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Abstract: Problem statement: In this study, we classify the imperfect situatidhat the unreliability

of production and the defective products might heuired from production process into eight
independently recurrent categoriégproach: With the property of recurrence of Markov chairg th
limiting probability of each imperfect productiorategory can be calculated through the transition
probabilities matrix generated from these imperfeciduction categoriefResults: The 3C Theory
has been applied based on a certain group of pr®dacintegrate the relationship between order
model and resource requirement plans. Therefora@daptive (s, Q) production system with Markov
Chain Approach associated with (R, s, S) procurérsgstem based on 3C Theory has been proposed
to smooth supply disruptions incurred from impetrfpooduction. Conclusion/Recommendations:

We have demonstrated that the candidate solutierstified by the proposed method are not only
superior to traditional EPQ model solutions, busoalresult in significantly smaller cost flow
variability.

Key words: 3C theory, Markov Chain approach, supply disrugjoMaterial Requirement Planning
(MRP), production process, inventory policy, Bilf Material (BOM), Net Present Value
(NPV), economic, supply chain

INTRODUCTION inventory, dual sourcing and acceptance (i.e., §imp
accepting the risk of disruption and not protecting
Every supply chain faces disruptions of variousagainst it) and shows that the optimal strategyngba
sorts. Recent literatures and articles in the aogdend as the disruption characteristics change (e.g.,
popular press have pointed out the vulnerability ofdisruptions become longer or more frequent). Tomlin
today’s supply chains to disruptions and the neecaf and Snyder (2006) examine how strategies change
systematic analysis of supply chain vulnerability,when a firm has advance warning of an impending
security and resiliency (Ross, 1997). In the e&f90s,  disruption. Lewiset al. (2005) consider the effects of
researchers began to embed supply disruptions intborder closures on lead times and costs. Chejpeh
classical inventory models, assuming that a firm's(2005; 2007) evaluate the error that results from
supplier might experience a disruption when thenfir “bundling” disruptions and vyield uncertainty when
wished to place an order (Parlar, 1997; Yano arg] Le making inventory decisions. Related research aiso c
1995). Examples include models based on thée found in (Cachon and Fisher, 2000; Olugu and
Economic Order Quantity (EOQ) model (Berk andWong, 2009; Lin and Chen, 2009).
Arreola-Risa, 1994; Parlar and Berkin, 1991), tRe ( The supply and demand characteristics are a way to
Q) model (Gupta, 1996; Parlar, 1997) and the (s, Slpbok at uncertainties of a supply chain. Yet, thevay
model (Arreola-Risa and DeCroix, 1998). All of $ke  be supply chains where the explicit distinctioradhird
models are generally less tractable than theiabdi type of uncertainty mentioned in (Lee, 2002), namel
supply counterparts, although they can still beveshl the process uncertainty, may be important. Thiedthi
easily using relatively simple algorithms. type of uncertainty relates to the production oé th
More recent literature has addressed higher leveproduct itself, that is, the supply chain of protiome
strategic decisions made by firms in the face ofand procurement within a firm, which relates to the
disruptions. For example, Tomlin (2006) exploressupply side and the demand side. Yet, it is inicite
strategies for coping with disruptions, including the production process itself. If the process uadety
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plays an important role in the supply chain, explic common raw materials in calculation that is onlytfee
distinction may be advantageous. consideration of batch purchase, the actual puechas
The first treatment of supply disruptions in the strategy is still based on the production demanélBs
literature appears to be made by Megearl. (1979), that often neglects the purchase benefit broughthby
who consider a production facility subject to stasfic =~ combination of common raw materials (Lee, 1992).
disruptions and repairs. Items produced by thdifiaci In practice, based on the uncertainty of productio
are stored in a capacitated buffer that sees aamsta conditions, it is difficult to consider only thequuction
deterministic demand. Their model is descriptiiliga  quantity without considering the reproduction paatt
than prescriptive, characterizing the stockoutthe same time. The (s, Q) system has been widely us
percentage for a given inventory policy rather thanin practice to deal with the inventory replenishinen
finding the optimal policy. Kimemia and Gershwin problem. Based on the (s, Q) system, the replerashm
(1983) considered machine unreliability, maintemanc of product is determined by the reorder point s #ed
and downtime in the flexible manufacturing systam t optimal quantity Q is ordered in each replenishment
control the production system to meet the spediioa period. That is, when the inventory level is lowean
and develop a calculation model to solve controlthe reorder point s, a reorder action with the ropti
problems of the inventory. Related research alsobea  replenishment quantity Q is triggered. But, the @3,
found in (Kimemia and Gershwin, 1983; Lee, 1992;system is seldom used in the production policyoriher
Lee, and Yano, 1988; Liu and Cao, 1997; Liu ando minimize the total production cost while considg
Yang, 1996; Usman and Kontagora, 2010). imperfect production conditions; in this study, amgply
The 3C approach developed by Lucent (Fernandezhe (s, Q) system to determine the reproductiomtpoi
Ranadaet al., 1999) in its Spanish Tres Cantos plantand the quantity of production in each productigae.
links sales planning seamlessly to component seigpli In order to determine the optimal (s, Q), we must
using a collaboration process based on rankinghoughtfully analyze the imperfect situations which
maximum usage rates of individual componentsmay occur in the production process. The uncestaift
(Holmstromet al., 2002). 3C Theory is the basic theory imperfect production may evolve from machine falur
for realizing global supply chain management andproduct defects needed to be reworked, or both.
designed to plan and realize global resource projec Fortunately, these imperfect production situaticas
the past, we even do not know the disruption betweepe classified into limited categories. Meanwhil® n
activity processes of order model, purchase, pri@iuc  matter what happened in a production cycle, in & ne
and manufacturing because we were lack of demang:,qyction cycle, all production conditions will beset
prediction model that could be applied to shortdet 1, ormal. That means the manufacturing cycles are
life cycle. For example, the traditional relatiolsh j,qenendent of each other. Each category of imperfe
betwe.en order . TOdel . an_d Matgnal Reql.“remembroduction situations will occur independently. Tha
Planning (MRP) is “planning is planning, order rsler, the conditional distribution of any future state

no direct reIatlo_nsh|p between”, that is, theresexi e(imperfect operation situation) %, given the past
some problems in the stock management of Re-Order, .
States X%, X; , ..., Xy-1 and the present state X is

Point (ROP) (Kumar and Meade, 2002). ;
Ngturall)y( it is difficult to guarante)e the acceya independent of the past states and depends oriigeon
' present state. Therefore, the imperfect production

of the policy-decision on material supply on sucsib. _ . :
Besides, when we use traditional MRP to work out 4°r0cess with finite states forms a Markov chain.
Master Production Schedule (MPS), what we think wil 1hrough analysis of this Markov chain generateanfro
be how much is the production of a product in dader these imperfect productlon_snuatlons; we try rm_lfo_ut
period not total production of a certain group ofthe long-run proportion of time that the Markov irhis
products. There is big difference between thein each state. Then, the optimal (s, Q) can be
production and actual demands of individual productdetermined accordingly.

On the contrary, the difference between predictedl t

production and actual production of a group of picid  Introduction of 3C theory: Comparing to the
will be certainly much smaller. That is, traditidhdRP  relationship between order model and resource
could only plan for the requirement of material of requirement plans of 3C, the 3C model is an opamati
individual finished products and lack of capabilitf =~ model that will integrate the relationship betwesder
material demand planning for a group of productdenn model and resource requirement plans. The biggest
duplicated production. In the deployment process oflifference between 3C model and traditional model i
Bill Of Material (BOM), although MRP combines “3C accepts order only when it could do it whertees
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traditional idea is that accepts order before canifig
whether it has capability to carry out”. This difface

is the key to win in competition for an enterprise

(Huang, 2004). The value of 3C theory in applicati®

to help enterprises to solve the problem of resmurc
supply chain

management and reestablish global
management system.
3C Theory is to classify and expand the predictibn

demands from markets by the model of commonality,

capacity and the replenishment of consumption thi¢h
changes of markets. Followings are their descmgtio

The basic idea and value of commonality is to
achieve the goal of reducing the cost of
development, simplifying resource management,
reducing the quantity of stock and providing
customers with diversified products through
extensive use of the strategy of “common materiak
or resources”. The characteristics of commonality
are enhancing the commonality of materials and
reducing the number of product varieties and
considering the expression of product on interbet a
the stage of research and development

The basic idea of capacity is to plan the allocatio
of resources through the application of theory of
constrain (TOC) at the same time of accepting the
order to enhance the client satisfaction and avoid
delivery delay due to running out of stock or
insufficient capacity

The characteristics of capacity is that the demand
of material and capacity have their ceiling, so whe
a manufacturer receives order, they have tg
consider whether material and capacity have
capability to fulfill their promise to customers.is
an act according to their ability and a model that
compares the material situation in the plan with th
product varieties or materials selected by customer
before answering to the customer *
The basic idea of consumption is a mechanism that
combines the replenishment model of markets
demand through instant market information to buy
materials when need. Such mechanism aims to
achieve the goals including reduction of stock
standard, fund reserve and loss due to discount of
stock. The characteristics of consumption are that
the materials are purchased with the changes of

Calculate maximum consumption rate of each
material based on capacity limit: Estimated sales
rate of a product, TQP multiplying by the use
amount of material m by the produgt BOM,,
then, we could obtain the consumption rate of
material m by the product. Then pick up the
maximum value of consumption rates of material
m by individual products to obtain RBQMwhere
RBOM,, = max {TORxBOM,y}. In fact, the
RBOM,, has considered the maximum sales rate of
productp, MSR,, is the output rate of the product
in the supply chains MSR= min {BOM,g}, where
MORis the maximum output rate of Product p at
production unit f; consumption (TQRmultiplies
BOM;n), commonality (maximum value of
consumption of m by individual products). It is the
core of 3C Theory.

The material “commonality index” is used as the
performance indicator of stock management.
Commonality is not only a conception but also the
concrete indicator that could be measured and
called “commonality index”. In the best situation,
the commonality is 1 whereas at the worst
situation, the commonality is 0. At the best
situation, the stock amount is the lowest, set as
INnvpes; the stock amount is highest at the worst
situation, set as Ipy;: Assume the cost of material
m is Cm and there afevarieties of products, then:

At the best situation, all products completely use
common materials, the stock amount is:

INV,,., = max {TOP, x BOM }xC (1)

At the worst situation, all products completely not
use common materials. So:

INVy0 = D > TOP,x BOM, x C,_ o 2
P m

Under normal situation, the stock amount is:

|nvpm:ZRBOme C, (3)

COMI = (Invworst - InV prac) / (an worst |nV be;] (4)
Based on the commonality index calculated from

practical demands in the markets and emphasize dag. 4, the inventory policy-decision is made by the
the simultaneity with the demands from the following rules:

markets

Based on the definitions, the construction of 3C

Theory in stock management system is conducted
according to following procedures:
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* R, the review period:

R=TBP, = EOQ, / RBOM, (5)
* S, Order-Up-to-Level:

S= OUT, = RBOM, x TBP, + S§ (6)
* s, reorder point

s= ROP = RBOM, x LT, + S§ (7

where:
LT, = The lead time of purchasing material m
SS, = The safety stock level

While COMI is less than 0.5, an optimal (s, Q)
inventory policy for material m is developed to
maximize the total Net Present Value (NPV) for
each retailer as follows:

e Q, the economic order quantity:

2RBOM, K
Q=EOQ, :,me (8)
* s, reorder point:
s= ROPR = RBOMN, x
. ©)

LT, +SS,

Categories of imperfect production and symbol
explanation: Different from traditional operation,

based on the 3C Theory, what we think will be howp:

much is total production of a certain group of protd
not the production of a product in a certain peribde
unreliability of machines and defects occurringthie
production process are classified into eight caiego
by (Chang, 2002; Cheat al., 2006). When the products
fall within production specifications and rework rist
needed, three possible situations could be defased
follows: (ALT1) a perfect production process; (ADT2

machine breakdown happened before the production

process was finished and could be repaired tohfitiie

breakdown happened in the reworking process and
could be repaired before the stock level was soil o
(ALT6) machine breakdown happened in the reworking
process and could not be repaired before the $twek
was sold out; (ALT7) machine breakdown happened
before the completion of the production processing
could be repaired before the stock was sold outT@\
machine breakdown happened before the completion of
production processing and could not be repairedrbef
the stock was sold out.

Without consideration of shortage incurred due to
difference in external demand, the decision factirs
EPQ model with the uncertainty incurred from the
above mentioned eight production situations include
(1) the setup cost (S), including the setup cost of
production; the additional setup cost of machirngaie
and the readjustment setup cost of reworking; K2) t
holding cost (H), including the holding cost of the
finished goods ; the holding cost of reworking prois
and the additional holding cost of raw materialduse
the reworking process; (3) the internal failure tcos
incurred from the failure of reworking on defecssid
(4) the shortage cost. The cost structure of ERQbea
expressed as follows:

Total Cost = Setup Cost + Holding Cost +

Internal Failure Cost + Shortage Cost (10)

The cost structure in each imperfect production
situation is discussed and the symbols used irstbidy
are expressed as follows:

D,:
Q:

The yearly demand of product p
Production quantity
Daily production rate

LT: The lead time of production setup

dm: Average daily demand of product p

P: Defective rate of production process, underithe
imperfect production situation, wherei<s,

Ri: The success ratio in reworking process, under the
ith imperfect production situation, wherei<8g,

Bi: The shortage rate in the ith imperfect production

situation; when the machine breakdown happened
and remained un-repaired before the stock is sold
out, whera<i<8

production process; (ALT3) machine breakdown
happened before the production process was finjshed
but could not be repaired before the stock was cotd
Furthermore, when defective products were found
and needed to be reworked, five possible situations;:
could be defined as follows: (ALT4) before the
completion of production process and reworking
process, machine did not break down; (ALT5) machine
190

S: The setup cost; where; S the setup cost of

production, $= the additional setup cost of
machine repair and ;S= the setup cost of the
reworking process

The holding cost; where ;H= the holding cost of
finished goods, b£ the holding cost of defective
products and K= the cost of holding additional
raw materials
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Ti: The downtime incurred from machine repair, under =~ & ,
the " imperfect production situation, -;)Fi{ﬁ“foralln,nz @l i, (13)
wherel<i<8.

W;: The proportion of holding additional raw material

during the downtime in theith imperfect By Scheffe (1947) Theorem, which states that if

production situation, whete i <8 Onis a sequence of densities converging at almost all

V: The internal failure cost incurred from machine to f, then Ilgn_fl* 0 asn - . Then, through the
breakdown limit probability (Meyeret al., 1979), an irreducible

B: The shortage cost incurred from machinepositive recurrent Markov chaitim, P! exists and is

. nooo jj
breakdown and/or defectiveness independent of i Furthermore,

An Adaptive (s, Q) production system with Markov ~ lettingr =lim___P",j20 thenm is the unique solution
process. For a Markov chain, the conditional of
distribution of any future state %, given the past

states X X; .. Xn-; and the present state,Xis

independent of the past states and depends orflgeon | =% R, j=0

present state. If X i, then the process is said to be in | ' & '’ (14)
state i at time n. We suppose that whenever theegs o

is in state i, there is a fixed probability Fhat it will ;”J =1

next be in state j. That is, we suppose that: a

PX,.,=jI X, =i,X _,= ., Since production processes with imperfect
e X =i, X =i g =P (11) production conditions can be classified into oneight

imperfect categories which are independent of each
other, the imperfect production process forms alkidar
. _ _ chain. Then, the transition probability; Rean be
represents the probability that the process witiemwin redefined as the probability of the production sz

state i, next make a transition into state j. Sitloe L N o
. ) . when in situation i (ALT i), will next make a tratien
probabilities are nonnegative and since the process

must make a transition into some state, we camelefi into_situation j (ALT j). Therefore, based on these

; " i ) limiting probabilities in each state (imperfectusition)
the matrix of one-step transition probabilitigsa:
P P G of Markov chain, the optimal production quantity)(Q

can also be formulated as:

for all statesiyiy,....i,_,,i,j and alln=0. The value P

Po R1 R
P, P, B, .|
p= Tonr The Optimal Production Quantity (Q)

' ' = the expected production quantity of the EPQ ichea

Fo F?l e state of Markov chain multiplies the limiting
8
probability in each related statex m x EPQ (15)
Where: =
e The Reproduction Point (s) under the customer
R 012 o’;‘ F=1F 012, (12) service level 1z with normal distribution approach:
Then, the n-step transition probabilitigs can be 5
defined as the probability that a process in statill = =0n X LT +2,, xVLT % |3 M (EPQ - QF (16)
be in state j after n additional transitions. =
That is:
Deter mination of the economic production quantity
P' = P{X,, =il X, =i},n 20,i,j 20,and B = P in each imperfect stuation: The EPQ in each

production category based on its probability for

The Chapman-Kolmogorov equation provides aProducing product p can be calculated as follows.
method for computing these n-step transition
probabilities as: ALT1: A perfect production process
191
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Products produced from production processed by thAL T4: Before the completion of production process and
machine, which are all within the specificationsug  reworking process, machine did not break down.
with no defects and unnecessary reworking and zero Under this condition, because there existed the
storage cost for remaking, the production relecast is:  possibility of reworking, it will generate additiahcost
of reproduction setup cost and the holding cost of

TCyn(Q=5xD, /Q+ Hx Q/ % (p- ¢ )/| (17)  defects. Because of the existence of defective imach
the holding cost of the finished goods will be ree,
2SD,_ p but on the contrary, there is the possibility oflisidnal
EPQ = “H, p-d. (1728)  internal failure and shortage cost and the holdiost
p

of additional raw materials will increase duringeth

ALT2: Machine breakdown happened before thereworkmg process. Its relevant production cost is:

production process was finished and could be regair
to finish the production process. TC\r, Q=@+ Q /Q+ Br VIR(E R¥ Q
Considering this condition in which machine {H, X1 -P,) +P,R,]+ (H,+ H}) (20)
breakdown happened before the completion of the rawp, (1- R, )}x Q/2x (p- d)/p
materials, it generates additional costs of machine
repair, machine preparation and the holding cosaaf -
materials during the downtime; meanwhile it reducesEPQAZ[Z(§+ %)Dp] (20a)
the holding cost of finished goods during the damet K
Its production relevant cost is:
Where:
TCur, (Q)=(§+ S K Q 1Q+ Hx QX (18)
(p=d,)/p+ (H - H)W,T,Q K={H[1 -P) +PR,]+(H,+HJP,(1~ R )}x
(p-d,)/p+ 2(B+ V)R (- R)

G N

e :(Hlx(p—dp)/m 2(H,~ H)W,T,

LT5: Machine breakdown happened in the reworking

process and could be repaired before the stocK leve

ALT3: Machine breakdown happened before thevas sold out.

production process was finished, but could not be Because under this condition, where machine

repaired before the stock was sold out. breakdown happened during the reworking process, it
Incomplete production procedure can be caused bwill generate additional reproduction preparatiarste

the condition in which machine breakdown hasmachine preparation cost, the holding cost of dsfec

occurred but, at the time, cannot be repaired bettue  and additional raw materials, a reduction in thiging

stock is sold out. Therefore, it will generate &idtial st of finished goods and additional internal Ul

prgpatr_atlo.n ﬁolsdti addltl?n?lf.rgvxf/] mdaten?jll sto(rgggﬁc cost and shortage cost during reworking process. It
reduction in holding cost of finished goods andagte relevant production cost is:

batch production time frame. In addition, because t
machine is broken down but, at the time, cannot be _
repaired before stock is sold out, it will increabe TCurs(@Q=(@+S+3x R/

shortage cost of stock. Its relevant productior s Q+(H; - H)W,T,Q+ 1)
{H, X{(@ -Pg) + PR ]+ H P, (1= Rg)}
TCurs=(§+S XD /Q+H(E B) xQ/2x(p-4q,)/p
xQ/2x (p-d,)/ p+ (19)
[(H,—H)W.T,+(B+V)B ] xQ V2
EPQ = [2@ . %K+ 3 )q’} (21a)
2S+S)D Where:
EPQ = S5*5)D (19a)
H,(1-B;)x(p-d,)/p+ 2 K={H,q{1 -Pg +P;R:]+HP;(1- R;)}x (p—d,)
[(Hy=H)W,T;+(B+V)B] Ip+2(H; = H)W, Ty
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ALT 6: Machine breakdown happened in theWhere:
reworking process and could not be repaired befoze
stock level was sold -olut. . K ={H, ¥ -P,) +P,R,]+ H P, (1- R, )}
Under this condition, the breakdown machine will ,_ _
) . : (p=d;))/p+ 2(H,- H)WT,

cause incomplete reworking process. Therefore|lit w
generate additional reproduction preparation cost, _ h breakd h d bef h
machine preparation cost, the holding cost of dsfec ALT 8. Machine breakdown happene efore the

. . . . completion of production processing and could net b
and additional raw materials, the internal failaost, a

S . e repaired before the stock was sold out.
reduction in the holding cost for finished goodsd an Under this condition, the machine breakdown

(23a)

shortage cost. Its relevant production cost is: happened before the completion of production pmces
but was unable to be repaired before the stocbld s
TCours(Q)=(S+S+SX D /G out. This will cause production severance and

incomplete production; therefore, it will generate

[(H: —H)W T +(B+V)P(1-Re)IxQ additional machine repair setup cost, the holdiost of

{H, X1 P - Bg) + PR ]+ H P defects, a reduction in the holding cost of finghe

1-Ry)(A- B)}xQ/2x (p-d,)/p goods, additional raw material holding cost and
shortage cost during the machine downtime. Its
production cost is:

{Hlx[(l _Pe)(l_ Be) + P6R6]+ Hzpe(l_ Rs) (22)

A-B)}*xQ/2x(p-d,)/p TCr:(Q=(S+S KD /QF

[(H3 _H1)W8T8+(B +V)B zJ xQ (24)
EPQ, :[2(§+ gK+ S )q}}”z [H,A-PR)A-B)+ H,R (- Bk Q/% (p- q )/¥

2 D 1/2

Where: EPQ :( = +K%) p] (242)
K :{H 1 ><[(]_ _Pe)(l_BG) + P6R6]+ HZPG Where:
(1-Rg)A~ By )}x(p-d,)/ p+ (22a)
2[(Hy = H)WTe+ (V +B)Pg(1- Ry)] K ={H {1 -P)(1-Ry)+ H,P; (1~ Ry)}x (p- d,)/p

+2[(Hy —H)WTg+(B+V)B

ALT 7: Machine breakdown happened before the
completion of production processing but could beCase simulation and result analysis: Being a supplier
repaired before the stock was sold out. in the do-it-yourself furnishings supply chain, quemy

Under this condition, the machine breakdownA is an office furnishings manufacturer. They po®vi
happened before the batch production of the rawdifferent styles of wood-made office furnishingsr fo
material is finished, during the waiting period for customers to do it for themselves. The operations i
repairs, it will increase the extra holding costrafv  production line include: steeling, shaving, drifjirand
material and reduce the holding cost of finisheddgoat  lacquering. Basically, company uses the traditidRQ
the same time, it will generate additional mactée&up  model to determine the optimal production quarnitity
cost, reproduction setup cost, repetitive storaugt and each production cycle. But, with semi-automatic
the internal failure cost and shortage cost incufrem  production, the management has been beset by

reworking process. The production cost is: disruptions, which incurred a lot of customer coanpl
from production resulting in machine brake down and

TCur (Q=(§+S+S$X Q /& rework on defective products. The machine downtime

(H,—H)W.T.Q+ might last from a few hours to several days. Exdeat

(23)  machine brake down might happen in production gerio

{[HI@ =Py +PR;1+ HP, (1~ R;)} the defective products also incurred from produrctio

xQ/2x(p-4d,)/p processes. As a result, these supply disruptiogislyhi
25+S+S)D 2 increase the supply uncertainty in supply chain
EPQ =[J management. So, how to effectively control the
K imperfect production condition in production proses
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will be the most important issue for company A tpe 035 01 015 02 005 005 004 0Of
with. In this situation, we propose an adaptive 3, 028 013 018 02 009 002 0.06 g
production system with Markov process and (R, s, S) |22 008 015 018 012 008 0.09 0.
procurement system with 3C Theory to solve company=|%2 1° 013 022 007 004" 01 G

0.18 0.2 0.09 0.17 0.11 0.13 0.06 Qi

As dlsruptlpn problem in orde_r to smooth the syppl 021 01 011 018 01 01 o1
disruptions in whole supply chain. 019 008 015 019 .09 005 011 O,

0.21 0.14 0.16 0.21 0.06 0.08 0.08 Q.

Deter mination of (s, Q) production system: Take the
most popular product category as an example, this
category includes 3 types of desks, named deslkk2de
and desk3. Take the deskl as an example, t
production manager of company A, according to the _
past desk production experience and historical, deta (T, TG, T, T, T, T T 1) = (0.2488, 0.1200,0.1430,
also the past production process problems encadter 0-1974, 0.0805, 0.0635, 0.0749, 0.0719)

from machine unreliability and defects, induces the ,

main decision-making cost factor of influencing kles From Eq. 17a-24a, the EPQ of each imperfect
production work, which contains; the productionuget Production situation is:

cost(3), the machine maintain setup cos}(Sthe

reproduction setup cost)$ the finished product (EPQ .EPQ .EPQ .EPQ .ERQ .ERQ .EPQ .EF =
holding cost(H); the repetition holding cost@yf the (1732, 3464, 680, 2350, 3875, 3198, 5500, 718)
additional raw material holding cost{ii the internal

From Eq. 12, the limiting probabilities of impecfe
hperoduction situations is:

failure cost(V) and the shortage cost(B). Data jshed Then, the (s, Q) production system under the
by company A, are expressed as follows: customer service level d-= 0.90 can be calculated as
follows:

* The normal workday of this company in a year is
250 days; the daily demand quantity is 120 desks i) = The targeted production level =
its series of products, the production rate is 150 8 _
desks per day and the lead time for production is ;”5 xEPQ = 238¢
one day. o
= Th tandard deviat =
+ (Su S S Hu Hy, Hs, V, B) = (200, 300, 250,20, ° & Sanaar eviaton

8
18, 15, 10, 100) /qu(EPQ—Qf: 134t
e The probabilities of defects incurred from =

production (B are s = The reproduction point =
b (P]_, P2, P3, P4, P5, PG- P7, Pg) = (0, 0, 0, 004, 003, dx LT+20.05X0'X\/E: 2219

0.08, 0.10, 0.08)
»  The success rates of reworking on defecfsqF From the above calculation, the optimal (s, Q)
e (R, Ry Ry Ry Rs, Re, R, Ry) = (1, 1, 1, 0.9, 0.8, production policy is (2219, 2386). That is, the gamy

0.8,0.7,0.7). should produce an optimal quantity of 2,386 desks i

« The shortage rates {Bincurred from machine €ach production cycle; meanwhile, a production gssc
breakdown and unable to repair it before the stockS Set up when the inventory level is below 2,2&Sks.

is sold out are If this company uses the traditional EPQ model,
e (By, By Bg, By, Bs, Bs, By, Bg) = (0, 0, 0.3, 0, 0, I.e., it does not consider the defect occurrenae the

0.03, 0, 0.3). machine unreliability, as it is similar to the firs
« The maintenance time (in days) consumed by th&ategorized situation, its Economical Production

machine, respectively, are Quantity is EPQ = 1,732. Evidently, under the

o (Tu T TsTaTs T T2 T =(0,1,2,0,1,1,1,3). condition when defect occurrence and the machine
- The average proportion of holding additional rawunreliability are considered, the Targeted Econamic
material in each production category, respectivelyProduction Quantity is greater than the traditional

are Economical Production Quantity; this is to avoic th
o (Wy, Wy, W3, W, Ws, We, W7, Wg) = (0, 0.15, 0.2, mechanical breakdown in the production processer t
0, 0.2, 0.3, 0.25, 0.3). possible occurrence of the reproduction failurethia
» The transition probabilities matrix of production reworking process, which leads to the increasenén t
process is: production quantity in the shortage situation.
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Table 1: The Table of Pull (TOP) and Bill of Matr{BOM) of Products

BOMpm
Product TOR Wood_1 Wood_2 Wood_3 Comp_1 Comp_2
Desk1 30,000 0 1 0 3 1
Desk2 30,000 1 1 0 1 3
Desk3 20,000 1 0 1 2 2
Cn 200 210 220 100 80
Table 2: The Computing Result of Each Material Agebin 3C Theory
Material Wood_1 Wood _2 Wood _3 Comp_1 Comp_2 [Tota
MRP, 50,000 60,000 20,000 160,000 160,000
RBOMn, 30,000 30,000 20,000 90,000 90,000
LNVyorst 10.000,000 12,600,000 4,400,000 16,000,000 120800, 55,800,000
Lnvpract 6,000,000 6,300,000 4,400,000 9,000,000 2007000 32,900,000
CcoMmi 0.6156
Table 3: Order Policy Analysis
Hold cost Gx10%
Order Cost 100
Material m Wood_1 Wood _2 Wood _3 Comp_1 Comp_2
LTm (Year) 2/300 3/300 2/300 4/300 4/300
TBPy 0.02357 0.02520 0.01421 0.05963 0.06667
EOQn 708 756 427 1,789 2,000
OUT, 1,008 1,056 627 2,689 2,900
ROR, 500 900 334 2,100 2,100
SS, 300 300 200 900 900
Determination of (R, s, S) procurement system: COMI =(InV,5, = INV ) [ (INV o= NV ) (3721

There are three wood modules and two component(p/(p-1)i1-Inv,,, /v,
modules and both are independent materials thatl COU329/558) = 0.6156.
be used to assembly three varieties of desks. atee d

which is obtained from the analysis according to 3C  Third, according the COMI obtained from Table 2,
Theory introduced by the research is as follows. the order policy of each material can be generatedl
First, according the given data on Table 1, MRP resulted in Table 3. For example, for Wood_1 caitad
and RBOM, are defined asvRP,=» TORx BOM,  with Eq. 5-7, EOQ, =+/2*100%50,000/200%0.f 7€,
p
andRBOM,, = max{TOP, x BOM,, }. Then, take Wood_1 TBPy= 708 /:30,000 = 0.02358S, = RBOM, x 1% =
30,000*0.01 = 300, OUT = 30,000*0.02357 + 300 =

as an example, the requirement for Wood_1 based - * - .
MRP,, and RBOM, can be calculated as MRP 0:[',008 and ROR= 30,000%(2/300) + 300 = 500:

=30,000*0+30,000*1+20,000*1=50,000 and RBQM™
max{30,000*0, 30,000*1, 20,000*1}=30,000. As a
result, the requirement for each material

Then, based on the calculation mentioned above,
an adaptive (R, s, S) procurement system can be
. can b(Jgenerated. Take Wood_1 as an example, its optimal
calculated accordlng]y and resulted on TaE)Ie 2. _ procurement system will be (R, s, S) = (0.02357,50
. Second, according to the material commonalltylyoog); that is, the optimal purchasing quantity fo
index”, the v, => TOP,xBOM,xC, .,  Wood 1 is 1,008 unit per time and procurement cigle
" 0.02357 year. The optimal safety stock setting ‘il

=Pxlnv,., and Inv 300 units and the reorder point is 500 units.

Inv

worst

=Y RBOM, xC, , then,

pract

INvyors= (50,000%200 + 60,000*210 + 20,000*220 +

160,000*100 + 160,000%80) = 55,800,000 and,py= CONCLUSION

(30,000200 + 30,000*210 + 20,000*220 +

90,000*100 + 90,000*80) = 32,900,000. After In this study, we have developed a practical
accumulating all materials, the lpy; and Invpract are methodology for establishing an adaptive produetion
resulted in Table 2 and the commonality index (CPMI procurement system in the supply chain problem&und
can be calculated as: supply disruptions. This method use the Limiting
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Probability of Markov Chain as the decision-making risks in a supply chain. Naval Res. Logistics, 54:

pattern to provide an adaptive (s, Q) producticsteay, 544-555. DOI: 10.1002/nav.20228

on application of the EPQ pattern with thoughtful Fernandez-Ranada, M., X. Gurrola-Gal and E. Lopez-
consideration of the possibility of machine unreilisy Tello, 1999. 3C: A Proven Alternative to MRPII for
and defect occurrence, for an enterprise to exetwte Optimizing Supply Chain Performance. 1st Edn.,

production processes efficiently and to smooth CRC Press, Delray Beach, FL.JSBN-10:
disruptions incurred from production processes 1574442716, pp: 272.

effectively. Meanwhile, based on 3C Theory, anGupta, D., 1996. The (Q,r) inventory system with an
adaptive (R, s, S) procurement system based on the unreliable supplier. INFOR  34: 59-76.
production process also can be determined to rheet t http://direct.bl.uk/bld/PlaceOrder.do?UIN=010709
production requirements. We have provided empirical 349&ETOC=RN&from=searchengine

results for furnishings supply chain. Our resuiseal Holmstrom, F.K., K. Framling, R. Kaipia and F.
the computational efficacy of the proposed method. Saranen, 2002. Collaborative planning forecasting
Furthermore, we have demonstrated that the camdidat and replenishment. Supply Chain Manage.: Int. J.,
solutions identified by the proposed method are not 7:136-145. DOI: 10.1108/13598540210436595
only superior to traditional EPQ model solutionsit b Huang, Y.N., 2004. A study on the spare part stock

also result in significantly smaller cost flow \aility. management-the application of 3C and CPFR.
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