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Abstract— The Supply Chain Operations Reference (SCOR)
model is a well-recognized process reference model in the
supply chain management field. Based on the literature,
thereisno research work that proposes a method to estimate
and predict SCOR key performance indicators (KPIs) of a
company. The objective of this paper is to propose a
methodology to assess the SCOR KPIs under uncertainties
based on level 2 of the SCOR-Make process metric,
including nine KPIs. The proposed methodology consists of
predictive MILP models with fuzzy parameters and some
algorithms to assess the KPIs related to agility. The novelty
of this paper is to relate the manufacturing parameters to
the SCOR KPIs, and use the MILP model with fuzzy
parameters to enable the performance prediction process in
many what-if scenarios. This method is new in the
performance evaluation framework by using a SCOR model.
A case study of a bottled-water factory is conducted to
demonstrate the application of the proposed methodology.
The originality of this paper is we establish the relationship
between the manufacturing parameters to the SCOR KPIs
to enable the performance prediction process in many what-
if scenarios. The findings indicate that the proposed
methodology is capable of developing the relationship
between the manufacturing parameters and the SCOR KPls,
which enable the effective prediction process especially when
the manufacturing parameter s are changed or improved.

Keywords— SCOR, Performance measurement, MILP Model,
Fuzzy, Supply Chain Management

1. I ntroduction

The Supply Chain Operations Reference (SCOR) Model
is a well-established process reference model wigch
supported by thé\PICS Supply Chain Council [1]. It is
organized into fivemain processes. SCOR Model is
comprised of performance attributes and the measene
metrics in a hierarchical structure. These orgahize
features allow the framework to be widely adoptedhie
supply chain research, and practically adaptedat@mus
industries. To evaluate the performance using BB
KPIs, the model has provided a definition thatdady to
be used, and it is possible to assess the valugisesé

KPls based on business outcomes. This method, even
though it is quick and easy to use, lacks a procgdu
methodology, and the obtained KPIs cannot be furthe
analyzed. The disadvantages of direct assessmethieof
SCOR KPIs are:

1. The relationships between the values of SCOR KPIs
and manufacturing parameters are not known. Hence,
it is not possible to predict the consequenceshef t
SCOR KPIs when the manufacturing parameters are
changed or improved.

2. There are agility measures in the SCOR KPlIs.
Without a procedural method and model, the
evaluation of the agility measures is unclear amin
systematic.

Based on the above reasons, this paper proposes a
model and a procedural methodology to assess these
SCOR KPIs. For supply chain planning, there is an
increasing interest to incorporate uncertaintie® ithe
models. This challenge leads to an application of
stochastic  programing and fuzzy mathematical
programing [7]. However, when the statistical d#a
unavailable or not reliable, stochastic modellingynmot
be the best choice to deal with uncertainties. fllaey set
theory (FST), is the alternative modelling techeidiat is
effectively applied to model sources of uncertasitce it
requires less data, compared with the probabiligoty
that requires sufficient historical data. FST mag b
applied with the mixed integer linear programingli(¥)
model to incorporate uncertainties into optimization
capabilities [29] The constraints and goals can be

formulated and optimized to find the best allocatiaf

resources that satisfy the objective function. The
popularity of the fuzzy MILP model has broadly apped

in the supply chain research field such as: Inugnto
management [4]Vendor selection [12], [35], Transport
planning [19], [24], Production-distribution plamgi [26],

[33], and Procurement-distribution planning [32B8].

With the successful implementation of the MILP miode
with fuzzy parameters that has contributed to wexio

research fields, it is also expected that the MthBdel

with fuzzy parameters provides a good foundatioraas
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predictive model that is used to systematicallyeasghe
SCOR KPIs according to the proposed methodologly tha
is outlined in this paper.

The objectives of this paper are:

1. To propose a predictive model and a procedural
methodology to assess the SCOR KPIs using fuzzy
parameters.

2. To demonstrate the effectiveness of the prapose
method by using a case study of a bottled drinking
water factory.

The originality of this paper is to establish a hoet to
assess the SCOR KPIs using the predictive MILP mode
The developed methodology involves the manufaagurin
supply, and demand related parameters that coteriiou
the assessment of the SCOR KPIs. Also, there ame so
procedures to assess agility metrics that arecdiffito
evaluate. The FST is used to handle process, deraadd
supply uncertainties of the supply chain system.

The paper is organized as follows. Section 2 ptesgn
literature review on (i) the foundation of SCOR rabd
and its application in research, and (ii) the fundatals
of fuzzy set theory and its use in MILP model. 8t3
proposes the MILP model and the methodology tosasse
the SCOR KPIs, where a case study with numerical
example is provided in Section 4. In section 5, rimults
are exhibited and discussed. Finally, the conchysio
limitations, and recommendations for further resbaare
presented in Section 6.

2. Literaturereview

2.1 Foundation of SCOR model and its application
The SCOR model is a process reference model that
provides a unified framework to manage a supplyircha
under the same standards and format. The modelirstis
introduced in 1996 by the Supply Chain Council, aiad
been continuously revised to the 11th edition [Ihe
model consists of three parts; (i) a SCOR modeh wit
standardized supply chain processes, (i) a set of
performance attributes and metrics, and (i)
benchmarking standards where the best practices are
discussed. The model enables the company to establi
communication using a standard terminology, and
eliminates the wasteful practices along the chaisulting

in the improvement of the overall processes. [1¥8].

The application of the SCOR model has been reparnted
several industries. For example, the service imgijd#],

IT and technology consulting [40], transistor-LCD6],

the construction industry [9], [28], automotive ustry
[31], and in shipbuilding [47].

Based on literature reviews, the model is connetited
many research methodologies to broaden their
application. For example, the model is integratét the

AHP techniques for prioritization and evaluationgmses
[6], [8], [27]. Fuzzy theory is combined with theCOR
model to address the issues of uncertainty. [13]].[
Discrete event simulation is introduced to the SCOR
model to create a template to use as a decisioposup
tool [22], [30]. Lastly, case studies are appliedthe
SCOR model to investigate problems in the particula
decision area such as in environmental considera{ig],
[43], delivery processes [37], inventory managenjihy,
and the footwear industry [34].

From the current literature, it is recognized thiae
APICS SCOR model is a globally accepted modellaat
been used by most of the academicians and praeigo
to address many supply chain issues. However, the
literature review discloses that the method fomesstion
of the SCOR KPIs is still limited in the literatyrand
without the method to estimate the performance that
be linked from the manufacturing system to the SCOR
model, the direction for performance improvement is
mostly obscured. This article aims to addressréssarch
gap by proposing a method with some models to ev@alu
the SCOR KPIs of a company by applying the modéh wi
the method of predictive modelling. The predictimedel
to evaluate the SCOR KPIs is useful since it helps
company to determine the relationship between
manufacturing system and supply chain performances.
The model is also capable to perform what-if arialys
foresee the new SCOR KPIs when the manufacturing
parameters are changed or improved. Thus, it eetifi
changes to the management team before making deciso
without conducting a real experiment on the
manufacturing system.

2.2 Applications of Fuzzy Set Theory to handle
uncertainties.

Uncertainty in a production planning environment is
usually modelled as randomness, fuzziness, anteepis
uncertainty. Randomness came from the random nafure
events and is described as a membership or non-
membership element in a set. Fuzziness is relatetet
fuzzy constraints in fuzzy sets, and epistemic taggy

is concerned with the unknown parameters modelled b
fuzzy numbers in the setting of possibility thediy].
Uncertainties in a supply chain system serves @&safn
the main factors that can influence the effectigsnef
operations, therefore, many researchers have addfes
this issue by different modelling techniques, sacha
probabilistic distribution. [2], [36]. However, i
technique requires evidence in the past, which is
sometimes unavailable and not reliable. Fuzzy tsebrty
(FST) is an alternative modelling technique, where
membership function describes the uncertainty patera

to generate the model’'s objective function, andstr@ints

(3]
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Fuzzy set theory (FST) was introduced by Zadeh] [46
as a technique to deal with the imprecise data and
uncertainty that cannot be avoided in a practiitahton.

FST involves a set with elemexntthat has the degree of
membership valued in the real unit inter\[ajl], and the
membership function is expressed &) . The degree of
membership is interpreted as the level of belongih@
particular element to the set, which represents the nature
of uncertainty that is commonly found in the stadie
environment. FST has provided an efficient evatratf

a system, and was continuously used until the ptefar
example, in a control system [42], [48], resource
allocation [20], cellular manufacturing for smalktbh
production [44], performance evaluation [41], plexgn
and scheduling [23], supply chain production plagni
[7], [25], supplier selection [10], [21], [45] arslystem
design [39].

In this study, the MILP model with fuzzy parameters
used to solve the production planning problem afse
study and to evaluate the SCOR KPIs of the company
according to the proposed methodology. The aimhef t
MILP model is to determine the optimal plan for the
limited production resources that satisfy the marke
demands at a minimum cost. Fuzzy parameters acetase
represent the sources of uncertainty in the praoct
system, and they are described as triangular fuzzy
numbers (TFNs). The TFNs are denoted by fuzzysset
and they are defined 4a ,b, c) The A, is a crisp set

that used to represent uncertainty, and it is éerifrom
the prarent fuzz;i setA , where 0<A<1 and
Ay = x|,uA-(x):/l . The membership funcno;zy;(x)
is shown in Eq. (1), where the crisp s%&j} is exhibited in
Fig 1.

@)

——, bsx<c

0, otherwise

— 4

Figure 1: A fuzzy set withi cut

3. The proposed methodology

The proposed methodology for SCOR KPIs evaluation
consists of two parts. The first part is to forntelahe
predictive MILP model with fuzzy parameters, ane th
second part is to propose the method to evaluae th
SCOR KPIs based on level 2 of the SCOR-Make process
metric, including nine KPIls. Before the methodoldgy
presented, we present a block diagram to explaén th
overall research procedure, and this is exhibitefig 2.

Develop the MILP modepredictive modelo represent
the manufacturing system under consideration

|

Apply uncertainties in the manufacturing systenthe
MILP model, using TFNs, and solve the model for the
optimal outputs based on uncertainties

v

Evaluate the level 2 SCOR KPIs, based on the ositput
of the MILP with fuzzy parameters, and the proposed
methodolog.

Figure 2: Block diagram of the overall research procedure

3.1 The predictive model

In this study, a predictive model is used because t
relationships between the values of SCOR KPIs &ed t
manufacturing parameters are not knowhe aim of the
predictive model is to represent the manufactusystem

to be studied. This is used as a foundation tosasde
SCOR KPIs of the SCOR-make process. Also, there are
agility measures in the study, and without the pdatral
methodology, the measurement of agility is almost
impossible. The structure of the manufacturing esyst
the MILP model, and the fuzzy parameters are desdri
as follows.

3.1.1 The MILP model

The MILP model is used to determine optimal plemes t
are most favourable to the stated objective functio
this case, the optimal plans involve raw materideadng,
production, and inventory planning that meet thenaled
requirements in each period. The structure of the
manufacturing system is presented in the Fig 3thla
paper, the manufacturing system is a make to dloek
shop. It produces | products to fulfill the demdnmdover

T planning periods. The manufacturing process ctmeis

K production stages. The raw material is planned and
ordered using a material requirement planning (MRP)
system. The amount of plastic resin in grams talpce
each size of the plastic bottle 4s The machine at each
stage is specific to the operation and therenaidentical
machines at each production st&geThere is a work in-
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Stage k=1 Stage k=2
Group of machines type 1 Group of machines type 2
R Nteril o skt [
Figure 3: Structure of manufacturing system Sm
-process (WIP) between production stages, aid M_t
workers are available in period The manufacturing
system operatels; shifts in periodt, and each shift has .
working hours.  The parameters, decision variables,  J;
objective function, and constraints of the modeé ar
defined as follows. o
lit
Parameters
i Product index-=1,2,.,| My
t Period index-1,2,., T o
k Production stage indek-1,2,K Jit
n Number of machines at production st&ge
cm  Material cost of produdtBahtpack |_|t
cy Utility and production overhead cost of prodiict ~
(Bahtpack I
cr Labour cost per one shiBahtperson G
Ci; Inventory carrying cost of product i
(Bahtpackperiod
Cji WIP Inventory carrying cost of produci Ly
(Bahtbagperiod TF,
cl Raw  material Inventory  carrying  cost
(Bahttonperiod
Cs Subcontract cost of produaBahtpack Ly
ck; Backorder cost of productBahtpack Ti

ck Standard cost of WIP inventory of produi
(Bahtbottle

cn  Standard cost of Raw Material inventory of
producti (Bahtkg

€ Hours of labour per unit of produdt man
hourunit

W Total workforce in period (workers

0 Working time per one worker per shiftoursshift

y Machine operating hours per dépursday

c* Production capacity of each machine in st&ge
unitshoun

h Number of shifts per day in perit

d 1 if periodt is a working day, 0 otherwi

Di Number of units per pack of product

0 Number of units per bag of WIP of prodiict

Di  Demand of produdtat perioct (packs

@D; Total number of order of produi in all period:
(orders

R Selling price of produdtBahtpack

Level of safety stock of produi, according tc

company policypacks

Stlage kmK
Group of machines type K

WG 1

WIP
Stage k=2

Finished Products
Stage k=K

MC2

MIC {n*-1)

IC (")

Maximum allowable subcontract amount of
producti at periodt (packs

Maximum raw material inventory at the end of
period t: beyond this level there is a cost penalty
(tonnes

Maximum WIP inventory of produd at the end o
periodt in any stagebeyond this level there is a
cost penaltyunits

Maximum finished product inventory of produ

at the end of period beyond this level there is a
cost penaltypacks

Safety stock of raw material at the end of petiod
tonnes

Safety stock at of WIP of produi at the end o
periodt in any stageunits

Safety stock of finished produdtat the end of
periodt (packs

Target ending inventory of produi according tc
company policypacks

Amount of raw material based on MRP system to
be received at periddtonnes

Amount of raw material used to produce product
(grams per unit

Fixed component cycle timeeischedule time,
issue material time, and release product time per
lot of producti (min)

Lot size of product at proces& (packs

Unit processing time of producht proces&

Decision Variables

Py Amount of product produced at periotlin stage
k (units)

St Subcontract amount of product at periodt
(packs)

it Inventory of producti at the end of period
(packs)

Ji« WIP Inventory of product at the end of period
in stagek (units)

Bit Backorder amount of produicat period (packs)

M Raw material inventory left at the end of pertod

(tonnes)

DB; Total number of orders, with backorder of

producti in all period (orders)

Objective Function

I T T LT in
MAX = 5 T RiDyt - X crwd -5 T T | (emy +ou)- )+

i=1t=1k=K i

K-1 3K

IZ Eci-l- +££ Zc'-'—t—lz 1X—j(c it +chB; )—%cIM
T R i o iZiZ1 S Sit it)” & OVt

i=1t=1k=1 L i=lt

)
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Constraints
1. Raw material balance

_g !
10 6.eri P|%< =M +G -My O, k1 (3)
1=
2. Inventory balance
Ji|§ = Jik(t_l) + Fi{( - Fi{“l, Oi,0t, k-1,,K1 (4)
k

P .
lit = Bit =lj-1 ~ Bit-1) +;7t+51t -y U0t kK (5)
1
3. Production capacity constraint
I
_zlp,F < ycKapnK , 0, [k (6)
1=
4. Workforce production constraint
|
e RK < &khw 0, kK @)

5. Safety stock and maximum inventory policies
5.1 Raw material inventory

M¢ < My < My , Ot (8)
5.2 WIP inventory

I <K<y 0,00 k1K1 (9)

5.3 Finished goods inventory

lig < lit <t 0 (10)
6. Target ending inventory of finished products

lit =1 O t=T (11)
7.Subcontracting limitation

St <Sny i, ot (12)

8 Backordering is not allowed at the end of planning
horizon
Bt =0 0, T (13)

The objective function in Eq. (2) is to maximizeofit;
which consists of total sale revenues minus total
manufacturing costs, including the labor cost, dire
material and production overhead costs, inventofglihg
cost for all production stages, subcontracting ,casd
backordering cost. Constraints (3-5) explain thesimory
balance of raw materials, WIP, and finished prosluct
Note that constraint (5) allows backordering ofidied
products. Constraint (6) represents a machine cigpa
that limits the production quantity of each stagsdsl on
the machine operating hours, machine capacity, eark
per period, and number of machines at each stage.
Constraint (7) limits production quantity of finisth
products, based on available workforce level. @airgs
(8-10) control raw material, WIP, and finished puot
inventory levels based on the safety stock and mmaxi
stock policies of the company. Constraint (11) dbts
target finished product inventory at the end ofnpiag
horizon, based on the company policy. Constral@) (
restricts the subcontracting level in each period.
Constraint (13) states that backordering is allowedll
periods except at the end of the planning horizon,
ensure that all demands must be satisfied, althdughay
be satisfied late.

3.1.2 The MILP model with fuzzy parameters.

The output obtained from the MILP model is the oyt
plans that the company should follow to get the imaxn
profit, but in reality, there are uncertainties the
manufacturing system that prevent the manufacturing
process from reaching the planned outputghis study,

we consider uncertainties from manufacturing preess
demand, and supplyhe crisp setA; at 1-08, based on

the fuzzy setA, is used to represent uncertaitfgdehs
notation is used to present a
crisp setAggaccording to Eq(14)

Agg ={ab,c} (14)

Equation 14 explains that each fuzzy parameter
contains three finite numbers, which represent
uncertainties of three scenarid®e MILP model witha,

b, andc values of fuzzy parameters is solved separately to
obtain the outputs under uncertainti#® be specific,

three MILP models with three sets of parameters are
solved to determine the compasnyactual output in this

case The fuzzy parameters and decision variables are
defined below

Fuzzy parameters for uncertainty

Uncertainties from the manufacturing process

K Number of machines in working conditions
at production stage

W Total workforcethat is really availabl:
in periodt (workers

J Working time that one worker really
works per shifthoursshift
v Number of hours that a machine really

operates per datioursday
Real initial raw material inventoryonnes

ki Real initial WIP inventory of produgt
at stagek (bottles

Tk Realinitial finished product inventory «
producti (packs

Uncertainties from the supply side

ét Amount of raw materiireally receive at
periodt tonnes

Real maximum allowable subcontract

amount of produdtat periodtpacks

Sy

Uncertainties from the demand side
Bit Real demand of producat periodt (packs

Fuzzy decision variables for uncertainty

= k  Finishecproducti, which is really produce
it at periodt in stagek units
7. K Real WIP Inventory of produdtat the end
it of periodt in stagek units



Int. ] Sup. Chain. Mgt

177

Vol. 6, No. 1, March 2017

rit Real inventory of produd at the end o
periodt (packs

§it Real subcontracting amount of product
at periodt (packs

§ﬂ't Real backorder amount of prodi at

periodt (packs

Real raw material inventory left at the

end of period tonnes

My

The fuzzy set of parameters and the decision asab
are replaced in the MILP model solve for the optimal
outputs under uncertaintie$iowever, we input the

additional constraints to the MILP model with fuzzy
parameters to ensure that the cumulative production
quantities under uncertainties do not exceed the
cumulative planned production quantity in each qubri
The reason is that the company cannot practicatdglyce
faster than the production plan to compensate tlfier
delay that may occur in the future, which is nobn at
the present tim&his is explained by constrairit5
3Rk 3 RK
t=1 t=1

0,0, Ok (15)

The outputs from the MILP model with fuzzy
parameters are then defuzzified using a centroithoce
which is presented by Chou and Ch&@p8. For TFNs,

the centroid ofA = [a, b, c] is determined by E({.6)

at+b+c
C;\ —T (16)

32 The proposed methodology to evaluate the SCOR
KPls

This part consists of the proposed methodology to
evaluate the SCOR KPIs based on SCOR versiod 10
(APICS,2016 and a mechanism to assess the agility
measuresThe scope of this paper is the manufacturing
process, therefore, the level 2 SCOR KPIs of th&ema
process are focused .ohable 1 illustrates the SCOR
performance attributes, level 1 strategic metraoy] the
level 2 SCOR KPIgjsed in this paper

Table 1: SCOR performance attributes dadel 2 KPIs used
in this paper

Performance Attributes | Level 1 Strategic metrics Level 2 SCOR KPIs make process)

Supply chamn reliability Perfect Order Fulfillment (1). Percent of Orders Delivered in Full

®L 1L RL21
Supply chain Order Fulfillment Cycle Time | (2). Make Cycle Time
Tesponsiveness RS 1D RS22)
Supply chamn agility Upside Supply Chain (3). Upside Make Flexibility
Flewblity (AG.1.1y (AG22)
Upside Supply Chain (4). Upside Make Adaptability
Adaptability (AG.12) AG2T
Downsize Supply Chain (5). Downsize Make Adaptability
Adaptability (AG.12) (AG212)
Supply chain cost Supply Chain Management (6). Cost to Make
Cost (COLL) €023
Cost of Goods Sold (CO12)
Supply chain asset Cash to Cash Cycle Time (7. Inventory Days of Supply
management (AMI1D) (AM22)

Retum on Supply Chain Fixed
Assets (AM12)

Dt mm Tl e Fomitnd

(8). Return on make fixed assets

= U FU U U |

RL 21 measures the percentage of orders of each product
that is delivered in full with a committed quantitythin
the periodit is computed as
i — B
i
322 Make cycle timegRS22)

Make cycle time is the average cycle time assadiafiéh
the make proces consists of the fixed component cycle

x100% 0 (17)

time and the variable cycle time per.[bhe calculation is
expressed in E¢L8)
TR+ 5 Y (LuaT (18)
+ L oT
T Ey kAT
333 Upside Make FlexibilityAG22

Upside make flexibility is the average number ofsithat

a company requires to satisfy a demand increaszdof
from the current level The proposed procedural

methodology to evaluate AG2is presented in Fig 5

In a company,list the options to increase tl
production capacity and their lead timdsr),
Then rank these options in ascending order of [the
lead timesSee Table 2

v

Apply the first option to the MILP model
Increase the demand parameters by, 2€arting
at the date of the lead time of the first option

>
l

Is the solution from thMILP model feasiblg?
Yes

Add the next option to the LP mod8hift the
starting date for increasing the demand to the
date of LT of this option

v

Include uncertainties into théILP model using
—» TFNs Solve theMILP model with fuzzy

parameters for the outputs under uncertainties

N

Upside Make Flexibility is the lead time of the
last option applied to the MILP model.

Figure 5: The proposed procedure to evaluate
Upside Make Flexibility
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Table 2: Options to increase production capacity and the
estimated lead time

335 Downsize Make Adaptability (AG2.12)

Downsize make adaptability is the maximum reduction
percentage of demand that the company can achieve

Resource Option: — Lead Tim within a preparation time of 30 days, and the reduction
Raw Order additional rav| 10 day: . . .
material material using MRP must not incur extra cost on inventory holding atlder
Workforce | Add four more skilled| 15 day: penalties The procedural evaluation of AG2 is
workers for production presented in Fi@.
Subcontract| Increase subcontracting |1 days
10% from current Table3: Options to decrease production capacity and the
subcontract level estimated lead time
Safety Increase safety stock | 21 days Resource Options Lead
Stock finished products by 25 Time
from the current level Workforce Move three skilled worker| 15 day:
Machines Purchase more productiop to 4 to other activities in the
machines months — factory S
Working time | Reduce working time from| 15 days
12 to 8 hourshift
334 Upside Make AdaptabilipAG27) Subcontractin | Reducesubcontract level u| 21 day:
to 10 of the initial demand

Upside make adaptability is the maximum sustainable
increased percentage of the demand that the comgaamy
satisfy given a preparation time of 30 daiyse proposed
methodology to evaluate this agility measures daired

by Fig6.

List options to increase the production capacity
where lead times are within 30 da$se Table

2, the first four options

v

Apply all options to the MILP modelincrease the
demand level after 30 days by a small percentage,
and solve the model for the planned outputs

v

Include uncertainties into the MILP modsiing
TFNs,Solve theMILP model with fuzzy parameterg
for the outputs under uncertainties

Are the solutions feasib
under uncertainties?

Gradually increase demand and solve
planned outputs

v

Upside Make Adaptability is the maximum
percentage of demand that can be increased befgre
an infeasible solution occurs

Figure 6: The proposed procedure to evaluate Upside
Make Adaptability

List options to reduce production capacity
where lead times are within 30 dagee Table

3
Apply all options to the MILP modeReduce the

demand level after 30 days by a small percentdge,
and solve the model for the planned outputs

|A

¥
Include uncertainties into the MILP modesing
TFNs,Solve theMILP model with fuzzy parameter:
for the outputs under uncertainties

Are the solutions feasib
under uncertainties?

Is theresignificantadditional co
due to worker idle time?

Yes

Gradually decrease dem:and solve fo
planned outputs

Downsize Make Adaptability is the curre
percentage of demand reduction before
infeasible solution or significant additional co
occurs

Ay

Figure 7: The proposed procedure to evaluate Downsize
Make Adaptability
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334 Cost to makeCO23

Cost to make or Cost of goods sold, measured in
percentage of sales revenue, is the cost associdted
buying raw materials and producing the finisheddold
includes the direct cost of labor and materials] #re
indirect cost of overhead@he evaluation is explained by
Eq(19)

owoot T s [omean ]
cr cnmy Cu; )——
&M T By B | M)

(19)
T LT KL gk T
X X cilip + X ¥ X cjj—— I'E % RiDit
i=1t=1 i=1t=1k=1 = 6 i=1t=1
T

T
- . +ChiBit )+ 3 cIM
igltél(cﬁﬁt o;Bit) %10 t

335 Inventory days of supphAM22)
The measure of castrcash cycle time actually includes
the inventory days of supply, days sales outstandin
(DSO, and days payable outstandii@PO. However,
this paper aims to predict the SCOR KPIs from tHeRV
model, so we neglect the effect of DSO and DHRGs is
expressed by E@20).

%[élél'it (em +CW)+éli|§13it (Cki)*'n’:élMt(‘:r\)}

Cost tomakeperperiod(Baht)

(20)

336 Return on make fixed assets

The return on make fixed assets indicates therretarthe
capital invested to the make fixed asdeis calculated as
the fraction of the net profit to the fixed asséis
manufacturing facilitiesThe formula is presented by Eq

(1),

I T
(_Z > RDj; —Cost tcmake(Baht)—Salesandadmir‘costsj
i=1t=1 (21)

Totalmakeixed assets

337 Return on make working capital

The return on make working capital compares themae
generated from the manufacturing facilities to aneount
of working capitalThe computation is expressed by. Eq
(22), while the AP and AR are assumed to be coh@tan
this case

I T
( Y. X RDj; - Cost tomake(Baht)- Salesandadmincostsj
i=1t=1

(22)

i[{ |2I> (c +cu-)+£ IZJ- (ck) + “f M (c )}+AR—AP

=T LAt mep LY

In this work, since the SCOR KPIs are evaluatecetham
the outputs of the MILP model with fuzzy parameténs
outputs are also fuzzy numbefsie SCOR KPIs need to
be defuzzifed using the centroid method in. EH6)
Results from the proposed methodology is preseirted
Section 5

4. Case study

To demonstrate an application of the method, thigep
conducts a real case study in a small flow shopyrimg
bottled water since its manufacturing process &y da
understand and the degree of complexity is suitéble
clarify how the proposed method and models areiegpl
in a real situation. It is expected that the read# this
paper will be able to apply the proposed methothtwe
complicated cases afterward. The bottled drinkirzger
factory under consideration has the manufacturinoggss
configured according to Fig 8&he company produces 2
sizes(; = 1500cc,i, =600 cg of drinking water in bottles

The amount of plastic resin in grams to producé eswe
of the bottle ist; = 417 andrt, = 158, respectivelyThe
manufacturing facilities are arranged as a flowpsttmat
consists of 2 stage&K-2, which are a bottle blowing
process and a water filling proce¥se company orders

raw material of plastic resin to produce the bsttased
on the material requirement planniddRP) at an amount

of 2 tonnes per lofThere are 4 blowing machines for
producing bottlesn® - 4). Each has a capacity of 1,600
bottles per houC- 1,600, and they are operated for 24
hours a dayy-24. Empty bottles, which are a woirk
processWIP), are stored between two production stages,
and wait to be transferred to a fill linehe water filling
line is operated by a conveyor systefine empty bottles

are conveyed to a wash, filled with water, covexitth a
cap, seal, inspected, shrinkapped into bundles, and

transferred to stock in a warehouse aréare are two fill
linesn?= 2. Each line has a capacity of 2,400 bottles per
hour C*- 2,400, and they are operated for 24 hours per
day Currently, 13 workers aravolved in the production
(W, = 13. Each unit of bottles requires on averag@50
manhourse-=0.05 and the employees work two shifts per
dayh=2), at 12 hourshift from Monday to Fridays-8).
The labor costcn is 300 Bahtlay The company is now
subcontracting for extra capacity on average atdQdhe
current demandThe cost structure, inventory holding

policy, options to increase and decrease capauitytotal
asset values adiscussed next

41 Cost structure and inventory holding policy

The finished products are sold in packs, which @re
bottles per pack for 1,500 ap;=6), and 12 bottles per
pack for 600 cep,=12. Estimated demand per day is 805
bottles per day for 1,500 ¢b,, =805, and 3,198 bottles
per day for 600 cd,; = 3,198 The selling priceR) is 40
Bahtpack for both productdable 4 shows the related
operating cost§he unit for all costs is Babpack except
the finished product and WIP inventory holding ¢ost
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Stage k=1
(Blowing machine)

(Empty Bottles)

Stage k=2
(Fill Line)

Finished Products

Line 1 (Bottled water)

Capacity of each line
2400 bottles/hu

Figure 8: The manufacturing process of a case study

Raw Material MIC1 WP
[g‘ET :e:i:? ™ MIC 2
MIC3
MIC 4
Capacity of each machine
= 1,600 bottles'hr
which are Bahpackperiod, and Balttagperiod,

respectively The standard cost for WIP inventory is in
Bahtbottle, and standard cost for raw material inventor
«cnyis 60 Bahkg. The raw material inventory holding cost
chis 20 Bahtonneperiod

Table 4: Operating cost information

42 Current fixed assets, estimated accounts receiyable
and accounts payable

From the collected data, the company can estinuise t
fixed assets as shown in Tablel® this case study, the
estimated accounts receivable and accounts payable
5,286,107 Baht and 2,509,905 Baht, respectively

Bottle | Material | Overheac | Subcontractin¢] Backordet FP WIP Standarc
CGC Cost Cost Cost Cost Inventory Inventory Cost of
cm cy (ofS] ch holding holding WIP
Cost Cost Inventory
Cij Cli ck
1,50( 2168 3 3596 7 0.72 Q8 135
60C 232 4 3713 9 0.8 0833 295

The company inventory holding policy is shown in
Table 5

Inventory Maximum Minimum
inventory limit inventory limit
1,500 600 1,500 600
cc cc cc cc
wWIP 19,000 | 50,000¢ 0 15,000
(bottles Jlt ) E) (‘]_lt) (J_Zt)
Finish 2,500¢ | 5,000¢ 375 600
goods — () (o)
(acks l4 ) lot) a s
Raw . 082 tonnesM_t) 013 tonnes
materials (Mg )

The WIP in between the process is stored and eeamesf

in bags, which are 380 bottles per bag for 1,500 cc

(©,=380, and 720 bottles per bag for 600©g-720. The
options to increase and decrease production cgptwit
analyse the agility measures are presented in §&bénd
3

Table 6: Estimated company's total fixed assets

Make Fixed Asse Value(THB)
1 Land 15,000,00
2 Building, factory, office, angd 5,000,00
warehouse

3. Four blowing machines gt2,200,000
current book value
4 Two fill lines at current book 2,800,000
value

Estimated Total
Assets

Make Fixe| 25,000,00

The sources of uncertainty are presented by TFdisga
crisp setAy at A1-08 The fuzzy parameters used in the

MILP model are presented in Table 7

5. Results and discussion

The proposed methodology is applied to the castyd
demonstrate the practicality of the methBeasults are
presented in two parts; firdé the outputs from the
predictive model and secoigdthe outcomes of the SCOR
KPls based on the proposed method
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Table 7: The fuzzy parameters used in the MILP model

Fuzzy Parameters Aos
Number of blowing machines in working conditioh {3, 4,4}
Number of fills line in working conditiom? {1.2,2}
Total workforcethat isavailable\W: {12,13,13
Working timefor one worker work per shis" {11,12 12}
Number of hours that a machine operates pertay {22, 24, 24

Real initial raw material inventor ¢

{047, 05, 053

Real initial WIPinventory of product at stage 119

{8,600, 9,000, 9,400}

Real initial WIPinventory of produc? at stage 1,9

{34,400, 36,000, 37,600}

Real initial finished product inventory of product 1o

{980,1,000,1,020}

Real initial finished product inventory of proddd -

{5,860, 6,000, 6,140}

*Amount of raw material really receivatiperiodt Gy

{1.179,1.451,163%

Real maximum allowable subcontract amount of produat period (Smyy

{760, 792, 824}

Real maximum allowable subcontract amount of pro@uat period (Smyp

{2822, 2,940, 3,058

Real demand of product 1 at perta® 1

{734, 805, 875

Real demand of product 2 at perta®

{3,009, 3,200, 3,390}

5.1 Outputs from the predictive mode

The optimal outputs based on the provided data\dlihé®
model are presented in Table 8 in terms of thd tmiat
structure, according to the stated objective fuumgiand
model constraints

Table 8: Outputs from the MILP model, and MILP model
with fuzzy parameters

Defuzzified
outputs of
MILP model
with fuzzy
MILP model | parameters
Total Revenue 7,689,600 7,688,883
Baht Baht
Total Cost
1) Production 5,131,522 5,022,173
2)FP Inventory cost
3,447 3,548
3)Backorder cost - 2,234
4)Subcontract cost 45 149,742
5) Labor cost 187,200 184,320
6) WIP Inventory 1,138 1,156
7)Raw material inventory 841 855
Total COGS 5,324,193 5,364,028
Gross Profit 2,365,407 2,324,856
Operating expense$0x
of revenue 768,96( 768,88t
Net Profit 1,596,447 1,555,967

The revenue and cost structure of the planned taitpu
from the MILP model is compared to the outputs unde
uncertaintiesThe results indicate that the average net
profit is decreased when uncertainties exibhis is
because there is a variation in the production ness,
which is sometimes up or down, and the company @ann
manage to produce according to the piEmerefore, to
meet the required demand in each period, subcdimgac
is needed and backordering is unavoidable, whishltre
in higher subcontracting and backorder costs

5.2 The SCOR KPIs
From the outputs of the predictive model and the

proposed methodology to evaluate the SCOR KPlIs, the
performance of the company is presented in Tabkné,
illustrated graphically in Fig.9
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Table 9: SCOR KPIs of the company

Level 2 SCOR KPlgmake process Outputs of the SCOR Defuzzified Value of each scale in the
KPlIs at Agg SCOR KPIs web diagram
Percent of Orders Delivered in Full) {9833%, 100, 100} 9944, 0,80,85,90,95,100
Percent of Orders Delivered in Fi2) {9667%, 1006, 1004} 9889 0,80,85,90,95,100
Make Cycle Time {2347,2500, 2500 | 2449 mins 40,35,30,25,20,0
Upside Make Flexibility {551 367 days 7,6,5,4,30
Upside make adaptability {60%, 13206, 1297} 107 0,30,60,90,120,150
Downsize make adaptability {43%, 37%, 20%} 33 0,10.20,30,40,5C
Cost to serve {80596,7924%,79:38%} 7974 90,85,80,75,70,0
Inventory Days of Supply {1_74,1.78,190} 181 days 25, 20, 15, 10, 05,0
Return on make fixed assets {0.0636 0.0639 0.059:} 0.0622 0002,0.04,0.06,0.08,01
Return on make working capital {0.262, 027, 0_274 027 0,01,015,020,025,030
Percent of Orders Delivered in Full {i=1} [%) Percent of Orders Delivered in Full {i=2] {3)
99,44 %
T 98.89 %
Return an make warking capital Mzke cycle time {minutes per lot)
0,27 \‘ ;
<.49 minutes
Return on make fixed assets DGZZ i . 3_.6}‘ daggside Make Flexibility [days)
107%
!Ii,Bl days
Imventary days of supply (days) o 7a% .33% Upside Make Adzptability {3)

Cost to make (%)

Downsize Make Adsptability {3)

Figure9: Graphical representation of the SCOR KPIs

Since the MILP model with fuzzy parameters is used
determine the output under uncertainty, the SCORSKP
derived from the proposed methodology are TFNs, as
depicted in column 2 of Table Bhe advantage of the

TFNs is that they allow a management team to uteleds
the ranges of SCOR KPIs under uncertainties thairda
the manufacturing systemThe fuzzy solution is

defuzzified as shown in columnThe SCOR KPIs based

on the proposed method and above case study iadicat
that the company can now fulfil 9@k, and 989 of

orders for 1,500 cc and 600 cc bottles, respegtivdie

actual cycle time to produce bottles of water
approximately 249 minutes per lowhen the demand is

suddenly increased by 20the company takes around 4
days to response to this chan@rie to a sufficient

capacity and given a preparation time of 30 daks, t
upside make adaptability or the ability that thenpany
can cope with the increase in demand isxl10¥ contrast,

the company can reduce the production capacity3by 3

without an additional cost or inventory penalihe cost

to make, calculated as a percentage of total reeisu
7974%. The inventory day of supply is only81 daysThe
return on make fixed assets, and return on maké&ingr
capital are estimated al@» and 2%, respectivelyFrom
the numerical results, a web diagram is presented t
display the value of SCOR KPIs based on the 9 otri
The scale in column 4 of Tablei® obtained from the
opinion of the management team, based on a sdi®fac
level for each KPIThe diagram is also used for

comparison when there is an improvement of KPlghé
future For example, the scale of the percent of orders

delivered in full starts from 80because the management
team feels that 80is the minimum acceptable level for
their company The scale of some KPIs starts from the
maximum to the minimum, such as the total cosetves
because lower is the betterAccording to the web
diagram, it is seen that most of the KPIs are Etajuite

far from the center This indicates that the operating
performance, based on the SCOR KPIs of this company
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is satisfactoryBased on the results obtained from the
predictive model and the achievement of SCOR KPIs
from the proposed method, the findings indicatd tha
proposed method is effective to predict the SCOR
performances in a real situation. Moreover, sinbe t
MILP model is a predictive model, it can be used to
perform a whaif analysis to estimate the KPIs under
different situationsFor example, when the management
teamneeds to invest in more assets and needs to krew th
consequences of future performanées a measurement
of agility, as flexibility analysis is a key straie role to
improve responsiveness, the proposed method harbeca
applied to answer other agility questions that niesy
different from the definitions of the SCOR madel
However, the MILP model presented in this papemily
applied to the current situatioh is suggested that the
model should be further applied to various situsi®o
establish a stronger relationship between the gliedi
model and the SCOR KPIs, to make the evaluation of
SCOR KPIs more accuratdastly, the model and
proposed methodology can be a good foundation to
evaluate performance in a supply chain systemishaot
limited to the make process

6. Conclusion

The SCOR model is a process reference model that is
widely recognizedn the supply chain research field, and
the framework has been successfully used to improve
businesses in various industri¢¢owever, among the
current research works, the method for evaluatiothe
SCOR KPIs is still limited The SCOR model has
provided a definition to assess these KPIs diredilyt
without a procedural methodology, the resulting KPI
cannot be further analyzethis papeproposes a method

to evaluate the SCOR KPIs based on the predictivaein

It consists of the MILP model that is used to reprd the
operations of the company, the MILP model with fuzz
parameters to address the uncertainties from the
operations, and a methodology to evaluate the SCOR
KPIs based on the level 2 of the SCOR-Make process
with some algorithms to assess the KPIs relatexbiiity.
TFNs with a specific crisp set are used to represen
uncertaintiesA case study of a make-to-stock, bottled
water manufacturer is used to demonstrate an apiolic

of the method The proposed methodology provides
theoretical and practical contributions to the diebf
supply chain managemesmid performance measurements
as follows

1. The proposed methodology to evaluate the SCOR
KPIs based on the predictive model is new and
original

2. The proposed approach is capable of establishimg th
relationship between the SCOR KPIs and
manufacturing parametersThus, it enables the
prediction of the performance when the
manufacturing parameters are changed

3. The proposed methodology consists of a procedural
method and a model to evaluate the agility in the
SCOR metrics

4. A real industrial case study is used to demonstrate
that the SCOR KPIs of the company can be evaluated
based on the proposed approach

This paper still has some limitations that can be
improved furtherFirst, when the characteristics of the
manufacturing system are changed, the parametats an
constraints of the MILP models need to be adjusteitie
particular case A further research to construct a software
to automatically generate the MILP model based on
manufacturing system structure and parameters is
recommended. Second, the value of each scale efébe
diagram is obtained based on an opinion of the
management team of the comparphus, it should be
revised when applied to other companiaghis case, it is
suggested that some visualization technique sucR-as
statistical modelling can be applied to the welydian to
demonstrate a real-time performance comparison when
the manufacturing parameters are changes. Ang,lisd
current scope of this paper considers only
manufacturing aspect of the SCORKke process,
therefore further research can be extended to ctheer
evaluation of other processes, namely, plan salgteer,
and return, in a supply chain system

the
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