
OZsg OkZmmhmf hm DkkhornhcZk BnmzftqZshnm RoZbd
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�arspTbs

Sghr qdonqs oqdrdmsr sgd ldsgncnknfx trdc enq Hlokdldmshmf Rhkgntdssd ldsgnc
enq Pnans lnshnm okZmmhmf hm BnmzftqZshnm roZbdr hm ZqahsqZqx chldmrhnmr0 � bnk”
kdbshnm ne dkkhornhcr Zqd trdc sn cdrhfm Zmc hlokdldms sghr BnmzftqZshnm RoZbd
ne sgd qnans0 Sgd oZsg hr sgdm cdrhfmdc aZrdc nm sgd Rhkgntdssd ldsgnc Zr cd”
rbqhadc ax BZmmx )1[: vghbg bqdZsdr rdlh”eqdd oZsgr hm sgd bnmzftqZshnm roZbd Zmc
hr bnlokdsd0 CihjrsqZ&r Zkfnqhsgl hr trdc sn bnmmdbs sgd oZsgr nasZhmdc0 Sghr qdonqs
hmsqnctbdr dZbg ne sgd jdx ZqdZr ne sgd oqnidbs Zmc enkknvr Z rsdo ax rsdo hlokdldm”
sZshnm ne dZbg0 Sn bnmbktcd: vd chrbtrr sgd lncdk ntsots ax ntq hlokdldmsZshnm
Zmc etstqd chqdbshnmr ne sghr oqnidbs0

y Emspnctbshnm

y5y Inshnm MiTmmhmf
Pnans Lnshnm OkZmmhmf bnloqhrdr sgd oqnakdl ne zmchmf Z uZkhc oZsg enq Z qnans eqnl
hsr rsZqs bnmzftqZshnm sn hsr fnZk bnmzftqZshnm0 � qnans bnme hftqZshnm p hr Z rodbhz”
bZshnm vghbg cdsdqlhmdr sgd onrhshnmr ne Zkk qnans onhmsr qdkZshud sn Z zwdc bnnqchmZsd
rxrsdl Zmc sgd bnmzftqZshnm roZbd hr sgd roZbd ne Zkk onrrhakd bnmzftqZshnmr0 � uZkhc
bnmzftqZshnm hr nmd hm vghbg sgd qnans cndr mns ,sntbg, nq hmsdqrdbs Zmx narsZbkd0
� uZkhc oZsg hlokhdr sgZs Zs dZbg hmrsZms ne dwdbtshnm ne sgd oZsg: dZbg bnmzftqZshnm
rgntkc ad uZkhc hm sgd bnmzftqZshnm roZbd0
JdsV ± Pl: vgdqd l hr chldmrhnm ne sgd bnmzftqZshnm roZbd ad sgd vnqj”roZbd ne sgd
qnans: N ± V sgd rds ne narsZbkdr Zmc �-p( sgd qnans hm bnmzftqZshnm p ∈ B0

B eqdd / {p ∈ B } �-p( ∩ N / φ{
puXihc ∈ B eqdd

Bnar / B,B eqdd

Rhkgntdssd ldsgnc hr bkZrrhzdc Zr Z qnZclZo Ldsgnc0 � qnZclZo hr Z tmhnm ne
btqudr hm sgd bnmzftqZshnm roZbd B eqdd0 � qnZclZo hr rZhc sn ad Zbbdrrhakd he sgdqd dw”
hrsr Z oZsg eqnl prsXqs sn p′: vgdqd p′ ∈ B eqdd0 � qnZclZo hr rZhc sn ad cdoZqsZakd he sgdqd

fi



dwhrsr Z oZsg eqnl p′′ sn pdmc: vgdqd p′′ ∈ B eqdd0 EhmZkkx: Z qnZclZo hr rZhc sn ad bnm”
mdbsZakd he sgdqd dwhrsr Z oZsg eqnl p′ sn p′′0 Rhkgntdssd ldsgnc hr Z bnlokdsd ldsgnc:
sgZs hr: sgd ldsgnc dwsqZbsr Z oZsg eqnl Z rsZqs bnmzftqZshnm sn sgd fnZk bnmzftqZshnm he
Zmx dwhrsr hm sgd rdkdbsdc qnZclZo: nq ntsotsr eZhktqd he mn rtbg oZsg dwhrsr0

1 Rhigntdssd Idsgnc
Jds R ad Z bnloZbs rtards ne Pl: -R ± Pl(0 � rds R ne qdZk mtladqr hr bnloZbs he
dudqx rdptdmbd hm R gZr Z rtardptdmbd sgZs bnmudqfdr sn Zm dkdldms ZfZhm bnmsZhmdc hm
R 0

Hm Rhkgntdssd ldsgnc: Z gxodqokZmd ne chldmrhnm -l � fi( hr rvdos Zbqnrr rtards R :
odqodmchbtkZq sn Z qdedqdmbd Zwhr: rZx sgd wfi”Zwhr0 Sgd gxodqokZmd hr rvdos sgqntfg Zs
qdftkZq hmsdquZkr ne wfi0 �s Z onrhshnm: wfi / b: hs hr cdmnsdc ax Ob0

Ehftqd fi. Cdohbshnm ne Ob: Z 1C okZmd: btsshmf rtards R

�s dZbg gxodqokZmd: sgd dwsqdlZk onhmsr ne hmsdqrdbshnm adsvddm sgd rkhbd Zmc sgd
bnloZbs roZbd Zmc sgd narsZbkdr Zqd bZkbtkZsdc Zknmf nmd ZqahsqZqx chqdbshnm: enq dw”
Zlokd: sgd w1”Zwhr0 �r hmots sn ntq rxrsdl: vd qdpthqd eqnl sgd trdq Z etmbshnm vghbg
sZjdr Zr hmots Zmx onrrhakd bnmzftqZshnm ne sgd qnans Zmc ntsotsr vgdsgdq hs hr Z uZkhc
bnmzftqZshnm nq mns0 Hs rgntkc Zkrn ntsots sgd chrsZmbd sgZs sgd onhms hr eqnl sgd antmc”
Zqx Zknmf sgd bgnrdm chqdbshnm -sgd w1”Zwhr hm sghr bZrd(0 Trhmf sgdrd etmbshnmr vd zmc
sgd dwsqdlZk onhmsr Zmc rhmbd R hr bnloZbs: sgdrd onhmsr dwhrs hm dudqx chqdbshnm0

Ehftqd 1. Rhkgntdssd Btqudr sqZbdc nts ax bnmmdbshmf sgd dwsqdlZk onhmsr
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�r b uZqhdr: sgd dwsqdlZk onhmsr hm sgd bgnrdm chqdbshnm Zqd bnmmdbsdc sn sgd dw”
sqdlZk onhmsr ne sgd oqduhntr rkhbd Zmc sgd ldsgnc sqZbdr ohdbd”vhrd rhkgntdssd btqudr0

15y AphshbTi Rihbdr
�r knmf Zr sgd mtladq ne dwsqdlZk onhmsr hm sgd fqZog qdlZhm bnmrhrsdms: sgd rkhbhmf
oqnbdrr bnmshmtdr0 Gnvdudq: vgdqd sgd mtladq ne dwsqdlZk onhmsr hm sgd rkhbd hmbqdZrdr
nq cdbqdZrdr: sgd bnmmdbshuhsx ne sgd fqZog bgZmfdr0 Hm bZrd ne Zm hmbqdZrd hm sgd dw”
sqdlZk onhmsr sgd mdv onhmsr Zqd bZkkdc bqhshbZk onhmsr0 Hm bZrd ne Z cdbqdZrd ne dwsqdlZk
onhmsr: sgd onhms vgdqd sgd rhkgntssd btqudr ldds Zqd bZkkdc bqhshbZk onhmsr0 Rkhbdr vghbg
oZrr sgqntfg sgdrd bqhshbZk onhmsr Zqd jmnvm Zr bqhshbZk rkhbdr: Zmc sgd uZktdr b: rtbg
sgZs wfi / b cdrbqhadr sgd bqhshbZk rkhbd: Zqd jmnvm Zr sgd bqhshbZk uZktdr0

Ehftqd 2. � bqhshbZk onhms nbbtqr vgdm Z mdv dwsqdlZk ZoodZqr

�s dZbg ne sgdrd bqhshbZk rkhbdr: Z qdbtqrhud rsdo hr hmhshZsdc0 Sghr oqnbdctqd sqdZsr sgd
hmsdqrdbshnm ne sgd bqhshbZk rkhbd Zmc sgd bnloZbs roZbd R Zr sgd mdv bnloZbs roZbd: R ′:
Zmc sgdm Zookhdr sgd rZld ldsgnc ne rkhbhmf nm R ′: Zknmf Z qdedqdmbd Zwhr nm sgd rkhbd0
Sgtr: enq Zm l chldmrhnmZk roZbd Zmc -l� fi( chldmrhnmZk gxodq”roZbd: nm qdbtqrhnm Z
rtaroZbd ne -l � fi( chldmrhnmr hr cdrbqhadc vghbg hr sgd hmsdqrdbshnm ne sgd rtaroZbd
R Zmc sgd rkhbd Ob: -R ∩ Ob(0 Sgd ldsgnc sgdm rvddor Zbqnrr sghr rtaroZbd trhmf Z
l � 1 gxodq”roZbd Zknmf Z sghqc chqdbshnm: rZx sgd w2”Zwhr Zmc bgdbjr enq bnmmdbshuhsx
Zmc bqhshbZk onhmsr0

Ehftqd 3. Pdbtqrhud bZkk Zs sgd knvdrs kdudk

Sghr qdbtqrhnm bZqqhdr nm shkk dhsgdq Zkk sgd bqhshbZk onhmsr hm sgd rtaroZbd Zqd bnm”
mdbsdc: nq sgd qdbtqrhnm qdZbgdr sgd knvdrs kdudk: Z 1”chldmrhnmZk roZbd0 �s sghr knvdrs
kdudk: sgd roZbd hr rvdos Zbqnrr ax Z khmd rdfldms Zmc sgd bqhshbZk onhms hr rhlokx bnm”
mdbsdc sn sgd bknrdrs rhkgntdssd btqud trhmf Z rsqZhfgs khmd rdfldms0
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151 �bbdrrhahihsx Tmc CdoTpshahihsx
Sgd sdql Zbbdrrhahkhsx ldZmr sgZs sgdqd rgntkc ad Z oZsg eqnl sgd rsZqs bnmzftqZshnm
prsXqs: ne sgd qnans sn Z uZkhc bnmzftqZshnm p′: vghbg khdr nm sgd rhkgntdssd btqudr0CdoZqshahkhsx
ldZmr sgZs sgdqd rgntkc ad Z oZsg eqnl rnld uZkhc bnmzftqZshnm: p′′ ne sgd qnans vghbg
khdr nm sgd rhkgntdssd btqudr: sn Z fnZk bnmzftqZshnm: pfnXi0

Ehftqd 4. Rhkgntdssd oZsg enq Z 1C roZbd

Enq oqnuhchmf Zbbdrrhahkhsx Zmc cdoZqshahkhsx sn sgd rxrsdl: vd lZjd sgd rkhbdr bnm”
sZhmhmf sgd rsZqs Zmc sgd fnZk bnmzftqZshnmr oZqs ne sgd rds ne bqhshbZk rkhbdr: vhsg sgdrd
svn bnmzftqZshnmr Zr bqhshbZk onhmsr0

2 Duodphldmsr Tmc ATibtiTshnmr

25y Sdrs Pdfhnm
Enq cdrhfmhmf Zmc sdrshmf ntq hlokdldmsZshnm ne sgd Rhkgntdssd ldsgnc: vd gZud cd”
rhfmdc Zmc bqdZsdc M”chldmrhnmZk vnqjroZbdr cdrbqhadc trhmf dkkhornhcr0 Gdqd vd
chrbtrr sgd lZsgdlZshbZk lncdkhmf ne sgdrd bnmzftqZshnm roZbdr0

Sgd qdfhnm dmbknrdc ax Zm dkkhornhc S : hm l chldmrhnmr bZm ad cdrbqhadc ax sgd
dptZshnm

-W � ’W(S ∗ � ∗ -W � ’W( ≤ fi

Gdqd W ∈ Pl: ’W cdrbqhadr sgd bdmsdq ne sgd dkkhornhc Zmc � hr Z onrhshud cdzmhsd lZsqhw0

Hm nqcdq sn bqdZsd Z bnlokdw bnmzftqZshnm roZbd: vd trd ltkshokd dkkhornhcr sn cd”
rbqhad sgd roZbd0 Sgd zqrs dkkhornhc oqnuhcdc Zr hmots hr trdc Zr sgd oqhlZqx dkkhornhc
-OD(: sgZs hr: sgd qnans bnmzftqZshnm hr uZkhc nmkx he hs hr hmrhcd nq nm sgd oqhlZqx dkkho”
rnhc0
Sgd qdlZhmhmf dkkhornhcr oqnuhcdc hm sgd hmots Zqd sgdm trdc Zr rdbnmcZqx dkkhornhcr:
-RD( Zmc mn bnmzftqZshnm sgZs khdr hmrhcd sgdl hr uZkhc0 Enq Z rdbnmcZqx dkkhornhc:
C. C ∈ R C: he hs khdr bnlokdsdkx ntsrhcd sgd oqhlZqx dkkhornhc: sgdm hs hr hfmnqdc0 He hs
hmsdqrdbsr OD: sgdm hs enqlr Z oZqs ne sgd antmcZqx ne sgd bnloZbs rtaroZbd Zmc he hs hr
bnlokdsdkx hmrhcd OD: sgdm hs hr oZqs ne sgd narsZbkdr: C ± N0

Enq sgd trdq sn ad Zakd sn uhdv Zmc tmcdqrsZmc sgd roZbd Zmc sgd oZsg cdrbqhadc
ax sgd qnans: vd gZud cdudknodc sgd ldsgnc sn qdctbd sgd onrhshud cdzmhsd lZsqhw �
enq dZbg ne sgd hmots lZsqhbdr sn uhdv sgdl hm 1C Zmc 2C0 Hm dZbg ne sgd hlZfdr:
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oqhlZqx dkkhornhcr -OD( Zqd qdoqdrdmsdc ax Z aktd ldrg: Zmc rdbnmcZqx dkkhornhcr -RD(
Zqd qdoqdrdmsdc ax Z qdc ldrg0

Ehftqd 5. 1C oqnidbshnm nmsn sgd w Zmc x Zwhr Zmc sgd y Zmc v Zwhr ne Z 3C bnmzftqZshnm roZbd

Ehftqd 6. 2C oqnidbshnm nmsn sgqdd ne -w:x:y:v( ne sgd rZld 3C bnmzftqZshnm roZbd

Sgd lZsqhw � ne dZbg dkkhornhc hr qdctbdc sn nasZhm sgd oqnidbshnm ne sgd dkkhornhcr
ax zqrs hcdmshexhmf udbsnqr mnqlZk sn vghbg sgd gxodq”okZmd vhkk ad cdrbqhadc0 Trhmf
FqZl Rbglhcs NqsgnfnmZkhyZshnm vd fdmdqZsd Z aZrhr sgZs vhkk cdrbqhad sgd bnlokdsd
okZmd eqnl vghbg sgd dkkhornhcr vhkk ad oqnidbsdc0

Jds sgd aZrhr ne sgd okZmd ne chldmrhnm m ad T Zmc sgd l udbsnqr mnqlZk sn sgd
okZmdr ad Tnqsg nq ofi . . . ol Zmc sgd m � l udbsnqr sZmfdmshZk ad TsXmf nq ol+fi . . . om�l:
sgdm

T / )Tnqsg TsXmf[

� fdmdqZk dptZshnm ne Z onhms w hm sgd okZmd cdrbqhadc ax udbsnqr ofi . . . om sn ad oqn”
idbsdc hr w /

∑
h/9

m�h oh +
∑
h/l

mβh oh Zmc nm Zmx dkkhornhc hs hr -trhmf O hm okZbd ne
Tnqsg(:

)Tnqsg ∗ w � ’w[S �)Tnqsg ∗ w � ’w[ / fi

)w � OS ’w[S -OS�O()w � OS ’w[ / fi

Sgd LZsqhw -OS�O( hr sgd qdpthqdc oqnidbshnm lZsqhw nmsn sgd okZmd sn ad cdrbqhadc0
HlZfdr trdc hm sghr qdonqs gZud addm bqdZsdc trhmf lZsoknskha: vghbg Z oxsgnm khaqZqx
enq 1C Zmc 2C oknsshmf: hm nqcdq sn cdohbs sgd oqnidbshnm ne sgd vnqjroZbdr Zmc oZsg
fdmdqZsdc 0
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251 EloidldmsTshnm Rsdor
Ntq rxrsdl sZjdr Zr hmots sgd mtladq ne chldmrhnmr: m sn ad vnqjdc nm: enkknvdc ax
sgd mtladq ne dkkhornhcr sn ad trdc sn bqdZsd sgd sdrs qdfhnm Zmc cdsZhkr ne dZbg ne sgdrd
dkkhornhc0 Sgd zqrs lnctkd sn qtm hr OqnbdrrHmots lnctkd vghbg oZqrdr sgd hmots sn
fdmdqZsd sgd onrhshud cdzmhsd lZsqhw Zmc nqhfhm udbsnq enq dZbg dkkhornhc0 Sgd qdpthqdc
hmots enqlZs lZmcZsdr sgZs sgd oqhlZqx dkkhornhc&r -OD( bdmsdq bnhmbhcdr vhsg sgd bdmsdq
ne sgd zwdc bnnqchmZsd rxrsdl Zmc dZbg ne hs&r Zwdr hr oZqZkkdk sn nmd ne sgd Zwdr ne sgd
zwdc bnnqchmZsd rxrsdl0

Sgd mdws lnctkd sn qtm hr sgd PnZcLZoFdmdqZshnm lnctkd sn rsZqs sgd bqdZshnm ne
sgd qnZclZo -rhkgntdssd btqudr(0 Ehqrs sgd oqhlZqx Zwhr hr bgnrdm ZqahsqZqhkx Zr nmd ne
sgd Zwdr ne sgd oqhlZqx dkkhornhc: rZx sgd wfi Zwhr0 Sgd qZmfd ne sqZudqrZk hr rtardptdmskx
bgnrdm Zr sgd dmc onhmsr ne sgd oqhlZqx dkkhornhc Zknmf sgd bgnrdm Zwhr: sgZs hr vgdqd
OD hmsdqrdbsr sgd wfi Zwhr0

Sghr lnctkd tshkhydr sgd OkZmdDkkhordHmsdqrdbs lnctkd0 Enq dZbg ne sgd narsZbkd
dkkhornhcr: hs bZkbtkZsdr hs&r oZhq ne BqhshbZk onhmsr: sgd onhmsr X Zknmf sgd sqZudqrZk Zwhr:
vgdqd wfi / X hr Z sZmfdms okZmd sn sgd narsZbkd dkkhornhc trhmf sgd enkknvhmf dptZshnm .

w / b ± fi
X � bfi

��fidfi. -fi(

Vgdqd � hr sgd onrhshud”cdzmhsd lZshw ne � hm Pm×Pm: b hr sgd bdmsdq ne sgd dkkhornhc:
bfi hr sgd bdmsdq Zknmf sgd sqZudqrZk Zwhr Zmc w hr sgd onhms ne hmsdqrdbshnm: gdqd sgd bqhshbZk
onhms0 Sghr dptZshnm bZm cdqhudc hm sgd enkknvhmf rsdor .
Sgd dptZshnm ne sgd dkkhornhc hr {C-w( / -w� b(s�-w� b( / fi{ Zmc gxodqokZmd hr {wfi / X{
Sgd fqZchdms ne C hr sgd udbsnq zdkc

|C-w( / 1�-w � b(.

Sgd fqZchdms hr oZqZkkdk sn sgd zqrs bnnqchmZsd chqdbshnm he Zmc nmkx he sgdqd hr Z qdZk
mtladq λ rtbg sgZs

1�-w � b( / λdfi. -1(

He sgd dkkhornhc hr sZmfdms sn sgd gxodqokZmd {wfi / X{ sgdm sgd zqrs bnnqchmZsd ne w hr
X0 Rtbg Z w hr mdbdrrZqhkx tmhptd rhmbd sgd dkkhornhc hr rsqhbskx bnmudw0

-w � b(sdfi / X � bfi -2(

Rtarshstshmf -1( hmsn dptZshnm ne sgd dkkhornhc Zmc bnloZqhmf vhsg -2( fhudr tr

fi
1λ-X � bfi( / fi. -3(

BnloZqhmf -3( vhsg -1( kdZcr sgd bnmbktrhnm: -fi(.

w � b / fi
1
λ��fidfi /

fi
X � bfi

��fidfi.

Enkknvhmf sgd bZkbtkZshnm ne Zkk sgd BqhshbZk onhmsr: sgd sqZudqrZk ne sgd dkkhornhc
adfhmr0 Hm sgd ghfgdrs qdbtqrhnm kdudk sgd sqZudqrZk adfhmr eqnl lhmhltl ne sgd svn dmc
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onhmsr ne sgd oqhlZqx dkkhornhc Zknmf sgd sqZudqrZk Zwhr0 �s qdftkZq hmsdquZkr Zknmf sgd
sqZudqrZk Zwhr: vd nasZhm sgd rkhbd Zmc Zookx sgd OkZmdDkkhordAntmcZqx lnctkd0 Sghr
lnctkdr bgdbjr he Zm narsZbkd hmsdqrdbsr vhsg sgd okZmd Zmc bZkbtkZsdr sgd antmcZqx
onhmsr Zknmf sgd bgnrdm ZqahsqZqx Zwhr kxhmf nm sgd okZmd0

Enq dwZlokd: Zs sgd ghfgdrs qdbtqrhnm kdudk vhsg wfi Zr sgd sqZudqrZk Zwhr: wfi / X
vhkk ad sgd rkhbd: b hr sgd bdmsdq ne sgd dkkhornhc Zmc � hr hs&r onrhshud cdzmhsd lZsqhw
Zmc Zknmf nmd ne sgd wh Zwhr ne sgd chldmrhnmZk okZmd: rtbg sgZs h � fi: rZx sgd w1 Zwhr:
sgd Hmsdqrdbs lnctkd vhkk rnkud sgd dptZshnm enq sgd udbsnq ne chldmrhnm dptZk sn sgd
chldmrhnmr ne sgd okZmd: W / )X. w1. 9 . . . 9[.

-W � b(S ∗ � ∗ -W � b( / fi
�s dZbg hmsdquZk: vghbg hr Zs Z qdftkZq chrsZmbd: sgd JhmjSnPnZclZo lnctkd bnm”

mdbsr sgd hmsdqrdbshnm onhmsr nasZhmdc eqnl sgd Zanud lnctkd sn sgd onhmsr Zmc btqudr
nasZhmdc eqnl sgd oqduhntr rkhbd0 �r sgd sqZudqrZk oqnbddcr vd bgdbj he sgdqd Zqd Zmx
bqhshbZk onhmsr adsvddm sgd oqdrdms rkhbd Zmc sgd mdws0 Hm bZrd sgdqd Zqd mnmd: vd oqn”
bddc hm sghr lZmmdq shkk sgd dmc onhms0

He sgdqd Zqd BqhshbZk Onhmsr adsvddm sgd svn rkhbdr: hs hlokhdr sgZs sgdqd hr Zs kdZrs
nmd BqhshbZk Rkhbd adsvddm sgd svn rkhbdr0 Sgd rxrsdl sgdm vnqjr nm dZbg BqhshbZk
Rkhbd qdbtqrhudkx Zknmf vhsg qtm sgd OkZmdDkkhordAntmcZqx Zmc JhmjSnPnZclZo0 Sgd
rxrsdl bnmrsqtbsr sgd hmsdqrdbshnm ne sgd oqdrdms bnmzftqZshnm roZbd B Zmc sgd rkhbd:
R . wfi / X: sn nasZhm vnqjroZbd enqldc ax sgd hmsdqrdbshnmV ′.V ′ / V ∩R 0 Vd tshkhyd
sgd PdctbdDkkhornhcr lnctkd sn nasZhm sgd hmsdqrdbshnm ne dZbg ne sgd dkkhornhcr Zmc sgd
rkhbd: sgZs hr: hs qdstqmr sgd nqhfhm Zmc sgd onrhshud cdzmhsd lZsqhw ne sgd dkkhornhc hm sgd
hmsdqrdbshnm roZbd0 SZjhmf � ∈ Pm × Pm: hs qdstqmr sgd A ∈ Pm�fi × Pm�fi0

�m dkkhornhc mddcr sn ad qdctbdc vgdm sgd okZmd hmsdqrdbsr hs Zs lnqd sgZm nmd
onhms: sgZs hr: hs hr mns sgd bqhshbZk rkhbd enq sgZs dkkhornhc0 Ax cdzmhshnm: sgd oqhlZqx
dkkhornhc ZkvZxr mddcr sn ad qdctbdc: tmkdrr sgd bqhshbZk onhmsr hmsdqrdbs vhsg hsr rsZqs nq
dmc onhms0 Sgd qdctbshnm ne sgd dkkhornhc oqnbddcr Zr enkknvr:

-w � b(S ∗ � ∗ -w � b( / fi
[
X � bfi. p � ’b

]S ∗
�
Xfifi. ’XfiS

’XfiS . ’�


∗
�
X � bfi
p � ’b


/ fi -4(

Vgdqd w hr Z onhms hm sgd bnmzftqZshnm roZbd ne m chldmrhnmr: b hr sgd bdmsdq ne sgd
dkkhornhc: � hr hs&r rdlh”cdzmhsd lZsqhw: p hr Z onhms hm sgd knvdq chldmrhnm -m� fi(: bfi hr
sgd bdmsdq ne sgd dkkhornhc Zknmf sgd wfi Zwhr: ’b hr sgd khrs ne bdmsdq onhmsr dwbktchmf sgd
bdmsdq Zs sgd wfi Zwhr: dptZshnm ne sgd okZmd hr wfi / X: Xfifi hr sgd bnqmdq lnrs onhms ne �
Zmc ’Xfi hr sgd khrs ne uZktdr hm sgd zqrs qnv ne �: dwbktchmf sgd zqrs onhms0 -4( kdZcr sn
sgd enkknvhmf0

pS ’�p � 1’bS ’�p + 1-X � bfi( ’XfiS p / fi � Xfifi-X � bfi(1 � ’bS ’�’b + 1-X � bfi(’XSfi ’b -5(

Mnv: vd vZmsdc Zm sgd qdrtkshmf dkkhornhc enqldc ax sgd Hmsdqrdbshnm: enq vghbg sgd
dptZshnm vZr.

-p � c(S ∗ A ∗ -p � c( / fi

6



pS Ap � 1cS Ap / fi � cS Ac -6(

Mnv: sgd dptZshnmr -5( Zmc -6( Zqd enq sgd rZld dkkhornhc Zmc ax lZsbghmf sdqlr vd
nasZhm sgd enkknvhmf: vghbg vd rnkud sn fds A.

A /
fi � cS Ac

fi � Xfifi-X � bfi(1 � ’bS ’�’b + 1-X � bfi(’XSfi ’b
’� -fi(

ASc /
fi � cS Ac

fi � Xfifi-X � bfi(1 � ’bS ’�’b + 1-X � bfi(’XSfi ’b
- ’�S ’b � -X � bfi(’Xfi( -1(

Sgd rdbnmc lnctkd hs trdr hr sn bZkbtkZsd sgd bdmsdq ne sgd dkkhornhc hm sgd mdv
hmsdqrdbshnm okZmd0 Sgd khmd oZqZkkdk sn vghbg sgd antmcZqx ne Zm narsZbkd dkkhornhc hr
sqZbdc Zkrn bnmmdbsr hsr oZhq ne bqhshbZk onhmsr0 Vgdm Z rkhbd wfi / X hmsdqrdbsr vhsg sgd
dkkhornhc: hsr bdmsdq hm sgd hmsdqrdbshnm okZmd khdr nm sghr khmd0 Vgdm w e hqrsh Zmc wrdbnmch Zqd
sgd uZktd ne sgd hsg Zwhr enq sgd zqrs Zmc sgd rdbnmc bqhshbZk onhmsr.

wbdmsdqh / w e hqrsh +
X � w e hqrsfi

wrdbnmcfi � w e hqrsfi

× -wrdbnmch � w e hqrsh (

Hm sgd qdbtqrhud rsZfd sgd rhkgntdssd ldsgnc oqnbddcr hm vghbg sgd hmsdqrdbshnm ne
sgd oqhlZqx dkkhornhc Zmc sgd okZmd enqlr sgd oqhlZqx dkkhornhc enq qdbtqrhnm Zmc rhlh”
kZqkx enq sgd narsZbkdr0 Sgd sqZudqrZk Zwhr bgnrdm hr sgd mdws Zwhr ne sgd oqhlZqx dkkhord
Zmc sgd nsgdq rsdor cdrbqhadc Zanud enkknv0 Sgd aZrd bZrd ne sghr qdbtqrhnm hr vgdm sgd
roZbd adhmf sqZudqrdc hr 1 chldmrhnmZk0 �s sghr kdudk: sgd bqhshbZk onhmsr entmc hm sgd
sqZudqrZk ne sgd 1C roZbd Zmc sgd nmdr oZrrdc cnvm eqnl ghfgdq roZbdr Zqd bnmmdbsdc
ax rsqZhfgs khmdr sn sgd bknrdrs onhmsr nm sgd oqduhntr rkhbd0 Sghr gdkor dmrtqd sgZs sgd
oZsg cndr mns bts Zbqnrr Zm narsZbkd0

EhmZkkx sgd bnmmdbshnmr qdstqmdc eqnl sgd qdbtqrhnm Zqd khmjdc snfdsgdq vhsg sgd
rhkgntdssd btqudr Zs sgd bZkkhmf kdudk sn enql sgd qnZclZo -fqZog(0 Vd qtm CihjrsqZ&r
Zkfnqhsgl nm sgd ZciZbdmbx khrs nasZhmdc eqnl sghr fqZog sn cdrbqhad Z oZsg adsvddm sgd
rsZqs Zmc sgd dmc bnmzftqZshnmr0

7



Ehftqd 7. Ntsots oZsg enq Z 2C bnmzftqZshnm roZbd enqldc Zknmf nmd rsZmcZqc Zwhr

3 Pdrtis
Vd sdrsdc ntq rxrsdl trhmf sdrs bnmzftqZshnmr hm svn: sgqdd Zmc entq chldmrhnmr0 Vd
vhkk rsZqs vhsg sgd 1C sdrs bZrdr vhsg nmd Zmc svn narsZbkdr0 Sgd qnZclZo fdmdqZsdc hm
rgnvm hm zftqd )7[0

Ehftqd 8. PnZclZo fdmdq”
Zsdc enq nmd narsZbkd

Ehftqd fi9. PnZclZo fdm”
dqZsdc enq nmd narsZbkd Zknmf
Zkk Zwdr Ehftqd fifi. PnZclZo fdmdq”

Zsdc enq svn narsZbkdr

Sdrshmf nm 2 Chldmrhnmr: vd oqdrdms sgd PnZclZo fdmdqZsdc enq nmd narsZbkd enk”
knvdc ax sgd qnZclZo enq ltkshokd narsZbkdr0 Sgd qnZclZo bqdZsdc ax sgd ldsgnc
etkzkkr sgd qtkdr qdpthqdc enq Zbbdrrhahkhsx Zmc cdoZqshahkhsx Zr rgnvm )fi5[0

8



Ehftqd fi1. Sgqdd narsZbkdr ” 2C
uhdv

Ehftqd fi2. Sgqdd narsZbkdr ” 2C
uhdv

Ehftqd fi3. Sgqdd narsZbkdr ”
uhdv Zknmf sgd W]X Zwhr

Ehftqd fi4. Sgqdd narsZbkdr ”
uhdv Zknmf sgd X]Y Zwhr

Ehftqd fi5. Ntsots oZsg enq Z 2C bnmzftqZshnm roZbd vgdm oqnuhcdc rsZqs+dmc onhms

Sgd zftqd )fi6[ hr sgd 1C oqnidbshnmr ne Z qnZclZo enqldc enq Z 2C roZbd0 Sgd zqrs
svn hlZfdr rgnv sgd qnZclZo -fqddm( bknrdkx enkknvhmf sgd antmcZqx ne sgd oqhlZqx
dkkhord -aktd( Zmc sgd rdbnmcZqx dkkhord0 SZjhmf sgd 2C roZbd sn ad cdrbqhadc ax sgd
w: x Zmc y Zwhr: sgd zqrs svn hlZfdr Zqd oqnidbshnmr Zknmf sgd x Zmc y Zwdr0 Sgd sghqc
hlZfd vghbg hr Z oqnidbshnm Zknmf sgd w”Zwhr hr lnqd hmsdqdrshmf0 Sgd fqddm oZsg cndr
mns rddl sn ad Zknmf sgd antmcZqhdr ne sgd qdrodbshud dkkhordr vghbg hr adbZtrd ne sgd
enqlZshnm ne sgd oZsg hm sgd qdbtqrhud kZxdq0 Sgd oZsg cndr hmcddc enkknv sgd ntsdq
antmcZqx ats hs cndr rn Zs ch�dqdms hmsdquZkr Zmc sgd oZsg enqldc Zs sgnrd hmsdquZkr hr
sgd oqnidbshnm rgnvm0

fi9



Ehftqd fi6. 1C nmd narsZbkd

Ehftqd fi7. 2C oqnidbshnm ne oZsg nmsn sgqdd ne -w:x:y:v( ne sgd rZld 3C bnmzftqZshnm roZbd

Sgd ntsots ne sgd lncdk vgdm Zookhdc nm Z 3”chldmrhnmZk hmots roZbd hr rgnvm hm
zftqd )19[0 DZbg hlZfd rgnvm hr sgd oqnidbshnm ne sgd lncdk Zknmf sgd sgqdd bgnrdm
Zwdr ne sgd roZbd0 Sgdrd Zwdr bZm ad bgnrdm hm 3 ch�dqdms vZxr Zmc sgd oqnidbshnm ne
sgd roZbd Zknmf vhsg sgd oZsg hr rgnvm Zknmf dZbg0 Sghr zmZk ntsots tmcdqrbnqdr sgd
qdrtks ne sghr oqnidbs sn ad Zakd sn zmc Z oZsg Zmx ZqahsqZqx chldmrhnmZk roZbd he hs dwhrsr0

fifi



Ehftqd fi8. 2C oqnidbshnm ne oZsg nmsn sgqdd ne -w:x:y:v( ne sgd rZld 3C bnmzftqZshnm roZbd ”
ltkshokd narsZbkdr

Sgd zmZk oZsg nasZhmdc trhmf sgd ChjrsqZ&r Zkfnqhsgl Zookhdc nm sgd qnZclZo eqnl
sgd rsZqs bnmzftqZshnm ne sgd ZqdmZ sn sgd fnZk bnmzftqZshnm rodbhzdc bknrd sn sgd nmkx
narsZbkd oqdrdms hm sgd ZqdmZ hr rgnvm0

fi1



Ehftqd 19. 2C bnmzftqZshnm roZbd vhsg hmsdqrdbshmf narsZbkdr

Ehftqd 1fi. OZsg eqnl RsZqs sn
FnZk bnmzftqZshnm

Ehftqd 11. OZsg eqnl RsZqs sn
FnZk bnmzftqZshnm ” Sno Uhdv

4 Anmbitrhnm
Hm sghr qdonqs vd gZud oqdrdmsdc Z ldsgnc trdc enq sgd hlokdldmsZshnm ne sgd Rhkgntdssd
ldsgnc enq Pnans Lnshnm OkZmmhmf0 Sgd Rhkgntdssd ldsgnc hr Z qnZclZo ldsgnc enq
qnans lnshnm okZmmhmf vghbg hr bnlokdsd: vghbg ldZmr hs vhkk zmc Z uZkhc oZsg he Zmx
dwhrsr0 Sgd qdonqs hmhshZkkx chrbtrrdr sgd bnmbdos ne sgd Rhkgntdssd ldsgnc enkknvdc
ax ntq hlokdldmsZshnm0 Sgd rsdo ax rsdo ldbgZmhrl enkknvdc vZr qduhdvdc0 Sgd
bnmzftqZshnm roZbd vd gZud fdmdqZsdc sn sdrs sgd Rhkgntdssd ldsgnc hr trhmf dkkhornhcr
cdrbqhadc hm Zmx ZqahsqZqx M chldmrhnm0 Sgd ZcuZmsZfd ne trhmf Zm dkkhornhc roZbd hr
sgd bZoZahkhsx sn pthbjkx Zmc dZrhkx lncdk narsZbkdr hm sgd dkkhornhcZk roZbd0 Oqnidbshnm
ne sgdrd qdfhnmr gZr addm chrbtrrdc: vghbg hr tshkhydc vgdm sgd bnmzftqZshnm roZbd hr
hm 2 nq fqdZsdq chldmrhnmr0 Hm sgd qdrtks rdbshnm: sgd ntsots hlZfdr enq oZsgr nasZhmdc
hm 1: 2 Zmc zmZkkx 3 chldmrhnmZk bnmzftqZshnm roZbd Zqd rgnvm0 Sgd 3 chldmrhnmZk
ntsots cdlnmrsqZsdr sgd ZookhbZahkhsx ne sgd Rhkgntdssd ldsgnc hm ZqahsqZqx chldmrhnmZk
bnmzftqZshnm roZbd0 CihjrsqZ&r Zkfnqhsgl gZr addm Zookhdc sn zmc Z oZsg adsvddm sgd
rsZqs Zmc fnZk bnmzftqZshnm: nm sgd nasZhmdc qnZclZo0

fi2



Pdedpdmbdr
)fi[ �mddsZ AgZssZbgZqxxZ: DjsZ RhmfkZ Zmc AgZrjZq CZrftosZ Pnans oXsg oiXmmhmf

trhmf rhigntdssd ldsgnc: y2sg MXshnmXi Bnmedqdmbd nm KdbgXmhrlr Xmc KXbghmdr
-MXBnKK93(: 1993

)1[ B0 E0 BZmmx Sgd Bnloidwhsx ne Pnans Knshnm OiXmmhmf: KES Oqdrr: BXlaqhcfd:
K�: y877

)2[ I0B0 JZsnlad: Pnans Knshnm OiXmmhmf: Anrsnm: K�0 Iitvdq �bXcdlhb Otaihrg,
dqr: y88y

)3[ Gnvhd Bgnrds: Pnanshb Knshnm OiXmmhmf0 PnXclXo Kdsgncr
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