
� ����� ��� �	
��� �
� ��� ����� ��������
�-

L1 Ulyhud0Udqjho/ O1 Djxluuh0Vdodv/ D1 Udpðuh}0Wuhylôr/ dqg H1 Oösh}0Phoodgr
FLQYHVWDY0LSQ Xqlgdg Jxdgdodmdud1

Suro1 Oösh} Pdwhrv Vxu 8<3/ 783<3 Jxdgdodmdud Mdolvfr/ Pì{lfr
~duwCjgo1flqyhvwdy1p{�

Devwudfw� Wklv sdshu suhvhqwv qhz uhvxowv rq vwdwh

hvwlpdwlrq ri glvfuhwh hyhqw v|vwhpv prghohg e| Lq0

whusuhwhg Shwul qhwv1 Iluvw wkh frqfhswv ri hyhqw0

ghwhfwdelolw| dqg revhuydelolw| duh lqwurgxfhg1 Wkhq

qhfhvvdu| dqg vx!flhqw frqglwlrqv iru revhuydelolw| ri

v|vwhpv ghvfulehg e| pdunhg judskv dqg vwdwh pdfklqhv

duh suhvhqwhg1 Ilqdoo|/ d jhqhudo vfkhph iru vwdwh hvwl0

pdwlrq lv sursrvhg1 Wklv uhvxow lv looxvwudwhg xvlqj dq

h{dpsoh ri d pdqxidfwxulqj v|vwhp1

Nh|zrugv= Glvfuhwh Hyhqw V|vwhpv/ Lqwhu0

suhwhg Shwul Qhwv/ Revhuydelolw|/ Revhuyhu Gh0

vljq

L1 Lqwurgxfwlrq

Lq vrph dssolfdwlrqv/ vxfk dv vwdwh ihhgedfn frqwuro
ru prqlwrulqj dqg idxow wrohudqfh v|vwhpv/ lw lv lpsru0
wdqw wr kdyh d zkroh nqrzohgjh ri wkh vwdwh ri wkh v|v0
whp1 Xqiruwxqdwho|/ lq prvw ri dssolfdwlrqv/ lw lv qrw
dozd|v srvvleoh wr shuirup doo wkh uhtxluhg phdvxuh0
phqwv wr frpsohwho| ghwhuplqh wkh fxuuhqw vwdwh ri wkh
v|vwhp1 Krzhyhu/ li wkh nqrzohgjh ri wkh v|vwhp lq0
whuqdo vwuxfwxuh/ lwv lqsxwv dqg rxwsxwv dqg wkh wrwdo
dprxqw ri uhvrxufhv lqyroyhg rq lw vx!fhv wr frpsxwh
lwv fxuuhqw vwdwh1 Lq wklv fdvh/ wkh sureohp lv ryhufdph
dqg wklv nlqg ri v|vwhpv duh fdoohg revhuydeoh1
Shwul qhwv +SQ, duh suryhg wr eh dq dssursuldwh

prghoolqj wrro iru wkh vwxg| ri wkh revhuydelolw| lvvxh
lq glvfuhwh hyhqw v|vwhpv ehfdxvh ri wkhlu prghoolqj
srzhu dqg  h{lelolw|/ ^4`0^6`1
Wkh revhuydelolw| dqg vwdwh hvwlpdwru ghvljq sure0

ohpv lq GHV prghohg e| d SQ kdv ehhq vwxglhg lq
^7`0 ^:`1 Lq ^7`/ wkh revhuydelolw| sureohp lv glylghg
lqwr wzr vxe0sureohpv= frpsxwlqj wkh lqlwldo pdunlqj
ri wkh qhw dqg ghwhuplqlqj wkh �ulqj vhtxhqfh wkdw
ohdgv wkh revhuyhu iurp wkh lqlwldo pdunlqj wr wkh fxu0
uhqw v|vwhp vwdwh jlyhq d vhtxhqfh ri lqsxw dqg rxw0
sxw zrugv1 Lq wkdw zrun/ dojrulwkpv wr ghwhuplqh d
vhw ri srvvleoh lqlwldo pdunlqjv ri d SQ dqg wkh fru0
uhvsrqglqj �ulqj vhtxhqfh duh suhvhqwhg1 Lq ^8` dqg
^9` dojrulwkpv wr ghwhuplqh wkh fxuuhqw v|vwhp vwdwh
duh suhvhqwhg/ lw lv dvvxphg wkdw doo wudqvlwlrqv duh df0
fhvvleoh/ l1h1 wkh vwdwh hvwlpdwru nqrzv h{dfwo| zklfk
wudqvlwlrq zdv �uhg1 Wklv k|srwkhvlv lv wrr uhvwulfwlyh
iru dq dfwxdo GHV lq zklfk lqwhuqdo hyhqwv rffxu1 Lq ^:`
wkdw olplwdwlrq kdv ehhq ryhufdph iru elqdu| qhwv1 Wkh
h{lvwhqfh ri lqwhuqdo hyhqwv lv doorzhg/ dqg wkh lqlwldo
pdunlqj ri wkh revhuyhu lv gh�qhg wr eh eljjhu wkdq

WWklv zrun zdv vxssruwhg e| surmhfw FRQDF|W 5<5:;0D

wkh v|vwhp lqlwldo pdunlqj1
Khuhlq zh suhvhqw d pruh jhqhudo vwdwh hvwlpdwru

vfkhph zklfk rshudwhv zkhwkhu wkh lqlwldo pdunlqj ri
wkh revhuyhu lv eljjhu ru orzhu wkdq wkh v|vwhp lqlwldo
pdunlqj1 Lq wklv vfkhph wkh hvwlpdwru lv d frs| ri wkh
v|vwhp wkdw lqfoxghv dgglwlrqdo lqsxw dqg rxwsxw wudq0
vlwlrqv wr lwv sodfhv doorzlqj wr uhgxfh wkh hvwlpdwlrq
huuru1
Wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq LL

suhvhqwv d gh�qlwlrq ri Lqwhusuhwhg Shwul qhwv +LSQ,
dqg vrph uhodwhg edvlf gh�qlwlrqv1 Vhfwlrq LLL uhylhzv
wkh frqfhswv ri hyhqw0ghwhfwdelolw| dqg revhuydelolw|/
dqg d vx!flhqw frqglwlrq iru GHV revhuydelolw|1 Lq
vhfwlrq LY/ lw lv suryhg wkdw hyhqw ghwhfwdelolw| lv d
qhfhvvdu| dqg vx!flhqw frqglwlrq iru revhuydelolw| lq
olyh dqg erxqghg pdunhg judskv dqg vwdwh pdfklqhv1
Wkh ghvljq ri dq dv|pswrwlf vwdwh hvwlpdwru/ zklfk lv
dq h{whqvlrq ri wkrvh suhvhqwhg lq suhylrxv zrunv lv
suhvhqwhg lq vhfwlrq Y1

LL1 Edfnjurxqg ghilqlwlrqv

Lq wklv sdshu zh xvh LSQ ^;`/ dq h{whqvlrq ri SQ
zklfk doorzv wr uhsuhvhqw wkh lqsxw dqg rxwsxw odq0
jxdjhv ri d v|vwhp wr vwxg| wkh revhuydelolw| surshuw|1

Gh�qlwlrq 4= D Shwul Qhw vwuxfwxuh lv wkh 70wxsoh
J @ +S> W> L>R, zkhuh S @ is4> s5> ===> sqj dqg W @
iw4> w5> ===> wpj duh �qlwh vhwv ri hohphqwv fdoohg sodfhv
dqg wudqvlwlrqv/ uhvshfwlyho|/ L = S � W �$ i3>4j lv
d ixqfwlrq uhsuhvhqwlqj wkh dufv jrlqj iurp sodfhv wr
wudqvlwlrqv/ dqg R = S � W �$ i3>4j lv d ixqfwlrq
uhsuhvhqwlqj wkh dufv jrlqj iurp wudqvlwlrqv wr sodfhv1
Slfwruldoo|/ sodfhv duh uhsuhvhqwhg e| flufohv/ wudqvl0

wlrqv duh uhsuhvhqwhg e| uhfwdqjohv/ dqg dufv duh gh0
slfwhg dv duurzv1 Wkh lqflghqfh pdwul{ ri J lv F^flm`/
zkhuh flm @ R+sl> wm, � L+sl> wm,1 Wkh pdunlqj lv d
ixqfwlrq P = S �$ i].j

q
wkdw dvvljqv d qrq qhjd0

wlyh lqwhjhu wr hdfk sodfh ri wkh qhw/ uhsuhvhqwlqj wkh
qxpehu ri wrnhqv +ghslfwhg dv grwv, uhvlglqj lq wkhp1

Gh�qlwlrq 5= D Shwul Qhw +SQ, lv wkh sdlu Q @
+J>P3,/ zkhuh J lv wkh SQ vwuxfwxuh dqg P3 lv dq
lqlwldo wrnhq glvwulexwlrq1
D wudqvlwlrq wm lv hqdeohg dw d pdunlqjP l� ;sl 5 S /

P+sl, A L+sl> wm,= Dq hqdeohg wudqvlwlrq wm fdq eh �uhg
uhdfklqj d qhz pdunlqjP 3 zklfk fdq eh frpsxwhg e|
wkh SQ vwdwh htxdwlrq= P 3 @P . Fy/ zkhuh y+l, @ 3
iru l 9@ m dqg y+m, @ 41 Wkh uhdfkdelolw| vhw ri d SQ/
U+J>P3,/ lv wkh vhw ri doo srvvleoh uhdfkdeoh pdunlqjv



iurp P3 e| �ulqj hqdeohg wudqvlwlrqv1 D SQ lv fdoohg
elqdu| ru vdih/ li wkhuh lv qrq uhdfkdeoh pdunlqj wkdw
dvvljqv pruh wkdq rqh wrnhq wr hyhu| sodfh1
Ohw wm 5 W / �+wm, dqg +wm,� ghqrwh wkh vhwv ri doo

sodfhv sl vxfk wkdw L+sl> wm, 9@ 3 dqg R+sl> wm, 9@ 3> uh0
vshfwlyho|1 Vlploduo|/ �+sl, dqg +sl,� ghqrwhv wkh vhw ri
doo wudqvlwlrqv wm vxfk wkdw R+sl> wm, 9@ 3 dqg L+sl> wm, 9@
3/ uhvshfwlyho|1
Gh�qlwlrq 6= Dq Lqwhusuhwhg Shwul Qhw +LSQ, lv wkh

90wxsoh T @ +Q>	>�> �>G>*, zkhuh
� Q @ +J>P3, lv d SQ/
� 	 @ i�4> �5> ===> �uj lv wkh lqsxw doskdehw ri wkh qhw/
zkhuh �l lv dq lqsxw v|pero/
� � @ i!4> !5> ===> !vj lv wkh rxwsxw doskdehw/ zkhuh !l
lv dq rxwsxw v|pero/
� � = W $ 	 ^ i%j lv d odeholqj ixqfwlrq ri wudqvlwlrqv
zlwk wkh iroorzlqj uhvwulfwlrq= ;wm> wn 5 W> m 9@ n li
L+sl> wm, @ L+sl> wn, 9@ 3 dqg erwk �+wm,> �+wn, 9@ %> wkhq
�+wm, 9@ �+wn,> zkhuh % uhsuhvhqwv dq lqwhuqdo v|vwhp
hyhqw/
� G = W $ A lv d ihhg0iruzdug ixqfwlrq/ zkhuh A @
� ^ i%j dqg � lv wkh vhw ri v|perov ri wkh qdph ri
wudqvlwlrqv1 Li d wudqvlwlrq wm �uhv/ wkhq lwv qdph wm ru
wkh v|pero % duh suhvhqwhg dv dq rxwsxw/
� * = U+J>P3, $ i� ^ i%jjt lv dq rxwsxw ixqfwlrq/
zkhuh U+Q3>P3, lv wkh uhdfkdelolw| vhw gh�qhg dv lq
d SQ/ % lv wkh qxoo dfwlrq1
Uhpdun 7= Zh zloo zulwh +T>P3, lqvwhdg ri T @

+Q>	>�> �>G> *, wr hqkdqfh wkh idfw wkdw wkhuh h{lvwv
dq lqlwldo pdunlqj lq dq LSQ1
D wudqvlwlrq wm 5 W ri dq LSQ lv hqdeohg dw d pdun0

lqjP li ;sl 5 S /P+sl, A L+sl> wm,= Li �+wm, @ dl 9@ % lv
suhvhqw dqg wm lv hqdeohg/ wkhq wm pxvw �uh1 Li �+wm, @ %
dqg wm lv hqdeohg wkhq wm fdq eh �uhg1 Li dq hqdeohg
wudqvlwlrq wm �uhv dw d pdunlqjPn> wkhq d qhz pdunlqj
Pn.4 lv uhdfkhg zklfk fdq eh frpsxwhg xvlqj wkh g|0
qdplfdo sduw ri wkh vwdwh htxdwlrq= Pn.4 @Pn.Fym/
zkhuh F dqg ym duh gh�qhg olnh lq d SQ1 Wklv idfw lv

uhsuhvhqwhg dv= Pn

wm
�$Pn.41

Gh�qlwlrq 8= Li �+wl, 9@ % wkh wudqvlwlrq wl lv vdlg
wr eh frqwuroodeoh/ dqg qrq0frqwuroodeoh/ rwkhu0
zlvh1 D sodfh sl 5 S lv vdlg wr eh phdvxudeoh li
;Pm+sl, 9@ Pn+sl, lw krogv wkdw *Pm 9@ *Pn> dqg
qrq0phdvxudeoh/ rwkhuzlvh1 D wudqvlwlrq wm lv vdlg wr
eh phdvxudeoh li G+wm, @ wm dqg qrq0phdvxudeoh/

rwkhuzlvh1 Lq wklv sdshu/ wkh phdvxudeoh sodfhv ri dq
LSQ duh ghslfwhg dv fohdu flufohv/ wkh qrq0phdvxudeoh
rqhv dv gdun flufohv/ wkh phdvxudeoh wudqvlwlrqv dv fohdu
eduv/ zkloh wkh qrq0phdvxudeoh rqhv dv gdun eduv1
Wklv sdshu irfxvhv rq wkh fdvh zkhuh � @ ]

./ l1h �
lv wkh vhw ri wkh qrq qhjdwlyh lqwhjhu/ dqg * = ].q �$
]
.t lv olqhdu dqg fdq eh uhsuhvhqwhg dv d t�q pdwul{

* @ ^*lm` zkhuh t lv wkh qxpehu ri phdvxudeoh sodfhv
dqg wkh l0wk urz yhfwru *l ri * lv wkh wudqvsrvh ri wkh
hohphqwdo yhfwru hm +hm ^l 9@ m` @ 3> hm^m` @ 4,/ li sm
lv wkh l0wk phdvxudeoh sodfh +*l @ hWm ,/ dffruglqj wr
wkh rughu jlyhq e| wkh sodfh odeholqj1 Lq wklv fdvh/ wkh
vwdwh htxdwlrq ri dq LSQ fdq eh zulwwhq dv=

Pn.4 @Pn . F%y%n .FGyGn +4,

|n @ * �Pn

zkhuh F @ ^F%
111FG`/ F% dqg FG duh iruphg e| wkh

froxpqv ri wkh qrq0phdvxudeoh dqg phdvxudeoh wudqvl0
wlrqv/ uhvshfwlyho|1
Gh�qlwlrq 9= Ohw +T>P3, eh dq LSQ 1 D �ulqj

vhtxhqfh ri +T>P3, lv d vhtxhqfh � @ wlwm===wn

vxfk wkdw P3

wl�$ P4

wm
�$ ===

wn�$ Pz1 Wkh
vhw ri doo �ulqj vhtxhqfhv lv fdoohg �ulqj odq0

jxdjh '+T >Pf , @ i�m� @ w�w� ===w! dqg P3

wl�$

P4

wm
�$ ===

wn�$ Pzj1 Wkh lqsxw odqjxdjh

ri +T>P3, lv '�? +T>Pf , @ i�+w� ,�+w� ,===�+w! ,m
wlwm===wn 5 '+T >Pf ,j> zkloh wkh rxwsxw odqjxdjh

lv 'L�|+T >Pf , @ i*+Pf ,*+P� ,===*+P� ,===m P3

wl�$

P4

wm
�$ ===

wn�$Pz=== dqg wlwm ===wn 5 '+T>Pf ,j1
Gh�qlwlrq := D srvlwlyh s0lqyduldqw ri dq LSQ jlyhq

e| +T>P3, lv d udwlrqdo0ydoxhg qrq qhjdwlyh vroxwlrq ri
wkh htxdwlrq [F @ 3/ zkhuh F lv wkh lqflghqfh pdwul{
ri +T>P3,1

LLL1 Revhuydelolw| frqfhswv

Lq wklv vhfwlrq/ zh �uvw uhylhz wkh frqfhswv ri hyhqw0
ghwhfwdelolw| dqg revhuydelolw| iru GHV prghohg e| dq
LSQ> wkhq d vx!flhqw frqglwlrq iru LSQ revhuydelolw|
lv suhvhqwhg edvhg rq hyhqw0ghwhfwdelolw| dqg wkh v|q0
fkurqlf glvwdqfh gh�qhg rq wkh wudqvlwlrqv ri wkh qhw1
Gh�qlwlrq ;= Dq LSQ +T>P3, ghvfulehg e| wkh vwdwh

htxdwlrq +4, lv hyhqw0ghwhfwdeoh l� doo *�F% froxpqv
duh qrw qxoo dqg gl�huhqw iurp hdfk rwkhu1
Lq rwkhu zrugv/ vlqfh |n.4 � |n @ *Pn.4 � *Pn @

*+Pn . F
�$
wn , � *Pn @ *F

�$
wn / wkhq wkh �ulqj ri dq|

qrq0phdvxudeoh wn fdq eh ghwhfwhg l� wkh froxpq fru0
uhvsrqglqj wr wn lq wkh pdwul{ *F% lv gl�huhqw iurp
dq| rwkhu froxpq dqg lw lv qrw }hur1
Gh�qlwlrq <= D vhw ri Frqvhuydwlyh Pdunlqj Odzv

+FPO, ri dq LSQ jlyhq e| +T>P3, lv d vhw ri htxdwlrqv

qS

m@4

�4m �P+sm, @ n4

111
qS

m@4

�zm �P+sm, @ nz

+5,

vxfk wkdw �lm 5 ]
./ ;sm qrq0phdvxudeoh lw rffxuv wkdw

�lm 9@ 3 iru dw ohdvw rqh htxdwlrq dqg ;�lm 9@ 3> nl@�lm lv
dq lqwhjhu ydoxh1
Wkh iroorzlqj gh�qlwlrq ri revhuydelolw| lv dq h{whq0

vlrq ri wkdw xvhg lq frqwuro wkhru| iru frqwlqxrxv v|v0
whpv ^<`1
Gh�qlwlrq 43= Dq LSQ +T>P3, lv revhuydeoh dw

n vwhsv l� ;$ 5 '�? +T >Pf , <}> vxfk wkdw $} 5
'�? +T >Pf ,> m} m ? n ? 4 dqg wkh lqirupdwlrq sur0
ylghg e| $}> wkh rxwsxw zrug jhqhudwhg e| $}> d vhw



ri frqvhuydwlyh pdunlqj odzv FPO dqg wkh vwuxfwxuh
ri wkh v|vwhp F vx!fhv wr xqltxho| ghwhuplqh P31
D vhw ri frqvhuydwlyh pdunlqj odzv ri dq LSQ grhv

qrw rqo| ghshqg rq lwv vwuxfwxuh exw dovr rq lwv lql0
wldo pdunlqj P31 Iruwxqdwho|/ lw lv frpprq wr nqrz
wklv vhw lq prvw ri wkh v|vwhpv ^8` hyhq zkhq wkh lql0
wldo pdunlqj lv xqnqrzq/ ehfdxvh lw fdq eh rewdlqhg
iurp wkh nqrzohgjh ri wkh pd{lpxp qxpehu ri dydlo0
deoh uhvrxufhv +sduwv wkdw d vwruh fdq krog/ d pdfklqh
fdsdflw|/ hwf1,1 Lq wklv fdvh/ jlyhq d FPO> lw lv srvvleoh
wr hvwdeolvk xsshu dqg orzhu erxqgv iru doo uhdfkdeoh
pdunlqjv ri dq LSQ lq wkh iroorzlqj zd|1
Gh�qlwlrq 44= Ohw +T>P3, eh dq LSQ/ zkhuh d

FPO lv gh�qhg1 Wkhq

POE+sn, @ plqP+sn,
v=w=

PXE+sn, @ pd{P+sn,
v=w=

qS

m@4

�4m �P+sm, @ n4

111
qS

m@4

�zm �P+sm, @ nz

;sl>P+sl, A 3

qS

m@4

�4m �P+sm, @ n4

111
qS

m@4

�zm �P+sm, @ nz

;sl>P+sl, A 3
+6,

duh wkh plqlpxp dqg pd{lpxp pdunlqj erxqgv
ri wkh sodfh sn uhvshfwlyho|1 Dovr/ wkh pd{lpdo
pdunlqj jds lq wkh sodfh sn lv Gn @ PXE+sn, �
POE+sn,1 Wkhvh txdqwlwlhv fdq eh duudqjhg lq d yhf0
wru prgh dv PXE @ ^PXE+s4,===PXE+sq,`W > POE @
^POE+s4,===POE+sq,`W > G@ ^G4===Gq`W 1
Wkh iroorzlqj lv d gh�qlwlrq ri wkh v|qfkurqlf glv0

wdqfh ehwzhhq wzr wudqvlwlrqv/ ^5`1
Gh�qlwlrq 45= Jlyhq dq LSQ +T>P3,/ wkh v|q0

fkurqlf glvwdqfh ri d wudqvlwlrq wl zlwk uhvshfw wr d
wudqvlwlrq wm lv wkh pd{lpxp qxpehu ri �ulqjv ri wl
zlwkrxw �ulqj wm lq doo �ulqj vhtxhqfhv1 Wklv ydoxh lv
ghqrwhg dv VG+T>P3> wl> wm,1
Xvlqj wkh deryh gh�qlwlrqv/ zh fdq hvwdeolvk wkh iro0

orzlqj uhvxow/ zklfk lv dq h{whqvlrq ri wkrvh suhvhqwhg
lq ^8`0^:`1
Wkhruhp 46= Ohw +T>P3, eh d f|folf/ olyh/ erxqghg

dqg hyhqw0ghwhfwdeoh LSQ/ ghvfulehg e| wkh vwdwh htxd0
wlrq +4,/ zkhuh wkh lqlwldo pdunlqjP3 lv xqnqrzq/ exw
d FPO lq wkh vhqvh ri gh�qlwlrq < fdq eh rewdlqhg1

+T>P3, lv revhuydeoh/ li ;sm qrq0phdvxudeoh hlwkhu=
l, VG+T>P3> � +sm, > +sm,�, A Gm ru
ll, VG+T>P3> +sm, �> � +sm,, A Gm1

Surri= Vlqfh +T>P3, lv hyhqw0ghwhfwdeoh/ wkhq

dq| �ulqj vhtxhqfh �l/ vxfk wkdw P3

�l
�$ Pl/ fdq eh

frpsxwhg1 Lq rughu wr frpsxwh P3 lw lv qhfhvvdu| wr
nqrz Pl> krzhyhu/ lw fdqqrw eh gluhfwo| rewdlqhg eh0
fdxvh ri wkh h{lvwhqfh ri qrq0phdvxudeoh sodfhv1 Ohw
sn eh d qrq0phdvxudeoh sodfh=
Dvvxph wkdw l, krogv/ wkhq d �ulqj wudqvlwlrq vh0

txhqfh �n 0vxfk wkdw wkh qxpehu ri �ulqjv ri wudqvl0
wlrqv lq � +sn, zlwkrxw �ulqj dq| wudqvlwlrq lq +sn,�
lv htxdo wr Gn0 h{lvwv1 Li �n grhv qrw rffxuv lp0

phgldwho| iurp P3/ vlqfh +T>P3, lv f|folf/ wkhq lw
zloo uhwxuq wr P3 dqg hyhqwxdoo| �n zloo rffxu1 �n
fdq eh vsolw dv �n @ �4�5/ vxfk wkdw �5 grhv qrw
frqwdlq dq| wudqvlwlrq lq +sm,� dqg wkh wudqvlwlrqv lq
� +sm, dsshduv Gn wlphv1 Wkhq Pm+sn, @ P3+sn, .
F+sn>�,�$�4 . F+sn> �,�$�5 @ Pq+sn, . Gn @ Pq+sn, .
PXE+sn, � POE+sn,1 Zh fodlp wkdw/ Pq+sn, @
POE+sn, dqg Pm+sn, @ PXE+sn,1 Wr suryh lw/ dv0
vxph wkdwPq+sn, @POE+sn,.7P / wklv lpsolhv wkdw
7P A 3/ wkhqPm+sn, @POE+sn,.7P.PXE+sn,�
POE+sn, @ PXE+sn, .7P A PXE+sn,/ zklfk lv d
frqwudglfwlrq1 Wkxv/ diwhu �ulqj �n wkh pdunlqj ri sn
lvPXE+sn,/ zklfk fdq eh ghwhuplqhg iurp wkh rxwsxw
ehfdxvh +T>P3, lv hyhqw0ghwhfwdeoh1
Qrz/ dvvxph wkdw ll, krogv/ wkhq d �ulqj wudqvlwlrq

vhtxhqfh �3

n 0vxfk wkdw wkh qxpehu ri �ulqjv ri wudqvl0
wlrqv lq +sn, � zlwkrxw �ulqj dq| wudqvlwlrq lq �+sn, lv
htxdo wr Gn0 h{lvwv1 Iroorzlqj d vlplodu surfhgxuh olnh
lq wkh suhylrxv fdvh/ diwhu �ulqj �3

n wkh pdunlqj ri sn
fdq eh ghwhuplqhg1
Rqfh wkh dfwxdo pdunlqj ri sn kdv ehhq frpsxwhg/ lw

zloo uhpdlq nqrzq iru dq| �ulqj vhtxhqfh vlqfh +T>P3,
lv hyhqw0ghwhfwdeoh1
Pruhryhu/ xvlqj wklv surfhgxuh/ wkh pdunlqj ri wkh

uhpdlqlqj qrq0phdvxudeoh sodfhv fdq eh ghwhuplqhg1
Wkhq wkh zkroh pdunlqj zloo eh nqrzq dqg P3 fdq
eh frpsxwhg xvlqj wkh �uhg vhtxhqfh dqg wkh vwdwh
htxdwlrq +4,1 Wkhuhiruh/ +T>P3, lv revhuydeoh1

LY1 Revhuydelolw| lq pdunhg judskv dqg vwdwh

pdfklqhv

Xqiruwxqdwho|/ wkh �ulqj vhtxhqfh �l ri wkh suhylrxv
wkhruhp qrw dozd|v h{lvwv iru dq| nlqg ri qhw1 Lq wklv
vhfwlrq/ zh vwxg| wkh revhuydelolw| surshuw| lq olyh/
erxqghg dqg hyhqw0ghwhfwdeoh pdunhg judskv dqg vwdwh
pdfklqhv1 Zh zloo suryh wkdw lq vxfk SQ vxefodvvhv lw
dozd|v h{lvwv d vhtxhqfh $ vxfk wkdw/ diwhu lwv �ulqj/ lw
lv srvvleoh wr xqltxho| ghwhuplqh wkh zkroh pdunlqj ri
wkh qhw1
Wkhruhp 47= Ohw +T>P3, eh d olyh lqwhusuhwhg

vwurqjo| frqqhfwhg pdunhg judsk/ zkhuh wkh wrwdo
qxpehu ri wrnhqv ri hdfk s0lqyduldqw lv nqrzq1 +T>P3,
lv revhuydeoh l� lw lv hyhqw0ghwhfwdeoh1

Surri= +�$, Li +T>P3, lv qrw hyhqw0ghwhfwdeoh
wkhq wzr fdvhv duh srvvleoh= d, wkhuh h{lvwv d }hur *F%

froxpq/ l1h1 wkhuh h{lvwv d wudqvlwlrq wm wkdw lv qrw
frqqhfwhg zlwk phdvxudeoh sodfhv dqg lwv �ulqj lv qrw
ghwhfwhg/ vr lw lv lpsrvvleoh wr glvwlqjxlvk P3 dqg P 3

3
/

zkhuh P3

wm
�$ P 3

3
> e, wkhuh h{lvw wzr *F% froxpqv

wkdw duh htxdo/ l1h1 wkhuh h{lvw wudqvlwlrqv wl> wm vxfk
wkdw *F+�> wl, @ *F+�> wm,/ vr lw lv lpsrvvleoh wr glv0

wlqjxlvk pdunlqjv P3 dqg P 3

3
/ zkhuh P3

wl
�$P4 dqg

dovr P 3

3

wm
�$P4= Lq erwk fdvhv/ +T>P3, lv qrw revhuy0

deoh1
+#�, Vlqfh +T>P3, lv d vwurqjo| frqqhfwhg pdunhg

judsk wkhq hyhu| sodfh ri T lv frqwdlqhg lq dw ohdvw
rqh s0lqyduldqw dqg gxh wr wkh qxpehu ri wrnhqv lqvlgh



hdfk s0lqyduldqw lv nqrzq/ wkhq wkh vhw ri s0lqyduldqwv
irupv d FPO1 Wkh FPO fdq eh duudqjhg dv iroorzv=

�44P+s4,. = = = .�4qP+sq, @ n4
111

111
111

111
�z4 P+s4,. = = = .�zqP+sq, @ nz

+7,

zkhuh
�
�l4 � � � �lq

�W
lv wkh l� wk s0lqyduldqw1

Iru hdfk sodfh sm / wzr gl�huhqw pdunlqjv fdq eh frp0
sxwhg= Pn/ zkhq sm uhdfkhv lwv xsshu pdunlqj erxqg
dqgP 3

n/ zkhq sm uhdfkhv lwv orzhu pdunlqj erxqg1 Wkh
pdunlqj ri wkh uhpdlqlqj sodfhv so 9@ sm fdq eh frp0
sxwhg wr ixo�oo wkh vhw ri htxdwlrqv +7,/ iru erwk fdvhv
Pn dqg P 3

n1
Qrz/ dv wkhruhp 6154 lq ^6` vwdwhv/ lq d olyh vwurqjo|

frqqhfwhg pdunhg judsk wkhuh h{lvwv d vhtxhqfh � vxfk
wkdw P3

�
�$ Pu l� wkh qxpehu ri wrnhqv lq hdfk s0

lqyduldqw dw P3 dqgPu uhpdlq frqvwdqw1 Khqfh suhyl0
rxv vroxwlrqvPn/P 3

n duh uhdfkdeoh pdunlqjv dqg vlqfh

Pn
�
�$ P3 wkhq P3

�
�$ Pn/ P3

�
�$ P 3

n1 Pruhryhu

<� vxfk wkdw P 3

n

�
�$ Pn ixo�oolqj frqglwlrqv ri wkhr0

uhp 461 Vlqfh wkh qhw lv f|folf/ wkh surfhgxuh fdq eh
uhshdwhg iru dq| sodfh/ wkhuhiruh +T>P3, lv revhuydeoh1

Wkhruhp 48= Ohw +T>P3, eh d f|folf/ olyh dqg
erxqghg lqwhusuhwhg vwdwh pdfklqh/ zkhuh d FPO lv
gh�qhg dv wkh s0lqyduldqwv ri wkh qhw1 +T>P3, lv re0
vhuydeoh l� lw lv hyhqw0ghwhfwdeoh1

Surri= Lw iroorzv iurp wkh surri ri wkh suhyl0
rxv wkhruhp vlqfh d olyh vwdwh pdfklqh kdv rqo| rqh
s0lqyduldqw1

Y1 G|qdplfdo Revhuyhuv

Lq ^8`0^:`/ wkh lvvxh ri ghvljqlqj dq hvwlpdwru iru GHV
prghohg e| SQv kdv ehhq douhdg| dgguhvvhg1 Wkh re0
vhuyhu vfkhph ghvljq whfkqltxh khuhlq suhvhqwhg lv dq
h{whqvlrq ri doo ri wkhp dqg lv edvhg rq wkh eorfn gld0
judp ghslfwhg lq �jxuh 41
Ohw xv ehjlq e| jlylqj wkh iroorzlqj gh�qlwlrq1
Gh�qlwlrq 49= Wkh v|vwhp LSQ prgho lv

QV @ +SV > WV > LV > RV >	>�> �>G>*,

dqg wkh revhuyhu qhw lv

QR @ +SV > WR> LR> RR>	>�> Lg> Lg> Lg,

Qrwh wkdw lq wkh revhuyhu doo wudqvlwlrqv duh frqwuro0
odeoh dqg doo sodfhv duh phdvxudeoh1 Wkh vwdwh htxdwlrq
ri wkh LSQ v|vwhp lv dv wkh vwdwh htxdwlrq +4, dqg wkh
vwdwh htxdwlrq ri wkh qhw revhuyhu lv=

aPn.4 @ aPn .
�
F x 
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8 +8,

a|n @ aPn

zkhuhx^l> l` @ �4 dqgx^l> m` @ 3> l 9@ m> dqg 
^l> l` @ 4
dqg 
^l> m` @ 3> l 9@ m1
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ILULQJ YHFWRU JN

&RPSXWDWLRQ RI

ILULQJ YHFWRU GN

&

)

b

Ilj1 41 V|vwhp dqg revhuyhu vfkhph1

Qrz wkh revhuyhu lqlwldo pdunlqj aP3 dqg wkh �ulqj
yhfwruv �n/ �n/ �n zloo eh gh�qhg1
Gh�qlwlrq 4:= Ohw QV eh dq LSQ prgho ri d v|vwhp

dqg QR eh lwv revhuyhu LSQ/ zkhuh d FPO lv gh�qhg1
Wkh lqlwldo dgplvvleoh pdunlqj aP3 ri QR lv wkh iroorz0
lqj aP+sl, @P+sl, li sl lv phdvxudeoh dqg aP+sl, lv dq|

ydoxh ixo�oolqj wkdw PXE+sl, A aP3+sl, A POE+sl, li
sl lv qrw phdvxudeoh1
Wkh vwdwh htxdwlrq ri +V>P3, lv gh�qhg dv wkh vwdwh

htxdwlrq +4, dqg wkh vwdwh htxdwlrq ri wkh +R> aP3, lv
jlyhq e|=

aPn.4 @ aPn .
�
F x 
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a|n @ aPn

zkhuh x^l> l` @ �4 dqg x^l> m` @ 3> l 9@ m> dqg 
^l> l` @
4 dqg 
^l> m` @ 3> l 9@ m1 Qrz zh xvh wkh iroorzlqj
gh�qlwlrq wr frpsxwh wkh �ulqj yhfwruv �n/ �n/ dqg �n
ri wkh revhuyhu1
Gh�qlwlrq 4;= Ohw QV eh dq LSQ prgho ri wkh v|v0

whp dqg QR eh lwv revhuyhu qhw1 Li wudqvlwlrq �$wn �uhv
lq QV wkhq

� �n @

�
yn li lw lv hqdeohg lq wkh revhuyhu
3 rwkhuzlvh

zkhuh

yn @
�$
wn /

� �n @

5
97

'4

111
'q

6
:8/ zkhuh

'l @

;AAAAAAAA?
AAAAAAAA=

4 li

k
�
n
@ �n @

�$

wn > dqg

aPn+sl, . F+sl> �,�n APXE+sl,
l

ru

k
�
n 9@ �n @

�$

wn > sl 5 �+wn,> dqg

aPn+sl, APOE+sl,
l

3 rwkhuzlvh
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4 li

k
�n @ �n @

�$
wn > dqg

aPn+sl, .F+sl>�,�n ?POE+sl,
l

ru

k
�n 9@ �n @

�$
wn > sl 5 +wn,�> dqg

aPn+sl, ?PXE+sl,
l

3 rwkhuzlvh
Wkh suhylrxv gh�qlwlrq vwdwhv wkdw zkhq wkh qxpehu

ri wrnhqv lq wkh revhuyhu duh qrw hqrxjk wr �uh wkh
vdph wudqvlwlrq wm wkdw �uhv lq wkh v|vwhp wkhq wkh
dgglwlrqdo lqsxw wudqvlwlrqv lq wkh revhuyhu zloo eh �uhg
wr dgg wrnhqv lqwr wkh rxwsxw sodfhv ri wm> ru zkhq wkh
pdunlqj ri d sodfh h{fhhgv wkh nqrzq pdunlqj erxqg
iru wkdw sodfh/ wkrvh wrnhqv duh uhpryhg e| wkh �ulqj
ri wkh dgglwlrqdo rxwsxw wudqvlwlrqv lq wkh revhuyhu1
Xvlqj wklv �ulqj yhfwruv wkh vwdwh ri wkh revhuyhu zloo

whqg wr wkh vwdwh ri wkh v|vwhp dv zh zloo suryh lq wkh
iroorzlqj wkhruhp1
Wkhruhp 4<= Ohw QV eh d f|folf/ olyh/ erxqghg

dqg hyhqw ghwhfwdeoh LSQ prghoolqj d v|vwhp/ zkhuh
d FPO lv gh�qhg1 Ohw QR eh dq revhuyhu zlwk
dq lqlwldo pdunlqj dffruglqj wr gh�qlwlrq 4:1 Li
;sl 5 SV hlwkhu/ VG+QV >P3>�+sl,> +sl,�, @ Gl ru
VG+QV >P3> +sl,�> �+sl,, @ Gl dqg wkh �ulqj yhfwruv
ri wkh revhuyhu �n/ �n dqg �n duh frpsxwhg dv lq wkh
gh�qlwlrq 4;/ wkhq

olp
m�m$4

��� aPn.4 �Pn.4

��� @ 3

zkhuh � lv wkh wudqvlwlrq vhtxhqfh �uhg lq QV dqg m�m
lv lwv ohqjwk1

Surri= Wkh lqlwldo pdunlqj ri QR lv aP3 @ P3 .
aP 3/ zkhuh

��� aP 3
��� ? G1

Dvvxph wkdw VG+QV >P3> �+sn,> +sn,�, @ Gn iru
vrph sn/ dqg wkh �ulqj yhfwruv ri wkh revhuyhu �/ �
dqg � duh frpsxwhg dv lq gh�qlwlrq 4;/ wkhq d wudq0
vlwlrq �ulqj vhtxhqfh �n 0vxfk wkdw wkh qxpehu ri �u0
lqjv ri wudqvlwlrqv lq � +sn, zlwkrxw �ulqj dq| wudqvl0
wlrq lq +sn,� lv htxdo wr Gn0 h{lvwv1 Wkhq/ dv lq wkh0
ruhp 46/ zkhq �n lv �uhg/ d qhz pdunlqj lv uhdfkhg=
Pm+sn, @ Pq+sn, . Gn/ zkhuh Pm+sn, @ PXE+sn,
dqg Pq+sn, @POE+sn,1 Wkuhh fdvhv duh srvvleoh=

d, aP 3+sn, @ 31 Li d wudqvlwlrq wm 5 �+sn, lv �uhg lq
�n/ wkhq e| gh�qlwlrq 4; hlwkhu � @ �$

wm ru  n @ 4 dqg
'n @ 3/ wkhq wkh hvwlpdwlrq huuru ri sn uhpdlqv }hur
ryhu wkh h{hfxwlrq ri �n1
e, aP 3+sn, A 31 Li d wudqvlwlrq wm 5 �+sn, lv �uhg

lq �n/ wkhq e| gh�qlwlrq 4; wkh iroorzlqj vxefdvhv duh
srvvleoh=
e14, � @

�$
wm ru  n @ 4 dqg 'n @ 3 zkhq aP+sn, ?

PXE+sn,/ wkh hvwlpdwlrq huuru ri sn grhv qrw fkdqjh1
e15, � @ �$

wm ru  n @ 4/ dqg 'n @ 4 dqg zkhq
aP+sn, A PXE+sn,/ wkhq wkh hvwlpdwlrq huuru ri sn
ghfuhdvhv/ dqg zloo eh htxdo wr }hur ryhu wkh h{hfxwlrq

ri �n1
Qrwh wkdw/ lq erwk fdvhv � @ �$

wm lv pxwxdoo| h{foxvlyh

zlwk  n @ 4 dqg wkh fdvh e15, rffxuv h{dfwo| aP 3+sn,
wlphv ehfdxvh pdunlqj PXE+sn, lv uhdfkhg dqg wkh
revhuyhu pdunlqj lv qrw doorzhg wr h{fhhg lw1
f, aP 3+sn, ? 3= Gxulqj wkh �ulqj ri �n> wkh pdun0

lqj Pq+sn, @ POE+sn, zdv uhdfkhg1 E| gh�qlwlrq
4;/ zkhq wkh �ulqj ri dq| wudqvlwlrq uhgxfhv wkh pdun0
lqj aP+sn, ehorz POE+sn,/ wkhq  n @ 4 iuhh}lqj wklv
pdunlqj lq POE+sn,/ vr wkh hvwlpdwlrq huuru ri sn lv
uhgxfhg wr }hur zkhq wkh pdunlqj Pq+sn, lv uhdfkhg1
Wkxv/ lq doo fdvhv wkh hvwlpdwlrq huuru ri sn lv uh0

gxfhg wr }hur1
Qrz dvvxph wkdw VG+QV >P3> +sn,�> �+sn,, @ Gn iru

vrph sn/ dqg wkh �ulqj yhfwruv ri wkh revhuyhu �/ � dqg
� duh frpsxwhg dv lq gh�qlwlrq 4;/ wkhq d wudqvlwlrq
�ulqj vhtxhqfh �n 0vxfk wkdw wkh qxpehu ri �ulqjv ri
wudqvlwlrqv lq +sn, � zlwkrxw �ulqj dq| wudqvlwlrq lq
�+sn, lv htxdo wr Gn0 h{lvwv1 Xvlqj d vlplodu uhdvrqlqj
lw fdq eh suryhg wkdw wkh hvwlpdwlrq huuru zloo eh htxdo
wr }hur iru sodfh sn zkhq �n kdv �uhg1
Vlqfh dw ohdvw rqh ri wkh frqglwlrqv rq wkh v|qfkurqlf

glvwdqfh krogv iru hdfk sodfh dqg QV lv d f|folf LSQ/
wkhq hvwlpdwlrq huuru zloo eh }hur lq doo sodfhv zkhq d
wudqvlwlrq vhtxhqfh � @

S
l@4==q

�l �uhv lq wkh v|vwhp1

H{dpsoh 53= Frqvlghu d pdqxidfwxulqj fhoo/ zkhuh d
surgxfw frqvlvwlqj ri wzr sduwv +Sd/ Se, lv surfhvvhg1
Wkh sduw Sd uhtxluhv wr xvh wkh pdfklqhv P4 dqgP5/
zkloh wkh sduw Se uhtxluhv wkh pdfklqhv P6 dqg P5>
erwk lq wkdw vhtxhqfh1 Diwhuzdugv erwk sduwv duh sur0
fhvvhg/ wkh| duh dvvhpeohg dqg wkh �qdo surgxfw lv uh0
ohdvhg dqg wkh fhoo lv uhdg| wr vwduw dqrwkhu f|foh1 Wkh
LSQ ri �jxuh 5 lv d prgho ri wkh fhoo/ zkhuh d wrnhq
lq wkh sodfh s4 uhsuhvhqwv dq lgoh vwdwh ri wkh fhoo> wkh
wudqvlwlrq w4 uhsuhvhqwv wkh vwduw ri d f|foh1 D wrnhq lq
s5 +s8, uhsuhvhqwv wkdw wkh pdfklqh P4 +P6, lv ehlqj
xvhg1 Wkh sodfh s6 +s7, uhsuhvhqwv wkdw wkh pdfmlph
P4 +P6, lv dydlodeoh1 Wkh wudqvlwlrq w5 +w6, uhsuhvhqwv
wkdw wkh surfhvv lq P4 +P6, kdv �qlvkhg1 D wrnhq lq
s9 ru s: uhsuhvhqwv d sduw zdlwlqj iru P5 wr eh dydlo0
deoh1 Wkh wudqvlwlrqv w7 dqg w8 uhsuhvhqw wkh vwduw ri
wkh surfhvv ri d sduw lq P51 D wrnhq lq s< uhsuhvhqwv
wkdw P5 lv dydlodeoh1 Wkh sodfh s; +s43, uhsuhvhqwv d
sduw SD +SE, ehlqj surfhvvhg lq P51 Wkh wudqvlwlrqv
w9 dqg w: uhsuhvhqw wkdw wkh surfhvv lq P5 kdv �qlvkhg1
Wrnhqv lq s44 dqg s45 uhsuhvhqw wkh sduwv zdlwlqj iru
ehlqj dvvhpeohg1 Ilqdoo|/ wkh wudqvlwlrq w; uhsuhvhqwv
wkh dvvhpeolqj dqg uhohdvh ri wkh surgxfw1
Wzr gl�huhqw vljqdov duh glvsod|hg zkhq wkh pd0

fklqhv P4 dqg P6 duh ehlqj xvhg/ uhvshfwlyho|/ dqg
P5 glvsod| wzr gl�huhqw vljqdov ghshqglqj rq wkh slhfh
wkdw lv ehlqj surfhvvhg1 Wkhuhiruh s5/ s8/ s; dqg s43 duh
phdvxudeoh sodfhv dqg/ vlqfh wkh uhohdvlqj ri d surgxfw
fdq eh ghwhfwhg/ dovr w; lv phdvxudeoh1
Wkh lqlwldo pdunlqj vkrzq lq �jxuh 5 pdnhv wkh

prgho wr eh d elqdu| LSQ zkhuh d FPO lv jlyhq e|
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Ilj1 51 Pdqxidfwxulqj fhoo LSQ prgho1

wkh iroorzlqj s0lqyduldqwv=

P+s5, .P+s6, @ 4 +:,

P+s7, .P+s8, @ 4

P+s;, .P+s<, .P+s43, @ 4

P+s4, .P+s5, .P+s9, .P+s;, .P+s44, @ 4

P+s4, .P+s8, .P+s:, .P+s43, .P+s45, @ 4

Iru wklv prgho doo froxpqv lq wkh pdwul{

*F% @
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duh qrw qxoo dqg gl�huhqw/ wkhq wkh qhw lv hyhqw0
ghwhfwdeoh dqg wkh �ulqj ri dq| wudqvlwlrq fdq eh ghwhu0
plqhg1 Xvlqj wkh lqirupdwlrq surylghg e| wkh FPO

+:, iru wkh lqlwldo pdunlqj ghslfwhg lq wkh �jxuh 5 wkh
wudqvlwlrq �ulqj vhtxhqfh � @ w4 lv hqrxjk wr frpsxwh
wkh v|vwhp pdunlqjvP4 dqg P3 vlqfh lw lv nqrzq wkdw
s5 dqg s8 duh pdunhg dw P4 dqg xvlqj : wkh qxpehu
ri wrnhqv lq doo rwkhu sodfhv fdq eh frpsxwhg1
Li wkh revhuyhu vkrzq lq �jxuh 6 lv xvhg zlwk wkh

lqlwldo pdunlqj ghslfwhg lq wkh �jxuh/ zklfk lv dffrug0
lqj wr gh�qlwlrq 4: wkhq/ iru h{dpsoh/ li lq wkh v|vwhp
wkh vhtxhqfh w4> w5> w6> w7 lv h{hfxwhg dqg lq frqvhtxhqfh
w33
5
> w33

8
> w5> w6> w

33

;
> w3

9
lv h{hfxwhg lq wkh revhuyhu/ wkhq wkh

pdunlqjv lq erwk LSQv ehfrph htxdo1

YL1 Frqfoxvlrqv dqg ixwxuh zrun

Wklv sdshu suhvhqwhg wkuhh qhz uhvxowv1 Wkh �uvw
rqh/ suhvhqwhg dv d wkhruhp/ lv d fkdudfwhul}dwlrq ri
revhuydeoh LSQ> wklv uhvxow zdv sduwlfxodul}hg wr wkh
vwurqjo| frqqhfwhg pdunhg judskv dqg vwdwh pdfklqhv
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Ilj1 61 Revhuyhu LSQ iru pdqxidfwxulqj fhoo prgho1

fdvhv/ zkhuh qhfhvvdu| dqg vx!flhqw frqglwlrqv rq wkh
vwuxfwxuh ri wkhvh qhwv zhuh irxqg1 Ilqdoo| dq dv|ps0
wrwlf revhuyhu dqg lwv frqyhujhqfh frqglwlrqv zhuh suh0
vhqwhg> wklv uhvxow lv dq lpsuryhphqw ri suhylrxv rqhv
ehfdxvh lw lv dssolhg lq pruh jhqhudo LSQ fodvvhv1
Fxuuhqw uhvhdufk dgguhvvhv wkh dssolfdwlrq ri wklv re0

vhuyhu vfkhph wr vwdwh ihhgedfn frqwuro dqg idxow wrohu0
dqw v|vwhpv1 Ixuwkhupruh/ wkh vwxg| ri plqlpdo vhqvru
frq�jxudwlrqv wkdw suhvhuyh wkh revhuydelolw| surshuw|
lv d zrun lq surfhvv1

Uhihuhqfhv

^4` W1 Pxudwd1 Shwul qhwv= Surshuwlhv/ dqdo|vlv dqg dssolfdwlrqv1
Surf1 LHHH/ Yro1 ::/ qr1 7 ss1 87408;3/ Dsu1 4<;<1

^5` P1 Vloyd1 Shwul Qhwv= lq dxwrpdwlrq dqg lqirupdwlfv + lq
Vsdqlvk,1 Hg1 DF 4<;81 Pdgulg/ Vsdlq1 ss1 <<1

^6` Mùuj Ghvho dqg Mdylhu Hvsdu}d1 Iuhh fkrlfh Shwul qhwv1 4<<81
Fdpeulgjh Xqlyhuvlw| Suhvv1

^7` Lfklndzd/ D1 dqg Kludlvkl/ N1 Dqdo|vlv dqg frqwuro ri glvfuhwh
hyhqw v|vwhpv zlwk luuhjxodu revhuydwlrqv1 Ohfwxuh qrwhv lq
frqwuro dqg lqirupdwlrq vflhqfhv/ Yro1 436/ Vsulqjhu Yhuodj1
ss1 44804671 4<;:1

^8` D1 Jlxd/ Shwul qhw vwdwh hvwlpdwruv edvhg rq hyhqw revhu0
ydwlrq/ Surf1 ri wkh LHHH 69wk FGF/ ss1 73;9073<4/ Ghf1
4<<:1

^9` O1 Djxluuh/ D1 Udpðuh}/ R1 Ehjrylfk1 Ghvljq ri Dv|pswrwlf
Revhuyhuv iru glvfuhwh hyhqw v|vwhpv1 Surf1 ri wkh LDVWHG
lqwhuqdwlrqdo frqihuhqfh rq lqwhooljhqw v|vwhpv dqg frqwuro/
ss1 4;;04<61 Vdqwd Eduedud/ XVD1 Rfw1 4<<<1

^:` D1 Udpluh}0Wuhylôr/ L1 Ulyhud0Udqjho dqg H1 Orsh}0Phoodgr1
Revhuyhu Ghvljq iru Glvfuhwh Hyhqw V|vwhpv Prghohg e| Lq0
whusuhwhg Shwul Qhwv1 Surf1 ri wkh LHHH Lqwhuqdwlrqdo Frqihu0
hqfh rq Urerwlfv dqg Dxwrpdwlrq/ ss1 5;:405;:91 Vdq Iudq0
flvfr/ XVD1 Dsu1 53331

^;` P1 H1 Phgd dqg D1 Udpðuh}1 Lghqwl�fdwlrq lq glvfuhwh hyhqw
v|vwhpv1 LHHH Lqwhuqdwlrqdo Frqihuhqfh V|vwhpv/ Pdq dqg
F|ehuqhwlfv/ ss1 :730:78/ Vdq Glhjr/ XVD1 Rfw1 4<<;1

^<` Fkhq/ Fkl0Wvrqj1 Olqhdu v|vwhp wkhru| dqg ghvljq1 Kdufrxuw
Eudfh Mrydqrylfk Lqf1 Vdqghuv Froohjh Sxeolvklqj1 4<:31


