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Abstract—Radio Frequency Identification (RFID)
provides an efficient way to the innovation of imesy
control strategies. In this paper, we design a RFID
Enable electronic Card system. And a RFID-Enable
CONWIP control strategy is designed based on the
system. Five criteria to evaluate the performande o
control strategies are presented, which include tibial
inventory cost, the total shortage loss, the tofa¢rating
cost, the satisfaction rate and the inventory twerorate.

To verify the performance of the RFID-Enable CONWIP
control strategy, the strategy is compared with BRI
Enable (s,S) and Push control strategies. Threéc&yp
inventory systems of two kinds of products are lsited

in the experiments. The simulation results dematestr
the CONWIP strategy is the best one among the three
kinds of strategies. It can reduce the total opiegatost

and enhance the service level for multi-echelon
distribution networks in supply chains.
Keywords—CONWIP,  Electronic Card, RFID,
Simulation, Supply chain.

l. INTRODUCTION

The production systems can generally be divided int
push and pull systems[1]. Both systems have differe
advantages[2,3]. Therefore, many researchers try to
combine the two types of control systems to achiaoee
superior performance[4-6].

CONWIP (Constant Work in Process) proposed by
Spearman et al. is just such a hybrid system. Sindl a
typical Kanban system, production in a CONWIP gyste
is also triggered by actual demand of product[]tHe
system, cards instead of Kanbans that are usedebertw
each workstation are assigned to the whole proolucti
line.

The invisibility of the wide area cards makes the
CONWIP control strategy difficult to apply in the
distribution system of the wide-area supply chdifter
2000, some scholars attempt to apply the CONWIP
control strategy to supply chain management. The
CONWIP SC (CONWIP supply chain) was developed by
Oscar Rubiano Ovalle., as an extension of the dlose
production control system, each firm has a sintjaio a
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“work center” being a part of a “global line” of [zply
chain. The card in the CONWIP system, extends to a
virtual center that governs the supply chain andagas
the products flow and the inventories along thargBa
However, the card system can't be really used ppku
chain, the CONWIP control strategy is the “ordell”par
“contract pull” virtually[9-11], it is difficult togive full
play to the function of decreasing inventory and
improving the service level [12].

The emergence of new automatic identification
technologies, such as Radio Frequency Identifinatio
(RFID), is expected to revolutionize many of the sy
chain operations by reducing costs, improving servi
levels and offering new possibilities for identifgi
unique product instances[13].

As the ability of RFID that can count and locatedrcts
precisely, it provides a technical way to realizEIR
Enable electronic Kanban system. In paper[14] Push
strategy and RFID-Enable Pull strategy are combieed
design the RFID-Enable Hybrid Push/Pull control
strategy for multi-echelon inventory system in dypp
chain distribution network. Good results have been
achieved in the use of the method. But the strathyps
not apply to the multi-product and small batch
production. Because the CONWIP strategy is to
overcome the limitations of Kanban strategy, scait be
applied to an extensive environment.

In this paper, RFID-Enable CONWIP strategy is e
based on the RFID-Enable electronic card systente3io
the availability and superiority of the strategyr fihe
multi-echelon inventory system, it is compared with
RFID-Enable push and (s,S) strategies.

. DESIGN OF RFID-ENABLE CONWIP
CONTROL STRATEGY AND THE
PERFORMANCE EVALUATION OF
CONTROL STRATEGIES
The order, shipment and production of each entegn
the distribution network can be controlled accogdio
the structure of the supply chain, the supply chain
inventory status and the function of the entergriseo
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obtain the optimization effect of the supply chaihe
inventory status of each enterprise is adjustedrdatg

to a certain strategy; different strategies havéemrint
control mechanism or algorithm[14].

2.1 Design of RFID-Enable CONWIP control strategy
The RFID-Enable CONWIP strategy can decrease the
inventory cost and improve the service level byustipg

the total number of electronic card. The manufactas
the core company in the supply chain is the loggsti
source of the distribution network, on the stage of
manufactures, the material is pulled into the sysba the
basis of the storage and the shipment. However, the
distributors and retailers in the middle and lowar
supply chain play the role of distributaries, thaesip
strategy is applied.

The operation of the system is caused by the pteduc
removal. Because the change of market environmamt c
lead to the uncoordinated communication between
enterprises in the supply chain, it can avoid tktersion

of multi-stage response time. The input of materéai be
computed by “amount of empty Card = total amount of
Card- amount in storage- amount on trafficlt can be
expressed by the following formula simply:

Et) =C-1I(t)-St)
1)
Where E(t) is the amount of empty card at time is @e
total amount of the pre-establish card in the sppphin;
I(t) represents the total storage amount in th@lyughain
at time t; S(t) represents the total amount of rslgipt in
the supply chain at time t.
2.2 Indicators Evaluated the Performance of Control
Strategies
To assess the performance of the strategies, lbaviiog
signs and variables are introduced, they are:
m (1, 2, ... M n (1, 2, .... N) p (1,
2, ... P) :manufacturers, distributors and retailers
respectively;
t(1,2...... T) the running days;
la(t) (k representsn, n or p): the inventory count of the
first kind of product in nodé& at the end of the day
lot) (k representsn, n or p): the inventory count of the
second kind of product in nodkeat the end of the day
ck1 (k representsn, n or p): the unit inventory cost of the
first kind of product in nodé&;
Cv (k representsn, n or p): the unit inventory cost of the
second kind of product in nodke
Op(t): the shortage count of the first kind of produtt i
nodep at the end of the day
Op(t): the shortage count of the second kind of product
nodep at the end of the day
0s,:: the unit shortage cost of the first kind of protiaf
nodep;
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0s,2: the unit shortage cost of the second kind of peod
of nodep;

djp1: the price of the first kind of product of noge

dj,2: the price of the second kind of product of npde
Oe(t): the total requirement count of all kinds of protu
of nodep at the day;

Xo(t): the sales volume of all kinds of products of nqpde
at the day;

Xp1(t): the sales volume of the first kind of produchotle
p at the day;

Xpo(t): the sales volume of the second kind of product of
nodep at the day;

In this paper, to assess the performance of thereift
strategies, the total inventory cost, the shortags, the
customer satisfaction rate and the inventory tuenoate
are took as the evaluation indicators, the deratatof
these variables are as follows respectively:

The sum of inventory cost of retailers, distribstand
manufacturers is the total inventory cost whenstiyeply
chain runs a cycle:

(Z(I A)E, +1 (L))
:ZHZUﬂﬂ e, @

+Z(| )€ T 1 (L)€ ))

The total shortage loss of the supply chain thas
cycle:

T P

t=1 p=1 (3)
The total operating cost is the sum of total ineeptost
and total shortage loss, It can be expressed:

E =E +E @
The satisfaction rate of the supply chain (theiserievel
of the supply chain):

Dox(t)

t=1p=1

P

Z g,(t)
- 5)

The inventory turnover rate is the ratio of theesal

amount to the inventory cost. The sales amouthieis t
product of the unit price of goods by the salessuni

i i(dj pl'xpl(t ) + dJ pZ'sz(t ))
R - t=1 p=1
5 (6)
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From the formula (2)-(6), when the multi-echelon
inventory system of supply chain is controlled bylB-
Enable CONWIP control strategy, the above five ssse
indicators are all the independent functions of the
decision variables. But their accurate expressiare
difficult to give, because the random factors ia supply
chain make the variables indeterminate. If usinglydit
method to solve the problem, many assumptions eaah |
to erroneous results. Therefore, the simulation ehad
the system is built based on the principle of ditzevent
system simulation in the paper.

Il DESIGN AND REALIZATION OF
SIMULATION MODEL

3.1 Simulation strategy
Because there are fewer event types and the mdatio
among events are simpler, this paper set up thelaiion
model with the simulation policy of event schedglin
That is, the future events are all put into thenévable,
when the simulation program is running, the evéalde
is scanned continuously, and the simulation closk i
pushed to the time of the first happened events it
incremental over time[15].
3.2 Simulation model
The basic steps of constructing simulation model:
(1)Confirming state variables, control variablesdan
statistical variables;
(2)Confirming events in the
corresponding program;
(3)Confirming future event table;
(4)Confirming the priority of event.
The control variable in the system is total numbkthe
electronic card (i.e. TNmax); state variables &ee dtock
and the transport quantity of every enterprisetissical
variables are the total shortage loss, total inuMgncost,
total operating cost, satisfaction rate and invegnto
turnover rate of the supply chain.
3.3 Simulation program
The system has applied the mature object-oriented
programming technology with Visual 2010/C#. There a
manufacturer class, distributor class, retailerssland
customer class in the program, the member variadfles
related classes include state variables and gtatist
variables, and they can be updated with the operaif
the program. Therefore, the structure of the pnogis
clear. The program can realize the simulation meael
it can be modified based on the actual situation.

system,  writing

V. SIMULATION EXPERIMENT AND
RESULTS ANALYSIS
a. Parameters setting for simulation experiment
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To analyze the performance of the RFID-Enable
CONWIP strategy, various structural systems are
simulated and analyzed. Due to space limitatiohsret
are only three systems that are shown in the figatew.
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Fig.1 Structural diagram of the three kinds of egst

Two kinds of products are considered in the sinmatt

is assumed that the demand of each kind of preatuitte
retailers is a random variable which follows Poisso
distribution. Every enterprise in the supply chaitikely

to be out of stock, however we only calculate thergge
loss of the retailers. The transport time from
manufacturers to primary distributors is 3 daybeos are
all 1 day. One cycle of the simulation system idelsi
100 days. The prices of the two kinds of producés i
and 12 respectively.

The total number of electronic card determines the
guantity of products in the supply chain that istcolled

by RFID-Enable CONWIP strategy, so it is a key dact
of the system and it can be obtained by experimints
this paper. The total amount of cards of the stmact, b
and c are 86, 126 and 214 respectively.

The RFID-Enable CONWIP strategy is compared with
(s,S) strategy and push strategy. The (s, S) vatieach
node are obtained by the simulation based optimizat
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approach[15]. The specific parameters of the altbree
systems are shown in Table 1 and Table 2.

b. Results analysis

Because the multi-echelon inventory problem is
influenced by uncertainties. To make the simulation
results much more actual and credible, every system
controlled by each strategy runs 100 times tolgetean

of every statistical variable. The experiment resuare
given in table 3. The ratio of the standard deeiatnd
the expectation is included in table 3. The valam c
reflect that the times of simulation is reasonabled it
can also reflect that the simulation model hasigefit
stability. The inventory turnover rate comparisoh ko
system controlled by each strategy is shown inréig.
The X-axis of figure is simulation cycle and Y-ajigsthe

turnover rate.
7

E I
5

r.J

rara
iy

FIFFIFITITI T ITTFIIIT]

FrY

""""""""I"""" s
A A ]
e
AT E T

= B
VRN
il 2
L5 kS
\:I A=
LE e
= RE
L5 kS
\:I A=
LE B
\:I L=
L5 kS
e e

[=]

iz 3 4 5 6 7 8 9 10 11 12 13 14 15

Fig.2 The inventory turnover rate comparison of/stem
controlled by each strategy

The simulation results show: In the case of theesam
structure and parameters, the total cost of RFIBbin
CONWIP strategy are the lowest, because of the high
storage, the customer satisfaction rate of Pushtlae
highest.

Figure 2 shows the comparison of the inventoryduen
rate in the first 15 cycles of the b structure.k®wn in
the figure: the turnover rate of CONWIP strategg ar
greater than that of Push and (s,S) strategieshitiiesr
the value, the greater the effect of unit inventptgy.
Through experiment, the total amount of RFID-Enable
electronic Card can be set based on the inventatyss
and the state of market demand. That is, the RFiBbEe
CONWIP strategy has the characteristics of fleiipilln
addition, the policy parameters have great impacthe
system performance besides the control strategy.
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Table 1. Parameters of the first kind of the praduc
Parameters 1 2 3 4 5 6 7 8

The initial storage 5 5 5 5 5
Unit inventory cost 0.4 0.5 0.4 0.7 0.6
Unit shortage loss 6 6 6
Parameters of
Poisson distribution 3 2 2
Parameters of (S.5) ;4| (6.24) (6.18] (6.20) (7.15)
strategy
The initial storage 8 8 8
Unit inventory cost 0.4 0.3 0.7 0.5 0.6 0.4 0.7 0{6
Unit shortage loss 6 6 6
b Parameters of 3 5
Poisson distribution
Parameters of (S.5) ) 150 215)| (2.7)| (G.16) (7.4d) (6.1 (5.1
strategy
The initial storage 20 10 10 10 10 10 5 5 5 5
Unit inventory cost 0.2 0.3 0.7 0.5 0.6 0.8 0.7 0/4 0.6 0.5
Unit shortage loss 6 6 6 6
c Parameters of 5
Poisson distribution
Parameters of (s,S)
strategy (5,28) | (4,11)| (4,17 (4,20|) (3,11 (5,11) (6,

D) 28,| (5,14)| (3,7)

Table 2. Parameters of the second ki

Parameters 1 2 3 4 5 6 7 8 9

The initial storage 5 5 5 5 5

Unit inventory cost 0.5 0.4 0.3 0.5 1.G

Unit shortage loss 8 8 8

a Parame_ter_s of 5 1 5

Poisson distribution

Parameters of (8.5} 3 50| (520) (6,19 (5.14) (5.17)

strategy

The initial storage 8 8 8

Unit inventory cost 0.5 0.2 0.5 0.4 0.8 0.3 0.b 1]0

Unit shortage loss 8 8 8

b Parameters of 5 4

Poisson distribution

Parameters of (S}, o) | (28)| (26)| (5.22) (6.13) (513) (6.1p)

strategy

The initial storage 20 10 10 10 10 10 5 5

Unit inventory cost 0.2 0.5 0.6 0.6 0.8 0.5 0.b 0{7 0.4 0.5

Unit shortage loss 5 5

c Parameters of 3

Poisson distribution

Parameters of (s,S
strategy (4,15) | (4,20)| (7,18) (3,13) (2,14) (511 (2,2

nd of the mtodu

10

o
a1

5) .,2® | (3,16)| (2,22)

Table 3. The Statistical Variables of the Threedsinf Systems Controlled by Strategies
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Inventory Cost Shortage Loss Total Cost Satlsfacfuon Ratg
. . . . . . Expectation, Ratio
Expectation, Ratio of| Expectation, Ratio of| Expectation, Ratio of of the Standard
Strategy | the Standard Deviation the Standard Deviation the Standard -
o Deviation and
and Inventory Cost and Shortage Loss | Deviation and Total . .
. . . Satisfaction Rate
Expectation Expectation Cost Expectation .
Expectation
CONWIP 996.04 13.86% 1383.30 13.96% | 2379.34 7.73% 80.67 2.33%
a (s,S) 1341.74 17% 2061.8( 18.44% 3403.54 9.70% 2734 4.71%
Push 3041.85 11.34% 190.78 34.74% 3232)63 12.139%97.11 0.93%
CONWIP | 2392.16 5.18% 1580.8¢ 14.68% 3973.04 6.41% 81.6 2.82%
b (s,S) 2677.11 5.72% 1777.84 17.45% 445495 6.17% .5281 3.19%
Push 3362.57 10.2% 1017.86 15.54% 438043 9.04%88.78 1.70%
CONWIP | 2648.63 5.63% 2573.64 15.58% 5222.32 7% 80.03 2.86%
c (s,S) 1849.35 7.57% 4264.73 11.19% 6114.08 5.92% .0666 3.84%
Push 9368.93 13.25% 2320.3y 7.93% 11689.3 10.78981.23 1.73%
\Y/ CONCLUSIONS [8] Ovalle O. R., Marquez A. C, “Exploring the utilizatiof a

In the paper, the RFID-Enable CONWIP strategy an th
basis of RFID-Enable electronic Card is appliedntalti-
echelon inventory system of supply chain distribuoti
networks. The strategy model is built and the satioh
system is developed, with the help of the systemcan
evaluate the performance of the strategy. Through t
comparison with the RFID-Enable (s,S) and Push
strategies, the RFID-Enable CONWIP strategy care sav
the total cost and improve service level effectivdh
conclusion, this strategy should be applied toptfaetice.
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