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Design and simulation of radio frequency identification-enabled hybrid
Push / Pull strategy for multi-echelon inventory of supply chain

LI Guo-jia†, WANG Ding-wei
(College of Information Science and Engineering, Northeastern University, Shenyang Liaoning 110819, China)

Abstract: Radio frequency identification (RFID)-enabled electronic visual system can view, from the remote terminal,
the real-time inventory status of all enterprises in the supply chain. This technology facilitates the control for the wide-area
distributed multi-echelon inventory of supply chain by using RFID-enabled Pull strategy. Push and RFID-enabled Pull
strategies are adopted in different stages. Thus, a number of different RFID-enabled hybrid Push /Pull control strategies
are designed according to the structural character and the function of the enterprises in each stage. To compare and test the
performance of these hybrid strategies, we build an evaluation-indication system which includes the total inventory cost, the
total shortage loss, the total operating cost and the inventory turnover rate. Because of the dynamic and stochastic nature of
the supply chain system, it is difficult to build the mathematical model and solve it precisely, so the simulation model based
on the principle of discrete event system simulation is designed and built. Many different structural multi-echelon inventory
systems of supply chain distribution network controlled by thus designed hybrid strategies are simulated. Simulation results
show it is desirable or even optimal when the manufactures are controlled by Push strategy, and the distributors and retailers
are controlled by RFID-enabled Pull strategy.
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1 ÚÚÚóóó(Introduction)
õ�ã)��;XÚ�Push / Pull·Ü��üÑ

´�EXÚ¥¤õA^�¥����ª[1–3]. ¤¢
�PushüÑ´^Ô��Ý\5/í0ÄXÚ$1,

PullüÑK´^�¬½"���Ñ5/.0ÄXÚ$
1.3æ^PullüÑ�w�XÚ¥,ó<7L/w
�0��w�âU>u\ó��.�?�;w��Ø
��¦�w�XÚJ±$^�2�©Ù�øAó�

;��¥. 2000c�,k<m©òPull���ªlüó
�í2�øAóõ?¥�¥[4–6]. �´,duøAó¥
ØU3õ�è�mæ /̂w�0XÚ,¤¢�/Pull0
Ù¢� /́¾ü.Ä0½ö/ÜÓ.Ä0,¿ØUý
�u�/w�XÚ0ü$¥�,JpÑÖY²��^.

Ôé�Ú�ª£OEâ(radio frequency identifi-
cation, RFID)��),�øAó�;��Jø
#�
�{. RFIDÚÔé�Eâ±ÙU
é¥��¬Ú$
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Ñ�å¥þ?1°(OþÚ½ ,�¢yøAó¥�
��ÀzJø
Eâå»,©z[7–9]òÙ¡�RFID
¦U�øAó�Àz. /ÏRFIDEâmu/RFID¦
U�>fw�0[3]U
¢y2�©Ù�øAó¥��

§¢��À.�©Äu/RFID¦U�>fw�0JÑ
øAó©��äõ?�;�RFID¦U�Pull��ü
Ñ,¿�âøAó©��äõ?�;�(�A:9X
Ú$����ã!:è��õU,òRFID¦U�Pull
üÑ�PushüÑ(Ü,3ØÓ�ãæ^ØÓüÑ,�
O
õ«øAó©��äõ?�;�RFID¦U�
Push / Pull·Ü��üÑ.

�'�Ú�y�·Ü��üÑéøAóõ?�;

���5U,lü$XÚ¥�¤�,JpÑÖY²�
�Ý,ïá
±o¥�¤�!o"À��!o$1¤�
Ú¥�±=Ç��µd��üÑ5U��INX,,

du������Å5,$Ñ�ý1¨�m��Å
5,½|d�Cz�ÅÄ5,�;XÚ¥�«É~¯
��âu5,¦�øAóXÚäkÄ�5Ú�Å5,
J±é�üÑe�XÚ?1êÆï�Ú°(¦). �
d,�©3b�����êþÑlÑt©Ù,	ï1
��Å��Ä:þ,ÄulÑ¯�XÚ�ý�n,�
O¿¢y
XÚ��ý�.,ÏL©Oé�üÑeõ
«(��øAó©��äõ?�;��ý,�y¿©
Û
�Eû�ã��;æ^Push��,©�ûÚ"È
û�ã��;æ^Pull��üÑ�k�5Ú�`5.

2 øøøAAAóóó©©©������äääõõõ???���;;;���RFID¦¦¦UUU���
Push / Pull···ÜÜÜ������üüüÑÑÑ���OOO999555UUUµµµddd
���IIIïïïááá(RFID-enable hybrid Push/Pull co-
ntrol strategies design and performance eval-
uation indicators establishing)

2.1 RFID¦¦¦UUU���Push / Pull···ÜÜÜ������üüüÑÑÑ���OOO
(RFID-enable hybrid Push / Pull control strate-
gies design)

øAó©��äõ?�;���´��âøAó

�(�A:9øAó$����ã!:è��õU

9�;G¹5e��!:è��¾uÀ½)��-,
ÏLé�!:è�¥��N�¦XÚ��n��G

�,ØÓ���üÑäkØÓ���Ån,½ØÓ�
���{.
øAóõ?�;�Push���ª�â�½�Ï�

ýÿI¦þ°Ä,±Ô��Ý\íÄÔ6XÚ$1,
äkûÐ�|�5ÚOy5,U
�y)�ÚÔ6²
­,Ô��Ý\þ�Uì:/ÀI¦þ=fI¦þ−3
��;þ05O�.Uúª�{Ñ/��

P (t) =
t+T∑
τ=t

d(τ)− ∑
i∈L

[Ii(t) + Si(t)], (1)

Ù¥: P (t)�uÀ!:t���uÀþ; d(τ)��ª!

:τ���fI¦; T�Ý\!:��ª!:�Jc

Ï; i ∈ LL«i�Ý\!:��ª!:�´»¥��

�!:; Ii(t) + Si(t)L«!:i3t����;þÚ$

Ñ�å¥þ.
RFID¦U�>fw�QäkRFIDé¥��8�

��>gÄ£OõU,!�¥��:Ú�8�é�<
óNÄ,Jpó��ÇÚó��þ,Ó�U
;�Ï
��! �����ÏE¤�¥���,¦øAó+
nXÚ¥�¥�P¹�¢S¥�þ�Î,qU
¢y
øAó¥�!:è��¥�þ!å¥$Ñþ!½uÀ

þ���§¢��À.þã`:¦�RFID¦U�>f
w�U
��ü$¥�XÚ¥�Ø(½5ÚØ°(

5,��!:è�?1�ÆÜn�¥�ûüJø¢�
���êâ|±. Äud¢y�RFID¦U�PullüÑ
ÏLÔ���Ñ5.ÄÔ6XÚ$1. U
;�3C
z�½|�¸e. !:è��mdu�NØ^
E¤
�õ�ã�A±Ï�ò�,¢yþiè�¢��A,
õ�ã�A±Ï;nÜn. Ô�Ý\þ�±���â
Ùei!:è���w�ê5û½. 
/�w�ê=
w�oê−¥¥�;þ0. Uúª�±{Ñ��

P (t) = Ki − Ii(t), (2)

Ù¥: P (t)�uÀ!:t���uÀþ; i�uÀ!:

�ei�ã!:; Ki�ýk�½�!:i�w�oê;
Ii(t)L«!:i3t���¥¥�;þ.
�¿©u�PushüÑÚRFID¦U�PullüÑ��

g`³±ü$øAóõ?�;¥�Ø(½5,�âø
Aó©��äõ?�;XÚ�(�A:9XÚ$�

���ã!:è��õU,òRFID¦U�PullüÑ
�PushüÑ(Ü,3ØÓ�ãæ^ØÓüÑ,/¤Ü
n�¥���(�,±ü$¥�¤�,JpÑÖY².

e¡±d�Eû!©�ûÚ"Èû�¤�øAó

©��ä�;XÚ�~`²RFID¦U�Push / Pull·
Ü��üÑ��O,Ù¥©�û��¹�?½õ?©
�û,3�ïÄ�üÑ�O¥þæ^�ÓüÑÚ¡�
©�û���üÑ,�Bu£ãdRFID¦U�Pullü
ÑÚPushüÑ|Ü
¤�RFID¦U�Push / Pull·Ü
üÑ,òXÚ��üÑP�H ,�!:è��RFID¦
U�Pull���ªP�0, Push���ªP�1, Hæ

^3 �?�?è,l��m3 �?�?è©OL«
�Eû!©�ûÚ"Èû3��ã�!:è�þæ^
�¥����ª,±H = [0 1]�~,L«�Eû,©
�û�ã�!:è�þæ^RFID¦U�Pull���
ª,"Èû�ã�!:è�þæ^Push���ª,
�H = [0 0 0], [0 1 0], [0 1 1], [1 0 0], [1 0 1], [1 1
0], [1 1 1]�aq,Ø2Kã.

2.2 555UUUµµµddd���IIIïïïááá(Performance evaluation
indicators establishing)
�µdØÓüÑéøAóõ?�;���5U,
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Ú\XeÎÒÚCþ: m(m = 1, 2, · · · ,M), n(n =
1, 2, · · · , N)Úp(p = 1, 2, · · · , P )©OL«øAó¥
��Eû!©�ûÚ"Èû�IÒ; t(t = 1, 2, · · · ,

T )L«$1Uê�IÒ; Ij(t) (j�m, n½p,±eþ
Ó)L«1tU(å��!:j�¥�þ; Sj(t)L«
1tU$ !:j�å¥þ; hjL«!:j�ü �;

¤�; Vp(t)L«1tU(å��"Èûp�"Àþ;
upL«p�ü "À��; Lp(t)L«1tU(å��p

��Èþ;3RFID¦U�PullüÑe,ûüCþ��
!:���>fw�ê,P�KBmaxj

;3PushüÑ
e,ûüCþ��!:�¾À /)�JcÏ,P�Tj ;
CSL«o"À��; CIL«o¥�¤�; CTL«XÚ

o$1¤�. du�©Ì�ïÄé'�RFID¦U
�Push / Pull·ÜüÑéXÚ�;��5U�K�,
�RFID¦U�Pull / Push·Ü��üÑé$Ñ¤�,
¾À¤�Ú)�¤�K��Oé�,��ÑØO,�
�òo¥�¤�Úo"À��O\o$1¤�; RIL

«¥�±=Ç.lü$øAó¥�¤�,JpÑÖY
²Ñu,±o¥�¤�!o"À��!o$1¤�Ú¥
�±=Ç���I5µd�RFID¦U�Push / Pull·
ÜüÑéXÚ¥�ÚÑÖY²�K�,Ù½ÂÚO�
úª©OXe:

o¥�¤�=XÚ$1��±Ï"Èû!©�û

Ú�Eû�¥�¤��Ú,O�úª�

CI =
T∑

t=1

(
P∑

p=1

Ip(t)× hp +
N∑

n=1

In(t)× hn +

M∑
m=1

Im(t)× hm), (3)

T�U
���N�üÑéXÚ¥��K�.

o"À��=XÚ$1��±Ï�"Èû"À�

��Ú,O�úª�

CS =
T∑

t=1

P∑
p=1

up × Vp(t), (4)

T�U
���N�üÑéXÚÑÖY²�K�.

o$1¤�=o¥�¤��o"À���Ú�

CT = CS + CI, (5)

T��N
�üÑéXÚ�¥�ÚÑÖY²�nÜ

K�.

¥�±=Ç�XÚ$1��±ÏS"Èû�È�

¬oþ�¥�¤��'�,=ü ¥�¤�éA��
Èþ,O�úª�

RI =

T∑
t=1

P∑
p=1

Lp(t)

CI

, (6)

T��N
�üÑeü ¥�¤�u���Ã."È
û�È�¬oþ��©f,Ù���,`²XÚé�

�I¦�÷v§Ý�Ð,ÙÑÖY²�p,¥�¤�
��©1,Ù���,L²XÚ¥�¤��$. T��
ÑÖY²¤�',�¥�¤�¤�',U
�Ð/�
NüÑ´Ääkü$¥�¤�,JpÑÖY²�`û
5U.

dª(3)–(6)��, 4�µd�ICS, CI, CT, RIþ

´CþIj(t), Vp(t), Lp(t)�¼ê,�øAó¥��«
�ÅÏ�¦ù
CþäkØ(½5,��Ù�RFID¦
U�Push / Pull·ÜüÑeûüCþ�O(¼ê'X
J±�Ñ;,	,øAóXÚäkÄ�5ÚE,5,$
^)Û{ï�Ú¦)�,Lé�¯K?1b�Ú{z,

{z��¯K¬�¢S¯K����,é¦)(J
E¤é�Ø�. �ý�{±ÙûÐ�Ä�·A5,U

�Ð/£ãøAó��Å5,Ä�5ÚE,5�ø
Aó©��äõ?�;XÚG��CzÑ´3lÑ

�m:þu)�,��©æ^lÑ¯�XÚ�ý�{
éXÚ?1�ýï�[10–11].

3 ���ýýý���...���OOO���¢¢¢yyy (Simulation model
design and implementation)
A^lÑ¯�XÚ�ý�{ïá�ý�.I�?

1�ýüÑ�O!�ý�.�E!�ý§Smu�.
�!ò3{ã�ýüÑ�OÚ�ý§Smu�,X­
�ã�ý�.�E.
du3øAó¥�XÚ¥,¯�a.'��,¯�

�m'X'�{ü,Ïdæ^¯�NÝ{���ýü
Ñ[12].
�©æ^¡�é�Eâ32010 / C#²�þmu


øAó©��ä�ýXÚ,é�aÌ��)��
a!"Èûa!©�ûa!�EûaÚÚOa�,¿ò
G�CþÚÚOCþ�½��'a�¤
Cþ?1

�#?n,¦���§S(��ß,Bu¢y!?UÚ
�o.

3.1 ���ýýý���...���EEE(Simulation model establishing)
1) (½XÚ¥���Cþ!G�CþÚÚOC

þ,�©ïÄ�XÚ¥���Cþ��RFID¦U�
Pull / Push·ÜüÑ�ûüCþ,=KBmaxj

½Tj ;G
�Cþ��!:è��¥�þIj(t)Ú$Ñ�å¥þ
Sj(t)�;ÚOCþ�o¥�¤�CI,o"À��CS,
o$1¤�CT,¥�±=ÇRI.

2) ©ÛXÚ¥�U�3�¯�,�©ïÄ�XÚ
¥�U�3�¯�Ì��)����,"Èû¾!"
À9¾À��,©�û½!u!"À9¾À��,�E
û)�!u!"À,�ý(å�.

3) (½¯��á5�, 2)¥¤�¯��á5�©
O���I¦þ,"Èû¾!"Àþ9¾À��þ,©
�û½!u!"Àþ9¾À��þ,�Eû)�!u!
"Àþ,�ý(å�m.
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4) (½¯��1`kÝ=$�^S,du�©ï
ÄXÚ¥�G�Cþ��!:è�¥�þIj(t),å¥
$Ñå¥þSj(t)�äkÄu�mlc��ÚÄuø
Aóei!:�þi!:ge
þ�4í'X.Ïd,
�(�$�^S�lei!:�þi!:,ÄkO�
"Èû!:,�XO�©�û!:,��O��Eû
!:,éuz�!:,Cþ�O�^S�lI¦þ2
�¥�þÚ¾Àþ.

4 ���ýýý¢¢¢������(((JJJ©©©ÛÛÛ(Simulation experim-
ent and result analysis)

4.1 ���ýýýYYY~~~ëëëêêê������(Simulation cases paramet-
ers setting )
�'�Ú�y�·ÜüÑéøAóõ?�;XÚ

���5U,�©©Oé8«·ÜüÑeõ«ØÓ(
��øAó©��äõ?�;XÚ?1
�ýÚé

'©Û,�u�Ì,ã1(a)–1(d)��ÑÙ¥�4«XÚ
�(�ã.

ã1 4«øAó©��äõ?�;(�ã
Fig. 1 Schematic diagram for the four kinds of multi-echelon

inventory system of supply chain distribution network

3�ý¥b��Eûäk��F)�Uå��,
)��¬¤I�méá�éu$ ©�û�å¥$

Ñ�m��ÑØO,��á�øA¿v;�"Èûz
U����êþÑlÑt©Ù;�!:è�#N"À,
��3"Èû?O�"À��¤�,XÚSÙ§�?
!:è�m�"ÀØ2O�"À��¤�,����
��"ÈûÃ{÷v��I¦�,��ÀJ�ï	ï,
u)"À;�ýY~ëê©�øAóXÚá5ëêÚ
üÑëêüa,XÚá5ëê�)�!:è�ü ¥
�¤�,ü "À��,����êþÑt©Ùëê,
�Eû��F)�Uå,Ð©¥�þ�ëì¢"È1
��©��äXÚ�½,��üÑëê���ã�è
�PullüÑ��w�ê,��ã�è�PushüÑJc

¾À()�)Uê3þã�½�á5ëêe,æ^Äu
�ý�âf+`z�{��Ù�`ëê��,�3�
þ�ý¢�¥���y. �u�Ì,�©Ø2�ã. ò
þãÄu�ý�âf+`z�{�����ãØÓ

üÑe�è�üÑ�`ëê?1|Ü=���RFID
¦U�Push / Pull·ÜüÑëê. 4�XÚ��ýY~
ëêXL1¤«,�ý�m��100 d,�!:è�Ð
©¥�þþ��100.

4.2 (((JJJ���©©©ÛÛÛ���'''���(Results analysis and com-
parison)
�;��ý¢�¥�3��ÅCþØ�é(J�

ý¢5ÚO(5E¤K�,z«(�3�·ÜüÑe
©O$1100g,����ÚOCþ�þ�,ã1¤
«4«(���ý(JXL2–3¤«,�ê:�þ�3
ü k�êi. d	,�ÚOCþIO�ÓÏ"z©
'�N
�ý�.äkv
�­½5,��ýgêÀ
�Ün[10].
L2–3¢�(JL²:
1) õ?øAó�Push / Pull·ÜüÑ\\RFID¦

U�A��¢y
�!:è�¥�9å¥$Ñ�¹

��Àz,¢y¥�Úå¥$Ñ�8�°(OþÚ½
 ,°(OþU
¢yøAó¥�+nXÚ¥�¥�
þÚå¥$Ñþ�øAóXÚ¥¢S¥�þÚå¥

$Ñþ��,��!:è�½uÀûüJø��êâ
�â,k|u�!:è��½uÀûü.éu¥��8
�°(½ U
!�¥��:Ú�8�é�<óN

Ä,éuå¥$Ñ�m���øAó5`,å¥$Ñ
�8�°(½ k|u�!:è��\Ün`z/

?1½uÀ�'ûü,l
Jpûü�þ!Y²Ú�
Ã[13–15]. òRFID^uRFID¦U�>fw�,rRFID
¦U�A�Ú\øAóõ?¥��Push / Pull·Ü�
�üÑ�,Ø=¢y
¥�Úå¥$Ñ�8êþ� 
���À,
�¢y
¢��À,k|u�!:è�
½uÀûü�`zÚ�é5�Jp,QUk�ü$¥
�¤�,qUJpøAó�ÑÖY².

2) 3�Ó�øAó(�Úëêe, 8«RFID¦U
�Push / Pull·ÜüÑ¥100üÑ�o$1¤�o´
�$,¥�±=Ço´�p,��·ÜüÑ¥�`,�
y
�Eû�ã��;æ^Push��,©�ûÚ"È
û�ã��;æ^Pull��üÑ�k�5Ú�`5.
PushüÑ�â�½�Ï�ýÿI¦þe�)��-,
U
k��y)�ûÐ�Oy5Ú|�5,Ô6�²
­5,Ù¥�þ9�þ�SüU
k�o�¤kei
!:è�, PushüÑ�þãA:·Ü?uøAó�þ
i,��Ø%è�ÚÔ6
Þ��Eû; RFID¦U
�Pull��üÑ,ÏLRFID¦U�>fw�U
¢y
�!:è��¥�þ!å¥$Ñþ!¾Àþ���§

¢��À,~�
¾À�_85,U
k�;�3C
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z�½|�¸e,!:è��mdu�NØ^
E¤
�õ�ã�A±Ï�ò�,¢yþiè�¢��A,
õ�ã�A±Ï;nÜn, PullüÑ�þãA:·Ü

3øAó¥?u¥=/ ,äkÔ6©6�^�©�
ûÚ"Èû,ü«üÑ���Ù¤U
k�ü$¥�,
J,ÑÖY².

L 1 4«XÚëê
Table 1 Parameters of the four systems

ëê a. 1 2 3 4 5 6 7 8 9 10

ü ¥�¤�

a
b
c
d

0.2
0.2
0.2
0.2

0.3
0.3
0.3
0.3

0.5
0.7
0.5
0.7

0.6
0.5
0.6
0.5

0.8
0.6
0.7
0.6

—
0.8
0.4
0.8

—
—
0.6
0.7

—
—
—
0.4

—
—
—
0.6

—
—
—
0.5

ü "À��

a
b
c
d

—
—
—
—

—
—
—
—

3
—
—
—

6
3

—
—

4
6
3

—

—
4
6

—

—
—
4
3

—
—
—
6

—
—
—
4

—
—
—
5

����êþÑt©Ùëê

a
b
c
d

—
—
—
—

—
—
—
—

30
—
—
—

40
30
—
—

50
40
30
—

—
50
40
—

—
—
50
30

—
—
—
40

—
—
—
50

—
—
—
60

�Eû��F)�Uå

a
b
c
d

110
110
110
180

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

PullüÑ�è���w�ê

a
b
c
d

180
180
180
260

150
100
180
130

45
80
90

130

55
45
90
90

65
65
50
90

—
60
60
90

—
—
70
55

—
—
—
65

—
—
—
75

—
—
—
85

PushüÑ�è�Jc¾À /)�Uê

a
b
c
d

1
1
1
1

2
2
2
2

3
2
2
2

3
2
2
2

3
3
3
2

—
2
3
2

—
—
3
3

—
—
—
3

—
—
—
3

—
—
—
3

3) ÏL'�üÑ100�üÑ000�±wÑ,�E
ûæ^PushüÑ,�U
k�ü$o$1¤�,J
p¥�±=Ç,�y
±I¦ýÿ�A��Pushü
Ñ�±¥��§¢��À�A��PullüÑ�·^
u��øAóÔ6
Þ��Eû�¥���.

4) ÏL'�üÑ100�üÑ111�±wÑ,©�
ûÚ"Èûæ^PullüÑ,�U
k�ü$o$1
¤�,Jp¥�±=Ç,�y
±¥��§¢��
À�A��PullüÑ�±I¦ýÿ�A��Pushü
Ñ�·^uäk©6¥=�^�©�ûÚ"Èû�

¥���.

5) ÏL�üÑ�nÜ'��±wÑ,±¥��
§¢��À�A��PullüÑÚ±I¦ýÿ�A�
�PushüÑé¥�����ä`³,�Ø��·A
øAó��ØÓ�ã.3øAó�ØÓ�ãk�é
5/æ^ØÓ�¥����ªU
�k�ü$¥

�,JpÑÖY².

d	,3�þ��ý¥�uy:

1) 3øAó��ãæ^ØÓüÑéXÚ�N5
Uk��K�;��ãæ^Ó�üÑ�,ØÓ�ü
Ñëêé5U�k��K�,��ã3PushÚPull
ü«üÑe�è��üÑëêþkÙ�Z��,�
y
cãé��ãPullÚPushüÑe�è�üÑë
ê?1Äu�ý�`z�7�5Úk�5.

2) ¥�¤�Ú"À��3Ó�üÑe3,��
���S�3d�*��'X,=üÑëê3�½
��Sü$"À��¬E¤�;¤��,p,��
½,,�üÑ�ëê��þkÙ�`�,~X��
w�ê���k�`�,���½��,O\"È
ûw�êØ2U
k�ü$"À��,ù?�Ú�
y
é��ãPullÚPushüÑe�è�üÑëê?
1Äu�ý�`z�7�5Úk�5.
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L 2 a, bøAó(�3�üÑe�ÚOCþ
Table 2 Variables for the two kinds of systems a, b controlled by each strategy

a b

üÑ ÚOCþ
Ï" IO�

IO�Ó

Ï"z©'
Ï" IO�

IO�Ó

Ï"z©'

000

¥�¤�

"À��

o$1¤�

¥�±=Ç

5454.24
9484.11

14938.35
1.84

569.92
2582.033
2865.30

0.41

10.45%
27.22%
19.18%
22.11%

8547.18
10905.92
19453.10

1.10

359.14
634.31
874.22
0.063

4.20%
5.82%
4.49%
5.73%

001

¥�¤�

"À��

o$1¤�

¥�±=Ç

6018.22
4587.66

10605.88
2.029

1787.94
921.73

1265.25
0.75

29.71%
20.09%
11.93%
37.19%

8687.54
10797.71
19485.25

1.065

376.65
774.25
968.32
0.062

4.34%
7.17%
4.97%
5.85%

010

¥�¤�

"À��

o$1¤�

¥�±=Ç

6091.87
14081.9

20173.77
1.44

132.38
693.49
657.44
0.039

2.17%
4.92%
3.26%
2.73%

7726.93
12384.71
20111.64

1.17

174.45
788.60
679.94
0.025

2.26%
6.37%
3.38%
2.12%

011

¥�¤�

"À��

o$1¤�

¥�±=Ç

7242.93
9724.75

16967.68
1.35

340.94
1516.61
1642.96

0.095

4.71%
15.60%
9.68%
7.06%

7097.20
15020.45
22117.65

1.17

343.38
1783.53
2042.64

0.10

4.84%
11.87%
9.24%
8.66%

100

¥�¤�

"À��

o$1¤�

¥�±=Ç

2459.62
6153.72
8613.34

5.14

1112.68
1036.40
1682.65

1.96

45.24%
16.84%
19.54%
38.20%

1831.86
9486.16

11318.02
5.31

163.91
633.088
548.06

0.48

8.95%
6.67%
4.84%
9.11%

101

¥�¤�

"À��

o$1¤�

¥�±=Ç

3378.94
5717.26
9096.2

3.44

1104.64
776.092
889.16

0.95

32.69%
13.57%
9.78%
27.44%

2421.82
9147.97

11569.79
3.97

192.079
505.017
437.48

0.32

7.93%
5.52%
3.78%
8.04%

110

¥�¤�

"À��

o$1¤�

¥�±=Ç

3430.186
18237.92
21668.11

2.30

284.43
752.76
813.97

0.20

8.29%
4.13%
3.76%
8.89%

3865.53
18617.45
22482.98

1.98

217.70
978.0075

913.25
0.13

5.63%
5.25%
4.06%
6.73%

111

¥�¤�

"À��

o$1¤�

¥�±=Ç

5722.95
13899.56
19622.51

1.54

454.016
1495.30
1671.57

0.15

7.93%
10.76%
8.52%
9.84%

4455.94
19620.78
24076.72

1.65

396.66
1184.79
1352.76

0.18

8.90%
6.04%
5.62%

10.68%

3) øAó¥�þ�ÅÏ���3¦�XÚ�z
g�ý(J�3�½ �,��A l§Ý� 
�(=IO�)�k���Å5,��²w�´(�a
éA�IO�ÓÏ"z©'ÊH�p,�Ï3u(
�a�b, c, d{ü,!:è�êþ�,Ù��ÚOC
þ(¥�¤�!"À��!o$1¤�!¥�±=
Ç)�Ï"�b, c, d$,��üÑe(�aéA�IO
�ÓÏ"z©'ÊH�p.

nÜ±þ�'�©Û,o(�Ñ: a)U
é¥�
�¬Ú$Ñ�å¥þ°(OþÚ½ �RFIDEâ
�2�©Ù�øAó©��äõ?�;��Jø


#�k��{,Äu/RFID¦U�>fw�0�
RFID¦U�PullüÑ�± �/¾ü.Ä0½/Ü
Ó.Ä0�Uu�Ñ/w�XÚ0ü$¥�,Jp
ÑÖY²��^. b) PushüÑÚRFID¦U�Pullü
ÑéøAó�;���äØÓ`³,�âøAó(
�A:9��ãè�3øAó$�¥�ØÓ/ Ú

�^,?1Ü·�üÑÀJ,/¤Ün�¥���
(�,U
k�ü$¥�,JpÑÖY². éu��
øAóÔ6
Þ�Ø%è���Eûæ^PushüÑ
��Ü·,éÔ6å©6¥=�^�©�ûÚ"È
ûæ^RFID¦U�PullüÑ��Ü·.
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L 3 c, døAó(�3�üÑe�ÚOCþ
Table 3 Variables for the two kinds of systems c, d controlled by each strategy

c d

üÑ ÚOCþ
Ï" IO�

IO�Ó

Ï"z©'
Ï" IO�

IO�Ó

Ï"z©'

000

¥�¤�

"À��

o$1¤�

¥�±=Ç

12052.56
10505.14
22557.7

0.80

302.36
914.65
981.82
0.030

2.51%
8.71%
4.35%
3.71%

21739.37
18852.75
40592.12

0.64

586.00
1817.22
2213.65

0.04

2.70%
9.64%
5.45%
5.55%

001

¥�¤�

"À��

o$1¤�

¥�±=Ç

14200.27
10072.2

24272.47
0.68

324.014
867.24
936.85
0.022

2.28%
8.61%
3.86%
3.26%

23762.18
18706.06
42468.24

0.58

377.27
1400.48
1562.17

0.019

1.59%
7.49%
3.68%
3.30%

010

¥�¤�

"À��

o$1¤�

¥�±=Ç

10855.52
13517.66
24373.18

0.82

368.71
1514.85
1652.75

0.048

3.40%
11.21%
6.78%
5.85%

18702.15
18393.02
37095.17

0.75

670.92
2215.046
2559.43

0.044

3.59%
12.04%
6.90%
5.82%

011

¥�¤�

"À��

o$1¤�

¥�±=Ç

13992.82
8869.29

22862.11
0.71

751.97
1489.61
1661.49

0.045

5.37%
16.80%
7.27%
6.29%

23047.51
14182.47
37229.98

0.65

1271.87
2282.66
2720.99

0.046

5.52%
16.09%
7.31%
7.04%

100

¥�¤�

"À��

o$1¤�

¥�±=Ç

9796.50
9529.47

19325.97
1.00053

350.21
1094.0044

1198.82
0.051

3.57%
11.48%
6.20%
5.13%

17254.68
15453.3

32707.98
0.85

1035.71
3755.68
45848.50

0.095

6.00%
24.30%
13.91%
11.15%

101

¥�¤�

"À��

o$1¤�

¥�±=Ç

11716.37
10343.72

22060.088
0.82

519.87
1210.10
1326.80

0.045

4.44%
11.70%
6.01%
5.46%

18830.29
14808.78
33639.065

0.78

731.29
4860.53
5305.23

0.080

3.88%
32.82%
15.77%
10.23%

110

¥�¤�

"À��

o$1¤�

¥�±=Ç

8791.23
15549.86

24341.093
0.96

279.68
1166.41
1171.54

0.041

3.18%
7.50%
4.81%
4.27%

16262.36
21096.07
37358.43

0.83

652.94
1913.23
2226.76

0.049

4.02%
9.07%
5.96%
5.92%

111

¥�¤�

"À��

o$1¤�

¥�±=Ç

12015.61
11984.98
24000.59

0.77

777.67
1263.45
1487.74

0.056

6.47%
10.54%
6.20%
7.29%

20824.16
18738.5

39562.66
0.67

1696.020
1652.84
2519.20

0.059

8.14%
8.82%
6.37%
8.83%

5 (((ØØØÚÚÚóóó���ÐÐÐ""" (Conclusion and future
work)
�©�âøAó©��äõ?�;�(�A:

9XÚ$����ã!:è��õU,òÄuRFID
¦U�>fw�¢y�RFID¦U�PullüÑ�
PushüÑ(Ü,3ØÓ�ãæ^ØÓüÑ,/¤Ø
Ó�¥���(�,�OÑõ«RFID¦U�øAó
©��äõ?�;�Push / Pull·Ü��üÑ,ïá

±o¥�¤�!o"À��!o$1¤�Ú¥�

±=Ç��µdüÑ5U��INX,¿ÄulÑ
¯�XÚ�ý�n,�O¿¢y
XÚ��ý�.,

ÏLé�·ÜüÑeõ«(��øAó©��äõ

?�;XÚ�ý,�y¿©Û
�Eû�ã��;
æ^Push��,©�ûÚ"Èû�ã��;æ^
Pull��üÑ�k�5Ú�`5. d	,�©løA
ó(�ÑuïÄ
ØÓ�ã!:è��;üÑ�À

J,
éuÓ�ãè�ëê�ØÓé¥�üÑÀJ
�K�k�?�ÚïÄ.
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