creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

sl
HJ
oF
ol

ol
Ho

Research on workforce planning based on model enhancement method

forming shop

with variability of work :

;O._
Nfo
!

A
E
M

]

o

gyl

2

2020

& =



201941 12¢ 274

Collection @ kmou



1ii
v

Hr

List of Tables
List of Figures

N = N <

mp

1. A

1.1 873

0

Ho
B

o
)

5
5
7
9

D1 O)AF ARZ A B EO] AL wooverrmemmmsssvrevsrssssssssmmmmsssssssssssssssssmsssnssseessssssssse
2.2 AnyLogic Al&# °]

23 A4 HA3 AYH ( Integer linear optimization programming)

10

24 EL‘HE] 7O]—§;], ( ME, Model enhancement )

12
12
14
15
15
16
18
19
20

3. 48 ZA B 9 AEHO]A BEEF

X
lg

Ho

Ho

Ho

aﬂo]/‘\i A=R=)) z}%/\]ﬂ- )g;g

=
=

]

A

g

A

Ho

& W AT T O]E] s

/;‘__]

Ho

23

24

?g_/,: 7;]]1_] _7;4,]X_4l§;], p=R=l] )é;ﬂ

Eis

% 9

o

Tou

p—

0

Collection @ kmou



411 A A ZAA} Ak TF BA A DA e 24
412 A3 ZA 8 AY HAS B A e, 8
42 A A HASE BE AT TJO]E] s 31
43 HHE Z] S EFE RE] ZFE s 33
4271 HFE ZEQJO] B 7] e 33
422 Case 1 HFE ZFQ] o 34
423 Case 2 HFE ZFQ] o 39
424 Case 3 HFE ZFQ] o 44
5. A BA T OZE 48
51 ZF Case HFE 2} o] WE MAPE B G cweererersreessememsssmenssnennees 48
5.2 7_1'- Case :g—;g =) a]%_ H] DL coeerreermesneene i 53
53 AF AR ccevrerevreerreene A AR X L IIA Mo 59
- -

Collection @ kmou



List of Tables

Table 1 The example of Material data variableg - wwsewrerrssssssssssssssinene 15
Table 2 The result of running simulation model = :eeeeeeemsereseeeeeenen. 22
Table 3 Stochastic relations between workers and production per each
e T IR 24
Table 4-(a) The production of period 1 by the number of workers -+ 26
Table 4-(b) The average production of period 2~6 by the number of

IWOTKETS ++vvveerseseeemsrese st 26
Table 5 The process-related operational information «::sseesseeseeeeeseeees 28
Table 6 The weekly pay Of Worker - sssrsrrsissssssssssssiinisissisisisises 79
Table 7-(a) Case 1 : The number of product demand -«:-=-eeeeeseseeseeeees 30
Table 7-(b) Case 2 : The number of product demand --:::eseseeeeeeeeeeeess 30
Table 7-(c) Case 3 : The number of product demand - seeeeeeemeeeeee 30

Table 8-(a) Case 1 : Integer Optimization plan established by relational
EQUAIONS +++++++++++55500050 000000 31
Table 8-(b) Case 2 : Integer Optimization plan established by relational
EQUALIONS #++++++++++5050505000 00000 31
Table 8-(c) Case 3 : Integer Optimization plan established by relational
T — 32
Table 9 Case 1 : Simulation result value with optimization plan - 34
Table 10-(a) Case 1 : The integer optimization plan established by twice
relational  equations (17),(18) rrrerrrersrsrsmsrssssssssssissssssssss s 34
Table 10-(b) Case 1 : Simulation result value with twice improved
OPHIMIZALION PIAN 00 35
Table 11-(a) Case 1 : The integer optimization plan established by 3
times relational equations (19),(20) -wwswsesessmmmssssssssissssssssssssssss 35
Table 11-(b) Case 1 : Simulation result value with 3 times improved

Optimization plan ...................................................................................................... 36

- 101 -
Collection @ kmou



Table 12-(a) Case 1 : The integer optimization plan established by 4
tlmeS relatlonal equatIOI’IS (21)’(22) ...................................................................... 36
Table 12-(b) Case 1 : Simulation result value with 4 times improved
Optimization plan ...................................................................................................... 37

Table 13-(a) The integer optimization plan established by 5 times

relational eqUAtiONS (23),(24) «+rwwwrwsrsesererersrsssssssssssssisisssss s 37
Table 13-(b) Simulation result value with 5 times improved optimization
T 38
Table 14 Case 2 : Simulation result value with optimization plan - 39

Table 15-(a) Case 2 : The integer optimization plan established by twice
relational  eqUAtioNs (25),(26) wwwwwwwrererersrsssssssssssssissss 39
Table 15-(b) Case 2 : Simulation result value with twice improved
OPHIMIZALION PIAN #0001 40
Table 16-(a) Case 2 : The integer optimization plan established by 3
times relational equations (27)’(28) ...................................................................... 40
Table 16-(b) Case 2 : Simulation result value with 3 times improved
OPHIMIZAION PIAN #0000 41
Table 17-(a) Case 2 : The integer optimization plan established by 4
times relational equations (29)’(30) ...................................................................... 41
Table 17-(b) Case 2 : Simulation result value with 4 times improved
OPHIMIZALION PIAN +++r0ssssssssssssssss s 42
Table 18-(a) Case 2 : The integer optimization plan established by 5
times relational equAtions (31),(32) wwwwrwwrrrerrersersrsrssssssssssss s 42
Table 18-(b) Case 2 : Simulation result value with 5 times improved
OPHMIZAHON PLAN ++essssversessssssssesss s 43
Table 19 Case 3 : Simulation result value with optimization plan - 44
Table 20-(a) Case 3 : The integer optimization plan established by twice
relational  eqUAtioNs (33),(34) wwwwwwrrererererssssssssssssss 44
Table 20-(b) Case 3 : Simulation result value with twice improved
OPHIMIZAHON PLAR ++essssversessssssssesss st 45
Table 21-(a) Case 3 : The integer optimization plan established by 3
times relational equAtions (35),(36) wwwwwerrrrerrrrersersrssssssssssssssssss 45

- Iv -
Collection @ kmou



Table 21-(b) Case 3 : Simulation result value with 3 times improved
Optimization plan ...................................................................................................... 46
Table 22-(a) Case 3 : The integer optimization plan established by 4
times relational equations (37),(38) ...................................................................... 46

Table 22-(b) Case 3 : Simulation result value with 4 times improved

OPHIMIZAHON PLAN ++essssversesssssssses st 47
Table 23-(a) Case 1 : MAPE comparison by iterations -::::::sseeeeeeseeeeeeee: 48
Table 23-(b) Case 2 : MAPE comparison by iterations -«::eeeeeeeeeeeseeeee: 48
Table 23-(c) Case 3 : MAPE comparison by iterations «:eeeseseseseeeeeceee: 49

Table 24-(a) Case 1 : Process related costs about before and after model
OITATICEIMEILE +++e++vsveseeessesseserssssemsnssssssssss s s s se s as s 58
Table 24-(b) Case 2 : Process related costs about before and after model
Dy a— L.\ ) SN 4T 58
Table 24-(c) Case 3 : Process related costs about before and after model

enh F T <) 00T 8 AR R T P P P PO PO PRI OPPTPIPPD 5 8

Collection @ kmou



List of Figures

Fig. 1 Simulation language provided by “AnyLogic” « s 7
Fig. 2 “Model enhancement” Performance process = sssssrrsssssssssssseee 10
Fig. 3 Model enhancement algorithim «sssssssssssssssssssssssssssssssssssssseneee 11
Fig. 4 Result of “Model enhancement” = esersesssssssssssssssssssssssssssssses 11
Fig. 5 Forming shop of a shipyard with labor-intensive characteristics 12
Fig. 6 The workflow and layout of the forming shop «««wweeeereseeseeeeees 13
Fig. 7 Forming shop discrete event simulation model «««eereeeeeseeeeeeeeees 14
Fig. 8 Hot and cold forging process of forming shop ««eeeerereeesseeneeeees 16
Fig. 9 Failure and maintenance settings of the facility «eeeeeererereseeeeeees 16
Fig. 10 Uniform stochastic fUnCHOM s sseesesssssssseesisssssssisssisiisss s 17
Fig. 11 Triangular AV stochastic diStribution « s 17
Fig. 12 Travel time between forming Shop « i 18
Fig. 13 Setting travel time between forming Shop < serrrersssses 18
Fig. 14 Triangular stochastic diStribution - e 19
Fig. 15 Worker’s working hours on simulation mode] = eeeeereeseeeeeeeeeees 19
Fig. 16 Set model time and randomness of simulation model -« 20
Fig. 17 Discrete event simulation model of forming shop e 21
Fig. 18 Setting the cycle time for RESOUTCe s 7
Fig. 19 The flow-chart of the model enhancement process -« ==«weeeeeee 23
Fig. 20 Stochastic relations between workers and production -« 24

Fig. 21 The Relationship between worker and production in Period 1
obtained by least square technique - 77
Fig. 22 The Relationship between worker and production in Period 2 ~ 6
obtained by least square technique - 77
Fig. 23 Trends in employment size and total amount of employment by 9
major shipbuilding COMPANIEs s 8
Fig. 24 Direct employment costs of in-house subcontracting workers in

each industry .......................................................................................................... 29

- VI -
Collection @ kmou



Fig. 25 The empirical rule of standard deviation ««:eeeeserseeesseseseeseeeee: 33

Fig. 26-(a) Case 1 : Standard deviation of MAPE with iterations - 38
Fig. 26-(b) Case 2 : Standard deviation of MAPE with iterations - 43
Fig. 26-(c) Case 3 : Standard deviation of MAPE with iterations -+ 47
Fig. 27-(a) Case 1 : MAPE between simulation model and optimization
o ot i 50
Fig. 27-(b) Case 2 : MAPE between simulation model and optimization
e ot i 51
Fig. 27-(c) Case 3 : MAPE between simulation model and optimization
et AR 52
Fig. 28-(a) Case 1 : Process cost before iteration w e rrmesssrmeessse 55
Fig. 28-(b) Case 1 : Process cost after iteration e sersssseresssseenssc. 55
Fig. 29-(a) Case 2 : Process cost before iteration «::wwseeseseesseesesseeeeen: 56
Fig. 29-(b) Case 2 : Process cost after iteration s« seersssseresssseenssc. 56
Fig. 30-(3) Case 3 : ProceSS cost before iteration ........................................ 57
Fig. 30_(b) Case 3 : ProceSS cost after iteration .......................................... 57
Fig. 31 Average process cost COMPATISON by case s 58
- VII -

Collection @ kmou



Research on workforce planning based on model
enhancement method with variability of work:
forming shop

Shin, Hye Soo

Department of Naval Architecture and Ocean System Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

The Material of the curved steel plate that is a part of hull is made through the
forming process. In order to save the inventory and human resource related cost
of forming shop, a plan that reflects the characteristics of the forming process
should be established. However, scientific planning is not possible because
decisions made by worker experience are predominant in the forming process. In
addition, the prediction of mid to long term demand and the creation of an
optimization plan for the production site based on it do not take into account
the variability at the site, resulting in an error between the production activities
and the plan. In order to improve this problem, this study constructed a model
of cutting, cold, and hot molding processes using DES( discrete event simulation
) to simulate production activities performed in actual processes by reflecting the
characteristics of mechanical processes such as failure and repair. In addition, a
model hardening (ME, model enhancement) process was used to improve the
equation by reflecting the result values of simulation repeatedly in planning
using the water purification plan optimization method, which was used to reflect
the relationship between the operator for each period calculated using the least
squares method. This allowed the establishment of an optimal plan with a
constant error rate considering the variability of the molding process.

KEY WORDS: Shipyard Z4l4:; Forming Shop 4% 374; Planning #¥; Discrete
event simulation ©|4F AR A]E#o]A; Model enhancement =4 73}

Optimization %] 3}.
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22 AnyLogic A E# o] €FA

AnylLogice AnyLogic Company ( 7= XJ Technologies )ollA 7]t &3t AlE# oA
238 AXES oot} AnyLogic AZE o= ©]4t ARZA(DES, discrete event simulation),
oAo]E 7|9k ( Agent - based modeling ) ® Al2=® Tho|uf]2: ( System dynamics )
Algdolde] 7de ALt

A2E Tole st olak Ade ABA AR AT WAolm, oo HAE Suke
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Anylogice 2Z4Q 2dy AojE =ZFslH, =g AHEANEC] Java IE=E B
AlEFoIA RAESS FAAE F UEF It w4 JavaE 7IWEOE Sh= AnyLogice
oulgt FF HePANMNE €8 & e Java HETS FSER olYe} Java ZHS 58

&

A8 o) mle SAske ol 2,

Y Anylogice] AlE#H I dole AT 77 tholol 13 ( Stock & Flow diagram ),

B8l AE ( State charts ), A AE ( Action charts ), AH2]HA £AE ( Process
flowcharts ) ¢ 22 2452 FAHY Utk A} 7% toloj1dl ( Stock & Flow
diagram )& A|2F ol Rdds fla] AHEETh AE AE ( State charts )= TN
dol]HES] S Aostr] ST co|HE rwk mdde] ALgHT. ol Z|A 1%
AlEEoldd ol odt A REPE FF AREETE H4d AE ( Action charts )=
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23 34 HH3} AZYY ( Integer linear optimization programming )

HAstd 34 AdS HHorR Igslr] A% A dxjold. FHAste JHE
A FelQl A AL (Linear Programming)< FaLol| A AAHAI gl o] 27|7k4] A<
opell o] AAAHR] F8&HE AL Stk AR AYEe Folxl A
A AR FF g HAHSske Aotk Aok 23l
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5otk 2 =ioAe £ 84 AlEY (Mixed integer linear programming, MILP) S =
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l

W

Model Enhancement

Estimation A

of performances

Solution x;,

i

Simulation Evaluation

2

Fig.
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Phase 1 : Simulation

Phase 2 : Enhancement

Phase

3 : Optimization

5—0 | SolveMILP | | /  Infermation
- model optimization
| I
* i Set of |
Solve MINLP Information Enhancement raint: Solve MILP Infermation
d=1 model %  from heuristic C;":Jg"tlus model I~ from
simulation I MILP | optimization
N |
A 3 I I
Solve MINLP Information Enhancement (crf::r:izls | Solve MILP Information
§=2 model W o heuristic to add to model > from
simulation f MILP 1 optimization
|
v
+++ continue until § = A (stopping criterion)
Fig. 3 Model enhancement algorithm
o u ” O 3N =4
9 42 “Model enhancement”®] ¥HEZ 24Q)S gt we}t AlEdHold 22y HZ
o) . : . > = L= O 3 5 2= = =)
3} 2E7t] Solution estimation®] ZFo|7} £Ee AS FUT & th o& T8 Eoh
& Al ) 5] 2=8] 8 3lo|sl 2= o
LEZ:]IL Zﬂg T}a:la er—l"l‘})\q
12 - - T - T T 12 T T T T T T T
15F J
15F 1
1" 4
s "f | 5 105¢ Se
E é 10 4
& 105f pm——— J i ’
s <% Ss S 95
5 \ i
N R . e | 8
= 7 9 J
~ 4
Semme==" 85 4
8l g
Theoretical f,(x"g) —— Theoretical fo(x"g) ——
i n i i IS\mu!anon o 75 i F i X X Sir:\ula!ion e
% 10 20 30 20 50 50 70 ) 10 20 30 40 50 60 70 80
Iterations Iterations
Fig. 13. Solution estimation cvolution with model enhancement, case 1. Fig. 14. Solution estimation evolution with model enhancement, case 2.

Fig. 4 Result of
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A3Fd AY 3AH EY 2 AEdHNA 2L

Az A 3 T AE sAL A IS s F HAE Aee sHe=
dutzos AA, Ad, 3 A4, 7teE FHe F AR A, F 4 I RS F
A Y TS A oY FRE FAAME 7P B 3 AU e 3O
o =Y I Aol BEE Hol A a9, skl Bl - Wt fEHelr] w
ol ooz HlsEH 2] o]FAaL Utk (Woo, 2005) ARl thgt A& ol
= & 2 A4AUob shop)o] AGe AFHEL EHe T 34 Algdelds A% A

HE o e BHo Pk

o

ol & Ad, T A WAL AW, W7, I THOE OA ERAL o THSL AAY
A BAS JOR AR, T, 9, 71E GAS WRE 2 Agke] Atk

A Aol 59 A A9 5, 74, S5l wet e A gelow o)w ol
SAshE Ad s we v 53w, ojw AgEE Ad gue sl Sgzv),
dlolAl Folu, oleld Mg AuIEL Rl Aol Al wiA=lo] Itk FB, FG, FN, NC,
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NG, NP, PB & 77/} % shte] WHoz Hasn s5 3Ho= 24 AAA7E v =

ofofat #Hgjolrt,

Bt 3L oA aA7FEe sl d¥ske g o E B, Bl B2, B3, ¥ 4709
ZIAZ WA E AAF T iUz EREES 7 Ao
AZF AL 1000 ~ 1250C 9] 1o & 7tgal My A3s AA ot 22 Jor &
HEE 7o 282 vud 47 & =+ =S o= A% ddadE gef Ao Al A3t
£ H37|% she Aoty AdAt WA EE 5 &8 6719k Z1AE WA E s As 4
2NE o] FA Ut AAESE 2709 A5 A pAAFew BulEH, 2 9] A5 A%
o] =F 2} T W 6719 5 3R FAS co= EHjEn.
ot 2 w7l 2 67t =M
( Cutting process ) ( Bending process ) ( Lingheating process )
5 LH1-2 sa™Mo2
2 e 20

LH16 | Lo
5

xt

LH2-1

LH2-2

Simulation model

Fig. 6 The work flow and layout of the forming shop
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32 A4 Y 3 AEGIH 2 X

2 AY 3 ARE MR BARE AEYeld RE2 A 7HA 7S AT
- Rl 100708 A daL, 2 Al AR RS 4 )lF
- Ak 48 2 W ZE A]lol 7hsd /g e shY
-2 3 219, Ah F 49 A 18 EE A

o

AlEHoIHA B “Source” & T AA HlolHE JFXA = “Plate” agent 7}
JuAoh AA HolHE 7IRte® Y AHFoE EREH, AYS v FH F FAHY
“Buffer” o ti7]stA] @tk ZE A4S vpd agents E5F  “Sink” 2 o] 5HT}

o]
o
Y

Fig. 7 Forming shop discrete event simulation model
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33 A4 ¥ 3R AEHCA Bd FE ¥y A

2H& Y FHO B WENL 2R 3 4T F8H 245 oot gk

331 3748 YA 23

349 AP AGAE BUE= A dloly wHedl sl AMtEM, ZdARE
normal 5 ARGt ARz FeE stk AA HolE ¥Hae AAY AY F
4 AA W ol s Farste] AlAbeith

Table 1 The example of Material data variables
) ) Thicknes | Forming Process
Wo No Material Length | Width
s level 1 2 3

STEELO001 Mild Steel 18 3 0.93 3 NC Bl LH1

STEELO002 Mild Steel 17 3 0.66 1 NC B2 LH1

STEELO003 Mild Steel 13 4 044 3 NC B3 LH1

STEELO004 | High Tensile Steel 13 4 0.69 3 NC Bl LH1

STEELO0O5 | High Tensile Steel 12 3 0.75 3 NC Bl LH1

STEELO0O6 | High Tensile Steel 12 2 0.49 1 NG Bl LH1

STEELO0O7 | High Tensile Steel 10 3 0.94 2 NG B3 LH1

STEELO008 | High Tensile Steel 13 2 0.68 2 NG Bl LH1

STEELO009 | High Tensile Steel 17 4 0.76 1; NG B2 LH1

STEELO010 | High Tensile Steel 20 2 0.82 1 NG Bl LH1
AYAE A WrE B AN B A% HIFH AAske A RE ngos
normal §45 AHgl] AT Pel= AT

Hedaskel JEHE B9 AT AP FH A BF DE, W 3 e
B 0E, E T AP B AR AHERE Ao, IFF HF 07 A
T o] oF WYT HE BT F4E ASate] A9 NS AR

- ’]5 -
Collection @ kmou




332 71A ¥4 24 e A3

ol Z=HE®)2] (O Dol digsh= 43 4 & A4l ¥ s 4% 34 T As
gl sigske Adg2 Z1A7F A EH ZIAR Adshe $780lh

Cutting Process | Bending Process

Fig. 8 Hot and cold forging process of forming shop

e AEdold 2d Azt A= 7AlE Aul(Facilities) = FHE=HH, AvY 73, 7%, 9
A, 7%, &% dsf 24 vk dAAES wol7] AT 1R HE AAT e ARad
dolHE &8sl 1Awd (%, EZS) o mE 24 Holget 74 Ha HolHE -
Ao A 2 AR A B Z1AC e 1A Heoly 9 #A B HolEz}
EAQSHA Bonz, A% AfdAte] JABF FHE vgoR off YT Zo] BE X
€ ARt Z1A1Y] ARE de2 A

ﬂJan

Failures / repairs: = M

Initial time to failure: 22 | uniform( @, 10 ) days v
Time to next failure: %) | triangularAv( 2@, ©.1 ) days v
Repair type: =, [Delay %

Time to repair: %) | triangularav( 4, 0.1 ) hours v
Usage statistics are: =, | not collected v

Fig. 9 Failure and maintenance settings of the facility
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Aol MAEE ATolth AR BElE “days(ED” = 8%

(D Initial time to failure : A I
& 45 E3E( continuous uniform distribution )&t TdS 4 ¢

t}. uniform #3% g

m:lm rr

A%

. o] EXE A4 $E Bxe B¥sl 54 89 Yol F5eA UB 3le A9E 7}
Y7t} o] BEE 5 sje] s abZ worn] olu [ab] WA #EY BFES /A
o #7 [ab] Aol RE SEe] e lo] Hojop @tk o] AEHold muloii
unifform(0,10) (days) 2 Ao 2H ARl 2R F, 0014 108 Alold|A S
9l ;Abo] WA E S AA AT,

Unifarmil., 1.)

a0

[ E11]

LE L]
L a0 B ia 145

Fig. 10 Uniform stochastic function
(2) Time to next failure : 7]71] a7 @A Abo]o] HE-S Triangular AV E¥§<-2 A
t}. Triangular AV &3 HEO 2 2k 20%S +-2 FI/Io=2ZH &
o Az HEA Eakgolt)t o] AlEHolA EHEAgA=

triangular(20,0.DE 2= HE A= (.12 AAs9TH

B %

Fig. 11 Triangular AV stochastic

distribution

(3) Repair type : 714l 48] Al, #d ALE “Delay” = Atk ol= 714 27 &
& 2 g7kA %) AnE BRAt
(4) Time to repair : °] AL 7IA 1% A, T8 AW7HA deje Ake 2AZ grelth
5} PXJ.OJ kAol A2 7Sk, nps A & Triangular AV distribution S AR&-3}]
T ANZEE 710 R WE A 01= A3tk
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Fig. 12 Travel time between forming shop

Type: =, @ Specified time
(O Until stopDelay() is called

Delay time: %} triangular( 1, 15, 2@ ) minutes v

Fig. 13 Setting travel time between forming shop

34 7Y olF AR AAARE ( delay time ) o2 A BX 3 ( triangular
distribution )& AAstAtt. A4 X Fre H2AS} HUge & 5 len, /M 74
o] & @ F30| /b W AHRITE 9fr] Qe BEE FA] A% FET EEol 8l
= A% AHlz AP Se Sldl BEEeE AR =
triangular(10,15,200 2.2 AAgo 2N H 158, H4a 108, Hu)

AZHe Bk

z i
rr
i
o M
i
-
o
o
2
N
3
>
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-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Value

Fig. 14 Triangular stochastic distribution

34 2AA Y FR AEHAE =g FAPAIE 23
QNS F 5L(E~D), 24 09:00 ~ 23 18:00 (HAAIZE 147 AHE A3 T

September

12 1z 12 J15 16 17 [12 [r9 [0 Jo1 ez Jes Joe o5 Jes o7 fee oo Jso o1 1 B ¢ 5 F

Mon [Tue [Wed|Thu [Fi [sat [sun [Mon [Tue |wed[thu [ii [ser [sun |Mon Jrue [Wed[thu [Fi Jser [sun Mon [Tus [wed|thu [ e [oi

2 1200
28 1:00
28 200
2 300
28 400
D8 500
SF 600
28 700
D 500

S %00
28 1000
28 10

= 1200

25 100
257 M
28 300
25 400
2% 500
o8 00

o% T
o 800
R
ST 1000
8% 1100

Fig. 15 Worker’ s working hours on simulation model
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35 244 A¥ 3 AEdold 24 43 9 2 tolH
220 B4y 34 AR 9 SE WSTE aHste] AR AEdeld Rd AgsHe
ofgfol Ztt. Z+ AlE#old =Y running A, ©E WHEA°] A8%HES Randomnessol| A
Random seed ( unique simulation runs )& AAst3th Algdold B AR A7k 2019
W 74 21 00:00:00 2 243192 Execution mode= Real time2] scale 12 A3}t
H AlEdEelAd 718 28 1916 3 o] AT AlEdeld 2 A 1917 3
2o} AEYold mdlel Axl ghe 11719 3 o] NS Allete] 7 =H)

@ Simulation - Simulation Experiment

MName: |Simu|atic-n | [lignore
Top-level agent: Main v
Maximum available memory: 512 v| Mb

~ Model time

Execution mode: (O Virtual time (as fast as possible)
(@) Real time with scale |1 v

Stop: Mever v
Start time:

Start date:

2F 12:00:00/=

4

Randomness

Random number generation:

(® Random seed (unique simulation runs)
(O Fixed seed (repreducible simulation runs)  Seed value:

(O Custom generater (subclass of Random): new Random()

Selection mode for simultaneous events: |LIFO (in the reverse order of scheduling)

Fig. 16 Set model time and randomness of simulation
model
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Process Logic

1,659.60 min 02.07.201903:39 !
>l B
@@ [ v

cwawa
EE®

EPS: 0 FPS: 40 Step: 1,576 Running: 1.82 sec

D 56% of 512M

> B O CQ EIN @ ® | A Passed [ &

Fig. 17 Discrete event simulation model of forming shop
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Human Resource

Bending Resource Lineheating Resource

Human_resource

Machine BO

Mac h ne B2

Mac fﬁ|ne_53

Machine LH1

Variable for Cycle time

Production per period

él Check_production_per_period
f€) excelFile

) production
QO row

Resource schedule

[&= HR_schedule
[E] Machine_schedule

Collection @ kmou

Ocre  CcTBe CTiHil CTiHa () Checkforwork LH1_1 () SelectOut_1
MCTFe  @CTB CTiH2 CTiH22 —
O cT OCTB2 () CTLHI3 ) Checkforwork LH1 2 (@ SelectOut 2
MCTNC )CTB: CTLHIA () Checkforwork LH1_3  (§) SelectOut_3
g E]'I::E(: g g:t:::; {{) Checkforwork LH1 4 @Dcoilection ) For_selectOut
{cire () Checkforwork LH1 5  {j Checkforwork LH2 1
) Checkforwork LH1.6  {J) Checkforwork LH2 2
Fig. 18 Setting the cycle time for Resource
Table 2 The result of running simulation model
) . Shortage of | Cost of o Production
Period | Worker | Production | Demand | Inventory i . Hiring cost
inventory inventory cost
1 14 220 500 0 280 44800 14000 39600
2 14 275 0 0 5 800 14000 49500
3 14 255 500 0 250 40000 14000 45900
4 243 0 0 7 1120 24000 43740
5 243 500 0 264 42240 4000 43740
6 4 243 0 0 21 3360 4000 43740
132320 74000 266220
Total 472540
- 22 -
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fru
-
O%
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A
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W g2

Forecasting
Mid to long-term demand

D

o

(ot

_?,]

)
= fud

Setting output for each period

v

optimization

Setting purpose Functions for

v

Establishing a relationship
between operator and production

-

=
=

X §-l. =hs)

=

Al <

=
5

_1 {0
il

&3}

Agle 1949}

Getting a Number of workers and
production plan for each period
by optimization plan

v

distribution

Apply production plan to DES
simulation with probability

v

performance

Estimate simulation

v

Does the

andard deviation of the
MAPE meet the end

NO

Reset constraints of optimization model

For establishing relational expressions,
using the simulated results as data

Model Enhancement]

planning

Establish optimized production
operations scheduling
for Aggregate production

{

etting the optimum environme
for production activity

>

Fig. 19 The flow-chart of the model enhancement process
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41 QY TS 9T A5

A8 3 24 dA

411 83 &8 AP} B 7 BAH 2

242 A% 349 %84 B4 % W54 TEslel A Aguold =g A
tolHE &8st AT AY HH md dAd Qg Adzds FHsATh wAle
I
Table 3 stochastic relations between workers and production per each period
21247 %) AR () | 13 16 19 22 25 28 31 34 37 | 40
1 189 | 225 | 235 | 287 | 261 | 315 | 281 | 292 | 305 | 308
2 227 | 251 | 293 | 294 | 331 | 286 | 331 | 319 | 297 | 310
3 237 | 285 | 321 | 343 | 371 | 356 | 351 | 359 | 366 | 364
4 223 | 274 | 323 | 343 | 325 | 326 | 294 | 316 | 338 | 329
5 220 | 270 | 312 | 312 | 335 | 318 | 347 | 329 | 315 | 313
6 224 | 272 | 313 | 338 | 344 | 357 | 357 | 368 | 364 | 355
ot A 1320 | 1577 | 1797 | 1917 | 1967 | 1958 | 1961 | 1983 | 1985 | 1979
ma 220 262. | 299. | 319. | 327. | 326. | 326. | 330. | 330. | 329
= 8 5 5 8 3 8 5 8 8
A, A ol mE UM 3AEe SAeith WEde 8 AUl
welo]y] Wio] Z& AYA FE HAsHeE JhE Aol te AL HIT £
Atk meb AA A WFE WA ABdold mde] Hatel Pazie] wA L
shibel BAA R 47 Hofsl] ol AL FAT 4 Aok
7|2HE AR Al LtEE ZHol 2HA
450
400 +— e :
_ 30 L L J— o o )
= [ TSR .;..'.' - e L - RO
a0 300 o o
<1 250
z0
200
150
100
0 1 2 3 4 5 6 7
7|12t ( per week )
13 22 e 31 ® 40
ChatA (13) CFEHAL (22) weeveeees CFEHAL (31) weerers Chek4 (40)

Fig. 20 Stochastic relations between workers and production
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:Zax—Qa y; —b)x; + (y;—b)?)
Z x—2 —b)x—O

azx%bzxi: Zx,y, 3

i=1 i=1 i=1

dE(a,b) 8

_ 9 o . 2
da *abizl(y’ (az; +b))

:%:Z (y;— ax;)+ (y,— ax;)?)

Z(Qb_Q(yi_axi):o
i=1

aYa+nb= Dy, @
i=1

i=1

2B)FH 4)E AHst 73 a b #S Tl WANS 7 F Ak ok £ (2),
@)= HlelHZ o] &sto] 73 ‘A AA-AALFE BAX S 4(5), (6) I BT

Table 4—-(a) The production of period 1 by the number of workers

RFAAF 2 (W) 13 | 16 | 19 | 22 | 25 | 28 | 31 | 34 | 37 | 40
-‘Tgﬂ‘ 189 | 225 | 235 | 287 | 261 315 | 281 | 292 | 305 | 308

Table 4-(b) The average production of period 2~6 by the number of workers

RIQIAt & (W) 13 | 16 | 19 | 22 | 25 | 28 | 31 | 34 | 37 | 40

J_g;-__!- 226.21270.41312.4| 326 |341.2|328.6| 336 |338.2| 336 |334.2
y=3.9434z +165.3 )
y=3.1871x + 230.46 )

- 26 -
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b Pl S s DN o] o = i
350
‘ ......
...... o e
300 o | . o ®
250 et ®
< o '®
Y o500 . y =3.9434x + 165.3
nio R%=0.7459
<l 150
=
100
50
0
0 5 10 15 20 25 30 35 40 45
IRt 4

Fig. 21 The relationship between worker and production in period 1
obtained by least square technique

400

.o
.....

: 4 ......'.........‘ >
SO 5 o1 cW
250 y =3.1871x +230.46
<1 200 -
150
H0 100

50

0 5 10 15 20 25 30 35 40 45

SEpRS

Fig. 22 The relationship between worker and production in period 2~6
obtained by least square technique
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412 3% 4 AY AF A3 =Y 44
o TANA TE AT 1 WAL ol §ste] A AY A3} =S AARG
o 34 ¥4 9 AEe ZWE dAsATh
Table 5 The process-related operational information
Maximum number of workers 40
Production cost $180
Cost of hiring a worker $1000
Cost of firing a worker $2000
Inventory carrying cost $ 80 / period
Inventory shortage cost $ 160 / period

1% 24 (Park, 2015)3 1% 25 (Korea Labor Institute(KLID),2014)-2 Zars}
2014d 19 - HE A9k Y 45 st Altete] dAstd) s Bl%—"% 73
G, AEHEL] 2ujE HASt Bt FHAQ] 18 A¥E fASIEE AASA A
23 AurEnge 02ze 160282 A8t Roeder, 2016) AE & AAH] &S
7HARQl 17 605 S 71 R ofgfo] A@®)= ALkt Ha 27olA 127 A
b= Jig B 18Rk o g AAst

)
g
i

Steel plate weight = length X width X thickness X specific gravity ®

( ¥]F(specific gravity) : A7Hmild stee)3} 117327 high tensile steel) =F 7.82 Al4H)

1205 122,788
100,000
80,000
40,288
ﬂﬂﬂﬂﬂ 7,860 35id3a
34901 36868
s TERRRRARREZNN | il L
99 OJ o:a cga L\ca .;9’ A . Ll S 33" S gt L T L Q}, \\, 0\,
T T N A AT A ,%11’1’"

mMERE w7 7 SE (Tt

Fig. 23 Trends in employment size and total amount of employment by 9 major
shipbuilding companies
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(9 gt $)

| - AP ;
A% 2| AR | A7 ARs] s a0 C T e | e
Ao 982,318 | 224380| 283424| 142928| 164,060 298848 5H64.358| 375929 3,031,245
At DA 305,643| 73255 &O74l| 44471 S5L046| 92985 172485| 116968) 946595
AR AT 81,860| 18698 24,035 11911 13672 249M| 46197 31,327 252603
S 44,204 10097| 12979 6432| 73| 1348 24946 16917 136406
A7 13 27,701 6328 8134 4,031 4626 8428 15633 10601 85482
A dnd 1,814 414 533 264 303 562 1,024 694 5599
agRg 12,770 2917 3,750 1858 2133|3835 7207 4887 39406
AR 41,257 5610) 9067 3716|367 2988 6098 10639 83040
JaAAnd
e 786 180 231 114 131 239 M43 301 2425

T QA7 6520 2422) 3047  1248] 1,357 2514 437  2660] 24,116

CEEEETIE!

6 S e 312,148| 50,031 101480 29102| 51713) 68661 91,857 85962 809954

kgl 1,817,022| 403332 541410 256,075 300,099 517453| 924506| €06,885| 5416872

Fig. 24 Direct employment costs of in-house subcontracting workers in each industry

Table 6 The weekly pay of worker

ALY Steg 18 23 H|&
A (W) 1,817,022,000,000
HE 7IsH (3) 35434
AE (W) 51,279,054
22 W 4,273,254
=2 W 827,081 ~ $ 1,000
AY A I S HE 309 AFS Aitshe AGAr JHFE HReE F 6 5
kel 713t ok F 1500719 AES Aatslms AU F 1500712 AE %—1%2£
71ZbE oS ol AAste] CASES ZAsIdth A HA Aolxe A$, mE 7|3t
o] oS A AARYTh F HA Aol A a-lﬁﬂ:%&%%~riﬁ 474

AT Al WA Aolzel AS, 717k savke] 2ol Jrjstw MAste] AL BACIA U
mHOR BT 4 Yt a0 WHE Aol2T o] BY A /WL o B4
o BHels) BT Fek,
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Table 7-(a) Case 1 : The Table 7-(b) Case 2 : The Table 7-(c) Case 3 : The
number of product demand number of product demand number of product demand

( se%% ) Demand ( ;’e%% ) Demand ( ;’e%% ) Demand
1 250 1 150 1 500
2 250 2 440 2 0
3 250 3 180 3 500
4 250 4 330 4 0
5 250 5 350 5 500
6 250 6 50 6 0
AR 71708 oY 34 A 9 HERE vEoE F 6717 59 34 T v]8o)

A7l HES BHPSE 2SS,

6
Min Y 1000% Hired(I) + 2000% Fired(I) + 80* Inuntr (I) + 160* SInvntr (1) + 180*Prdct (I)

n=1

©)
HO)2 FHFrR 180, AARE, ALFAHE, ALFSH S vpAo R ALk

9

[)
of o] Havt HES MYk

X, =3.9434* W, +165.3 ( for period 1) 10)
X =3.1871* W, +230.46 ( for period 2 ~ 6 ) an
L—I, =X, ~D,+I 41 " (12)
W, =W,+R,—F, (13
W, < 40 (14)
4< W, 15)
Az A10~215Z AT 219,100 ZFAFe} ik 2he] #A2], 21(12)2 7]

_30_
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42 Z A8 HH3 =29 2H HolH

AAIRE A A8 HAs 2y ugo R AtE 7]z AlE Solution ReportE 3£ 8-(a),
3 8-(b),3 8-(0) 9 2ol ATk

Table 8—-(a) Case 1 : Integer optimization plan established by relational equations

y = 3.9434x +165.3 ( for period 1 )
y=3.1871x +230.46 ( for period 2~6 )

Shortage .. .

. . Cost of Hiring | Production
Period Worker |production| demand | Inventory of )

) inventory cost cost

inventory
1 14 220 250 0 30 4800 14000 39600
2 14 275 250 0 5 800 14000 49500
3 8 255 250 0 0 0 20000 45900
4 6 249 250 0 1 160 10000 44820
5 6 249 250 0 2 320 6000 44820
6 6 249 250 0 3 480 6000 44820

Table 8-(b) Case 2 : Integer optimization plan established by relational equations

y=3.9434x + 165.3 ( for period 1)
y=3.1871x +230.46 ( for period 2~6 )

Shortage .. .

. . Cost of Hiring | Production
Period Worker |production| demand | Inventory of )

) inventory cost cost

inventory
1 14 220 150 70 0 5600 14000 39600
2 14 2775 440 0 95 15200 14000 49500
3 14 2775 180 0 0 0 14000 49500
4 4 243 330 0 87 13920 24000 43740
5 4 243 350 0 194 31040 4000 43740
6 4 243 50 0 1 160 4000 43740
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Table 8-(c) Case 3 : Integer optimization plan established by relational equations

y=3.9434x +165.3 ( for period 1)
y=3.1871x +230.46 ( for period 2~6 )

Collection @ kmou

Shortage .. .
. . Cost of Hiring |Production
Period Worker |production| demand | Inventory of .

. inventory cost cost

inventory
1 14 220 500 0 280 44800 14000 39600
2 14 275 0 0 5 800 14000 49500
3 14 275 500 0 230 36800 14000 49500
4 4 243 0 13 0 1040 24000 43740
5 4 243 500 0 244 39040 4000 43740
6 4 243 0 0 1 160 4000 43740
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432 Case 1 ¥HE 3¢

Table 9 Case 1 : Simulation result value with optimization plan

Simulation result

Period | Worker | plan 1 2 3 4 5 6 7 8 9 10 MAPE
1 14 220 | 208 | 210 | 206 | 207 | 215 | 212 | 204 | 213 | 203 | 211 535
2 14 275 | 221 | 229 | 223 | 218 | 218 | 229 | 232 | 221 | 228 | 222 | 22.77
3 8 255 | 158 | 148 | 153 | 157 | 155 | 159 | 151 | 149 | 169 | 152 | 64.63
4 6 249 | 118 | 115 | 122 | 117 | 124 | 112 | 122 | 112 | 119 | 115 | 111.98
5 6 249 | 112 | 120 | 119 | 114 | 113 | 113 | 118 | 118 | 118 | 118 | 114.23
6 6 249 | 118 | 117 | 122 | 117 | 113 | 124 | 120 | 107 | 121 | 111 | 113.22
e 4472
wap|
AlEdold A3 HlolgE Rhgste] A7 BAA L 4 17,180tk
y=4.3259x + 152.89 ( for period 1) (17
y=8.2341x 4 84.224 ( for period 2~6 ) (18)
WAz BAAS HAsE 2o wigste] HAs Algs syt
Table 10-(a) Case 1 : The integer optimization plan established by 2 times relational
equations (17),(18)
y=4.3259x 4+ 152.89 ( for period 1)
y=38.2341x + 84.224 ( for period 2~6 )
Shortage .. .
. . Cost of Hiring | Production
Period Worker |production| demand | Inventory of )
. inventory cost cost
inventory
1 20 239 250 0 11 1760 20000 43020
2 21 257 250 0 4 640 21000 46260
3 21 257 250 3 0 240 21000 46260
4 20 248 250 1 0 80 22000 44640
5 20 248 250 0 1 160 20000 44640
6 20 248 250 0 3 480 20000 44640
- 34 -
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Table 10-(b) Case 1 : Simulation result value with 2 times improved optimization plan

Simulation result

Period | Worker | plan 1 2 3 4 5 6 7 8 9 10 MAPE
1 20 239 | 258 | 258 | 278 | 272 | 282 | 270 | 267 | 249 | 278 | 275 | 10.92

2 21 257 | 314 | 304 | 308 | 284 | 280 | 300 | 311 | 306 | 298 | 287 | 13.98

3 21 257 | 334 | 349 | 326 | 331 | 335 | 328 | 325 | 328 | 343 | 329 | 2274

4 20 248 | 300 | 319 | 315 | 329 | 319 | 317 | 308 | 308 | 318 | 325 | 2142

5 20 248 | 314 | 321 | 310 | 309 | 321 |304 | 317 | 314 | 311 | 320 | 21.02

6 20 248 | 328 | 318 | 328 | 327 | 317 | 324 | 327 | 337 | 314 | 320 | 2343
l_;i 472

AlEE Ol A3 HolHE WFste] R BAA L 4 19,20 otk

y=4.1477x+164.94 ( for period 1) (19
y=10.083x + 82.541 ( for period 2~6 ) (20)

Mg dAA S HA3 Bl wdst] HA3 Ags syt
Table 11-(a) Case 1 : The integer optimization plan established by 3 times relational
equations (19),(20)

y=4.1477x +164.94 ( for period 1)
y=10.083x +82.541 ( for period 2~6 )
Shortage .. .
. . Cost of Hiring | Production
Period Worker |production| demand | Inventory of )
) inventory cost cost
inventory
1 16 231 250 0 19 3040 16000 41580
2 18 264 250 0 5 800 18000 47520
3 17 253 250 0 2 320 19000 45540
4 17 253 250 1 0 80 17000 45540
5 17 253 250 4 0 320 17000 45540
6 16 243 250 0 3 480 18000 43740
- 35 -
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Table 11-(b) Case 1 : Simulation result value with 3 times improved optimization plan

Simulation result

Period | Worker | plan 1 2 3 4 5 6 7 8 9 10 MAPE
1 16 231 | 229 | 232 | 232 | 226 | 233 | 228 | 227 | 229 | 225 | 230 119
2 18 264 | 285 | 271 | 265 | 275 | 269 | 281 | 271 | 282 | 274 | 271 374
3 17 253 | 287 | 287 | 288 | 287 | 288 | 285 | 278 | 283 | 289 | 295 | 11.74
4 17 253 | 283 | 288 | 291 | 286 | 280 | 272 | 289 | 270 | 283 | 282 | 10.36
5 17 253 | 277 | 267 | 266 | 272 | 277 | 276 | 267 | 284 | 291 | 289 845
6 16 243 | 269 | 268 | 268 | 273 | 265 | 259 | 262 | 272 | 260 | 261 851
. 3.69
AlEdold A3 HlolHE Rtgste] A7 BAA L 4 21,220]th
y=4.1699z + 164.21 ( for period 1) 21
y=10.173x+87.931 ( for period 2~6 ) (22)
Nz BAA S HAsE 2o wigste] HAs Ags syt
Table 12-(a) Case 1 : The integer optimization plan established by 4 times relational
equations (21),(22)
y=4.1699x + 164.21 ( for period 1)
y=10.1732 +87.931 ( for period 2~6 )
Shortage .. .
. . Cost of Hiring | Production
Period Worker |production| demand | Inventory of )
. inventory cost cost
inventory
1 15 226 250 0 24 3840 15000 40680
2 17 260 250 0 14 2240 17000 46800
3 17 260 250 0 4 640 17000 46800
4 16 250 250 0 4 640 18000 45000
5 16 250 250 0 4 640 16000 45000
6 16 250 250 0 4 640 16000 45000
- 36 -
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Table 12-(b) Case 1 : Simulation result value with 4 times improved optimization plan

Simulation result

Period | Worker | plan 1 2 3 4 5 6 7 8 9 10 MAPE
1 15 226 | 219 | 214 | 234 | 212 | 224 | 226 | 222 | 207 | 223 | 215 |3.72
2 17 260 | 261 | 271 | 263 | 265 | 262 | 276 | 275 | 264 | 259 | 262 | 221
3 17 260 | 283 | 291 | 289 | 291 | 286 | 287 | 288 | 282 | 284 | 288 | 9.37
4 16 250 | 261 | 252 | 267 | 274 | 261 | 254 | 261 | 258 | 270 | 263 | 4.56
5 16 250 | 254 | 266 | 266 | 261 | 259 | 267 | 265 | 255 | 255 | 252 | 3.80
6 16 250 | 266 | 267 | 259 | 263 | 274 | 259 | 269 | 257 | 271 | 264 | 559
wx} 2.25
AlEdlold 23 HolHE whgste] /AR BAA L A 23, 24|t
y=4.2536x+ 161.67 ( for period 1) (23)
y=10.189x + 90.852 ( for period 2~6 ) (24)
Nz BAA S HAsE 2o wigste] HAs Ags syt
Table 13-(a) Case 1 : The integer optimization plan established by 5 times relational
equations (23),(24)
y=4.2536x 4+ 161.67 ( for period 1)
y=10.189x 4+ 90.852 ( for period 2~6 )
Shortage .. .
. . Cost of Hiring | Production
Period Worker |production| demand | Inventory of )
. inventory cost cost
inventory
1 17 233 250 0 17 2720 17000 41940
2 17 264 250 0 3 480 17000 47520
3 16 253 250 0 0 0 18000 45540
4 16 253 250 3 0 240 16000 45540
5 15 243 250 0 4 640 17000 43740
6 16 253 250 0 1 160 16000 45540
- 37 -
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Table 13-(b) Case 1 : Simulation result value with 5 times improved optimization plan

Simulation result
Period | Worker | plan 1 2 3 4 5 6 7 8 9 10 MAPE
1 17 233 | 231 | 247 | 232 | 241 | 252 | 239 | 240 | 242 | 240 | 228 3.21
2 17 264 | 275 | 264 | 276 | 264 | 261 | 275 | 265 | 260 | 245 | 269 2.50
3 16 253 | 276 | 274 | 283 | 274 | 269 | 276 | 278 | 271 | 289 | 270 8.29
4 16 253 | 262 | 269 | 267 | 263 | 279 | 263 | 264 | 267 | 264 | 258 471
5 15 243 | 264 | 245 | 256 | 252 | 241 | 248 | 254 | 253 | 251 | 247 3.34
6 16 253 | 259 | 258 | 265 | 261 | 271 | 263 | 267 | 262 | 273 | 260 410
. 1.89
CASE 1: YIE& 0| [HE MAPE ETHEAL
50.00
4472
45.00
40.00
35.00
=
&l 30.00
Kk
B 25.00
w
3 2000
=
15.00
10.00 "
5.00 \ 39 235 1.89
0.00
0 1 2 4 5 6
gr= A =l
Fig.26—(a) CASE 1 : Standard deviation of MAPE with iterations
NHE b9 SWAle] FRES BEAA FESHU

Coll

-
e

&

tion @ Kmou

_38_




4.3.3 Case 2 HHE &Y

Table 14 Case 2 : Simulation result value with optimization plan

Simulation result
Period | Worker | plan 1 2 3 4 5 6 7 8 9 10 MAPE
1 14 220 | 212 | 206 | 210 | 212 | 212 | 210 | 210 | 211 | 215 | 208 448
2 14 275 | 222 | 230 | 236 | 226 | 218 | 222 | 234 | 226 | 220 | 225 | 2181
3 14 275 | 256 | 246 | 234 | 236 | 244 | 242 | 236 | 229 | 239 | 234 | 14.88
4 4 243 | 82 81 92 85 86 86 88 81 87 86 | 184.95
5 4 243 | 84 88 81 72 89 84 85 84 82 81 | 193.68
6 4 243 | 79 81 84 78 82 81 82 85 80 84 | 198.00
rﬁz 89.47

AlEE Ol A3} HolBE WFste] JhARE BAA L 4 252600t

y=4.3024x + 153.65 ( for period 1) (25)
y=9.1909z + 70.37 ( for period 2~6 ) (26)

Mg #AA S HA3 Bl wdste] HA3} Ags syt
Table 15-(a) Case 2 : The integer optimization plan established by 2 times relational
equations (25),(26)

y=4.3024x 4+ 153.65 ( for period 1)
y=9.19092 + 70.37 ( for period 2~6 )
Shortage .. .
. . Cost of Hiring | Production
Period Worker |production| demand | Inventory of )
) inventory cost cost
inventory
1 5 175 150 25 0 2000 5000 31500
2 26 309 440 0 106 16960 26000 55620
3 26 309 180 23 0 1840 26000 55620
4 26 309 330 2 0 160 26000 55620
5 24 290 350 0 58 9280 28000 52200
6 4 107 50 0 1 160 44000 19260
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Table 15-(b) Case 2 : Simulation result value with 2 times improved optimization plan

Simulation result
Period | Worker | plan 1 2 3 4 5 6 7 8 9 10 MAPE
1 5 175 82 80 80 87 79 79 88 87 84 83 | 11143
2 26 309 | 355 | 380 | 373 | 314 | 359 | 357 | 340 | 340 | 356 | 342 | 11.89
3 26 309 | 372 | 353 | 358 | 370 | 367 | 366 | 356 | 363 | 366 | 353 | 1471
4 26 309 | 341 | 336 | 302 | 338 | 309 | 319 | 349 | 317 | 337 | 325 5.87
5 24 290 | 310 | 317 | 339 | 292 | 336 | 324 | 322 | 315 | 321 | 314 8.95
6 4 107 | 84 82 94 93 89 89 84 83 81 92 23.19
. 37.11
AlEdold A3 HlolHE Rrgste] 747 BAA L 4] 27,280]th
y=6.9943x + 81.644 ( for period 1) 27
y=10.453x+60.671 ( for period 2~6 ) (28)
WAz BAAS HAsE 2o wigste] HAs Algs syt
Table 16-(a) Case 2 : The integer optimization plan established by 3 times relational
equations (27),(28)
y=6.9943x + 81.644 ( for period 1)
y=10.4532+60.671 ( for period 2~6 )
Shortage .. .
. ) Cost of Hiring | Production
Period Worker |production| demand | Inventory of )
) inventory cost cost
inventory
1 16 193 150 43 0 3440 16000 34740
2 23 301 440 0 9% 15360 23000 54180
3 23 301 180 25 0 2000 23000 54180
4 23 301 330 0 4 640 23000 54180
5 23 301 350 0 53 8480 23000 54180
6 4 102 50 0 1 160 42000 18360
- 40 -
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Table 16-(b) Case 2 : Simulation result value with 3 times improved optimization plan

Simulation result

Period | Worker | plan 1 2 3 4 5 6 7 8 9 10 MAPE

1 16 175 | 226 | 224 | 217 | 218 | 229 | 207 | 213 | 237 | 230 |236 | 2163
2 23 309 | 328 | 328 | 344 | 359 | 347 | 351 | 345 | 315 | 327 | 340 | 856
3 23 309 | 341 | 345 | 349 | 349 | 347 | 349 | 351 | 360 | 375 | 359 | 12.28
4 |23 309 | 342 | 329 |338 | 326 | 331 |327 |320 | 337 | 343 | 310 | 637
5 23 309 | 333 | 335 | 332 | 335 | 328 | 352 | 336 | 328 | 313 |343 | 7.27
6 |4 102 |82 |87 |85 |8 |8 |9 |92 |8 |8 |90 |17.09
A} 5.54

Aol A HolHE Wt /AT dAA S 4 29,300t
y=6.9343x + 88.364 ( for period 1) (29)
y=11.158z+56.787 ( for period 2~6 ) (30)

AR BAN S =

25} wlo] ukgstel 3} A

3] O A
3g 44

st}

Table 17-(a) Case 2 : The integer optimization plan established by 4 times relational
equations (29),(30)
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y=6.9343x + 88.364 ( for period 1)
y=11.158x +56.787 ( for period 2~6 )
Shortage .. .
. . Cost of Hiring | Production
Period Worker |production| demand | Inventory of )
) inventory cost cost
inventory
1 15 192 150 42 0 3360 15000 34560
2 22 302 440 0 9% 15360 22000 54360
3 22 302 180 26 0 2080 22000 54360
4 22 302 330 0 2 320 22000 54360
5 22 302 350 0 50 8000 22000 54360
6 4 101 50 1 0 80 40000 18180
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Table 17-(b) Case 2 : Simulation result value with 4 times improved optimization plan

Simulation result
Period | Worker | plan 1 2 4 5 6 7 8 9 10 MAPE
1 15 192 | 209 | 220 | 226 | 221 | 228 | 228 | 229 | 223 | 208 | 197 | 12.09
2 22 302 | 324 | 315 | 328 | 331 | 322 | 302 | 310 | 314 | 329 | 347 6.14
3 22 302 | 353 | 349 | 340 | 329 | 344 | 355 | 332 | 349 | 358 | 352 | 12.68
4 22 302 | 340 | 334 | 333 | 334 | 337 | 337 | 337 | 338 | 323 | 317 9.27
5 22 302 | 314 | 311 | 316 | 341 | 312 | 329 | 325 | 311 | 335 | 352 6.80
6 4 101 95 92 89 98 89 84 91 93 91 11.17
. 2.52
AlEdold A3 tlolelE wrgste] JHAT BAA S 4 31,320]h
y=6.8232z+ 95.438 ( for period 1) (3D
y=11.506x 4 55.456 ( for period 2~6 ) (32)

WA

AN S 3

P

#3}

mdlof whgste] H23} AYe sFHAT

Table 18-(a) Case 2 : The integer optimization plan established by 5 times relational
equations (31),(32)

Collection @ kmou

y = 6.8232x 4+ 95.438 ( for period 1)
y=11.506x + 55.456 ( for period 2~6 )
Shortage .. .
. . Cost of Hiring | Production
Period Worker |production| demand | Inventory of )
) inventory cost cost
inventory
1 17 211 150 61 0 4880 17000 37980
2 21 297 440 0 82 13120 21000 53460
3 21 297 180 35 0 2800 21000 53460
4 21 297 330 2 0 160 21000 53460
5 21 297 350 0 51 8160 21000 53460
6 4 101 50 0 0 0 38000 18180
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Table 18-(b) Case 2 : Simulation result value with 5 times improved optimization plan

Simulation result
Period | Worker | plan 1 2 3 4 5 6 7 8 9 10 MAPE
1 17 211 242 | 244 | 239 | 235 | 246 | 243 | 243 | 227 | 236 | 243 11.96
2 21 297 | 313 | 298 | 311 | 337 | 302 | 318 | 313 | 326 | 309 | 304 5.03
3 21 297 | 333 | 332 | 344 | 324 | 341 | 337 | 330 | 341 | 325 | 334 11.07
4 21 297 | 316 | 330 | 328 | 323 | 320 | 317 | 340 | 320 | 335 | 330 8.82
5 21 297 | 329 | 311 | 316 | 329 | 322 | 332 | 320 | 316 | 323 | 323 7.76
6 4 101 90 91 99 95 90 95 90 99 99 98 6.94
wix} 2.37
CASE 2: BI == 210 = mAPE E=HAL
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Fig.26-(b) CASE 2 : Standard deviation of MAPE with iterations
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434 Case 3 HHE ¢

Table 19 Case 3 : Simulation result value with optimization plan

Simulation result
Period | Worker | plan 1 2 3 4 5 6 7 8 9 10 MAPE
1 14 220 | 213 | 207 | 202 | 207 | 210 | 209 | 204 | 208 | 204 | 203 6.46
2 14 275 | 222 | 225 | 224 | 235 | 228 | 228 | 226 | 224 | 232 | 226 | 2118
3 14 255 | 245 | 244 | 241 | 235 | 240 | 238 | 237 | 244 | 249 | 245 5.49
4 4 243 81 84 88 90 85 81 80 83 84 83 | 189.99
5 4 243 84 85 84 77 84 84 85 81 81 83 | 193.73
6 4 243 83 79 83 86 82 83 74 82 78 88 | 197.72
1_5;‘; 91.55

AlEE Ol A} HolHE WFste] JhRE BA4 L 4 33,340tk

y = 4.3848x +150.98 ( for period 1) (33)
y=19.1714x+ 70.641 ( for period 2~6 ) (34)

MAZE BAA S A3 ol wkgste] 25t A8S sHITh

P

Table 20-(a) Case 3 : The integer optimization plan established by 2 times relational
equations (33),(34)

y = 4.3848x + 150.98 ( for period 1)
y=9.1714x2 +70.641 ( for period 2~6 )
Shortage .. .
. ) Cost of Hiring | Production
Period Worker |production| demand | Inventory of )
) inventory cost cost
inventory
1 23 251 500 0 249 39840 23000 45180
2 23 281 0 32 0 2560 23000 50580
3 23 281 500 0 187 29920 23000 50580
4 23 281 0 94 0 7520 23000 50580
5 23 281 500 0 125 20000 23000 50580
6 6 125 0 0 0 0 40000 22500
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Table 20-(b) Case 3 : Simulation result value with 2 times improved optimization plan

Simulation result

Period | Worker | plan 1 2 4 5 6 7 8 9 10 MAPE
1 23 251 | 275 | 278 | 290 | 272 | 293 | 303 | 270 | 311 | 312 | 287 | 1295
2 23 281 | 291 | 301 | 294 | 309 | 291 | 291 | 321 | 292 | 291 | 311 5.97
3 23 281 | 347 | 361 | 352 | 350 | 346 | 350 | 348 | 344 | 340 | 340 | 1918
4 23 281 | 342 | 331 | 342 | 332 | 333 | 342 | 326 | 335 | 347 | 321 | 16.10
5 23 281 | 331 | 316 | 308 | 339 | 311 | 295 | 321 | 311 | 302 | 326 | 1093
6 6 125 | 122 | 122 | 121 | 120 | 120 | 115 | 117 | 130 | 127 | 124 3.83
. 535
AlEdlold A3 HlolHE whgste] A7 AAA L 4 35,360t
y=4.5142z+157.21 ( for period 1) (35)
y=10.461x+ 64.978 ( for period 2~6 ) (36)
Nz BAA S HAsE 2o wigste] HAs Ags syt
Table 21-(a) Case 3 : The integer optimization plan established by 3 times relational
equations (35),(36)
y=4.51422+157.21 ( for period 1)
y=10.461x +64.978 ( for period 2~6 )
Shortage .. .
. . Cost of Hiring | Production
Period Worker |production| demand | Inventory of )
. inventory cost cost
inventory
1 22 256 500 0 244 39040 22000 46080
2 22 295 0 51 0 4080 22000 53100
3 22 295 500 0 154 24640 22000 53100
4 20 274 0 120 0 9600 24000 49320
5 20 274 500 0 106 16960 20000 49320
6 4 106 0 0 0 0 36000 19080
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Table 21-(b) Case 3 : Simulation result value with 3 times improved optimization plan

Simulation result

Period | Worker | plan 1 2 3 4 5 6 7 8 9 10 MAPE
1 22 256 | 280 | 294 | 266 | 285 | 281 | 295 | 279 | 276 | 295 | 267 9.04
2 22 295 | 274 | 284 | 313 | 307 | 295 | 281 | 307 | 298 | 289 | 329 | 435
3 22 295 | 344 | 326 | 338 | 331 | 337 | 336 | 336 | 343 | 331 | 328 | 1192
4 20 274 | 325 | 320 | 310 | 298 | 321 | 316 | 326 | 333 | 313 | 304 | 1337
5 20 274 | 326 | 310 | 315 | 313 | 315 | 312 | 318 | 312 | 306 | 316 | 12.80
6 4 106 | 94 95 93 95 95 98 9% 92 | 104 | 100 | 10.32
E 3.03
map |
AlEdlold A3 HlolHE whgste] A7 BAA L 4 37,380t
y=4.5012x+ 163.28 ( for period 1) (37)
y=10.981x+62.995 ( for period 2~6 ) (38)
Nz BAA S HAsE 2o wigste] HAs Ags syt
Table 22-(a) Case 3 : The integer optimization plan established by 4 times relational
equations (37),(38)
y=4.50122 +163.28 ( for period 1)
y=10.981x +62.995 ( for period 2~6 )
Shortage .. .
. . Cost of Hiring | Production
Period Worker |production| demand | Inventory of )
. inventory cost cost
inventory
1 27 284 500 0 216 34560 27000 51120
2 27 359 0 143 0 11440 27000 64620
3 27 359 500 2 0 160 27000 64620
4 12 194 0 196 0 15680 42000 34920
5 12 194 500 0 110 17600 12000 34920
6 4 106 0 0 4 640 20000 19080
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Table 22-(b) Case 3 : Simulation result value with 4 times improved optimization plan

Simulation result
Period | Worker | plan 1 2 3 4 5 ¢ 7 8 9 10 MAPE
1 27 284 304 | 257 | 312 | 279 | 291 | 283 | 294 | 291 | 307 | 295 476
2 27 359 | 326 | 358 | 309 | 334 | 308 | 329 | 345 | 311 | 317 | 320 1047
3 27 359 | 344 | 349 | 374 | 343 | 360 | 359 | 352 | 356 | 358 | 346 2.30
4 12 194 185 | 205 | 189 | 198 | 210 | 191 | 188 | 200 | 192 | 209 3.85
5 12 194 231 | 234 | 226 | 228 | 222 | 218 | 222 | 228 | 221 | 219 13.70
¢ 4 106 96 99 98 100 92 96 98 98 95 99 9.23
A} 404
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Fig.26-(c) CASE 3 : Standard deviation of MAPE with iterations
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ole A 5 AT AA A A

Table 23-(a) Case 1 : MAPE comparison by iterations

Number
- of 1 2 3 4 5
Iterations
Period 1 535 10.92 119 3.72 321
Period 2 22.77 13.98 3.74 221 2.50
Period 3 64.63 22.74 11.74 9.37 8.29
Period 4 111.98 2142 10.36 4.56 471
Period 5 114.23 21.02 8.45 3.80 3.34
Period 6 113.22 2343 851 5.59 4.10
HEHEAL 4472 472 3.69 2.25 1.89
e 43218 11351 4399 29.25 26.14
Table 23-(b) Case 2 : MAPE comparison by iterations
Number
~of 1 2 3 4 5
iterations
Period 1 448 11143 21.63 12.09 11.96
Period 2 21381 11.89 8.56 6.14 5.03
Period 3 14.88 1471 12.28 12.68 11.07
Period 4 184.95 5.87 6.37 9.27 8.82
Period 5 193.68 8.95 7.27 6.80 7.76
Period 6 198.00 23.19 17.09 11.17 6.94
HEHEA 89.47 37.11 5.54 2.52 2.37
e 617.79 176.02 73.19 58.15 51.58
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Table 23-(c) Case 3 : MAPE comparison by iterations

Collection @ kmou

Number
. of 1 2 3 4
Iterations
Period 1 6.46 12.95 9.04 476
Period 2 21.18 597 435 1047
Period 3 5.49 19.18 11.92 2.30
Period 4 189.99 16.10 13.37 3.85
Period 5 193.73 10.93 12.80 13.70
Period 6 197.72 3.83 10.32 9.23
HEEKA 91.55 5.35 3.03 4.04
24 614.56 68.97 61.79 4431
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CASE 1: A|E0f|0|4 pHnt & &=t Al=l7to] MAPE
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MAPE 2
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EE ; - -43.99
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s I 26.14

Fig. 27-(a) Case 1 : MAPE between simulation model and optimization plan
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CASE 2 : Al280|d 2 E F= X =St A=ZEo| MAPE

W Period 1 ®Period 2 ™ Period 3 Period 4 ®Period 5 ®Period 6

MAPE
0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00

EE 3 - - 73.19

Fig. 27-(b) Case 2 : MAPE between simulation model and optimization plan
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CASE 3 : A|280|d 22t H X F ot A=l Z7ko] MAPE

B Period 1 ®Period 2 ®™Period 3 Period 4 ®Period 5 ™ Period 6

MAPE &
0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00

W+

Tl
K

o

ol
-
-

Fig. 27-(c) Case 3 : MAPE between simulation model and optimization plan
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52 Z} CASE¥ F% #d v]& v

Case® 34 #a vlgol thstel Hajst Agr Ageold w
S BosH, md obgs 4%4-% 58] A% A8 ATe] AL 2

N,
={
o
it
=
\=J

F 24, 24-b), 24-0O= case®d Ed A3} A A} Fo A #4E HE&S HER

Table 24-(a) Case 1 : Process related costs about before and after model enhancement

Casel
o= &Y o= &Y 2
Mo vE | 28 HE | 4 HE | ML HE | 12§ HE | A HE
Plan 6560 70000 269460 4240 101000 269820
sim 1 371040 70000 168300 118000 101000 282060
sim 2 368160 70000 169020 116800 101000 280260
sim 3 369760 70000 170100 117680 101000 284220
sim 4 375040 70000 167400 117920 101000 279900
sim 5 366240 70000 168840 118000 101000 283140
sim 6 361760 70000 170820 117680 101000 281520
sim 7 366400 70000 170460 117760 101000 282240
sim 8 350720 70000 164880 118480 101000 279900
sim 9 360320 70000 172440 121920 101000 281160
sim 10 371840 70000 167220 122320 101000 275760
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Table 24—(b) Case 2 : Process related costs about before and after model enhancement

Case2
o= &Y o= &Y 2

Mo vE | 2 HE | 4 HE | ML HE | 12gHE | Wi HE

Plan 65920 74000 269820 29120 139000 270000

sim 1 336160 74000 168300 92400 139000 292140
sim 2 340800 74000 167760 90480 139000 289080
sim 3 336320 74000 168660 94480 139000 294660
sim 4 348320 74000 163620 97600 139000 295740
sim 5 343040 74000 167580 91120 139000 291780
sim 6 344800 74000 166500 94640 139000 295560
sim 7 337600 74000 168300 96480 139000 294480
sim 8 350720 74000 164880 94720 139000 293220
sim 9 343840 74000 166140 95440 139000 292860
sim 10 349920 74000 165240 94080 139000 293760

Table 24-(c) Case 3 : Process related costs about before and after model enhancement

Collection @ kmou

Case3
o= &Y o= &Y 2
Mo vE | 28 HE | 4t HE | MIHE | 1§ HE | A HE
Plan 132320 74000 266220 90160 145000 269640
sim 1 342080 74000 167040 81040 145000 286020
sim 2 344960 74000 166320 73680 145000 287280
sim 3 350240 74000 165960 81040 145000 289620
sim 4 341280 74000 167400 78640 145000 287460
sim 5 341600 74000 167220 78560 145000 283680
sim 6 345600 74000 166140 79840 145000 283860
sim 7 354240 74000 163080 74380 145000 287820
sim 8 346080 74000 165960 73040 145000 288180
sim 9 340480 74000 167040 83360 145000 280260
sim 10 347040 74000 167040 77120 145000 283680
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CASE 1:

r

400000.00

300000.00
=

oo 200000.00
to o
100000.00 _
0.00 J
Mo e argr ) 8 4ot HE

Plan ©'sim 1 sim 2  sim 3 @sim 4 ©sim 5 @sim 6 @sim 7 @sim 8 @sim 2 @®sim 10

Fig. 28-(a) Case 2 : Process cost before iterations

CASE/ Rt =R o>
300000.00
250000.00
_. 200000.00
i
oo 150000.00
B Q
100000.00
. T kg, 421000
0.00
Mo e Al 2 H[& 44 H|E
Plan ©'sim 1" sim2 sim3 ®@sim4 ©sim5 ®sim6 ®sim7 @sim 8 @sim 9 ®sim 10

Fig. 28-(b) Case 1 : Process cost after iterations
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CASE 2 : Ht=2 21 H

r

400000.00
300000.00
&
oo 200000.00
El

100000.00

0.00

ki
oo
i
olo
0=
2
=
ofo

M2 EE

Plan ©'sim 1 sim2 sim 3 @sim4 ©sim5 ®sim6 @sim7 @sim 8 @sim 9 @sim 10

Fig. 29-(a) Case 2 : Process cost before iterations

CASE 2 : HtE 2t 5
400000.00
300000.00
D
o 200000.00
= C 28 Hl, 139000
100000.00
0.00
M HE I8 HlE MAH[E

Plan ©'sim 1 'sim2 sim 3 @sim4 ©sim5 @sim 6 ©@sim 7 ©@sim 8 ©@sim 9 @sim 10

Fig. 29-(b) Case 2 : Process cost after iterations
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CASE 3 : g5 =& =
400000.00
300000.00
@
oo 200000.00
o (]
e C 28 Hg, 74000
0.00
A HE ngHg AY AL H|2
Plan ©sim1 " sim2 sim3 ®sim4 ©sim5®sm6 ®sm7 ®sim8 @sim9 ®sim 10
Fig. 30-(a) Case 3 : Process cost before iterations
CASE 3 : Ht&5 =l =&
400000.00
300000.00
&

oo 200000.00
100000.00

0.00

o HE2

kl
oo
s
oo
0z
=
s
0o

Plan ©'sim 1 sim2 sim 3 @sim4 ©sim 5 ®sim 6 @sim 7 @sim 8 ©@sim 9 ®sim 10

Fig. 30-(b) Case 3 : Process cost after iterations
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Case 8 B4 578 H|g HQ
350000
203328
300000 281016 285786
250000
@ 200000
oo
T 150000 139000 143000
118656
Qa144 101000
100000 73120
- I I
0
T HE g HEg A E[E
W Case 1 118656 101000 281016
W Case 2 94144 139000 293328
W Case 3 78120 145000 285786
HCase1 mCase2 mCase3

Fig. 31 Average process cost comparison by case

Table 25-(a) Case 1 : The Table 25-(b) Case 2 : The Table 25-(c) Case 3 : The
number of product demand number of product demand number of product demand

( ;e%cig ) Demand ( ;e%gg ) Demand ( ;e%%‘? ) Demand
1 250 1 150 1 500
2 250 2 440 2 0
3 250 3 180 3 500
4 250 4 330 4 0
5 250 5 350 5 500
6 250 6 50 6 0

PR AR ol

A% case 1914 A3n)go] 7V E1, 717
gol b4 2 A0 FAT 5 ATk A4 1§ % hage FAslE A4RE o
2004 1 B AT HAT 5 YTk B Y3} YL Fo) Bk HHI PBE

goz T A4 £ YRS wgoz AdHA ANG £JY 5 Yok
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