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Development of a Goal Model for
Self-Reconfigurable Manufacturing Systems

Sangil Lee + Kwanyeol RyuT

Department of Industrial Engineering, Pusan National University

A fractal manufacturing system (FrMS) is one of the most advanced and self-reconfigurable manufacturing systems
among the available manufacturing systems, which is based on the concept of autonomously cooperating agents
referred to as fractals. In order to determine and generate goals or objectives, the FrMS use goal-orientation mechanism
which includes goal-formation process (GFP). Generating goals as well as sub-goals requires a model defined from
mutual relationships or networks among various objectives such as productivity, quality, and etc. However, previous
research studies have not yet defined such discussion regarding mutual relationships among goals or sub-goals. The
goal model is crucial in order to change the final goal in the manufacturing system. Therefore, this paper, proposes
the development of a goal model for the FrMS by analyzing former objectives/goals while obtaining a new goal from
manufacturing datasets. The result of goal model for FrMS is not permanent, but it is adjustable based on the changing
environment. If the final goal changes, then lower-level goals will also change to help achieving the new final goal.
The proposed mechanism for the goal model is developed to complete and support the goal-orientation technology
by adjusting company’s goal. The proposed goal model provides a basis for flexibly changing system’s goal in the
manufacturing system and proposed model enables faster response to cope with changing goal by system’s requirement.

Keywords: Fractal Manufacturing System(FrMS), Goal-Orientation Technology, Goal Model, Goal Model
Mechanism, Self-Reconfigurable Manufacturing System.
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9 7HA] & A BH A58 A 4HA) <8l (Biological Manufactu-
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Shin et al.(2009, 2012), Shin and Ryu(2013)+=r-FrMS(Relation-driven
Fractal Manufacturing System) ‘5- & 47-& Z18) gk 1} 91t} o]
o] .= Renna and Ambrico(2011)= FrMS 2] T e A S 58
5ho] 5291 Aol A A £ A 24 28 (Cellular Manufacturing
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Monden(1993)& AARA| 22Hll o] 7} B4 3} BA S o] 7] 9)¢
3 5(Activities) ol T AAE 4 25t o1 AJ2bA| 2~H o] H
T FEE 0|99 Huske} vl&-9] HAsleta ST Son
and Park(1987)} Craig and Harris(1973)2] A 4HA| 28] 37} vt
Aol gk Aol A AARA| 28] 74 Q3 HA 2 vl
(Cost)®] AR & = 9l om tfF-i0] 7L 35 G A | &3
WA FEOE o] FolA gtk &3tk 53] Son and Park
(1987)8] AN 2B O] 7} k4] Aol A B89 TAas
¢ F 83 E52-S A2 (Productivity), E2(Quality), 143
(Flexibility) & 37}A 2 73+ T} Hopp and Spearman(1996)
S AN 2R BRE A FHOE EREIG O YA~
el o] 49| X E <Figure 1> 70| 0] ) (Profitability) 2]
thshekar A skt

Nagalingam and Lin(1998)-2 A3} A 4FA] 228l(Automated
Manufacturing System) % AFH &g AJ42HA] 28l(Computer
Integrated Manufacturing System)&] &84 34-& §Jho] A4t
N 2E 9] 2749] 53X E AHP(Analytic Hierarchy Process)2 &
A3, 23 BN 8-0) 2ha, At Bl T B A
O g HI2U A A T 37 E TR RRE =230
Park and Kim(1995)2] A 4kA| 28 71 Wi &2 74414 84
o A A28kl Qlom whehA A4A| 2H o A2 o] 9] of H
thakel 214 Bk 3FAT). Cochran ef al (2002) AA4HA 28 9]
Y A1E 918k B3l A -1 (Decomposition Approach) ol A] A 4F
A 2B O] H9) B3 o] Hoish A4k u) 8o H 4 s
AN 2Hl o] e 7] of)| mhE FAbe] 43}, 71 7 A 6HA]
g il tighH & AAE P o e AAsgITh
Troxler(1989)+= %152 AAMA| 228 ©] ZA] o] )75} A 4HA|
28 H7kekr] 9Jske] 233 (Suitability), % %H(Capability),
3 32 2x(Performance), A3 4F4 (Productivity) 5 Ul 7141 &) &4
3} 519 ol| 2471 9] F 24 HA FE 45 T Narasimhan and
Jayaram(1998)-> A A A|2719 <] 54& EAsta A5
S8 MdA =YY F(Conceptual Framework)E T538H=
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High
profitability
Low costs High sales
Low unit Quality High customer
costs product service
High High Low Fast Many
throughput utilization inventory response products
Less Short cycle Low High More
variability times utilization inventory variability

Figure 1. Objectives of Manufacturing System(modified from Hopp and Spearman, 1996)

AR A Az YGo] A& Fohe 54218, F4, H8A
(Dependability), £33 (Flexibility) &2 T8k =2 347}
EAE BE2E 5 e FREIIAEE ZEAM 2 74 (Process
Improvement), &5 ¥2|(Supply Management), 122+ ]
(Human Resource Management), 7]% % &2(Technology and
Innovation) 52 A|AISFH T}, Corbett(1998) A4t A o] +
LA IA E(Key Performance Indicator; KPI)&= &2 (Quality),
1l & )(Inventory), F<1 43 (Flexibility), 18] L %+(Delivery)
olgkal A o5t t. Cahill and O’kelly(1998)= L5 AYAFA 2
glo] At A& 218k AlE 714 (Product Prices), &9 9
7H(Unit Costs), 2|4 ©]-8-E(Utilization of Facilities), A4 AJ4F
3 (Productivity of Facilities), 118 % % A2 8 Ax(Fixed and
Working Capital Elements of Capital Resources) 5 T+ 7FA] 5=
QAR EE AFESFA T Jose ef al.(1999)F AYAHA] 2B o A
71 910l A= B 7HA] F 843 AR FE 243 (Profitability),
AFeF A 3H4d(Conformance to Specifications), 17 T+5(Cus-
tomer Satisfaction), ¥4+ 2] & (Return on Investment), 1] 3L
A 2 7H B]-8-(Materials/Overhead Cost) 2.2 7 2] 5191 0.1
7H4 3l = AAAEE B84, F4, 7143 (Technical
Competence), A4, Al £, Il JFo &2 L7359
Ahmad and Dhafr(2002)= A4 225l o] F8 4 HA FE QA
3} 873 (Safety and Environment), 4, 84, HEH 2 F4,
R 5 67HAI 2 RS om HE A2 17 EXK(Customer
Complaints), 274 | Al A F-& 74 Al Wl Z(On-time-in-full Delivery
to Customer), 33 AZHE AAF A A 4% (On-time-in-full
Delivery from Supplier), 24| 1] &-&-J(Overall Equipment
Effectiveness) 5% 22 TRAAANERE 4= ot BF
A AHAFE &85 7 o] ofet A Ao &3t
AN A AA 75 235 7 E0l T Yurdakul(2002)
& AARA| 28 o] F2) -2 o] 9] o] FHtl S Maximize Profit)]™
olZ 2Adst] HelA kA, MY, A, T2, HIE T Ul
7] FRAAARE FET 5 Yok ainh 24 F R4 A
& 5k AAARE 7HA L 9lom AA 2K Competitive
Strategy) ¥} ¢ AHP(Analytic Hierarchy Process)S 283}

RARA 2E o] o]el& HAE & 7+ YEF 33 Th Sheu and
Peng(2003)- A 28 S 5 7}a}7] s A 3 i 2 A A
®9} A4 8 9(Determinants) ¥ 7FA A B2 &8I0 0 7+
A EE 34 TF(Plant-level), 2FQ1 F(Line-level), 2~H| o]
T(Station-level) & AN 2E o] FA o w2} GAE T
3t Cordero ef al.(2005)2 AY4HA| 28l 9] HEH 2 3R]
FE A B A F A, FEAREH HF AFA dee
A2+ A ZH(Speed in Completing Manufacturing Orders), A 4H4,
A& 2F19] T (Diversity of Product Line), 123 343
© 2 B-7319 T Hon(2005)-2 <Figure 2> 2} 20| AJ4tA]| 28 <]
B7Fe AT 2 Y 2 D 2L B7F S AT A
AE T8 BT} oS x| AARA| 2~E o] H7tol 3kE ] ¢
o 7] AA o) H7} 8o 717th. Golec and Taskin(2007)
2 AR | &3 A1, 7 A &K (Customization), Al & 4t
(Product Proliferation), 7} Z+24:(Price Reduction)9}+ H] &, 51
4,74, 5, 84 5 O 7HA A B2 LA 2 o] 22
< A3t B 7HA] A= 247 ske] A13x9 47700 S
A A EZ 7HA AL ATk Yang(2013)S A Z2 A E 0 A F 1
B7FE AT HHE Lol HFE 54 F(Delivery), F
2, Hg, ZEAE AY4ko g Hofsigith
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Figure 2. Trend of Major Evaluation Factor for Manufacturing
System(Hon, 2005)
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Avealla et al 2011)Z AN 281 O] Qfa ZA48)7] flste] Qi)
<Figure 3>3} o] 3R = A = oW & AAE 7HA AL 9 =A]
M E o FEFe MR =A BAE o &4 23 FH S
T A A FEFS A H A 27 O] A, B84 2
22, 1 B840 HR AR S M= A o2 AdE I
T EES I 2R o] Aol AR SEFE A E A
829118 A I A FFS PIA = A2 BEHR
Ok AR 28 o] A 2 7 A Qo A A GaFe v
o 1 a4 I A FFE rIA ALz Al o
W3 2= HE AN ARAI FEFE A= AR &

—> : Direct effects
= => : Indirect effects

A 2Rl o) 3R] st TRl 7]
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Fisher and Nof(1987)% A4 7|9k 227} Al 228l (Knowledge-
based Expert System)< &-8-3}0] 42N 201-& 74 A 4 SH A
37h 2 B8 2 A QST Jain et al (2011)-2 A4HA| 2<H]
o] HEHX 278 9| 3lo] DEA(Data Envelopment Analysis) S
ARS8 0 22 A 4K Assembly Line Manufacturing) 2] £
84+ 5% AlZH(Labor Hours), 7Hs- A ZHUptime), ¥ A1 5 H]-&
(Material Costs), 3~ H1-8(Supply Cost) > Z A3} 01 A= Q A=
AlF2] F o2 AASIATE <Table 1> A| 270l A] A<=k 4k

= s At vl 8ol

Figure 3. Relationship of Between Parameters in the Manufacturing System(Avella et al., 2011)

Table 1. Summary of the Literature Review

Author

Research Contents

Representative KPI

Monden(1993)

Define the objectives of manufacturing system and
relationship of activities to achieve the objectives

Profits, Cost, Productivity, Flexibility, Inventory, etc.

Son and Park(1987)
Craig and Harris(1973)

Research of evaluation methodology for manufacturing
system

Cost, Productivity, Flexibility, Quality, etc.

Hopp and Spearman

Development of the objectives level for the

Profits, Cost, Sales, Time, Quality, etc.

(1996) manufacturing system
Park and Kim Research of the manufacturing system evaluation in . o
. . . Profits, Productivity, Cost, Flexibility, etc.
(1995) view of economic perspective
Narasimh: d | Devel t of the fr k t \ 1
arastrrar an evelopment of fhe framework o analyze rea Cost, Quality, Dependability, Flexibility, etc.
Jayaram(1998) manufacturing company and KPI
Corbett(1998) Research of KPI for manufacturing strategy Quality, Inventory, Flexibility, Delivery, etc.
Cahill and O’kelly |Research of Productivity measurement method for the| Cost, Prime cost, Cost factor, Utilization, Productivity,
(1998) advanced manufacturing system etc.
Ahmad and Dhafr |Research of KPI for the manufacturing system and | Flexibility, Innovation, performance, Quality,
(2002) supply chain via survey Dependability, etc.
Research of objectives and KPI for the manufacturing | Profits, Dependability, Time, Flexibility, Quality, Cost,
Yurdakul(2002)

system

etc.

Golec and Taskin
(2007)

Research of the objectives for the manufacturing system
via KPI

Innovation, Cost, Flexibility, Quality, Speed,
Dependability, etc.

Yang(2013)

Research of KPI and definition to evaluate production
project

Delivery, Quality, Cost, Productivity, etc.

Avealla et al.
(2011)

Research of relationship between KPIs for the capability
evaluation of the manufacturing system

Quality, Delivery, Flexibility, Environmental factor,
Cost, etc.

Fisher and Nof
(1987)

Research of evaluation and analysis method for the
manufacturing system in view of economic perspective
using knowledge based expert system

Productivity, Time, Cost, etc.
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AAA| 2E o) gubA Q] Ex%gy]{: AT A ZALE AYAE
/\Eﬂg] ey Q}FrMS-‘l]

A A AR 2 S BN 2] FUEEE B4
3o ol mhe} thE B7hA £8 74A 1 A 9 7} o) %

F 522 F ) sH(Maximization), 3| 2~3H Minimization), | %3}

(Optmization) 2 % 2 51 0 413, Tl 28 A
o DR B BEZA ACkO R B 4 9lTk 44N 2

glo] 7afofd 52 QA 0] o] Huf 3}, H]-§-of HA5} Ak
o] & A, FErEe] 24 T 712 7HA TR
ol A BlojubA] eh=th. whebA] AlQkE YWHA B2 melo] 7} o}
ZHo] B T2 <Table 2>0l| A 9k o] 7]22] W3} bz}
A2 HAf3}, H A3} HA3) 9 h(Satisfaction) &2 T
T UEF i

YREA Q] H42 <Table 2>9] BEtH|HE EU R 3t A

Table 2. Parameter Set in Generic Goal

A F2E 7HA AL oM 319 FEE <Table 3> 2o E&
3k 4= QATh. <Table 3> A 2780 A AFa 7129 A 21
W7t Bl =R EE Fxte] RESG o Y% 519 gein|
El7F 85 & olfre AN 2F Y HEH s 54 9 549
7ol wheta] TheFst stetmlEl 7L 2holH Y RE FEE O 2
o] 3 thFet 4 WAl 9 FA o] A o] 7hsety] Wiolth &
aF9] ZetrlE= A9 skt o] F45 o] Sl o] o}ch
e EE S48 e 47HA (A U] 48} F A8,
ol of3f) T 7 et o 2 S48 7HA AL Q)= vt
HE| & o] w2 Aojtt. o] ¢} 2ol °‘HW E2 md o A aka]
28] B A Aol wetA 319] tetu]E < o] Fo] 7HEsttt.
ol HujstE 7]?34"3"“1*9‘«1 THAY R *—;175
Thm A ARA] 28l o] A B8} 2= 9l
Efo] QoL & = QlTh 01]*501 01‘14 714 0] o]&¢] JJEI1§¥~
3t A S HUZ = A S Y e HE 5
off W2 54 292 <Figure 4>} 2o A4 o HoslE 71
9] A 0= sto] A 9] H3LE o] 7] YA ThE =
A Eo] 5}9] E2|(Sub-goal) &2 FHE 4= )t}

0{

Maximization Minimization Optimization Satisfaction
Profit Sustainability Cost Resource Utilization Quantity
Performance Dependability Defects Delivery
Productivity Throughput Work in Process
Capacity Flexibility Inventory
Reliability Business Strategy Time
Quality Reconfigurability

Table 3. Parameter Set in Generic Goal

Objective Parameter Sub-parameter
Performance Delivery performance, System performance, Labor performance
Productivity II;ra:(;)ljct;i)‘r/(i)t(;uctivity, Capital productivity, Material productivity, Energy productivity, Miscellaneous
Capacity Capacity utilization, Monthly capacity, Operational capability
Reliability Mean time between failurestMTBF), Mean time to repair machine(MTTR), Mean down time(MDT)
Sustainability Redu(ftion rate of energy consumption, Reduction rate of water usage, Reduction Rate of harmful
material
Dependability Machine availability, The number of changes in a time period
Throughput Line throughput, Machine throughput
| Flexibility Equipment flexibility, Product flexibility, Process flexibility
M;’;ggize Business Strategy | Product growth, Competitiveness, Ability to release new product, Ability of the system expansion
Reconfigurability | Reusability, Product variety, Product-process design
Cost Direct labor cost, Material cost, Material handling. cost, Toolir}g/ﬁxtu.re cost, ‘Maintenance cost, Facilities
cost, Inventory cost, Rework cost, reconfiguration cost, Direct cost, Indirect cost
Defects Product defect rate, Process defect rate

Work in process Work in process

Inventory Inventory level

Time

cycle time, set up time, lead time, processing time, throughput time, delivery time, Reconfiguration time

Resource utilization | Labor utilization, Material utilization, Machine utilization, workload

Quantity Order quantity

Quality

Product quality, Customer response
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Objective

Goal

Productivity

| | |
Sub-goals Line/Cell Labor R‘?S.OUFCC Inventory Cost wip
Productivity Productivity Utlhzallon

Energy Material Capital Defecls Time
Quantity Quality Productivity Productivity Productivity
CI Maximizing U Minimizing © Optimizing : Satisfaction

Figure 4. Example of Generic Goal Model(Maximize Productivity)
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32FMS HARES ER W Fx ? AH|7F, AH) 18 EE 2ol 2R E

FrMS% ZHE FLZ(Mandelbrot, 1982)E AJ4hA| 2~Elof| HE zj% fﬁﬁq j}f AL ﬁ zFlguﬁsj Zﬂ e ;;] 45 qu
FAIZ A7 T3 0] 71e3HSelf-reconfigurable) AY4HA] 2~Hl E;}j j——_‘;ﬁi] e F/}]o]«] /\42 ;_-L _— J_Zb]/]
olck, A% B¢, EAOIEhE shle] RAe] B Ain] e ZTEE e glod vl 2 < P
OS2 FAE T 4Rsh TPl slont A Ay o 0o e B R AT Sh Shop) B2 AFlon
S A ZbE YAAu| 2 FAE £3d F2E Y1 Ytk ShOP)S’—i @ﬂ% T T 79 ia‘uv%’] 5754113%1,3 '7‘(4)5}%
= gl | a1 X . EquiEaQq
7z BRAS e 2] S99 AL AL F ook 44 T o i .
o] TaAlEro HAF9) B o] Al & 9|8 A] 7k} DA 2= gl 2o 71EATE AN 2R HFEH o] A 2l
HE Q}QE 5 712)= Aol w3k uwaiﬁt}zﬂiﬁg:] AL 7MY 02 Feh NbE 0 2 A 2E) E A
o) Z+ E‘;-l; 1 Ao HA U irz—gﬁzfqﬂﬂiﬁl—oﬂ 1:}3; 27199 AFEAS o3 Huisioln) ol& SHeH7) %t
i;;g;ﬁﬂ ﬂg”gzgﬂﬁﬁﬂqaﬁgﬁ of W] § 7, FAETL 5 A RERE 23T A 279
4120 2= olojof ATh Wel A Frvisel EAma o pvse] S0l elel el At glnE e A e 2 g )
oI T Bl otk 3hA 5k H 2 Sof W Qof whe FA 7Y 9 Tl
24 Ex3} 9413 o3} 2o EA S 712 3 9)T) o
A7E S A S ue & A% 719 HFZ 0] WEA olojo] Hrjshrt ohd A=

7% A (Self-similarity) : 9 583 £4 33 A}
725 7HA I Stk
27} 22 2 (Self-organization) : FrMS&| &4 2 g2 9] 7
73] ¥iglel wet 21 ' FEE HIAA HF 54 Y
5 WA Z 7 Jlofof gt

A717] ARS8 o)) 37 A7 YoIAE wlol
e} HE 22 0) Wahol] B3 B aAo| Holi= Ao 47)7]
AZekTh 744, Covid-199) B4to] mhe v} 19) 2744
gH o2 RESAA, 7|4 e BRG] 27w} e
ol Aate) 2ojseks 24 shHom WAl @A A

Jk; rlot

o 27 2] 8kA] i z+ E2A o Aol BA
4 %8 Goalorentaton) : % W SHE HIA FH 2 pe g aere) opsters 5218 A1 mae)
g_l %J:Jz_gl W3] ul—zq AAE A BAS A 1

g Ao & 92 23 Yk wheb Z1 29 A sY HE
20 o) 7| B714 2 vl Wado) glov o) BelH o
FIMSS] B2 B9 <Figue >0 4 B 2% 2ol A F AFRAL UHT 5 e BAmdo] FFo|E T Y
FU90 Aule] A0 A9 BAL 2H A TEEAUYL 28 Zolekn oAE 5 gl

Sub-fractal Fractal Super-fractal
R Super-fractal B
Nl Goal
e ; /
Ll 5

Fractal
Goal 4
[:_'( 4, 4 Fractal’,
1S ‘Rﬁ‘ » &
pYasw:S é = I%
- AL v
e 4
Machine Workstation Factory

Figure 5. Basic Structure of FrMS Goal Model(Lee et al., 2020)
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Figure 6. Basic Goal Model for BFU
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&l (Status) ol webA HF F2 o =357 9%
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<Figure 7>°l| A ¢} 2] Efficiency 5 7H &3 A4 9] A o)
2% 934 = o] | Efficiency & 71412 21217, THE BFUS
AE Times) 248 B3A AL 3701734 & o) Al
A9l %7}t P 83} Wk, 7 BFUY 24 242 94)A
= <Table 4>} 22 A2 Q1 344 72| E(Key Performance
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Factory’s Goal
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Figure 7. Sample Structure of FrMS Goal Model

Table 4. Detailed KPI for FrMS Goal Model

Goal Detailed KPI
Labor productivity, Material productivity, Machine
Productivity | productivity, Throughput, Resource productivity,
Energy productivity, etc.
Profit Profit per employee, Profit per product, etc.
Resources utilization, Energy utilization,
Utilization | Asset(Financial) utilization, Capacity utilization,
Overall labor effectiveness(OLE), Scrap, etc.
- Partitionability, Adaptability, Extendibility,
Flexibility Multifunctionality, Process flexibility, etc.
Labor cost, Material cost, Operation cost,
Cost Maintenance cost, Resource cost, Energy cost,
Production cost, etc.
Cycle time, Lead time, Loss time, Operation time,
Time Setup time, Takt time, Down time, MTTR, MTBF,
etc.
Qualit Percentage of defect, Rejects rate(Customer
Y returns), Product general quality, etc.
Process efficiency, Energy efficiency, Material
Efficiency | efficiency, Labor efficiency, Resource efficiency,
Overall Equipment Effectiveness(OEE), etc.
Inventory | Inventory turns, Inventory Accuracy, etc.
33RMS A2 wAYS
FiMSS] 7% B4 298 Erj2 5o 2} g e 3
TEHE A8 of k. <Table 5>} o], HFEHH S 24
371 918 BB WAUZE 7 ZAY fU0 B R

T8 SHAR T Yt
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Table 5. Step for Establish FrMS Goal Model
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Step Description
1. Preparation
: Cost * Each BFU analyzes the current status and the feasible capability
e | IR T—_L-' of each fractal unit
Utilization

New Highest Goal

nvironment

Highest Fractal

* Issue awareness to the highest fractal to modify the system’s goal
based on the changing environment
* The highest fractal decides new system's goal

3. Preset Sub-goal

New goal ‘
(Ton o

Fractalyyy ‘ Fractalyy; || Fractalj, ‘

Fractalyy

Sub-goal
(Bottom up)

* Each lower fractal unit analyze its own feasible capacity
* Each fractal unit decides its own sub-goal to achieve the final goal
* All fractal unit report the sub-goal to the higher fractal

4. Analyze Relationship

Relationship for highest goal : G(l)ll — Bo + Bl | 171j+ Blzg;,lz 4+ ‘Bigg,l

Relationship for sub goal : Bll + Blllgibu + ﬁllzg;plz + -+ ﬁigzp

* Highest fractal unit analyze the relationship between new goals
based on the regression model(under the hierarchical structure)

5. Set the best goal model

Best goal mode]]

Goal (Objective) - 1
or new goal

function

Gathering the data
from cach fractal

&

Optimization with A.I

* The highest fractal unit generates the objective function based on
the system’s goal

* The highest fractal unit executes an initial solution for the system’s
goal with A.l

* The system derives an initial optimal goal

- Requests
£ o
nalyzer
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Figure 8. Capacity Analysis in Preparation Step Using BFU(modified from Ryu and Jung, 2003)
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Figure 9. Decision Sub-Goal for Higher Goal
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582 1) 5k F29] gl tel A Regression Model 9]
FE & 7Htk

G = Highest goal for system
g = Eachfractal’s goal
3 = Regression coefficient
i = {1,11,12,--,21,22,23, -+, 111,112, -, n}
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1
Relationship for sub-goal : M

_ W v v
1 = Bu T Bimgin T B t 18,9,

op2) ek @A Q] Set Best Goal Model Step©ll 41 Neural Net-
work7|HF A A3} 7ML ALl 2E ERndo)A] HE

£ A9 &84 (Material Utilization) & AFo] 2B} (Cycle Time) =21 94 3t Preparation Stepoll A =% 2t Al F-528
S B3)4 A2 (Productivity) S Z7Holl 718k Hm) 49 Triangle Fuzzy NumberE 7|02 do] 2F54 3 2 A&
Zeo s Zalet GRS Hsla A9 ZAgs & FAZ BAA FHA 5L 7Y 2§ A, Al 2 (Constraint)>
A 4 9= BAS ARGt o] 2 ALY Ak AgstA  <Figure 10> 2T} <Figure 10> 4] Fractal;; -2 Sub-goal 2
Ao EfficiencyS A &8} Fractal;;&] 7188 Efficiency 574

vl WA 9412 Relationship Analysisoll A& 2E zaigke] o] Fo] HFEA Productivity®] Constraint7} €T} & =70
954 L BEUE 2 Bzt #AE AAGA dok 57 A A Sk= Neural Network”|1¥F 228} 7132 Gabriel et al.
F BAE A (1)7 2] Regression Model®] FEE RHS & (2018)= #2314 21 F o w2} Particle Swarm Optimization
o HAFEAL G, N EH L g iE ZAY FUl9 dd  (PSO) 5 T Frel &Y HA| A8o) 7Hs st

Fractal;

Highest Goal :

Fractaly;

Productivity 1

Fractal;,

Fractalyy Fractal;p Fractalyy; Fractaly;
Goal : Efficiency 1 Goal : Time | Goal : Quality | Goal : Cost |
=
2 o 2 2
.2 £ = g
2 = = &)
&= _// v //
Productiyity Produc m

-
Y
|,d‘ mmmmmm—-—
5

3 «

B =

FA= T T

Time

Efficiency

-
5 =
g

Cost

Figure 10. Fractal’s Capacity and Constraints for Optimization
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T2 A (QE HEoE HAH S o e AS A (2006)0] A|QHEF Goal-harmonizing Process(GHP)®} Cha et al.
e 7 29 128 H 4 3)|= <Table 6>3} 2t} (2007)°] AIF3F Goal-balancing Process(GBP)E &85} &4

E2 2 & & 4 §l= Raw Dataol| Al SHHF7F 049l thdl @tk GHPE <Figure 13> 2o] 2F%(Task)719He] Al & 0]
F ot 39 Rd S EE5ee A gA ¥tk ARt ojn] & A S Ffete] 7 mAlY B3} S-S gol 1l Za ek
A2 E 4o tke 7MY sholl B AR S AAlstG e @S Fete B39 FES A ST e 98
E29 1241 H A= <Table 7> 2t} 5421 S A 93k @tk GBP= 72 Y £47F T-50| 43bd FejoA 7 =
24|98 5 YA 2438 21 Linear Regression Model]  #&o| AA| 23HAH A B2 & 44 & uf|, 7 = eko] A
H# ot vl askgl S v, Productivity7F EO1EU TS FAT  © AAF-3KWorkload) 5 A A A28l o] QA S g H et
4 1t} 3k Non-linear Regression Model ] 12H2Q1 A= 1 HF54 & 4838 4T + I =5 3t GBP2F GHP &

=

FlexibilityS 7HAAI713L Efficiencys F7HAH HEHHU A2 A28 HF54of tigh 27
Profitsol] =Eat= 1344 HA & 23 AS & 5 3ty FA T 27)8l 245 M=

<Table 6>} <Table 7>2] 13}2]¢] A& vigto 2 =28 Ui UNLEY P49 Al Ego]Mo
Profits®] #t-2 Linear Regression Model©] 1.898°]™, Non-linear 73| 4] A A| 2+4 87 3} 2} F-5}9}
Regression Model©] 1.8332.2 9F 0.0652 T4¢ 2fo] & Ho| A 7+ 319 o] 53 GAEo| 24
29t} o] 9} 28 A} Z Non-linear Regression Model©] 9] Non-linear Regression Model 2] 3 25}<] 1.8330] ©]/-2 <1 3
9] E221?] Non-linear Regression Model& T3t A5 A & 714 SThH Linear Regression Model 2] 7] #2321 1.898

o
&5 Atk AL AT 5 Ak © GHPS} GBPS) ZT B27F 353 417318 1el5H4
A Q)eIA =28 A dA FeolM A3 FH01 24 2 HAsetal D < 91 oH GHPS GBPE &3t & A4t
B4 Qs 270870 5 ok AT a9 Zage] BA 0% R 4 oty B8 4 ATk 24 Rde TEd A
5 5o 1HEo] YA Gom AFEEAL ZES Shineral. A28 H2 el B4 3148 <Figure 14>9} 2T}
(a) Productivity response plot (b) Efficiency response plot (c) Utilization response plot
(d) Flexibility response plot (e) Costresponse plot
Figure 12. Response Plots between Independent Variables and Dependent Variable
Table 6. Initial Optimal Solution of Linear Regression Model
Goal Productivity Utilization Flexibility Cost Efficiency
Values 0.77062669827 0.3 0.37307360956 0.3 0.42065493431
Table 7. Initial Optimal Solution of Non-linear Regression Model
Goal Productivity Utilization Flexibility Cost Efficiency

Values 0.695317852 0.3 0.3 0.3 0.580114717
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