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Kdudk,q]mj ct]khsx ne tmsvhrsdc ]mc svhrsdc C,aq]mdr
ne sgd ∑rn(M(J VYV lncdk  

Rsdogdm F- M]btkhbg ∗* Admi]lhm G- Qhol]m

CdoUqsldms ne Ngwrhbr Anvcnhm Bnkkdfd Aqtmrvhbi) ID /3/00) TR:

Qdbdhudc 03 Itmd 1//6: ]bbdosdc 00 Itkx 1//6

@u]hk]akd nmkhmd 14 Itkx 1//6

7arspZbs

Vd ]m]kxyd sgd kdudk,q]mj ct]khsx ne tmsvhrsdc ]mc ε,svhrsdc C,aq]mdr ne sgd ∑rn(M(J VYV lncdk- Tm,
svhrsdc C,aq]mdr ne ∑rn(M(J ]qd bg]q]bsdqhydc ax hmsdfq]akd sdmrnq ]mc rohmnq qdoqdrdms]shnmr ne ∑rn(M(J -
Kdudk,q]mj ct]khsx l]or tmsvhrsdc ∑rn(M(J C,aq]mdr bnqqdronmchmf sn ’dpthu]kdmbd bk]rrdr ne ( sdmrnq qdo,
qdrdms]shnmr nmsn sgnrd ne ∑rn(J(M - Sgd ε,svhrsdc C,aq]mdr ne ∑rn(1m(1j ]qd bg]q]bsdqhydc ax ’] rtards ne (
hmsdfq]akd sdmrnq ]mc rohmnq qdoqdrdms]shnmr ne ∑rn(1m 0(1j+0- Kdudk,q]mj ct]khsx l]or rohmnq ε,svhrsdc
∑rn(1m(1j C,aq]mdr nmsn sgnrd ne ∑rn(1j(1m- Enq ansg tmsvhrsdc ]mc ε,svhrsdc C,aq]mdr* vd oqnud sg]s sgd
rodbsqtl ne ]m nodm rsqhmf dmchmf nm sgdrd C,aq]mdr hr hrnlnqoghb sn sgd rodbsqtl ne ]m nodm rsqhmf dmchmf
nm sgd kdudk,q]mj,ct]k C,aq]mdr-
 1//6 Dkrduhdq A-U- @kk qhfgsr qdrdqudc-

.- Dmspnctbshnm

Hs g]r knmf addm jmnvm sg]s sgd lnctk]q sq]mrenql]shnm l]sqhw ]mc etrhnm ]kfdaq] ne sgd
VdrrflYtlhmnflVhssdm ’VYV( lncdk vhsg ]e“md Khd ]kfdaq] ∑rt(M(J ]qd bknrdkx qdk]sdc sn sgnrd
ne sgd VYV lncdk vhsg ]e“md Khd ]kfdaq] ∑rt(J(M ’kdudk,q]mj ct]khsx( Z0fl2[- Rhlhk]q ct]khshdr
g]ud addm rgnvm enq VYV lncdkr vhsg ]e“md Khd ]kfdaq]r qdk]sdc ax ∑ro(m(j ↔ ∑ro(j(m ]mc
∑rn(M(J ↔ ∑rn(J(M Z1*2[* ]mc ]krn enq t̄(M(J.M(J+M( ↔ t̄(J(M.J(J+M( Z3[-

Lnqd qdbdmskx* hs g]r addm rgnvm Z4fl6[ sg]s sgd tmsvhrsdc ]mc svhrsdc C,aq]mdr hm sgd antmc,
]qx ∑rt(M(J VYVlncdk Z7fl14[ qdrodbs kdudk,q]mj ct]khsx: sg]s hr* sgdqd dwhrsr ] nmd,sn,nmd l]o

 Qdrd]qbg rtoonqsdc hm o]qs ax sgd MRE tmcdq fq]ms OGW,/345833-
) Bnqqdronmchmf ]tsgnq-

D,lUhk Uccqdrr8 m]btkhbg;anvcnhm-dct ’R-F- M]btkhbg(-

/44/,2102. fl rdd eqnms l]ssdq  1//6 Dkrduhdq A-U- @kk qhfgsr qdrdqudc-
cnh90/-0/05.i-mtbkogxra-1//6-/6-/00
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adsvddm sgd ’dpthu]kdmbd bk]rrdr ne( C,aq]mdr ne ∑rt(M(J ]mc sgnrd ne ∑rt(J(M - Sgd nodm,rsqhmf
rodbsq] ]rrnbh]sdc vhsg kdudk,q]mj,ct]k C,aq]mdr ]qd hrnlnqoghb* ]mc sgd bg]qfdr ne kdudk,q]mj,
ct]k tmsvhrsdc C,aq]mdr ]qd dpt]k ’lnctkn rhfm(* vhsg ] rkhfgskx lnqd bnlokhb]sdc qdk]shnmrgho
gnkchmf adsvddm sgd bg]qfdr ne svhrsdc C,aq]mdr- Kdudk,q]mj ct]khsx ]krn gnkcr enq sgd C,aq]mdr
ne ∑ro(m(j Z5[-

Hm sghr o]odq* vd bnmshmtd sgd rsnqx ax drs]akhrghmf sgd kdudk,q]mj ct]khsx ne sgd tmsvhrsdc
C,aq]mdr ne ∑rn(M(J ]mc ne sgd svhrsdc C,aq]mdr ne ∑rn(1m(1j - Hm sghr b]rd* kdudk,q]mj ct]khsx hr
o]qsh]k ]mc gnkcr nmkx enq ] rtards ne sgd C,aq]mdr ne sgd sgdnqx- Lnqdnudq* hm sghr b]rd vd “mc
mn rhlokd qdk]shnm adsvddm sgd bg]qfdr ne kdudk,q]mj,ct]k C,aq]mdr-

Vd adfhm ax rtll]qhyhmf ntq qdrtksr- Tmsvhrsdc C,aq]mdr ne ∑rn(M(J bnqqdronmc sn tmsvhrsdc
B]qcx rs]sdr |α]]B ’antmc]qx rs]sdr ne sgd atkj VYV lncdk(* vghbg ]qd k]adkkdc ax hmsdfq]akd
ghfgdrs,vdhfgs qdoqdrdms]shnmr α ’ansg sdmrnqr ]mc rohmnqr( ne sgd tmsvhrsdc ]e“md Khd ]kfdaq]
∑rn(M(J - Nmkx tmsvhrsdc sdmrnq C,aq]mdr dwghahs kdudk,q]mj ct]khsx*0 ]mc sgd ct]khsx hr nmd,sn,
nmd adsvddm dpthu]kdmbd bk]rrdr ˜α[ ne hmsdfq]akd sdmrnq qdoqdrdms]shnmr fdmdq]sdc ax sgd �1,
]tsnlnqoghrlr µ ]mc ’vgdm M hr dudm( ε ne sgd ∑rn(M(J ]kfdaq]- ’Vd cdmnsd ax µ sgd rhlokd
btqqdms rxlldsqx ne ∑rn(M(J sg]s ]bsr nm sgd Cxmjhm hmchbdr ne ] qdoqdrdms]shnm ax1 a/ ↔ a0-
Vd cdmnsd ax ε sgd zbghq]khsx,fiho– rxlldsqx ne ∑rn(1m(J sg]s ]bsr nm sgd Cxmjhm hmchbdr ne ]
qdoqdrdms]shnm ax am ↔ am 0- Enq ∑rn(1m + 0(J * vd cd“md ε sn ad sgd hcdmshsx-( Sgd antmc]qx
rs]sd bnqqdronmchmf sn sgd dpthu]kdmbd bk]rr ˜α[ l]x ad vqhssdm ]r

’0-0(
〉〉˜α[

]]
+ 0|

1 s (α( r(α(+2

)
|α]]B +

〉〉µ (α(
]]
B

+
〉〉ε(α(

]]
B

+
〉〉ε

 
µ (α(

(]]
B

[
.

vgdqd

’0-1(r(α(+
]
0 he α ∈+ ε(α(.

/ he α + ε(α(.
s (α(+

]
0 he α + µ (α(.

/ he α ∈+ µ (α()

Dpthu]kdmbd bk]rrdr ˜α[ ne hmsdfq]akd sdmrnq qdoqdrdms]shnmr ne ∑rn(M(J ]qd bg]q]bsdqhydc ax
Wntmf s]akd]tw vhsg �M<1 qnvr ]mc �J<1 bnktlmr- Kdudk,q]mj ct]khsx ]bsr ax sq]mronrhmf
sgdrd s]akd]tw* hmctbhmf ] nmd,sn,nmd bnqqdronmcdmbd ˜α[ � ˜α̂[ adsvddm dpthu]kdmbd bk]rrdr
ne ∑rn(M(J ]mc ∑rn(J(M * ]mc sgdqdenqd adsvddm sgd tmsvhrsdc C,aq]mdr sg]s bnqqdronmc sn sgd
antmc]qx rs]sdr ’0-0(- Vd rgnv sg]s sgd rodbsqtl ne qdoqdrdms]shnmr b]qqhdc ax ]m nodm rsqhmf
rsqdsbgdc adsvddm tmsvhrsdc ∑rn(M(J C,aq]mdr bnqqdronmchmf sn ˜α[ ]mc ˜β[ hr hrnlnqoghb sn
sg]s b]qqhdc ax ]m nodm rsqhmf rsqdsbgdc adsvddm tmsvhrsdc ∑rn(J(M C,aq]mdr bnqqdronmchmf sn
˜α̂[ ]mc ˜β̂[-

Sgd ∑rn(1m(J VYV lncdk bnms]hmr* hm ]cchshnm sn tmsvhrsdc C,aq]mdr* ] bk]rr ne C,aq]mdr
svhrsdc ax sgd rxlldsqx ε- Sgdrd ε,svhrsdc C,aq]mdr b]m ad bg]q]bsdqhydc Z1/[ ax ’] rtards ne(
sgd hmsdfq]akd ghfgdrs,vdhfgs qdoqdrdms]shnmr ’ansg sdmrnqr ]mc rohmnqr( ne sgd tmsvhrsdc ]e“md
Khd ]kfdaq] ∑rn(1m 0(J+0- Nmkx rohmnq ε,svhrsdc C,aq]mdr ne ∑rn(1m(1j dwghahs kdudk,q]mj ct]k,
hsx* vghbg hmunkudr ] nmd,sn,nmd l]o α� ᾱ adsvddm sgd rohmnq ε,svhrsdc C,aq]mdr ne ∑rn(1m(1j
]mc sgd rohmnq ε,svhrsdc C,aq]mdr ne ∑rn(1j(1m- Vd rgnv sg]s sgd rodbsqtl ne qdoqdrdms]shnmr
b]qqhdc ax ]m nodm rsqhmf rsqdsbgdc adsvddm ε,svhrsdc ∑rn(1m(1j C,aq]mdr bnqqdronmchmf sn α ]mc
β hr hrnlnqoghb sn sg]s b]qqhdc ax ]m nodm rsqhmf rsqdsbgdc adsvddm ε,svhrsdc ∑rn(1j(1m C,aq]mdr
bnqqdronmchmf sn ᾱ ]mc β̄ -

0 Dwbdos enq ∑rn(1m + 0(1j+0* vgdqd ] kdudk,q]mj l]o b]m ]krn ad cd“mdc adsvddm dpthu]kdmbd bk]rrdr ne tmsvhrsdc
rohmnq C,aq]mdr-
1 Dwbdos enq ∑rn(3(J * hm vghbg b]rd µ ]bsr ax a/ ↔ lhm(a0.a1(-
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Sghr o]odq hr nqf]mhydc ]r enkknvr- Rdbshnm 1 aqhdfix qduhdvr sgd Hrgha]rgh ]mc B]qcx rs]sdr ne
sgd VYVlncdk* ]mc hm Rdbshnm 2* vd bg]q]bsdqhyd sgd hmsdfq]akd ghfgdrs,vdhfgs qdoqdrdms]shnmr
ne ∑rn(M(J - Rdbshnm 3 cdrbqhadr sgd kdudk,q]mj ct]khsx ne sgd ’dpthu]kdmbd bk]rrdr ne( tmsvhrsdc
C,aq]mdr bnqqdronmchmf sn sdmrnq qdoqdrdms]shnmr ne ∑rn(M(J ]mc sn rohmnq qdoqdrdms]shnmr ne
∑rn(1m+ 0(1j+0- Sgd ε,svhrsdc Hrgha]rgh ]mc B]qcx rs]sdr ne ∑rn(1m(J ]qd qduhdvdc hm Rdbshnm 4*
]mc hm Rdbshnm 5 vd cdrbqhad sgd kdudk,q]mj ct]khsx ne rohmnq ε,svhrsdc C,aq]mdr ne ∑rn(1m(1j -

1- Tmsvhrsdc Zmc svhrsdc C apZmdr ne UWU lncdkr

Hm sghr rdbshnm* vd aqhdfix qduhdv rnld fdmdq]k ]rodbsr ne tmsvhrsdc ]mc svhrsdc C,aq]mdr ne
sgd VYV lncdk ]mc sgdhq qdk]shnm sn sgd B]qcx ]mc Hrgha]rgh rs]sdr ne sgd bknrdc,rsqhmf rdbsnq*
cq]vhmf nm Qder- Z8*0/*07*1/[-

Sgd VYV lncdk* vghbg cdrbqhadr rsqhmfr oqno]f]shmf nm ] fqnto l]mhenkc* hr ] q]shnm]k
bnmenql]k “dkc sgdnqx vgnrd bghq]k ]kfdaq] ’enq ansg kdes, ]mc qhfgs,lnudqr( hr ]m tmsvhrsdc
]e“md Khd ]kfdaq] c̄J ]s kdudk J - Vd nmkx bnmrhcdq VYV sgdnqhdr vhsg ] ch]fnm]k bknrdc,rsqhmf
rodbsqtl9

’1-0(Ebknrdc +
⎪

λ∈NJ+

Sλ ⊗ S̆λ∗ .

vgdqd S ]mc S̆ qdoqdrdms kdes, ]mc qhfgs,lnuhmf rs]sdr qdrodbshudkx* λ∗ cdmnsdr sgd qdoqdrdms]shnm
bnmitf]sd sn λ* ]mc NJ+ hr sgd rds ne hmsdfq]akd ghfgdrs,vdhfgs qdoqdrdms]shnmr ne c̄J -

C,aq]mdr ne sgdVYVlncdk l]x ad cdrbqhadc ]kfdaq]hb]kkx hm sdqlr ne sgd onrrhakd antmc]qx
bnmchshnmr sg]s b]m bnmrhrsdmskx ad hlonrdc nm ] VYV lncdk vhsg antmc]qx- Vd nmkx bnmrhcdq
antmc]qx bnmchshnmr nm sgd btqqdmsr ne sgd ]e“md Khd ]kfdaq] ne sgd enql

’1-1(
)
I a(t( �Ĭ a(t̆(

[〉〉
t+t̆ + /

vgdqd � hr ]m ]tsnlnqoghrl ne sgd Khd ]kfdaq] c- Sgdrd antmc]qx bnmchshnmr kd]ud tmaqnjdm sgd
c̄J rxlldsqx* ]r vdkk ]r sgd bnmenql]k rxlldsqx* ne sgd sgdnqx-

Svhrsdc HrghaUrgh rsUsdr

Nodm,bknrdc rsqhmf ct]khsx ]kknvr nmd sn bnqqdk]sd sgd antmc]qx bnmchshnmr ’1-1( ne sgd antmc,
]qx VYV lncdk vhsg bngdqdms rs]sdr |A]]� ∈Ebknrdc ne sgd atkj VYV lncdk r]shrexhmf

’1-2(
)
I a
k + �Ĭ a

 k
[
|A]]� + /. k ∈ �.

vgdqd I a
k ]qd sgd lncdr ne sgd ]e“md Khd ]kfdaq] fdmdq]snqr- Rnktshnmr ne Dp- ’1-2( sg]s adknmf

sn ] rhmfkd rdbsnq Sμ ⊗ S̆�(μ(∗ ne sgd atkj VYV lncdk ]qd jmnvm ]r �,svhrsdc Hrgha]rgh rs]sdr
|μ]]�D Z15[- @r vd ]qd bnmrhcdqhmf sgd ch]fnm]k bknrdc,rsqhmf sgdnqx ’1-0(* �,svhrsdc Hrgha]rgh
rs]sdr nmkx dwhrs vgdm μ+ �(μ(* ]mc rn ]qd k]adkkdc ax μ ∈ B� * vgdqd B� hr sgd rtards ne hmsd,
fq]akd qdoqdrdms]shnmr ne c̄J sg]s r]shrex �(μ(+ μ- Dpthu]kdmskx* μ bnqqdronmcr sn ]m hmsdfq]akd
qdoqdrdms]shnm ne =c� * sgd nqahs Khd ]kfdaq] ]rrnbh]sdc vhsg c̄J Z16[-

Svhrsdc BUqcw rsUsdr

@ bngdqdms rs]sd |A]]� sg]s bnqqdronmcr sn ]m ]kknvdc antmc]qx bnmchshnm ltrs ]krn r]shrex
]cchshnm]k ’B]qcx( bnmchshnmr Z17[- Rnktshnmr ne Dp- ’1-2( sg]s r]shrex sgd B]qcx bnmchshnmr ]qd
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cdmnsdc �,svhrsdc B]qcx rs]sdr |α]]�B * vgdqd sgd k]adkr α s]jd u]ktdr hm �� * sgd rds ne hmsdfq]akd
qdoqdrdms]shnmr ne sgd �,svhrsdc ]e“md Khd ]kfdaq] c̄�J Z0/[- Sgd �,svhrsdc B]qcx rs]sdr l]x ad
dwoqdrrdc ]r khmd]q bnlahm]shnmr ne �,svhrsdc Hrgha]rgh rs]sdr

’1-3(|α]]�B +
∑

μ∈��

ψαμ̂
P/μ

|μ]]�D .

vgdqd Pλμ hr sgd lnctk]q sq]mrenql]shnm l]sqhw ne c̄J * / cdmnsdr sgd hcdmshsx qdoqdrdms]shnm* ]mc
sgd bnde“bhdmsr ψαμ l]x ad hcdmsh“dc vhsg sgd lnctk]q sq]mrenql]shnm l]sqhbdr ne sgd �,svhrsdc
]e“md Khd ]kfdaq] c̄�J Z0/[-

Sgd �,svhrsdc C,aq]mdr ne c̄J bnqqdronmc sn sgd �,svhrsdc B]qcx rs]sdr |α]]�B ]mc ]qd sgdqd,
enqd ]krn k]adkkdc ax α ∈ �� - Sgd rodbsqtl ne ]m nodm rsqhmf rsqdsbgdc adsvddm �,svhrsdc
C,aq]mdr k]adkkdc ax α ]mc β hr dmbncdc hm sgd nodm,rsqhmf o]qshshnm etmbshnm

’1-4(V
nodm
αβ (τ (+

∑

λ∈NJ+

mβλ
αχλ(τ (.

vgdqd χλ(τ ( hr sgd ]e“md bg]q]bsdq ne sgd hmsdfq]akd ghfgdrs,vdhfgs qdoqdrdms]shnm λ ne c̄J - Sgd
ltkshokhbhsx mβλ

α ne sgd qdoqdrdms]shnm λ b]qqhdc ax sgd nodm rsqhmf l]x ad dwoqdrrdc ]r Z1/[

’1-5(mβλ
α +

∑

μ∈��

ψ∗
αμPλμψβμ

P/μ
)

Tmsvhrsdc HrghaUrgh Umc BUqcw rsUsdr

Tmsvhrsdc B]qcx rs]sdr |α]]B ]mc tmsvhrsdc Hrgha]rgh rs]sdr |μ]]D ]qd rnktshnmr ne Dp- ’1-2(
vhsg � + 0* ]mc ansg ]qd k]adkkdc ax hmsdfq]akd qdoqdrdms]shnmr ne c̄J - Sgd l]sqhw ψαμ hm
Dp- ’1-3( qdk]shmf sgd tmsvhrsdc B]qcx rs]sdr sn sgd tmsvhrsdc Hrgha]rgh rs]sdr hr fhudm ax sgd
lnctk]q sq]mrenql]shnm l]sqhw Pαμ ne c̄J Z17[- Bnmrdptdmskx* ax uhqstd ne Dp- ’1-5( ]mc sgd
Udqkhmcd enqltk] enq sgd etrhnm bnde“bhdmsr Z18[

’1-6(mβλ
α +

∑

μ∈NJ+

PβμPλμP
∗
αμ

P/μ
+Mβλ

α.

sgd ltkshokhbhshdr mβλ
α ne sgd qdoqdrdms]shnmr b]qqhdc ax ]m nodm rsqhmf rsqdsbgdc adsvddm svn

tmsvhrsdc C,aq]mdr α ]mc β ]qd fhudm ax sgd etrhnm bnde“bhdmsr Mβλ
α ne sgd VYV lncdk-

2- DmsdfpZakd pdopdrdmsZshnmr ne �rn(K()

Hm sghr rdbshnm* vd qduhdv rnld cds]hkr ]ants sgd hmsdfq]akd qdoqdrdms]shnmr ne ∑rn(M(J trdc
sgqntfgnts sghr o]odq-2 Hmsdfq]akd qdoqdrdms]shnmr ne ]m ]e“md Khd ]kfdaq] c̄J g]ud mnm,mdf]shud
Cxmjhm hmchbdr (a/.a0. ) ) ) .an ( sg]s r]shrex

⊕n
g+/kgag +J * vgdqdkg ]qd sgd ct]k Bnwdsdq k]adkr

ne sgd Cxmjhm ch]fq]l enq c̄J * ]mc n + 0 hr sgd q]mj ne c̄J -

2 Sgqntfgnts sghr o]odq* M > 2 hr tmcdqrsnnc-



R-E- MUbtkhbg) A-G- PholUm . MtbkdUq Ngwrhbr A 575  1//5( 024y040 028

HmsdfqUakd qdoqdrdmsUshnmr ne ∑rn(1m+ 0(J

Sgd Cxmjhm ch]fq]l enq ∑rn(1m+ 0(J hr

]mc sgd ct]k Bnwdsdq k]adkr ]qd (k/.k0.k1. ) ) ) .km 0.km( + (0.0.1. ) ) ) .1.0(* vgdqd sgd k],
adkkhmf ne mncdr hr hmchb]sdc nm sgd ch]fq]l- Hmsdfq]akd qdoqdrdms]shnmr ne ∑rn(1m+ 0(J sgtr g]ud
Cxmjhm hmchbdr sg]s r]shrex3

’2-0(a/ + a0 + 1(a1 + · · · + am 0(+ am +J)
@m dudm nq ncc u]ktd ne am bnqqdronmcr* qdrodbshudkx* sn ] sdmrnq nq rohmnq qdoqdrdms]shnm ne
rn(1m+ 0(- Vhsg d]bg hqqdctbhakd sdmrnq qdoqdrdms]shnm ne rn(1m+ 0( l]x ad ]rrnbh]sdc ] Wntmf
s]akd]t vgnrd qnv kdmfsgr Zg ]qd fhudm ax

’2-1(Zg +
�

0
1am + ⊕m 0

i+g ai . enq 0� g � m 0.
0
1am. enq g + m)

Sgd hmsdfq]ahkhsx bnmchshnm ’2-0( hr dpthu]kdms sn sgd bnmrsq]hms Z0 + Z1 �J nm sgd qnv kdmfsgr
ne sgd s]akd]t-

Vd l]x ]krn enql]kkx trd Dp- ’2-1( sn cd“md qnv kdmfsgr enq ] rohmnq qdoqdrdms]shnm- Sgdrd
qnv kdmfsgr ]qd ]kk g]ke,hmsdfdqr* ]mc bnqqdronmc sn ] zWntmf s]akd]t– bnms]hmhmf ] bnktlm ne
zg]ke,anwdr–-

HmsdfqUakd qdoqdrdmsUshnmr ne ∑rn(1m(J

Sgd Cxmjhm ch]fq]l enq ∑rn(1m(J hr

]mc sgd ct]k Bnwdsdq k]adkr ]qd (k/.k0.k1. ) ) ) .km 1.km 0.km(+ (0.0.1. ) ) ) .1.0.0(* vgdqd
sgd k]adkkhmf ne mncdr hr hmchb]sdc nm sgd ch]fq]l- Hmsdfq]akd qdoqdrdms]shnmr ne ∑rn(1m(J sgtr
g]ud Cxmjhm hmchbdr sg]s r]shrex4

’2-2(a/ + a0 + 1(a1 + · · · + am 1(+ am 0 + am +J)
@m dudm nq ncc u]ktd ne am am 0 bnqqdronmcr* qdrodbshudkx* sn ] sdmrnq nq rohmnq qdoqdrdms]shnm
ne rn(1m(-

3 Sgqntfgnts sghr o]odq* ax ∑rn(2(J vd ld]m sgd ]e“md Khd ]kfdaq] ∑rt(1(1J - Hsr hmsdfq]akd qdoqdrdms]shnmr g]ud rn(2(

Wntmf s]akd]tw sg]s nadx Z0 �J - Rhmbd Z0 + 0
1 a0* sghr ld]mr sg]s Dp- ’2-0( hr qdok]bdc ax a/ + a0 + 1J vgdm m+ 0-

4 Enq ∑rn(3(J * vd s]jd sgd hmsdfq]ahkhsx bnmchshnm sn ad a/ +l]w(a0.a1(+J * vghbg hr dpthu]kdms sn Z0 + |Z1|�J -
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Sgd Cxmjhm ch]fq]l ne rn(1m( ’]mc ]krn ∑rn(1m(J ( hr hmu]qh]ms tmcdq sgd dwbg]mfd ne sgd
(m  0(sg ]mc msg mncdr- Sghr fhudr qhrd sn ] �1,]tsnlnqoghrl ε ne sgd rn(1m( Khd ]kfdaq]*
vghbg dwbg]mfdr qdoqdrdms]shnmr vhsg Cxmjhm hmchbdr () ) ) .am 0.am( ]mc () ) ) .am.am 0(- Sghr
]tsnlnqoghrl l]x ad ctaadc Z1/[ zbghq]khsx fiho– ]r hs dwbg]mfdr sgd svn etmc]ldms]k rohmnq
qdoqdrdms]shnmr ne noonrhsd bghq]khsx-

Enq d]bg qdoqdrdms]shnm ne rn(1m( vd l]x cd“md

’2-3(Zg +

⎧
⎪⎪⎨

⎪⎪⎩

0
1 (am + am 0(+

⊕m 1
i+g ai . enq 0� g � m 1.

0
1 (am + am 0(. enq g + m 0.
0
1 (am  am 0(. enq g + m.

hm sdqlr ne vghbg sgd hmsdfq]ahkhsx bnmchshnm ’2-2( adbnldr Z0 + Z1 �J - Sgd Uarnktsd uUktdr ne
Zg qdoqdrdms sgd qnv kdmfsgr ne ] Wntmf s]akd]t > vhsg to sn m qnvr- ’Enq rohmnq qdoqdrdms]shnmr*
sgdrd qnv kdmfsgr ]qd ]kk g]ke,hmsdfdq* ]mc bnqqdronmc sn ] Wntmf s]akd]t bnms]hmhmf ] bnktlm ne
g]ke,anwdr-( Vgdm am + am 0* sgd Wntmf s]akd]t g]r m 0 nq edvdq qnvr* ]mc bnqqdronmcr sn ]
tmhptd hqqdctbhakd rn(1m( qdoqdrdms]shnm a* nmd vghbg hr hmu]qh]ms tmcdq ε- Vgdm am ∈+ am 0* sgd
Wntmf s]akd]t g]r oqdbhrdkx m qnvr ]mc bnqqdronmcr sn svn chrshmbs qdoqdrdms]shnmr* a ]mc ε(a(-
Gdmbd vd l]x bnmrhcdq sgd Wntmf s]akd]t > ]r k]adkkhmf dhsgdq ]m hqqdctbhakd ’a( nq ] qdctbhakd
’a± ε(a(( qdoqdrdms]shnm ne rn(1m(* cdodmchmf qdrodbshudkx nm vgdsgdq sgd qdoqdrdms]shnm a hr nq
hr mns hmu]qh]ms tmcdq ε- Vd sgtr vqhsd

’2-4(>+ 1r(a( 0
)
a ± ε(a(

[
.

vgdqd

’2-5(r(a(+
]
0. he Zm ∈+ /. sg]s hr. a ∈+ ε(a(.

/. he Zm + /. sg]s hr. a + ε(a()

’Enq Ukk qdoqdrdms]shnmr ne rn(1m+ 0(* vd cd“md ε(a(+ a ]mc r(a(+ /-(
Kds Paa cdmnsd sgd ’rxlldsqhb( lnctk]q sq]mrenql]shnm l]sqhw ne ∑rn(M(J * ]m dwokhbhs enqltk]

enq vghbg l]x ad entmc* enq dw]lokd* hm Qde- Z2[- Vd cd“md

P>a + 1r(a( 0˜Paa + Pε(a(a[.
’2-6(P>A + 1r(a( 0˜P>a + P>ε(a([)

Rhmbd sgd lnctk]q sq]mrenql]shnm l]sqhw nadxr

’2-7(Pε(a(a + Paε(a(.

hs enkknvr sg]s

P>a + P>ε(a(.

’2-8(P>A + 1r(a(P>a)

Rhlokd btqqdms nqahsr ne ∑rn(M(J

Ansg ∑rn(1m+ 0(J ]mc ∑rn(1m(J Cxmjhm ch]fq]lr g]ud ] �1,rxlldsqx sg]s dwbg]mfdr sgd /sg
]mc 0rs mncdr- Sghr rxlldsqx hmctbdr ] rhlokd,btqqdms rxlldsqx ’cdmnsdc ax µ ( ne sgd ∑rn(M(J
VYV lncdk sg]s o]hqr hmsdfq]akd qdoqdrdms]shnmr qdk]sdc ax a/ ↔ a0* vhsg sgd nsgdq Cxmjhm
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hmchbdr tmbg]mfdc-5 Sgdhq qdrodbshud Wntmf s]akd]tw ]qd qdk]sdc ax Z0 � J  Z0- Tmcdq µ *
sdmrnq qdoqdrdms]shnmr ]qd l]oodc sn sdmrnqr* ]mc rohmnq qdoqdrdms]shnmr sn rohmnqr-

Vd vhkk qdedq sn qdoqdrdms]shnmr ne ∑rn(M(J vhsg Z0 , 0
1J * Z0 + 0

1J * ]mc Z0 / 0
1J ]r adhmf

ne sxodr H* HH* ]mc HHH* qdrodbshudkx- Sxod HH qdoqdrdms]shnmr ]qd hmu]qh]ms tmcdq µ * ]mc ]qd sdmrnqr
’qdro- rohmnqr( vgdm J hr dudm ’qdro- ncc(- D]bg rhlokd,btqqdms nqahs ne ∑rn(M(J bnms]hmr dhsgdq
] sxod H ]mc sxod HHH qdoqdrdms]shnm* nq ] rhmfkd sxod HH qdoqdrdms]shnm- Vd cd“md

’2-0/(s (a(+
]
0. he Z0 + 0

1J (sxod HH(. sg]s hr. a + µ (a(.

/. he Z0 ∈+ 0
1J (sxod H nq HHH(. sg]s hr. a ∈+ µ (a()

Ehm]kkx* sgd lnctk]q sq]mrenql]shnm l]sqhw ne ∑rn(M(J nadxr

’2-00(Pµ (a(a +±Pε(a(a. enq a ]

]
sdmrnq

rohmnq

{
qdoqdrdms]shnm-

3- Idudk pZmi ctZkhsw ne tmsvhrsdc C apZmdr ne �rn(K()

G]uhmf qduhdvdc sgd bg]q]bsdqhy]shnm ne hmsdfq]akd qdoqdrdms]shnmr ne ∑rn(M(J hm sgd oqduhntr
rdbshnm* vd mnv stqm sn sgd tmsvhrsdc C,aq]mdr ne sgd ∑rn(M(J VYV lncdk* vghbg ]qd k]adkkdc
ax sgnrd qdoqdrdms]shnmr- Hm sghr rdbshnm* vd vhkk cdlnmrsq]sd ] kdudk,q]mj ct]khsx adsvddm sgd
tmsvhrsdc C,aq]mdr ne ∑rn(M(J ]mc sgnrd ne ∑rn(J(M -

Rhmbd sgd ltkshokhbhshdr ne sgd qdoqdrdms]shnmr b]qqhdc ax ]m nodm rsqhmf rsqdsbgdc adsvddm
svn tmsvhrsdc C,aq]mdr ]qd fhudm ax sgd etrhnm bnde“bhdmsr ne sgd VYV lncdk ’1-6(* kdudk,q]mj
ct]khsx ne sgd tmsvhrsdc C,aq]mdr ne sgd ∑rn(M(J lncdk hr bknrdkx qdk]sdc sn kdudk,q]mj ct]khsx
ne sgd etrhnm bnde“bhdmsr ne sghr lncdk* vghbg v]r cdrbqhadc hm Qde- Z2[- Vd qdb]kk svn r]khdms
]rodbsr ne sghr ct]khsx9

• Sgd kdudk,q]mj l]o hr o]qsh]k9 hs nmkx qdk]sdr sgd sdmrnq qdoqdrdms]shnmr6 ne ∑rn(M(J sn sgnrd
ne ∑rn(J(M -

• Sgd kdudk,q]mj l]o hr mns nmd,sn,nmd adsvddm hmsdfq]akd sdmrnq qdoqdrdms]shnmr a* ats q]sgdq
adsvddm dpthuUkdmbd bkUrrdr ne qdoqdrdms]shnmr*7 cdmnsdc ax ˜a[- Sgdrd dpthu]kdmbd bk]rrdr
]qd bg]q]bsdqhydc ax sdmrnq Wntmf s]akd]tw vhsg �M<1 qnvr ]mc �J<1 bnktlmr ’sdqldc
zqdctbdc ]mc bnlhmhl]kkx,qdctbdc– hm Qde- Z2[(- Kdudk,q]mj ct]khsx ]bsr ax sq]mronrhmf
sgdrd s]akd]tw* ]mc l]or sgd rds ne sdmrnq Wntmf s]akd]tw vhsg �M<1 qnvr ]mc �J<1
bnktlmr nmd,sn,nmd nmsn sgd rds ne sdmrnq Wntmf s]akd]tw vhsg �J<1 qnvr ]mc �M<1
bnktlmr-

Sgd dpthu]kdmbd bk]rrdr ne hmsdfq]akd sdmrnq qdoqdrdms]shnmr e]kk hmsn rdudq]k b]sdfnqhdr* vghbg
vd mnv cdrbqhad* trhmf sgd mns]shnm ne sgd oqduhntr rdbshnm-

’0( r(a( + / ]mc s (a( + 09 sgd dpthu]kdmbd bk]rr k]adkkdc ax ] sdmrnq Wntmf s]akd]t vhsg Z0 +
0
1J bnktlmr ’nmkx onrrhakd vgdm J hr dudm( ]mc vhsg edvdq sg]m 0

1M qnvr bnqqdronmcr sn ]

5 Dwbdos enq ∑rn(3(J * hm vghbg b]rd µ ]bsr ax a/ ↔ lhm(a0.a1(- Sgtr* he a g]r Cxmjhm hmchbdr (a/.a0.a1( sgdm µ (a(

g]r Cxmjhm hmchbdr (lhm(a0.a1(.J  a1.J  a0(-
6 Enq ∑rn(1m+ 0(1j+0* ] kdudk,q]mj l]o adsvddm sgd rohmnq qdoqdrdms]shnmr ]krn dwhrsr Z2[* ]mc sgtr ] kdudk,q]mj l]o

b]m ad cd“mdc enq ]kk sgd tmsvhrsdc C,aq]mdr ne ∑rn(1m+ 0(1j+0-
7 Sghr hr ]krn sgd b]rd enq kdudk,q]mj ct]khsx ne ∑rt(M(J -
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rhmfkd ’sxod HH( hqqdctbhakd qdoqdrdms]shnm a* vgnrd Cxmjhm hmchbdr r]shrex a/ + a0 ]mc ’enq
M + 1m( am + am 0- Sghr qdoqdrdms]shnm hr hmu]qh]ms tmcdq ansg µ ]mc ε-

’1( r(a( + / ]mc s (a( + /9 sgd dpthu]kdmbd bk]rr k]adkkdc ax ] sdmrnq Wntmf s]akd]t vhsg
Z0 ,

0
1J bnktlmr ]mc vhsg edvdq sg]m 0

1M qnvr bnqqdronmcr sn ] oUhq ne hqqdctbhakd qdoqd,
rdms]shnmr a ]mc µ (a( ’ne sxod H ]mc sxod HHH( vgnrd Cxmjhm hmchbdr ]qd qdk]sdc ax a/ ↔ a0-
Vgdm M + 1m* sgd Cxmjhm hmchbdr ne sgdrd qdoqdrdms]shnmr r]shrex am + am 0* h-d-* sgdrd
qdoqdrdms]shnmr ]qd hmu]qh]ms tmcdq ε-

’2( r(a( + 0 ]mc s (a( + 09 sgd dpthu]kdmbd bk]rr k]adkkdc ax ] sdmrnq Wntmf s]akd]t vhsg Z0 +
0
1J bnktlmr ’nmkx onrrhakd vgdm J hr dudm( ]mc vhsg dw]bskx 0

1M qnvr ’nmkx onrrhakd vgdm
M hr dudm( bnqqdronmcr sn ] oUhq ne ’sxod HH( hqqdctbhakd qdoqdrdms]shnmr a ]mc ε(a(* vgnrd
Cxmjhm hmchbdr ]qd qdk]sdc ax am ↔ am 0 vgdqd M + 1m* ]mc nadx8 a/ + a0* h-d-* sgdrd
qdoqdrdms]shnmr ]qd hmu]qh]ms tmcdq µ -

’3( r(a( + 0 ]mc s (a( + /9 sgd dpthu]kdmbd bk]rr k]adkkdc ax ] sdmrnq Wntmf s]akd]t vhsg Z0 ,
0
1J bnktlmr ]mc vhsg dw]bskx 0

1M qnvr ’nmkx onrrhakd vgdm M hr dudm( bnqqdronmcr sn entq
hqqdctbhakd qdoqdrdms]shnmr9 a* µ (a(* ε(a(* ]mc ε(µ (a(( ’svn ne sxod H ]mc svn ne sxod HHH(-

Kds ˜â[ cdmnsd sgd sq]mronrd ne sgd Wntmf s]akd]t bg]q]bsdqhyhmf sgd dpthu]kdmbd bk]rr ˜a[- Sgdm

’3-0(s (a(+ r̂(â( ]mc r(a(+ ŝ(â(.

vgdqd r̂ ]mc ŝ ]qd sgd pt]mshshdr ’2-5( ]mc ’2-0/( cd“mdc enq ∑rn(J(M - Tmcdq kdudk,q]mj ct]khsx*
dpthu]kdmbd bk]rrdr ˜a[ hm b]sdfnqhdr ’0(* ’1(* ’2(* ]mc ’3( l]o hmsn dpthu]kdmbd bk]rrdr ˜â[ hm
b]sdfnqhdr ’3(* ’1(* ’2(* ]mc ’0(* qdrodbshudkx-

Vd mnv dktbhc]sd sgd hlokhb]shnmr ne kdudk,q]mj ct]khsx enq sgd tmsvhrsdc sdmrnq C,aq]mdr ne
sgd ∑rn(M(J VYV lncdk- Bnmrhcdq sgd khmd]q bnlahm]shnm ne tmsvhrsdc B]qcx rs]sdr

’3-1(
〉〉˜α[

]]
+ 0|

1 s (α( r(α(+2

)
|α]]B +

〉〉µ (α(
]]
B

+
〉〉ε(α(

]]
B

+
〉〉ε

 
µ (α(

(]]
B

[
.

vghbg bnqqdronmcr sn ]m dpthu]kdmbd bk]rr ˜α[ ne hmsdfq]akd sdmrnq qdoqdrdms]shnmr- Trhmf
Dpr- ’1-6( ]mc ’2-00(* vd “mc sg]s sgd ltkshokhbhsx m˜β[˜λ[˜α[ ne sgd dpthu]kdmbd bk]rr ne qdoqd,
rdms]shnmr ˜λ[ b]qqhdc ax ]m nodm rsqhmf rsqdsbgdc adsvddm tmsvhrsdc C,aq]mdr bnqqdronmchmf sn
sgd rs]sdr |˜α[]] ]mc ˜β[]] hr fhudm ax

m˜β[˜λ[˜α[ +
0|

1 s (α(+s (β(+s (λ( r(α( r(β( r(λ(+2

’3-2(·
∑

μ+sdmrnq
qdoqdrdms]shnmr

(Pβμ + Pε(β(μ((Pλμ + Pε(λ(μ((P
∗
αμ + P∗

ε(α(μ(

P/μ
.

vgdqd nmkx hmsdfq]akd sdmrnq qdoqdrdms]shnmr μ qdl]hm hm sgd rtl ]r ] bnmrdptdmbd ne Dp- ’2-00(-
Trhmf Dpr- ’2-6( ]mc ’2-8(* vd dwoqdrr m˜β[˜λ[˜α[ hm sdqlr ne Wntmf s]akd]tw >* A *  *K * qdk]sdc
sn α* β * λ* ]mc μ ax Dp- ’2-4(*

8 Enq ∑rn(3(J * sgdx nadx a/ +lhm(a0.a1(-
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m˜β[˜λ[˜α[ +
0|

1 s (α(+s (β(+s (λ(+r(α(+r(β(+r(λ( 2

’3-3(·
∑

K+sdmrnq
s]akd]tw H. HH. HHH

0

1r(μ(
PAKP KP

∗
>K

P/K
)

Ehm]kkx* rhmbd P>µ (K( + P>K * sgd rtl l]x ad qdrsqhbsdc sn s]akd]tw ne sxodr H ]mc HH
’zbnlhmhl]kkx,qdctbdc– s]akd]tw(

’3-4(

m˜β[˜λ[˜α[ +
0

|
1
s (α(+s (β(+s (λ(+r(α(+r(β(+r(λ( 2

·
∑

K+sdmrnq
s]akd]tw H. HH

0

1r(μ(+s (μ( 0
PAKP KP

∗
>K

P/K
)

Sgd ltkshokhbhshdr m˜β[˜λ[˜α[ ]qd bknrdkx qdk]sdc sn ΣA 
> cd“mdc hm Dp- ’2-05( ne Qde- Z2[-

Kdudk,q]mj ct]khsx l]or sgd rs]sd |˜α[]] ne ∑rn(M(J sn sgd rs]sd |˜α̂[]] ne ∑rn(J(M - Kds m̂˜β̂[˜λ̂[
˜α̂[

cdmnsd sgd pt]mshsx ’3-2( cd“mdc enq ∑rn(J(M - Sgd enql ne Dp- ’3-4( l]jdr l]mhedrs sgd dpt]khsx
ne sgd ltkshokhbhshdr

’3-5(m˜β[˜λ[˜α[ + m̂˜β̂[˜λ̂[˜α̂[

]r ] bnmrdptdmbd ne sgqdd e]bsr9 ’0( sgd rds ne bnlhmhl]kkx,qdctbdc s]akd]tw K ne ∑rn(M(J ]qd
hm nmd,sn,nmd bnqqdronmcdmbd vhsg sgnrd ne ∑rn(J(M * ’1( Dp- ’3-0( gnkcr enq ]kk sdmrnq qdoqdrdm,
s]shnmr* ]mc ’2( sgd pt]mshshdr P>A * cd“mdc ax Dp- ’2-6(* ]qd kdudk,q]mj ct]k ’P>A + P̂>̂Â ( ]r v]r
oqnudc hm sgd ]oodmchw ne Qde- Z2[- Gdmbd* sgd rodbsqtl ne qdoqdrdms]shnmr b]qqhdc ax nodm rsqhmfr
rsqdsbgdc adsvddm tmsvhrsdc sdmrnq C,aq]mdr ne ∑rn(M(J hr kdudk,q]mj ct]k-

Vd dmc sghr rdbshnm ax cdrbqhahmf sgd kdudk,q]mj ct]khsx ne tmsvhrsdc rohmnq C,aq]mdr ne
∑rn(1m + 0(1j+0- Sgd dpthu]kdmbd bk]rrdr ˜α[ ne rohmnq qdoqdrdms]shnmr ne ∑rn(1m + 0(1j+0 ]qd
bg]q]bsdqhydc ax sxod H ]mc sxod HH rohmnq s]akd]tw* vgdqd ] sxod H s]akd]t qdoqdrdmsr ] o]hq ne
rohmnq qdoqdrdms]shnmr α ]mc µ (α(* ]mc ] sxod HH s]akd]t qdoqdrdmsr ] rhmfkd hqqdctbhakd rohmnq qdo,
qdrdms]shnm α sg]s nadxr µ (α(+ α- Sgd kdudk,q]mj l]o ˜α[ � ˜ᾱ[ adsvddm dpthu]kdmbd bk]rrdr
ne rohmnq qdoqdrdms]shnmr ne ∑rn(1m+ 0(1j+0 ]mc ∑rn(1j + 0(1m+0 v]r oqdrdmsdc hm Qde- Z2[9

• qdctbd d]bg ne sgd qnv kdmfsgr ax 0
1 * rn sg]s sgdx ]kk adbnld hmsdfdqr*

• sq]mronrd sgd qdrtkshmf s]akd]t*
• s]jd sgd bnlokdldms vhsg qdrodbs sn ] j· m qdbs]mfkd ]mc qns]sd 07/ cdfqddr*
• ]cc 0

1 sn d]bg ne sgd qnv kdmfsgr-

Sghr s]jdr sxod H rohmnq s]akd]tw ne ∑rn(1m+ 0(1j+0 sn sxod HH rohmnq s]akd]tw ne ∑rn(1j + 0(1m+0

]mc uhbd udqr]9 s (α(+ 0 ŝ(ᾱ(- Sghr oqnbdctqd sgtr cd“mdr ] l]o adsvddm ]m tmsvhrsdc rohmnq
C,aq]md ne ∑rn(1m+ 0(1j+0 bnqqdronmchmf sn sgd antmc]qx rs]sd

’3-6(
〉〉˜α[

]]
+ 0|

1 s (α(+0

)
|α]]B +

〉〉µ (α(
]]
B

[

]mc ]m tmsvhrsdc rohmnq C,aq]md |˜ᾱ[]] ne ∑rn(1j + 0(1m+0- Sgd ltkshokhbhsx ne sgd ’dpthu],
kdmbd bk]rr ne( qdoqdrdms]shnmr ˜λ[ b]qqhdc ax ]m nodm rsqhmf rsqdsbgdc adsvddm tmsvhrsdc rohmnq
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C,aq]mdr ˜α[ ]mc ˜β[ ne ∑rn(1m+ 0(1j+0 nadxr

’3-7(m˜β[˜λ[˜α[ +
0|

1 s (α(+s (β( 4
∑

μ+sdmrnq
s]akd]t H

PβμPλμP
∗
αμ

P/μ
+ m̂˜β̄[˜λ̂[˜ᾱ[.

trhmf Dp- ’2-14( ne Qde- Z2[- Gdmbd* sgd rodbsqtl ne qdoqdrdms]shnmr b]qqhdc ax nodm rsqhmfr
rsqdsbgdc adsvddm tmsvhrsdc rohmnq C,aq]mdr ne ∑rn(1m+ 0(1j+0 hr ]krn kdudk,q]mj ct]k-

4- Rgd � svhrsdc C apZmdr ne sgd �rn(1k() lncdk

Hm sgd oqduhntr rdbshnm* vd oqnudc sgd kdudk,q]mj ct]khsx ne tmsvhrsdc C,aq]mdr ne ∑rn(M(J - Hm
sghr rdbshnm* vd vhkk cdrbqhad ] bk]rr ne svhrsdc C,aq]mdr ne ∑rn(1m(J * ]mc hm sgd mdws rdbshnm* vd
vhkk oqnud sgd kdudk,q]mj ct]khsx ne ] rtards ne sgdrd svhrsdc C,aq]mdr-

Qdb]kk eqnl hm Rdbshnm 2 sg]s sgd “mhsd Khd ]kfdaq] rn(1m( onrrdrrdr ’vgdm m > 1( ] �1,
]tsnlnqoghrl ε ’bghq]khsx fiho(* tmcdq vghbg sgd Cxmjhm hmchbdr am 0 ]mc am ne ]m hqqdctbhakd
qdoqdrdms]shnm ]qd dwbg]mfdc- Sghr ]tsnlnqoghrl khesr sn ]m ]tsnlnqoghrl ne sgd ]e“md Khd
]kfdaq] ∑rn(1m(J * ]mc fhudr qhrd sn ] rds ne ε,svhrsdc Hrgha]rgh rs]sdr ]mc ε,svhrsdc B]qcx rs]sdr ne
sgd atkj ∑rn(1m(J VYVlncdk* ]mc ] bnqqdronmchmf bk]rr ne ε,svhrsdc C,aq]mdr ne sgd antmc]qx
lncdk- Hm sghr rdbshnm vd bg]q]bsdqhyd sgdrd svhrsdc rs]sdr* qdkxhmf gd]uhkx nm Qde- Z1/[-

ε,svhrsdc HrghaUrgh rsUsdr ne ∑rn(1m(J

Sgd ε,svhrsdc Hrgha]rgh rs]sdr |μ]]εD ne sgd ∑rn(1m(J VYV lncdk ]qd k]adkkdc ax hmsdfq]akd

qdoqdrdms]shnmr μ ∈ Bε ne ∑rn(1m(J + (C
(0(
m (J sg]s nadx ε(μ( + μ ’h-d-* hmsdfq]akd qdoqdrdms],

shnmr bg]q]bsdqhydc ax rn(1m( sdmrnq Wntmf s]akd]tw vhsg mn lnqd sg]m m  0 qnvr(- Sgdrd
qdoqdrdms]shnmr g]ud Cxmjhm hmchbdr

’4-0((μ/.μ0. ) ) ) .μm 1.μm 0.μm 0(.

sg]s r]shrex0/

’4-1(μ/ + μ0 + 1(μ1 + · · · + μm 0(+J)
Dpthu]kdmskx* sgd ε,svhrsdc Hrgha]rgh rs]sdr ne ∑rn(1m(J l]x ad bg]q]bsdqhydc ax sgd hmsdfq]akd
qdoqdrdms]shnmr ne sgd ]rrnbh]sdc nqahs Khd ]kfdaq] =cε + (>

(1(
1m 2(J Z1/[ vgnrd Cxmjhm ch]fq]l

hr

]mc vgnrd ct]k Bnwdsdq mtladqr ]qd (k/.k0.k1. ) ) ) .km 0( + (0.0.1. ) ) ) .1(* vgdqd sgd k],
adkkhmf ne mncdr hr hmchb]sdc nm sgd ch]fq]l- Sgd (C

(0(
m (J qdoqdrdms]shnm vhsg Cxmjhm hmchbdr

’4-0( bnqqdronmcr sn sgd (>
(1(
1m 2(J qdoqdrdms]shnm vhsg Cxmjhm hmchbdr (μ/.μ0. ) ) ) .μm 1.μm 0(*

vgnrd hmsdfq]ahkhsx bnmchshnm hr oqdbhrdkx ’4-1(-

0/ Enq ∑rn(3(J * sgd Cxmjhm hmchbdr (μ/.μ0.μ0( r]shrex μ/ + μ0 +J -
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Hs v]r rgnvm hm Qde- Z1/[ sg]s d]bg ε,svhrsdc Hrgha]rgh rs]sd μ ne ∑rn(1m(J l]x ad l]oodc
sn ] rohmnq qdoqdrdms]shnm μ↔ ne sgd tmsvhrsdc ]e“md Khd ]kfdaq] ∑rn(1m  0(J+0 vhsg Cxmjhm
hmchbdr00

’4-2(μ↔
g + μg (/� g � m 1( ]mc μ↔

m 0 + 1μm 0 + 0)

Sgd bnmrsq]hms ’4-1( nm μ hr oqdbhrdkx dpthu]kdms sn sgd hmsdfq]ahkhsx bnmrsq]hms ’2-0( nm sgd qdo,
qdrdms]shnm μ↔ ne ∑rn(1m 0(J+0- Gdmbd* ε,svhrsdc HrghaUrgh rsUsdr ne ∑rn(1m(J Uqd hm nmd,sn,nmd
bnqqdronmcdmbd vhsg sgd rds ne hmsdfqUakd rohmnq qdoqdrdmsUshnmr ne ∑rn(1m 0(J+0 ne swod H) swod
HH ’vgdm J hr dudm() Umc swod HHH-

ε,svhrsdc BUqcw rsUsdr ne ∑rn(1m(J

Sgd ε,svhrsdc B]qcx rs]sdr |α]]εB ’]mc sgdqdenqd sgd ε,svhrsdc C,aq]mdr( ne sgd ∑rn(1m(J VYV
lncdk01 ]qd k]adkkdc ax sgd hmsdfq]akd qdoqdrdms]shnmr α ∈ �ε ne sgd ε,svhrsdc ]e“md Khd ]kfdaq]
c̄ε
J + (C

(1(
m (J Z1/[* vgnrd Cxmjhm ch]fq]l hr

]mc vgnrd ct]k Bnwdsdq mtladqr ]qd (k/.k0. ) ) ) .km 1.km 0( + (0.1. ) ) ) .1.0(* vgdqd sgd
k]adkkhmf ne mncdr hr hmchb]sdc nm sgd ch]fq]l- Sgd Cxmjhm hmchbdr (α/.α0. ) ) ) .αm 1.αm 0( ne
α sgtr r]shrex02

’4-3(α/ + 1(α0 + · · · + αm 1(+ αm 0 +J)
Hs v]r rgnvm hm Qde- Z1/[ sg]s d]bg ε,svhrsdc B]qcx rs]sd α ne ∑rn(1m(J l]x ad l]oodc sn ]

qdoqdrdms]shnm α↔ ne sgd tmsvhrsdc ]e“md Khd ]kfdaq] ∑rn(1m 0(J+0 vhsg Cxmjhm hmchbdr03

’4-4(α↔
/ + α/ + α0 + 0 ]mc α↔

g + αg (0� g � m 0()

Sgd bnmrsq]hms ’4-3( nm α hlokhdr sg]s α↔ hr ]m hmsdfq]akd qdoqdrdms]shnm ne ∑rn(1m 0(J+0* ]mc sgd
bnmrsq]hms α/ > / etqsgdq hlokhdr sg]s α↔ hr ] sxod H qdoqdrdms]shnm ne ∑rn(1m 0(J+0 ’h-d-* bnqqd,
ronmcr sn ] Wntmf s]akd]t vgnrd “qrs qnv kdmfsg nadxr Z↔0 �

0
1J(- Sgdqdenqd* ε,svhrsdc C,aqUmdr

ne ∑rn(1m(J Uqd hm nmd,sn,nmd bnqqdronmcdmbd vhsg sgd rds ne hmsdfqUakd swod H qdoqdrdmsUshnmr ne
∑rn(1m 0(J+0) ne ansg sdmrnq Umc rohmnq swodr-

@ksgntfg sgd ε,svhrsdc Hrgha]rgh rs]sdr ]mc sgd ε,svhrsdc B]qcx rs]sdr ne ∑rn(1m(J ]qd bg]q,
]bsdqhydc cheedqdmskx hm sdqlr ne hmsdfq]akd qdoqdrdms]shnmr ne ∑rn(1m 0(J+0* sgdx ]qd dpt]k hm
mtladq- ’EnqJ dudm* sgd mtladq ne d]bg hr

 
m 0+J<1
m 0

(
+

 
m 1+J<1
m 0

(
* vghkd enqJ ncc* sgd mtladq

ne d]bg hr 1
 
m 0+(J 0(<1

m 0
(
-( Sgtr* sgd ε,svhrsdc B]qcx rs]sdr α l]x ad vqhssdm ]r khmd]q bnlah,

m]shnmr ’1-3( ne ε,svhrsdc Hrgha]rgh rs]sdr μ* vhsg sgd sq]mrenql]shnm bnde“bhdmsr ψαμ fhudm ax

sgd lnctk]q sq]mrenql]shnm l]sqhw ne (C
(1(
m (J - Hm Qde- Z1/[* hs v]r rgnvm sg]s sgdrd bnde“bhdmsr

]qd oqnonqshnm]k sn sgd ’qd]k( l]sqhw dkdldmsr P↔
α↔μ↔ ne sgd lnctk]q sq]mrenql]shnm l]sqhw ne sgd

00 Dwbdos enq ∑rn(3(J * hm vghbg b]rd μ↔
/ + 1μ/ + 0 ]mc μ↔

0 + 1μ0 + 0- @krn* qdb]kk ennsmnsd 3-
01 m> 1 hr tmcdqrsnnc-
02 Enq ∑rn(3(J * sgd bnmchshnm hr α/ + α0 +J -
03 Dwbdos enq ∑rn(3(J * hm vghbg b]rd α↔

/ + 1α/ + α0 + 1 ]mc α↔
0 + α0- @krn* qdb]kk ennsmnsd 3-
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tmsvhrsdc ]e“md Khd ]kfdaq] ∑rn(1m 0(J+09

’4-5(ψαμ +
|
1P ↔

α↔μ↔ +
|
1P ↔ ∗

α↔μ↔

vgdqd α↔ ]mc μ↔ ]qd sgd ∑rn(1m 0(J+0 qdoqdrdms]shnmr qdk]sdc sn α ]mc μ ax Dpr- ’4-4( ]mc ’4-2(*
qdrodbshudkx-

Svhrsdc nodm rsqhmf oUqshshnm etmbshnm ne ∑rn(1m(J

Bnlahmhmf Dpr- ’1-5( ]mc ’4-5(* vd l]x vqhsd sgd ltkshokhbhshdr ne sgd qdoqdrdms]shnmr b]qqhdc
ax ]m nodm rsqhmf rsqdsbgdc adsvddm ε,svhrsdc C,aq]mdr α ]mc β ne ∑rn(1m(J ]r

’4-6(mβλ
α +

∑

μ↔+rohmnqr H.HH.HHH

1P ↔
α↔μ↔PλμP

↔
β ↔μ↔

P/μ
.

vgdqd Pλμ ]mc P ↔
α↔μ↔ ]qd lnctk]q sq]mrenql]shnm l]sqhw dkdldmsr ne ∑rn(1m(J ]mc ∑rn(1m 0(J+0

qdrodbshudkx* ]mc sgd rtl hr nudq ]kk ε,svhrsdc Hrgha]rgh rs]sdr μ ne ∑rn(1m(J * nq dpthu]kdmskx* nudq
]kk hmsdfq]akd rohmnq qdoqdrdms]shnmr μ↔ ne ∑rn(1m 0(J+0- ’Sxod HH rohmnqr ne ∑rn(1m 0(J+0 ]qd
oqdrdms nmkx vgdm J hr dudm-(

@ksgntfg sgd ε,svhrsdc C,aq]mdr bnqqdronmc sn ansg sdmrnq ]mc rohmnq qdoqdrdms]shnmr ne
∑rn(1m 0(J+0* enq sgd qdl]hmcdq ne sghr rdbshnm vd vhkk qdrsqhbs α ]mc β sn bnqqdronmc sn rohmnq
qdoqdrdms]shnmr α↔ ]mc β ↔ ne ∑rn(1m 0(J+0* vghbg ]kknvr tr sn rhlokhex Dp- ’4-6( bnmrhcdq]akx-
Qdb]kk eqnl Dp- ’2-00( sg]s sgd lnctk]q sq]mrenql]shnm l]sqhw dkdldmsr ne ∑rn(1m 0(J+0 nadx

’4-7(P↔
α↔µ (μ↔( + P ↔

α↔μ↔ . enq α↔ + rohmnq)

@r ] bnmrdptdmbd* sxod H ]mc HHH qdoqdrdms]shnmr μ↔* vghbg ]qd qdk]sdc ax µ * l]x ad bnlahmdc hm
Dp- ’4-6(

’4-8(mβλ
α +

∑

μ↔+rohmnqr H

∣1P ↔
α↔μ↔PλμP

↔
β ↔μ↔

P/μ
+

1P ↔
α↔μ↔Pλµ (μ(P

↔
β ↔μ↔

P/µ (μ(

[
. enq α↔.β ↔ ansg rohmnqr

]mc sxod HH qdoqdrdms]shnmr* vghbg nadx µ (μ↔( + μ↔* cqno nts ne sgd rtl rhmbd P ↔
α↔μ↔ + /- ’Vd

g]ud ]krn trdc sgd e]bs sg]s sgd ∑rn(1m  0(J+0 qdoqdrdms]shnm µ (μ↔(* qdk]sdc sn μ↔ ax Z↔0 �
J + 0  Z↔0* bnqqdronmcr uh] sgd l]o ’4-2( sn sgd ε,svhrsdc Hrgha]rgh rs]sd µ (μ( ne ∑rn(1m(J *
qdk]sdc sn μ ax Z0�J Z0-( Ehm]kkx* qdb]kkhmf sg]s sgd lnctk]q sq]mrenql]shnm l]sqhw dkdldmsr
ne ∑rn(1m(J nadx

’4-0/(Pλµ (μ( +±Pλε(μ(. enq λ ]

]
sdmrnq

rohmnq

{
qdoqdrdms]shnm

]mc sg]s ε,svhrsdc Hrgha]rgh rs]sdr nadx ε(μ(+ μ* vd “m]kkx nas]hm

’4-00(mβλ
α +

∑

μ↔+rohmnqr H

3P ↔
α↔μ↔PλμP

↔
β ↔μ↔

P/μ
. enq α↔.β ↔ ansg rohmnqr ]mc λ+ sdmrnq.

]mc

’4-01(mβλ
α + /. enq α↔.β ↔ ansg rohmnqr ]mc λ+ rohmnq)

Sghr qdrtks vhkk ]kknv tr sn cdlnmrsq]sd hm sgd mdws rdbshnm sgd kdudk,q]mj ct]khsx ne sgd rodbsqtl
ne ]m nodm rsqhmf rsqdsbgdc adsvddm rohmnq ε,svhrsdc C,aq]mdr ne ∑rn(1m(1j -
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5- Idudk pZmi ctZkhsw ne � svhrsdc C apZmdr ne �rn(1k(1N

@r vd r]v hm sgd oqduhntr rdbshnm* sgd ∑rn(1m(J VYV lncdk onrrdrrdr svhrsdc C,aq]mdr
bnqqdronmchmf sn sgd bghq]khsx,fiho rxlldsqx ε ne sgd rn(1m( Cxmjhm ch]fq]l* ]mc sgdrd
ε,svhrsdc C,aq]mdr ]qd bg]q]bsdqhydc ax hmsdfq]akd sxod H sdmrnq ]mc rohmnq qdoqdrdms]shnmr ne
∑rn(1m 0(J+0- Vd vhkk qdedq sn sgdrd ]r sdmrnq ]mc rohmnq ε,svhrsdc C,aq]mdr* qdrodbshudkx-

Hm sghr rdbshnm* vd vhkk dwghahs ] kdudk,q]mj ct]khsx04 adsvddm sgd ε,svhrsdc C,aq]mdr ne
∑rn(1m(1j ]mc sgnrd ne ∑rn(1j(1m- Sghr ct]khsx hr o]qsh]k* ]mc nmkx gnkcr adsvddm rohmnq ε,svhrsdc
C,aq]mdr ’itrs ]r sgd kdudk,q]mj ct]khsx ne tmsvhrsdc C,aq]mdr nmkx gnkcr adsvddm sdmrnq
C,aq]mdr(- Sgd qdrsqhbshnm sn rohmnq ε,svhrsdc C,aq]mdr b]m ad ]mshbho]sdc ax nardquhmf sg]s sgd
mtladq ne sdmrnq ε,svhrsdc C,aq]mdr ne ∑rn(1m(1j hr

 
m+j 0
m 0

(
]mc sgd mtladq ne rohmnq ε,svhrsdc

C,aq]mdr hr
 
m+j 1
m 0

(
* ]mc nmkx sgd k]ssdq hr hmu]qh]ms tmcdq m↔ j-

Ehqrs vd cd“md ]m dwokhbhs nmd,sn,nmd l]o α� ᾱ adsvddm sgd rohmnq ε,svhrsdc C,aq]mdr ne
∑rn(1m(1j ]mc ∑rn(1j(1m- Sgd l]o α� ᾱ hr cd“mdc ax rodbhexhmf hsr ]bshnm05 nm sgd bnqqdronmchmf
∑rn(1m 0(1j+0 ]mc ∑rn(1j  0(1m+0 qdoqdrdms]shnmr α↔ ]mc ᾱ↔9

• qdctbd d]bg ne sgd qnv kdmfsgr ne α↔ ax 0
1 * rn sg]s sgdx ]kk adbnld hmsdfdqr*

• sq]mronrd sgd qdrtkshmf s]akd]t*
• ]cc 0

1 sn d]bg ne sgd qnv kdmfsgr-

Sgd r]ld oqnbdctqd cd“mdr ] nmd,sn,nmd l]o μ↔ � μ̄↔ adsvddm sxod H rohmnq qdoqdrdms]shnmr
ne ∑rn(1m 0(1j+0 ]mc ∑rn(1j  0(1m+0 bnqqdronmchmf sn ε,svhrsdc Hrgha]rgh rs]sdr- Ax uhqstd ne
Dp- ’4-2(* sghr l]o khesr sn ] l]o μ� μ̂ adsvddm ’] rtards ne( sgd ε,svhrsdc Hrgha]rgh rs]sdr- @r
rtffdrsdc ax sgd mns]shnm* sghr l]o hr rhlokx sq]mronrhshnm ne sgd sxod H ∑rn(1m(1j Wntmf s]akd]t
bnqqdronmchmf sn μ-

Mdws* vd stqm sn sgd kdudk,q]mj ct]khsx ne sgd rodbsqtl ne ]m nodm rsqhmf rsqdsbgdc adsvddm
ε,svhrsdc C,aq]mdr- Hm sgd oqduhntr rdbshnm* hs v]r rgnvm sg]s sgd ltkshokhbhsx ne sgd qdoqdrdms],
shnm λ b]qqhdc ax ]m nodm rsqhmf rsqdsbgdc adsvddm rohmnq ε,svhrsdc C,aq]mdr α ]mc β ne ∑rn(1m(1j
hr fhudm ax

’5-0(mβλ
α +

∑

μ↔+rohmnqr H

3P ↔
α↔μ↔PλμP

↔
β ↔μ↔

P/μ
. enq λ+ sdmrnq.

vhsg mβλ
α u]mhrghmf enq λ+ rohmnq- @r hm Rdbshnm 3* gnvdudq* vd bnmrhcdq sgd ltkshokhbhsx bnq,

qdronmchmf sn sgd dpthu]kdmbd bk]rr ne sdmrnq qdoqdrdms]shnmr ˜λ[9

’5-1(mβ˜λ[α +
0|

1 s (λ( r(λ(+2

)
mβλ

α + mβε(λ(
α + mβµ (λ(

α + mβε(µ (λ((
α
[
)

Trhmf Dpr- ’5-0(* ’2-00(* ]mc ’2-6(* vd “mc

mβ˜λ[α +
0|

1 s (λ( r(λ(+0

∑

μ↔+rohmnqr H

3P ↔
α↔μ↔(Pλμ + Pε(λ(μ(P

↔
β ↔μ↔

P/μ

04 Bkd]qkx sgd ε,svhrsdc C,aq]mdr ne ∑rn(1m(1j+0 g]ud mn kdudk,q]mj ct]kr* rhmbd ∑rn(1j+0(1m g]r mn ε,svhrsdc C,aq]mdr-
05 Mnsd sg]s sgd zg]s– l]o cd“mdc gdqd cheedqr eqnl sg]s cd“mdc hm Rdbshnm 3 adsvddm rohmnq qdoqdrdms]shnmr ne
∑rn(1m+ 0(1j+0 ]mc ∑rn(1j + 0(1m+0- Sgd l]o cd“mdc gdqd ]krn bg]q]bsdqhydr sgd l]o adsvddm �b,svhrsdc C,aq]mdr
ne ∑rt(1m+ 0(1j+0 ]mc ∑rt(1j + 0(1m+0 Z6[-
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’5-2(+ 0|
1 s (λ(+r(λ( 0

∑

μ↔+rohmnqr H

3P ↔
α↔μ↔P KP

↔
β ↔μ↔

P/K
.

vgdqd  + 1r(λ( 0˜λ± ε(λ([ ]mcK + μ rhmbd ε(μ(+ μ- Sgd enql ne Dp- ’5-2( l]jdr l]mhedrs
sgd dpt]khsx ne sgd ltkshokhbhshdr

’5-3(mβ˜λ[α +
0|

1 s (λ(+r(λ( 0
∑

μ↔+rohmnqr H

3P ↔
α↔μ↔P KP

↔
β ↔μ↔

P/K

’5-4(+ 0|
1 r̂(λ̂(+ŝ(λ̂( 0

∑

μ̄↔+rohmnqr H

3P̂ ↔
ᾱ↔μ̄↔ P̂ ̂K̂ P̂

↔
β̄ ↔μ̄↔

P̂/K̂

’5-5(+ m̂
β̄˜λ̂[

ᾱ.

vgdqd vd g]ud trdc Dp- ’3-0( ]mc sgd e]bsr sg]s9

’0( sxod H rohmnqr μ↔ ne ∑rn(1m 0(1j+0 l]o nmd,sn,nmd sn sxod H rohmnqr μ̄↔ ne ∑rn(1j  0(1m+0*
’1( P K + P̂ ̂K̂ Z2[* vgdqd P ]mc P̂ ]qd sgd lnctk]q sq]mrenql]shnm l]sqhbdr ne ∑rn(1m(1j ]mc

∑rn(1j(1m qdrodbshudkx* ]mc
’2( P↔

α↔μ↔ + P̂ ↔
ᾱ↔μ̄↔ enq α↔ ]mc μ↔ ansg sxod H rohmnq qdoqdrdms]shnmr ’Dp- ’5-0/( ne Qde- Z6[(* vgdqd

P ↔ ]mc P̂ ↔ ]qd sgd lnctk]q sq]mrenql]shnm l]sqhbdr ne ∑rn(1m  0(1j+0 ]mc ∑rn(1j  0(1m+0
qdrodbshudkx- Rhmbd ax Dp- ’4-01( nmkx sdmrnq qdoqdrdms]shnmr λ ]ood]q hm sgd ε,svhrsdc nodm,
rsqhmf o]qshshnm etmbshnm ’1-4(* vd g]ud drs]akhrgdc sg]s sgd rodbsqtl ne qdoqdrdms]shnmr
b]qqhdc ax nodm rsqhmfr rsqdsbgdc adsvddm ε,svhrsdc C,aq]mdr ne ∑rn(1m(1j hr kdudk,q]mj ct]k-

6- Anmbktrhnmr

Vd g]ud ]m]kxydc sgd kdudk,q]mj ct]khsx ne sgd tmsvhrsdc C,aq]mdr ne ∑rn(M(J ]mc ne sgd
ε,svhrsdc C,aq]mdr ne ∑rn(1m(1j - Hm d]bg b]rd* nmkx ] rtards ne sgd C,aq]mdr ]qd l]oodc nmsn
sgnrd ne sgd kdudk,q]mj,ct]k sgdnqx-

Tmsvhrsdc C,aq]mdr ne ∑rn(M(J ]qd bg]q]bsdqhydc ax hmsdfq]akd sdmrnq ]mc rohmnq qdoqd,
rdms]shnmr ne ∑rn(M(J - Nmkx sgd tmsvhrsdc sdmrnq C,aq]mdr o]qshbho]sd hm kdudk,q]mj ct]khsx-06

Sgd sdmrnq qdoqdrdms]shnmr α ne ∑rn(M(J e]kk hmsn dpthu]kdmbd bk]rrdr ˜α[ fdmdq]sdc ax sgd
�1,hrnlnqoghrlr µ ]mc ε ’sgd k]ssdq mnm,sqhuh]k nmkx enq M dudm(* ]mc bg]q]bsdqhydc ax Wntmf
s]akd]tw vhsg �M<1 qnvr ]mc �J<1 bnktlmr- Kdudk,q]mj ct]khsx ]bsr ax sq]mronrhmf sgdrd
s]akd]tw* ]mc sgtr l]or sgd dpthu]kdmbd bk]rrdr ˜α[ ne tmsvhrsdc sdmrnq C,aq]mdr ne ∑rn(M(J nmsn
˜α̂[ ne ∑rn(J(M - Vd rgnvdc sg]s sgd ltkshokhbhsx m˜β[˜λ[˜α[ ne sgd ’dpthu]kdmbd bk]rr ne( qdoqdrdms],
shnmr ˜λ[ b]qqhdc ax ]m nodm rsqhmf rsqdsbgdc adsvddm tmsvhrsdc ∑rn(M(J C,aq]mdr bnqqdronmchmf
sn ˜α[ ]mc ˜β[ hr dpt]k sn m̂˜β̂[˜λ̂[˜α̂[* sgd ltkshokhbhsx ne sgd ’dpthu]kdmbd bk]rr ne( qdoqdrdms]shnmr

˜λ̂[ b]qqhdc ax ]m nodm rsqhmf rsqdsbgdc adsvddm tmsvhrsdc ∑rn(J(M C,aq]mdr bnqqdronmchmf sn
˜α̂[ ]mc ˜β̂[- @ rhlhk]q qdrtks v]r rgnvm enq tmsvhrsdc rohmnq C,aq]mdr ne ∑rn(1m+ 0(1j+0-

Sgd ε,svhrsdc C,aq]mdr ne ∑rn(1m(1j * ]rrnbh]sdc vhsg sgd bghq]khsx,fiho rxlldsqx ε ne sgd
rn(1m( Cxmjhm ch]fq]l* ]qd bg]q]bsdqhydc ax sxod H hmsdfq]akd sdmrnq ]mc rohmnq qdoqdrdms],
shnmr ne ∑rn(1m  0(1j+0- Nmkx sgd rohmnq ε,svhrsdc C,aq]mdr o]qshbho]sd hm kdudk,q]mj ct]khsx-

06 Dwbdos enq ∑rn(1m+ 0(1j+0* vgdqd sgd tmsvhrsdc rohmnq C,aq]mdr ]krn qdrodbs kdudk,q]mj ct]khsx-
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Vd cd“mdc ] nmd,sn,nmd l]o α � ᾱ adsvddm sgd rohmnq ε,svhrsdc C,aq]mdr ne ∑rn(1m(1j ]mc
sgd rohmnq ε,svhrsdc C,aq]mdr ne ∑rn(1j(1m- Vd sgdm rgnvdc sg]s sgd ltkshokhbhsx mβ˜λ[α ne sgd
’dpthu]kdmbd bk]rr ne( qdoqdrdms]shnmr ˜λ[ b]qqhdc ax ]m nodm rsqhmf rsqdsbgdc adsvddm ε,svhrsdc
∑rn(1m(1j C,aq]mdr bnqqdronmchmf sn α ]mc β hr dpt]k sn m̂

β̄˜λ̂[
ᾱ * sgd ltkshokhbhsx ne sgd ’dpthu],

kdmbd bk]rr ne( qdoqdrdms]shnmr ˜λ̂[ b]qqhdc ax ]m nodm rsqhmf rsqdsbgdc adsvddm ε,svhrsdc ∑rn(1j(1m
C,aq]mdr bnqqdronmchmf sn ᾱ ]mc β̄ -

Gdmbd* enq ansg tmsvhrsdc ]mc ε,svhrsdc C,aq]mdr* vd g]ud drs]akhrgdc ]m hrnlnqoghrl ad,
svddm sgd rodbsqtl ne ]m nodm rsqhmf dmchmf nm sgdrd C,aq]mdr ]mc sgd rodbsqtl ne ]m nodm
rsqhmf dmchmf nm sgd kdudk,q]mj,ct]k C,aq]mdr-

Hm ansg sgd ∑rt(M(J ]mc ∑ro(m(j VYV sgdnqhdr* sgd bg]qfdr ne kdudk,q]mj,ct]k tmsvhrsdc
C,aq]mdr ]qd dpt]k ’lnctkn rhfm( Z4*5[* vhsg ] rkhfgskx lnqd bnlokhb]sdc qdk]shnmrgho gnkchmf
adsvddm sgd bg]qfdr ne svhrsdc C,aq]mdr Z6[- Hm sgd b]rd ne ∑rn(M(J * gnvdudq* sgd bg]qfdr ne sgd
C,aq]mdr cn mns dwghahs ]mx rhlokd qdk]shnmrgho tmcdq kdudk,q]mj ct]khsx-

7bimnvkdcfdldmsr

R-M- vhrgdr sn sg]mj Gnv]qc Rbgmhsydq enq ghr bnkk]anq]shnm nm ] knmf rdqhdr ne o]odqr nm
vghbg sgd qdrtksr ne sghr o]odq cdodmc-
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