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Devwudfw1 Wklv sdshu suhvhqwv WSV\V/ d Whpsrudo Sodqqlqj V\Vwhp/
zklfk dulvhv dv dq dwwhpsw wr frpelqh wkh lghdv ri Judsksodq dqg WJS

wr vroyh whpsrudo sodqqlqj sureohpv pruh h!flhqwo|1 WSV\V lv edvhg rq
d wkuhh0vwdjh surfhvv1 Wkh �uvw vwdjh/ d suhsurfhvvlqj vwdjh/ idflolwdwhv
wkh pdqdjhphqw ri frqvwudlqwv rq gxudwlrq ri dfwlrqv1 Wkh vhfrqg vwdjh
h{sdqgv d whpsrudo judsk dqg rewdlqv wkh vhw ri whpsrudo ohyhov dw zklfk
sursrvlwlrqv dqg dfwlrqv dsshdu1 Wkh wklug vwdjh/ wkh sodq h{wudfwlrq/
rewdlqv wkh sodq ri plqlpdo gxudwlrq e| �qglqj d surshu  rz ri dfwlrqv1

Nh| zrugv= sodqqlqj/ whpsrudo sodqqlqj/ uhdvrqlqj derxw dfwlrqv

4 Lqwurgxfwlrq

Lq uhdo zruog sodqqlqj sureohpv zklfk ghdo zlwk wlph/ lw lv qhfhvvdu| wr glvfdug
wkh dvvxpswlrq wkdw dfwlrqv kdyh wkh vdph gxudwlrq1 Iru lqvwdqfh/ lw lv fohdu
wkdw lq d orjlvwlfv grpdlq wkh dfwlrq io| sodqh+Orqgrq> Prvfrz, lv orqjhu wkdq
io| sodqh+Orqgrq> Sdulv,1 Khqfh/ ghdolqj zlwk whpsrudo sodqqlqj sureohpv uh0
txluhv wr kdqgoh pruh frpsoh{ frqvwudlqwv ehfdxvh lw lv qhfhvvdu| wr vhohfw wkh
uljkw h{hfxwlrq wlphv iru dfwlrqv1 Frqvhtxhqwo|/ dq lpsruwdqw lvvxh lq whpsrudo
sodqqlqj lv wr jxdudqwhh wkh sodq zklfk plqlpl}hv wkh joredo gxudwlrq1

Wklv sdshu exlogv rq wkh zrun ri Vplwk dqg Zhog +wkh Whpsrudo Judsksodq
dojrulwkp/ WJS/ suhvhqwhg lq ^9`, dqg h{dplqhv wkh jhqhudo txhvwlrq ri lqfoxglqj
whpsrudolw| rq dfwlrqv lq d Judsksodq0edvhg dssurdfk ^4` e| jxdudqwhhlqj wkh
sodq ri plqlpdo gxudwlrq1 Zh suhvhqw d Whpsrudo Sodqqlqj V\Vwhp +WSV\V,
zklfk frqvlvwv ri wkuhh vwdjhv= d suhsurfhvvlqj vwdjh/ d whpsrudo judsk h{sdqvlrq
vwdjh dqg d sodq h{wudfwlrq vwdjh1 Wkh pdlq ihdwxuhv ri WSV\V duh=

� Lw lv deoh wr kdqgoh ryhuodsslqj dfwlrqv ri gl�huhqw gxudwlrq dqg jxdudqwhhv
wkh rswlpdo sodq/ l1h1 wkh sodq ri plqlpdo gxudwlrq1

� Lw gh�qhv d qhz fodvvl�fdwlrq ri pxwxdo h{foxvlrq uhodwlrqv= vwdwlf pxwh{hv
zklfk duh wlph lqghshqghqw dqg g|qdplf pxwh{hv zklfk duh wlph ghshqghqw1

� Lw h{sdqgv d uhod{hg whpsrudo judsk +iurp qrz rq WJ,/ zlwkrxw pdlqwdlqlqj
qr� rs dfwlrqv qru ghohwh0hgjhv/ wkurxjk whpsrudo ohyhov1 Wkhq/ lw shuirupv
d sodq h{wudfwlrq +iurp qrz rq SH, vwdjh e| vhohfwlqj wkh dssursuldwh df0
wlrqv lq wkh WJ wr dfklhyh wkh sureohp jrdov1


 Wklv zrun kdv ehhq sduwldoo| vxssruwhg e| wkh Surmhfw q1 5334334: 0 Qdyljdwlrq ri
Dxwrqrprxv Preloh Urerwv ri wkh Xqlyhuvlgdg Srolwìfqlfd gh Ydohqfld1
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5 Uhodwhg Zrun

Dowkrxjk whpsrudo ihdwxuhv lq sodqqlqj duh qrw xvxdoo| pdqdjhg e| fodvvlfdo
sodqqhuv/ rqh ri wkh �uvw whpsrudo sodqqhuv rq wkh odvw ghfdgh zdv R0Sodq ^5`
zklfk lqwhjudwhv erwk sodqqlqj dqg vfkhgxolqj surfhvvhv lqwr d vlqjoh iudphzrun1
Rwkhu sodqqhuv/ vxfk dv L{WhW ^7`/ ghdo zlwk uhvrxufh dydlodelolw| dqg whpsrudo
frqvwudlqwv wr uhsuhvhqw frqvwudlqwv rq wlph srlqwv1 Dq dwwhpsw wr lqwhjudwh sodq0
qlqj dqg vfkhgxolqj lv shuiruphg lq KVWV +Khxulvwlf Vfkhgxolqj Whvwehg V|vwhp
^8`, zklfk gh�qhv dq lqwhjudwhg iudphzrun wr vroyh sodqqlqj dqg vfkhgxolqj
wdvnv1 Wklv v|vwhp xvhv pxowl0ohyho khxulvwlf whfkqltxhv wr pdqdjh uhvrxufhv xq0
ghu wkh frqvwudlqwv lpsrvhg e| wkh dfwlrq vfkhgxoh1 Wkh sdufSODQ dssurdfk ^6`
pdqdjhv pxowlsoh fdsdflw| uhvrxufhv zlwk dfwlrqv zklfk pd| ryhuods/ lqvwdqwl0
dwlqj wlph srlqwv lq d vlplodu zd| wr rxu dssurdfk1

WJS ^9` lqwurgxfhv d frpsoh{ pxwxdo h{foxvlrq uhdvrqlqj wr kdqgoh dfwlrqv
ri gl�hulqj gxudwlrq lq d Judsksodq frqwh{w1 WSV\V frpelqhv ihdwxuhv ri erwk
Judsksodq dqg WJS dqg lqwurgxfhv qhz dvshfwv wr lpsuryh shuirupdqfh1 Wkh
uhdvrqlqj rq frqglwlrqdo pxwh{ +lqyroylqj wlph pxwh{, ehwzhhq dfwlrqv/ sursr0
vlwlrqv dqg ehwzhhq dfwlrqv dqg sursrvlwlrqv lv pdqdjhg lq WJS e| phdqv ri
lqhtxdolwlhv zklfk jhw frpsoh{ lq vrph sureohpv dqg pd| lpso| dq lqwudfwdeoh
uhdvrqlqj rq odujh sureohpv ^9`1 Rq wkh frqwudu|/ wkh uhdvrqlqj surfhvv lq WSV\V

lv vlpsol�hg wkdqnv wr wkh lqfrusrudwlrq ri vhyhudo lpsuryhphqwv=

� Vwdwlf pxwh{ uhodwlrqv ehwzhhq dfwlrqv dqg ehwzhhq dfwlrqv dqg sursrvlwlrqv
duh fdofxodwhg lq d suhsurfhvvlqj vwdjh ehfdxvh wkh| rqo| ghshqg rq wkh
gh�qlwlrq ri wkh dfwlrqv1

� WSV\V xvhv d pxowl0ohyho whpsrudo sodqqlqj judsk dv Judsksodq zkhuh hdfk
ohyho uhsuhvhqwv dq lqvwdqw ri wlph1 Zkloh lq WJS dfwlrqv dqg sursrvlwlrqv
duh rqo| dqqrwdwhg zlwk wkh �uvw ohyho dw zklfk wkh| dsshdu lq wkh sodqqlqj
judsk/ WSV\V dqqrwdwhv doo gl�huhqw lqvwdqfhv ri dfwlrqv dqg sursrvlwlrqv
surgxfhg dorqj wlph1 Wkh frpsdfw hqfrglqj ri WJS uhgxfhv ydvwo| wkh vsdfh
frvwv exw lw lqfuhdvhv wkh frpsoh{lw| ri wkh vhdufk surfhvv/ zklfk pd| wud0
yhuvh f|fohv lq wkh sodqqlqj judsk1 Krzhyhu/ wkh SH lq WSV\V lv vwudljkw0
iruzdug ehfdxvh lw phuho| frqvlvwv ri rewdlqlqj wkh sodq dv dq df|folf  rz
ri dfwlrqv wkurxjkrxw wkh WJ1

6 Rxu Whpsrudo Sodqqlqj V\Vwhp

Lq WSV\V/ d whpsrudo sodqqlqj sureohp lv vshfl�hg dv d 70wxsoh iLv>D>Iv>Gpd{j/
zkhuh Lv dqg Iv uhsuhvhqw wkh lqlwldo dqg �qdo vlwxdwlrq uhvshfwlyho|/ D uhs0
uhvhqwv wkh vhw ri dfwlrqv +zlwk srvlwlyh gxudwlrq,/ dqg Gpd{ vwdqgv iru wkh
pd{lpdo gxudwlrq ri wkh sodq uhtxluhg e| wkh xvhu1 Wlph lv prghoohg e| U.

dqg wkhlu fkurqrorjlfdo rughu1 D whpsrudo sursrvlwlrq lv uhsuhvhqwhg e| ?s/wA

zkhuh s ghqrwhv wkh sursrvlwlrq dqg w 5 U. uhsuhvhqwv wkh wlph dw zklfk s

lv surgxfhg1 Khqfh/ Lv dqg Iv duh iruphg e| wzr vhw ri whpsrudo sursrvlwlrqv
i?s�/w�A!w� � Gpd{j1
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Dfwlrq Gxudwlrq Suhfv1 H�hfwv

og+E4/EF/K, 8
>zE��c M�
dw+EF/K,

qeffE���

�=E��c ���
Sdw+E4/K,

SqeffE���

py+EF/K/X, 8 dw+EF/K,
>zE��c L�
Sdw+EF/K,

xog+E4/EF/X, 5
�=E��c ���
dw+EF/X,

dw+E4/X,

qeffE���
S�=E��c ���

Wdeoh 41 Vlpsol�hg Eulhifdvh grpdlq= qhfhvvdu| dfwlrqv wr dfklhyh wkh jrdo dw+E4/X,

Zh zloo pdnh xvh ri wkh dfwlrq grpdlq gh�qhg lq Wdeoh 4/ zklfk suhvhqwv d
ghvfulswlrq ri wkh dfwlrqv ri wkh Eulhifdvh grpdlq/ wr vkrz wkh ehkdylrxu ri rxu
v|vwhp1 Rqo| wkuhh dfwlrqv duh gh�qhg/ wkrvh zklfk duh qhfhvvdu| wr wudqvsruw
d errn +E4, iurp krph +K, wr xqlyhuvlw| +X, e| xvlqj d eulhifdvh +EF,1

614 Iluvw Vwdjh= Suhsurfhvvlqj

WSV\V fdofxodwhv wkh vwdwlf pxwxdo h{foxvlrqv zklfk zloo doorz xv wr vshhg xs
wkh iroorzlqj wzr vwdjhv1 D pxwh{ uhodwlrqvkls ehwzhhq dfwlrqv lv gh�qhg dv lq
Judsksodq ^4`1 Pxwh{ ehwzhhq sursrvlwlrqv dsshduv dv d frqvhtxhqfh ri pxwh{
ehwzhhq dfwlrqv1 Wkxv/ wzr sursrvlwlrqv s dqg t duh pxwh{ li doo dfwlrqv wkdw
dfklhyh s duh pxwh{ zlwk doo dfwlrqv wkdw dfklhyh t1

Gh�qlwlrq 41 Vwdwlf pxwh{ ehwzhhq dfwlrqv1 Dfwlrqv d dqg e duh vwdwlfdoo|
pxwh{ li wkh| fdqqrw eh h{hfxwhg lq sdudooho +Judsksodq*v lqwhuihuhqfh,1 Iru lq0
vwdqfh/ lq Wdeoh 4/ dfwlrqv og+E4> EF> K, dqg xog+E4> EF> X, duh vwdwlfdoo| pxwh{
ehfdxvh ri wkh frq lfwlqj h�hfw lq+E4> EF,1

Gh�qlwlrq 51 Vwdwlf ds0pxwh{ +vwdwlf dfwlrq2sursrvlwlrq pxwh{,1 Rqh
dfwlrq d lv vwdwlfdoo| ds0pxwh{ zlwk d sursrvlwlrq s l� s 5 gho� hiiv+d,1 Iru
lqvwdqfh/ og+E4> EF> K, lv ds0pxwh{ zlwk dw+E4> K, dqg iuhh+EF, lq Wdeoh 41

615 Vhfrqg Vwdjh= Whpsrudo Judsk H{sdqvlrq

Gh�qlwlrq 61 Whpsrudo judsk +WJ,1 D WJ lv d gluhfwhg/ od|huhg judsk zlwk
sursrvlwlrq dqg dfwlrq qrghv/ dqg suhfrqglwlrq0 dqg dgg0hgjhv iroorzlqj wkh vdph
vwuxfwxuh dv Judsksodq1 Hdfk ohyho lv odehoohg zlwk d qxpehu uhsuhvhqwlqj wkh lq0
vwdqw ri wlph dw zklfk sursrvlwlrqv duh suhvhqw dqg dfwlrqv vwduw wkhlu h{hfxwlrq1
Ohyhov duh rughuhg e| wkhlu lqvwdqw ri wlph1

Gh�qlwlrq 71 Lqvwdqfh ri dq dfwlrq1 Zh gh�qh dq lqvwdqfh ri dq dfwlrq d dv
wkh wulsoh ?d/v/hA zkhuh d ghqrwhv wkh dfwlrq dqg v/h 5 U. uhsuhvhqw wkh wlph
zkhq wkh lqvwdqfh vwduwv dqg hqgv h{hfxwlqj/ uhvshfwlyho| +h @ v. gxudwlrq+d,,1
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Gh�qlwlrq 81 Sursrvlwlrq ohyho1 D sursrvlwlrq ohyho S^w` lv iruphg e| wkh vhw
ri whpsrudo sursrvlwlrqv i?s�/w�A!w� � wj suhvhqw dw wlph w zklfk yhuli|
?s�/w�A5 Lv b <?d�/v�/h�A!s� 5 dgg� hiiv+d�,/ h� @ w�1

Gh�qlwlrq 91 G|qdplf pxwh{ ehwzhhq whpsrudo sursrvlwlrqv dw S^w`1
Ohw i?d�/v�/w�Aj dqg i?e�/v�/w�Aj eh wzr vhwv ri lqvwdqfhv ri dfwlrqv zklfk
dfklhyh ?s/w�A/?t/w�A 5 S^w` uhvshfwlyho|1 Whpsrudo sursrvlwlrqv ?s/w�A dqg
?t/w�A duh g|qdplfdoo| pxwh{ dw S^w` l� l, ;�> �!� 5 i?d�/v�/w�Aj> � 5
i?e�/v�/w�Aj> � dqg � ryhuods dqg ll, d� dqg e� duh vwdwlfdoo| pxwh{1 D g|0
qdplf pxwh{ h{sluhv dv qhz ohyhov duh h{sdqghg ixuwkhu lq wkh WJ1

Gh�qlwlrq :1 Dfwlrq ohyho1 Dq dfwlrq ohyho D^w` lv iruphg e| wkh vhw ri lq0
vwdqfhv ri dfwlrqv i?d�/w/h�Aj zklfk vwduw wkhlu h{hfxwlrq dw wlph w1

Sursrvlwlrq 41 Ohw S^w` +w � Gpd{, eh wkh hduolhvw sursrvlwlrq ohyho dw zklfk
doo whpsrudo sursrvlwlrqv lq Iv duh qrw sdluzlvh g|qdplfdoo| pxwh{1 Xqghu wklv
dvvxpswlrq/ qr fruuhfw sodq fdq eh irxqg ehiruh wlph w1

WSV\V dgrswv wkh vdph frqvhuydwlyh prgho ri dfwlrq dv WJS ^9`1 Wkh vhfrqg
vwdjh h{sdqgv wkh WJ e| dowhuqdwlqj sursrvlwlrq dqg dfwlrq ohyhov wkurxjk d
iruzdug0fkdlqlqj surfhvv1 Vwduwlqj dw S^3`/ wkh dojrulwkp pryhv lqfuhphqwdoo| lq
wlph wkurxjkrxw wkh WJ jhqhudwlqj qhz dfwlrq dqg sursrvlwlrq ohyhov1 Dw hdfk
dfwlrq ohyho D^w`/ wkh dojrulwkp jhqhudwhv wkh hqwluh vhw ri lqvwdqfhv ri dfwlrqv
zklfk vwduw wkhlu h{hfxwlrq dw w ehfdxvh wkhlu suhfrqglwlrqv duh qrw g|qdplfdoo|
pxwh{ dw S^w`1 Diwhu jhqhudwlqj hdfk lqvwdqfh ri dq dfwlrq/ wkh sursrvlwlrqv lq
dgg� hiiv duh dgghg lqwr wkh surshu sursrvlwlrq ohyho +dffruglqj wr wkh gxudwlrq
ri hdfk dfwlrq,1 Wkh WJ h{sdqvlrq whuplqdwhv rqfh doo whpsrudo sursrvlwlrqv lq
wkh �qdo vlwxdwlrq duh suhvhqw lq S^w` dqg qrqh duh sdluzlvh g|qdplfdoo| pxwh{
+l1h1 Iv lv vdwlv�hg lq S^w`,1 Li w A Gpd{ wkh dojrulwkp rxwsxwv cIdloxuh* ehfdxvh
qr ihdvleoh sodq fdq eh irxqg hduolhu wkdq Gpd{1

Wkh uhvxowlqj WJ iru wkh grpdlq gh�qhg lq Wdeoh 4 lv vkrzq lq Ilj1 41
Dfwlrq xog+E4/EF/X, fdqqrw vwduw dw D^8` ehfdxvh lwv suhfrqglwlrqv lq+E4/EF,
dqg dw+EF/X, duh g|qdplfdoo| pxwh{ dw S^8` dqg wkh| fdqqrw eh vlpxowdqhrxvo|
dydlodeoh xqwlo S^43`1 Dw D^43`/ xog+E4/EF/X, lv dssolfdeoh wkxv rewdlqlqj wkh
jrdo dw+E4/X, dw S^45` +whuplqdwlqj wkh vhfrqg vwdjh,1

616 Wklug Vwdjh= Sodq H{wudfwlrq

Wklv vwdjh lv d edfnzdug vhdufk surfhvv wkurxjkrxw wkh WJ wr h{wudfw d ihdvleoh
sodq1 Wzr gdwd vwuxfwxuhv SodqqhgDfwv dqg JrdovWrVdwlvi|/ zklfk duh lqgh{hg
e| d ohyho/ duh xvhg1 SodqqhgDfwv/ zklfk lv lqlwldol}hg hpsw|/ vwruhv wkh lqvwdqfhv
ri dfwlrqv sodqqhg dw hdfk dfwlrq ohyho1 JrdovWrVdwlvi| vwruhv wkh whpsrudo
sursrvlwlrqv wr eh vdwlv�hg dw hdfk sursrvlwlrq ohyho/ dqg lw lv lqlwldol}hg e|
lqvhuwlqj doo wkh whpsrudo sursrvlwlrqv lq Iv1

Dvvxplqj wkh SH surfhvv vwduwv iurp wkh sursrvlwlrq ohyho S^w` +wkdw lv/ wkh
vhdufk vwduwv iurp wlph w lq wkh WJ,/ zkhuh doo whpsrudo jrdov lq Iv duh qrw
g|qdplfdoo| pxwh{/ wkh dojrulwkp surfhhgv lq wkh iroorzlqj zd|=
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�dfo

dw+E4/K,

dw+EF/K,

dw+EF/X,

dw+E4/X,

iuhh+EF,

lq+E4/EF,

w@45w@43w@8w@3

gp

�dfo �d�fo�d�fo�dDo�dDo �d�2o

py+EF/K/X,

xog+E4/EF/X,

og+E4/EF/K,

Ilj1 41 Whpsrudo Judsk iru wkh Eulhifdvh sureohp gh�qhg lq Wdeoh 4

41 Li w @ 3 dqg JrdovWrVdwlvi|^w ` - Lv/ wkhq idlo +edfnwudfn, �wklv lv wkh edvh
fdvh iru wkh uhfxuvlyh surfhvv1

51 Li JrdovWrVdwlvi|^w ` @ ! wkhq pryh edfnzdugv lq wlph +w @suhylrxv ohyho
lq wkh WJ, dqg jr wr vwhs 4 wr vdwlvi| wkh jrdov dw w1

61 H{wudfw d whpsrudo sursrvlwlrq ?s/wA iurp JrdovWrVdwlvi|^w `1
71 Vhohfw dq lqvwdqfh ri dq dfwlrq � @?d�/v�/h�A!s 5 dgg� hiiv+d�,/ h� � w

+edfnwudfnlqj srlqw wr jxdudqwhh frpsohwhqhvv,1 Lq rughu wr jxdudqwhh wkh
fruuhfwqhvv ri wkh sodq/ � lv glvfdughg +vhohfwlqj dqrwkhu lqvwdqfh ri dq df0
wlrq e| edfnwudfnlqj wr vwhs 7, li dw ohdvw rqh ri wkh iroorzlqj frqglwlrqv
krogv> l, <� @?e�/v�/h�A5 SodqqhgDfwv!� dqg � ryhuods dqg d� dqg e�
duh vwdwlfdoo| pxwh{/ ru ll, <?t/h�A5 JrdovWrVdwlvi|!d� lv vwdwlfdoo| ds0
pxwh{ zlwk t1 Rwkhuzlvh/ s lv vdwlv�hg dqg wkh vwuxfwxuhv SodqqhgDfwv^v�`
dqg JrdovWrVdwlvi|^v�` duh xsgdwhg zlwk � dqg suhfv+d�, uhvshfwlyho|1
Wkhq/ wkh dojrulwkp jrhv wr vwhs 5 wr vdwlvi| dqrwkhu +vxe,jrdo1

Sursrvlwlrq 51 WSV\V lv frpsohwh dqg rswlpdo1

Lq WSV\V/ doo ohyhov dw zklfk sursrvlwlrqv dqg dfwlrqv dsshdu duh doo jhqhu0
dwhg gxulqj wkh WJ h{sdqvlrq1 Wkhuhiruh/ li d sodq h{lvwv iru wkh sureohp/ lw zloo
eh irxqg lq wkh WJ1 Dgglwlrqdoo|/ vlqfh doo lqvwdqfhv ri dfwlrqv duh frqvlghuhg lq
wkh SH surfhvv dqg wkh WJ lv h{sdqghg wkurxjk wlph/ wkh �uvw vroxwlrq WSV\V

�qgv lv wkh sodq ri plqlpdo gxudwlrq1

7 Vrph H{shulphqwdo Uhvxowv

Dowkrxjk frpsdulvrq ehwzhhq rxu dssurdfk dqg rwkhu sodqqlqj v|vwhpv lv txlwh
gl!fxow ehfdxvh wkh| duh edvhg rq gl�huhqw dojrulwkpv/ zh pdgh d frpsdulvrq
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Sureohp WSV\V WJS

wjs0DE0t 7 93
wjs0DE0st 8 <3
wjs0DF0u 7 ;3
wjs0DF0su 8 ;3
wjs0DEGH0u 7 :3

Wdeoh 51 Uhvxowv ri frpsdulvrq ehwzhhq WSV\V dqg WJS +wlphv duh lq ploolvhfrqgv,

ehwzhhq WSV\V dqg WJS rq wkh h{dpsohv surylghg e| WJS1 Wkh h{shulphqwv
+Wdeoh 5, zhuh shuiruphg lq d Fhohurq 733 PK} zlwk 97 Pe dqg vkrz wkh
shuirupdqfh ri WSV\V lv ehwwhu wkdq WJS iru wkhvh sureohpv1 Frqvhtxhqwo|/
WSV\V vhhpv txlwh surplvlqj wr ghdo zlwk whpsrudo sodqqlqj sureohpv1

8 Frqfoxvlrqv dqg Ixwxuh Zrun

Lq wklv sdshu zh kdyh suhvhqwhg WSV\V/ d v|vwhp iru ghdolqj zlwk whpsrudo
sodqqlqj sureohpv1 WSV\V frqwulexwhv rq d fodvvl�fdwlrq lqwr vwdwlf dqg g|qdplf
pxwxdo h{foxvlrq uhodwlrqv1 Wklv doorzv wr shuirup d suhsurfhvvlqj vwdjh zklfk
fdofxodwhv vwdwlf pxwh{hv ehwzhhq dfwlrqv dqg ehwzhhq dfwlrqv dqg sursrvlwlrqv
wr vshhg xs wkh iroorzlqj vwdjhv1 Wkh vhfrqg vwdjh h{sdqgv d WJ zlwk ihdwxuhv
ri erwk Judsksodq dqg WJS sodqqlqj judskv1 Wkh wklug vwdjh jxdudqwhhv wkdw wkh
�uvw irxqg sodq kdv wkh plqlpdo gxudwlrq1 Iurp rxu h{shulhqfh dqg wkh rewdlqhg
uhvxowv zh wklqn WSV\V lv surplvlqj wr vroyh whpsrudo sodqqlqj sureohpv1

Wkh suhvhqwhg zrun frqvwlwxwhv d �uvw vwhs wrzdugv dq lqwhjudwhg v|vwhp
iru sodqqlqj dqg vfkhgxolqj1 Vxfk d v|vwhp zloo eh deoh wr pdqdjh whpsrudo
frqvwudlqwv rq dfwlrqv dqg wr uhdvrq rq vkduhg uhvrxufh xwlol}dwlrq1 Dgglwlrqdoo|/
wkh v|vwhp zloo dsso| vhyhudo rswlpl}dwlrq fulwhuld wr rewdlq wkh sodq ri plqlpdo
gxudwlrq ru wkh sodq ri plqlpdo frvw1

Uhihuhqfhv

41 Eoxp/ D1O1 dqg P1O1 Ixuvw1 �Idvw Sodqqlqj wkurxjk Sodqqlqj Judsk Dqdo|vlv/�
Duwl�fldo Lqwhooljhqfh / <3 =5;4�633 +4<<:,1

51 Fxuulh/ N1 dqg D1 Wdwh1 �R0Sodq= wkh Rshq Sodqqlqj Dufklwhfwxuh/� Duwl�fldo Lq0
whooljhqfh / 85+4,=7<�;9 +4<<4,1

61 Ho0Nkro|/ D1 dqg E1 Ulfkdugv1 �Whpsrudo dqg Uhvrxufh Uhdvrqlqj lq Sodqqlqj= wkh
sdufSODQ Dssurdfk1� Surf1 45wk Hxurshdq Frqihuhqfh rq Duwl�fldo Lqwhooljhqfh
+HFDL0<9,1 947�94;1 4<<91

71 Jkdoode/ P1 dqg K1 Oduxhooh1 �Uhsuhvhqwdwlrq dqg Frqwuro lq L{WhW/ d Whpsrudo
Sodqqhu1� Surf1 5qg Lqw1 Frqi1 rq DL Sodqqlqj V|vwhpv1 94�9:1 Kdpprqg/ 4<<71

81 Pxvfhwwrod/ Q1 �KVWV= Lqwhjudwlqj Sodqqlqj dqg Vfkhgxolqj1� Lqwhooljhqw Vfkhgxolqj
hglwhg e| P1 ]zhehq dqg P1V1 Ir{/ 49<�545/ Prujdq Ndxipdqq/ 4<<71

91 Vplwk/ G1H dqg G1V1 Zhog1 �Whpsrudo Sodqqlqj zlwk Pxwxdo H{foxvlrq Uhdvrqlqj1�
Surf1 49wk Lqw1 Mrlqw Frqi1 rq DL +LMFDL0<<,1 659�66:1 4<<<1
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