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POLCA — A CAED BASED MATERIAL CONTROL SYSTEM FOR
LOW VOLUME AND CUSTOM PRODUCTSA CASE STUDY IN
FURNITURE MANUFACTURING

Ageelah M. Al- Atroshi
Assistant Professor

ABSTRACT

The current research tackles a new philosophy of planning and control of resourcesand
parts in the production process according to customization and small load size.
Manufacturing systems designers by Quick Response Manufacturing (QRM) have devised
a card that contains the characteristics of both the pulling and pushing system to find a
solution to the flow of materials in a mechanism that achieveswork in process reduction in
addition to a high percentage reduction in lead time.

The research also contains a follow up of the concept and mechanism of Polca with a
reference to the ways of similarities and differences between them and the Kanban system,
for the system also contains a case study of producing a new product according to
Customization and small lot size within the framework of the Polca system procession
logic.

The research suggests an algorithm for issuing dispatching orders inside the cel to
achieve an efficient flow between the two cdlsin the Polcaloop.

The results of research conforming that the polca card mechanisms achieve a powerful
balance of materials follow through the product routing, in addition to the avoidance of
accumulating the working process in front of cels. For that it has a good roll of reducing
lead time.

-

dadiall
Lgle ks 32 L) 48uld & el o pliadl 5 a5l 8 e pa
—2 J—e= Quick Response Manufacturing QRM  4ay jull 4laiun¥ L apiail
Mass a5l sla W) Jalae JST a5 cAgile Factory Jladl) aacaill U
25 bl Car s e QRM Ui agiy . ol s Gea sCustomization
Dl ol (aiilly Gl 5 agiDlanai s (b3 laliny day yudl Al
No-Vaue added i—esll cann 5y Al cldabil) apes 43 DA e dpia )
L b L olai Liun sy POLCA 4illay QRM ol adiinsy . Aaality) Lleadl )
A pa Ao LA gz cllee DA ¢ aVY sl o b hall
(Suri, 1998, 8) Llall iy sisall b5 sl 5 Jaadill HL/ MRP aldss
Pull  aaadl allas 4008 aae Jon ) saat dpaiad A e Eanl) (3l
A Vs o Ml sl sandl) Audlia) b aiail) ciliy 8 JSytem
RPN TN PO R W VY. AP PR e RURE I E W
Lgle (3l QRM alas secine b Sl Adeath Gial) glilycyy yall 5 2 sl 5l
C gl Uiy Cad) Gl oy g aailad 8 saad POLCA



[Yor]eas v (B _ua Aadd aaal 3 sl e 3yl 5 dardadill HUss POLCA

s p oyt ol ) Gl Gl ASae dalai g sk
¢ Laalie Al
eskat) Gl jisd T LA 4dia 0 POLCA alai (e 320N 43S 520 e
aai I Al OB & e gleadl 5 3 sall sl e 5 jlagud)  Jadasill <
Argy e A 15 A el el S e S B 5 (e Loy Ly
Dt gl cilaal s Lad Ao guia) 5 dunal) culllall
i o1 3aY) 5 9 sall o 5l b alae 3015 POLCA pseie dattia )
L)
Dl 3 4yl g POLCA alail dalledll (3hie (385 o 73 5a) ) 538 Y
hn A AV a e o i) G delial dnka gl AS AN 8 Al A
L e o Lala®Y) g ylall 5 480 jall qiaaill 4y A gucd i Y
Ll 8 La st Cilad g
3 ORI G Jaal) el gl Jlaal e b plasdl Lakl B ) A ) 8 LY
. POLCA 4dla Jals ¢Sl by Gauacil 45080 4ala))
TPOLCA ol < sl i) Adubeall cilad jal) aal ) 5 5L3Y) Lia il (ga g

aal gl Bl A Bl Al iu) QRM Arg ) Al aniiall)
(Suri ,2002) POLCA 485 3dk ¢e 5 gai ) adha Giay o pdadl g
aia il At Sl avea S 850 ) ld ol e A all 28 a3
) Cmdy ) aiatl) Ay b AL Y ) gl 3 g ) AN
dgelia 1) AS 50 ) Lind o oSy A ) gal) aaf aaai s (POLCA i S
O AL SLals Slas Al jall cued Jiied)l 85 WAQRM diudd i vie
Al ol @Sl (TBC, JIT, Lean, MRP, Pull ,Push) Jis paiaill alai g QRM
alasind b5 (e Al Gl 8 QRM duisl Gkl (e de gans e
zlmY) A lee (P Leliall Jsad) o 5 jlayall POLCA  ansi 3 )Sine 43
. ORM alaaf (aéan)

Aoy pud) At & 2alll S ja ) adia GaPOLCA Mg Jahadd i ¥
(Suri,2003A)

—3 POLCA <l 8Ual oUai daii g Japladl & glae Jof Al )all 020 Jidd

3l Alaad At Sl o) Yl any e Al cadiel 3 «QRM daud |

Telgil s Lgiulai o 5 (pag ¢ Aladl avenaly T e 250 (Gauwy ity o
- 240 2y L anilly

pda s ol alad ae AdUaall Aol G A e o) ja) (e Al @K

b4 J\Jﬁ.\\ ;\JJ A_ﬁM\ &_11_\_.»\}(\ LA_g cd\}d\ ‘_Ac BM Llay \.@J..a_g.a



(YA) A il ] i O sal) e/ SLsi8Y 5 5l0Y) S [V 0Y]

ece S kil & g pall cilllaiall (e de gana e A jall caxsi L dsUay)
DY) il e s POLCA dday
C Al akil) 58y 2 lnY) Cedl Jalal Gag ) oS L)
. HL/MRP Ulall ¢y gisall 8 doeluall o)) sall Jagladil) olas 3 | Y
allal) 5 daiiall adall el a5l €3 aiail) <y POLCA 4llay 25305 .Y
c slal Lo
e i e Jo¥) sl Wl o) S Gl e el Gl iy
Alal Joaly el Y1 ey Gl sel @ e adiad dae ) ) s ) B S
MRP il ¢aall adie) 3 L opildll o) 32l 5 o) gall ool lead) (348
& — Sl HL/MRP alas (g 3 jaliall o )il Gacaia Jaall ) 5 (Y
@) 3 pre Jfa sl Clea 5l Clia pady 3AY) ae (POLCA Ay
cdal el G Glaliia) ddia g aiall Cad 8 e (5 s

DA glaal) Gl (é_ia.&_u
4 5—gie s POLCA ol sl i —Y 4
POLCA alai aranai cilpulid Ll
POLCA 4dlay culliadl — Gl
POLCA sl tai (gubai —ay)
Gila jidd) s calabis WY)
badll

4 sgda g POLCA aldii 5L -9 4
alall) BL&S .Y

e sl S B Haal) iy 5 pealaall A5l 8 (el sl )
e Dlad i) Badal olaily dudlial) ) ol dalia Guriiadll o oy U
3 i de y A Bidie 3,0 U e (383 (Time-Based Strategy ¢y 3V (bl
Jay dadnl) s 3ol o) 48 LAY Laa s .(Dierdonck, 2000, 433) cilileal)
Push  ada o by 1) conai o) 3ol 3 sall (o lalial) e 3 jlandl
Lo 130 o el A (e penal Lk Rl System sl ok 5 System
Gaelia 1 3 sl e 5 a5 Japdasl i adall Adud G i 13 cpaallail
2l T sasall gl bzl ala ae canad) pla Jala (s 3 < MRP
a2y s2 1 Lean Production (gl )l 7Y aUaty clly g JIT oUad o e
O I el e dingl il ALl T paie diia g Kanban casd) ol
ol s uiad i8S s MRP alai Clysria (o S ) oS cand) allail (sl
Jlas Lies @y o) 3 5 Kanban 48lay DA (a5 o) 2Uas J (e &l saaal
) sl Uil site audiiy ) Aiudh 003505 38,8 & G 3a) Alls



[Yor] sy (B _ua Aadd aaal 3 sl e 3yl 5 dardadill HUss POLCA

o Bopa Glada g csla W) Bl Lla gl &0 3 ¢ ey S bl
o AY (e il aay JaliaY) (e AS AN 8 2y Alls o8 Jlad dagdas
S e daalg3ang do txdll Qllal) 4 Ladiad L Jae S 5 JS Gls jal
b el Ui Gk s 13 s BLSaY) (80 i oy addipns e
SJAJE\J‘JSJAJM‘) Lﬁ‘L@AMH@S\%)\AJ\dAAL@JNA)JL;H\SJAJ
. (Krishnamurthy, 2004, 3-8) (s Al
H\gdﬁd\&l\o“ﬁ@\%ﬁmwu\wm@m
: (Suri, 2003A,2-4; 0 -t NA9Y (5, 5Y)
}Jﬁ\dﬂ\j‘gu\@}uﬂﬁz\uw\)S\_)Ae\.a\‘)g.\sugHeS\}\
M@;A_.J\L@JS%YUAC)A‘QJ 4}\@.&:%*&\3&)&3\&@\'
led DB Y A, 8. Gl OB e el gy a V) il
Blny ) e Y i il sl Ge ey LAl bl sl
CLU\}” dA\JAuﬁM‘éAQ\JLnJ\ a&b\.ujug‘)ajh
8 —Sie Gl gite it aieal il Bl aaae 4l cad) GUas Caa ¥
v oaadl A e s @Bl patiun gL ey Gyl lla 3
LAl 138 (e Al dalal

d_AaJ\ C\.L-u.m_1 Y G—\A—A-H—S‘ ?m..lu\ ‘d\AAS‘ Ja GA oJ:\SLi ) Lﬁﬂ\j
0o ool aiaill Gl bt ) L Syadll Audliall il adailholiy b s S
TN PAIN (VR PRSPV PN (RO 1S &5 e Jalall G liall &y
sha W) B35 o s i) apenai Al g gfe LAl e 3 S Al
aal gl o8 Bl e pe S AN i ol Gag g8 JSs BN
e e L i) T e 0 Aag pud) Alain) D sl 3K e = 81 (g el
e e (e Ty el a5 sl e 3 ladl sana 45, 50 QRM
.(Suri,2005A,3 ; Suri, 2003A, 2) .POLCA (et adall 5 i)

POLCA allai aggda .Y
el a5 I sall e clalia¥l e 3kl sl 4l POLCA Cia sy
O IS aca Toe S 44y )l ji5 3 LQRM dpadl i Lt ) GsSa dda sy
alon b 71l o 68 Al adbadl 4 Y gell e b ) XS il diblee
Ll POLCA o ) Frank iy .(Suri, 2003B, 3) sbaiy) (385 e
Cide i1y ¢ Gkl Gl 4 deliall ol e os el hyladalleg
t il a5 POLCA J—iags .(Frank, 2000, 3) dagaaall cililid)

il LD Gy sl W) Y (el 5 ) ey A5 atal) cilBlad

49 «(Paired-Cell Overlapping Loops of Cards with Authorization)



(YA) A il ] i O sal) e/ SLsi8Y 5 5_l0Y) 2S [V 0 €]

Frank, 2004, )M\ SRV d;\SA:\LfJJ‘)A'AS\ (e 2 POLCA e e s yatl)

. (OW—Y v 000 L.SJL\’J‘ :1-7, Suri, 2002, 15

aie deall el 38 55 calaill A0 8 udi ) peaied) JidisCards il
(sl y Badase Cliial ga ) Loy dBlayd) andti, LAY (480 53 53DY)
Adlay) aladiad AL Al il glas

el e 5 skl POLCA 48y axiiu Paired-Cell 45l LAY LG
Al I8 0 el @l et i idd o aslaliia) Ja5 g daall
G—e La e Wl Y a4y (Downstream 4l 45 Y Upstream

RN EN|
:/ Loop
\.

A3 oAl
POLCA alii & dli)aie cilils
Source: Vandaele, N., and Others ,(2005), E-POL CA to Control Multi Machine Job Shops
www.ideas.repec.org/s/ant/wpaper.html].

a— Adlal) AS ja Aalally aals Overlapping Loops dlalaiall culalall &l <
O Aila JCml A Al ) o B e Alal) ) Jaad)
DAY (e gy o Adla) S 1 L) JSA) 8 LS A/B il
i B Al Al YA V) Ala) e ddlall (3] die S oz giiall
g lwywC B O A 5 dpdlall ALeSs cpad Jaadl el ae d8Ual
B/C &5 Canind 5 Al dils dln A 443 ) g s )l JA/B 4l
e Sa s o S WA adaee o)) gl ¢ Jasdl el 385 Baaa d8lay 3


http://www.ideas.repec.org/s/ant/wpaper.html

[Yoo] a5y <8 Axdd aaal 3 gal e B jlagull 5 Jaydadill HUsi POLCA

RPN O S EUA PR VORR RYSPI-R P [P+ PPN
iy e Tanae Jeall ol sl Laids y Authorizations cilbadiall L&
3 sall o laliadl Jagladsl) POLCA aUad padfiun g ¢ Uyl Slless ol
High Level Materials ) HL/MRP L_dall cily i Woll oy Slgdpclin )
. (Requirements Planning
s el Y (D) GlaMla ae JalSil A ey POLCA dilay o i
Dol e g A abiaall LoDl o e 30 e 5yl 8 S
HL/MRP aUai slaielys el s¥1 (3Ol (and 51l il sl 65 i ) ¢ oa 5l il
Sl gl Lé_"adu_!\ﬁ 4Kl g cMRPeLEﬂle\._ﬁm@LMML Coa g 53

Flaa dadac o d 38 408 faaladinl e Slad Operational Levels daladalf
.BOM

POLCA ali asaal cilyasbiad — il
0o lala¥l Lagladil e 8 allai ae (el e JS 5 POLCA ol (asy
Elasi ) & 3 HL/MRP Lladl il i) e 38 5l (S35 o) a1 5 3 sl
Gl V) Aallaay s JSTa8 e gl ¢ el Sal S @BULY (e ) i
—3 il o LS caanall cd gl ) 8 Jaall e 2ddal) o 5L Y HL/MRP o V)
Ly i i s lliyPOLCA alai b dalledd) (3hie oY @lldy (MRP alks
AEa 3 g Aliaa)) g Jeadl gl ddwy el 5 Al
e 3 Jasll el Y aiallas (3hie s POLCA dduli () (B Law oy
A ege il aiA) Al o V) Kanban aUai & sacieal) ellil (glie jaS gas
:(Krishnomurthy,2004,4; Stevenson, 2003,Suri,2005B,26 ) & Jiai
Jals Cand s LAY G 5l A8 e 5 plaull POLCA d8Uay a0 )
i Apuliall e aY) alasin ALIS) 4 all L da JS o 5 el
AN Jals Jasd) el Y 2wl cland
A
el A =g ¢ Hu\wo)mmM\@‘ﬁ@LCAz\ﬁ&g.v
i e Al AR e I AR ) AsUaalkas cldl) 8 Al
Dbl e AV LAY e Jalslly Jardl el JaiSil o
Lalls o os Jee ¥ T laal Llee Kanban 48y Jid Lasy . o> 5l 53
Aga a o
J—edl uags;_a‘_sﬁ‘d\.dml.umPOLCA e\.l:'s.'aﬁ_uec&u\.a;y'a‘éij
k) —any G addl) o el e dgane dae Qluadl e LV (A )
pina il A ie 3l Algal o SV e el i ) U] ) b Lagias
.C)lld\



(YA) A il ] i O sal) e/ SLsi8Y 5 3_0Y) S [V 0]

Lindsay, 2002, 18; ) 4—Y) <l shaall ;&3 POLCA alal apersl dday
: (Suri, 2003A, 7-10
Jealad Pl o4« el 13 cldentifying the POLCA Loops <alalall yass | )
oyl oy ladie 5 clgayial Jahaall aludl Cabisad s A ol g3SE <l jluall
el (S5 JA) 4 Sl L Corresponding Loops 3 kil cialal) e
A/ BIC:ASY il A® B® C ciblaidl jlud) L Al Jasll
.B
JS B den I d g @O )5 cad Jaall el gl (BU) Gyl Gilaa
a b i alaiall dna 3l Algal 5 el JS Gl g i el e llhy il
3 HLIMRP (3haie alasinly élldy ¢ gl o€l el o LAY ppen i
_)A\dﬁUﬁ.uuA huﬂm\aﬁm*;ca:\hdﬁduj\f\jbwﬁju\ﬁ
. dee
dan yall &8l O (B Lee Wl eaty ¢ ABUaY) Aliad (g1 Jaal) 4aS aagy
Al Al Salial) A8l b IV Al ) Al Al
MEY-) Q‘ﬁ\@é&c%gﬂ\ Jsadl g
POLCA 48y laasad il dearadall 48l LS o L
O—Sar 0 B ALY Lo ge J3kd ol () e duadl e
O el dae 5 Jandl A0S o Ae Sla o) (Js8l (S by (e laaan
DA (e dlly il
e S BT o e a UL (e yi 134 5 S Janl) ad daS il 1
8y —Sie ye b LE) 4ie iy A Yl pidal) G A 4 )
.Lumpy Cardsiullaa) culiUadl o <5 o) Jadiaall (g
€T ool o3 Alladld Tan 5 ysn Jendl 3eS CllSg 6 .o
20aS 3aa3 2iad 13, Excessive  Cards (pild)) o a2sid cliadl (e
sl ) oSl o pal Al eV Hlan AV sy Jaal)
428 ana g (ulall 4 Production Batch zWY) dads aas e Sliad
WA oy Transfer Batch Jay)
atba Ay A dldal 53 a ?“_u el yay) 3859 POLCA 43l Al L
O pasads e > S O () psmie pape JSI e (585 ) dAaal
o LSy Al o At )l il glaall LUS a5 ¢ 3aa) 5 Ada Jaay 5l
YO J&




[wov]@,;\zl (B _ua Aadd aaal 3 sl e 3yl 5 dardadill HUss POLCA

POLCA | &k,
A YR A alal g o ) 4
B aull 4l dalal) Lgy gim  Agad)
Al B

L) Joabeasi 2

Y S
W ydigi Al il glaall g POLCA A8y
Source: Suri, R., and Krishnamurthy, A., (2003A), How to Plan Implement POLCA,
Center for Quick Manufacturing .

o8 Jie g aliiall 283 o 3hd dals e slas POLCA iy (jouiss
Je L Jaia g o all oot A lee 6 2ol a5V A8l Judus
Gli s e J Al gl s gise b Al gy Sl Sy sy
Odlaladl U8 (e 7 saim s Ly ) il
oY) Aan ) Lpeal) oadiuly dils J<IPOLCA cilillay aae (il oy .0
> (Lindsay,2002,17)

N, = (LT, + LT )*(N\um ,,/D)

o

AB Oidall UYL 5 ikl dyie 3l Jgadl Jaze I LTa, LT

AL dalaall 4y 3l sadll Jsb 1 D

B adal YA LR e jlud Geca Jlee3U Jleal) 222)l 1 NUMag

B 4l ‘_A\ A LR e yd ‘éj\ POLCA 4alal culdlaull sae - Najg
18 b g Jandl ol 285 2ic <8 g3l) ao POLCA alai Jalad .1

Gl 88 il odgd Ll el g s Liall 8 5 yadiwall chliadl) o) jaYhcentive

b A oy S o) g i gila L el B US _SoaaY) Al il e

P2l 525 Ll 53 sal) OIS o o ¢ 6l a5 Al V) o gl

sl e Pa GlBUa Gl & G )

Ol A dlay LS DA (e ASEA) 3gPOLCA alas (o il g
Lo sSs JlaY) ABlay auiti g ¢ il COSEa) day juw dallas L4iia 5y Sefety Card



(YA) Aé ikt ol G G sal) dmala/ SLsiBY) 5 5)2Y) 40 [V 0A]

o= 2l de—uy e sl ek (S1y WROLCA dilay il slrs Jaad
POLCA il Jlaa¥) 232l e %00 iy Jalf 2amy 5 g0 Gl ¢ plailly
) POLCA 4l sale) a5 ¢ Hhiiall Jand)l ol ae lalY) 8y (38 53
Ol A dlay ety s dee el o) Chags Adlall e (V) 34
(Suri,2003A,9):45Y) (aibaslly
D ase el o ol & et G 368 il POLCA dilay Jae Ja5 )
) ) Axiad ol =Y
Apasl Jasdl S e a2 Js G giall el el o dallaall cailing Laxie, ¥
A Badl a8 iy ) ABlay Canaw asiy Asaal)l e g U aad)
s Al ) 5o sed) Sy Y (sl (POLCA 4y Cidla,

PusVMRP  Pull/Kanban —le POLCA 43Uay cililiadi — Gl
i s sla JSa saldie) auiall g POLCA 4 seial dangia Bl f (e
o) s LAY 2)adilY saal) sawy T llia of jdli Wiy (oY) cdlead
Uavond) Y1 e Boa ) 28 g8l YA e @iy o sl o duclival) 4S80
e L) o2 (et o(Riezebos, 2001, 34-36) POLCA alail 5 il
s i ¢ sl g Qjﬂ\ ‘;ALLJ L e O ey <HBOLCA eUéx.'a ualad
Suri, ) 1e—1 JSE by g Gaaldaill (Bl anl 6 A COSEalg i )
(2003A, 4-6; Suri, 2002; Suri, 2003B, 25-29
LA S Aallae (laa s dabiall 3 ) sl ity POLCA Uai 5eUS auat |
Dl LA ) Al Y Ll dDestined 3 jiall JleeSU
— La e il Jlee¥) zlay ddal) 4LE g Slad o oa sl 5iS3)
oSl cKanban ol dai 3 laial U gliie Gl gay Le TS 00 il Jiiundl)
Cpa 8 eds D dali d8Ua HG35POLCA 48y o g8 uddy Cadlial ella
e il el 1) e dgay s dee Ll sl B3 Kanban 8y Jic
Agsla s
cald Jardl B 0l clBladl cpe dgaaal) dadigiag sl 1 e
Al o iyt A AEA) APOLCA 4y 6l o 3 ¢ DAY oy adeal)
G AIAY 3 Jaad) Sl e 6 aidl e Jlee) (e oS )5 Ll A
Al Aa) ol aiall nd o AN (e 23 Cas POLCA 25a5 (93 (0
POLCA aLLail HL/MRP aUai de Ple (ge iiaial) dplag¥) ciasa el of WY
O Slagite D)UY Dje O jlae g Glaa B peans Y Gakidll 8
J— lhall g o xlny) clind g his dalad) < g LYAY aladiul Pla
o dandl al 5 @Y dad jall ClisY) JU) G deall o ) Slld gaay
O 4SS5 5y e (A el ciad (D g3 HLIMRP ol Jé
. dal )



[Yoa] a5y (B _ua Aadd aaal 3 sl e 3yl 5 dardadill HUss POLCA

e\_la.\‘ﬁuw\&);‘):\.&m_\s ugJM\EJJ}A\HSL&w
& 52 Kanban uu&ﬁ)uﬁ;kﬁ&&ﬁ&woﬂjﬁmLCA
iy 8 Jeall ) (38n3 3 s psal elldy cana Jee Y sl ke
s gisall Jlo w555 3 jia Cilads aaay Jaxd
dS-L.L!‘):IDJJ&.\AL_\LSSALﬁ J@%@A#JW@OLCA Gldlday yuus Y
d—exdl 38 jo hasi p 5 on (B B S L ey an LAY e gy 3 Al
e cps Wle (a6 5ias alKanban 48Uay 4l sy LeSaa Uil )
Aai A ey Lemia S gadal s il dae e ) b gl
. Takt time 48y #U3Y) i Clus a2y Jae S e IS 3 Y1 il
G dle mi s slal) cras piail Gliy 8 ol L il
Gla giall 82320 3 ) g0 (e g Adlide il Cilaliial bl Clda) gl
Ly bl vie d8Uall Jane Gaedd alSely picadl o (e a2 i o s e sl
A G ag e AlidS GlBLELY) g Bl A88a) el G ¢l
. POLCA sl b dla)siall cildladl il s )l &y pual) (e 2y 138
o Jia Adle) 39 8 L) e PO POLCA culalal Jalail) duali (36a €
CLF DN g S PO EDVSRS TP (P IPENDA - [ INON [ W1 AN N
i Supplier el Jidd 4y cd ) & s Adi COGstomer
i) gaad A3 US) dua il gl POLCA sl b culilall s 1315 Al
Gl slaal) alasind A e ldg ¢ Jae¥) sy Bl paads LY
el 5 Ayl LAY gpead s Jranill ¥ ana s clalia¥) oo
N_alic (2a @MQ@&SJﬁ;@J&\}GM\SJﬁMQ}.Q
Cle) 3 a) ae iy gl 13 2D Y ¢ POLCA alail dalladll (3haie b
J—aall f\d&uujzﬂau\ K\ @ﬂ)ﬂ\o‘)m%dﬂ\ _)A\ o)
) Sl adaaxe Cladss POLCA  ddlay g on )y Jdy 4a S
138 . el sl g gl oo gld 1 AlS) (e 2SN ey ) ALY AR
Ang pud) Clallaall Do) 5 2 gl 508 T s 22y Gl G520 ¢ ) Y
Caa gl (3 iat Caag La ) 5SS e 5 sl Cillee 4a) g 3 OS]
e S btV Badal 5 dia J) Jeall (adidl g8 5 callaill (i )l

POLCA alai gaudai —lay
A il WY e 5l sl dale 3 ) gy dpcliall @IS ) Jglas
—3 Jiati S A e S Al 3 aall Cnual 5 (58 Jal (e Wil
O 2L agilaliialy claB g Pallal G5 dniias s giie Z ) o Lgh )8
dclia U S i b oy can Wlie Tl el de il 5 KN i il
3. Al A dlall Jl 6 deall & gl aena dlee L play) e S
Glabial Al e Al sbad) ) Deming Lot ) Lla sl S5



(YA) AE Gumttit e i o gl daala/ LB 53 ,)0Y) 4K [V14]

Gl DA (o sl lilee 5 il gl g ol KA Cada i 5 )
a5 .(Evans,1997,18) sla Y 385 ezl Ao 5€ 5ill 53 pcivual
aAldas I Joail 5 5 pall M dpeliall AS il pliad ol 3 Cilad 5 dgal s
Gladr Y maa i Baie g (L ) Dy il ) () de s cuaiy 2Ly
. g asad) R b piall
(A LAl ) el Gl Aelial duiha gl A< a0 clalis o jaa adl
lall slia¥) e S el sl AplSa) 5 Lgila giie e Cllall bl YL
Cag—d 2B i s, Gl )l Clluadi; clalia 4laauwl) Aglasy dae gilly
Glay adde @l jaull 5 Lgads 33 gally (il de giie alu J 53 438 pall (3 gul)
S8 i (DA e elldg o Lggal 5 ) Hhlaall gaailly Al ol Al A4S 58
o) ) A ST el G LY Auld (gl gl sad Z Y A
AalBY) (3 )l Aliall Aaiiall alade DU el & (e cAlaal
gdladl
G—ds e Leali) hldall cils sl aal sl &5 (GBaw Lo o Tast;
JSE ) iy ¢ Gl o guim e 4pudia ol L saiaia g8 503l e R8s il
&_1\_AA:J\ ES\A.AJ POLCA 2\3&4 d:uL.i g g ‘L,\qu\ s C}.\.mﬂ ez\M:I Y
Gy oo Gl 1by cunll B 5 G dagl) alalall sacaic  siial Aaliy)
DAY bl iy

A LAl
al.a.kl\ dlala Gj.'s.'m e..'umﬁ
il I Al A paeli (et el




[y ]ss 5y (B _ua Aadd aaal 3 sl e 3yl 5 dardadill HUss POLCA

e s Groups  gelae () A, (B Ll el s sl ok
Y\ EN [ SVER 7 VSt [ DU 5. A - [ PVON g P i W
OGSl Al gy apenill 5 aiall Cililany e Lraa® A cila i)
Ay s Al cllee
S e iy Ao adh dS Al 8 2y cleadl A Gl ) Caag LY
G LS5 e Ll Al WAL i Blacla e (5S8 BWDA Y ) Jeadl
6 <l

P2/Bakl

el fifa REIPR el WDlat Gl il el s

I RA
Gl delial b gl 4 ,a0 A a5 aoiuall LYAT AS0aY G i)
POLCA 4dUay ) & 5l

) oY LY 5 «Job Shop Scheduling Jaall (i ys & gaa 4 580 adiad Y
(POLCA 48Uy re 30y Jand Ledls A gaall o3 iy ccalhall Crun Jaal)
) Dla il de gane e alR A gaall oda (8 ol Ll o
Ls_);\

Jaall g ooy cilit WY el @ 30y o oS JaeY) il L ¢
—S0all Blaaiuy) ¢ g 3ac 8 4S Al adied g <Dispatching Priorities Rules

. danll (il (i A Earliest Due Date
Il e clalial ) Gl & giin 50 7 gl 2ling Jlal) dalday
£ USR5 dn e ez siall Al S Y Jeand i ce) a1



(YA) A il ] i o sal) e/ SLsi8Y 5 5l0Y) S [V Y]

t Y

Jandl el gl laa) =9
s Jee e U0 0Ss ob POLCA dillad dallad)l (3hie callay
& ) Authorized Production order (UM duad jall U1 al ol (e daild
aal POLCA  @dlay jigi Jiay 3 collaill dlla s iall Gallall il e L8|
(laag o dady anay alakal) Badale g gilel Jue pal (@) 3 284y
sl oda PR Laliy hlads o Al cila giid Jae il g e Slad
3o o el Jay adnl daniie el ja) Jaall ) jlaa) dilee cullal
iaphally 3 AY) e ) Ll 8 45N ) 2 AHL/MRP axiiay
Vandaele, 2005, 3-) 4! dal jall ) & @lld g (bl cilles L 490 slial
: (12
Cla sitall (e Ao sene Aadai 4T Y ¢ dadall ana g dyie 3l Jgell Jaglas))
Lellass 30y Lty pe At pall 5 32wl Jal jal) Hl) 8 Lealiy) Laladal
Dbl (). Axdal) anad Ao & patal) aoes Lead (38705 e Glblee
sl a PDA U iy Ja Biay WIAY o) a1 5 o sall A< a0 B
Jobai Lol )iS s Al gia pe duia il Jeall 31aY) 228 ¢ 4 il lee ALY
L o0 ey Aldinall bl Y] aladinly @lldg ¢ dabiall 48Ul JS Jhaws
ol o e JLESI Al JURY) 4SS 5 YL (Sl ci gl sl )
by 3 AV 4w What if analysiss— ... 3le dalat A (e 5 Aalidll
GLd g Glasiid g 21 el o) & HL/MRP pUas cils i jliie)
DAY Dl e aldieWls T JSA) 8 LSy dee al JS Ry o)

[ oY) cdg + dadgial) Auia 3l Jgmall] - Swal) GlEAILY) fo i = DTG el cdg
uwsmm Sandl

el sl e 5kl 25 POLCA sl dalladll (3haie G5 e
Cloaa il bl el 5 a) G danl Akl g sk clalal A Jasl
O s oz Y1 e 5 jlasll POLCA @ity s HL/MRP aladiuly deall el 5Y
CAR Sy Gee el JS) el 1Y ) B ) T S
45).u_“u\cu\hjowdeww\f\mmmwuumﬂj
4_LQSJHJ .JAS.UJ‘ uu&d);ah\johjébijAdu.U\ maeng_uu
‘_A} Jj‘éﬁa._xg.ud\ Jﬁ}‘dmy‘@detﬁﬁL"u\°mCMM\ JA\



[Yyar]ess v (B _ua Aadd aaal 3 sl e 3yl 5 dardadill HUss POLCA

Y Jead
alakal) Badaial F U cilblas g 435dl 4 s

D &l C Al B iile) A &l P s Sl
gl | Cimgl | cag | chagl | il | cuagd | g | gl
448y dady dady 438y
° A ° T ) Jauis ° t_\j,g:, ¢ d__gj\j\
O R i o | | v S| e
Vo T ] et ° PAR IR @Lu \ alall add
° =y D =] K i JSlee
e Luw | ve s ) sl oSl
EN e TR g
sl |
da ¥y
ol
B K ¥ [ o il paeadl
Vo | Jia ) ]
Y. delua Zadd plada Bunie
o) il U Aelall S0 355 e
09— 0—0—0
7D C B A
SubAssy | ',," Ja i
o
A A T 9—0—0—@
SubAssy SubAssy ”,' D C B A

.
peaadl

3 e
o |
a AT o—0—0—0
ESR-TH) £ ) /D C B A
alalsl Vi SubAssy 2 Al cazs
.“.
FAVELRLT BPESEEEES S A . — .
. B glayof A
®
B

sl Sl A

~n@®
F
=@~
Fy

o Js&l
alakall 3 uaia 7 gilal aseadl) g auiall) JS




(YA) AE Gt ol i Joon sl mala/ sLa®Y) 550y S [) 1¢]

Authorization Date AN (U g 68
VACEEERYAT V/YY /Y AR VYA
ex ) A e e ) as ¥
Bak2 P2 AS2 C1 D2
s &k
Al
oAl

aladal) 3 aaie 77 gilal LOAY 8 Jandl ol gl (3} el o8

—aiall Bl e a3 e eatio JCA) 8 ddabadial) duia 3l Jead) L)
) O il Al 5 Y L) Jsaall 8 ) cilles 48y (53
A i al) ) Gl Gy g gie ) Jell adadl die sl )
Y Sllee P Lo 5l (S 3
Al Al A s Jead) el 2y el a3 ¢ Suall BliainY) 8 saclal Gaa g Y
; O a5 Jasdl 38 je alara A
&) s—5 a3 o) (I el POLCA 48y dadleall (3laie Jalad (L8 13Sa
aaaty 4 lie Allall g el Saah dae S e IS 8 dad ) Y aal
sl sinl (e gl o2 ilig MRP Ui b dee el S0 6LVl g sl il
Gllee aed G gy ) Cly ol i) ciy o ddabadall dyie 3l dlgal
Old agde. dila JS 8 il Gy Aldia ) A gall G yaiall dgal sal £ LY
adjal ) S Bt W) iy e Lalaad) o) 3 ecaSl Gl 5aas
A el pal aladiul (55 pa (e drag (oS Ll (5 gise e
Ao Al Jand) el YUY 8 (s ) Caags

POLCA 48Uad 5 jaual) 40f 5lSlaal dua ) ) g3 — Ll
¢ saaldl Aalal fecay GidAl p dA8Uadl) AS Al 0B IDE jnad (S
DY) Ol T KD 8 el
ddls JS Jal saasa) il aae ) Initidization JY) aed) e
i) Jedd Jame daini ) deaadall dabaall ) Gy Lelen S5 i



[Yie] a5y (B _ua Aadd aaal 3 sl e 3yl 5 dardadill HUss POLCA

(Oldl el Gada Jlee DU Jlaal) aaadl 1385 (ilall ddaladdl)
A A e iy il e o) o Sa 4gle
o ddi Agentl IV Ada) 4 68 dsUal AS e sas) G Adlal) ) Y3
sV 2y dee S @iy dhaaddl Gl ) 23e5 ad ydll Jead
Jaadl a2ty W50 1o A0 Al 18 ) A8y (3 5a 5 atallas e
. bl

A ELRAT
Ciddl) o POLCA 43Uy 48 &

Janll 3 e Agent 2 A8l LAY ol e Gl ded) adiay cps 8T
C oI AR Y Leela ) g e Ate 488 5l AL A ) plavie ((umall
Tuedi s Jae ol daity ol o) jaf (V) Alall dunally d8Uad) 20 Jici
O b el ) ob JE S A gl o Al A0AN D) adla Y
SN PONCEPERUNPIFINS WS v\ JRUFSOW i SV P I W EN (gl [ A AN
L i ansala el aas Jia JlKanban 48Uay <A e
: v

a3l e ) Cpea Badeie Cila gitad SlEaTaN) il gl Sa) Ak
O—s gl (POLCA  ddlay 4 dallaall Glaial A5l o) ) i
e Al aany . Adla AS a8 ARGY) Baanl V) ol daa p daal)
s i) Aalal) Ja0s A8Uad) A4S ja e 3 k) Al 3L Ll ) 3aldl
S el b gk el d e Gadel dw) ) Al G e Sl

:%;3‘\1\ il Gsf-_j@:gu\dﬁf\jy\
G i Bl g sapam g o e al Jlaaly (J¥) A0S o 8 Lavie
el aBsa 8 dad el el Y (e deall el AN ola Al 208



(YA) A il ] i o sal) e/ SLai8Y 5 5091 S [V 11]

Heizer, 1999, 590; ) (ne s (o litan) ac) 8 (38 e o5y odudihy gl
D b WS (Bvans1997, 709
Earliest J—asll oY jSaall (aiad) <y alasinl 23 4300 ae) @l Gaca
iyl el Y1 o (e Due Date
Work in Next  4—aa3U 4 1all ol 3 ki) JlaeY) duaS alaic) aips 8. Y
Lol Static Rulesiulll o e @l Caa g 3 A el ac) @l Cpaa Queue
G a8 LU b sl eadl J8 Lhoa (S A i)
iy o Y T das ¢ ) el b uaie il Flexible  Rules 45 el e 5dl
) dead Jlael) (N, Jead sk o Tadies cd gl DA s JlaeY)
G—dy el ) b it 3ol (5 g pall (e iy phafie JS piadl
caeDlnadi s L5 Clalinl day pull laiul) Chagy Al Gl i

Sl T84l 9 claliiiuy)
o—) Allasll 4 500 5 POLCA  danddl (o kil () daal jo A (4
SN sl A SSlaal By o8 eliys Aladl Galadl 73 beilly Lgtiass
V) Clabingy) ual oSay il b
) YA G ALalid) o el V) el 4T sanas Cle) ya) o Al
s Jea ald pall e 230 dsa g e a2 ) e DA JA)y dad yall
H\ji J\M}Mﬁ@\bﬁﬂﬁ)})@é)ﬁ)ﬁ}“ ;Uﬁh\g‘tj@}d\
Jala el 1 o) A4l dallead dpa ) sa el oLl sy A aY) . Jand)
Al Al b anal 0 el S Jen aade Jlie¥) jlan Y1 Al
el
Led A0ul LAl Y el ) el Jee W) mllad Ada JS ol Al ol oS53, Y

o odal clilh)) e e ading )Y 13 O oo )5S jlad)

Loshlia) Ly 3a 4dia o WIP aiall @t Jasll of e sl il @ i ¥
V) Y A 8 dee ol (S Y Y pall slus Jal ol G
LA A e e DA 4B s A8y 25a

Y od8allh Caa A8 O GlBUad) dae (panadd o Al jall e WL 6

2 sl e adiey G Al Gl dne ) Jeadl Jaee o adiag
Oe lidg i) sxe g ade s luadl e Jlee DU Jlea)
G EEAMT A s Ax Jle @llia of S JSGh 2S5 108 g5 Al ) ddls
A EUAN

o & AE Cla gl (e de gana JU) A G G Polca 48y & a0
S Jaadl 81 5a o WA alane o ik U (g aa) gl a sl i€l lasal)
> A Sl luall 3 Adliae Sl il e paalae oo gad Adls e



[YaV]eeis 5y (B _ua Aadd aaal 3 sl e 3yl 5 dardadill HUss POLCA

Aaliall A8l (8 JaY) 5 jual il 3 )y 4 aadie 3 GleY) AUyt
ADAD Gl ) a1 5 o pall oS S adas b Lgieablua ) Slad
S a3 8 (e 48ia Ley POLCA alas Jsa danal 5 L )l ()14 138
Od el el 3y, L < e plaill A S Calaall e o el iy Ledie
(POLCA —=c dl Lgallais QRM culiadd) il ddlaial cobod ol 343 gasa
Eigaall ol jals ALl & 3l il 5ol s3n Jial A8 jall 5 Ay jadl anl el
lenaa gty waall an il 138 aslie cu A 40Y) GV
At b A Bexie lud jo el al g Al 13 b Jaad) A0 e oyl
WV PEQ IR S NV PSR- PN g SN BV JECH
Al Jala Jeal) A0 8 Genetic Algorithm 4al)
ol Y el Gl GBS 8 DAY G VLA g Claslaall 50 LY
.;\_};ﬁ\ﬁ\j Caad)
Al 3 i) il o) Y 4 31 POLCA dauls & GlaY) 48y Y

.@.La'ﬂ\




(YA) Aé ikt ol G G sal) dmala/ SLsBY) 5 5)2Y) 40 [V TA]

V galddl

LAY e Jlae) 385 ciliiend yaasl da ) ) 53

Initialization
Begin
Statug[ celli ] =ready; fori=1to2
/*Calculate queue Length */
N(A/B) =[ (LT(A)+LT(B) )*(Num(A/B)/ D)
/*reset queues of cells Length */
queue 1[i] = Null ; fori=1to N(A/B)
queue 1 [i] = Null ; foori=1to  N(A/B)
/*reset cells Press queue Length */
timerl=0;
timer2 =0;
Parallel — execute (celll,cell2) ;
End;
Cdll , agentl
Begin
While empty ( queuel) do no-oper; end while;
/* functionempty  return True if queuel isempty and
return False if queuel otherwise */
While not empty ( queuel)
Begin
If ststus [cell1] = ready and not full (queue?) then
Begin
J1=Pull (queuel);.... /*Pull Function return job from queuel which
Have minimum due date */
Status [cell 1]=busy;
Set timerl=process_time (J1,celll);
Call timer1;
Endif ;
Endwhile ;
End ;
Cdl2 , agent 2
Begin
While empty ( queue2) do no-oper; end while;
While not empty ( queue?)
Begin
If ststus [cell2] = ready and not full (queue?) then
Begin
J2=Pull (queue?);.... /*Pull Function return job from queue2 which
Have minimum due date */
Status [cell 2] =busy;
Set timer2=process_time (J2,cell2);
Cadll timer2;
Endif ;
Endwhile ;
If status (cell 1) = busy then goto Loop ; end;
Timerl
Begin
While not is-over ( timerl)
Push (J1,queue?);
Status [cell 1]=ready;
End;
Timer2
Begin
While notis-over (timer2) do no-oper; end while;
Status [cell2]=ready; End;
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