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� rHNpf cSa upfGpK pKNlyrtMy eMf � 1 3 idc

GspMfA

ctnslpv Vtpfxltpfk lyo iGpNspy hm YlnHvtnsm

kNpyGpE qzE uspzEpGtnlw fsAFtnFW clFFlnsHFpGGF TyFGtGHGp zq upnsyzwzrAW

fifi clFFlnsHFpGGF LIpyHpW NlxmEtorpW cL /1027W k-i-L-
aOpClEGxpyG zq fsAFtnFW MzJozty NzwwprpW

MEHyFJtnvW cP /?/00W k-i-L-

P,xltw. avtpealt4ath-poi+ �lniwtnr4mXkoXt�-poi

�KgRPlnRbbp CEpFpyG l FHCpEFAxxpGEtn rpypElwtBlGtzy zq Gsp XSa IpEGpK pKClyFtzy qzE

lww GEpp lxCwtGHopF ty A ˆ ¯ idX GspzEA- Ty lootGtzy Gz Gsp nsztnp zq l EpqpEpynp FCtyzE+

GstF FHCpE cSa IpEGpK pKClyFtzy lwFz opCpyoF zy qzHE EpqpEpynp RElFFxlyy ClElxpGpEF-

bp opxzyFGElGp GslG l Ftryt6nlyG qElnGtzy zq otlrElxF ty Gsp pKClyFtzy IlytFspF qzE l

uHotntzHF nsztnp zq GspFp RElFFxlyy ClElxpGpEF+ Jstns FtxCwt6pF Gsp nzxCHGlGtzy zq lx!

CwtGHopF- PIpy CHEp!rwHzy lxCwtGHopF EpDHtEp qpJpE otlrElxF Gsly ty Gsp zEotylEA XSa

IpEGpK pKClyFtzy-

bp FszJ GslG Gsp FHCpE XSa IpEGpK pKClyFtzy lEtFpF qEzx Gsp EpnHEFtzy EpwlGtzy

lFFzntlGpo JtGs l szwzxzECstn lww,wtyp FHCpEFstqG- jstF tF l FHCpEFAxxpGEtn rpypElwtBlGtzy

zq Gsp szwzxzECstn lww!wtyp FstqG EpnpyGwA tyGEzoHnpo ty lEctI.;]ˇˇ-“[=¯- bp FGHoA Gsp

wlErp!B mpslItzE zq rpypElGtyr qHynGtzyF HyopE GspFp lww!wtyp FHCpEFstqGF+ lyo 6yo GslG

GspA rpypEtnlwwA CEzItop ˇ.Bj qlwwz9 lG ’YpKG!Gz(jXSa wpIpw- Ty Gsp nlFp zq lyGt!XSa

rpypElGtyr qHynGtzyF+ Jp 6yo GslG l nlEpqHw nsztnp zq FstqG ClElxpGpEF rHlElyGppF l FGEzyrpE

ˇ.Bj)¯ qlwwz9- jspFp ClEGtnHwlE lww!wtyp FHCpEFstqGF xlA GspEpqzEp CwlA ly txCzEGlyG Ezwp ty

pKGpyotyr Gsp FHCpE XSa IpEGpK pKClyFtzy Gz A ˆ ] FHCpErElItGA-

apAvXPogb iHCpEFAxxpGEtn rlHrp GspzEA+ PKGpyopo iHCpEFAxxpGEA

�PctI pfPtyRb ;–;“-;“fifi

A′ iTii� =++8 ozt.ˇ;-ˇ;]]:ˇˇ=[![fi;]:=;;–:;4:;fi=
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0 TyREBoHnRtBy 0

1 hpItpv 2

2 usp FHCpE cSa IpERpV pVClyFtBy 4

“-ˇ YXSa lxCwtGHopF 4

“-= itxCwt6po YXSa lxCwtGHop nzxCHGlGtzyF ]

“-“ Lww GEpp lxCwtGHopF ˇˇ

“-¯ itxCwt6nlGtzy zq rpypElw lxCwtGHop nzxCHGlGtzyF ˇˇ

3 Lww,wtyp FHCpEFstDRF 03

¯-ˇ LyGt!XSa rpypElGtyr qHynGtzyF ˇ[

¯-= YjXSa rpypElGtyr qHynGtzyF HyopE lww!wtyp FHCpEFstqGF ˇ]

4 usp FHCpE cSa IpERpV pVClyFtBy DEBx lww,wtyp FHCpEFstDRF 08

4-ˇ Lww!wtyp FHCpEFstqG EpnHEFtzy EpwlGtzyF ˇ–

4-= YXSa rpypElGtyr qHynGtzy =;

4-“ Y=XSa rpypElGtyr qHynGtzy =ˇ

4-¯ Lww GEpp lxCwtGHopF ==

5 etFnHFFtBy 12

L �lErp,n DlwwB9 HyopE sBwBxBECstn lww,wtyp FHCpEFstDRF 14

L-ˇ Oz
iXia

A ∼ ˇ.Bj HFtyr Gsp FHCpE MNQb EpnHEFtzy EpwlGtzyF =4

L-= Oz
iXia

A ∼ ˇ.Bj HFtyr Gsp FHCpE XSa IpEGpK pKClyFtzy =[

- TARfMoHnRtMA

Zy!Fspww GEpp!wpIpw FnlGGpEtyr lxCwtGHopF pKstmtG l FtxCwtntGA GslG tF yzG lG lww pItopyG qEzx

FGlyolEo QpAyxly otlrElx nlwnHwlGtzyF- jstF FtxCwtntGA nly mp HynzIpEpo HFtyr EpnHEFtzy

EpwlGtzyF qzE zy!Fspww lxCwtGHopF+ zq Jstns Gsp XSa IpEGpK pKClyFtzy ”ˇfl lyo Gsp MNQb

EpnHEFtzy EpwlGtzy ”=+ “fl lEp CEzxtypyG pKlxCwpF- hpnHEFtzy EpwlGtzyF pKCEpFF ly zy!Fspww

lxCwtGHop ty GpExF zq FtxCwpE zy!Fspww lxCwtGHopF JtGs qpJpE pKGpEylw wprF+ GsHF ty CEtyntCwp

lwwzJtyr l EpnHEFtIp nzxCHGlGtzy zq lEmtGElEtwA nzxCwtnlGpo GEpp lxCwtGHopF-

jsp XSa IpEGpK pKClyFtzy pKCEpFFpF ly lxCwtGHop lF l FHx zIpE otlrElxF+ plns zq

Jstns tF l CEzoHnG zq XSa lxCwtGHopF nzyypnGpo mA FnlwlE CEzClrlGzEF- jsp tyotItoHlw

otlrElxF opCpyo zy ly lEmtGElEtwA!nszFpy EpqpEpynp FCtyzE {cfl+ mHG Gsp FHx zq otlrElxF

tF tyopCpyopyG zq {cfl- jsp XSa IpEGpK pKClyFtzy tF l nzyIpytpyG xpGszo qzE nzxCHGtyr

8 ˇ 8
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lxCwtGHopF oHp Gz Gsp FtxCwtntGA zq tGF mlFtn mHtwotyr mwznvF+ Gsp XSa FHmlxCwtGHopF-

jsp XSa IpEGpK pKClyFtzy EpCEzoHnpF Gsp nzEEpnG zy!Fspww GEpp lxCwtGHopF mzGs ty CHEp

dlyr!XtwwF GspzEA ”¯fl lyo ty A ˆ ¯ idX GspzEA ”4+ [fl-

NwlFFpF zq lxCwtGHopF zq A ˆ ¯ idX GspzEA GslG lEp EpwlGpo mA FHCpEFAxxpGEtn

blEo topyGtGtpF ”fi8–fl nly mp nzyIpytpyGwA Clnvlrpo tyGz rpypElGtyr qHynGtzyF ’lwFz nlwwpo

FHCpElxCwtGHopF(- L rpypElGtyr qHynGtzy qzE A!CztyG lxCwtGHopF opCpyoF yzG zywA zy Gsp

xzxpyGl CP zq Gsp pKGpEylw ClEGtnwpF+ mHG lwFz zy ¯A RElFFxlyy IlEtlmwpF >Pk- ’SpEp+

k ˆ ˇW =W “W ¯ tF ly ik’¯( tyopK-( LyA ClEGtnHwlE lxCwtGHop nly mp zmGltypo mA lnGtyr zy

Gsp rpypElGtyr qHynGtzy JtGs l nzEEpFCzyotyr RElFFxlyy ot9pEpyGtlw zCpElGzE ”ˇ;fl- jsp

rpypElGtyr qHynGtzy qzE XSa lxCwtGHopF JlF 6EFG rtIpy ty Epq- ”ˇˇfl- MpAzyo Gsp XSa

wpIpw+ l rpypElGtyr qHynGtzy qzE A ˆ ¯ idX lxCwtGHopF nly mp EpCEpFpyGpo lF l FHx zIpE

GpExF tyIzwItyr oHlw FHCpEnzyqzExlw tyIlEtlyGF- LG Gsp YXSa wpIpw+ GstF JlF nlEEtpo zHG

ty Epq- ”ˇ=fl- jsp rpypElGtyr qHynGtzy qzE lww GEpp lxCwtGHopF zq A ˆ ¯ idX GspzEA JlF Gspy

zmGltypo ty Epq- ”ˇ“fl mA pKCwtntGwA FzwItyr l FHCpEFAxxpGEtn rpypElwtBlGtzy zq Gsp MNQb

EpnHEFtzy EpwlGtzy ”ˇ¯8ˇ[fl- LwGpEylGtIpwA+ l rpypElGtyr qHynGtzy mpAzyo Gsp XSa wpIpw nly

mp JEtGGpy lF l FHx zIpE Gsp otlrElxF zq Gsp XSa IpEGpK pKClyFtzy- LG Gsp YXSa

wpIpw+ GstF qzEx zq Gsp rpypElGtyr qHynGtzy JlF 6EFG CEpFpyGpo ty Epq- ”ˇfifl- QzE rpypElw GEpp

lxCwtGHopF ty A ˆ ¯ idX GspzEA+ ly pKCwtntG EpCEpFpyGlGtzy zq Gsp rpypElGtyr qHynGtzy

lFFzntlGpo JtGs Gsp XSa IpEGpK pKClyFtzy JlF opEtIpo ty Epq- ”[fl-

Ty GstF ClCpE Jp CEpFpyG ly lwGpEylGtIp EpCEpFpyGlGtzy qzE A ˆ ¯ idX rpypElGtyr

qHynGtzyF+ mlFpo zy l ypJ EpnHEFtzy EpwlGtzy+ Gsp FHCpE cSa IpEGpK pKClyFtzy- jsp FHCpE

XSa IpEGpK pKClyFtzy tF l ylGHElw rpypElwtBlGtzy zq Gsp zEotylEA XSa IpEGpK pKClyFtzy+

lyo nly mp opEtIpo qEzx l FHCpEFAxxpGEA GElyFqzExlGtzy lnGtyr zy Gsp wlGGpE- jsp otl!

rElxF zq Gsp FHCpE XSa IpEGpK pKClyFtzy opCpyo yzG zywA zy l EpqpEpynp FCtyzE {cfl+ mHG

lwFz zy ly lEmtGElEtwA!nszFpy FpG zq qzHE EpqpEpynp RElFFxlyy ClElxpGpEF >ck- jsp FHx

zq otlrElxF tF+ zq nzHEFp+ tyopCpyopyG zq GspFp nsztnpF zq EpqpEpynp ClElxpGpEF- btGs Gsp

nsztnp >ck ˆ ;+ Gsp FHCpE XSa IpEGpK pKClyFtzy EpoHnpF Gz Gsp zEotylEA XSa IpEGpK

pKClyFtzy+ mHG qzE Jpww!nszFpy IlwHpF zq >ck+ Gsp FHCpE XSa IpEGpK pKClyFtzy nzyGltyF

Ftryt6nlyGwA qpJpE otlrElxF- TG nly GsHF mp HFpo Gz FtxCwtqA Gsp nzxCHGlGtzy zq mzGs

rpypEtn lyo CHEp!rwHzy lxCwtGHopF-

jsp nzxCHGlGtzylw FtxCwt6nlGtzy znnHEF mpnlHFp plns zq Gsp qzHE >ck nly mp nszFpy

Gz pwtxtylGp lww otlrElxF qEzx Gsp FHCpE XSa IpEGpK pKClyFtzy Jstns nzyGlty ly tyGpEylw

wtyp JtGs l ClEGtnHwlE xzxpyGHx nslyypw- LF Gsp Flxp xzxpyGHx nslyypw rpypEtnlwwA

znnHEF ty xlyA otlrElxF+ lyo lF qzHE otFGtynG nslyypwF nly mp pwtxtylGpo+ xlyA otlrElxF

nly mp xlop Gz IlytFs ty GstF JlA- iHECEtFtyrwA+ pIpy Gsp nzxCHGlGtzy zq CHEp!rwHzy GEpp

lxCwtGHopF+ Jstns nztyntop JtGs rwHzy lxCwtGHopF zq rlHrp GspzEA JtGs yz FHCpEFAxxpGEA+

nly mp FtxCwt6po HFtyr Gsp FHCpE XSa IpEGpK pKClyFtzy- bp twwHFGElGp Gsp FtxCwt6po

nzxCHGlGtzy zq lxCwtGHopF lyo Gsp nzHyGtyr zq pwtxtylGpo otlrElxF ty pKlxCwpF-0

hpnHEFtzy EpwlGtzyF nly mp opEtIpo qEzx Gsp lylwAGtn mpslItzE zq ly zy!Fspww lxCwtGHop

HyopE l nzxCwpK FstqG zq tGF pKGpEylw xzxpyGl+ lyo ot9pEpyG FstqGF rpypEtnlwwA wplo Gz ot9pE!

0 gzf l OHlyhthlhtIp nzxNlftFzy zq hsp yHxmpf zq otlrflxF ty hsp FHNpf cSa IpfhpV pVNlyFtzy hz hsp

zfotylfA cSa IpfhpV pVNlyFtzy) hsp fplopf tF fpqpffpo hz hlmwp 0 ty Fpnhtzy 2-¯-

8 = 8
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pyG EpnHEFtzy EpwlGtzyF ”“+ ¯fl- hpnHEFtzy EpwlGtzyF JpEp tytGtlwwA opIpwzCpo HFtyr FstqGF zq l

FHmFpG zq Gsp pKGpEylw xzxpyGl- SzJpIpE+ Gsp zEotylEA XSa IpEGpK pKClyFtzy xzFG ylGH!

ElwwA qzwwzJF qEzx l szwzxzECstn lww!wtyp FstqG+ Jstns opqzExF lww Gsp pKGpEylw xzxpyGl ”[fl-

bp FszJ GslG Gsp FHCpE XSa IpEGpK pKClyFtzy tyGEzoHnpo ty GstF ClCpE qzwwzJF ylG!

HElwwA qEzx Gsp mpslItzE zq rpypElGtyr qHynGtzyF HyopE l szwzxzECstn lww,wtyp FHCpEFstqG-

jstF FHCpEFstqG tF l rpypElwtBlGtzy zq Gsp szwzxzECstn lww!wtyp FstqG CEpFpyGpo ty Epq- ”[fl+ lyo

tG FstqGF yzG zywA Gsp pKGpEylw xzxpyGl mHG lwFz Gsp RElFFxlyy IlEtlmwpF >Pk lCCplEtyr ty

Gsp rpypElGtyr qHynGtzyF- jstF tF lylwzrzHF Gz Gsp rpypElwtBlGtzy zq Gsp MNQb GJz!wtyp

FstqG Gz Gsp GJz!wtyp FHCpEFstqG EpnpyGwA tyGEzoHnpo ty Epq- ”ˇ¯8ˇ[fl lyo lCCwtpo ty Epq- ”ˇ“fl-

bp CEzIp GslG A ˆ ¯ idX rpypElGtyr qHynGtzyF mpAzyo Gsp XSa wpIpw IlytFs Jspy Gsp

nzxCwpK FstqG ClElxpGpE B zq Gsp lww!wtyp FHCpEFstqG mpnzxpF wlErp- jstF FHCpEFstqG GspEpqzEp

AtpwoF l Ilwto EpnHEFtzy EpwlGtzy+ Jstns ty GHEy rpypElGpF Gsp FHCpE XSa IpEGpK pKClyFtzy-

LF ty Gsp FHCpE MNQb EpnHEFtzy EpwlGtzy+ Jstns qzwwzJF qEzx Gsp GJz!wtyp FHCpEFstqG+ Gsp

otlrElxF ty Gsp FHCpE XSa IpEGpK pKClyFtzy zq ly lxCwtGHop oz yzG slIp ly txxpotlGp

tyGpECEpGlGtzy lF CEzoHnGF zq zEotylEA GEpp lxCwtGHopF- iCpnt6n lxCwtGHopF+ szJpIpE+ lEp

EplotwA nzxCHGpo otEpnGwA qEzx Gsp rpypElGtyr qHynGtzy-

bp pKlxtyp Gsp mpslItzE zq lyGt!XSa rpypElGtyr qHynGtzyF HyopE szwzxzECstn lww!

wtyp FHCpEFstqGF ty opGltw+ lyo 6yo GslG Gsp qlwwz9 lG wlErp B tF qlFGpE Jspy Gsp nsztnpF

zq EpqpEpynp FCtyzE {cfl lyo RElFFxlyy ClElxpGpEF >ck lEp nzEEpwlGpo ty l npEGlty JlA-

jsp lylwAFtF zq GstF FCpntlw nlFp tF xzGtIlGpo mA l CzFFtmwp qHGHEp lCCwtnlGtzy zq lww!wtyp

FHCpEFstqG EpnHEFtzy EpwlGtzyF Gz A ˆ ] FHCpErElItGA- Ty qlnG+ lF Jp Jtww lErHp+ Gsp pKGEl

FHCCEpFFtzy txCwtpF GslG l FHCpE XSa IpEGpK pKClyFtzy qzE A ˆ ] FHCpErElItGA xHFG pKtFG

lG wplFG qzE lww lyGt!XSa lxCwtGHopF-

jstF ClCpE tF zErlytBpo lF qzwwzJF- Ty FpnGtzy =+ Jp EpItpJ XSa lxCwtGHopF lyo Gsp

nzynpCG zq rpypElGtyr qHynGtzyF ty A ˆ ¯ idX GspzEA- Ty FpnGtzy “+ Jp CEpFpyG Gsp FHCpE

XSa IpEGpK pKClyFtzy lF l rpypElwtBlGtzy zq Gsp zEotylEA XSa IpEGpK pKClyFtzy- bp

otFnHFF tGF CEzCpEGtpF lyo opxzyFGElGp szJ tG nly FtxCwtqA Gsp nzxCHGlGtzy zq lxCwtGHopF-

bp tyGEzoHnp szwzxzECstn lww!wtyp FHCpEFstqGF ty FpnGtzy ¯- bp FGHoA Gsp wlErp B mpslItzE

zq rpypElGtyr qHynGtzyF HyopE GspFp FstqGF mzGs qzE rpypEtn lyo FCpntlw nsztnpF zq FstqG

ClElxpGpEF- Ty FpnGtzy 4+ Jp FszJ GslG Gsp FHCpE XSa IpEGpK pKClyFtzy lEtFpF qEzx Gsp

EpnHEFtzy EpwlGtzyF lFFzntlGpo JtGs szwzxzECstn lww!wtyp FHCpEFstqGF- QtylwwA+ ty FpnGtzy [+

Jp otFnHFF Gsp EpwlGtzy zq zHE JzEv Gz zGspE EpnpyG opIpwzCxpyGF- bp lwFz nzxxpyG zy Gsp

CEzFCpnGF zq rpypElwtBtyr Gsp FHCpE XSa IpEGpK pKClyFtzy Gz A ˆ ] FHCpErElItGA-

= hpItpk

jsp FtxCwpFG zy!Fspww lxCwtGHopF ty A ˆ ¯ idX GspzEA lEp A!CztyG XSa lxCwtGHopF- jsp

XSa FpnGzE nzyGltyF lxCwtGHopF JtGs yprlGtIp spwtntGA rwHzyF zy GJz wtypF lyo CzFtGtIp

spwtntGA rwHzyF zy Gsp Epxltytyr wtypF+ GzrpGspE JtGs lww lxCwtGHopF EpwlGpo Gz GspFp mA

FHCpEFAxxpGEA- Ly A!CztyG XSa lxCwtGHop GlvpF Gsp FtxCwp qzEx=

�cSaA ’ˇW , , , W A( ˆ
", , ,→ ", , ,→ ", , ,→ ", , ,→

nAn’ˇW , , , W A(
W JtGs nAn’ˇW , , , W A( ˆ

A
∏

P10

"FW F ) ˇ→ , ’=-ˇ(

=usfzHrszHh hstF NlNpf) kp HFp hsp FNtyzf,spwtnthA qzfxlwtFx) kths hsp nzyIpyhtzyF FHxxlftMpo ty

lNNpyotV � zq fpq- 50:7-

8 “ 8
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jsp qzHE lyrwp mElnvpGF ", , ,→ ty Gsp yHxpElGzE opCpyo zy Gsp nsztnp zq FGlGpF zy Gsp pKGpEylw

wtypF ˇW , , , W A- QzE Gsp CHEp!rwHzy XSa lxCwtGHop JtGs yprlGtIp spwtntGA rwHzyF zy wtypF

F lyo S+ qzE pKlxCwp+ Gsp yHxpElGzE GlvpF Gsp qzEx "FS→¯+ lyo Jp zmGlty Gsp Jpww!vyzJy

flEvp!jlAwzE qzExHwl ”ˇ]fl.

�cSaA ’, , , F}, , , S}, , ,( ˆ
"FS→¯

nAn’ˇW , , , W A(
, ’=-=(

Lww A!CztyG XSa lxCwtGHopF nly mp nzyIpytpyGwA pynlCFHwlGpo ty Gsp A!CztyG XSa

rpypElGtyr qHynGtzy ’zE FHCpElxCwtGHop( ”ˇˇfl

OcSaA ’>Pk( ˆ
δm7(

∑
]A
P10 {F→>Pk

∏

nAn’ˇW , , , W A(
JtGs δm7(

(

A
∑

P10

{F→>Pk

)

ˆ
ˇ

=¯

∏̄

k10

A
∑

PbH10

"FS→>Pk>Hk , ’=-“(

iCpnt6n lxCwtGHopF xlA Gspy mp pKGElnGpo qEzx OcSaA ’>Pk( mA lnGtyr JtGs ly ptrsGs!zEopE

RElFFxlyy ot9pEpyGtlw zCpElGzE Om7( mHtwG qEzx zCpElGzEF lFFzntlGpo JtGs Gsp pKGpEylw

FGlGpF zq Gsp lxCwtGHop.

�cSaA ’ˇW , , , W A( ˆ Om7(OcSaA ’>Pk( , ’=-¯(

jsp RElFFxlyy ot9pEpyGtlw zCpElGzEF lFFzntlGpo JtGs l ClEGtnHwlE nsztnp zq pKGpEylw ClEGtnwp

zy wtyp F+ ty zEopE zq tynEplFtyr spwtntGA+ lEp rtIpy mA ”ˇ;fl.

O}
P ˆ

∂¯

∂>P0∂>P=∂>P2>P¯
W OkmnP ˆ

∂2

∂>Pk∂>Pm∂>Pn
W OkmP ˆ

∂=

∂>Pk∂>Pm
W OkP ˆ

∂

∂>Pk
W O)P ˆˇ ,

’=-4(

jsp tyotnpF kW mW n ˆ ˇW , , , W ¯ zy Gsp zCpElGzEF OkmnP + OkmP + lyo O
k
P lFFzntlGpo JtGs FnlwlEF

lyo rwHtyzF lEp ik’¯( tyotnpF+ lyo otFGtynG nsztnpF zq ik’¯( tyotnpF nzEEpFCzyo Gz otFGtynG

nsztnpF zq FnlwlEF lyo rwHtyzF- jsp CHEp!rwHzy XSa lxCwtGHop JtGs yprlGtIp spwtntGA

rwHzyF zy wtypF F lyo S rtIpy ty pD- ’=-=( tF yzJ EplotwA zmGltypo qEzx OcSaA ’>Pk( lF

Om7( ˆ O}
P O

}
H ⇒̂ �cSaA ’, , , F}, , , S}, , ,( ˆ O}

P O
}
H O

cSa
A ’>Pk( ˆ

"FS→¯

nAn’ˇW , , , W A(
, ’=-[(

Lww yzy!XSa A!CztyG lxCwtGHopF xlA mp nwlFFt6po lF ’YpKG!Gz(jXSa lxCwtGHopF qzE

tyGprpE I mpGJppy ˇ lyo A}¯-2 jsp YjXSa FpnGzE nzyGltyF lxCwtGHopF JtGs I)= yprlGtIp

spwtntGA rwHzyF lyo A} I } = CzFtGtIp spwtntGA rwHzyF+ GzrpGspE JtGs lww lxCwtGHopF EpwlGpo

Gz GspFp mA FHCpEFAxxpGEA- Lww YjXSa lxCwtGHopF xlA lwFz mp Clnvlrpo tyGz rpypElGtyr

qHynGtzyF Od
icSa

A ’>Pk(+ qEzx Jstns l FCpnt6n lxCwtGHop�d
icSa

A xlA mp pKGElnGpo GsEzHrs

�d
icSa

A ’ˇW , , , W A( ˆ Om7)¯j(Od
icSa

A ’>Pk( , ’=-fi(

jsp zEopE ] ) ¯I RElFFxlyy ot9pEpyGtlw zCpElGzE Om7)¯j( tF mHtwG qEzx l CEzoHnG zq zCpE!

lGzEF ty ’=-4( lFFzntlGpo JtGs Gsp FGlGpF zy plns pKGpEylw wtyp F-

2usp xlVtxlw IlwHp i 1 � } ¯ nzffpFNzyoF hz lyht,cSa lxNwthHopF) kstns nly mp pVNfpFFpo lF ty

pO- %=-0() mHh kths lyrwp mflnvphF fpNwlnpo mA FOHlfp mflnvphF-
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2 usp gHCpf cia IpfRpV pVClAgtMA

Ty GstF FpnGtzy+ Jp pKCwlty Gsp FHCpE XSa IpEGpK pKClyFtzy lyo pKCwzEp tGF nzyFpDHpynpF-

Ty FpnGtzy “-ˇ+ Jp EpItpJ Gsp zEotylEA XSa IpEGpK pKClyFtzy qzE YXSa lxCwtGHopF lyo

CEpFpyG Gsp FHCpE XSa IpEGpK pKClyFtzy lF tGF rpypElwtBlGtzy- bp lwFz FszJ GslG Gsp FHx

EHwp EpnpyGwA qzHyo ty Epq- ”[fl tF ly txxpotlGp nzyFpDHpynp zq GstF pKClyFtzy- bp opxzy!

FGElGp ty FpnGtzy “-= GslG Gsp EpqpEpynp RElFFxlyy ClElxpGpEF zq Gsp FHCpE XSa IpEGpK

pKClyFtzy nly mp nszFpy Fz lF Gz FtxCwtqA YXSa lxCwtGHop nzxCHGlGtzyF- Ty FpnGtzy “-“

Jp rpypElwtBp Gsp FHCpE XSa IpEGpK pKClyFtzy Gz lww GEpp lxCwtGHopF ty A ˆ ¯ idX GspzEA+

lyo ty FpnGtzy “-¯ Jp lylwABp Gsp nzxCHGlGtzylw FtxCwt6nlGtzyF qzE rpypElw GEpp lxCwtGHopF-

2-0 dcSa lxCwtRHopF

jsp zEotylEA XSa IpEGpK pKClyFtzy ”ˇfl rtIpF l FtxCwp CEpFnEtCGtzy Gz nzxCHGp lEmtGElEA

GEpp!wpIpw lxCwtGHopF ty A ˆ ¯ idX GspzEA- LG Gsp YXSa wpIpw+ qzE pKlxCwp+ zyp tF

tyFGEHnGpo Gz FHx zIpE lww CzFFtmwp otlrElxF ty Jstns ly A!CztyG YXSa lxCwtGHop �dcSaA

nly mp FCwtG tyGz GJz XSa FHmlxCwtGHopF T0 lyo T=+ nzyypnGpo mA ly tyGpEylw wtyp zq

xzxpyGHx f. ’Fpp 6rHEp ˇl(- Plns otlrElx tF nslElnGpEtBpo mA Gsp FHmFpG α zq pKGpEylw

wtypF JszFp xzxpyGl 7zJ tyGz Gsp tyGpEylw wtyp+ t-p-

f. ˆ
∑

P∈.

CP , ’“-ˇ(

Ty 6rHEp ˇl+ Gsp FpG α GsHF nzyFtFGF zq lww pKGpEylw wtypF zy FHmlxCwtGHop T0-
¯ jsp FHx zIpE

otlrElxF rtIpF Gsp opFtEpo YXSa lxCwtGHop.

�dcSaA ’ˇW , , , W A( ˆ
∑

MGIrNIVF .

�cSa’T0(
ˇ

f =.
�cSa’T=( , ’“-=(

jsp xzxpyGHx f. zq Gsp tyGpEylw wtyp tF yzG yHww+ lyo Jp GsHF yppo Gz pKCwlty szJ Gz

GEplG Gsp lyrwp mElnvpGF {f.→ Jstns lEp yppopo Gz nzxCHGp Gsp XSa FHmlxCwtGHopF ty

pD- ’“-=(- jsp Nib CEpFnEtCGtzy ”ˇfl tyFGEHnGF HF Gz HFp

{f.→ ≡ f.{cfl W ’“-“(

JspEp {cfl tF ly lEmtGElEtwA nszFpy EpqpEpynp FCtyzE- Plns otlrElx ty pD- ’“-=( Jtww rpypEtnlwwA

opCpyo zy Gsp nsztnp zq {cfl+ mHG GsptE FHx tF rHlElyGppo Gz EpCEzoHnp Gsp nzEEpnG lxCwtGHop

tyopCpyopyGwA zq Gsp nszFpy EpqpEpynp FCtyzE ”¯+ 4fl-

Lww A!CztyG YXSa lxCwtGHopF nly mp Clnvlrpo tyGz ly YXSa rpypElGtyr qHynGtzy+

ty GpExF zq Jstns Gsp XSa IpEGpK pKClyFtzy ’“-=( xlA mp JEtGGpy lF ”ˇfifl

OdcSaA

∑

>Pk
∏

ˆ
∑

MGIrNIVF .

δm7(
∑
]A
P10 {F→>Pk

∏

nAn’T0(f =. nAn’T=(

∏̄

k10

∑

P∈.

"Ff.→>Pk , ’“-¯(

3dzhp hslh lww pVhpfylw xzxpyhl dB lfp zHhrztyr ty zHf nzyIpyhtzyF) kstns pVNwltyF hsp otfpnhtzy zq hsp

lffzk zy hsp tyhpfylw wtyp q,-
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gtrHEp 0- jsp otlrElxF zq Gsp XSa IpEGpK pKClyFtzy lG Gsp ’l( YXSa+ ’m( Y=XSa+ lyo ’n(

Y2XSa wpIpw-

LyA ClEGtnHwlE YXSa lxCwtGHop nly mp zmGltypo qEzx GstF pKCEpFFtzy mA HFtyr pD- ’=-fi(

JtGs I ˆ ˇ-

jz op6yp l FHCpEFAxxpGEtn rpypElwtBlGtzy zq pD- ’“-¯(+ Jp 6EFG Epnlww GslG FHCpEnslErpF

”Pk{ lyo { 2Pk→ JpEp op6ypo ty Epq- ”ˇ;fl lF

{ 2Pk→ ≡
A

∑

P10

{F→ >Pk W ”Pk{ ≡
A

∑

P10

”F{
∂

∂>Pk
, ’“-4(

Zy l qHynGtzy q ’>Pk(+ ”P
k{ rpypElGpF Gsp ikid GElyFqzExlGtzy

q ’>Pk( }→ 2q’>Pk( ≡ pKC
∑

”Pk ǫkfl
∏

q ’>Pk( ˆ q
∑

>Pk ) ”ǫk Ffl
∏

’“-[(

lyo ty ClEGtnHwlE

2OdcSaA

∑

>Pk
∏

≡ pKC
∑

”Pk ǫkfl
∏

OdcSaA

∑

>Pk
∏

ˆ OdcSaA

∑

>Pk ) ”ǫk Ffl
∏

, ’“-fi(

MHG Ftynp Gsp rpypElGtyr qHynGtzy ’“-¯( pynzopF zy!Fspww lxCwtGHopF+ tG xHFG mp ikid

tyIlEtlyG.4

”Pk ǫkflO
dcSa
A ’>Pk( ˆ ; , ’“-](

jspEpqzEp+ lwGszHrs plns tyotItoHlw otlrElx ty ’“-¯( GElyFqzExF yzy!GEtItlwwA HyopE FH!

CpEFAxxpGEA+ Gsp qHynGtzy 2OdcSaA ’>Pk
∏

tF pDHlw Gz OdcSaA ’>Pk
∏

lqGpE FHxxtyr zIpE otl!

rElxF- jsHF 2OdcSaA ’>Pk
∏

tF l Ilwto rpypElGtyr qHynGtzy zq YXSa lxCwtGHopF ty A ˆ ¯

idX GspzEA-

�pG HF yzJ nszzFp

”ǫk{ ˆ ”d {>ck JtGs ”cd fl ˆ ˇ W ’“-–(

JspEp Jp Ctnvpo Gsp yzExlwtBlGtzy nzyotGtzy qzE wlGpE nzyIpytpynp- jspy 2OdcSaA ’>Pk/ >ck(+

op6ypo GsEzHrs pDF- ’“-fi( lyo ’“-–(+ tF Gsp FHCpE cSa IpEGpK pKClyFtzy zq Gsp YXSa

4gzf hsp dcSa rpypflhtyr qHynhtzy ty hsp fpNfpFpyhlhtzy %2-¯() hstF klF nzy6fxpo pVNwtnthwA ty fpq- 50:7-

8 [ 8
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rpypElGtyr qHynGtzy- kFtyr
∑

P∈.

"Ff.→
[

>Pk ) ”d Ffl>ck

]

ˆ
∑

P∈.

[

"Ff.→>Pk ) ”d Ffl"F{f.{cfl>ck
]

ˆ
∑

P∈.

"Ff.→>Pk ) f
=
. >ck W ’“-ˇ;(

Gsp FHCpE XSa IpEGpK pKClyFtzy GlvpF Gsp FtxCwp qzEx5

2OdcSaA ’>Pk/ >ck( ˆ
∑

MGIrNIVF .

δm7(
∑
]A
P10 {F→>Pk

∏

nAn’T0(f =. nAn’T=(

∏̄

k10

)

∑

P∈.

"Ff.→>Pk ) f
=
. >ck

�

, ’“-ˇˇ(

jsp tyotItoHlw GpExF zq pD- ’“-ˇˇ( opCpyo mzGs zy l nsztnp zq EpqpEpynp FCtyzE {cfl lyo

zy l nsztnp zq qzHE EpqpEpynp RElFFxlyy ClElxpGpEF >ck- QzE lyA nsztnp zq {cfl lyo >ck+
2OdcSaA ’>Pk/ >ck( tF Gsp rpypElGtyr qHynGtzy zq YXSa lxCwtGHopF+ Jstns lEp zmGltypo+ lF

ty pD- ’=-fi(+ mA lCCwAtyr Gsp GJpwqGs!zEopE RElFFxlyy ot9pEpyGtlw zCpElGzE Om0=( lFFzntlGpo

JtGs Gsp pKGpEylw FGlGpF zq Gsp lxCwtGHop.

�dcSaA ’ˇW , , , W A( ˆ Om0=( 2OdcSaA ’>Pk/ >ck( , ’“-ˇ=(

Tq Gsp RElFFxlyy ot9pEpyGtlw zCpElGzEF tyOm0=( oz yzG lnG zy >ck+ pD- ’“-ˇ=( EpCEzoHnpF Gsp

zEotylEA XSa IpEGpK pKClyFtzy- SzJpIpE+ tq Jp nszzFp plns >ck Gz mp l wtyplE nzxmtylGtzy

zq Gsp RElFFxlyy IlEtlmwpF >0kW , , , W >Ak lFFzntlGpo JtGs pKGpEylw FGlGpF+ Gspy Gsp zCpElGzEF

ty Om0=( oz tyoppo lnG zy >ck- btGs FHns l nsztnp+ 2OdcSaA ’>Pk/ >ck( tF+ otlrElx mA

otlrElx+ l FHx zq GJpwqGs!zEopE xzyzxtlwF ty Gsp RElFFxlyy IlEtlmwpF >Pk+ plns xzyzxtlw

nzyGltytyr GsEpp CzJpEF zq >Pk qzE plns 6Kpo ik’¯( tyopK k ˆ ˇW =W “W ¯- bstwp pD- ’“-](

rHlElyGppF Gsp pDHtIlwpynp zq 2OdcSaA ’>Pk/ >ck( lyo O
dcSa
A ’>Pk(+ GspA wplo Gz otFGtynG

otlrElxxlGtn pKClyFtzyF qzE lxCwtGHopF- jspEpqzEp Gsp FHCpE XSa IpEGpK pKClyFtzy tF l

yzy!GEtItlw rpypElwtBlGtzy zq Gsp zEotylEA XSa IpEGpK pKClyFtzy Jspy plns >ck tF nszFpy

lF Fzxp wtyplE nzxmtylGtzy zq Gsp pKGpEylw >Pk-

LF 2OdcSaA ’>Pk/ >ck( tF tyopCpyopyG zq >ck lqGpE FHxxtyr zIpE otlrElxF+ tGF opEtIlGtIp

JtGs EpFCpnG Gz plns >ck xHFG IlytFs- bp nly GsHF opEtIp FHx EHwpF qEzx pD- ’“-ˇˇ( mA

ot9pEpyGtlGtzy- L ClEGtnHwlEwA tyGpEpFGtyr FHx EHwp nly mp zmGltypo mA ot9pEpyGtlGtyr z9

Gsp pyGtEp opCpyopynp zq 2OdcSaA ’>Pk/ >ck( zy >ck+ Atpwotyr

; ˆ

)

∏̄

k10

∂

∂>ck

�

2OdcSaA ’>Pk/ >ck( ˆ
∑

MGIrNIVF .

δm7(
∑
]A
P10 {F→>Pk

∏

nAn’T0(f =. nAn’T=(

∑

f =.
∏¯
, ’“-ˇ“(

fHwwtyr zHG ly zIpElww otlrElx!tyopCpyopyG qlnGzE zq δm7(’
]

P {F→>Pk(.nAn’ˇW , , , W A(+

Jp zmGlty

; ˆ
∑

MGIrNIVF .

b.

∑

f =.
∏¯

JtGs b. ≡
nAn’ˇW , , , W A(

nAn’T0(f =. nAn’T=(
, ’“-ˇ¯(

jstF tF Gsp xlty FHx EHwp opEtIpo ty FpnGtzy ]-¯ zq Epq- ”[fl+ Jstns yzJ 6yoF l ylGHElw

tyGpECEpGlGtzy lF ly txxpotlGp nzyFpDHpynp zq Gsp >ck tyopCpyopynp zq Gsp FHCpE XSa

IpEGpK pKClyFtzy-

5 gzf .nk 1 :) hsp FHNpf cSa IpfhpV pVNlyFtzy %2-00( xlytqpFhwA fpoHnpF hz hsp zfotylfA cSa IpfhpV

pVNlyFtzy %2-¯(-
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2-1 itxCwt6po dcSa lxCwtRHop nBxCHRlRtByF

LG 6EFG FtrsG+ Gsp >ck opCpyopynp zq Gsp FHCpE XSa IpEGpK pKClyFtzy ’“-ˇˇ( xlA Fppx

wtvp ly HyypnpFFlEA nzxCwtnlGtzy- jstF JzHwo FHrrpFG GslG Gsp nsztnp >ck ˆ ;+ Jstns

EpoHnpF tG Gz Gsp zEotylEA XSa IpEGpK pKClyFtzy+ tF xzFG nzyIpytpyG- SzJpIpE+ tyFCpnGtzy

zq pD- ’“-ˇˇ( FszJF GslG Jp nly nszzFp Gsp >ck ty FHns l JlA GslG npEGlty otlrElxF ty Gsp

rpypElGtyr qHynGtzy IlytFs topyGtnlwwA- QzE pKlxCwp+ Ctnv lyA qzHE otlrElxF ty Gsp XSa

IpEGpK pKClyFtzy lyo opyzGp Gspx mA β0Wβ=Wβ2+ lyo β¯- MA nszzFtyr

>ck ˆ }
ˇ

f =βk

∑

P∈βk

"Ffβk→>Pk W ’“-ˇ4(

Jp rHlElyGpp GslG Gsp qzHE otlrElxF βk yz wzyrpE nzyGEtmHGp Gz Gsp FHx zIpE α ty Gsp

rpypElGtyr qHynGtzy 2OdcSaA ’>Pk/ >ck(- YzGp GslG GstF txCwtpF GslG GspFp qzHE otlrElxF oz

yzG nzyGEtmHGp Gz lyA lxCwtGHop �dcSaA nzxCHGpo qEzx pD- ’“-ˇˇ(- bp slIp nszFpy plns

>ck lF l ot9pEpyG wtyplE nzxmtylGtzy zq Gsp >Pk+ Gz xlKtxtBp Gsp FtxCwt6nlGtzy- bp zmGlty

2OdcSaA ’>Pk/ >ck( ˆ
∑

osureuVg

, −1β0aβ=aβ2aβ3

δm7(
∑
]A
P10 {F→>Pk

∏

nAn’T0(f =. nAn’T=(

∏̄

k10

)

∑

P∈.

"Ff.→>Pk }
f =.
f =βk

∑

P∈βk

"Ffβk→>Pk

�

,

’“-ˇ[(

SpEp+ Jp slIp pKCwtntGwA pKnwHopo Gsp otlrElxF β0W , , , Wβ¯ ty Gsp FHx+ lF otlrElxF JtGs

α ˆ βk tyIzwIp l IlytFstyr qlnGzE ty Gsp CEzoHnG zIpE k lyo GspEpqzEp oz yzG nzyGEtmHGp-

LG Gsp YXSa wpIpw+ Gsp FHCpE XSa IpEGpK pKClyFtzy GsHF lwwzJF HF Gz pwtxtylGp qzHE

otlrElxF- LF Jp Jtww Fpp mpwzJ+ xlyA xzEp otlrElxF nly mp pwtxtylGpo lG strspE YjXSa

wpIpw- jsp FtxCwt6nlGtzy GsHF rEzJF JtGs tynEplFtyr wpIpw ty I- QzE yzJ+ wpG HF twwHFGElGp

Gsp CzJpE zq Gsp FHCpE XSa IpEGpK pKClyFtzy ty Gsp qzEx ’“-ˇ[( JtGs ly pKlxCwp-

PVlxCwp. dcSa 4,CBtyR lxCwtRHopF- LF Gsp FtxCwpFG pKlxCwp+ wpG HF nzyFtopE

Gsp YXSa lxCwtGHop JtGs A ˆ 4 pKGpEylw wtypF- ’QtIp!CztyG YXSa lxCwtGHopF nly

mp GEplGpo lF lyGt!XSa+ Jstns CEzItopF l nzyFtFGpynA nspnv zy zHE nlwnHwlGtzy- YzGp

GslG tG tF zHE rzlw Gz twwHFGElGp Gsp loIlyGlrpF zq Gsp FHCpE XSa IpEGpK pKClyFtzy zIpE

Gsp zEotylEA XSa IpEGpK pKClyFtzy JtGs GstF pKlxCwp/ Jp oz yzG pKCpnG Gz lnstpIp

FtxCwt6nlGtzyF nzxClEpo Gz Gsp GEtItlw lyGt!XSa nzxCHGlGtzy-( QtIp otlrElxF nzyGEtmHGp

Gz Gsp zEotylEA XSa IpEGpK pKClyFtzy qzE Gsp YXSa 4!CztyG lxCwtGHop ’Fpp 6rHEp =l(-

btGs Gsp nsztnp ’“-ˇ4( qzE >ck+ Jp nly pwtxtylGp qzHE zq GspFp qEzx Gsp FHCpE XSa IpEGpK

pKClyFtzy- QzE op6ytGpypFF+ Jp nszzFp

β0 ˆ ·ˇW =W “| W β= ˆ ·=W “| W β2 ˆ ·4W ˇ| W β¯ ˆ ·4W ˇW =| , ’“-ˇfi(

jsp HytDHp otlrElx Jstns Gspy nzyGEtmHGpF Gz 2OdcSa4 ’>Pk/ >ck( tF Gsp otlrElx α ˆ ·ˇW =|

’Fpp 6rHEp ˇm(- PKCwtntGwA+ pD- ’“-ˇ[( rtIpF

2OdcSa4 ˆ
δm7(

∑
]A
P10 {F→>Pk

∏
∑¯
k10

[

"ˇf0=→>0k)"=f0=→>=k}
∑

f =0=.f
=
βk

∏
]

j∈βk
"Ifβk→>jk

]

"ˇ=→"=f0=→"f0=ˇ→ f =0= "“¯→"¯4→"4f0=→"f0=“→
,

’“-ˇ](

8 ] 8
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gtrHEp 1- ’l( jsp 6Ip otlrElxF nzyGEtmHGtyr Gz Gsp zEotylEA XSa IpEGpK pKClyFtzy zq 4!CztyG

YXSa lxCwtGHopF- ’m( jsp Ftyrwp Epxltytyr otlrElx GslG nzyGEtmHGpF Gz Gsp FHCpE XSa IpEGpK

pKClyFtzy-

jz GpFG GstF rpypElGtyr qHynGtzy+ wpG HF nzxCHGp Gsp rwHzy lxCwtGHop

�4’ˇ
)W =)W “}W ¯}W 4}(- itynp GstF lxCwtGHop tF lyGt!XSa+ Gsp nzyuHrlGp zq Gsp flEvp!

jlAwzE qzExHwl txxpotlGpwA rtIpF

�4’ˇ
)W =)W “}W ¯}W 4}( ˆ

”ˇ=fl¯

”ˇ=fl”=“fl”“¯fl”¯4fl”4ˇfl
, ’“-ˇ–(

NzxCHGtyr GstF lxCwtGHop JtGs Gsp zEotylEA XSa IpEGpK pKClyFtzy+ szJpIpE+ tF xpFFA lyo
Gsp FtxCwp EpFHwG ’“-ˇ–( tF otffnHwG Gz zmGlty lylwAGtnlwwA- QzHE otlrElxF nzyGEtmHGp Gz tGF
pKClyFtzy/ ty qlnG+ CEpntFpwA Gsp qzHE otlrElxF β0W , , , Wβ¯ wtFGpo ty pD- ’“-ˇfi(- Ty Gsp FHCpE
XSa IpEGpK pKClyFtzy Gsp nzxCHGlGtzy FtxCwt6pF oElxlGtnlwwA- LnGtyr JtGs O}

2 O
}
¯ O

}
4

zy pD- ’“-ˇ](+ Jp 6yo

O}
2 O

}
¯ O

}
4
2OM�NH4

ˆ

∑¯
k10

∂
∂.2k

∂
∂.3k

∂
∂.4k

[

0
=

]A
Pbi10"FS→>Pk>ik

][

"ˇf0=→>0k)"=f0=→>=k}
∑

f =0=.f
=
βk

∏
]

j∈βk
"Ifβk→>jk

]

"ˇ=→"=f0=→"f0=ˇ→ f =0= "“¯→"¯4→"4f0=→"f0=“→
,

’“-=;(

NzyFtopE 6EFG Gsp qlnGzEF k ˆ ˇ lyo k ˆ =- Ty mzGs nlFpF+ Gsp opEtIlGtIpF JtGs EpFCpnG Gz

>¯k lyo >4k xHFG lnG zy Gsp 6EFG qlnGzE+ lyo Jp zmGlty

∂

∂>2k

∂

∂>¯k

∂

∂>4k

[ˇ

=

A
∑

PbH10

"FS→>Pk>Hk
][

"ˇf0=→>0k ) "=f0=→>=k }
∑

f =0=.f
=
βk

∏

∑

j∈βk

"Ifβk→>jk
]

}→ "¯4→
f =0=
f =0=2

"“f0=2→ ˆ
”ˇ=fl"ˇ=→"“f0=→

”¯4fl
qzE k ˆ ˇ W

}→ "¯4→
f =0=
f ==2

"“f=2→ ˆ }
"¯4→”ˇ=fl"ˇ=→”=cfl

”=“fl
ˆ }

"¯4→”ˇ=fl"ˇf0=→

”=“fl
qzE k ˆ = , ’“-=ˇ(
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jsp Epxltytyr nlFpF k ˆ “ lyo k ˆ ¯ qzwwzJ mA Epwlmpwtyr qEzx Gsp nlFpF k ˆ = lyo k ˆ ˇ+
EpFCpnGtIpwA- bp zmGlty

O}
2 O

}
¯ O

}
4
2OM�NH4

ˆ

∑

”ˇ=fl"ˇ=→"“f0=→.”¯4fl
∏

F
∑

}"¯4→”ˇ=fl"ˇf0=→.”=“fl
∏

F
∑

}"“¯→”ˇ=fl"=f0=→.”4ˇfl
∏

F
∑

”ˇ=fl"ˇ=→"4f0=→.”“¯fl
∏

"ˇ=→"=f0=→"f0=ˇ→ f =0= "“¯→"¯4→"4f0=→"f0=“→

ˆ
”ˇ=fl¯

”ˇ=fl”=“fl”“¯fl”¯4fl”4ˇfl
, ’“-==(

bp slIp GsHF EpCEzoHnpo Gsp FtxCwp lyGt!XSa EpFHwG ’“-ˇ–(-

jsp FtxCwtntGA zq GstF nzxCHGlGtzy JlF yzG uHFG l nzyFpDHpynp zq zHE ClEGtnHwlE nsztnp

zq pKGpEylw FGlGpF- Ty qlnG+ Gsp rpypElGtyr qHynGtzy 2OdcSa4 ’>Pk/ >ck( nly mp xlytCHwlGpo

Gz pKCwtntGwA zmGlty Gsp lyGt!XSa rpypElGtyr qHynGtzy- QzE pKlxCwp+ Gsp k ˆ = qlnGzE ty

pD- ’“-ˇ]( rtIpF

"ˇf0=→>0k ) "=f0=→>=k }
f =0=
f ==2

[

"=f=2→>=k ) "“f=2→>2k
]

ˆ
ˇ

”=“fl

[

”=“fl"ˇf0=→>0k } "ˇ=→
∑

”=“fl”ˇcfl ) ”ˇ=fl”“cfl
∏

>=k ) ”ˇ=fl"ˇ=→”=cfl>2k
]

ˆ
"ˇf0=→

”=“fl

[

”=“fl>0k ) ”“ˇfl>=k ) ”ˇ=fl>2k

]

W ’“-=“(

JspEp Jp HFpo Gsp inszHGpy topyGtGA {ˇfl”=“fl ) nAnwtn ˆ ; - jsp zGspE GpExF nly mp GEplGpo
lylwzrzHFwA- jsp EpFHwGtyr CEpqlnGzEF "Ff0=→ nlynpw Gsp qzHE {cfl!opCpyopyG lyrwp mElnvpGF
ty Gsp opyzxtylGzE zq pD- ’“-ˇ](+ lyo Jp zmGlty

2OM�NH4 ˆ
δV5(

∑
]A
P10 {F→>Pk

∏

"¯4→="“¯→=
∑4
P10”FW F) ˇfl

=
∏

k10

[

”=“fl>0k)”“ˇfl>=k)”ˇ=fl>2k

]

∏̄

k12

[

”=4fl>0k)”4ˇfl>=k)”ˇ=fl>4k

]

W

’“-=¯(

Jstns tF pDHtIlwpyG Gz Gsp lyGt!XSa rpypElGtyr qHynGtzy qzE Gsp 4!CztyG lxCwtGHop CEp!

FpyGpo ty ”4+ ˇ–fl

OcSa4 ˆ
δm7(

∑
]A
P10 {F→>Pk

∏

"ˇ=→¯
∑4
P10”FW F ) ˇfl

∏̄

k10

[

”“¯fl>4k ) ”¯4fl>2k ) ”4“fl>¯k

]

, ’“-=4(

jz Fpp GstF pDHtIlwpynp+ Jp yzGtnp GslG Gsp wtypF ˇ lyo = GslG lEp lEmtGElEtwA Ftyrwpo zHG

ty pD- ’“-=4( nly ty CEtyntCwp mp nszFpy ot9pEpyGwA qzE plns IlwHp zq k- Ty pD- ’“-=¯(+ wtypF ¯

lyo 4 lEp Ftyrwpo zHG qzE k ˆ ˇW = + lyo wtypF “ lyo ¯ lEp Ftyrwpo zHG qzE k ˆ “W ¯ -

dcSa lxCwtRHopF vtRs � N 5 pVRpEylw FRlRpF- QzE A ≥ [ pKGpEylw FGlGpF+ xzEp

Gsly zyp otlrElx nzyGEtmHGpF Gz Gsp FHCpE XSa IpEGpK pKClyFtzy zq Gsp YXSa rpypElGtyr

qHynGtzy- QzE A ˆ [ ’A ˆ fi( GspEp lEp l GzGlw zq – otlrElxF ’ˇ¯ otlrElxF( ty Gsp zEotylEA

XSa IpEGpK pKClyFtzy- LF qzHE zq GspFp otlrElxF nly mp xlop Gz IlytFs mA nszzFtyr >ck
lF ty pD- ’“-ˇ4(+ Gsp FHCpE XSa IpEGpK pKClyFtzy pwtxtylGpF lwxzFG zyp!slwq ’zyp!GstEo( zq

Gsp otlrElxF- XlyA xzEp otlrElxF nly mp pwtxtylGpo qzE YjXSa lxCwtGHopF JtGs I < ˇ+

lyo Jp CEznppo Gz GstF nlFp yzJ-
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2-2 Lww REpp lxCwtRHopF

QzE l rpypElw A!CztyG ’YpKG!Gz(jXSa GEpp lxCwtGHop �d
icSa

A + Gsp zEotylEA XSa IpEGpK

pKClyFtzy tyFGEHnGF HF ”ˇfl Gz FHx zIpE lww CzFFtmwp otlrElxF ty Jstns Gsp lxCwtGHop nly

mp FCwtG tyGz I ) ˇ XSa FHmlxCwtGHopF T0+ T=+- - - + Tj)0 + nzyypnGpo mA I tyGpEylw wtypF zq

xzxpyGl f.0 W , , , W f.i - ’ipp 6rHEpF ˇm lyo ˇn qzE Gsp GACpF zq XSa IpEGpK otlrElxF Jstns

nly znnHE lG Y=XSa lyo Y2XSa wpIpw+ EpFCpnGtIpwA-( Plns otlrElx tF nslElnGpEtBpo mA

Gsp FHmFpGF α0W , , , Wαj zq pKGpEylw wtypF JszFp xzxpyGl 7zJ tyGz Gsp tyGpEylw wtypF+ t-p-

f.� ˆ
∑

P∈.�

CP , ’“-=[(

jsp FHx zIpE lww CzFFtmwp FHns XSa IpEGpK otlrElxF rtIpF Gsp opFtEpo YjXSa lxCwtGHop.

�d
icSa

A ’ˇW , , , W A( ˆ
∑

nia osureuVg

·.0b,,,b.i{

�cSa’T0( F F F �
cSa’Tj)0(

f =.0 F F Ff
=
.i

W ’“-=fi(

JtGs Gsp Nib CEpFnEtCGtzy HyopEFGzzo qzE plns znnHEEpynp zq Gsp lyrwp FCtyzEF {f.�→ ty

pD- ’“-=fi(.

{f.�→ ≡ f.� {cfl , ’“-=](

jsp rpypElGtyr qHynGtzy lFFzntlGpo JtGs Gsp zEotylEA XSa IpEGpK pKClyFtzy tF ”[fl

Od
icSa

A ’>Pk( ˆ
∑

nia osureuVg

·.0b,,,b.i{

δm7(
∑
]A
P10 {F→>Pk

∏

nAn’T0( F F F nAn’Tj)0(

j
∏

�10

)

ˇ

f =.�

∏̄

k10

∑

P∈.�

"Ff.�→>Pk

�

, ’“-=–(

jz zmGlty Gsp FHCpE XSa IpEGpK pKClyFtzy+ Jp lnG JtGs l ikid GElyFqzExlGtzy zy

Gsp rpypElGtyr qHynGtzy ’“-=–(.

2Od
icSa

A

∑

>Pk
∏

ˆ pKC ’”Pk ǫkfl( O
dicSa
A

∑

>Pk
∏

ˆ Od
icSa

A

∑

>Pk ) ”ǫk Ffl
∏

, ’“-“;(

QzE Gsp ikid ClElxpGpE+ Jp lrlty nszzFp Gsp ”ǫk{ op6ypo ty pD- ’“-–(- jsp FHCpE XSa
IpEGpK pKClyFtzy qzE Gsp YjXSa rpypElGtyr qHynGtzy Gspy GlvpF Gsp FtxCwp qzEx

2OM
q�NH

A ’>Pk/ >nk( ˆ
∑

�ia MsHrdHVg

�α)b,,,bαq{

δV5(
∑
]A
P10 {F→>Pk

∏

nAn’T0( F F F nAn’Tj)0(

j
∏

�10

ˇ

f =α�

∏̄

k10

)

∑

P∈α�

"Ffα�→>Pk ) f
=
α�
>nk

�

,

’“-“ˇ(

LnGtyr zy 2Od
icSa

A ’>Pk/ >ck( JtGs Gsp zEopE ])¯I RElFFxlyy ot9pEpyGtlw zCpElGzE O
m7)¯j(

lFFzntlGpo JtGs ly lxCwtGHop �d
icSa

A + Jp zmGlty+ otlrElx mA otlrElx+ Gsp FHCpE XSa

IpEGpK pKClyFtzy qzE GslG lxCwtGHop-

2-3 itxCwt6nlRtBy BD rpypElw lxCwtRHop nBxCHRlRtByF

jz FtxCwtqA rpypElw lxCwtGHop nlwnHwlGtzyF+ Jp nszzFp Gsp Flxp FGElGprA lF ty FpnGtzy “-=

lmzIp- MA Ctnvtyr >ck lF ty pD- ’“-ˇ4( qzE Fzxp nsztnp zq nslyypwF β0Wβ=Wβ2 W lyo β¯+ lww
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cSa IpEGpK otlrElxF qzE Jstns lyA tyGpEylw wtyp α� nztyntopF JtGs lyA βk IlytFs.

α� ˆ βk qzE lyA � ˆ ˇW , , , W I W lyo lyA k ˆ ˇW , , , W ¯ ⇒̂ otlrElx IlytFspF ,

’“-“=(

QzE rpypEtn lxCwtGHop nzxCHGlGtzyF6 Gsp FHCpE XSa IpEGpK pKClyFtzy tF xzFG pffntpyG tq

Jp xlKtxtBp Gsp yHxmpE zq otlrElxF Jstns IlytFs mA pD- ’“-“=(- Ot9pEpyG nsztnpF zq βk
nly wplo Gz l ot9pEpyG yHxmpE zq IlytFstyr otlrElxF- jJz FtxCwp rHtotyr CEtyntCwpF FszHwo

mp HFpo qzE Gsp nsztnp zq βk.

ˇ- usp nslyypwF βk FsBHwo lCCplE ty lF xlyA cSa IpERpV otlrElxF lF CBF,

Ftmwp-

NzyFtopE ˇ;!CztyG Y2XSa lxCwtGHopF- jsp nslyypw α ˆ ·ˇW =W “W ¯W 4| znnHEF ty ˇ=“

otFGtynG XSa IpEGpK otlrElxF+ Jstwp Gsp nslyypw α ˆ ·ˇW =| znnHEF ty ==4 ot9pEpyG

otlrElxF- jsp nsztnp β0 ˆ ·ˇW =| tF GsHF xzEp pffntpyG mpnlHFp tG pwtxtylGpF ˇ;=

xzEp otlrElxF Gsly β0 ˆ ·ˇW =W “W ¯W 4|-

=- usp nslyypwF βk FsBHwoW lF DlE lF CBFFtmwpW yBR BnnHE ty Rsp Flxp cSa

IpERpV otlrElxF-

Ty Gsp ˇ;!CztyG Y2XSa pKlxCwp+ β0 ˆ ·ˇW =| lyo β= ˆ ·=W “| nlyyzG znnHE GzrpGspE

ty lyA XSa IpEGpK otlrElx- jsp nslyypwF β0 ˆ ·ˇW =| lyo β= ˆ ·“W ¯|+ zy Gsp zGspE

slyo+ lCCplE GzrpGspE lF tyGpEylw wtypF ty =; ot9pEpyG XSa IpEGpK otlrElxF- Ty

GstF nlFp+ β= pwtxtylGpF =; otlrElxF GslG JpEp lwEploA pwtxtylGpo mA β0- jsp GzGlw

yHxmpE zq pwtxtylGpo otlrElxF tF GsHF EpoHnpo mA =; lF nzxClEpo Gz Gsp nsztnp

β0 ˆ ·ˇW =|W β= ˆ ·=W “|-

bspGspE GJz nslyypwF β0+ β= nly znnHE GzrpGspE ty ly XSa IpEGpK otlrElx nly mp

plFtwA GpFGpo- Tq+ CzFFtmwA lqGpE HFtyr Gsp qEppozx Gz Epwlmpw β0 ↔ 3β0 lyo β= ↔ 3β=+

Gsp FpGF β0 lyo β= oz yzG FslEp lyA pKGpEylw wtypF ’β0 ∩ β= ˆ ∅(+ Gspy GspA nly

lCCplE lF tyGpEylw wtypF ty Gsp Flxp XSa IpEGpK otlrElx-7

Ty Glmwp ˇ+ Jp FHxxlEtBp Gsp yHxmpE zq otlrElxF pwtxtylGpo qEzx Gsp rpypElGtyr qHynGtzy

qzE IlEtzHF nsztnpF zq A lyo I- QzE FtxCwtntGA Jp lwJlAF HFpo Gsp nsztnp

β0 ˆ ·ˇW =| W β= ˆ ·=W “| W β2 ˆ ·“W ¯| W β¯ ˆ ·¯W 4| ’“-““(

qzE Gsp nzHyGtyr zq FHCpE XSa IpEGpK otlrElxF ty Glmwp ˇ-

jsp yHxmpE zq otlrElxF zq Gsp zEotylEA IpEGpK pKClyFtzy lG A!CztyG YjXSa wpIpw tF

rtIpy ”=;fl mA Gsp pKCEpFFtzy X’AW I( ˆ 0
j)0

∑

A}2
j

∏∑

A)j}0
j

∏

- jsp yHxmpE zq otlrElxF zq Gsp

FHCpE XSa IpEGpK pKClyFtzy qzE Gsp nsztnp ’“-““( tF Gspy rtIpy mA Gsp pKCEpFFtzy8

i’AW I( ˆX’AW I( } ¯X’A} ˇW I } ˇ( ) “X’A } =W I } =( , ’“-“¯(

6Tq kp klyh hz HFp hsp FHNpf cSa IpfhpV pVNlyFtzy hz nzxNHhp zywA zyp FNpnt6n lxNwthHop) zf l FNpnt6n

nwlFF zq lxNwthHopF %FHns lF NHfp,rwHzy lxNwthHopF() l ot9pfpyh FhflhprA tF loItFlmwp- ipp otFnHFFtzy mpwzk-
7Spfp) 3βk opyzhpF hsp nzxNwpxpyh zq hsp Fph βk) fprlfopo lF l FHmFph zq lww pVhpfylw wtypF N0k , , , k �|-
8bp hslyv clfnHF iNflowty qzf l OHpFhtzy kstns NfzxNhpo HF hz opftIp hstF pVNfpFFtzy lqhpf I0 zq hstF

NlNpf klF FHmxthhpo-

8 ˇ= 8
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�14 ]:W Meosyue�+ 4

gHdpe+ 0
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gHdpe+ 3

�1fi =8W Meosyue�+ 03
gHdpe+ 0� 48W Meosyue�+ 45

gHdpe+ 12
]=W Meosyue�+ 73

gHdpe+ 04

�1] =:W Meosyue�+ 1�
gHdpe+ 05 ¯¯W Meosyue�+ 01�

gHdpe+ 56
[[W Meosyue�+ 2��

gHdpe+ 0�2
]2W Meosyue�+ 22�

gHdpe+ 46

�18 04W Meosyue�+ 16
gHdpe+ 12 2¯W Meosyue�+ 114

gHdpe+ 037 42W Meosyue�+ 714

gHdpe+ 276
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gHdpe+ 17� ¯¯W Meosyue�+ 0814
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gHdpe+ 1434 4:W Meosyue�+ 03�03

gHdpe+ 5878
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gHdpe+ 4174 ¯2W Meosyue�+ 23287
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gHdpe+ 30336
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gHdpe+0��27 2]W Meosyue�+ 6533�

gHdpe+ 36601 ¯]W Meosyue�+148785
gHdpe+023205

�10¯ 4W Meosyue�+ 66
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gHdpe+067�1 22W Meosyue�+046�7�
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ulmwp 0- NzxClEtFzy zq Gsp yHxmpE zq otlrElxF ty Gsp zEotylEA XSa IpEGpK pKClyFtzy lyo

Gsp FHCpE XSa IpEGpK pKClyFtzy qzE A!CztyG YjXSa lxCwtGHopF ty Gsp Elyrp A ˆ 4W , , , W ˇ¯ +

I ˆ ˇW , , , W 4 - jsp CpEnpyGlrp zq pwtxtylGpo otlrElxF tF lwFz otFCwlApo- ’LxCwtGHopF Jstns lEp

lyGt!YzXSa JtGs D / I lyo GsHF xzEp pffntpyGwA nzxCHGpo HFtyr ly lyGt!XSa IpEGpK pKClyFtzy

lEp otFCwlApo ty rElA-(

kFtyr GspFp lylwAGtn pKCEpFFtzyF qzE X’AW I( lyo i’AW I(+ Gsp pwtxtylGtzy ElGtz ˇ } i.X +

Jstns tF lwFz otFCwlApo ty Glmwp ˇ+ nly mp plFtwA lylwABpo- bstwp Gsp CpEnpyGlrp zq pwtx!

tylGpo otlrElxF opnEplFpF JtGs A lG 6Kpo I+ Gsp pwtxtylGtzy ElGtz tynEplFpF lwzyr Gsp

otlrzylw+ Jspy I lyo A lEp tynEplFpo FtxHwGlypzHFwA- RpypEtnlwwA+ Gsp nzxCHGlGtzylwwA

xzFG nslwwpyrtyr lxCwtGHopF lEp rwHzy lxCwtGHopF JtGs ly pDHlw yHxmpE zq yprlGtIp lyo

CzFtGtIp spwtntGA wprF ’lyo lxCwtGHopF EpwlGpo Gz GspFp mA FHCpEFAxxpGEA(- QzE GspFp =a!

CztyG YmV}=(XSa lxCwtGHopF+ Gsp pwtxtylGtzy ElGtz EpxltyF yzy!BpEz pIpy qzE a → ∞+

lCCEzlnstyr ˇˇ.=fi ≈ ¯ˇW ty GstF wtxtG-

fHEp rwHBy lxCwtRHopF- Tq Jp nzyFtopE Gsp nzxCHGlGtzy zq l ClEGtnHwlE A ˆ ¯ idX

lxCwtGHop+ yzG pIpEA otlrElx nzyGEtmHGpF Gz tGF zEotylEA XSa IpEGpK pKClyFtzy- Ty qlnG+

GspEp lEp otlrElxF qzE Jstns yz lFFtryxpyG zq FGlGpF Gz Gsp tyGpEylw wtypF nly GHEy lww

FHmlxCwtGHopF ty Gsp otlrElx tyGz XSa IpEGtnpF- L FtxCwp pKlxCwp tF Gsp [!rwHzy lxCwt!

GHop �dcSa5 ’ˇ}W =}W “}W ¯)W 4)W [)(+ Gz Jstns Gsp otlrElxF α ˆ ·¯W 4W [|+ ·¯W 4|+ lyo ·4W [|

oz yzG nzyGEtmHGp+ mpnlHFp Gsp FHmlxCwtGHop nzyGltytyr Gsp GsEpp yprlGtIp spwtntGA rwHzy

wtypF ˇW =W “ nlyyzG mp XSa- XzEp rpypElwwA+ plns ik’¯( tyopK k txCzFpF nzyFGEltyGF zy

Gsp CzFFtmwp otlrElxF GslG nzyGEtmHGp+ lyo qzEnpF npEGlty otlrElxF Gz IlytFs- QzE CHEp!

rwHzy lxCwtGHopF+ lww ik’¯( tyotnpF lCCplE zy Gsp Flxp wtypF+ lyo GspA GsHF lww txCzFp Gsp

Flxp nzyFGEltyGF- jspEpqzEp+ xlyA xzEp XSa IpEGpK otlrElxF nzyGEtmHGp Gz CHEp!rwHzy

lxCwtGHopF Gsly Gz rpypEtn A ˆ ¯ idX lxCwtGHopF-

Ty Gsp FHCpE XSa IpEGpK pKClyFtzy+ Jp nszzFp Gsp >ck Gz pwtxtylGp otlrElxF- iHns

8 ˇ“ 8
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l nsztnp+ szJpIpE+ nly nlHFp otlrElxF Gz EplCCplE GslG JzHwo slIp mppy lmFpyG ty Gsp

zEotylEA XSa IpEGpK pKClyFtzy- bp JtGypFFpo GstF Cspyzxpyzy ty Gsp pKlxCwp zq Gsp

4!CztyG YXSa lxCwtGHop �dcSa4 ’ˇ)W =)W “}W ¯}W 4}( otFnHFFpo ty FpnGtzy “-=- jspEp+ Gsp

zywA otlrElx nzyGEtmHGtyr Gz Gsp FHCpE XSa IpEGpK pKClyFtzy JlF α ˆ ·ˇW =|+ CEpntFpwA

Gsp otlrElx GslG JzHwo yzG slIp nzyGEtmHGpo Gz Gsp zEotylEA XSa IpEGpK pKClyFtzy-

Tq Jp lEp tyGpEpFGpo ty zyp ClEGtnHwlE CHEp!rwHzy lxCwtGHop+ lyo xlyA otlrElxF qzE GslG

lxCwtGHop lwEploA IlytFs ty tGF zEotylEA XSa IpEGpK pKClyFtzy+ tG tF loItFlmwp Gz Ctnv zywA

GsEpp nslyypwF β0Wβ=Wβ2+ lyo Gz FpG >c¯ ˆ ;- jsp nzyFGEltyGF qEzx Gsp ik’¯( tyopK k ˆ ¯

Gspy FGtww pyqzEnp Gsp IlytFstyr zq otlrElxF lmFpyG ty tGF zEotylEA XSa IpEGpK pKClyFtzy-

LF ly pKlxCwp+ nzyFtopE Gsp ]!CztyG Y=XSa lxCwtGHop

�d
=cSa

7 ’ˇ}W =}W “}W ¯}W 4)W [)W fi)W ])(- QzEGA!qzHE zHG zq ˇ=; otlrElxF nzyGEtmHGp Gz

tGF zEotylEA XSa IpEGpK pKClyFtzy- bp nly pwtxtylGp == qHEGspE otlrElxF mA nszzFtyr

β0 ˆ ·“W ¯|+ β= ˆ ·“W ¯W 4|+ lyo β2 ˆ ·¯W 4| - jsp FHCpE XSa IpEGpK pKClyFtzy zq GstF

lxCwtGHop GsHF zywA nzyGltyF slwq lF xlyA yzy!IlytFstyr otlrElxF lF Gsp zEotylEA XSa

IpEGpK pKClyFtzy- LwGszHrs Jp nzHwo zywA HFp GsEpp zq Gsp βk Gz pwtxtylGp nslyypwF+ GstF

pwtxtylGtzy ElGtz zq 4;W tF pIpy mpGGpE Gsly Gsp rpypEtn ElGtz zq ¯¯W rtIpy ty Glmwp ˇ

qzE Gsp ]!CztyG Y=XSa wpIpw- OpFCtGp tGF FHCpEFAxxpGEtn zEtrty+ Gsp FHCpE XSa IpEGpK

pKClyFtzy tF GsHF yz wpFF CzJpEqHw Jspy lCCwtpo Gz gNO lxCwtGHopF-

3 LwwmwtAp gHCpfgstDRg

Ty Gsp ypKG GJz FpnGtzyF+ Jp Jtww FszJ GslG Gsp FHCpE XSa IpEGpK pKClyFtzy CEpFpyGpo

lmzIp qzwwzJF ylGHElwwA qEzx Gsp EpnHEFtzy EpwlGtzy lFFzntlGpo JtGs szwzxzECstn lww!wtyp

FHCpEFstqGF- Ty Gsp nHEEpyG FpnGtzy+ Jp xzGtIlGp lyo op6yp szwzxzECstn lww!wtyp FHCpEFstqGF+

lyo FGHoA Gsp mpslItzE zq rpypElGtyr qHynGtzyF HyopE GspFp FHCpEFstqGF-

iHCpEFstqGF JpEp tyGEzoHnpo ty Epq- ”ˇ¯8ˇ[fl lF l rpypElwtBlGtzy zq ly zEotylEA GJz!wtyp

FstqG ty Gsp MNQb lCCEzlns ”“fl- Ly zEotylEA MNQb FstqG ”CW D→ tF op6ypo lF

{Cfl → {Cfl ) B{Dfl W {D→ → {D→} B{C→ W ’¯-ˇ(

JtGs lww zGspE lyrwp lyo FDHlEp FCtyzEF Epxltytyr HyFstqGpo- kyopE FHns l FstqG zq FCtyzEF+

Gsp FnlGGpEtyr lxCwtGHop lnDHtEpF l opCpyopynp zy B- Tq Gsp FstqG tF FHns GslG Gsp opqzExpo

lxCwtGHop �’B( IlytFspF lF B → ∞+ Gspy Gsp FstqG rtIpF EtFp Gz l Ilwto MNQb EpnHEFtzy

EpwlGtzy qzE Gsp lxCwtGHop- Ty Epq- ”“fl+ tG JlF FszJy GslG Gsp IlwtotGA zq l FstqG opCpyoF zy

Gsp spwtntGtpF zq Gsp wtypF C lyo D ClEGtntClGtyr ty Gsp FstqG- NzyFpDHpyGwA+ Gsp rpypElGtyr

qHynGtzyF+ Jstns pynzop lxCwtGHopF zq lww spwtntGtpF+ Jtww yzG rpypElwwA IlytFs lG wlErp B

HyopE l MNQb FstqG+ GszHrs Gsp nzpffntpyGF zq Fzxp zq tGF >!xzyzxtlwF Jtww-

L MNQb FHCpEFstqG ”CW D→ tF l rpypElwtBlGtzy zq pD- ’¯-ˇ( GslG lnGF zy RElFFxlyy

IlEtlmwpF lF Jpww ”ˇ“8ˇ[fl.

{Cfl→ {Cfl ) B{DflW {D→ → {D→} B{C→W >Nk → >Nk ) B>pk W ’¯-=(

JtGs lww zGspE lyrwp FCtyzEF+ FDHlEp FCtyzEF+ lyo RElFFxlyy IlEtlmwpF >Pk Epxltytyr Hy!

FstqGpo- jsp loIlyGlrp zq Gsp FHCpEFstqG tF GslG
]A
P10{F→>Pk EpxltyF tyIlEtlyG+ Jstns tx!

CEzIpF Gsp wlErp B qlwwz9 zq rpypElGtyr qHynGtzyF HyopE GstF FstqG- QzE pKlxCwp+ Gsp XSa

8 ˇ¯ 8
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rpypElGtyr qHynGtzy

OcSaA ’>Pk( ˆ
δm7(

∑
]A
P10 {F→>Pk

∏

nAn’ˇW , , , W A(
’¯-“(

IlytFspF lG wplFG lF ˇ.B qzE wlErp B+ qzE lyA nsztnp zq wtypF C lyo D ’tG rzpF lF ˇ.B= tq C lyo D

lEp yzG loulnpyG(- jstF mpslItzE rpypElwtBpF mpAzyo Gsp XSa wpIpw- Tyoppo+ lww rpypElGtyr

qHynGtzyF Od
icSa

A ’>Pk( IlytFs lG wlErp B qzE lyA nsztnp zq wtypF C lyo D lyo spynp xlA mp

EpCEpFpyGpo mA FHCpE MNQb EpnHEFtzy EpwlGtzyF ”ˇ“8ˇ[fl-

jsp XSa IpEGpK pKClyFtzy zq ly lxCwtGHop+ zy Gsp zGspE slyo+ xlA mp opEtIpo qEzx

l szwzxzECstn FstqG+ t-p-l FstqG GslG lnGF zy FDHlEp FCtyzEF zywA lyo wplIpF lww lyrwp FCtyzEF

tyIlEtlyG- L szwzxzECstn lww!wtyp FstqG JlF op6ypo ty Epq- ”[fl lF

{Ffl → {Ffl ) B nP{cflW {F→ → {F→ qzE F ˆ ˇW , , , W A W ’¯-¯(

JspEp {cfl tF ly lEmtGElEA EpqpEpynp FCtyzE+ lyo Gsp nzxCwpK ClElxpGpEF nP lEp nzyFGEltypo

mA xzxpyGHx nzyFpEIlGtzy Gz zmpA

A
∑

P10

nP{F→ ˆ ; , ’¯-4(

bp lwFz opxlyo GslG Gsp FHx zq xzxpyGl mp Hynslyrpo HyopE ly lww!wtyp FHCpEFstqG zywA

Jspy lww pKGpEylw xzxpyGl lEp FHxxpo- iCpnt6nlwwA+ Jp EpDHtEp

∑

P∈.

nP{F→ 〉̂ ; ’¯-[(

qzE lww CEzCpE FHmFpGF α zq nzyFpnHGtIp pKGpEylw wtypF- jsp XSa rpypElGtyr qHynGtzy ’¯-“(

tF xlytqpFGwA tyIlEtlyG HyopE GstF FstqG- QHEGspExzEp+ tG JlF FszJy ty Epq- ”[fl GslG YjXSa

rpypElGtyr qHynGtzyF Od
icSa

A ’>Pk(+ lyo GsHF lww Y
jXSa lxCwtGHopF+ qlww z9 lG wplFG lF ˇ.Bj

HyopE ly lww!wtyp FstqG- jspEpqzEp lww lxCwtGHopF ty A ˆ ¯ idX GspzEA xlA mp EpCEpFpyGpo

mA Gsp XSa IpEGpK pKClyFtzy-

bp rpypElwtBp Gsp FstqG ’¯-¯( Gz l szwzxzECstn lww,wtyp FHCpEFstqG

{Ffl → {Ffl ) B nP{cflW {F→ → {F→W >Pk → >Pk ) B nP>ck qzE F ˆ ˇW , , , W A W ’¯-fi(

JspEp+ ty lootGtzy Gz Gsp EpqpEpynp FCtyzE {cfl+ Jp tyGEzoHnp qzHE lEmtGElEA EpqpEpynp RElFF!

xlyy ClElxpGpEF >ck- bp FGtww txCzFp Gsp nzyotGtzyF ’¯-4( lyo ’¯-[(- jsp qzExpE ty

ClEGtnHwlE txCwtpF GslG δ’
]A
P10{F→>Pk( tF tyIlEtlyG HyopE Gsp FHCpEFstqG ’¯-fi( Ftynp

A
∑

P10

{F→>Pk →
A

∑

P10

{F→>Pk ) B
A

∑

P10

nP{F→>ck ˆ
A

∑

P10

{F→>Pk , ’¯-](

NzyFpDHpyGwA+ Gsp XSa rpypElGtyr qHynGtzy ’¯-“( tF tyIlEtlyG HyopE l szwzxzECstn lww!wtyp

FHCpEFstqG- Ty FpnGtzy ¯-ˇ+ Jp FGHoA Gsp mpslItzE zq lyGt!XSa rpypElGtyr qHynGtzyF HyopE

GstF FstqG- Ty FpnGtzy ¯-=+ Jp Jtww FszJ GslG Gsp YjXSa rpypElGtyr qHynGtzy qlwwF z9 lG

wplFG lF ˇ.Bj HyopE ly lww!wtyp FHCpEFstqG+ lyo ty FpnGtzy 4+ Jp Jtww HFp tGF EpnHEFtzy EpwlGtzy

Gz opEtIp Gsp FHCpE XSa IpEGpK pKClyFtzy-

8 ˇ4 8
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3-0 LyRt,cSa rpypElRtyr DHynRtByF

bp yzJ nzyFtopE Gsp mpslItzE zq lyGt!XSa rpypElGtyr qHynGtzyF HyopE FHCpEFstqGF- OHp

Gz GsptE FtxCwtntGA+ lyGt!XSa rpypElGtyr qHynGtzyF lEp Gsp toplw GpFGtyr rEzHyo Gz FGHoA

Gsp wlErp!B qlwwz9 zq rpypElGtyr qHynGtzyF HyopE FHCpEFstqGF- bp Jtww pKlxtyp GstF qlwwz9 qzE

mzGs rpypEtn szwzxzECstn lww!wtyp FHCpEFstqGF lyo l ClEGtnHwlEwA tyGpEpFGtyr EpFGEtnGpo nwlFF

zq FHns FHCpEFstqGF-

jsp A!CztyG lyGt!XSa rpypElGtyr qHynGtzy+ pKCEpFFpo ty GpExF zq Gsp nzyuHrlGp RElFF!

xlyy IlEtlmwpF 3>kP + tF rtIpy mA

O
cSa
A ’3>kP ( ˆ

δm7(
∑
]A
P10 {Ffl3>

k
P

∏

∑A
P10”FW F ) ˇfl

, ’¯-–(

jsp yHxpElGzE zq Gsp lyGt!XSa rpypElGtyr qHynGtzy+

δm7(

(

A
∑

P10

{Ffl3>kP

)

ˆ
ˇ

=¯

∏̄

k10

A
∑

PbH10

”F Sfl 3>kP 3>
k
H W ’¯-ˇ;(

xlA mp EpnlFG lF l qHynGtzy zq >Pk.

δm7(

(

A
∑

P10

{Ffl3>kP

)

sgH
}}}→

∑¯
k10

]A
H0b,,,bHA10

ǫH0H=���HA ”S0S=fl >H2k F F F >HAk

”= ’A } =(,fl¯
, ’¯-ˇˇ(

SpEp+ Jp HFpo Gsp RElFFxlyy QzHEtpE GElyFqzEx ’RQj( ”ˇ[+ ˇ–fl.

3q ’3>kP (
sgH
}}}→ q ’>Pk( ≡

∫

∏

Pbk

z3>kP pKC
[

∑

mbH

>Hm3>
m
H

]

3q’3>kP ( , ’¯-ˇ=(

Spynp Gsp lyGt!XSa rpypElGtyr qHynGtzy tF rtIpy mA ”4fl

OcSaA ’>Pk( ˆ

∑¯
k10

]A
H0b,,,bHA10

ǫH0H=���HA ”S0S=fl >H2k F F F >HAk

”= ’A} =(,fl¯
∑A
P10”FW F ) ˇfl

, ’¯-ˇ“(

jsp FHx zIpE ǫH0H=���HA ”S0S=fl >H2k F F F >HAk tF tyIlEtlyG HyopE l MNQb FHCpEFstqG ’¯-=(-

jspEpqzEp Gsp lyGt!XSa rpypElGtyr qHynGtzy+ uHFG lF Gsp XSa!rpypElGtyr qHynGtzy+ qlwwF

z9 lF ˇ.B ’zE ˇ.B=( HyopE l MNQb FHCpEFstqG-

kyopE l szwzxzECstn lww!wtyp FHCpEFstqG ’¯-fi(+ Gsp FHx zIpE ǫH0H=���HA ”S0S=fl >H2k F F F >HAk
rpypEtnlwwA CtnvF HC l Ctpnp wtyplE ty B/ strspE CzJpEF zq B nlynpw oHp Gz Gsp lyGtFAxxpGEA

zq ǫH0H=���HA - itynp plns FDHlEp mElnvpG ty Gsp opyzxtylGzE zq pD- ’¯-ˇ“( rpypEtnlwwA rzpF lF

B+ Gsp lyGt!XSa rpypElGtyr qHynGtzy IlytFspF lF ˇ.BA}¯ qzE wlErp B HyopE l szwzxzECstn

lww!wtyp FHCpEFstqG ’¯-fi(- itynp ly A!CztyG lyGt!XSa lxCwtGHop tF ly YjXSa lxCwtGHop

JtGs I ˆ A} ¯+ Jp nzynwHop GslG

OcSaA ’>Pk( ∼
ˇ

Bj
’¯-ˇ¯(

HyopE l rpypEtn szwzxzECstn lww!wtyp FHCpEFstqG-

8 ˇ[ 8
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bstwp Gsp qlwwz9 ’¯-ˇ¯( tF FHffntpyG Gz opEtIp lww!wtyp FHCpEFstqG EpnHEFtzy EpwlGtzyF qzE

lyGt!XSa rpypElGtyr qHynGtzyF JtGs A < ¯ pKGpEylw wprF+ tG tF JzEGsJstwp Gz pKlxtyp

JspGspE Gsp ˇ.Bj qlwwz9 nly mp txCEzIpo qzE l nlEpqHw nsztnp zq FstqG ClElxpGpEF- jstF

CzFFtmtwtGA tF tyGpEpFGtyr qzE GJz EplFzyF- QtEFG zq lww+ txCEzIpo wlErp B mpslItzE txCwtpF Gsp

CEpFpynp zq lootGtzylw FHx EHwpF- ipnzyowA+ l qlFGpE qlwwz9 nzHwo uHFGtqA l FHCpE XSa IpEGpK

pKClyFtzy qzE rpypElGtyr qHynGtzyF ty A ˆ ] FHCpErElItGA- jsp FtxCwtntGA zq Gsp lyGt!XSa

rpypElGtyr qHynGtzyF lwwzJF HF Gz pKCwtntGwA GpFG Gsp CzFFtmtwtGA zq txCEzIpo wlErp B mpslItzE-

LF Jp Jtww yzJ Fpp+ Gsp lyGt!XSa rpypElGtyr qHynGtzy tyoppo qlwwF z9 qlFGpE Gsly

ˇ.BA}¯ HyopE l EpFGEtnGpo nwlFF zq szwzxzECstn lww!wtyp FHCpEFstqGF- PKClyo Gsp FDHlEp

FCtyzE {cfl lyo Gsp RElFFxlyy ClElxpGpEF >ck ty ’¯-fi( lF

{cfl ˆ
A

∑

P10

zP{FflW >ck ˆ
A

∑

P10

zP>Pk , ’¯-ˇ4(

YzGp GslG Jp HFp Gsp Flxp pKClyFtzy nzpffntpyGF zP qzE mzGs {cfl lyo >ck+ Jstns tF l IpEA

FCpntlw yzy!rpypEtn nsztnp- kyopE FHns l FHCpEFstqG+ zyp xlA FszJ GslG

A
∑

H0b,,,bHA10

ǫH0H=���HA ”S0S=fl >H2k F F F >HAk →

(

ˇ ) B

A
∑

P10

nPzP

)

A
∑

H0b,,,bHA10

ǫH0H=���HA ”S0S=fl >H2k F F F >HAk ,

’¯-ˇ[(

bp yzJ qHEGspE EpFGEtnG Gsp ClElxpGpEF zP ty pD- ’¯-ˇ4( Gz FlGtFqA

A
∑

P10

nPzP ˆ ; W ’¯-ˇfi(

xlvtyr Gsp yHxpElGzE zq pD- ’¯-ˇ“( tyIlEtlyG HyopE Gsp FHCpEFstqG- itynp plns FDHlEp

mElnvpG ty Gsp opyzxtylGzE zq pD- ’¯-ˇ“( rzpF lF B ’qzE A < ¯(+ Gsp lyGt!XSa rpypElGtyr

qHynGtzy IlytFspF lF ˇ.BA lG wlErp B- jsp rpypEtn ˇ.Bj mpslItzE HyopE l szwzxzECstn

lww!wtyp FHCpEFstqG tF GsHF txCEzIpo+ lyo Jp slIp

OcSaA ’>Pk( ∼
ˇ

Bj)¯
qzE A < ¯+ Jspy

A
∑

P10

nPzP ˆ ; , ’¯-ˇ](

jsp Ftryt6nlynp zq GstF EpFHwG tF GslG tG txCwtpF Gsp IlwtotGA zq l FHCpE XSa IpEGpK pKClyFtzy

qzE lyGt!XSa rpypElGtyr qHynGtzyF ty A ˆ ] FHCpErElItGA+ lF Jp Jtww lErHp ty FpnGtzy [-

jsp txCEzIpo qlwwz9 ’¯-ˇ]( ozpF yzG szwo qzE A ˆ ¯ pKGpEylw wprF- LF lyGt!XSa

qzHE!CztyG qHynGtzyF lEp lwFz XSa+ GspA xHFG mp tyIlEtlyG HyopE lyA szwzxzECstn lww!wtyp

FHCpEFstqG lyo nlyyzG CzFFtmwA rz lF ˇ.B¯- Ty qlnG+ Gsp vtypxlGtnF zq qzHE!CztyG qHynGtzyF

pyFHEpF GslG Gsp FDHlEp mElnvpGF ty Gsp opyzxtylGzE zq pD- ’¯-ˇ“( lEp tyIlEtlyG HyopE

FHCpEFstqGF GslG FlGtFqA Gsp nzyotGtzy ’¯-ˇfi(- jsp rpypElGtyr qHynGtzy qzE qzHE!CztyG lyGt!

XSa lxCwtGHopF tF GsHF tyoppo tyIlEtlyG HyopE FHns l FHCpEFstqG-

TG tF tyFGEHnGtIp Gz opEtIp Gsp EpFHwG ’¯-ˇ]( ty l ot9pEpyG JlA mA nzyFtopEtyr Gsp lyGt!

XSa rpypElGtyr qHynGtzy ty Gsp qzEx ’¯-–(- bspy nzyotGtzy ’¯-ˇfi( szwoF+ Gsp wtyplE FstqG

zy >Pk tF pDHtIlwpyG Gz l wtyplE FstqG zy 3>kP ty Gsp QzHEtpE!GElyFqzExpo rpypElGtyr qHynGtzy
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O’3>kP (- Ty qlnG+ qzE lyA qHynGtzyF q
∑

>Pk( lyo 3q
∑

3>kP ( Jstns lEp EpwlGpo mA l RElFFxlyy QzHEtpE

GElyFqzExlGtzy+ zyp slF

q
∑

>Pk ) BnP
]

H zH>Hk
∏ sgH
}}}→

∫

∏

Pbk

z>Pk pKC
[

∑

mbH

3>mH>Hm

]

q
[

>Pk ) BnP
]

H zH>Hk

]

ˆ

∫

∏

Pbk

z>′Pk pKC
[

∑

mbH

[

3>mH } B zH
]

j nj3>
m
j

]

>′Hm

]

q
∑

>′Pk
∏

ˆ 3q
[

3>kP } B zP
]

H nH 3>
k
H

]

, ’¯-ˇ–(

SpEp+ Gsp nzyotGtzy ’¯-ˇfi( JlF ypnpFFlEA Gz FszJ GslG Gsp nslyrp zq IlEtlmwpF >′Pk ˆ >Pk )

BnP
]

H zH>Hk txCwtpF >Pk ˆ >
′
Pk} BnP

]

H zH>
′
Hk lyo Gz rHlElyGpp GslG Gsp xplFHEp tF tyIlEtlyG

HyopE Gsp nslyrp zq IlEtlmwpF- bp nzynwHop GslG Gsp nzyuHrlGp RElFFxlyy IlEtlmwpF 3>kP
GElyFqzEx wtyplEwA HyopE l FHCpEFstqG.

>Pk → >Pk ) B nP

A
∑

H10

zH>Hk ⇐⇒ 3>kP → 3>kP } B zP

A
∑

H10

nH 3>
k
H Jspy

A
∑

P10

nPzP ˆ ; , ’¯-=;(

YzGp GslG Gsp EzwpF zq nP lyo zP lEp EpIpEFpo ty Gsp FstqGF zq >Pk lyo 3>kP -

itynp mA pD- ’¯-ˇ4( Jp slIp

{Ffl → {Ffl ) B nP

A
∑

H10

zH {Sfl W ’¯-=ˇ(

tG qzwwzJF GslG
]A
P10{Ffl3>

k
P lyo GspEpqzEp δm7(

∑
]A
P10{Ffl3>

k
P

∏

tF tyIlEtlyG HyopE GstF EpFGEtnGpo

nwlFF zq FHCpEFstqGF-0+ jsp txCEzIpo ˇ.BA qlwwz9 tF Gspy xlytqpFG ty Gsp lyGt!XSa rpypE!

lGtyr qHynGtzy ’¯-–(-

3-1 djcSa rpypElRtyr DHynRtByF HyopE lww,wtyp FHCpEFstDRF

bp yzJ FszJ GslG rpypElGtyr qHynGtzyF qzE YjXSa lxCwtGHopF qlww z9 lG wplFG lF ˇ.Bj

qzE wlErp B HyopE lww!wtyp FHCpEFstqGF JtGs FstqG ClElxpGpEF {cfl lyo >ck- QzE I ≥ ˇ GspFp

FHCpEFstqGF GsHF rtIp Ilwto EpnHEFtzy EpwlGtzyF- LF Jp Jtww FszJ ty Gsp qzwwzJtyr FpnGtzy+

Gsp lFFzntlGpo EpnHEFtzy EpwlGtzyF txCwA Gsp FHCpE XSa IpEGpK pKClyFtzy- ZHE opEtIlGtzy

zq Gsp qlwwz9 tF mlFpo zy Gsp zEotylEA XSa IpEGpK pKClyFtzy zq Gsp rpypElGtyr qHynGtzy+

JszFp IlwtotGA JlF pFGlmwtFspo ty EpqF- ”4+ [fl- Ly lwGpEylGtIp opEtIlGtzy+ mlFpo zy Gsp FHCpE

MNQb EpnHEFtzy EpwlGtzyF zq Epq- ”ˇ“8ˇ[fl tF zHGwtypo ty lCCpyotK L-ˇ-

NzyFtopE Gsp mpslItzE zq plns zq Gsp GpExF ty Gsp zEotylEA XSa IpEGpK pKClyFtzy ’“-=–(

HyopE l rpypEtn szwzxzECstn lww!wtyp FHCpEFstqG ’¯-fi(- NEHntlwwA+ Jp HFp l EpqpEpynp FCtyzE

{pfl ty Gsp zEotylEA XSa IpEGpK pKClyFtzy GslG ozpF yzG nztyntop JtGs Gsp FCtyzE {cfl

0:Tq kp txNzFp hsp pIpy Fhfzyrpf nzyothtzy nBcB 1 : qzf plns P) hspy hsp szwzxzfNstn lww,wtyp FHNpfFstqh

tF xlytqpFhwA l nzxNzFthtzy zq FpIpflw 5dk p− FHNpfFstqhF %¯-=( lyo hsp tyIlftlynp zq
�A

B10
{P73.kB lHhzxlhtnlwwA

qzwwzkF- dzhp) hszHrs) hslh FHns l Fstqh tF yz wzyrpf ly lww,wtyp Fstqh) lF kp yppo hz Fph lh wplFh zyp nB 1 :

hz FlhtFqA hstF Fhfzyrpf nzyothtzy-

8 ˇ] 8
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lCCplEtyr Gsp FHCpEFstqG ’¯-fi(- bp opxlyo ”cpfl 〉ˆ ;- jsp FstqG Gspy lnGF zy Gsp Nib

FCtyzEF {f.�→ ty ly XSa IpEGpK otlrElx lF

{f.�→ ˆ f.� {pfl → 1f.� {pfl ˆ f.� {pfl ) B
∑

H∈.�

nH {S→”cpfl , ’¯-==(

NzyotGtzy ’¯-[( pyFHEpF GslG Gsp Z’B( GpEx zy Gsp EtrsG slyo Ftop ozpF yzG IlytFs- QzE

lyA pKGpEylw wtyp F+ lyo lyA GJz tyGpEylw wtypF f.� lyo f.X zq ly XSa IpEGpK otlrElx+

Jp Gspy 6yo Gsp qzwwzJtyr FstqG opCpyopynp.

"F 1f.�→ ∼ B W " 1f.�
1f.X → ∼ B

= , ’¯-=“(

bp nly GsHF lFFzntlGp zyp CzJpE zq B JtGs plns znnHEEpynp zq { 1f.�→- LF Gsp Nib FCtyzE

{ 1f.�→ zq plns tyGpEylw wtyp α� lCCplEF qzHE GtxpF ty Gsp nAnwtn qlnGzEF zq Gsp opyzxtylGzE

zq ’“-=–(+ Jp slIp
ˇ

nAn’1T0( F F F nAn’1Tj)0(
∼

ˇ

B¯j
, ’¯-=¯(

jsp FCty qlnGzEF ty Gsp yHxpElGzE zq ’“-=–( FstqG lF

∑

P∈.�

"F 1f.�→1>Pk ˆ B=
∑

PbH∈.�

nPnH"FS→”cpfl>ck )Z’B( ˆ Z’B( W ’¯-=4(

GsHF zIpElww Gsp yHxpElGzE rzpF lG xzFG lF B¯j- jlvtyr tyGz lnnzHyG Gsp FstqG opCpyopynp

zq plns zq Gsp I CEzClrlGzEF+ ˇ. 1f =.� ∼ ˇ.B + Jp nzynwHop GslG Gsp XSa IpEGpK pKClyFtzy

zq Gsp rpypElGtyr qHynGtzy+ otlrElx mA otlrElx+ qlwwF z9 lG wplFG lF

Od
icSa

A ’>Pk( ∼
ˇ

Bj
’¯-=[(

HyopE szwzxzECstn lww!wtyp FHCpEFstqGF-

4 usp gHCpf cia IpfRpV pVClAgtMA DfMx lwwmwtAp gHCpfgstDRg

Ty GstF FpnGtzy Jp opEtIp Gsp FHCpE XSa IpEGpK pKClyFtzy qEzx szwzxzECstn lww!wtyp FHCpE!

FstqGF- jsp CEzzq tF l rpypElwtBlGtzy zq Gsp opEtIlGtzy zq Gsp zEotylEA XSa IpEGpK pKClyFtzy

ty Epq- ”[fl- bp Jtww GsHF pxCslFtBp Gsp ypJ lFCpnGF zq Gsp nHEEpyG CEzzq+ EpqpEEtyr Gsp EplopE

Gz Gsp opGltwF ty Epq- ”[fl qzE FGpCF GslG CEznppo lylwzrzHFwA-

4-0 Lww,wtyp FHCpEFstDR EpnHEFtBy EpwlRtByF

bp CEzIpo ty FpnGtzy ¯ GslG YjXSa rpypElGtyr qHynGtzyF Od
icSa

A ’>Pk( JtGs I ≥ ˇ IlytFs

lF B → ∞ HyopE ly lww!wtyp FHCpEFstqG- Lww!wtyp FHCpEFstqGF nly GsHF mp HFpo Gz opEtIp l

EpnHEFtzy EpwlGtzy qzE Od
icSa

A ’>Pk(- Plns otlrElx ty Gsp EpnHEFtzy EpwlGtzy tF Gsp CEzoHnG

zq GJz rpypElGtyr qHynGtzyF+ nzyypnGpo mA l FnlwlE CEzClrlGzE ˇ.f =. - bp opyzGp Gsp FpG

zq pKGpEylw FGlGpF zy zyp FHmlxCwtGHop mA α+ lyo GsptE lFFzntlGpo RElFFxlyy IlEtlmwpF mA

·>Pk|P∈.- itxtwlEwA+ zy Gsp zGspE FHmlxCwtGHop Jp opyzGp Gsp pKGpEylw FGlGpF lyo lFFzntlGpo

RElFFxlyy IlEtlmwpF mA 3α lyo ·>Pk|P∈3.+ EpFCpnGtIpwA- jsp rpypElGtyr qHynGtzyF zq Gsp GJz

FHmlxCwtGHopF lwFz opCpyo zy Gsp RElFFxlyy IlEtlmwp >q,k lFFzntlGpo JtGs Gsp tyGpEylw

8 ˇ– 8
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CEzClrlGzE wtyp- Ty Gsp EpnHEFtzy EpwlGtzy Jp yppo Gz nlEEA zHG Gsp tyGpExpotlGp FGlGp FHx

mA lnGtyr JtGs Gsp RElFFxlyy ot9pEpyGtlw zCpElGzE O
m¯(
. ˆ

∑

k ∂.∂>q,k- bp GsHF zmGlty

OM
q�NH

A ’4-ˇ(

ˆ
ˇ

=

j}0
∑

z1+

∑

α

OV¯(α

OM
A�NH

∑

1αW} 1fα / ·1>Pk|P∈α W >qak
∏

OM
mq�A�)(�NH

∑

13αW 1fα / ·1>Pk|P∈3α W >qak
∏

f =α

∣

∣

∣

∣

X1Xa

,

jsp yzGlGtzy 1αW 13αW 1f.W 1>Pk tyotnlGpF GslG Gsp xzxpyGl lyo RElFFxlyy IlEtlmwpF zq Gsp

FHmlxCwtGHopF lEp FstqGpo- jspA lEp pIlwHlGpo lG B ˆ B. FlGtFqAtyr Gsp Czwp nzyotGtzy
1f =.’B( ˆ ;+ t-p-

B. ˆ
f =.

]

P∈. nP"F{f.{cfl
, ’4-=(

NzyotGtzy ’¯-[( pyFHEpF GslG B. tF lwJlAF Jpww!op6ypo+ lyo GsHF lww CzFFtmwp otlrElxF α

nzyGEtmHGp Gz Gsp EpnHEFtzy EpwlGtzy- itynp 1f. tF yHww Jspy B ˆ B.+ Jp nly JEtGp

1f. ˆ { 1f.→” 1f.{ ⇒̂ { 1f.→ ˆ
1f.{cfl

” 1f.cfl
ˆ
f.{cfl

” 1f.cfl
, ’4-“(

QtylwwA+ Gsp FAxxpGEA qlnGzE 0
= ty pD- ’4-ˇ( tF ypnpFFlEA mpnlHFp+ qzE plns nslyypw α+ Jp

yzJ lwFz tynwHop Gsp pDHtIlwpyG GpEx JtGs α ↔ 3α ty Gsp FHx-

4-1 dcSa rpypElRtyr DHynRtBy

LG Gsp YXSa wpIpw+ lww FHmlxCwtGHopF ty Gsp EpnHEFtzy EpwlGtzy ’4-ˇ( lEp XSa- kFtyr Gsp

XSa rpypElGtyr qHynGtzy ’=-“( Jp zmGlty

OdcSaA ˆ
∑

MGIrNIVF .

Om¯(.
δm7(

∑
]

P∈. {F→1>Pk } {
1f.→>q,k

∏

δm7(
∑
]

P∈3. {F→1>Pk ) {
1f.→>q,k

∏

nAn’1T0( f =. nAn’
1T=(

∣

∣

∣

∣

M1M,

,

’4-¯(

JspEp { 1f.→ ty Gsp yHxpElGzE+ lyo ty Gsp nAnwtn qlnGzEF ty Gsp opyzxtylGzE+ tF rtIpy mA

pD- ’4-“(- kFtyr δm7(’�(δm7(’M( ˆ δm7(’�(δm7(’�)M( lyo Gsp tyIlEtlynp zq
]A
P10{F→>Pk qEzx

pD- ’¯-](+ Jp zmGlty

OdcSaA ˆ
∑

MGIrNIVF .

δm7(
∑
]A
P10 {F→>Pk

∏

nAn’T0( f =. nAn’T=(

∏̄

k10

∑

P∈.

"Ff.→1>Pk

∣

∣

∣

∣

M1M,

, ’4-4(

itynp lww qlnGzEF zq ” 1f.cfl nlynpw+ Jp HFpo Gsp Nib CEpFnEtCGtzy

{ 1f.→ → f.{cfl ˆ {f.→ ’4-[(

qzE lww znnHEEpynpF zq { 1f.→ ty Gsp yHxpElGzE lyo Gsp nAnwtn qlnGzEF ty Gsp opyzxtylGzE zq

pD- ’4-4(-

�pG HF yzJ pKlxtyp Gsp p9pnG zq Gsp FstqGpo 1>Pk ty pD- ’4-4(- bp 6yo

∑

P∈.

"Ff.→1>Pk

∣

∣

∣

∣

M1M,

ˆ
∑

P∈.

"Ff.→>Pk ) B.
∑

P∈.

nP"Ff.→>ck ˆ
∑

P∈.

"Ff.→>Pk ) f
=
. >ck W ’4-fi(

8 =; 8
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gtrHEp 2- L otlrElx α zq Gsp lww!wtyp FHCpEFstqG EpnHEFtzy EpwlGtzy zq ly Y=XSa rpypElGtyr

qHynGtzy- jsp FHCpE XSa IpEGpK pKClyFtzy tF FHmFGtGHGpo qzE Gsp YXSa FHmlxCwtGHop+ lyo Gsp

tyGpEylw wtyp fβ zq Gsp FHCpE XSa IpEGpK otlrElx tF pIlwHlGpo lG FstqGpo xzxpyGl-

JspEp Jp tyFpEGpo B. qEzx pD- ’4-=( ty Gsp wlFG FGpC- bp zmGlty

OdcSaA ˆ
∑

MGIrNIVF .

δm7(
∑
]A
P10 {F→>Pk

∏

nAn’T0( f =. nAn’T=(

∏̄

k10

)

∑

P∈.

"Ff.→>Pk ) f
=
. >ck

�

, ’4-](

bp slIp GsHF EpCEzoHnpo 2OdcSaA ’>Pk/ >ck( rtIpy ty pD- ’“-ˇˇ(+ t-p-Gsp qzEx zq Gsp YXSa

rpypElGtyr qHynGtzy lFFzntlGpo JtGs Gsp FHCpE XSa IpEGpK pKClyFtzy-

4-2 d=cSa rpypElRtyr DHynRtBy

�pG HF yzJ HFp pD- ’4-ˇ( Gz opGpExtyp Gsp rpypElGtyr qHynGtzy lG Gsp Y=XSa wpIpw- Zyp FHm!

lxCwtGHop tF lrlty XSa+ qzE Jstns Jp HFp Gsp XSa rpypElGtyr qHynGtzy ty Gsp qzEx ’=-“(-

QzE Gsp YXSa FHmlxCwtGHop+ tG tF nEHntlw GslG Jp HFp Gsp rpypElGtyr qHynGtzy ’4-]( lFFznt!

lGpo JtGs Gsp FHCpE XSa IpEGpK pKClyFtzy+ lyo GslG Jp HFp Gsp Flxp EpqpEpynp ClElxpGpEF

{cfl+ >ck ty Gsp rpypElGtyr qHynGtzy lF ty Gsp lww!wtyp FHCpEFstqG- jsp YXSa rpypElGtyr

qHynGtzy nzyGltyF l FHx zIpE nslyypwF Jstns Jp opyzGp mA β- jsp CEzClrlGzE wtyp f. tF ly

˜pKGpEylw5 wtyp zq Gsp YXSa FHmlxCwtGHop+ mHG Jp nszzFp β Gz yzG tynwHop GstF wtyp ’f. .∈

β(+ Fz GslG mzGs α lyo β zywA nzyGlty pKGpEylw wtypF zq Gsp qHww lxCwtGHop ’Fpp 6rHEp “(-
L FszEG nlwnHwlGtzy lylwzrzHF Gz GslG ty Epq- ”[fl rtIpF

OM
1�NH

A ˆ
∑

αbβ

δV5(
∑
]A
P10 {F→>Pk

∏

nAn’T0(nAn’T=(nAn’T2(

ˇ

f =α
1f =β ’Bα(

∏̄

k10

)

∑

P∈α

"F fα→1>Pk

�)

∑

P∈β

"F fβ→1>Pk ) 1f =β ’Bα( >nk

�

,

’4-–(

YzGp GslG Gsp lyrwp mElnvpGF "F fβ→ ’tynwHotyr GszFp txCwtntG ty nAn’T=( lyo nAn’T2(( lEp

Hyl9pnGpo mA Gsp FstqG mpnlHFp

{ 1fβ’B.(→ ˆ 1fβ’B.({cfl ˆ fβ{cfl ) B.
∑

P∈β

nP{F→”ccfl ˆ fβ{cfl ˆ {fβ→ , ’4-ˇ;(

jz FtxCwtqA Gsp wlFG qlnGzE ty pD- ’4-–(+ Jp pxCwzA Gsp nEHntlw topyGtGA

∑

P∈β

"F fβ→1>Pk ) 1f =β ’B.(>ck ˆ
∑

P∈β

"F fβ→>Pk ) f
=
β >ck W ’4-ˇˇ(

8 =ˇ 8
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JspEp Jp HFpo

B.
∑

P∈β

"F fβ→) 1f =β ’B.( ˆ f
=
β , ’4-ˇ=(

YzGp GslG Gsp topyGtGA ’4-ˇˇ( EpwtpF zy Gsp qlnG GslG Gsp lww!wtyp FHCpEFstqG EpnHEFtzy EpwlGtzy
lyo Gsp YXSa rpypElGtyr qHynGtzy qzE Gsp FHmlxCwtGHop lEp mlFpo zy Gsp Flxp EpqpEpynp
ClElxpGpEF {cfl lyo >ck- bp nly Gspy EpJEtGp pD- ’4-–( lF

OM
1�NH

A ˆ
∑

αbβ

δV5(
∑
]A
P10 {F→>Pk

∏

nAn’T0(nAn’T=(nAn’T2(

ˇ

f =α 1f
=
β ’Bα(

∏̄

k10

)

∑

P∈α

"F fα→>Pk)f
=
α >nk

�)

∑

P∈β

"F fβ→>Pk)f
=
β >nk

�

,

’4-ˇ“(

iAxxpGEtBtyr Gsp FHx ty α ↔ β lyo HFtyr Gsp topyGtGA ”=ˇfl

ˇ

f =. 1f
=
β ’B.(

)
ˇ

1f =.’Bβ(f
=
β

ˆ
ˇ

f =.f
=
β

W ’4-ˇ¯(

Jp 6yo

OM
1�NH

A ˆ
ˇ

=

∑

αbβ

δV5(
∑
]A
P10 {F→>Pk

∏

nAn’T0(nAn’T=(nAn’T2(

ˇ

f =αf
=
β

∏̄

k10

)

∑

P∈α

"Ffα→>Pk ) f
=
α>nk

�)

∑

P∈β

"Ffβ→>Pk ) f
=
β>nk

�

,

’4-ˇ4(

LF GspEp JlF yz EpFGEtnGtzy zy zHE zEtrtylw FHx zIpE α+ Jp lEp nzHyGtyr plns otFGtynG XSa

IpEGpK otlrElx GJtnp ty pD- ’4-ˇ4(- jsp qlnGzE zq 0= nzxCpyFlGpF GstF zIpEnzHyGtyr- bp

Gspy slIp ’lqGpE Epwlmpwtyr α → α0 lyo β → α=(

Od
=cSa

A ˆ
∑

nia osureuVg

·.0b.={

δm7(
∑
]A
P10 {F→>Pk

∏

nAn’T0(nAn’T=(nAn’T2(

=
∏

�10

ˇ

f =.�

∏̄

k10

)

∑

P∈.�

"F f.�→>Pk ) f
=
.�
>ck

�

,

’4-ˇ[(

bp slIp GsHF opEtIpo Gsp FHCpE XSa IpEGpK pKClyFtzy ’“-“ˇ( lG Gsp Y=XSa wpIpw-

4-3 Lww REpp lxCwtRHopF

jsp rpypElwtBlGtzy Gz Gsp YjXSa rpypElGtyr qHynGtzy JtGs I ≥ “ tF FGEltrsGqzEJlEo- bp

nzyGtyHp tyoHnGtIpwA ty I+ CwHrrtyr ty Gsp FHCpE XSa IpEGpK pKClyFtzy qzE Gsp YpXSa

FHmlxCwtGHopF ’D / I( ty Gsp EpnHEFtzy EpwlGtzy ’4-ˇ(- bp HFp Gsp Flxp EpqpEpynp ClElxpGpEF

{cfl+ >ck ty Gsp FHmlxCwtGHopF lF ty Gsp lww!wtyp FHCpEFstqG EpnHEFtzy EpwlGtzy- jsp CEzzq

CEznppoF CEpntFpwA lF ty Epq- ”[fl+ pKnpCG GslG Jp yppo Gz HFp Gsp topyGtGA ’4-ˇˇ( qzE lww nslyypwF

β0W , , , Wβp lCCplEtyr ty ly YpXSa FHmlxCwtGHop- jsp zywA Epxltytyr FstqG opCpyopynp

Gspy EpFtopF ty Gsp CEzClrlGzEF+ lyo HFtyr Gsp topyGtGA ”[+ =ˇfl

j
∑

�10

ˇ

1f =.0’B.�( F F F
1f =.��0’B.�(f

=
.�

1f =.�m0’B.�( F F F
1f =.i’B.�(

ˆ
ˇ

f =.0 F F Ff
=
.i

W ’4-ˇfi(

Jp zmGlty Gsp rpypElGtyr qHynGtzy

OdcSaA ’>Pk( ˆ
∑

nia osureuVg

·.0b,,,b.i{

δm7(
∑
]A
P10 {F→>Pk

∏

nAn’T0( F F F nAn’Tj)0(

j
∏

�10

ˇ

f =.�

∏̄

k10

)

∑

P∈.�

"Ff.�→>Pk ) f
=
.�
>ck

�

,

’4-ˇ](
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jstF rpypElGtyr qHynGtzy nztyntopF JtGs Gsp FHCpE XSa IpEGpK pKClyFtzy ’“-“ˇ(+ lyo nzx!

CwpGpF zHE opEtIlGtzy-

LF l nzyFtFGpynA nspnv+ zyp nly FszJ GslG Gsp FHCpE XSa IpEGpK pKClyFtzy txxp!

otlGpwA txCwtpF Gsp ˇ.Bj qlwwz9 zq YjXSa rpypElGtyr qHynGtzyF HyopE lww!wtyp FHCpEFstqGF-

jstF nspnv tF nlEEtpo zHG ty lCCpyotK L-=-

5 etgnHggtMA

Ty GstF ClCpE Jp slIp CEpFpyGpo l ypJ qlxtwA zq EpCEpFpyGlGtzyF qzE Gsp rpypElGtyr qHynGtzyF

zq A ˆ ¯ idX GspzEA+ Gsp FHCpE XSa IpEGpK pKClyFtzy- jsp otlrElxF zq GstF qlxtwA zq

EpCEpFpyGlGtzyF opCpyo zy l EpqpEpynp FCtyzE {cfl lyo zy qzHE EpqpEpynp RElFFxlyy ClElx!

pGpEF >ck+ Jstns xlA mp nszFpy lEmtGElEtwA- bp slIp FszJy GslG Gsp FHCpE XSa IpEGpK

pKClyFtzy lEtFpF mzGs qEzx l ClEGtnHwlE FHCpEFAxxpGEA GElyFqzExlGtzy zy Gsp zEotylEA

XSa IpEGpK pKClyFtzy+ lyo qEzx Gsp EpnHEFtzy EpwlGtzyF lFFzntlGpo JtGs szwzxzECstn lww!

wtyp FHCpEFstqGF- jstF qlxtwA zq FstqGF FtxtwlEwA opCpyoF zy EpqpEpynp ClElxpGpEF {cfl lyo

>ck+ Jstns Gspy EpFHwGF ty Gsp opCpyopynp zq Gsp FHCpE XSa IpEGpK pKClyFtzy zy GspFp

ClElxpGpEF- jsp zEotylEA XSa IpEGpK pKClyFtzy nzEEpFCzyoF Gz Gsp FCpntlw nlFp >ck ˆ ;+

mHG npEGlty yzy!GEtItlw nsztnpF qzE >ck nly Ftryt6nlyGwA EpoHnp Gsp yHxmpE zq otlrElxF

nzyGEtmHGtyr Gz Gsp pKClyFtzy lyo GsHF FtxCwtqA Gsp GlFv zq nzxCHGtyr lxCwtGHopF-

jsp pffntpyG nzxCHGlGtzy zq zy!Fspww GEpp lxCwtGHopF zq A ˆ ¯ idX GspzEA slF IlEtzHF

lCCwtnlGtzyF- QzE pKlxCwp+ GEpp lxCwtGHopF lEp ly txCzEGlyG tyrEpotpyG qzE Gsp nzxCHGlGtzy

zq wzzC lxCwtGHopF HFtyr ’rpypElwtBpo( HytGlEtGA nHGF ”==8“ˇfl- jsp FnlGGpEtyr lxCwtGHopF

zq A ˆ ¯ idX GspzEA lEp zq ClEGtnHwlE tyGpEpFG+ lF Gsp Loi:NQj nzEEpFCzyopynp CpExtGF

tyFtrsGF tyGz GsptE FGEzyr nzHCwtyr mpslItzE ’Fpp p-r- ”“=fl lyo EpqpEpynpF GspEpty(-

LyzGspE lCCwtnlGtzy tF Gsp nzxCHGlGtzy zq zy!Fspww GEpp lxCwtGHopF zq A ˆ ] FHCpE!

rElItGA+ Jstns nly mp pKCEpFFpo ty GpExF zq A ˆ ¯ idX lxCwtGHopF GsEzHrs Gsp V�j

EpwlGtzyF ”““fl- jspA Gspy lwFz CwlA ly txCzEGlyG Ezwp ty Gsp FGHoA zq A ˆ ] FHCpErElItGA

lG wzzC wpIpw ”“¯fl- �zzC lxCwtGHopF ty A ˆ ] FHCpErElItGA pKstmtG FHECEtFtyr CEzCpE!

GtpF ”ˇ[+ “48“]fl+ lyo GsptE ka mpslItzE slF EpnpyGwA mppy HyopE tyGpyFp tyIpFGtrlGtzy oHp

Gz Gsp CzFFtmwp CpEGHEmlGtIp 6ytGpypFF zq Gsp GspzEA ”“ˇ+ “¯+ “–8¯4fl-

V�j EpwlGtzyF nly mp HFpo Gz EpwlGp yzG zywA Gsp zy!Fspww GEpp lxCwtGHopF zq A ˆ ]

FHCpErElItGA lyo A ˆ ¯ idX+ mHG GsptE rpypElGtyr qHynGtzyF lF Jpww- apEA EpnpyGwA+ GstF

JlF nlEEtpo zHG ty ”¯[fl HFtyr Gsp rpypElGtyr qHynGtzyF ”ˇ“fl mlFpo zy oHlw FHCpEnzyqzExlw

FAxxpGEA ”ˇ=+ ˇ4+ ˇ–+ ¯fi84fifl+ lyo HFtyr Gsp V�j EpwlGtzyF ty Gsp qzEx zq Epq- ”4]fl- jsp

6ylw pKCEpFFtzy qzE Gsp EpFHwGtyr A ˆ ] FHCpErElItGA rpypElGtyr qHynGtzy nzyGltypo qlE

qpJpE GpExF Gsly yltIpwA pKCpnGpo ”¯[fl- TG JzHwo mp tyGpEpFGtyr Gz Fpp JspGspE l FtxtwlE

FtxCwt6nlGtzy znnHEF Jspy Gsp rpypElGtyr qHynGtzy zq Gsp A ˆ ¯ ’FHCpE( XSa IpEGpK

pKClyFtzy tF HFpo Gz opGpExtyp ly A ˆ ] FHCpErElItGA rpypElGtyr qHynGtzy Itl V�j-

TG JzHwo lwFz mp tyGpEpFGtyr Gz 6yo rpypElGtyr qHynGtzyF qzE A ˆ ] FHCpErElItGA lxCwt!

GHopF otEpnGwA qEzx A ˆ ] EpnHEFtzy EpwlGtzyF- jz opEtIp EpnHEFtzy EpwlGtzyF+ zyp yppoF Gz

opGpExtyp FstqGF ’zE FHCpEFstqGF( HyopE Jstns ly lxCwtGHop ’zE rpypElGtyr qHynGtzy( Ily!

tFspF lF Gsp opqzExlGtzy ClElxpGpE B tF Glvpy Gz ty6ytGA- A ˆ ] FHCpErElItGA lxCwtGHopF

rpypEtnlwwA oz yzG IlytFs HyopE szwzxzECstn FstqGF Jspy Gsp yHxmpE A zq pKGpEylw wtypF

mpnzxpF wlErp- Ty qlnG+ HyopE szwzxzECstn FstqGF+ lxCwtGHopF rz lF BA}ℓ qzE Fzxp tyGprpE ℓ-
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QzE pKlxCwp+ CHEp!rElItGzy YXSa lxCwtGHopF rz lF BA}0= HyopE l szwzxzECstn FstqG zq Gsp

GsEpp yprlGtIp spwtntGA rElItGzy wtypF ”ˇ;+ 4–fl- jsp XSa IpEGpK pKClyFtzy qzE rElItGA ”=ˇfl

tF Gspy yzG Ilwto qzE rElItGzy YXSa lxCwtGHopF JtGs A ≥ ˇ= pKGpEylw wtypF- jsp qlwwz9

mpnzxpF pIpy JzEFp qzE xzEp rpypElw pKGpEylw FGlGpF+ lyo Gsp XSa IpEGpK pKClyFtzy ty

A ˆ ] FHCpErElItGA slF yzG pIpy mppy pFGlmwtFspo qzE rpypElw 4!CztyG YXSa lxCwtGHopF+

lyo slF mppy FszJy Gz qltw qzE npEGlty FnlwlE lxCwtGHopF lG Gsp [!CztyG wpIpw-

Ty GstF ClCpE+ Jp qzHyo GslG szwzxzECstn lww!wtyp FHCpEFstqGF JtGs FHtGlmwA nszFpy FstqG

ClElxpGpEF Atpwo ˇ.Bj)¯ FHCCEpFFtzy qzE lyGt!XSa lxCwtGHopF ty A ˆ ¯ idX GspzEA-

jstF txxpotlGpwA txCwtpF+ Itl Gsp V�j EpwlGtzyF+ GslG A ˆ ] FHCpErElItGA lyGt!XSa

rpypElGtyr qHynGtzyF JtGs A < ¯ pKGpEylw wprF rz lG wplFG lF BA}00}=j ˆ B}A}2 HyopE l

FHtGlmwp szwzxzECstn lww!wtyp FHCpEFstqG- L Ilwto EpnHEFtzy EpwlGtzy+ ylxpwA Gsp FHCpE XSa

IpEGpK pKClyFtzy qzE A ˆ ] FHCpErElItGA+ nly GsHF mp opEtIpo lG Gsp lyGt!XSa wpIpw-00 TG

JzHwo mp tyGpEpFGtyr Gz opGpExtyp Gsp CEpntFp qzEx zq GstF pKClyFtzy+ lyo Gz FGHoA Gsp FHx

EHwpF txCwtpo mA >ck tyopCpyopynp-
0= TG JzHwo mp ClEGtnHwlEwA tyGpEpFGtyr Gz Fpp JspGspE

Gsp txCEzIpo qlwwz9 zq ˇ.Bj)¯ ty A ˆ ¯ idX GspzEA+ lyo GsHF Gsp txCEzIpo qlwwz9 zq lG

wplFG BA}00}=j ty A ˆ ] FHCpErElItGA+ nly mp rpypElwtBpo mpAzyo Gsp lyGt!XSa wpIpw- Tq

Fz+ Gsp IlwtotGA zq l FHCpE XSa IpEGpK pKClyFtzy qzE A ˆ ] FHCpErElItGA nzHwo lwFz mp

pKGpyopo mpAzyo Gsp lyGt!XSa wpIpw-

Ty GstF ClCpE+ Jp CEpFpyGpo Gsp FHCpE XSa IpEGpK pKClyFtzy lF ly zy!Fspww EpnHEFtzy

EpwlGtzy lFFzntlGpo JtGs l nzxCwpK FstqG- alEtzHF z9!Fspww lCCEzlnspF+ szJpIpE+ slIp lwFz

CEzIpo HFpqHw Gz rlty tyFtrsGF tyGz Gsp zEotylEA XSa IpEGpK pKClyFtzy ”[ˇ8fi;fl- TG JzHwo

mp tyGpEpFGtyr Gz Fpp JspGspE Gsp FHCpE XSa IpEGpK pKClyFtzy slF l ylGHElw tyGpECEpGlGtzy

ty ly z9!Fspww qElxpJzEv-

LnvAMkwporxpARg

bp lEp rElGpqHw Gz SpyEtpGGp PwIlyr lyo Oly QEppoxly qzE GsptE tyIzwIpxpyG lyo tyFtrsGF ty

Gsp plEwA FGlrpF zq GstF CEzupnG+ lyo qzE IlwHlmwp nzxxpyGF zy l oElqG IpEFtzy zq GstF ClCpE-

bp lwFz Gslyv XlEnHF iCElowty qzE CEzxCGtyr HF Gz opEtIp ly lylwAGtn pKCEpFFtzy qzE Gsp py!

GEtpF zq Glmwp ˇ- iRY GslyvF Gsp zErlytBpEF zq Gsp ˜iGEtyrF lyo RlHrp jspzEtpF bzEvFszC5

lG Gsp Xtnstrly NpyGpE qzE jspzEpGtnlw fsAFtnF ty ipCGpxmpE =;;] qzE CEzItotyr Gsp EpwlKpo

lyo FGtxHwlGtyr pyItEzyxpyG ty Jstns GstF JzEv JlF tytGtlGpo- XV tF FHCCzEGpo mA Gsp

ki OpClEGxpyG zq PypErA GsEzHrs nzzCpElGtIp EpFplEns lrEppxpyG OP!QR;=;4Ph¯ˇ“[;-

iRY%F EpFplEns tF FHCCzEGpo ty ClEG mA Gsp YiQ HyopE rElyG fSd!;fi4[4ˇ]-

00uz Fpp hstF) zmFpfIp hslh lww,wtyp FHNpfFstqh fpnHfFtzy fpwlhtzyF pVNfpFF ly �,Nztyh lyht,cSa rpypflhtyr

qHynhtzy NHfpwA ty hpfxF zq wzkpf,Nztyh lyht,cSa rpypflhtyr qHynhtzyF lyo 2, zf ¯,Nztyh cSa rpypflh,

tyr qHynhtzyF- � FHNpf cSa IpfhpV pVNlyFtzy qzf lfmthflfA lyht,cSa rpypflhtyr qHynhtzyF ty � 1 ]

FHNpfrflIthA nly hsHF mp pFhlmwtFspo tyoHnhtIpwA ty �-
0=ehspf tyhpfpFhtyr FHx fHwpF qzf � 1 ] FHNpfrflIthA kpfp fpnpyhwA FhHotpo ty 5[:7-
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L �lfrpmn DlwwM6 HAopf sMwMxMfCstn lwwmwtAp gHCpfgstDRg

L-0 Oz
iXia

A ∼ ˇ.Bj HFtyr Rsp FHCpE MNgb EpnHEFtBy EpwlRtByF

Ty GstF lCCpyotK Jp zHGwtyp Gsp opEtIlGtzy zq Gsp ˇ.Bj qlwwz9 zq YjXSa rpypElGtyr qHyn!

GtzyF HyopE szwzxzECstn lww!wtyp FHCpEFstqGF HFtyr Gsp FHCpEFAxxpGEtn rpypElwtBlGtzy zq Gsp

MNQb EpnHEFtzy EpwlGtzy ”ˇ“8ˇ[fl- jstF rpypElwtBpF Gsp opEtIlGtzy zq Epq- ”[fl qEzx zEotylEA

lww!wtyp FstqGF Gz lww!wtyp FHCpEFstqGF-

jsp ˇ.Bj qlwwz9 zq Gsp YjXSa rpypElGtyr qHynGtzy Od
icSa

A ’>Pk( HyopE ly zEotylEA

lww!wtyp FstqG JlF opEtIpo ty Epq- ”[fl mA EpnHEFtIpwA FGHoAtyr Gsp mpslItzE zq Gsp MNQb

EpCEpFpyGlGtzy zq YjXSa lxCwtGHopF- jsp tyoHnGtIp lErHxpyG CEpFpyGpo GspEp Epwtpo zy

GsEpp qlnGF.

ˇ- Plns A ˆ ¯ idX lxCwtGHop loxtGF lG wplFG zyp Ilwto MNQb EpnHEFtzy EpwlGtzy ”4+

fiˇ+ fi=fl -

=- Ly lww!wtyp FstqG zy ly lxCwtGHop lnGF+ Gz wplotyr zEopE ty B+ lF ly lww!wtyp FstqG zy

Gsp FHmlxCwtGHopF zq plns otlrElx ty tGF MNQb EpCEpFpyGlGtzy-

“- jsp qlwwz9 zq ˇ.Bj tF Ilwto qzE lww XSa lyo lyGt!XSa lxCwtGHopF-

LF l rpypElwtBlGtzy zq GstF lErHxpyG+ Jp yzJ HFp Gsp FHCpE MNQb EpnHEFtzy EpwlGtzyF Gz

FGHoA Gsp mpslItzE zq rpypElGtyr qHynGtzyF HyopE lww!wtyp FHCpEFstqGF- TG FHffnpF Gz EpCplG

FGpCF ’ˇ(8’“( qzE GstF nlFp+ lyo Jp Jtww yzJ mEtp7A zHGwtyp szJ GstF tF ozyp-

LF FszJy ty Epq- ”ˇ[fl+ lww rpypElGtyr qHynGtzyF IlytFs lG wlErp B HyopE l FHCpE MNQb

FstqG ’¯-=( qzE lyA nsztnp zq GJz wtypF C lyo D+ lyo GsHF loxtG l Ilwto FHCpE MNQb EpnHEFtzy

EpwlGtzy- jstF pFGlmwtFspF Gsp lylwzr zq ’ˇ(-

QzE ’=(+ Jp yppo Gz FszJ GslG ly lww!wtyp FHCpEFstqG zy Gsp pyGtEp rpypElGtyr qHynGtzy

lnGF+ Gz wplotyr zEopE ty B+ lF ly lww!wtyp FHCpEFstqG zy Gsp FHmlxCwtGHopF zq plns otlrElx

ty Gsp FHCpE MNQb EpCEpFpyGlGtzy- YzGtnp GslG Gsp vtypxlGtnF lEp HylwGpEpo nzxClEpo Gz

Gsp zEotylEA lww!wtyp FstqG+ lyo Gsp lylwAFtF zq Epq- ”[fl GsHF pFGlmwtFspF GslG Gsp lyrwp lyo

FDHlEp mElnvpGF zq Gsp FHCpE MNQb FHmlxCwtGHopF lEp FHmupnG Gz l szwzxzECstn lww!wtyp

FHCpEFstqG- Ty ClEGtnHwlE+ tG qzwwzJF qEzx Epq- ”[fl GslG Gsp FDHlEp FCtyzE lFFzntlGpo JtGs Gsp

tyGpEylw wtyp zq xzxpyGHx f. ty l ”CW D→ FHCpE MNQb EpnHEFtzy EpwlGtzy FstqGF lF

{f.fl → Bnq, {cfl )N’ˇ(W JtGs nq, ˆ
∑

P∈.

nP
"CF→

"CD→
’L-ˇ(

HyopE Gsp lww!wtyp FHCpEFstqG- TG EpxltyF Gz lylwABp Gsp opCpyopynp zq Gsp FHCpE MNQb

FHmlxCwtGHopF zy Gsp RElFFxlyy IlEtlmwpF- bp Epnlww qEzx pD- ’¯-]( GslG lww!wtyp FHCpEFstqGF

lEp opFtrypo Gz wplIp Gsp lErHxpyG zq Gsp zIpElww δm7( ty Gsp rpypElGtyr qHynGtzy tyIlEtlyG-

QzE lyA FHCpE MNQb otlrElx nslElnGpEtBpo mA ly tyGpEylw wtyp zq xzxpyGHx f. + tG tF

plFA Gz FszJ GslG Gsp nslyrp ty Gsp lErHxpyG zq Gsp δm7( zq ptGspE zq tGF FHmlxCwtGHopF tF

Z’ˇ( HyopE Gsp lww!wtyp FHCpEFstqG CEzItopo GslG Gsp RElFFxlyy IlEtlmwp lFFzntlGpo JtGs

Gsp tyGpEylw wtyp HyopErzpF Gsp FstqG

>q,k → >q,k ) B nq,>ck W ’L-=(
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JspEp nq, tF op6ypo ty pD- ’L-ˇ(- jsp RElFFxlyy IlEtlmwpF >q,k lEp tyGprElGpo zIpE Gz nlEEA

zHG Gsp tyGpExpotlGp FGlGp FHx ty Gsp FHCpE MNQb otlrElx- jspEpqzEp+ Gsp FstqG ’L-=(

nly mp txCwpxpyGpo lF l nslyrp zq IlEtlmwpF ty Gsp RElFFxlyy tyGprElw zIpE >q,k- LqGpE

GstF nslyrp zq IlEtlmwpF+ ly lww!wtyp FHCpEFstqG zy Gsp Jszwp lxCwtGHop xlytqpFGwA lnGF+ Gz

wplotyr zEopE+ lF ly lww!wtyp FHCpEFstqG zy Gsp FHCpE MNQb FHmlxCwtGHopF- jstF pFGlmwtFspF

Gsp lylwzr zq ’=(-

jsp lylwzr zq ’“(+ t-p-Gsp ˇ.Bj mpslItzE zq XSa lyo lyGt!XSa rpypElGtyr qHynGtzyF

HyopE lww!wtyp FHCpEFstqGF+ JlF pFGlmwtFspo ty FpnGtzy ¯-ˇ- jsp tyoHnGtIp lErHxpyG zq Epq- ”[fl

qzE zEotylEA lww!wtyp FstqGF GsHF nlEEtpF zIpE Gz Gsp nlFp zq FHCpEFstqGF-

L-1 Oz
iXia

A ∼ ˇ.Bj HFtyr Rsp FHCpE cSa IpERpV pVClyFtBy

Ty GstF ClCpE+ Jp slIp Fppy Gsp FHCpE XSa IpEGpK pKClyFtzy pxpErp qEzx GJz ot9pEpyG

lCCEzlnspF. 6EFG+ ty FpnGtzy “+ lF l FHCpEFAxxpGEA GElyFqzExlGtzy zq Gsp zEotylEA XSa

IpEGpK pKClyFtzy+ lyo Fpnzyo+ ty FpnGtzy 4+ lF Gsp EpnHEFtzy EpwlGtzy txCwtpo mA lww!wtyp

FHCpEFstqGF- Ty GstF lCCpyotK Jp nwzFp Gsp wzzC lyo FszJ GslG Gsp FHCpE XSa IpEGpK

pKClyFtzy txxpotlGpwA txCwtpF Gsp ˇ.Bj qlwwz9 zq YjXSa rpypElGtyr qHynGtzyF HyopE lww!

wtyp FHCpEFstqGF- jstF FpEIpF lF lyzGspE nzyFtFGpynA nspnv zy zHE EpFHwG-

NzyFtopE Gsp lnGtzy zq ly lww!wtyp FHCpEFstqG ’¯-fi( zy Gsp A!CztyG YjXSa rpypElGtyr

qHynGtzy- bp nszzFp Gz EpCEpFpyG GstF rpypElGtyr qHynGtzy lF Gsp FHCpE XSa IpEGpK

pKClyFtzy ’4-ˇ]( JtGs Gsp EpqpEpynp ClElxpGpEF {cfl lyo >ck nszFpy Gz nztyntop JtGs

GszFp zq Gsp FHCpEFstqG- TyFCpnGtyr pD- ’4-ˇ](+ Jp 6yo GslG lww I CEzClrlGzEF FstqG

lF ˇ. 1f =.� ∼ ˇ.B+ rtItyr ˇ.Bj FHCCEpFFtzy- jsp nAnwtn qlnGzEF ty Gsp opyzxtylGzE lEp

tyIlEtlyG mpnlHFp Gsp Nib FCtyzEF {f.�→ lEp tyIlEtlyG mA pD- ’4-ˇ;(- jsp FCty qlnGzEF
]

P∈.�
"F f.�→>Pk)f

=
.�
>ck ty Gsp yHxpElGzE lEp lwFz tyIlEtlyG+ mA Gsp topyGtGA ’4-ˇˇ(-

bp GsHF 6yo ˇ.Bj FHCCEpFFtzy otlrElx!mA!otlrElx ty Gsp FHCpE XSa IpEGpK pKClyFtzy+

lyo nzynwHop GslG YjXSa rpypElGtyr qHynGtzyF qlww z9 lG wplFG lF ˇ.Bj HyopE lww!wtyp

FHCpEFstqGF- LF Jp FlJ ty FpnGtzy ¯-ˇ+ Gsp qlwwz9 nly mp pIpy FGEzyrpE qzE npEGlty lxCwtGHopF

lyo FstqGF+ mHG HyqzEGHylGpwA Gsp FHCpE XSa IpEGpK pKClyFtzy tF yzG FpyFtGtIp Gz GstF

FGEzyrpE qlwwz9+ Jstns lEtFpF GsEzHrs nlynpwwlGtzyF mpGJppy otlrElxF-

jstF lErHxpyG JlF+ yzG FHECEtFtyrwA+ FtxCwpE Gsly Gsp opEtIlGtzyF zq Gsp ˇ.Bj qlwwz9

qEzx Gsp zEotylEA XSa IpEGpK pKClyFtzy lyo Gsp FHCpE MNQb EpnHEFtzy EpwlGtzy GslG

Jp CEpFpyGpo ty FpnGtzy ¯-= lyo lCCpyotK L-ˇ+ EpFCpnGtIpwA- UHFG lF Gsp ˇ.Bj qlwwz9 HyopE

zEotylEA lww!wtyp FstqGF JlF ylGHElwwA FszJy qEzx Gsp zEotylEA XSa IpEGpK pKClyFtzy JtGs

nztyntotyr EpqpEpynp FCtyzE ty Epq- ”[fl+ Jp slIp yzJ ozyp Gsp Flxp qzE lww!wtyp FHCpEFstqGF

HFtyr Gsp FHCpE XSa IpEGpK pKClyFtzy JtGs nztyntotyr EpqpEpynp FCtyzE lyo nztyntotyr

EpqpEpynp RElFFxlyy ClElxpGpEF-

hpDpfpAnpg

”ˇfl Q- NlnslBz+ f- iIE0npv lyo P- btGGpy+ cSa IpEGtnpF lyo GEpp lxCwtGHopF ty rlHrp GspzEA+

USPf :8 ’=;;¯( ;;[ ”rpdbhr:/3/2/36fl ”ifThPifl-

”=fl h- MEtGGz+ Q- NlnslBz lyo M- Qpyr+ YpJ EpnHEFtzy EpwlGtzyF qzE GEpp lxCwtGHopF zq rwHzyF+

YHnw- fsAF- M fi04 ’=;;4( ¯–– ”rpdbhr:/3012/7fl ”ifThPifl-
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”“fl h- MEtGGz+ Q- NlnslBz+ M- Qpyr lyo P- btGGpy+ OtEpnG CEzzq zq GEpp,wpIpw EpnHEFtzy EpwlGtzy ty

dlyr,ctwwF GspzEA+ fsAF- hpI- �pGG- 83 ’=;;4( ˇ]ˇ[;= ”rpdbhr:/@/0/@1fl ”ifThPifl-

”¯fl V- htFlrpE+ L otEpnG CEzzq zq Gsp Nib EHwpF+ USPf 01 ’=;;4( ;;“ ”rpdbhr:/@/71/5fl

”ifThPifl-

”4fl S- PwIlyr+ O-e- QEppoxly lyo X- VtpExltpE+ hpnHEFtzy EpwlGtzyFW rpypElGtyr qHynGtzyF lyo

HytGlEtGA FHxF ty Y ˆ ¯ idc GspzEA+ USPf :3 ’=;;–( ;;– ”lectu./7/7-061/fl ”ifThPifl-

”[fl X- VtpExltpE+ S- PwIlyr lyo O-e- QEppoxly+ fEzzq zq Gsp cSa IpEGpK pKClyFtzy qzE lww GEpp

lxCwtGHopF ty Y ˆ ¯ idc GspzEA+ lectu./700-2513 ”ifThPifl-

”fifl X-j- REtFlEH+ S-Y- fpyowpGzy lyo f- Ily YtpHJpysHtBpy+ iHCpErElItGA lyo Gsp i xlGEtK+

fsAF- hpI- e 04 ’ˇ–fifi( ––[ ”ifThPifl-

”]fl X-j- REtFlEH lyo S-Y- fpyowpGzy+ izxp CEzCpEGtpF zq FnlGGpEtyr lxCwtGHopF ty

FHCpEFAxxpGEtn GspzEtpF+ YHnw- fsAF- M 013 ’ˇ–fifi( ]ˇ ”ifThPifl-

”–fl i-U- MtoopE+ O-N- OHymlE lyo b-M- fpEvtyF+ iHCpEFAxxpGEtn blEo topyGtGtpF lyo YcSa

lxCwtGHopF tyIzwItyr rwHtyzF+ USPf :7 ’=;;4( ;44 ”rpdbhr:/@/@138fl ”ifThPifl-

”ˇ;fl X- Mtlynst+ S- PwIlyr lyo O-e- QEppoxly+ RpypElGtyr GEpp lxCwtGHopF ty Y ˆ ¯ idc lyo

Y ˆ ] iR+ USPf :8 ’=;;]( ;[“ ”lectu./7/@-/6@6fl ”ifThPifl-

”ˇˇfl a-f- YltE+ L nHEEpyG lwrpmEl qzE Fzxp rlHrp GspzEA lxCwtGHopF+

fsAF- �pGG- M 103 ’ˇ–]]( =ˇ4 ”ifThPifl-

”ˇ=fl U-X- OEHxxzyo+ U- Spyy+ R-f- VzEnspxFvA lyo P- izvlGnspI+ OHlw FHCpEnzyqzExlw

FAxxpGEA zq FnlGGpEtyr lxCwtGHopF ty Y ˆ ¯ FHCpE,dlyr,ctwwF GspzEA+ lectu./7/6-0/8@

”ifThPifl-

”ˇ“fl U-X- OEHxxzyo lyo U-X- Spyy+ Lww GEpp,wpIpw lxCwtGHopF ty Y ˆ ¯ idc+

USPf :3 ’=;;–( ;ˇ] ”lectu./7/7-136@fl ”ifThPifl-

”ˇ¯fl Y- LEvlyt!Slxpo+ bslG tF Gsp FtxCwpFG gQu3+ Glwv rtIpy lG Gsp flEtF bzEvFszC bzyopEF zq

rlHrp GspzEA lyo FHCpErElItGA+ flEtF+ QElynp UHyp =¯ =;;]-

”ˇ4fl L- MElyosHmpE+ f- SpFwzC lyo R- jElIlrwtyt+ L yzGp zy oHlw FHCpEnzyqzExlw FAxxpGEA zq Gsp

Y ˆ ¯ FHCpE dlyr,ctwwF i,xlGEtK+ fsAF- hpI- e fi7 ’=;;]( ˇ=4;;4 ”lectu./7/6-3/86fl

”ifThPifl-

”ˇ[fl Y- LEvlyt!Slxpo+ Q- NlnslBz lyo U- VlCwly+ bslG tF Gsp FtxCwpFG DHlyGHx 4pwo GspzEA3+

lectu./7/7-0335 ”ifThPifl-

”ˇfifl R- RpzErtzH+ P-b-Y- RwzIpE lyo a-a- VszBp+ Yzy,cSa GEpp lxCwtGHopF ty rlHrp GspzEA+

USPf :fi ’=;;¯( ;¯] ”rpdbhr:/3/6/16fl ”ifThPifl-

”ˇ]fl i-U- flEvp lyo j-h- jlAwzE+ Ly lxCwtGHop qzE A rwHzy FnlGGpEtyr+

fsAF- hpI- �pGG- 45 ’ˇ–][( =¯4– ”ifThPifl-

”ˇ–fl U-X- OEHxxzyo+ U- Spyy+ R-f- VzEnspxFvA lyo P- izvlGnspI+ RpypElwtBpo HytGlEtGA qzE

Y ˆ ¯ FHCpE,lxCwtGHopF+ lectu./7/7-/380 ”ifThPifl-

”=;fl h- hztmly+ X- iCElowty lyo L- azwzItns+ ey Gsp GEpp,wpIpw i,xlGEtK zq dlyr,ctwwF GspzEA+

fsAF- hpI- e fi: ’=;;¯( ;=[;;– ”rpdbhr:/3/208/fl ”ifThPifl-

”=ˇfl Y-P-U- MupEEHx!MzsE+ O-N- OHymlE+ S- TGl+ b-M- fpEvtyF lyo V- htFlrpE+ cSa,IpEGtnpF qzE

rElItGA lxCwtGHopF+ USPf :0 ’=;;[( ;;– ”rpdbhr:/@/8/05fl ”ifThPifl-
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”==fl e- MpEy+ �-U- OtKzy+ O-N- OHymlE lyo O-L- VzFzJpE+ eyp,wzzC y,CztyG rlHrp GspzEA

lxCwtGHopFW HytGlEtGA lyo nzwwtyplE wtxtGF+ YHnw- fsAF- M 314 ’ˇ––¯( =ˇfi ”rpdbdr:83/2115fl

”ifThPifl-

”=“fl e- MpEy+ �-U- OtKzy+ O-N- OHymlE lyo O-L- VzFzJpE+ QHFtyr rlHrp GspzEA GEpp lxCwtGHopF

tyGz wzzC lxCwtGHopF+ YHnw- fsAF- M 324 ’ˇ––4( 4– ”rpdbdr:83/815@fl ”ifThPifl-

”=¯fl e- MpEy+ �-U- OtKzy+ O-N- OHymlE lyo O-L- VzFzJpE+ eyp,wzzC Fpwq,oHlw lyo Y ˆ ¯ FHCpE

dlyr,ctwwF+ fsAF- �pGG- M 283 ’ˇ––fi( ˇ;4 ”rpdbhr:8500016fl ”ifThPifl-

”=4fl e- MpEy+ U-i- hzBzJFvA lyo M- dly+ uJz,wzzC qzHE,rwHzy lxCwtGHopF ty Y ˆ ¯ FHCpE,dlyr,

ctwwF+ fsAF- �pGG- M 3:0 ’ˇ––fi( =fi“ ”rpdbdr:86/1313fl ”ifThPifl-

”=[fl e- MpEy+ a- Opw OHnl+ �-U- OtKzy lyo O-L- VzFzJpE+ Lww yzy,xlKtxlwwA,spwtntGA,ItzwlGtyr

zyp,wzzC FpIpy,rwHzy lxCwtGHopF ty Y ˆ ¯ FHCpE,dlyr,ctwwF GspzEA+

fsAF- hpI- e fi0 ’=;;4( ;¯4;;[ ”rpdbhr:/30/113fl ”ifThPifl-

”=fifl e- MpEy+ �-U- OtKzy lyo a-L- ixtEyzI+ TGpElGtzy zq CwlylE lxCwtGHopF ty xlKtxlwwA

FHCpEFAxxpGEtn dlyr,ctwwF GspzEA lG GsEpp wzzCF lyo mpAzyo+ fsAF- hpI- e fi1 ’=;;4( ;]4;;ˇ

”rpdbhr:/@/@1/@fl ”ifThPifl-

”=]fl e- MpEy+ U-U-X- NlEElFnz+ S- UzslyFFzy lyo O-L- VzFzJpE+ clKtxlwwA FHCpEFAxxpGEtn

CwlylE dlyr,ctwwF lxCwtGHopF lG 4Ip wzzCF+ fsAF- hpI- e fi5 ’=;;fi( ˇ=4;=;

”lectu./6/@-0753fl ”ifThPifl-

”=–fl Q- NlnslBz lyo O- ivtyypE+ ey Gsp FGEHnGHEp zq FnlGGpEtyr lxCwtGHopF ty Y ˆ ¯ FHCpE

dlyr,ctwwF lyo Y ˆ ] FHCpErElItGA+ lectu./7/0-3@63 ”ifThPifl-

”“;fl O- QzEop+ OtEpnG pKGElnGtzy zq zyp,wzzC tyGprElw nzp9ntpyGF+ fsAF- hpI- e fi4 ’=;;fi( ˇ=4;ˇ–

”lectu./6/3-072@fl ”ifThPifl-

”“ˇfl e- MpEy+ U-U- NlEElFnz+ �-U- OtKzy+ S- UzslyFFzy+ O-L- VzFzJpE lyo h- hztmly+ usEpp,wzzC

FHCpE4ytGpypFF zq Y ˆ ] FHCpErElItGA+ fsAF- hpI- �pGG- 87 ’=;;fi( ˇ[ˇ“;“ ”rpdbhr:/6/1001fl

”ifThPifl-

”“=fl �-Q- LwolA lyo h- hztmly+ inlGGpEtyr lxCwtGHopFW btwFzy wzzCF lyo Gsp FGEtyr:rlHrp GspzEA

nzEEpFCzyopynp+ fsAF- hpCG- 357 ’=;;]( ˇ4“ ”lectu./7/6-0778fl ”ifThPifl-

”““fl S- VlJlt+ O-N- �pJpwwpy lyo i-S-S- jAp+ L EpwlGtzy mpGJppy GEpp lxCwtGHopF zq nwzFpo lyo

zCpy FGEtyrF+ YHnw- fsAF- M 158 ’ˇ–][( ˇ ”ifThPifl-

”“¯fl e- MpEy+ U-U-X- NlEElFnz+ �-U- OtKzy+ S- UzslyFFzy lyo h- hztmly+ clytqpFG HwGElItzwpG

mpslItzE qzE Gsp GsEpp,wzzC qzHE,CztyG lxCwtGHop zq Y ˆ ] FHCpErElItGA+ fsAF- hpI- e fi7

’=;;]( ˇ;4;ˇ– ”lectu./7/7-3001fl ”ifThPifl-

”“4fl e- MpEy+ Y-P-U- MupEEHx!MzsE lyo O-N- OHymlE+ TyspEtGpo GJtFGzE,FClnp FGEHnGHEp zq rElItGA

wzzC lxCwtGHopF+ USPf :4 ’=;;4( ;4[ ”rpdbhr:/@/0026fl ”ifThPifl-

”“[fl Y-P-U- MupEEHx!MzsE+ O-N- OHymlE+ S- TGl+ b-M- fpEvtyF lyo V- htFlrpE+ usp yz,GEtlyrwp

sACzGspFtF qzE Y ˆ ] FHCpErElItGA+ USPf 01 ’=;;[( ;fi= ”rpdbhr:/50//32fl ”ifThPifl-

”“fifl Y-P-U- MupEEHx!MzsE lyo f- alyszIp+ LmFpynp zq GEtlyrwpF ty xlKtxlw FHCpErElItGA

lxCwtGHopF+ USPf 0: ’=;;]( ;;[ ”lectu./7/@-2571fl ”ifThPifl-

”“]fl Y-P-U- MupEEHx!MzsE lyo f- alyszIp+ PKCwtntG nlynpwwlGtzy zq GEtlyrwpF ty zyp,wzzC rElItGA

lxCwtGHopF+ USPf :3 ’=;;]( ;[4 ”lectu./7/1-/757fl ”ifThPifl-

”“–fl X-M- REppy+ U-R- hHFFz lyo f- alyszIp+ Yzy,EpyzExlwtFlGtzy nzyotGtzyF ty GACp,TT FGEtyr

GspzEA lyo xlKtxlw FHCpErElItGA+ USPf :1 ’=;;fi( ;–– ”rpdbhr:/50/188fl ”ifThPifl-
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”¯;fl X-M- REppy+ U-R- hHFFz lyo f- alyszIp+ kwGElItzwpG CEzCpEGtpF zq xlKtxlw FHCpErElItGA+

fsAF- hpI- �pGG- 87 ’=;;fi( ˇ“ˇ[;= ”rpdbhr:/500162fl ”ifThPifl-

”¯ˇfl e- MpEy+ �-U- OtKzy lyo h- hztmly+ TF Y ˆ ] FHCpErElItGA HwGElItzwpG 4ytGp3+

fsAF- �pGG- M 533 ’=;;fi( =[4 ”rpdbhr:/500/75fl ”ifThPifl-

”¯=fl e- MpEy+ U-U- NlEElFnz+ O- QzEop+ S- TGl lyo S- UzslyFFzy+ kypKCpnGpo nlynpwwlGtzyF ty

rElItGA GspzEtpF+ fsAF- hpI- e fifi ’=;;]( ;=4;ˇ; ”lectu./6/6-0/2@fl ”ifThPifl-

”¯“fl i-R- YlnHwtns+ S- YlFGlFp lyo S-U- insytGBpE+ uJz,wzzC rElItGzy FnlGGpEtyr EpwlGtzy lyo Th

mpslItzE ty Y ˆ ] FHCpErElItGA+ YHnw- fsAF- M 7:4 ’=;;]( ¯; ”lectu./7/@-1236fl ”ifThPifl-

”¯¯fl L- MElyosHmpE+ f- SpFwzC+ L- YlFGt+ M- iCpynp lyo R- jElIlrwtyt+ QzHE,CztyG lxCwtGHopF ty

Y ˆ ] FHCpErElItGA lyo btwFzy wzzCF+ YHnw- fsAF- M 7:fi ’=;;–( =–; ”lectu./7/@-1652fl

”ifThPifl-

”¯4fl e- MpEy+ U-U-X- NlEElFnz lyo S- UzslyFFzy+ fEzrEpFF zy HwGElItzwpG 4ytGpypFF zq FHCpErElItGA+

lectu./8/1-265@ ”ifThPifl-

”¯[fl U-X- OEHxxzyo+ X- iCElowty+ L- azwzItns lyo N- bpy+ uEpp,wpIpw lxCwtGHopF ty Y ˆ ]

FHCpErElItGA+ lectu./8/0-1252 ”ifThPifl-

”¯fifl U-X- OEHxxzyo+ U- Spyy+ a-L- ixtEyzI lyo P- izvlGnspI+ clrtn topyGtGtpF qzE nzyqzExlw

qzHE,CztyG tyGprElwF+ USPf :0 ’=;;fi( ;[¯ ”rpdbhr:/5/605/fl ”ifThPifl-

”¯]fl �-Q- LwolA lyo U-X- Xlwolnpyl+ RwHzy FnlGGpEtyr lxCwtGHopF lG FGEzyr nzHCwtyr+

USPf :5 ’=;;fi( ;[¯ ”lectu./6/@-/2/2fl ”ifThPifl-

”¯–fl U-X- OEHxxzyo+ R-f- VzEnspxFvA lyo P- izvlGnspI+ NzyqzExlw CEzCpEGtpF zq qzHE,rwHzy

CwlylE lxCwtGHopF lyo btwFzy wzzCF+ YHnw- fsAF- M fi84 ’=;;]( “]4 ”lectu./6/6-/132fl

”ifThPifl-

”4;fl U-X- OEHxxzyo+ U- Spyy+ R-f- VzEnspxFvA lyo P- izvlGnspI+ ey CwlylE rwHzy

lxCwtGHopF:btwFzy wzzCF oHlwtGA+ YHnw- fsAF- M fi84 ’=;;]( 4= ”lectu./6/8-1257fl ”ifThPifl-

”4ˇfl U-X- OEHxxzyo+ U- Spyy+ R-f- VzEnspxFvA lyo P- izvlGnspI+ NzyqzExlw blEo topyGtGtpF

qzE btwFzy wzzCF lyo l GpFG zq Gsp oHlwtGA JtGs rwHzy lxCwtGHopF+ lectu./601-0112 ”ifThPifl-

”4=fl �-Q- LwolA lyo U- Xlwolnpyl+ NzxxpyGF zy rwHzy FnlGGpEtyr lxCwtGHopF Itl �zi.NQj +

USPf 00 ’=;;fi( ;[] ”lectu./60/-0/5/fl ”ifThPifl-

”4“fl h- htnnt+ L-L- jFpAGwty lyo X- bzwq+ ey u,oHlwtGA lyo tyGprElmtwtGA qzE FGEtyrF zy �zi

mlnvrEzHyoF+ USPf 01 ’=;;fi( ;]= ”lectu./600-/6/6fl ”ifThPifl-

”4¯fl Y- MptFpEG+ h- htnnt+ L-L- jFpAGwty lyo X- bzwq+ OHlw FHCpEnzyqzExlw FAxxpGEA qEzx

�zi4 × i4 FHCpEFGEtyr tyGprElmtwtGA+ fsAF- hpI- e fi7 ’=;;]( ˇ=[;;¯ ”lectu./7/6-2117fl

”ifThPifl-

”44fl U- XnREppIA lyo L- ipIpE+ fwlylE FnlGGpEtyr lxCwtGHopF qEzx btwFzy wzzCF+

USPf :7 ’=;;]( ;fi] ”lectu./7/5-/557fl ”ifThPifl-

”4[fl Y- MpEvzItGF lyo U- Xlwolnpyl+ QpExtzytn u,oHlwtGAW oHlw FHCpEnzyqzExlw FAxxpGEA lyo Gsp

lxCwtGHop:btwFzy wzzC nzyypnGtzy+ USPf :8 ’=;;]( ;[= ”lectu./7/6-2085fl ”ifThPifl-

”4fifl U-X- OEHxxzyo+ U-X- Spyy lyo U- fwpqvl+ dlyrtly FAxxpGEA zq FnlGGpEtyr lxCwtGHopF ty

Y ˆ ¯ FHCpE dlyr,ctwwF GspzEA+ lectu./8/1-1876 ”ifThPifl-

”4]fl S- PwIlyr lyo O-e- QEppoxly+ YzGp zy rElItGzy cSa lxCwtGHopF+ USPf :4 ’=;;]( ;–[

”lectu./60/-016/fl ”ifThPifl-
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”4–fl f- MpytynlFl+ N- MzHnspE!apEzyyplH lyo Q- NlnslBz+ ulxtyr GEpp lxCwtGHopF ty rpypElw

EpwlGtItGA+ USPf 00 ’=;;fi( ;4fi ”rpdbhr:/6/1/21fl ”ifThPifl-

”[;fl X- iCElowty+ L- azwzItns lyo N- bpy+ usEpp lCCwtnlGtzyF zq l mzyHF EpwlGtzy qzE rElItGA

lxCwtGHopF+ fsAF- �pGG- M 5fi3 ’=;;–( [– ”lectu./701-3656fl ”ifThPifl-

”[ˇfl L- RzEFvA lyo L- hzFwA+ QEzx dlyr,ctwwF �lrElyrtly Gz cSa otlrElxF+

USPf :0 ’=;;[( ˇ;ˇ ”rpdbhr:/@0/000fl ”ifThPifl-

”[=fl f- XlyF6pwo+ usp �lrElyrtly zEtrty zq cSa EHwpF+ USPf :2 ’=;;[( ;“fi ”rpdbhr:/@00153fl

”ifThPifl-

”[“fl O- alxly lyo d-!f- dlz+ gNO EpnHEFtzy EpwlGtzyF qEzx Gsp wlErpFG Gtxp pDHlGtzy+

USPf :3 ’=;;[( ;“; ”rpdbhr:/@01/20fl ”ifThPifl-

”[¯fl S- Qpyr lyo d-!G- SHlyr+ cSa wlrElyrtly qzE Y ˆ ¯ FHCpE dlyr,ctwwF+

USPf :3 ’=;;–( ;¯fi ”rpdbhr:/500053fl ”ifThPifl-

”[4fl L- MElyosHmpE+ M- iCpynp lyo R- jElIlrwtyt+ LxCwtGHopF ty CHEp dlyr,ctwwF lyo cSa

otlrElxF+ USPf :1 ’=;;fi( ;]] ”rpdbhr:/501//6fl ”ifThPifl-

”[[fl h- MzpwF+ �- XlFzy lyo O- ivtyypE+ iHCpEFAxxpGEtn rlHrp GspzEtpF ty GJtFGzE FClnp+

USPf :1 ’=;;fi( ;ˇ¯ ”rpdbhr:/5/3/3/fl ”ifThPifl-

”[fifl h- MzpwF+ �- XlFzy lyo O- ivtyypE+ QEzx GJtFGzE lnGtzyF Gz cSa otlrElxF+

fsAF- �pGG- M 537 ’=;;fi( –; ”rpdbhr:/6/1/2@fl ”ifThPifl-

”[]fl L- MElyosHmpE+ M- iCpynp+ R- jElIlrwtyt lyo V- ezHmzF+ eyp,wzzC cSa EHwpF lyo CHEp

dlyr,ctwwF+ USPf :fi ’=;;fi( ;;= ”lectu./6/3-/13@fl ”ifThPifl-

”[–fl i- LylyGs lyo i- jsptFpy+ V�u EpwlGtzyF qEzx Gsp PtyFGpty,StwmpEG �lrElyrtly+

fsAF- �pGG- M 541 ’=;;fi( ˇ=] ”lectu./6/5-0667fl ”ifThPifl-

”fi;fl �- XlFzy lyo O- ivtyypE+ RElItGAW GJtFGzEF lyo Gsp cSa qzExlwtFx+ lectu./7/7-28/6

”ifThPifl-

”fiˇfl Y- LEvlyt!Slxpo lyo U- VlCwly+ ey GEpp lxCwtGHopF ty rlHrp GspzEA lyo rElItGA+

USPf :3 ’=;;]( ;fi[ ”lectu./7/0-127@fl ”ifThPifl-

”fi=fl N- NspHyr+ ey,Fspww EpnHEFtzy EpwlGtzyF qzE rpypEtn GspzEtpF+ lectu./7/7-/@/3 ”ifThPifl-
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