Output File
1 product 1 time Output TAVG(product 1.TotalTime) product 1 time
2 product 2 time Output TAVG(product 2 TotalTime) product 2 time
3k ratio A Output NC{Record A) / (NC(Record A) + NC{Record B)) [ ratio A
4 avg order 1time  :Qutput TAVG(Order 1.TotalTime) avg order 1 time
5 avg order 2 time i Qutput TAVG(Order 2 TotalTime) avg order 2 time
6 avg order 3 time i Qutput TAVG(Order 3.TotalTime) avg order 3 time
7 avg order 4 time { Qutput TAVG(Order 4.TotalTime) avg order 4 time
8 avg order 5 time Output TAVG(Order 5.TotalTime) avg order 5 time
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=
Example 7-3 $i-$% 5%
m replication length: 300 days
= warm up period: 30 days
= number of replications: 30
Average Half-Width
Product 1 Time 2.4684 0.02890
Product 2 Time 3.5267 0.04009
Dalian Utilization 0.92475 0.01699
Hsinchu Utilization 0.92870 0.01628
Kaohsiung Utilization 0.94065 0.01837
Shanghai Utilization 0.99569 0.00402
Shenzhen Utilization 0.90453 0.02060
Order Ratio for A 0.62343 0.01709
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ShenZhenfy & it % & (1§ 58

ShenZhenf #-7 # % product 1 m?T" Li7H > iBAER P A Hsinchufi 2 # -

= { #xSetPle= R ;,%f]& Dalian
Shanghai
m 1% zzspeedl : (1,1.08,1,1) Shenzhen
Hsinchu
Average Half-Width
Product 1 Time 2.3103 0.03582
Product 2 Time 3.5595 0.05383
Dalian Utilization 0.89510 0.01860
Hsinchu Utilization 0.90336 0.01871
Kaohsiung Utilization 0.93132 0.02083
Shanghai Utilization 0.99539 0.00505
Shenzhen Utilization 0.96193 0.01679
Order Ratio for A 0.57466 0.01824
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T3 FF R Bt 5 F 1

Factory BR1IRBEI 2T

UNIF(1.6, 2.4) days

UNIF(0.9, 1.1) days

Retailer1l

l

Customers Customers Customers
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B4R AET A S 23N L ST LR SHR
 DC: E% m/uhﬁi A DC?’J-}% E—%I‘ ﬁjlﬁlﬁ;‘?_ °

ZBRARART ME AT 4

%mﬁﬁvaikmmﬁn DC i

'?’lfiT%.m/n AR L R
%‘U ;j"ﬁ_‘_»;_éd HIR AR o

BB D A & A B P i Sl B i
SR S A FIRGE G b -k 2 (fill rate) o
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Lo p R TSRS 70

o PMARPEGHET I & T ARG HindG 245303
o HAT kA Hia 4E4 593

o HEHBaRTE A A B LA 5 $64

o DCenm &4 » B4 5$200

# f -k 2% (Fill Rate)
DI -k i B R EAR S
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Y AR R AR T

Variable T TR E
inventory(index) SHBER EGE 30, 25, 25
order_size(index) | 547 T ¥ z37§ | 60,50,50
reorder_pt(index) | 5&/f 7 b 8 20, 20, 20
on_order(index) WAEEEHF 2L
order_count(index)| G4 7 37 ¥ =t #ic
DC_inventory DC#3 B3 & 80

order_size & = g [ F
DC_order_ DC THaRT R E 200
DC reorder pt DCi™ i % 60

on_order FEDC2 7
DC_on_ord W AFEEZDCZ THEE
DC_order_count DCewi7 ¥ =t #1c
DC_backorder DCx § 4 p cnit i
pipeline DCiEALGHF bt By
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b L 3 N2gir= 43 o "%ha 2
,I»( & (54 X FU P W m@! %#E‘t
Counter set T_HK
Lost Sales(index) | %3 54 mchd R4p 4
Sales(index) AP GHE s e g
Set - Basic Process r
Name Type Members s
1 p |Lost Sales Counter 3 rows Counter Name
2 Saies Counter s L Counter 1~
Double-click here to add a new row. L Counter 2
L Counter 3
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= f"b 3 &’_ > Eﬁ““‘l_ % X ﬁ‘El
— é A 3 = n E_ S
P 4 p V4
///7\ - — Yy \ -
Demand Arival Ass Retailer /\ Checkinventory »»——||  Fulfiment Record Sales f————=<{_ Order Decision &
A N A
N \ X
N X

-\"i
i =
el

N REHT W s

DC!
y
7 ——y
S [
& Retailer Order Assign Pipeline
Inventory

<DC check inventory; Falfilment Separate 1

replenishment

4
<\ Dispose 2
A | | 7.2
0

DC 1 it
A P DC/iu

%ce@sBack Order; U Dispose 4 | Remove 1 |Dng } %3‘;’ ﬁa’ ;’I‘ﬁ

Hold Back
Order Deivery to

Retailer

\\\
[ Y ‘Removed Entry
</< Dispose 3 Delivery to DC ) ) \—ﬂ li%gg;r
u 0 - 2
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M s 8 5] 5 40%:35%:25% 0 F]
$* % Assign#ic e 12 DISC(0.4,1,0.75,2,1.0,3) %%

#4248 £ B tindex o

Check Inventory

Demand Arrival )»—ﬂ Assign Retai \er}
0
Decide | (5 e
ecord Lost Sals Dispose
Name. Type: 0

,7 Check Invertory - —
[ Namedt Row Is
Inventory + index = =
= | ¥7inventory(index)>=14_F & =
ok [ camcel [ Hem
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EH P RS eFLERART

WEEHELEC EI B
inventory(index)+on_order(index)
<=reorder_pt(index) \

0 e E
| Fulfilment Record Sales
“J Fecurd Lost Sale:

Check Inventory Order Decision

Demand Amval) Assign Retailer
[]

Dispose

[Record [ER)
Name Type
Record Lost Sales - . o s e
o M Record e ek & 7 iy
1 [V]Record inta Set ‘15 ﬁ—ﬁiﬁ'ﬁ ’:’ﬁ_![d 'g_' N _I;]LLL
Counter SetName: Setindex .o .
Lovisaes - - || 3 &Record into Set
[ o ][ cencel |[ hew |
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S4F > DCE I

-l
4
s

entity type=order

{ #737 M=% #irorder_count(index) -
& A I ene 37 on_order(index) ~
43T H A 4 chpF B order time

\; { | ! !
e
i Retailer Order Assign Pipeline
place order C check inventory Eufilment Separate 1 o Inventory "
Hold Back ‘
Ordor Delivery to Dispose 2

Retailer

replenishment

0

0

DCH & LET LHAFT I [ Lodp
DC_inventory(index) >= order_size(index)

NKFUST Simulation Chapter 7 — Transportation and Supply Chain Operation Slide 34




DCEJE T H chinfg

Separatei- e #-jifzA 5 A f o —
B2 H o - FHRAETEAY

0
oe 0 1
Retailer Order Assign Pipeline
Fuifilment m onfeat Inventory T
| J| Hold Back L J
T Delivery to Dispose 2

Retailer

inventory

replenishment

& »
I place order
K, .

0

[ [ Hold === \
Name: Type:

Hold Back Order - DC ! %,‘ 6o 2mE R
. ] Y
#

s i B3 o
4 ik 12 Assign
Queue Type: ﬁ‘_“,—‘{ %‘:fr 1:‘_'_1‘3’ __1’;1

- | 2&7‘ ’. - -
FEEHE R
Queue Name:
Hold Back Order Queus -
[ ok J[ cencel |[ Hep |
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DCw 1 g4t b chindz

L AEFRHZGHEE
entity type=order NQ(Hold Back Order.Queue)==0
{ #7377 Pt #&DC_order_count @ ‘
37M-¥ DC_on_order l

o
Dc
—t
DC places nrde} Rep\emshmem} rocess Back Order: Dispose 4 — | Remove 1 =N
0
e : Removea Ente}
N0 sk orer G0
or_ et s ponsscnaccmns soons) | Y
Back Order
Fulfilment
0 A 4

Dispose 3 Delivery to DC

{ #7DCRE % 7L FDCH ES R 57 % L GHH
FATH > Pl ATDCE % & &
on_order(index)
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DCRIEEHTE 2 T4 ¥

Decide (2] = ]
Marme Type:
Process Back Orders v | MN-way by Condition

Conditions [Conditicns [

Expression, Hold Back Order.Qu i

D

Walue:

DC_inventary<arder_size(AGQUE(Hold Back Order.Queue. 1. NSYM(ndex))

r N
Expression Builder ﬂ

Expression Type:

Queue Name:
Advanced Process Variahles - Holel Back Order Queue
E-Basic Process Variables B

Adtribute Name:
index -

m

T E = Queus
Current Number In Queus Entty Rank In Queue:
Average Number In Qusus
2 = Average Walt Time
F ¥ Average Wait Cost
Value of Queued Enty Atribute
T E Sum of Queued Entity Attibutes ~

(-]

Current Expression

(=]

DC_imventory<arcler_size(AQUE(Hold Back OrderQueue, 1, NS Mindex))
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Removefi- 2 i® FA~H 8 1 b infe

)

- AR - AT H

T 4
U
DC order decision g»»——| bc
DC places order Replenishment rocess Back Order: U Dispose 4 Remove 1 =
e ! Removed Entty
N0 828 Orer e e !
prys———
Back Order
Dispose 3 Delivery to DG Eulilment
0
0
Remove m e s 244
BT H 5
Name: 3 g
Hold#- e 45
Remaove 1 -
Queue Name: Rank of Entity

Hold Back Order.Queue - 1
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Statistics - 3K T_, % L 2%

Expression Z &3 % 3

Total Inventory
ERBAR T

Delivery to DC.WIP*DC_order_size + pipeline +

DC_Inventory+Inventory(1)+Inventory(2)+Inventory(3)

Expression % & -5 &

avg fill rate |(NC(S Counter 1)+NC(S Counter 2)+NC(S Counter 3)) /
T 3o [ -k B |(NC(S Counter 1)+NC(S Counter 2)+NC(S Counter 3)

+NC(L Counter 1)+NC(L Counter 2)+NC(L Counter 3))

avg unit cost|((NC(L Counter 1)+NC(L Counter 2)+NC(L Counter 3))*3
T 358 p % & |+(order_count(1)+order_count(2)+order_count(3))*64+DC

_order_count*200)/2970+ DAVG(Total Inventory)*0.3
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=k S BAARIR S %
i¢ * Batch Means§ 2% > ;% 2% Zwarm up
period=30 days ° replication length=3000 days -
Average Half-width
avg fill rate .9979
avg unit cost |145.14
Total Inventory | 306.61 2.9893
dcinv 119.28 2.7886
pipeline inv 72.110 1.1674
inv1 40.044 0.3621
inv2 36.490 0.3164
inv3 38.681 0.4004
Example 7-5
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o 4T T BARE20% 512
o DCiim b £ /8200% % 160

o DCi7 | BLiE60"% 3 50

Average Half-width

avg fill rate 97754

avg unit cost  [134.38

Total Inventory |250.23 6.6199
dcinv 89.458 6.0513
pipeline inv 70.350 1.1674
inv1 31.912 0.4939
inv2 28.145 0.3823
inv3 30.365 0.3778
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Al AR 3

e #4-DC_order_size*# % 100 o

» N

BT

i3

o = K ikfstaidrd BIRF G EMA DT > §DCLTF KSR GV LG
HErEp SERE- S5 0 -
V-2 0DCHRAEFZE v IR THEAY o

o 4riPig il A A T AR RERIEET L RTHHE o

inventory

Fulfillment

Vg Y
I place order
A ’ 4

™| Retailer Order

Separate 1

* o E3TH # 7 A Holdfite -

Hold Back
Order

0

1| Assign Pipeline
ongrat Inventory ]’—‘ repenshmenth
:

L Delivery to

Retailer

J L< Dispose 2
0 —

(]
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