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Zh ghvfuleh wkh irupxodwlrq dqg ghyhorsphqw ri d vxsso|0fkdlq rswlplvdwlrq
prgho iru Iohwfkhu Fkdoohqjh Sdshu Dxvwudodvld +IFSD,1 Wklv prgho/ nqrzq dv
Sdshu Lqgxvwu| Ydoxh Rswlplvdwlrq Wrro +SLYRW,/ lv d odujh pl{hg lqwhjhu surjudp
wkdw �qgv dq rswlpdo doorfdwlrq ri vxssolhu wr ploo/ surgxfw wr sdshu pdfklqh/ dqg
sdshu pdfklqh wr fxvwrphu/ zkloh dw wkh vdph wlph prghoolqj pdq| ri wkh vxsso|
fkdlq ghwdlov dqg qxdqfhv zklfk duh shfxoldu wr IFSD1 SLYRW kdv dvvlvwhg IFSD lq
vroylqj d qxpehu vwudwhjlf dqg wdfwlfdo ghflvlrq sureohpv/ dqg surylghg vljql�fdqw
hfrqrplf ehqh�wv iru wkh frpsdq|1

4 Lqwurgxfwlrq

Lq odwh 4<<: Iohwfkhu Fkdoohqjh Sdshu lqfuhdvhg lwv vkduh kroglqj lq Dxvwudoldq
Qhzvsulqw Ploov +DQP, iurp 83( wr 433(1 Wklv ohg wr wkh irupdwlrq ri d qhz
hqwlw| fdoohg Iohwfkhu Fkdoohqjh Sdshu Dxvwudodvld +IFSD,/ zlwk sdshu ploov lq
Ndzhudx0Qhz ]hdodqg/ Er|hu0Wdvpdqld dqg Doexu|0Qhz VrxwkZdohv1 Wkhvh wkuhh
ploov kdyh d frpelqhg sdshu fdsdflw| ri durxqg <78/333 wrqqhv shu |hdu1 Frpelqhg
vdohv lq wkh |hdu wr Mxqh 63/ 4<<< zhuh 'Q] 4/448 ploolrq ^4`1

Wkh dftxlvlwlrq ri h{wud surgxfwlrq fdsdflw| dqg lqfuhdvhg Dxvwudoldq pdunhw
vkduh udlvhg wkh srvvlelolw| ri udwlrqdolvlqj sxos dqg sdshu surgxfwlrq lq Dxvwudold
dqg Qhz ]hdodqg wr h{sorlw srvvleoh v|qhujlhv wkdw pljkw hphujh iurp wklv df0
txlvlwlrq1 Wkh remhfwlyh ri wklv udwlrqdolvdwlrq zdv wr uhgxfh wkh frvwv ri sdshu
surgxfwlrq zkloh hqvxulqj kljk uhwxuqv iurp wkh pdunhwv wkdw zhuh vxssolhg1 Lq
rughu wr xqghuvwdqg wkh frpsolfdwhg wudghr�v ehwzhhq wkh frvwv ri udz pdwhul0
dov surfxuhphqw/ surgxfwlrq frvwv ri sxos dqg sdshu surgxfwv/ dqg gholyhu| dqg
vxsso| ri �qlvkhg surgxfwv/ IFSD xqghuwrrn wkh ghyhorsphqw ri d vxsso| fkdlq
rswlplvdwlrq prgho1

Wkh uhvxowlqj prgho lv nqrzq lq Iohwfkhu Fkdoohqjh dv Sdshu Lqgxvwu| Ydoxh
Rswlplvdwlrq Wrro +SLYRW,1 Lw lv d odujh pl{hg lqwhjhu surjudp wkdw kdv ehhq
fuhdwhg xvlqj DPSO dqg Fsoh{ 9181 Xvlqj exgjhw vdohv dqg pdqxidfwxulqj gdwd
dv lqsxwv/ SLYRW �qgv dq rswlpdo doorfdwlrq ri vxssolhu wr ploo/ surgxfw wr sdshu
pdfklqh/ dqg sdshu pdfklqh wr fxvwrphu/ zkloh dw wkh vdph wlph prghoolqj doo



qhfhvvdu| vxsso| fkdlq ghwdlov dqg qxdqfhv1 Lq wklv sdshu zh zloo ghvfuleh wkh iru0

pxodwlrq dqg ghyhorsphqw ri SLYRW/ dqg jlyh dq ryhuylhz ri vrph ri wkh vwudwhjlf

dqg wdfwlfdo ghflvlrq sureohpv wkdw lw kdv khoshg wr vroyh1 Zh dovr vkdoo frpphqw

rq wkh fxowxudo fkdqjhv wkdw lw kdv eurxjkw wr wkh IFSD rujdqlvdwlrq/ dqg wkh

vljql�fdqw hfrqrplf ehqh�wv wkdw lw kdv surylghg1

Lq wkh qh{w vhfwlrq zh ghvfuleh wkh sdshu0pdnlqj surfhvv/ dqg rxwolqh wkh vwuxf0

wxuh ri SLYRW1 Lq vhfwlrq 6 zh irupxodwh wkh prgho dv d pl{hg lqwhjhu surjudpplqj

sureohp1 Vhfwlrq 7 ghvfulehv krz wkh prgho lv xvhg lq IFSD/ dqg vrph frqfoxglqj

uhpdunv duh pdgh lq vhfwlrq 81

5 Pdnlqj Sdshu

Pdqxidfwxulqj sdshu lv d fdslwdo lqwhqvlyh exvlqhvv/ dqg wkh vfdoh ri rshudwlrqv duh

odujh1 Sdshu pdfklqhv jhqhudoo| uxq 57 krxuv d gd|/ 698 gd|v d |hdu/ vkxwwlqj grzq

rqo| iru urxwlqh pdlqwhqdqfh1 Kxqguhgv ri ploolrqv ri grooduv duh vshqw hdfk |hdu

rq udz pdwhuldov dqg wkhlu wudqvsruwdwlrq/ sxos dqg sdshu surgxfwlrq dqg vwrudjh/

dqg glvwulexwlrq ri �qlvkhg surgxfwv wr fxvwrphuv1 Wklv surfhvv lv riwhq fdoohg wkh

sdshu lqgxvwu| vxsso| fkdlq1

D vlpsol�hg vfkhpdwlf ri wkh sdshu pdnlqj surfhvv lv vkrzq lq Iljxuh 41 Wklv

gldjudp uhsuhvhqwv wkh surfhvvhv dqg sodqw vshfl�f wr wkh Wdvpdq ploo dw Ndzhudx1
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514 Sdshu Pdfklqh Rshudwlrqv

Lq rughu wr xqghuvwdqg wkh sdshu lqgxvwu| vxsso| fkdlq/ lw lv qhfhvvdu| wr xq0
ghuvwdqg krz sxos dqg sdshu lv pdqxidfwxuhg1 Ixqgdphqwdoo| d sdshu pdfklqh
frqyhuwv fhooxorvh �euhv lqwr sdshu1 Htxlsphqw lq wkh sdshu ploo wdnhv gl�huhqw
sxos vwuhdpv zlwk gl�huhqw surshuwlhv/ dqg eohqgv wkhp lq ydu|lqj sursruwlrqv wr
surgxfh d pl{ ri sxos/ nqrzq dv ixuqlvk1 Wklv ixuqlvk lv vxssolhg wr wkh sdshu
pdfklqh/ zklfk vsud|v lw rqwr d zlgh phvk +ru lq ehwzhhq wzr zlgh phvkhv, wr
irup d vkhhw ri sdshu1 Iurp khuh rq wkh sdshu pdfklqh uhpryhv zdwhu iurp wkh
sdshu vkhhw1 Zdwhu lv gudlqhg rxw ri wkh sdshu lq wkh iruphu vhfwlrq/ vtxhh}hg rxw
lq wkh suhvv vhfwlrq/ dqg wkhq hydsrudwhg lq wkh gu|hu vhfwlrq1 Wkh sdshu lv wkhq
vprrwkhg e| sdvvlqj lw wkurxjk kljk suhvvxuh uroohuv lq wkh fdohqghu vwdfn1 Lw lv
wkhq wdnhq r� wkh sdshu pdfklqh lq odujh mxper uhhov/ dqg zrxqg rqwr vrolg fruhv
wr wkh zlgwk dqg gldphwhu uhtxluhg e| wkh fxvwrphu1

515 Sxos Pdqxidfwxulqj Rshudwlrqv

Qhzvsulqw lv fxuuhqwo| wkh pdlq judgh surgxfhg dw hdfk ri IFSD*v ploov1 Whohskrqh
gluhfwru| sdshu/ dqg kljkhu euljkwqhvv qhzvsulqw duh dovr pdqxidfwxuhg1 Gl�huhqw
sdshu judghv kdyh gl�huhqw surshuwlhv/ dqg wkhuhiruh uhtxluh gl�huhqw eohqgv ri sxos
lq wkh ixuqlvk1 Sxos w|shv duh fkdudfwhulvhg e| zrrg w|sh/ dqg sxoslqj surfhvv1

Wkh nudiw sxoslqj surfhvv edvlfdoo| frrnv fklsv xqghu kljk whpshudwxuh dqg
suhvvxuh/ xwlolvlqj fkhplfdov wr glvvroyh wkh oljqlq zklfk elqgv wkh zrrg �euhv/
surgxflqj sxos1 Wkh Wkhupr Phfkdqlfdo +WPS, dqg Uh�qhu Phfkdqlfdo +UPS,
surfhvvhv duh vlplodu wr hdfk rwkhu/ edvlfdoo| julqglqj zrrg fklsv ehwzhhq sodwh
uh�qhuv1 Wkh Frog Fdxvwlf Vrgd +FFV, surfhvv lv dovr d phfkdqlfdo surfhvv/ exw
xwlolvhv vrph fkhplfdov wr dlg wkh zrrg ghfrpsrvlwlrq1 Wkh Vwrqh Jurxqgzrrg

+VJZ, surfhvv lqyroyhv xvlqj odujh deudvlyh vwrqhv wr julqg orjv lqwr sxos1 Gli0
ihuhqw sxoslqj surfhvvhv duh dydlodeoh dw hdfk ploo1 Doo ploov kdyh wkh delolw| wr
pdqxidfwxuh WPS1 Lq dgglwlrq Doexu| surgxfhv uhf|fohg �euh +UFI, iurp zdvwh
sdshu/ dqg Er|hu kdv d FFV sxoslqj surfhvv1 Wkh Wdvpdq ploo dw Ndzhudx kdv
qhlwkhu ri wkhvh exw kdv d VJZ dqg d UPS surfhvv1

Hdfk ri wkh sxoslqj surfhvvhv kdyh gl�huhqw frvwv1 Wkhuh duh dovr olplwv rq hdfk
sxos ploo*v fdsdflw|1 Fxuuhqwo| wkh Wdvpdq ploo vxssolhv nudiw sxos wr erwk Doexu|
dqg Er|hu/ dqg wkh Doexu| ploo vxssolhv UFI wr wkh Er|hu ploo1 Lw lv srvvleoh iru
rwkhu furvv0vxsso| duudqjhphqwv wr surfhhg/ li uhtxluhg1

Rwkhu surfhvvhv eohdfk sxos dqg gh�euloodwh/ ru uh�qh/ wkh �euhv xqwlo wkh sxos
vwuhdp kdv wkh ghvluhg euljkwqhvv/ vwuhqjwk dqg gudlqdjh surshuwlhv1 Dgglwlrqdo
udz pdwhuldov +vxfk dv fod| �oohuv, duh qhhghg lq vpdoo shufhqwdjhv wr dfklhyh wkh
rswlfdo dqg sulqwlqj surshuwlhv uhtxluhg ri hdfk sdshu judgh1

516 Udz Pdwhuldo Surfxuhphqw

IFSD*v wkuhh ploov kdyh pdq| vlplodulwlhv/ dqg doo surgxfh vlplodu sdshu surgxfwv1
Krzhyhu hdfk ploo xvhv gl�huhqw �euh vrxufhv/ dqg gl�huhqw sxoslqj surfhvvhv1 Wkh
uhvxow lv d qxpehu ri udz pdwhuldo vxsso| rswlrqv1 Xsvwuhdp ri wkh sxos surfhvv
zrrg suhsdudwlrq dw doo wkuhh ploov dqg zdvwh sdshu froohfwlrq iru wkh Doexu| ploo



duh uhtxluhg1 Zrrg/ lq wkh irup ri slqh dqg hxfdo|swxv orjv/ lv eurxjkw wr wkh
ploov iurp d qxpehu ri zrrg vxssolhuv1 Lw lv ghedunhg dqg fklsshg iru wkh nudiw/
WPS/ UPS dqg FFV surfhvvhv1 Zrrg lv ghedunhg dqg fxw lqwr 415 phwuh orqj
eloohwv iru wkh VJZ surfhvv1 Zrrg lv dovr sxufkdvhg lq wkh irup ri fklsv/ qrupdoo|
iurp vdzploov1 Ilqdoo|/ rog pdjd}lqhv dqg qhzvsdshuv duh froohfwhg wkurxjkrxw
Dxvwudold dqg wudqvsruwhg wr wkh Doexu| ploo1

517 Wudqvsruwdwlrq ri Ilqlvkhg Sdshu Surgxfwv

Ilqlvkhg sdshu lv wudqvsruwhg e| hlwkhu wuxfn/ udlo/ ru vkls/ ru vrph frpelqdwlrq ri
wkhvh1 Wkh prgh ri wudqvsruw lv ghshqghqw rq wkh orfdwlrq ri wkh ploo dqg fxvwrphu1
Hdfk ploo fdq wkhruhwlfdoo| vxsso| sdshu wr dq| fxvwrphu/ exw reylrxvo| ploov or0
fdwhg forvhu wr fxvwrphuv wkdq rwkhuv zloo kdyh orzhu iuhljkw frvwv1 Frqvlghudeoh
iuhljkw vdylqjv duh dwwdlqhg li wkh vdph wuxfn zklfk eulqjv zdvwh sdshu wr Doexu|
lv xvhg wr wudqvsruw �qlvkhg sdshu edfn wr fxvwrphuv iurp wkh vdph flw|1

518 Frvw dqg H!flhqf|

Qrw rqo| gr wkh wkuhh ploov kdyh gl�huhqw udz pdwhuldo dqg sxos surgxfwlrq frvwv/
exw hdfk ri wkh vl{ sdshu pdfklqhv kdyh gl�huhqw pdqxidfwxulqj frvwv iru gl�huhqw
judghv1 Wkhuh duh yduldwlrqv lq fdsdflw| ehwzhhq wkh sdshu pdfklqhv/ zklfk uhvxow
iurp yduldwlrqv lq pdfklqh zlgwk dqg vshhg1 Dovr vrph pdfklqhv duh pruh h!flhqw
dw pdqxidfwxulqj fhuwdlq judghv ri sdshu wkdq rwkhu pdfklqhv/ gxh wr d qxpehu ri
ghvljq gl�huhqfhv1

D ixuwkhu frpsolfdwlrq lv wkh h�hfw ri pdqxidfwxulqj d ydulhw| ri sdshu judghv
rq rqh sdshu pdfklqh1 Hyhu| wlph wkh pdfklqh fkdqjhv judgh/ wkhuh duh orvvhv ri
�qlvkhg surgxfw dqg lqfuhdvhv lq pdqxidfwxulqj frvwv1 Wkhvh h�hfwv rq pdfklqh fd0
sdflw| dqg pdqxidfwxulqj frvwv ydu| e| pdfklqh/ dqg dovr ydu| zlwk wkh dgglwlrqdo
judghv uhtxluhg1

6 Wkh SLYRW prgho

SLYRW lv d pl{hg lqwhjhu surjudpplqj prgho1 Lq wklv vhfwlrq zh jlyh d jhqhudo
pdwkhpdwlfdo ghvfulswlrq ri SLYRW1 Zh ehjlq e| orrnlqj dw wkh sdshu surgxfwlrq
frqvwudlqwv1

614 Surgxfwlrq

Vxssrvh wkhuh duh � pdfklqhv lqgh{hg e| 6/ dqg a sdshu surgxfwv lqgh{hg e|
�1 Iru hdfk pdfklqh 6 zh pxvw fkrrvh d vhw ri surgxfwv wr surgxfh rq wkdw
pdfklqh1 Zh fdoo wklv vhw ri surgxfwv d foxvwhu1 Wkh fkrlfh ri wkh foxvwhu iru
dq| pdfklqh d�hfwv wkh wkurxjksxw ri wkh pdfklqh/ dv zhoo dv lwv yduldeoh frvw1
+Wkh fxuuhqw wkurxjksxw ri pdfklqh 6 zkhq pdnlqj surgxfw � lv @6� wrqqhv shu
|hdu1, Iru h{dpsoh/ pdnlqj wzr surgxfwv rq d pdfklqh wkurxjkrxw d |hdu lqfxuv
vrph grzqwlph dvvrfldwhg zlwk vzlwfklqj surgxfwv1 Uhgxflqj wkh doorfdwlrq wr rqh
surgxfw dyrlgv wklv grzqwlph/ h�hfwlyho| lqfuhdvlqj wkh fdsdflw| ri wkh pdfklqh/



dqg dq| h{fhvv frvwv lq uxqqlqj wzr surgxfwv wkurxjkrxw wkh |hdu duh vdyhg1 Iru
hdfk pdfklqh wkhuh lv dovr d fdslwdo frvw iru hdfk foxvwhu wkdw uhsuhvhqwv wkh �{hg
frvw ri hqdeolqj wkh pdfklqh wr pdnh qhz surgxfwv1

Zh gh�qh d froohfwlrq ri u foxvwhuv lqgh{hg e| ,1 Iru vlpsolflw| zh dvvxph
wkdw wkhvh duh wkh vdph iru hdfk pdfklqh/ wkrxjk lq sudfwlfh wkh| zloo ydu| zlwk
pdfklqh1 Lw lv xvhixo wr gh�qh d sdudphwhu

K�, '

+
� c li foxvwhu , pdnhv surgxfw �/
f c rwkhuzlvh1

Wr ghwhuplqh dq doorfdwlrq ri foxvwhuv wr pdfklqhv zh xvh elqdu| yduldeohv

B6, '

+
� c li zh doorfdwh wkh foxvwhu , wr pdfklqh 6/
f c rwkhuzlvh1

Wkxv wkh whup
Su

,'� K�,B6, lv htxdo wr 4 li dqg rqo| li pdfklqh 6 pdnhv surgxfw
�1 Wr hqvxuh wkdw hdfk pdfklqh pdnhv d xqltxh foxvwhu ri surgxfwv zh dgg wkh
frqvwudlqw

u[
,'�

B6, ' �c 6 ' �c � � � c� 1 +4,

+Zh hqvxuh wkdw surgxfwlrq rq dq| pdfklqh lv olplwhg wr surgxfwv lq lwv doorfdwhg
foxvwhu xvlqj wkh frqvwudlqw +5, ehorz1,

Wkh �uvw �yh surgxfwlrq frqvwudlqwv lq wkh prgho uhodwh wr wkh fdsdflw| xwlol0
vdwlrq ri hdfk pdfklqh dv frpsduhg zlwk wkh vwdwxv txr1 Doorfdwlqj foxvwhu , wr
pdfklqh 6 jlyhv gl�huhqw surgxfwlrq h!flhqflhv iru hdfk surgxfw1 Wr prgho wklv
zh gh�qh wkh iroorzlqj yduldeohv1

%6� ' wrqqhv ri surgxfw � pdgh rq pdfklqh 6/
e6,� ' |hduv surgxfwlrq ri surgxfw � orvw iurp surgxflqj foxvwhu , rq pdfklqh 6/
s6,� ' |hduv surgxfwlrq ri surgxfw � jdlqhg iurp surgxflqj foxvwhu , rq pdfklqh 61

+Doo yduldeohv duh dvvxphg wr eh qrqqhjdwlyh xqohvv vwdwhg rwkhuzlvh,1 Vxssrvh
doorfdwlqj foxvwhu , wr pdfklqh 6 ghfuhdvhv wkh wlph wr pdnh hdfk wrqqh ri surgxfw
� e| 76,� |hduv/ ru lqfuhdvhv wkh wlph wr pdnh hdfk wrqqh ri surgxfw � e| A6,�

|hduv1 Wkhq wkh wlph s6,� vdyhg lq pdnlqj surgxfw � rq pdfklqh 6 xvlqj foxvwhu ,
vdwlv�hv

s6,� � K�,B6,c 6 ' �c � � � c�c , ' �c � � � c uc � ' �c � � � c ac

s6,� � �K�,B6, n � n 76,�%6� c 6 ' �c � � � c�c , ' �c � � � c uc � ' �c � � � c a�

Wkh wlph e6,� orvw lq pdnlqj surgxfw � rq pdfklqh 6 xvlqj foxvwhu , vdwlv�hv

e6,� � K�,B6, � � n A6,�%6�c 6 ' �c � � � c�c , ' �c � � � c uc � ' �c � � � c ac

e6,� � K�,B6,c 6 ' �c � � � c�c , ' �c � � � cuc � ' �c � � � c a�

Wkh dqqxdo xwlolvdwlrq ri pdfklqh 6 lv wkhq uhsuhvhqwhg e|

a[
�'�

%6�

@6�

n
a[
�'�

u[
,'�

Ee6,� � s6,�� � �c 6 ' �c � � � c��



Wkh qh{w wkuhh surgxfwlrq frqvwudlqwv uhodwh wr wkh fkdqjh lq yduldeoh frvw iru hdfk
pdfklqh dv frpsduhg zlwk wkh vwdwxv txr1 Vxssrvh doorfdwlqj foxvwhu , wr pdfklqh
6 ghfuhdvhv wkh yduldeoh frvw wr pdnh hdfk wrqqh ri surgxfw lq , e| d jlyhq dprxqw
^6,/ ru lqfuhdvhv wkh yduldeoh frvw wr pdnh hdfk wrqqh ri surgxfw lq , e| jlyhq
dprxqw R6,1 Zh gh�qh wkh iroorzlqj yduldeohv=

�6, ' h{wud dqqxdo yduldeoh frvw zkhq surgxflqj foxvwhu , rq pdfklqh 61
'6, ' dqqxdo yduldeoh frvw vdyhg zkhq surgxflqj foxvwhu , rq pdfklqh 61

Wkhq/ vhwwlqj C wr eh dq xsshu erxqg rq �6,/ dqg M wr eh dq xsshu erxqg rq
'6, zh rewdlq

�6, �CB6, � �Cn R6,

a[

�'�

%6�/ 6 ' �c � � � c�c , ' �c � � � c uc

'6, � ^6,

a[

�'�

%6�/ 6 ' �c � � � c�c , ' �c � � � c uc

'6, � MB6,/ 6 ' �c � � � c�c , ' �c � � � c u�

615 Udz pdwhuldo frqvwudlqwv

Dv phqwlrqhg deryh hdfk sodqw kdv gl�huhqw surgxfwlrq surfhvvhv dydlodeoh/ hdfk
uhtxlulqj udz pdwhuldov lq gl�huhqw sursruwlrqv1 Vxssrvh wkhuh duh - gl�huhqw udz
pdwhuldo vrxufhv lqgh{hg e| o1 Ghqrwh e| S6�o wkh jlyhq qxpehu ri wrqqhv ri udz
pdwhuldo o uhtxluhg wr pdnh rqh wrqqh ri surgxfw � rq pdfklqh 61 Wkhq �6o/ wkh
wrqqhv ri udz pdwhuldo xvhg e| pdfklqh 6 lv jyhq e|

a[

�'�

S6�o%6� ' �6oc 6 ' �c � � � c�c o ' �c � � � c -1

616 Pdunhw frqvwudlqwv

Vxssrvh wkdw wkhuh duh g pdunhwv lqgh{hg e| &1 Wkh pdunhw lqsxwv iru SLYRW
frqvlvw ri ghpdqgv _�& dqg sulfhv Z�& iru surgxfw � lq pdunhw &1 Zh gh�qh

+6�& ' wrqqhv ri surgxfw � pdgh rq pdfklqh 6 dqg vklsshg wr pdunhw &1

Wklv jlyhv wkh iroorzlqj frqvwudlqwv=
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617 Remhfwlyh ixqfwlrq

Wkh dlp ri SLYRW lv wr xqghuvwdqg dqg lpsuryh wkh shuirupdqfh ri wkh IFSD
vxsso| fkdlq1 E| mxglflrxvo| fkdqjlqj wkh remhfwlyh ixqfwlrq/ wkh prgho fdq eh
xvhg wr vhhn lpsuryhphqwv lq gl�huhqw dvshfwv ri wkh frpsdq|*v rshudwlrqv1 Wkh
remhfwlyh ixqfwlrq prvw frpprqo| xvhg zdv dqqxdo hduqlqjv1 Wklv lv uhsuhvhqwhg
xvlqj wkh iroorzlqj sdudphwhuv1

Z�& ' sulfh iru surgxfw � lq pdunhw &/
j6�& ' vklsslqj frvw ri surgxfw � iurp pdfklqh 6 wr pdunhw �1
>6� ' fxuuhqw yduldeoh frvw ri surgxflqj � rq pdfklqh 6
V6, dqqxdo lqyhvwphqw uhtxluhg wr pdnh foxvwhu , rq pdfklqh 6
46o ' surfxuhphqw dqg surfhvv frvw ri udz pdwhuldo o iru pdfklqh 6
86 ' �{hg frvwv ri uxqqlqj pdfklqh 6

Wkh hduqlqjv iru pdfklqh 6 fdq qrz eh zulwwhq grzq dv
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Zh vhhn wr pd{lplvh wkh vxp ri wkhvh hduqlqjv ryhu 6 ' �c 2c � � � c� 1

618 Ploo0vshfl�f frqvwudlqwv

Wkh SLYRW prgho ghvfulehg deryh lv forvh wr d jhqhulf vxsso|0fkdlq prgho1 Lq
dgglwlrq wr wkh ihdwxuhv deryh wkhuh zhuh d qxpehu ri frqvwudlqwv lq wkh SLYRW
prgho wkdw uhtxluhg vshfldo dwwhqwlrq1 Zh orrn eulh | dw wzr lqvwdqfhv ri wkhvh1

61814 Edfnkdxolqj dw Doexu|

Lq SLYRW wkh glvwulexwlrq ri surgxfw � iurp pdfklqh 6 wr pdunhw & lqfxuv d
vklsslqj frvw j6�& shu wrqqh1 Wklv lv dq dssur{lpdwlrq wr wkh wuxh frvw zklfk
kdv d �{hg dv zhoo dv d yduldeoh frpsrqhqw1 Lq prvw fdvhv wklv dssur{lpdwlrq lv
forvh hqrxjk wr wkh wuxh frvw wr eh ydolg1 Dw Doexu|/ krzhyhu/ wkh UFI zdvwh iurp
V|gqh|/ Phoerxuqh/ Fdqehuud/ Eulvedqh dqg Dghodlgh lv wudqvsruwhg wr wkh ploo
xvlqj wkh vdph  hhw ri wuxfnv dv wkrvh wkdw fduu| wkh sdshu lq wkh uhyhuvh gluhfwlrq1
Wklv uhsuhvhqwv d frqvlghudeoh frvw vdylqj1

Wr prgho wklv vlwxdwlrq lq SLYRW/ zh glylgh hdfk ri wkh dssursuldwh +6�& dqg
�6o yduldeohv lqwr wzr qrqqhjdwlyh yduldeohv

+6�& ' +6�&EK� n +6�&E��

�6o ' �6oEK� n �6oE��

Khuh +6�&EK� ghqrwhv wkh qxpehu ri wrqqhv ri sdshu wudqvsruwhg lq wuxfnv wkdw
uhwxuq edodqfhg zlwk �6oEK� wrqqhv ri zdvwh1 Dq dgglwlrqdo frqvwudlqw

�6oEK� ' k+6�&EK�

uh hfwv wkh idfw wkdw wuxfnv fduu| ihzhu wrqqhv ri zdvwh wkdq sdshu1 Hdfk wrqqh ri
edodqfhg wudqvsruwdwlrq fdq eh vklsshg dw d orzhu frvw wkdq wkh uhpdlqlqj xqedo0

dqfhg wudqvsruw ++6�&E�� dqg �6oE��,1



61815 Eohdfklqj dw Er|hu

Wkh IFSD ploo dw Er|hu lq Wdvpdqld kdv wzr sdshu pdfklqhv dqg d eohdfk sodqw1
Zkhq d Er|hu pdfklqh surgxfhv eohdfkhg sdshu/ doo wkh sxos surgxfhg lv eohdfkhg1
Li wkh| duh pdnlqj xqeohdfkhg sdshu rq wkh rwkhu pdfklqh wkhq wkh eohdfkhg sxos
lv g|hg edfn wr forvh wr lwv ruljlqdo vwdwh1 Wklv phdqv wkdw wkhuh lv dq h{wud frvw
� shu wrqqh ri xqeohdfkhg sdshu pdgh dw Er|hu zkloh surgxflqj eohdfkhg sdshu1

Wklv lv prghoohg lq SLYRW xvlqj d frvw dgmxvwphqw yduldeoh � wkdw lv vxe0
wudfwhg iurp wkh remhfwlyh ixqfwlrq1 Vxssrvh zh ohw 6 ' �c2 ghqrwh wkh wzr Er|hu
pdfklqhv/ dqg � ghqrwh eohdfkhg sdshu1 Wkh ydoxh ri wkh yduldeoh � lv ghwhuplqhg
xvlqj wkh iroorzlqj frqvwudlqwv=
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619 Pdfklqh vkxwgrzq

SLYRW fdq eh xvhg wr lqyhvwljdwh zkhwkhu lw lv dgydqwdjhrxv wr vkxw grzq dq|
sdshu pdfklqhv1 Wklv vdyhv wkh �{hg frvw ri uxqqlqj wkh pdfklqh/ exw phdqv wkdw
zh fdqqrw doorfdwh dq| foxvwhuv wr lw1 Wr prgho wklv zh gh�qh
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7 Wkh Xvh ri SLYRW

Ehiruh wkh SLYRW prgho frxog eh xvhg d pdmru h{huflvh kdg wr eh xqghuwdnhq
dfurvv wkh IFSD rujdqlvdwlrq/ froodwlqj doo vxsso| fkdlq frvwv1 Rqfh wkhvh frvwv
zhuh jdwkhuhg d vpdoo jurxs ri hpsor|hhv dw wkh Iohwfkhu Sdshu khdg r!fh frp0
phqfhg d vxsso| fkdlq rswlplvdwlrq surfhvv xvlqj wkh SLYRW prgho1

Wkh �uvw vwhs zdv wr frqvwudlq SLYRW vr wkdw lw surgxfhg d vroxwlrq wkdw
pdwfkhg wkh exgjhwhg vxsso|/ pdqxidfwxulqj/ dqg vdohv sodqv1 Wklv yhul�hg wkdw
wkh prgho zdv ixqfwlrqlqj fruuhfwo|/ dv zhoo dv surylglqj d ehqfkpdun djdlqvw zklfk
doo ixuwkhu vroxwlrqv frxog eh frpsduhg1

D qxpehu ri yhuvlrqv ri wkh prgho zhuh wkhq uxq1 Wklv hqwdlohg uhod{lqj wkh
ehqfkpdun frqvwudlqwv/ dqg xvlqj SLYRW wr lqyhvwljdwh d qxpehu ri shuwlqhqw
txhvwlrqv1 Wkh �uvw vhw ri wkhvh orrnhg dw uhod{lqj vrph fxuuhqw frqwudfwxdo reol0
jdwlrqv wr vhh wkh h{whqw wr zklfk wkhvh zhuh frqvwudlqlqj wkh vroxwlrq1 Vhfrqgo|



wkh h!flhqf| dqg frvw dgmxvwphqwv zhuh ydulhg wr whvw wkh vhqvlwlylw| ri wkh prgho
wr wkh hvwlpdwhg ydoxhv1 Wkh prgho zdv wkhq xvhg wr lqyhvwljdwh vrph ri wkh do0
whuqdwlyh surgxfwlrq sodqv rewdlqhg e| lpsrvlqj ydulrxv pdqdjhphqw frqvwudlqwv1
Wkh  h{lelolw| d�rughg e| xvlqj d prghoolqj odqjxdjh +DPSO, zdv d nh| idfwru lq
hqdeolqj wklv h{sorudwlrq wr eh fduulhg rxw hdvlo|1

Ilqdoo| dq dffhswdeoh rswlpdo vroxwlrq zdv ghwhuplqhg1 Wklv vroxwlrq zdv frp0
sduhg zlwk wkh ehqfkpdun fdvh/ dqg gl�huhqfhv zhuh kljkoljkwhg1 Lw zdv lpsruwdqw
wr xqghuvwdqg krz wkh dgglwlrqdo ydoxh zdv fuhdwhg/ vr wkdw wkh IFSD rujdqlvd0
wlrq zrxog eh frqylqfhg dqg suhsduhg wr fkdqjh exvlqhvv sudfwlfhv wr hpxodwh wkh
sodq uhfrpphqghg e| wkh prgho1 Lw wxuqhg rxw wkdw frvwv zhuh lqfuhdvhg lq vrph
duhdv ri wkh exvlqhvv/ exw zhuh r�vhw e| odujhu vdylqjv lq rwkhu duhdv1 Wkh ryhudoo
lqfuhdvh lq sur�wdelolw| zdv d yhu| vljql�fdqw dprxqw/ dqg fhuwdlqo| mxvwl�hg wkh
h�ruw lqyhvwhg lq wkh SLYRW surmhfw1

Dv zhoo dv gholyhulqj lpsuryhphqwv lq sur�wdelolw| wkh ghyhorsphqw ri SLYRW
kdv dffrpsdqlhg d fxowxudo fkdqjh lq IFSD/ zklfk ehjdq zkhq wkh uhpdlqlqj
83( vkduh lq DQP zdv sxufkdvhg e| Iohwfkhu Sdshu lq 4<<:1 Reylrxvo| d odujh
dprxqw ri wklv fkdqjh fdq eh dwwulexwhg wr uh0vwuxfwxulqj dqg pdqdjhphqw ohdg0
huvkls1 Krzhyhu SLYRW dovr sod|hg d uroh/ dqg khoshg lqglylgxdov wkurxjkrxw wkh
rujdqlvdwlrq judvs krz wkh gl�huhqw vhjphqwv ri wkh frpsdq| �wwhg wrjhwkhu dv
sduw ri dq ryhudoo v|vwhp1

Lq idfw wkh ruljlqv ri SLYRW gdwh edfn wr 4<<9/ sulru wr wkh frpsdq| phujhu1
Dw wkdw wlph Wdvpdq zdv frqvlghulqj lwv vwudwhjlf gluhfwlrq/ dqg krz lw vkrxog
sodfh lwvhoi jlyhq wkh pdunhw wuhqgv wrzdugv lpsuryhg qhzvsulqw judghv1 Lw zdv
uhdolvhg wkdw Wdvpdq frxog qrw pdnh ghflvlrqv lq lvrodwlrq/ dv dq| fdslwdo ghflvlrqv
dqg fkdqjhv lq surgxfwlrq zrxog kdyh dq h�hfw rq DQP1 Suhylrxvo| doo vwudwhjlf
sodqqlqj dqdo|vlv lqyroyhg xvlqj vsuhdgvkhhw exvlqhvv prghov1 E| dqg odujh wkhvh
vsuhdgvkhhwv zhuh xvhg wr yhu| jrrg h�hfw/ exw dv wkh frpsdq| juhz odujhu/ wkh
lqfuhdvh lq wkh qxpehu ri surgxfw doorfdwlrq rswlrqv pdgh lw pruh gl!fxow wr rewdlq
surydeo| rswlpdo surgxfwlrq sodqv1 Lw zdv ghflghg wkdw wkh ehvw dssurdfk zdv wr
xwlololvh pl{hg lqwhjhu surjudpplqj whfkqltxhv wr surgxfh d surgxfwlrq sodqqlqj
dqg surgxfw doorfdwlrq prgho1 Lq odwh 4<<9/ fdslwdo h{sdqvlrq rswlrqv zhuh dgghg
wr wklv prgho wr irup zkdw zdv wkhq fdoohg DWRP +DQP0Wdvpdq rswlplvdwlrq
prgho,1

Dowkrxjk DWRP surgxfhg jrrg uhvxowv/ lwv ydoxh zdv qrw ixoo| dssuhfldwhg
xqwlo diwhu wkh 4<<: phujhu1 Dw wkdw wlph d whdp zdv hvwdeolvkhg wr lqyhvwljdwh
v|qhuj| jdlqv/ dqg rqh ri wkh lwhpv lqyhvwljdwhg zdv wkh doorfdwlrq ri surgxfwv wr
pdfklqhv dqg fxvwrphuv1 Wklv surmhfw �wwhg wrjhwkhu zhoo zlwk wkh DWRP prgho/
dqg hvvhqwldoo| surylghg gdwd wr DWRP1 Lw zdv ghflghg wkdw wkh vfrsh ri DWRP
vkrxog eh h{sdqghg wr lqfoxgh udz pdwhuldo surfxuhphqw dqg d qxpehu ri rwkhu
zlghu vxsso| fkdlq ghwdlov1 Jlyhq wklv/ dqg wkh qdph fkdqjh ri wkh frpsdq|/
DWRP hyroyhg lqwr SLYRW1

Wkh lqwhuhvw lq vxsso|0fkdlq rswlplvwdlrq kdv jurzq frqvlghudeo| dw IFSD dqg
uhfhqwo| wkh frpsdq| fuhdwhg d qhz srvlwlrq ri Vxsso| Fkdlq Pdqdjhu1 Wklv
uroh kdv d qxpehu ri ixqfwlrqv/ rqh ehlqj wkh rqjrlqj pdqdjhphqw dqg xvh ri
SLYRW wr frqwlqxdoo| whvw qhz dvvhuwlrqv/ ru wr hydoxdwh fkdqjhv wr dq| vxsso|
fkdlq sdudphwhuv1

Dqrwkhu uhfhqw ghyhorsphqw kdv ehhq d pdmru surmhfw wr hydoxdwh d odujh qxpehu



ri fdslwdo lqyhvwphqw ghflvlrqv/ zklfk duh ghshqghqw rq pdunhw iruhfdvwv1 Wklv
surmhfw kdv lqyroyhg xvlqj d vlpsol�hg yhuvlrq ri SLYRW dv wkh fruh ri d wlph0
vwdjhg prgho wkdw lqfoxghv d qxpehu ri fdslwdo rswlrqv1 Wkh uhvxowlqj prgho lv d
yhu| odujh pl{hg lqwhjhu surjudp/ zklfk surylghv ghflvlrq pdnhuv lq wkh frpsdq|
zlwk rswlpdo fdslwdo sodqv1 D vlpsol�hg yhuvlrq ri SLYRW zdv dovr xvhg wr hydoxdwh
wkh h!flhqf| jdlqv zklfk frxog eh dfklhyhg li doo wkh sdshu pdfklqhv lq wkh Iohwfkhu
Fkdoohqjh jurxs zhuh srrohg wrjhwkhu1

8 Frqfoxvlrqv

Ghyhorsphqw ri SLYRW zdv odujho| fduulhg rxw lq0krxvh e| lqglylgxdov zkr duh zhoo
yhuvhg lq erwk wkh sdshu lqgxvwu| dqg rshudwlrqv uhvhdufk whfkqltxhv1 Ehfdxvh ri
wkh qhhg wr prgho xqxvxdo lqgxvwu|0vshfl�f frqvwudlqwv/ r�0wkh0vkhoi vxsso| fkdlq
sdfndjhv zhuh qrw dgrswhg e| wkh frpsdq|1 Lqvwhdg wkh prghoolqj odqjxdjh DPSO
dqg Fsoh{ vroyhu zhuh fkrvhq ehfdxvh ri wkhlu  h{lelolw| wr dffrpprgdwh d zlgh
udqjh ri prghoolqj ghwdlov1 Wklv dssurdfk kdv fuhdwhg d olylqj prgho/ zklfk lv
deoh wr dgdsw wr vxlw rqjrlqj fkdqjhv lq exvlqhvv frqglwlrqv/ dv zhoo dv fuhdwlqj d
frq�ghqfh zlwklq wkh frpsdq| wr xvh SLYRW dv d sodqqlqj wrro1

Wkh IFSD vxsso| fkdlq lv d odujh dqg frpsolfdwhg surfhvv1 Wkh SLYRW prgho
surylghv IFSD zlwk d srzhuixo ghflvlrq dlg zlwk zklfk wr rswlplvh lwv vxsso|
fkdlq yduldeohv/ dqg fuhdwh ydoxh1 Wkh uhvxowlqj hfrqrplf ehqh�wv duh vxevwdqwldo1
SLYRW kdv hvwdeolvkhg lwvhoi lq wkh frpsdq| dv vwdwh ri wkh duw whfkqrorj|/ dqg lw
lv riwhq frqvxowhg e| pdqdjhphqw wr hydoxdwh qhz lghdv dqg wkh h�hfw ri fkdqjhv
wr vxsso| fkdlq sdudphwhuv1

9 Dfnqrzohgjphqwv

Wkh dxwkruv duh judwhixo iru wkh khos dqg vxssruw ri d odujh qxpehu ri lqglylgx0
dov zlwklq Iohwfkhu Fkdoohqjh Sdshu/ hvshfldoo| Uxvvhoo Fropdq/ Nhylq Zdug/ Eloo
Mrkqvrq dqg DodqZdosroh1 Wkh �uvw dxwkru dovr zlvkhv wr dfnqrzohgjh wkh vxssruw
ri wkh Qhz ]hdodqg SJVI xqghu IUVW Frqwudfw XRD;361

Uhihuhqfhv

^4` Iohwfkhu Fkdoohqjh Sdshu Dqqxdo Uhylhz/ 4<<<1


