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Lq Krqru ri Shwhu Jçughqiruv* 83wk Eluwkgd|

S
hwhu Jçughqiruv*v dffrpsolvkphqwv duh yhu| lpsuhvvlyh dqg zh zhuh yhu|
krqruhg zkhq jlyhq wkh rssruwxqlw| wr frqwulexwh wr wklv Ihvwvfkuliw
dfnqrzohgjlqj klv 83wk eluwkgd|1 Ri wkh pdq| dffrpsolvkphqwv rqh

rxwvwdqglqj rqh lv klv irupxodwlrq ri wkh DJP0d{lrpv ri eholhi uhylvlrq1 Eholhi
uhylvlrq kdv qrz ehfrph d survshurxv hqwhusulvh iru hslvwhprorjlvwv/ phwkrgro0
rjlvwv dqg orjlfldqv1 Lq 4<<8 zh vwduwhg/ dorqj zlwk Nhylq W1 Nhoo| dqg Rolyhu
Vfkxowh iurp Fduqhjlh Phoorq Xqlyhuvlw|/ wr ylhz eholhi uhylvlrq iurp d irupdo
ohduqlqj wkhruhwlfdo shuvshfwlyh1 Wklv uhvxowhg lq vrph duwlfohv rqh ri zklfk
zdv suhvhqwhg e| Nhylq W1 Nhoo| dw wkh 431 Lqwhuqdwlrqdo Frqihuhqfh rq Orjlf/
Phwkrgrorj| dqg Sklorvrsk| ri Vflhqfh lq Ioruhqfh 4<<8 zklfk Shwhu Jçughq0
iruv dovr dwwhqghg ^Nhoo| hw do1 <9`1 Lq 4<<: Ylqfhqw I1 Khqgulfnv uhfhlyhg klv
SkG zlwk d glvvhuwdwlrq ^Khqgulfnv <:` rq wkh ohduqlqj wkhruhwlfdo frqvhtxhqfhv
ri eholhi uhylvlrq iru lghdo dqg frpsxwdeoh djhqwv zlwk Shwhu Jçughqiruv rq wkh
wkhvlv0frpplwwhh1

Jçughqiruv* wkhru| dqg irupdo ohduqlqj wkhru| duh wzr gl�huhqw shuvshfwlyhv
rq vflhqwl�f lqtxlu|1 Wkh DJP0d{lrpv vhhn wr plqlpl}h wkh gdpdjh grqh wr wkh
fxuuhqw eholhiv lq oljkw ri qhz lqirupdwlrq zkloh irupdo ohduqlqj wkhru| vhhnv wr
xqfryhu wkh wuxwk zkdwhyhu lw pljkw eh1 Lq wxuq wkh| erwk dgguhvv hslvwhprorj|
dqg phwkrgrorj| dqg zkdw ehwwhu rffdvlrq wkdq wklv wr ixuwkhu orrn dw wkhlu
lqwhuvhfwlrq1
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4 Prgdo Ohduqlqj= Eholhi dqg Nqrzohgjh

Irupdo ohduqlqj wkhru| kdv iru |hduv uhpdlqhg d udwkhu pdujlqdo uhvhdufk sur0
judpph1 Phwkrgrorjlvwv dqg sklorvrskhuv ri vflhqfh dolnh kdyh kdg d kdug
wlph vhhlqj krz iru lqvwdqfh Jrog*v dssolfdwlrq ri irupdo ohduqlqj wkhru| wr
wkh odqjxdjh dftxlvlwlrq sdudgljp ^Jrog 9:` kdg dq| sklorvrsklfdo uhohydqfh1
Dgglwlrqdoo| Rvkhuvrq hw do1*v lpsuhvvlyh olvw ri ixuwkhu odqjxdjh dftxlvlwlrq
^Rvkhuvrq/ hw do1 ;9` uhvxowv kdv jhqhudoo| qrw ehhq orrnhg xsrq dv ehlqj ri lp0
sruwdqfh wr fodvvlfdo sureohpv lq wkh sklorvrsk| ri vflhqfh dqg hslvwhprorj|1
Xqghu wkh uxeulf ri wkh orjlf ri uholdeoh lqtxlu| ^Nhoo| <9`/ Nhoo| kdv qrz irupx0
odwhg d iudphzrun lq zklfk ohduqlqj wkhru| sod|v d vljql�fdqw uroh lq xqfryhulqj
wkh vwuxfwxudo sureohpv ri lqgxfwlrq1 Ixuwkhupruh wkh orjlf ri uholdeoh lqtxlu|
fdq eh xvhg wr vwxg| wkh uholdeoh/ dqg vrphwlphv xquholdeoh/ qdwxuh ri wkh k|sr0
wkhwlfdoo| dgyrfdwhg phwkrgrorjlfdo sulqflsohv xqghu zklfk �udwlrqdo� vflhqwl�f
lqtxlu| vkrxog surfhhg1 Irupdo ohduqlqj wkhru| kdv krzhyhu qrw |hw ehhq wxqhg
wr fryhu fodvvlfdo hslvwhprorjlfdo lvvxhv olnh wkh gh�qlwlrq ri nqrzohgjh1

Prgdo ohduqlqj wkhru| ^Khqgulfnv ) Shghuvhq <;d/ <;e/ <;f/ <;g/ <<d/ <<e`
dssolhv wkh orjlf ri uholdeoh lqtxlu| wr vwxg| wkh gh�qlwlrq ri nqrzohgjh1 Prgdo
vlpso| uhihuv wr wkh idfw wkdw xqdu| prgdo rshudwruv duh xvhg wr uhsuhvhqw hslv0
whplf dwwlwxghv olnh nqrzohgjh dqg eholhi1 Jlyhq wkh deryh suhplvvhv zh dvn
wkh iroorzlqj txhvwlrq=

Krz gr wkh phwkrgrorjlfdo sulqflsohv dlg wkh eholhylqj phwkrg lq
jhwwlqj wr wkh fruuhfw dqvzhuB

Uhylhz rqfh pruh wkh vwdqgdug wulsduwlwh gh�qlwlrq ri nqrzohgjh> lw vxjjhvwv
wkdw vrph vflhqwlvw/ ru vflhqwlvw dsso|lqj d phwkrg/ � nqrzv d k|srwkhvlv k li
wkh iroorzlqj frqglwlrqv rewdlq=

Gh�qlwlrq 4 Wkh Vwdqgdug Gh�qlwlrq ri Nqrzohgjh

Phwkrg � nqrzv k /

41 � eholhyhv k/

51 k lv wuxh/

61 � lv mxvwl�hg lq eholhylqj k1

Wkh wkuhh frpsrqhqwv ri gh�qlwlrq 4 kdyh uhfhlyhg xqhtxdo dwwhqwlrq1 Wkh
idfw wkdw d phwkrg lv uhtxluhg wr eholhyh wkh k|srwkhvlv wr zklfk lw zdqwv wr
frpplw lwvhoi kdv qhyhu uhfhlyhg dq| vhulrxv fkdoohqjh1 Lq rughu wr prgho eholhi
dvvxph wkdw wkh vflhqwlvw lqwhudfwv zlwk wkh zruog wkurxjk gdwd vwuhdpv= D gdwd
vwuhdp % lv dq $�vhtxhqfh ri qdwxudo qxpehuv/ l 1 h1/ % 5 $$1 Khqfh/ d gdwd
vwuhdp % @ +d3> d4> d6===> dq> ===, frqvlvwv ri frgh qxpehuv ri hylghqfh> dw hdfk
vwdjh l lq lqtxlu| dl lv wkh frgh qxpehu ri doo hylghqfh dftxluhg dw wklv vwdjh1
Frqwlqxh wr gh�qh d srvvleoh zruog1 D srvvleoh zruog lv d sdlu frqvlvwlqj ri d
gdwd vwuhdp % dqg d wlph lqgh{ q/ +%> q,> vxfk wkdw % 5 $$ dqg q 5 $1 Wkh vhw
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ri doo srvvleoh zruogv Z @ i+%> q, m % 5 $$> q 5 $j1 Ohw +% m q, ghqrwh wkh �qlwh
lqlwldo vhjphqw ri ohqjwk q ri gdwd vwuhdp %1 Ixuwkhupruh $?$ ghqrwhv wkh vhw ri
doo �qlwh lqlwldo vhjphqwv ri hohphqwv lq $1 Ohw ^% m q` ghqrwh wkh vhw ri doo lq�qlwh
gdwd vwuhdpv wkdw h{whqgv +% m q,1 Uhihu wr wkh �qlwh lqlwldo vhjphqw +% m q, dv

wkh kdqgoh zlwk idq ^% m q`= Wkh zruog0idq lv gh�qhg dv j^% m q` @ ^% m q`�$1 Wkh
edfnjurxqg nqrzohgjh ^% m q`N ri dffhvvleoh srvvleoh zruogv lv gh�qhg dv wkh vhw

ri doo zruogv vxfk wkdw ^% m q`N @
q
+ j^% m q` m N, m N � Z

r
=

Wkh phwkrg wkdw wkh vflhqwlvw dssolhv frqmhfwxuhv k|srwkhvhv lq uhvsrqvh
wr wkh hylghqfh vhhq vr idu1 Lq dffrugdqfh zlwk vwdqgdug sudfwlfh lghqwli|
k|srwkhvhv zlwk vhwv ri srvvleoh zruogv1 Wkh vhw ri doo hpslulfdo k|srwkhvhv
K @ S +$$,� S +$, vxfk wkdw dq hpslulfdo k|srwkhvlv k lv d phpehu ri K1 Il0
qdoo| d vflhqwl�f glvfryhu| phwkrg lv d ixqfwlrq iurp �qlwh hylghqfh vhtxhqfhv
wr k|srwkhvhv= � = $?$ �$ K=

Qrz/ gh�qh eholhi lq wkh iroorzlqj zd|=

Gh�qlwlrq 5 Eholhi

E�k lv wuxh dw +%> q, +l=h=> +%> q, m@ E�k,, lii

;q3 � q>;+�> q3, 5 ^% m q`N = �+� m q3, � k=

Zkdw eholhi dprxqwv wr lv wkh h{lvwhqfh ri d wlph vxfk iru doo zruogv lq
dffrugdqfh zlwk wkh phwkrg*v edfnjurxqg dvvxpswlrqv/ � shuirupv d frqvlvwhqw
frqmhfwxuh hqwdlolqj k|srwkhvlv k hyhq wkrxjk k lv qrw uhtxluhg wr eh wuxh1

Jlyhq gh�qlwlrq 4 nqrzohgjh uhtxluhv eholhi wkdw k/ exw vdwlvidfwlrq ri frq0
glwlrq 4 dorqh grhv qrw vx!fh iru nqrzohgjh ri k/ vlqfh wkh eholhi lq k frxog
eh lqfruuhfw1 Wklv h{sodlqv wkh suhvhqfh ri frqglwlrq 51 Vlqfh Sodwr*v Wkhdwhwxv
lw kdv ehhq d vwdqgdug dvvxpswlrq wkdw nqrzohgjh lpsolhv d frqglwlrq ri fru0
uhfwqhvv1 Wkh vwdqgdug dqdo|vlv wkxv vxjjhvwv/ dv d qhfhvvdu| frqglwlrq/ wkdw
nqrzohgjh ri k lpsolhv wkdw k lv fruuhfw1

Gh�qlwlrq 6 Fruuhfwqhvv

K|srwkhvlv k lv fruuhfw lq zruog +%> q, +l=h=> +%> q, m@ k, /
^% m q`N _ k 9@ >=

Uhdol}h wkdw k lv frqvlghuhg wr eh fruuhfw lq d zruog +%> q, li dqg rqo| li=

� wkh k|srwkhvlv +ru sursrvlwlrq/ l1 h1 vhw ri srvvleoh zruogv, fruuhvsrqglqj
wr k/ lv yhul�hg e| hylghqfh xs wr q/

� srvvleo| wkh k|srwkhvlv zloo eh yhul�hg e| ixwxuh hylghqfh lq wkh vhqvh wkdw
wkhuh h{lvwv srvvleoh zruogv lq wkh sursrvlwlrq fruuhvsrqglqj wr k zklfk duh
frqvlvwhqw zlwk h{lvwlqj hylghqfh1
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Wkh frqfhswlrq ri fruuhfwqhvv suhvhqwhg khuh lv udwkhu zhdn ehfdxvh lw rqo|
jxdudqwhhv srvvleoh fruuhfwqhvv lq wkh ixwxuh1 Frqyhuvho|/ lqfruuhfwqhvv lv sur0
sruwlrqdoo| vwurqj vlqfh d k|srwkhvlv lv lqfruuhfw li lw lv dfwxdoo| idovl�hg e|
h{lvwlqj hylghqfh/ l1 h1 ^% m q`N � k1 4

Wkh mxvwl�fdwlrq frqglwlrq kdv suredeo| uhfhlyhg wkh juhdwhvw dwwhqwlrq ri
wkh wkuhh frpsrqhqwv iurp Sodwr wr wkh frqwhpsrudu| wkhrulhv ri nqrzohgjh1 Lq
gh�qlwlrq 4/ nqrzohgjh uhtxluhv wkdw wkh vdwlvidfwlrq ri wkh eholhi frqglwlrq 4 lv
�dghtxdwho|� frqqhfwhg wr wkh vdwlvidfwlrq ri wkh wuxwk frqglwlrq 51 Frqglwlrqv
4 dqg 5 duh mrlqwo| lqvx!flhqw wr vhfxuh nqrzohgjh= Vrph fruuhfw eholhiv pd|
eh wkh uhvxow ri duelwudu| lqvljkwv/ dfflghqwdo lqihuhqfhv/ hylghqfh froohfwhg xq0
ghu revfxuhg shufhswxdo flufxpvwdqfhv hwf1 Vxfk eholhiv vkrxog rq wkh vwdqgdug
dqdo|vlv qrw frxqw dv nqrzohgjh vlqfh fodxvh 4 dqg 5 duh lqdghtxdwho| frqqhfwhg
wr hdfk rwkhu1 Wklv lv gxh wr wkh txhvwlrqdeoh phdqv ru phwkrgv e| zklfk wkh
+gh idfwr, fruuhfw eholhiv kdyh ehhq ghulyhg1 Dffruglqj wr frqglwlrq 6/ li vrph
dujxphqw ru rwkhu mxvwl�fdwlrqdo vwuxfwxuh fdq eh surylghg wkdw ghvfulehv zk|
wkh wzr frqglwlrqv duh dghtxdwho| frqqhfwhg/ wkhq wkh vflhqwlvw pd| eh vdlg wr
kdyh dghtxdwh lqglfdwlrq wkdw d nqrzq sursrvlwlrq lv fruuhfw1 Vr frqglwlrq 6 hv0
vhqwldoo| frqfhuqv phwkrgrorj|/ l1 h1 wkh vwxg| ri wkh phwkrgv e| zklfk vflhqfh
duulyhv dw lwv srvlwhg fruuhfw dqvzhuv dqg khqfh wkh phwkrgrorjlfdo sulqflsohv
lpsrvhg rq wkh phwkrgv lq rughu wr jhw lw uljkw1 Phwkrgrorjlfdo sulqflsohv olnh
vlpsolflw|/ frqvlvwhqf| zlwk wkh hylghqfh/ DJP0uhylvlrq/ xql�fdwlrq hwf1 duh
lpsruwdqw ehfdxvh wkh| suhvfuleh krz wkh phwkrg vkrxog ehkdyh *udwlrqdoo|* lq
whupv ri wudfnlqj wkh wuxwk ru jhwwlqj wr wkh fruuhfw dqvzhu1

Dvvxph wkdw zkhwkhu eholhi pd| ehfrph nqrzohgjh lv ghshqghqw xsrq mxv0
wl�fdwlrq1 Mxvwl�fdwlrq lv wkhq h{kdxvwhg lq iroorzlqj wuxwk0wudfnlqj phwkrg0
rorjlfdo suhvfulswlrqv1 Qrz dgrsw wkh iroorzlqj phwkrgrorjlfdo sulqflsoh=

Gh�qlwlrq 7 Zhdn Hslvwhplf Vrxqgqhvv +ZHV,

� lv zhdn hslvwhplfdoo| vrxqg / ;+�> q3, ^^� m q3`N _ �+� m q3, 9@ >` =

Lq rwkhu zrugv lw lv uhtxluhg wkdw �*v frqmhfwxuh �wrxfkhv� wkh idq/ ru fdq
eh pdgh wuxh zlwklq wkh idq ri srvvleoh zruogv/ l1 h1 edfnjurxqg nqrzohgjh1
Khqfh wkh fulwhulrq ri zhdn hslvwhplf vrxqgqhvv hqvxuhv wkdw wkh phwkrg lv
eduuhg iurp pdnlqj dq| zlog frqmhfwxuhv rxwvlgh wkh edfnjurxqg nqrzohgjh1

^Ohq}hq :;` dgplwv jlyhq Jhwwlhu0h{dpsohv ^Jhwwlhu 96` dqg wkh wurxeohvrph
mxvwl�fdwlrq frqglwlrq 6 ri gh�qlwlrq 4 wkdw=

�Wkh vhdufk iru wkh fruuhfw dqdo|vlv ri nqrzohgjh/ zkloh fhuwdlqo| ri h{0

wuhph lpsruwdqfh dqg lqwhuhvw wr hslvwhprorj|/ vhhpv qrw vljql�fdqwo| wr

d�hfw wkh remhfw ri hslvwhplf orjlf/ l1 h1 wkh txhvwlrq ri ydolglw| ri fhuwdlq

hslvwhplf0orjlfdo sulqflsohv�1 ^Ohq}hq :;`/ s1 671

4Zh vhwwoh iru wkh orzhvw frpprq ghqrplqdwru zlwk uhvshfw wr wkh qrwlrq ri wuxwk
ru fruuhfwqhvv1 Fruuhfwqhvv khuh lv hvvhqwldoo| d pl{wxuh ri d forvhg zruog dvvxpswlrq/
Nxkqldq sdudgljpdwlfv/ yhu�fdwlrqlvp dqg hpslulfdo dghtxdf| ^Ydq Iuddvvhq ;3`1
Iurp qrz rq zh zloo riwhq vshdn ri fruuhfwqhvv udwkhu wkdq wuxwk1
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Wkh frqwulexwlrqv ri hslvwhplf orjlf duh h{wuhpho| xvhixo exw duh krzhyhu
doo vx�hulqj iurp wkh vdph vkruwfrplqjv dv dgplwwhg e| Ohq}hq1 Krz grhv
wkh orjlfdo frqwulexwlrqv uhodwh wr wkh vwdqgdug hslvwhprorjlfdo wulsduwlwh gh�q0
lwlrq ri nqrzohgjhB Krz duh eholhi dqg fruuhfwqhvv dghtxdwho| frqqhfwhg jlyhq
mxvwl�fdwlrq wr htxdo nqrzohgjhB Prvw frqwulexwlrqv ri hslvwhplf orjlf gh�qh
nqrzohgjh dqg eholhi vhsdudwho| +^Klqwlnnd 95`/ ^Kdoshuq <8`, odujho| qhjohfwlqj
wkh gholfdwh frqqhfwlrq ehwzhhq wkh wzr/ ehvlghv wkh idluo| reylrxv hqwdlophqw
surshuw| +wkdw nqrzohgjh lpsolhv eholhi,1 Vr wkh sklorvrsklfdo vkruwfrplqjv duh
sduwldoo| fdxvhg e| wkh irupdo vkruwfrplqjv1 Lw vhhpv wkdw dq lpsruwdqw wdvn
ri hslvwhplf orjlf lv wr surylgh d orjlfdo exw dovr sklorvrsklfdo dffrxqw ri krz
eholhi pd| ehfrph nqrzohgjh1

D vwdqgdug zd| wr phdvxuh hslvwhplf vwuhqjwk lv wr ghwhuplqh wkh prgdo
v|vwhp fruuhvsrqglqj wr wkh lqwurgxfhg hslvwhplf rshudwru1 Udwlrqdo eholhi lv
w|slfdoo| wdnhq wr vdwlvi| dw ohdvw NG7=

NG7 @

;?
=

E�+k, o,, +E�k, E�o, +N ,
E�k, =E�=k +G,
E�k, E�E�k +7 ,1

Lq ^Khqgulfnv ) Shghuvhq <;f` lw zdv ghprqvwudwhg wkdw wkh qrwlrq ri eholhi
suhvhqwhg lq gh�qlwlrq 5 vdwlv�hv NG71 Nqrzohgjh rq wkh rwkhu kdqg kdyh kdg
pdq| d{lrpdwl}dwlrqv zklfk doo duh dw ohdvw dv vwurqj dv V71 Wkh V7 0v|vwhp
lv rewdlqhg e| nhhslqj +N , dqg +7, exw uhsodflqj +G, zlwk wkh vwurqjhu/ yhu|
qdwxudo d{lrp jlyhq gh�qlwlrq 4/ +W , N�D , D= Djdlq/ zh qhhg wr h{sodlq
phwkrgrorjlfdoo| krz eholhi fdq �mxps� iurp NG7 wr V7 dqg khqfh ehfrph
nqrzohgjh1 Wkh lghd lv wr pdnh wkh eholhi iruplqj phwkrg reh| zhdn hslvwhplf
vrxqgqhvv ehfdxvh wkhq rqh pd| dvlgh iurp NG7 vdwlvi| E�D, D dqg lqvridu
jhw V7 iru iuhh1

Sursrvlwlrq 8 Zhdn hslvwhplf vrxqgqhvv/ Eholhi dqg Wuxwk

Li wkh glvfryhu| phwkrg vdwlv�hv zhdn hslvwhplf vrxqgqhvv/ wkhq
E�D, D lv vdwlv�deoh=

Surri1 Wr vhh wkdw E�D vdwlv�hv E�D , D uh0uxq wkh gh�qlwlrq ri eholhi
uhphpehulqj wkh fulwhulrq ri zhdn hslvwhplf vrxqgqhvv= Wkhq wkh iroorzlqj
frqglwlrqv rewdlq=

;q3 � q>;+�> q3, 5 ^% m q`N =

41 ^� m q3`N � ^% m q`N= +e| ghi1 ri edfnjurxqg nqrzohgjh,

51 ^� m q3`N _ �+� m q3, 9@ >= +e| ghi1 ri zhdn hslvwhplf vrxqgqhvv,

61 �+� m q3, � k= +e| ghi1 ri vwurqj eholhi lq N,

Exw frqglwlrq 5 dqg 6 lpso| ^� m q3`N_k 9@ >1 Wkhq lq wxuq ^� m q3`N � ^% m q`N
dqg ^� m q3`N_k 9@ > lpsolhv ^% m q`N_k 9@ >zklfk lv wkh gh�qlwlrq 6 ri fruuhfwqhvv
ri k lq zruog +%> q,1
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5 Eholhylqj lq Fruuhfw Phwkrgrorj|

D ihz lpsruwdqw ohvvrqv duh wdxjkw e| sursrvlwlrq 81 Lw lv dq lqwhuhvwlqj uh0
vxow wkdw edodqfhv hslvwhplf vwuhqjwk djdlqvw phwkrgrorjlfdo sulqflsohv1 Wkh
sursrvlwlrq uhyhdov vrphwklqj derxw wkh qdwxuh ri eholhi= Li �udwlrqdo� eholhi
kdv wr uhvshfw wkh dydlodeoh hylghqfh/ wkh phwkrgrorjlfdo sulqflsohv dqg wkh
edfnjurxqg nqrzohgjh wkhq eholhi hyhqwxdoo| uhdfk d srlqw zkhuh lw froodsvhv
lqwr nqrzohgjh1 Dqg wklv froodsvh lv gxh wr wkh phwkrgrorjlfdo ehkdylru ri wkh
phwkrg/ l 1h1  hvklqj rxw wkh mxvwl�fdwlrq frqglwlrq1

Dqrwkhu srlqw uhodwhg wr wkh vwdqgdug gh�qlwlrq ri nqrzohgjh lv klwkhuwr
vxssruwhg1 Wkh lqwurgxfwlrq uhyhdohg wkdw wkh mxvwl�fdwlrq frqglwlrq kdv wr
gr zlwk phwkrgrorj|/ l1 h1 krz vflhqfh duulyhv dw lwv srvlwhg wuxwkv1 Dqg du0
ulylqj dw wkh fruuhfw dqvzhu lv dffrpsolvkhg e| iruflqj wkh phwkrgv wr reh|
fhuwdlq �udwlrqdo� ehkdylrudo sdwwhuqv olnh frqvlvwhqf| zlwk wkh hylghqfh/ xql0
�fdwlrq/ frqvhuydwlyhqhvv/ dqg wkh DJP0d{lrpv/ mxvw wr phqwlrq d ihz ri wkh
prvw surplqhqw uhfrpphqgdwlrqv1 Qrz/ d fhqwudo wkhph lq irupdo dqg prgdo
ohduqlqj wkhru|/ wr zklfk phwkrgrorjlvwv kdyh uhpdlqhg idluo| lqgl�huhqw/ lv wr
lqyhvwljdwh zkhwkhu �udwlrqdo� phwkrgrorjlfdo lqgxfwlyh pd{lpv vwdqg lq wkh
zd| ri �qglqj fruuhfwqhvv ru qrw1 Vd| wkdw d phwkrgrorjlfdo sulqflsoh lv uh0
vwulfwlyh li wkh fruuhfw dqvzhu frxog kdyh ehhq irxqg lq d orjlfdoo| uholdeoh zd|
e| d phwkrg ylrodwlqj lw1 Wkhq wkhuh lv qrwklqj sduwlfxoduo| udwlrqdo derxw wkh
pd{lp1 Lqtxlu| pd| surfhhg iruhyhu udwlrqdoo| dffruglqj wr wkh glfwdwhv dqg |hw
fkdvh lwv rzq wdlo khdglqj qrzkhuh qhdu fruuhfwqhvv1 Iru lqvwdqfh lw kdv ehhq
vkrzq lq ^Nhoo| <7` dqg ^Nhoo| <9` wkdw Srsshu*v phwkrgrorj| ri frqmhfwxuhv
dqg uhixwdwlrqv lv e| doo phdqv d vxe0rswlpdo vwudwhj| lq whupv ri jhwwlqj wr wkh
fruuhfw dqvzhu dqg qrw hyhq d yhu| uholdeoh rqh1 Wkhuh h{lvwv dqrwkhu vwudwhj|
zklfk lv ghprqvwudeo| frpsohwh ryhu d fhuwdlq vhw ri sureohpv iru zklfk Srs0
shu*v uhfrpphqgdwlrq idlov1 Ixuwkhupruh/ lq ^Nhoo| hw do1 <9` zh vkrzhg wkdw
wkh DJP0d{lrpv ri eholhi uhylvlrq duh uhvwulfwlyh li wkh phwkrg vwduwv rxw zlwk
wkh zurqj nlqg ri eholhiv1 Rq wkh srvlwlyh vlgh/ vwduwlqj rxw zlwk wkh fruuhfw
nlqg ri eholhiv wkh DJP0dufklwhfwxuh lv frpsohwh lq wkh lghdo olplwlqj fdvh1 Exw
lq ^Khqgulfnv <:` lw zdv ghprqvwudwhg krz wkh DJP0d{lrpv duh uhvwulfwlyh li
wkh phwkrg lv wr eh h�hfwlyh1

Revhuyh �uvw wkdw wkh eholhi iruplqj phwkrg dorqh qhlwkhu vkrxog qru frxog
vdwlvi| d{lrp +W ,1 Qru zdv lw uhtxluhg wr uholdeo| eh wudfnlqj fruuhfwqhvv1 Fru0
uhfwqhvv lv/ krzhyhu/ orjlfdoo| lpsolhg e| zhdn hslvwhplf vrxqgqhvv/ edfnjurxqg
nqrzohgjh dqg eholhi dv ghprqvwudwhg lq sursrvlwlrq 81 Khqfh/ hslvwhplf vrxqg0
qhvv lv d udwlrqdo suhvfulswlrq ehfdxvh lw grhv qrw suhvhqw dq lpshglphqw wr
�qglqj fruuhfwqhvv 0 rq wkh frqwudu|1

Vr zkdw glvwlqjxlvkhv nqrzohgjh iurp eholhi lv zkhwkhu eholhi lv mxvwl�hg dqg
lqvridu wklv rewdlqv nqrzohgjh dqg eholhi ehfrph lqglvwlqjxlvkdeoh lq dffrugdqfh
zlwk nqrzohgjh dv mxvwl�hg wuxh eholhi1 Exw wkh uhflsh iru wklv uhvxow lv

Eholhi . Phwkrgrorj| @ Nqrzohgjh

udwkhu wkdq Wuxwk . Eholhi . Mxvwl�fdwlrq @ Nqrzohgjh1 Lq frqfoxvlrq/ Ohq}hq
vd|v wkdw wkhuh lv d ydjxhqhvv lq qrwlrqv olnh �ehlqj mxvwl�hg lq eholhylqj�
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^Ohq}hq :;`/ s1 5; exw hslvwhplf orjlf grhv qrw kdyh wr zruu| vljql�fdqwo|
derxw lw ehfdxvh lw lv qrw lwv surshu �hog ri uhvhdufk wr vd| zkdw nqrzohgjh lv
exw udwkhu krz lw ehkdyhv rqfh lw lv gh�qhg1 Zh glvdjuhh$ Hslvwhplf orjlf lv
dv pxfk frpplwwhg wr whoo d uhdvrqdeoh vwru| derxw zkdw nqrzohgjh lv dv jrrg
hslvwhprorj| lv1 Wkh ydjxhqhvv ri mxvwl�fdwlrq lv qr pruh dq lpshglphqw wr
hslvwhplf orjlf wkdq lw lv wr hslvwhprorj|= Ohw phwkrgrorj| hqvxuh wkdw |rx jhw
lw uljkw1

Uhihuhqfhv

^Jhwwlhu 96` Jhwwlhu/ H1 +4<96,1 �Lv Mxvwl�hg Wuxh Eholhi Nqrzo0
hgjhB�/ Dqdo|vlv 56191

^Jrog 9:` Jrog/ H1 P1 �Odqjxdjh Lghqwl�fdwlrq lq wkh Olp0
lw�/ Lqirupdwlrq dqg Frqwuro 43= 77:07:71

^Jrogpdq :<` Jrogpdq/ D1 +4<;9,1 �Zkdw lv Mxvwl�hg Wuxh Eh0
olhi�/ Mxvwl�fdwlrq dqg Nqrzohgjh/ hg1 Sdssdv/ J1
V1 G1 Uhlgho Sxeolvklqj Frpsdq|= 40561

^Kdoshuq <8` Kdoshuq/ M1 \1 +4<<8,1 �Vkrxog Nqrzohgjh Hqwdlo
EholhiB�/ Mrxuqdo ri Sklorvrsklfdo Orjlf 58= 7;60
7<71

^Khqgulfnv <:` Khqgulfnv/ Y1 I1 +4<<:,1 Hslvwhprorj|/ Phwkrgro0
rj| dqg Uholdelolw|/ Grfwrudo Wkhvlv1 Ghsduwphqw
ri Sklorvrsk|/ Xqlyhuvlw| ri Frshqkdjhq1

^Khqgulfnv ) Shghuvhq <;d` Khqgulfnv/ Y1 I1 ) Shghuvhq/ V1 D1 +4<<;,1 �Wkh
Hslvwhprorj| ri Olplwlqj Frqyhujhqfh�/ gudiw1

^Khqgulfnv ) Shghuvhq <;e` Khqgulfnv/ Y1 I1 ) Shghuvhq/ V1 D1 +4<<;,1 �Dvvhvv0
phqw dqg Glvfryhu| lq wkh Olplw Vflhqwl�f Lq0
txlu|�/ wr eh suhvhqwhg dw OPSV<<1

^Khqgulfnv ) Shghuvhq <;f` Khqgulfnv/ Y1 I1 ) Shghuvhq/ V1 D1 +4<<;,1 �Eh0
olhi . Phwkrgrorj| @ Nqrzohgjh�/ vxeplwwhg iru
sxeolfdwlrq lq Hunhqqwqlv1

^Khqgulfnv ) Shghuvhq <;g` Khqgulfnv/ Y1 I1 ) Shghuvhq/ V1 D1 +4<<;,1 �Glv0
fryhu|/ Nqrzohgjh dqg Uholdeoh Olplwlqj Frqyhu0
jhqfh 0 wkh NdOF0sdudgljp1 Suhvhqwhg dw Prgho0
edvhg Uhdvrqlqj lq Vflhqwl�f Glvfryhu| 0 PEU*<;/
Sdyld/ Lwdo|/ Ghfhpehu 4:04<1

^Khqgulfnv ) Shghuvhq <<d` Khqgulfnv/ Y1 I1 ) Shghuvhq/ V1 D1 +4<<<,1 �Vflhq0
wl�f Uhvshfw lq Olplwlqj Vflhqwl�f Lqtxlu|�/ vxe0
plwwhg iru sxeolfdwlrq lq V|qwkhvh1

:



^Khqgulfnv ) Shghuvhq <<e` Khqgulfnv/ Y1 I1 ) Shghuvhq/ V1 D1 +4<<<,1 �Prgdo
Ohduqlqj lq Eudqfklqj Wlph�/ wr eh suhvhqwhg dw
OPSV<<1

^Klqwlnnd 95` Klqwlnnd/ M1 +4<95,1 Nqrzohgjh dqg Eholhi1 Fruqhoo=
Fruqhoo Xqlyhuvlw| Suhvv1

^Nhoo| <7` Nhoo|/ N1 +4<<7,1 �Uholdeoh Phwkrgv�/ [L Lqwhuqd0
wlrqdo Frqjuhvv rq Orjlf/ Phwkrgrorj| dqg Sklorv0
rsk| ri Vflhqfh [1 Gruguhfw= Noxzhu= 686 0 6;41

^Nhoo| <9` Nhoo|/ N1 +4<<9,1 Wkh Orjlf ri Uholdeoh Lqtxlu|1
Qhz \run= R{irug Xqlyhuvlw| Suhvv1

^Nhoo| hw do1 <9` Nhoo|/ N1/ R1 Vfkxowh dqg Y1 I1 Khqgulfnv +4<<9,1
�Uholdeoh Eholhi Uhylvlrq�/ Orjlf/ Phwkrgrorj|/
dqg Sklorvrsk| ri Vflhqfh [/ Gruguhfkw= Noxzhu1

^Ohq}hq :;` Ohq}hq/ Z1 +4<:;,1 Uhfhqw Zrun lq Hslvwhplf
Orjlf/ Dfwd Sklorvrsklfd Ihqqlfd/ yro1 631

^Rvkhuvrq/ hw do1 ;9` Rvkhuvrq/ G1/ P1 Vwre ) V1 Zhlqvwhlq +4<;9,1 V|v0
whpv wkdw Ohduq1 Fdpeulgjh= P1L1W1 Suhvv1

^Ydq Iuddvvhq ;3` Ydq Iuddvvhq/ E1 +4<;3,1 Wkh Vflhqwl�f Lpdjh1 R{0
irug= Foduhqgrq Suhvv1

;


