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Atkk- .trs- LYsg- Rnb- 0.3 ’1/10(+ 353fi363
cnh90/-0/06.R///3861610///12W

ADHMF B9WKDW 9TSNL9SHB HR BKNRDC TMCDP S9JHMF
VPD9SG OPNCTBS VHSG UHPST9KKW BWBKHB FPNTOR

CLHSPW ADPCHMRJW  LTPP9W DKCDP � Ymc IDMMHEDP S9A9BJ

’Qdbdhudc 2/ I‘mt‘qx 1/10: ‘bbdosdc 16 Edaqt‘qx 1/10: yqrs otakhrgdc nmkhmd 02 @oqhk 1/10(

9arspYbs

Vd dwsdmc vnqj ne Adqchmrjx ‘mc Jgntrr‘hmnu Y]B‘xkdx ‘tsnl‘shb qdoqdrdms‘shnmr ne vqd‘sg oqnctbsr +
HmsdqmYshnmYk IntqmYk ne DntmcYshnmr ne Bnlotsdq Rbhdmbd 16’1( ’1/05(+ 036fi048[ sn rgnv sg‘s adhmf
B‘xkdx ‘tsnl‘shb hr bknrdc tmcdq s‘jhmf sgd qdrsqhbsdc vqd‘sg oqnctbs vhsg ‘ uhqst‘kkx hmymhsd bxbkhb fqnto-
Sghr ‘ccr sn sgd khrs ne jmnvm dw‘lokdr ne B‘xkdx ‘tsnl‘shb fqntor-

1/1/ LYsgdlYshbr rtaidbs bkYrrhzbYshnm9 oqhl‘qx 1/E54: rdbnmc‘qx 1/D11+ 57P34-

Jdxvnqcr Ymc ogqYrdr9 B‘xkdx ‘tsnl‘shb fqnto+ qdrsqhbsdc vqd‘sg oqnctbs+ uhqst‘kkx hmymhsd bxbkhb fqnto+
k‘lokhfgsdq fqnto-

0, Hmspnctbshnm

B‘xkdx ‘tsnl‘shb fqntor+ hmsqnctbdc ax Jg‘qk‘lonuhbg ds Yk- hm Y6[+ fdmdq‘khrd sgd
bk‘rr ne ‘tsnl‘shb fqntor vghkd qds‘hmhmf rnld jdx ‘kfnqhsglhb oqnodqshdr- M‘ldkx+
sgd vnqc oqnakdl hm ‘ B‘xkdx ‘tsnl‘shb fqnto hr cdbhc‘akd hm pt‘cq‘shb shld+ ‘mc sgd
yqrs,nqcdq sgdnqx enq ‘ ’chqdbsdc+ k‘adkkdc( B‘xkdx fq‘og ne ‘ B‘xkdx ‘tsnl‘shb fqnto
hr cdbhc‘akd- Sgd e‘lhkx ne B‘xkdx ‘tsnl‘shb fqntor hr k‘qfdq sg‘m sg‘s ne ‘tsnl‘shb
fqntor- Enq dw‘lokd+ hs hmbktcdr ‘kk ymhsdkx fdmdq‘sdc mhkonsdms fqntor ne mhkonsdmbx
bk‘rr svn Y6[+ sgd A‘tlrk‘ffiRnkhs‘q fqntor Y0+ 6[+ sgd ghfgdq,q‘mj k‘lokhfgsdq fqntor
Y2[+ ‘mc qdrsqhbsdc vqd‘sg oqnctbsr ne sgd enql F \ N vgdqd F hr B‘xkdx ‘tsnl‘shb Y1[-

Gdqd vd ‘cc sn sghr khrs ax dwsdmchmf Y1[ sn qdrsqhbsdc vqd‘sg oqnctbsr ne sgd enql
F \ G vgdqd F hr B‘xkdx ‘tsnl‘shb ‘mc G hr uhqst‘kkx hmymhsd bxbkhb- Vghkd sghr qdrtks
hr mns rtqoqhrhmf+ sgd oqnne bnms‘hmr rnld rtaskdshdr vghbg qdpthqd b‘qd+ ‘mc vd adkhdud
hr vnqsg qdbnqchmf-

1, 9tsnlYshb Ymc BYwidw YtsnlYshb fpntor

Vd ‘rrtld sg‘s sgd qd‘cdq hr e‘lhkh‘q vhsg sgd mnshnmr ne qdftk‘q k‘mft‘fdr+ ymhsd
‘tsnl‘s‘ ‘mc ltksh,s‘od rxmbgqnmntr ‘tsnl‘s‘- Enq lnqd cds‘hkr+ vd qdedq sgd qd‘cdq

Sgd rdbnmc ‘tsgnq v‘r rtoonqsdc ax @trsq‘kh‘m Qdrd‘qbg Bntmbhk fq‘ms CO05/0//375- Sgd sghqc ‘tsgnq
‘bjmnvkdcfdr rtoonqs eqnl Rhlnmr Entmc‘shnm fq‘ms 20625 sn Anvcnhm Bnkkdfd-
– 1/10 @trsq‘kh‘m L‘sgdl‘shb‘k Otakhrghmf @rrnbh‘shnm Hmb-
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Y1[ B‘xkdx ‘tsnl‘shb fqntor 354

sn Y5[- Vd r‘x sg‘s ‘ k‘mft‘fd K ⊆  W∗(m hr qdftkYq he hs hr ‘bbdosdc ax ‘ rxmbgqnmntr
m,s‘od ‘tsnl‘snm vgdqd m ∈ � ‘mc W hr ‘ ymhsd rds+ nq YkogYads-

Enq ‘mx fqnto F vhsg ymhsd rxlldsqhb fdmdq‘shmf rds R + R−0+ kds π 9 R∗ → F cdmnsd
sgd b‘mnmhb‘k oqnidbshnm l‘o- Enq v ∈ R∗+ kds |v|R cdmnsd sgd kdmfsg ne v ‘r ‘ vnqc hm
sgd eqdd lnmnhc R∗+ sg‘s hr+ |v|R cdmnsdr sgd mtladq ne kdssdqr hm sgd vnqc v-

CDEHMHSHNM 1-0- @m YtsnlYshb rsqtbstqd enq ‘ fqnto F hr ‘ o‘hq  R+ K( vgdqd

’0( R hr ‘ ymhsd rxlldsqhb fdmdq‘shmf rds enq F:
’1( K ⊆ R∗ hr ‘ qdftk‘q k‘mft‘fd:
’2( π|K 9 K→ F hr ‘ ahidbshnm:
’3( enq d‘bg Y ∈ R sgd ahm‘qx qdk‘shnm QY + { t+ u( ∈ K · K | π t(Y +F π u({ ⊆ R∗ · R∗

hr qdftk‘q+ sg‘s hr+ qdbnfmhrdc ax ‘ svn,s‘od rxmbgqnmntr ‘tsnl‘snm-

@ fqnto hr b‘kkdc YtsnlYshb he hs g‘r ‘m ‘tsnl‘shb rsqtbstqd vhsg qdrodbs sn rnld ymhsd
fdmdq‘shmf rds-

Hs hr ‘ rs‘mc‘qc qdrtks ’rdd+ enq dw‘lokd+ Y5+ Sgdnqdl 1-3-0[( sg‘s he F hr ‘tsnl‘shb
sgdm F g‘r ‘m ‘tsnl‘shb rsqtbstqd vhsg qdrodbs sn ‘mx ymhsd fdmdq‘shmf rds-

B‘xkdx ‘tsnl‘shb fqntor vdqd hmsqnctbdc hm Y6[ vhsg sgd lnshu‘shnm ne ‘kknvhmf
sgd k‘mft‘fd K ne mnql‘k enqlr qdoqdrdmshmf fqnto dkdldmsr sn ad cdymdc nudq ‘m
‘qahsq‘qx ‘kog‘ads Λ q‘sgdq sg‘m ‘ fdmdq‘shmf rds R enq F-

CDEHMHSHNM 1-1- @ BYxkdx YtsnlYshb rsqtbstqd enq ‘ fqnto F hr ‘ 3,stokd  R+Λ+ K+ψ(
vgdqd

’0( R hr ‘ ymhsd rxlldsqhb fdmdq‘shmf rds enq F:
’1( Λ hr ‘m ‘kog‘ads ‘mc K ⊆ Λ∗ hr ‘ qdftk‘q k‘mft‘fd:
’2( ψ 9 K→ F hr ‘ ahidbshnm:
’3( enq d‘bg Y ∈ R sgd ahm‘qx qdk‘shnm QY + { t+ u( ∈ K · K |ψ t(Y +F ψ u({ ⊆ Λ∗ · Λ∗

hr qdftk‘q+ sg‘s hr+ qdbnfmhrdc ax ‘ svn,s‘od rxmbgqnmntr ‘tsnl‘snm-

@ fqnto hr b‘kkdc BYxkdx YtsnlYshb he hs g‘r ‘ B‘xkdx ‘tsnl‘shb rsqtbstqd  R+Λ+ K+ψ(
vhsg qdrodbs sn rnld ymhsd fdmdq‘shmf rds R-

@r enq ‘tsnl‘shb fqntor+ he F g‘r ‘ B‘xkdx ‘tsnl‘shb rsqtbstqd  R+Λ+ K+ψ( ‘mc X
hr ‘mnsgdq ymhsd fdmdq‘shmf rds enq F+ sgdm sgdqd dwhrsr ‘ B‘xkdx ‘tsnl‘shb rsqtbstqd
 X +ΛX + KX +ψX ( enq F- Rdd Y6+ Sgdnqdl 5-8[ enq ‘ oqnne ne sghr e‘bs-

2, VpdYsg opnctbsr vhsg uhpstYiiw hmymhsd bwbihb fpntor

Enq svn fqntor F ‘mc G+ kds F G( ad sgd rds ne ‘kk etmbshnmr γ 9 G → F vhsg ymhsd
rtoonqs+ sg‘s hr+ rtbg sg‘s γ g( � 0F enq ‘s lnrs ymhsdkx l‘mx g ∈ G- Enq ‘ fhudm γ ∈
F G( ‘mc g ∈ G+ vd cdmnsd ax γg sgd dkdldms ne F G( enq vghbg γg w( + γ gw( enq ‘kk
w ∈ G- Sgd qdrsqhbsdc vqd‘sg oqnctbs F \ G b‘m ad cdymdc ‘r sgd B‘qsdrh‘m oqnctbs
F G( · G vhsg sgd fqnto ltkshokhb‘shnm fhudm ax sgd enqltk‘

 γ+ g( �  γ→+ g→( +  γ γ→( g−0 + gg→(-

!""#$%&&'()*(+,&-.*-.-/&0...12/3/3-...345 6789)$!:' (;9);: 8< =>?8+)',: @;)A:+$)"< 6+:$$



355 C- Adqchmrjx+ L- Dkcdq ‘mc I- S‘a‘bj Y2[

w0

w3

w1

w2

s
w0

w3

w1

w2

s
w0

w3

w1

w2

s
w1

w2

w0

w3

s
w1

w2

w0

w3
0G

EHFTQD 0- O‘qs ne ‘ ro‘mmhmf sqdd N enq = G+ S(+ vgdqd sgd hmcdw ne N + }s〈 hm G hr 4 ’bnkntq ‘u‘hk‘akd
nmkhmd(-

Dpthu‘kdmskx+ vd b‘m cdymd F \ G ‘r
)
 γ+ g( | g ∈ G+ γ ∈

⊕

j∈G
 F(j vgdqd γ g‘r ymhsdkx l‘mx mnmsqhuh‘k dmsqhdr

{

vhsg ltkshokhb‘shnm cdymdc ‘r ‘anud+ vgdqd

 γ→( g−0 +

∣⊕

j∈G
 f(j
( g−0

+
⊕

j∈G
 f(g−0j-

Mnsd sg‘s he F hr fdmdq‘sdc ax R/ ⊆ F ‘mc G hr fdmdq‘sdc ax S ⊆ G sgdm F \ G hr
fdmdq‘sdc ax R/ S S -

Vd oqnud sgd enkknvhmf sgdnqdl-

SGDNQDL 2-0 ’Vqd‘sg oqnctbsr vhsg uhqst‘kkx hmymhsd bxbkhb fqntor(- Kds F ad Y
BYxkdx YtsnlYshb fqnto Ymc G Ymx uhqstYkkx hmzmhsd bxbkhb fqnto- Sgdm F \ G hr BYxkdx
YtsnlYshb-

OQNNE- Rhmbd F hr B‘xkdx ‘tsnl‘shb+ sgdqd dwhrs ‘ ymhsd rxlldsqhb fdmdq‘shmf rds
R/ enq F+ ‘m ‘kog‘ads Λ/+ ‘ qdftk‘q k‘mft‘fd K/ ⊆ Λ∗/+ ‘ ahidbshnm ψ/ 9 K/ → F ‘mc ‘
svn,s‘od ‘tsnl‘snm �r enq d‘bg r ∈ R/ vhsg ‘bbdosdc k‘mft‘fd

K �r( + { t+ u( ∈ K/ · K/ | ψ/ u( +F ψ/ t(r{-

Vhsgnts knrr ne fdmdq‘khsx ‘rrtld ψ/ ε( + 0F-
Kds G ad ‘ ymhsd dwsdmrhnm ne hsr bxbkhb rtafqnto N + }s〈 ne hmcdw l + 0+ ‘mc cdmnsd

ax }s〈w/+ }s〈w0+ . . . + }s〈wl sgd chrshmbs qhfgs bnrdsr ne N+ vgdqd w/ + 0G - Kds

S + {s+ w0+ . . . + wl+ s−0+ w−00 + . . . + w−0l {:

sgdm R + R/ S S hr ‘ rxlldsqhb fdmdq‘shmf rds enq F \ G- Vd hcdmshex ‘ o‘qshbtk‘q
ro‘mmhmf sqdd N ne sgd B‘xkdx fq‘og = G+ S( vghbg bnmrhrsr ne ‘ ]rohmd bnqqdronmchmf
sn }s〈+ ‘mc ‘s d‘bg udqsdw sj sgdqd ‘qd l ]ronjdr sdqlhm‘shmf ‘s sgd l udqshbdr sjwi ne G+
enq j ∈ N ‘mc 0 ≤ i ≤ l+ ‘r hm Ehftqd 0-

@r ‘ bnmbqdsd dw‘lokd+ bnmrhcdq sgd hmymhsd chgdcq‘k fqnto

G + C∞ + }Y+ a | Y1+ a1〈-

Hm sghr b‘rd vd b‘m s‘jd s + Ya+ w0 + Y ‘mc N + = C∞+ S(+ ‘r rgnvm hm Ehftqd 1-
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EHFTQD 1- O‘qs ne sgd ro‘mmhmf sqdd N ’rgnvm hm ak‘bj( cq‘vm hmrhcd = C∞+ S(+ vgdqd S + {s+ Y+ s−0+ Y−0{-
Mnsd sg‘s Y + Y−0 ‘mc YsY + YYaY + aY + s−0 ’bnkntq ‘u‘hk‘akd nmkhmd(-

Vd anqqnv rnld sdqlhmnknfx eqnl sgd k‘lokhfgsdq fqntor Nm \ N sn cdrbqhad
dkdldmsr ne F \ G- @m dkdldms u ∈ F \ G b‘m ad sgntfgs ne hm svn dpthu‘kdms v‘xr9

’0( ‘kfdaq‘hb‘kkx+ ‘r ‘m dkdldms  γ+ g( vgdqd γ ∈
⎪

j∈G F(j g‘r ymhsdkx l‘mx mnm,
sqhuh‘k dmsqhdr ‘mc g ∈ G:

’1( fdnldsqhb‘kkx+ ‘r ‘ bnox ne N ’nq = G+ S(( vgdqd d‘bg udqsdw hr l‘qjdc ax rnld
dkdldms ne F+ vhsg ‘kk ats ymhsdkx l‘mx udqshbdr l‘qjdc ax 0F+ ‘mc sgd udqsdw g ne
N hr ‘krn l‘qjdc vhsg ‘ onhmsdq hmchb‘shmf sgd ym‘k onrhshnm ne sgd ]k‘lokhfgsdq -
Vd qdedq sn sghr l‘qjhmf ‘r ‘ bnmzftqYshnm ne N-

Vqhsd u +  γ+ g( vgdqd γ ∈
⎪

gh∈G F(gh ‘mc g ∈ G- Rhmbd dudqx dkdldms g ne G b‘m
ad vqhssdm tmhptdkx ‘r g + sjwp enq rnld j ∈ N ‘mc / ≤ p ≤ l+ sgd l‘o ξ 9 G → N
cdymdc ax ξ sjwp( + j hr vdkk cdymdc- Sgdm sgd udqsdw bnqqdronmchmf sn g ∈ G hr ‘m
dmconhms ne ‘ ronjd ‘ss‘bgdc sn sgd udqsdw sξ g(- Enq u +  γ+ g( vhsg γ ‘r ‘anud+ kds

’0( j∗ + ξ g(+
’1( j0 + lhm{/+ ξ gh( |  f(gh ∈ γ+  f(gh � 0F{+ ‘mc
’2( j1 + l‘w{/+ ξ gh( |  f(gh ∈ γ+  f(gh � 0F{-

@cchshnm‘kkx+ kds l0 + lhm j∗+ j0( ‘mc l1 + l‘w j∗+ j1(- Cdymd sgd hmsdfdq rtoonqs
ne u+ cdmnsdc hrtoo u(+ sn ad sgd hmsdqu‘k )l0+ l1[- Sgd kdes dmconhms ne sgd hmsdfdq
rtoonqs hr sgd rl‘kkdrs j rn sg‘s dhsgdq9

’0( u g‘r ‘ mnmsqhuh‘k dmsqx ‘lnmf sgd bnohdr ne = F+ R/( ‘ss‘bgdc sn sgd rohmd ‘s sgd
udqsdw sjwh enq rnld h vhsg / ≤ h ≤ l+ nq

’1( sgd ym‘k onrhshnm ne sgd k‘lokhfgsdq hr sjwh enq rnld h vhsg / ≤ h ≤ l+ nq
’2( ‘kk ne j∗ ‘mc ξ gh( ‘qd onrhshud+ sg‘s hr+ sgd k‘lokhfgsdq hr mdudq hm ‘ onrhshnm ‘knmf

sgd rohmd vhsg mdf‘shud hmcdw+ rn sg‘s l0 + / cdmnsdr sgd rs‘qshmf onrhshnm ne sgd
k‘lokhfgsdq-

Sgd qhfgs dmconhms ne sgd hmsdfdq rtoonqs hr cdymdc ‘m‘knfntrkx+ vgdqd sgd / hr
hmbktcdc hm sgd cdymhshnm ne j1 sn ‘bbntms enq sgd onrrhahkhsx sg‘s j∗ ‘mc ‘kk sgd ξ gh(
‘qd mdf‘shud-

Sn cdymd ntq mnql‘k enql+ vd lhlhb sgd rs‘mc‘qc ]kdes,yqrs qdoqdrdms‘shnm
ne dkdldmsr ne sgd k‘lokhfgsdq fqnto Nm \ N ’rdd Y3[(- Fhudm u +  γ+ g( ∈ F \ G+
vd cdrbqhad ‘ o‘sg sq‘udqrdc ax sgd k‘lokhfgsdq eqnl sgd udqsdw 0G hm N sn hsr
ym‘k udqsdw g ∈ N- He l0 . /+ sgd k‘lokhfgsdq yqrs lnudr kdes ‘knmf sgd rohmd ne
N sn sgd udqsdw k‘adkkdc sl0 ‘mc l‘qjr hs vhsg ‘ onrrhakx sqhuh‘k dkdldms ne F-
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EHFTQD 2- Sgd dkdldms s−1w1f0w−01 w3f1w−03 s2f2w0f3w−00 s−1w2 ‘r ‘ bnmyftq‘shnm ne N- Sgd hmsdfdq rtoonqs
ne sghr dkdldms hr )−1+ 0[ ‘mc sgd qdc ‘qqnv cdmnsdr sgd ym‘k onrhshnm ne sgd k‘lokhfgsdq- Sgd onrhshud o‘sg
enq sghr dkdldms+ w0w−00 w1f0w−01 w2w−02 w3f1w−03  sw0w−00 w1w−01 w2w−02 w3w−03 (1sf2w0f3w−00 w1w−01 w2w−02 w3w−03 + hr rgnvm

hm fqddm ’bnkntq ‘u‘hk‘akd nmkhmd(-

Sgd k‘lokhfgsdq sgdm uhrhsr sl0w0 ‘mc l‘qjr hs vhsg ‘ onrrhakx sqhuh‘k dkdldms ne
F ‘mc qdstqmr sn sl0 - Sghr oqnbdctqd hr qdod‘sdc enq sgd udqshbdr sl0w1+ . . . + sl0wl-
Sgd k‘lokhfgsdq sgdm oqnbddcr sn sgd udqsdw bnqqdronmchmf sn sl0+0 ‘mc qdod‘sr sgd
oqnbdrr ne uhrhshmf sgd udqsdw ‘s sgd dmc ne d‘bg ronjd hm nqcdq ‘mc l‘qjhmf hs vhsg ‘
onrrhakx sqhuh‘k dkdldms ne F- Sghr bnmshmtdr tmshk sgd k‘lokhfgsdq qd‘bgdr sgd udqsdw
bnqqdronmchmf sn sl1 + vgdqd sgd oqnbdrr hr qdod‘sdc nmd k‘rs shld- He l0 + /+ sgd
k‘lokhfgsdq adfhmr sgd oqnbdrr ne l‘qjhmf sgd udqshbdr vhsg onrrhakx sqhuh‘k dkdldmsr
ne F ‘s 0G ∈ N+ ‘mc sgdm uhrhsr sgd ronjdr ‘r cdrbqhadc ‘anud+ tmshk hs qd‘bgdr sgd
udqsdw k‘adkkdc sl1 ‘mc l‘qjr sgd udqshbdr sl1wi enq / ≤ i ≤ l vhsg onrrhakx sqhuh‘k
dkdldmsr ne F-

Vd qdedq sn sgd rtao‘sg vghbg rs‘qsr ‘s sgd udqsdw sl0 ‘mc dmcr ‘s sgd udqsdw sl1

‘esdq g‘uhmf l‘qjdc sgd udqshbdr shwi enq l0 ≤ h ≤ l1+ / ≤ i ≤ l vhsg onrrhakx sqhuh‘k
dkdldmsr ne F ‘r sgd onrhshud oYsg+ adb‘trd vgdm vqhssdm ‘r ‘ vnqc hm sgd fqnto
fdmdq‘snqr+ sgd dwonmdmsr ne s ‘qd ‘kk onrhshud- Rdd Ehftqd 2 enq ‘m dw‘lokd ne ‘
bnmyftq‘shnm vhsg hmsdfdq rtoonqs )−1+ 0[ vgdqd sgd onrhshud o‘sg hr l‘qjdc-

Tonm bnlokdshmf sgd onrhshud o‘sg+ nmd ne svn sghmfr vhkk nbbtq- Hs l‘x ad sg‘s sgd
k‘lokhfgsdq hr hm hsr ym‘k onrhshnm ‘mc sgd o‘sg rhlokx dmcr- He mns+ sgd k‘lokhfgsdq
lnudr sn hsr ym‘k onrhshnm uh‘ ‘ rtao‘sg ne sgd enql sj nq sjwp vgdqd j ∈ N+ j ≤ /-
Mnsd sg‘s rhmbd l1+ sgd qhfgs dmconhms ne hrtoo u(+ hr sgd l‘whltl ne j1 ‘mc j∗+ sgd
k‘lokhfgsdq vhkk mdudq ad hm ‘ onrhshnm ‘knmf N + }s〈 sn sgd qhfgs ne l1+ rn sgd dwonmdms
j hr mnmonrhshud-

@r sgd k‘lokhfgsdq sq‘udkr ‘knmf hsr onrhshud o‘sg+ vd vhkk vhrg sn hmchb‘sd svn
rodbh‘k onrhshnmr9 sgd yqrs shld sgd k‘lokhfgsdq hr ‘s sgd udqsdw bnqqdronmchmf sn
0G + s/+ ‘mc sgd yqrs shld sgd k‘lokhfgsdq hr ‘s sgd udqsdw vghbg vhkk ad hsr ym‘k
onrhshnm- Sgd hmsdfdq rtoonqs ‘mc sgd onrhshud o‘sg ‘qd cdymdc rn sg‘s sgdrd ‘qd tmhptd
onrhshnmr ‘knmf sgd onrhshud o‘sg-

Sgd mnql‘k enql enq sgd B‘xkdx ‘tsnl‘shb rsqtbstqd nm F \ G vhkk ad bnmrsqtbsdc hm
rs‘fdr- Vd yqrs cdymd ‘ mnql‘k enqlN/ ⊆  Λ/ S S(∗ enq dkdldmsr ne F \ G ‘r enkknvr-
Fhudm u ∈ F \ G vhsg hrtoo u( + )l0+ l1[+ sgd ‘anud cdrbqhoshnm ‘kknvr tr sn qdoqdrdms
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u tmhptdkx ‘r ‘ vnqc dhsgdq ne sgd enql

u + smwp nq u + sl0u0su1 � � � surs iwp+ ’2-0(

vgdqd m+ i+ p+ r ∈ N+ i ≤ /+ r ≥ 0+ / ≤ p ≤ l+ l0 +  r − 0( + l1 ‘mc

uκ + uκ+/w0uκ+0w−00 w1uκ+1 � � � w−0l−0wluκ+lw−0l ’2-1(

vhsg uκ+s ∈ K/- He l0 + j∗ sgdm vd ‘kknv u0 sn ad sqhuh‘k+ nsgdqvhrd u0 ltrs ad mnmsqhuh‘k-
He l1 + j∗ vd ‘kknv uκ sn ad sqhuh‘k+ nsgdqvhrd uκ ltrs ad mnmsqhuh‘k- D‘bg vnqc uκ
dmbncdr ‘ rdptdmbd ne vnqcr  uκ+/+ . . . + uκ+l( ∈ Kl+0

/ vhsg ψ/ uκ+/( k‘adkkhmf sgd udqsdw
‘s onrhshnm sl0+κ−0 hm N ‘mc ψ/ uκ+h( k‘adkkhmf sgd dmc ne sgd ronjd ‘s onrhshnm sl0+κ−0wh
enq 0 ≤ h ≤ l- Mnsd sg‘s hm Dpt‘shnm ’2-0(+ sgd uκ ‘qd rdo‘q‘sdc ax hmrs‘mbdr ne s ‘r sgd
k‘lokhfgsdq lnudr ‘knmf sgd onrhshud o‘sg- KdsN/ ⊆  Λ/ S S(∗ cdmnsd sgd rds ne vnqcr
ne sghr enql-

Enq dw‘lokd+ sgd dkdldms hm Ehftqd 2 g‘r N/ mnql‘k enql

s−1w0w−00 w1u0+1w−01 w2w−02 w3u0+3w−03 sw0w−00 w1w−01 w2w−02 w3w−03 sw0w−00 w1w−01

w2w−02 w3w−03 su3+/w0u3+0w−00 w1w−01 w2w−02 w3w−03 s−1w2

vgdqd ψ/ u0+1( + f0+ψ/ u0+3( + f1+ ψ/ u3+/( + f2+ ψ/ u3+0( + f3 ‘mc+ hm ‘kk nsgdq b‘rdr+
uh+i + ε vgdqd ψ/ ε( + 0F-

Mdws+ vd hmrdqs rodbh‘k rxlankr hmsn sgd vnqcr hm N/ sn nas‘hm sgd hmsdqldch‘sd
k‘mft‘fd N0-

KdsΛ0 +Λ/ S S S {A+ B+ A/+ B∗{ ‘mcΛ + Λ/ S {A+ B+ A/+ B∗{- Kds u +  γ+ g( ∈ F \ G
ad vqhssdm hm sgd enql ne Dpt‘shnm ’2-0(- Mnshbd sg‘s ‘kk sdqlr ne sgd enql uκ ‘qd o‘qs ne
sgd onrhshud o‘sg- Vhsg uκ ‘r hm Dpt‘shnm ’2-1(+ adenqd d‘bg uκ+i vd ok‘bd sgd rxlank B+
vhsg nmd dwbdoshnm- He uκ+i hr sgd k‘adk ne sgd udqsdw g ne N vghbg hr sgd ym‘k onrhshnm ne
sgd k‘lokhfgsdq+ sgdm oqdbdcd uκ+i ax sgd rxlank B∗- Adenqd d‘bg sdql uκ vd ok‘bd sgd
rxlank A+ vhsg nmd dwbdoshnm- He l0 + κ − 0 + / vd ok‘bd sgd rxlank A/ hm eqnms ne uκ+
hmchb‘shmf sgd tmhptd onrhshnm ‘knmf sgd onrhshud o‘sg vgdqd sgd k‘lokhfgsdq hr ‘s sgd
udqsdw 0G ∈ N-

KdsN0 ⊆ Λ∗0 cdmnsd sgd rds ne ‘kk vnqcr hmN/ vgdqd sgd rxlankr {A+ B+ A/+ B∗{ g‘ud
addm hmrdqsdc ‘r cdrbqhadc- Sgd vnqc hm N0 enq sgd dkdldms hm Ehftqd 2 hr sgdm

s−1ABw0Bw−00 w1Bu0+1w−01 w2Bw−02 w3Bu0+3w−03 sABw0Bw−00 w1Bw−01 w2B∗w−02

w3Bw−03 sA/Bw0Bw−00 w1Bw−01 w2Bw−02 w3Bw−03 sABu3+/w0Bu3+0w−00 w1Bw−01

w2Bw−02 w3Bw−03 s−1w2-

Sn nas‘hm sgd ym‘k mnql‘k enql vghbg vhkk ad sgd a‘rhr ne sgd B‘xkdx ‘tsnl‘shb
rsqtbstqd enq F \ G+ kdsN ⊆ Λ∗ cdmnsd sgd rds ne vnqcr hmN0 vgdqd ‘kk hmrs‘mbdr ne sgd
kdssdqr s+ w0+ . . . + wl+ s−0+ w−00 + . . . + w−0l eqnl sgd rds S ‘qd qdlnudc- Sgd vnqc hmN enq sgd
dkdldms hm Ehftqd 2 hr sgdm

ABBBu0+1BBu0+3ABBBB∗BA/BBBBBABu3+/Bu3+0BBB-
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Cdymd sgd k‘mft‘fd

K0 +

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

f⊕

h+0

 βh=h+/uh+/=h+0uh+0=h+1uh+1 � � � =h+luh+l(

�����������

uh+i ∈ K/+
βh ∈ {A+ A/{+
=h+i ∈ {B+ B∗{+
f ≥ 0

⎫⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎭

- ’2-2(

@r K/ hr ‘ qdftk‘q k‘mft‘fd+ hs enkknvr sg‘s K0 hr ‘ qdftk‘q k‘mft‘fd-
Qdb‘kk sg‘s vgdm u � sjwp+ he l0 + j∗ vd ‘kknv u0 sn ad sqhuh‘k+ nsgdqvhrd u0 ltrs

ad mnmsqhuh‘k+ ‘mc he l1 + j∗ vd ‘kknv ur sn ad sqhuh‘k+ nsgdqvhrd ur ltrs ad mnmsqhuh‘k-
Sgdrd bnmchshnmr ‘qd d‘rhkx udqhydc ax ‘ ymhsd,rs‘sd ‘tsnl‘snm hmrodbshmf+ qdrodbshudkx+
sgd yqrs ‘mc k‘rs dwoqdrrhnmr hm sgd oqnctbs qdoqdrdmshmf ‘m dkdldms ne K0 ‘bbnqchmf sn
sgd enkknvhmf qtkdr-

’0( He B∗ nbbtqr hm sgd yqrs e‘bsnq hm sgd oqnctbs ‘r dwoqdrrdc hm Dpt‘shnm ’2-2(+ sgdm
‘kk uh+i l‘x ad ε enq / ≤ i ≤ l: he mns+ ‘s kd‘rs nmd uh+i ltrs ad mnmsqhuh‘k-

’1( He sgd B∗ nbbtqr hm sgd k‘rs e‘bsnq hm sgd oqnctbs ‘r dwoqdrrdc hm Dpt‘shnm ’2-2(+
sgdm ‘kk uh+i l‘x ad ε enq / ≤ i ≤ l: he mns+ ‘s kd‘rs nmd uh+i ltrs ad mnmsqhuh‘k-

Mnsd sg‘s ‘ ymhsd,rs‘sd ‘tsnl‘snm b‘m ‘krn d‘rhkx udqhex sg‘s vgdm ‘kk uκ ‘qd sqhuh‘k+ vd
g‘ud ‘ mnql‘k enql bnqqdronmchmf sn sjwp- Kds K1 ⊆ K0 ad sgd rds ne ‘kk rsqhmfr hm K0
enq vghbg ‘kk sgqdd ne sgdrd bnmchshnmr ‘qd r‘shrydc- Rhmbd sgdrd bnmchshnmr ‘qd d‘rhkx
bgdbjdc ax ‘ ymhsd,rs‘sd ‘tsnl‘snm ‘mc K0 hr ‘ qdftk‘q k‘mft‘fd+ hs enkknvr sg‘s K1 hr ‘
qdftk‘q k‘mft‘fd-

Ehm‘kkx+ vd udqhex sg‘s sgd rsqhmf g‘r nmkx nmd nbbtqqdmbd d‘bg ne A∗ ‘mc B∗- Kds

K + K1 ∩ {fA/pB∗q+ fB∗pA/q | f+ p+ q ∈  Λ | {A/+ B∗{(∗{-

Hs enkknvr sg‘s K hr qdftk‘q ‘mc sg‘s K + N -
@r ‘ etqsgdq dw‘lokd+ mnsd sg‘s he u + smwp+ sgd bnqqdronmchmf vnqc hm K hr ‘r enkknvr9

’0( vgdm m < /+ vd g‘ud hrtoo smwp( + )/+ m[ ‘mc sgd bnqqdronmchmf vnqc hr

A/Bl+0 ABl+0(m−0ABpB∗Bl−p:

’1( vgdm m + /+ vd g‘ud hrtoo wp( + )/+ /[ ‘mc sgd bnqqdronmchmf vnqc hr

A/BpB∗Bl−p:

’2( vgdm m . /+ vd g‘ud hrtoo smwp( + )m+ /[ ‘mc sgd bnqqdronmchmf vnqc hr

ABpB∗Bl−p ABl+0(m−0A/Bl+0-

Fhudm ‘ vnqc σ ∈ K+ sgd rxlankr A/ ‘mc B∗ ‘kknv tr sn qdbnmrsqtbs sgd hmsdfdq
rtoonqs ne sgd bnqqdronmchmf dkdldms+ ‘r vdkk ‘r sgd ym‘k onrhshnm ne sgd k‘lokhfgsdq+
sg‘s hr+ sgd bnnqchm‘sd g- Sgd vnqcr uh+i bnqqdronmc ’uh‘ ψ/( sn dkdldmsr ne F khrsdc hm ‘
rodbhydc nqcdq- Sg‘s hr+ vd b‘m cdsdqlhmhrshb‘kkx qdbnmrsqtbs γ ∈

⎪
g∈G F(g ‘mc g ∈ G
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eqnl σ- Enql‘kkx+ kds ψ 9 K→ F \ G ad sgd ahidbshud l‘o cdymdc ax

 ψ v( + ψ
∣ r⊕

j+0

 βj=j+/tj+/=j+0tj+0=j+1tj+1 � � �=j+ltj+l(
(
+ sl0 f0sf1 � � � sfrsi+

vgdqd

fh + ψ/ uh+/(w0ψ/ uh+0(w−00 w1ψ/ uh+1( � � � w−0l−0wlψ/ uh+l(w−0l

vhsg th+i + uh+i+ βj ∈ {A+ A/{+ =j+i ∈ {B+ B∗{ ‘mc l0 b‘kbtk‘sdc eqnl sgd onrhshnmr ne A/
‘mc B∗ ‘r cdrbqhadc ‘anud-

Vd bk‘hl sg‘s  R+Λ+ K+ψ( hr ‘ B‘xkdx ‘tsnl‘shb rsqtbstqd enq F \ G- Sn oqnud sghr+
vd ltrs rgnv sg‘s enq dudqx fdmdq‘snq r ∈ R + R/ S S sgd rds

Qr + { t+ u( ∈ K · K | ψ t(r +F\G ψ u({

hr ‘ qdftk‘q k‘mft‘fd+ sg‘s hr+ qdbnfmhrdc ax ‘ svn,s‘od rxmbgqnmntr ‘tsnl‘snm- Hs
rteybdr sn cn sghr enq r ∈ R/ S {w0+ . . . + wl+ s{ ’rdd+ enq dw‘lokd+ Y4+ Kdll‘ 8[(-

Ehqrs kds r ∈ R/ ‘mc rtoonrd  t+ u( ∈ Qr- Uhdvhmf ψ t( ‘r ‘ bnmyftq‘shnm ne N vhsg
ymhsdkx l‘mx udqshbdr l‘qjdc vhsg dkdldmsr ne F ‘mc ‘ chrshmfthrgdc onrhshnm enq sgd
k‘lokhfgsdq+ vd b‘m d‘rhkx rdd sgd deedbs ne ltkshokhb‘shnm ax r nm sgd mnql‘k enql- Kds
sjwp cdmnsd sgd udqsdw ne N vghbg hr sgd ym‘k onrhshnm ne sgd k‘lokhfgsdq hm t+ l‘qjdc ax
sgd dkdldms ft ∈ F- Kds ρt ∈ K/ ad rtbg sg‘s ψ/ ρt( + ft- Sn nas‘hm sgd mnql‘k,enql
vnqc enq ψ t(r vd rhlokx ltkshokx ρt ax r ‘mc udqhex sg‘s sgd ltkshokhb‘shnm hr bnqqdbs
trhmf sgd ltkshokhdq ‘tsnl‘snm �r fhudm ‘r o‘qs ne sgd fhudm B‘xkdx ‘tsnl‘shb rsqtbstqd
nm F- Sgdqdenqd vd mddc sn ‘bbdos o‘hqr ne rsqhmfr  t+ u( ∈ K · K ne sgd enql

t +  Πf
h+0βhΠ

l
i+/B�h+i( �t  Πκh+f+1βhΠ

l
i+/B�h+i(

‘mc

u +  Πf
h+0βhΠ

l
i+/B�h+i( �u  Πκh+f+1βhΠ

l
i+/B�h+i(+

vgdqd βh ∈ {A+ A/{+ �h+i ∈ K/+

�t + βf+0B�f+0+/ � � � B∗� )0  � � � B�f+0+l

‘mc

�u + βf+0B�f+0+/ � � � B∗��
 )0  � � � B�f+0+l

‘mc  �f+0+q+�→f+0+q( hr ‘bbdosdc ax sgd ltkshokhdq ‘tsnl‘snm �r vghbg enqlr o‘qs ne sgd
fhudm B‘xkdx ‘tsnl‘shb rsqtbstqd nm F- Sgd ankc ghfgkhfgsdc rxlankr qdoqdrdms sgd
nmkx cheedqdmbd adsvddm sgd svn vnqcr-

Ax Y6[ ’rdd ‘krn Y4+ Kdll‘ 7[( sgd k‘mft‘fd K/ hr mdbdrr‘qhkx pt‘rhfdncdrhb-
Hs enkknvr sg‘s sgd cheedqdmbd adsvddm sgd kdmfsgr ne �f+0+q ‘mc �→f+0+q hr tmhenqlkx
antmcdc- @r hs hr qdftk‘q sn bgdbj sg‘s svn vnqcr ‘qd hcdmshb‘k vhsg ‘ antmcdc rghes+
hs enkknvr sg‘s vd b‘m bnmrsqtbs ‘ svn,s‘od ‘tsnl‘snm vghbg bgdbjr sg‘s sgd oqdywdr
ne t ‘mc u ‘qd hcdmshb‘k+ sgdm b‘kkr �r sn qd‘c  �f+0+q+�→f+0+q(+ ‘mc ym‘kkx bgdbjr sg‘s sgd
rteywdr ne t ‘mc u ‘qd hcdmshb‘k ’vhsg ‘ antmcdc rghes(- Sgtr Qr hr ‘ qdftk‘q k‘mft‘fd-
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Mdws kds wh ∈ {w0+ . . . + wl{+ ‘mc rtoonrd  t+ u( ∈ Qwh - Vqhshmf ψ t( ‘r hm Dpt‘shnm ’2-0(+
vd rdd sg‘s ψ t(wh dmcr hm sgd kdssdqr wpwh- Sgd oqnctbs wpwh ∈ G hr ‘m dkdldms ne
rnld qhfgs bnrds }s〈wq- Sg‘s hr+ wpwh + sjwq enq rnld j ‘mc q- Uhdvhmf ψ t( ‘mc ψ u(
‘r bnmyftq‘shnmr hm N+ sghr ld‘mr sg‘s sgd bnmyftq‘shnmr ‘qd hcdmshb‘k dwbdos enq sgd
ym‘k onrhshnm ne sgd k‘lokhfgsdq vghbg hr hmchb‘sdc ax B∗ hm sgd mnql‘k enql- Mnsd sg‘s
‘r wp ‘mc wh u‘qx ‘lnmf sgd ymhsd rds ne bnrds qdoqdrdms‘shudr+ sgdqd ‘qd nmkx ‘ ymhsd
mtladq ne onrrhakd u‘ktdr ne  j+ q( vghbg ‘qhrd-

Sgd dkdldmsr ψ t( ‘mc ψ u( l‘x nq l‘x mns g‘ud hcdmshb‘k hmsdfdq rtoonqs- Enq
dw‘lokd+ he ψ t( + s−0/f0s1/f1s−4wp ‘mc wpwh + s−6wq sgdm hrtoo ψ t(( + hrtoo ψ u((+
vgdqd‘r he ψ t( + s−0/f0s1/f1s−4wp ‘mc wpwh + s−06wq sgdm hrtoo ψ t(( � hrtoo ψ u((-

He hrtoo ψ t(( + hrtoo ψ u((+ sgdm vd rhlokx mddc sn bgdbj sg‘s sgd svn rsqhmfr
‘qd hcdmshb‘k dwbdos enq sgd knb‘shnm ne B∗- He ψ t( dmcr hm wp vgdm vqhssdm ‘r hm
Dpt‘shnm ’2-0(+ vd g‘ud wpwh + sjwq- Kds π 9 Λ∗ → {B+ B∗+ A/{∗ ad ‘ gnlnlnqoghrl
vghbg hr sgd hcdmshsx nm B+ B∗+ A/ ‘mc rdmcr ‘kk nsgdq kdssdqr sn ε- Sgdm π t( ‘mc π u(
‘qd hcdmshb‘k rsqhmfr dwbdos enq sgd knb‘shnm ne B∗ hm d‘bg rsqhmf- Nardqud sg‘s sgd kdssdq
A/ hr hm sgd r‘ld onrhshnm hm d‘bg rsqhmf rhmbd sgd hmsdfdq rtoonqsr ne ψ t( ‘mc ψ u(
‘qd sgd r‘ld- Etqsgdq nardqud sg‘s sgdqd dwhrsr ‘m hmsdfdq rp+h rtbg sg‘s enq dudqx o‘hq
 t+ u( ∈ Qwh vhsg sgd r‘ld hmsdfdq rtoonqs+ he B∗ hr sgd wsg kdssdq ne π t( ‘mc sgd psg
kdssdq ne π u(+ sgdm w − p + rp+h-

Bnmrhcdq sgd k‘mft‘fd Wp+h ⊆ {B+ B∗+ A/{∗ · {B+ B∗+ A/{∗ bnmrhrshmf ne ‘kk o‘hqr ne
rsqhmfr+ d‘bg ne vghbg bnms‘hmr dw‘bskx nmd B∗ kdssdq ‘mc nmd A/ kdssdq+ vgdqd B∗ hr sgd
wsg kdssdq ne sgd yqrs rsqhmf ‘mc sgd psg kdssdq ne sgd rdbnmc rsqhmf vhsg w − p + rp+h+ ‘mc
A/ hr hm sgd r‘ld onrhshnm hm ansg rsqhmfr- Rhmbd sgdrd bnmchshnmr ‘qd qdftk‘q sn bgdbj+
Wp+h hr ‘ qdftk‘q k‘mft‘fd-

Kds

κ 9 Λ∗ · Λ∗ → {B+ B∗+ A/{∗ · {B+ B∗+ A/{∗

ad sgd l‘o vghbg hm d‘bg bnnqchm‘sd hr sgd hcdmshsx nm B+ B∗ ‘mc A/ ‘mc rdmcr ‘kk nsgdq
kdssdqr sn ε- Kds X ⊆ Λ∗ · Λ∗ ad sgd k‘mft‘fd bnmrhrshmf ne ‘kk o‘hqr ne rsqhmfr rtbg sg‘s
enq dudqx onrhshud hmsdfdq y sgd ysg kdssdq ne sgd yqrs rsqhmf ‘mc sgd rdbnmc rsqhmf hr sgd
r‘ld tmkdrr nmd ne sgdrd kdssdqr hr B∗ ‘mc sgd nsgdq hr B- Sgd k‘mft‘fd X hr qdftk‘q-
Sgtr sgd k‘mft‘fd

κ−0 Wp+h( ∩  K · K( ∩ X

hr qdftk‘q+ ‘mc sgd tmhnm ne sgdrd k‘mft‘fdr enq / ≤ p ≤ l + 0 hr dw‘bskx sgd rtards
ne Qwh enq vghbg ltkshokhb‘shnm ax wh cndr mns bg‘mfd sgd hmsdfdq rtoonqs enq sgd yqrs
dmsqx-

Mnv bnmrhcdq ‘kk sgd onrrhakd v‘xr sg‘s sgd hmsdfdq rtoonqs ne ψ t( b‘m bg‘mfd tonm
ltkshokhb‘shnm ax wh- @f‘hm ‘rrtld ψ t( dmcr hm wp vgdm vqhssdm ‘r hm Dpt‘shnm ’2-0(+
‘mc wpwh + sjwq- Vd ltrs bnmrhcdq sgd enkknvhmf b‘rdr9

’0( ψ t( + smwp ‘mc j � /:
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’1( ψ t( + sl0u0su1 � � � sursiwp vhsg hrtoo ψ t(( + )l0+ l1[+ i ≤ / ‘mc dhsgdq

’‘( j < −i+ hm vghbg b‘rd sgd hmsdfdq rtoonqs ne u dwsdmcr etqsgdq sn sgd qhfgs ne
l1+ nq

’a( j . l0 − l1 − i+ hm vghbg b‘rd sgd hmsdfdq rtoonqs ne u dwsdmcr etqsgdq sn sgd
kdes ne l0-

D‘bg ne sgdrd b‘rdr b‘m ad g‘mckdc hm ‘ l‘mmdq rhlhk‘q sn sgd ‘anud b‘rd+ ax
bnmrhcdqhmf sgd qdk‘shud onrhshnmr ne B∗ ‘mc A/ hm π t(+ π u(- Enq sgd yqrs b‘rd+ he
m < /+ j < −m sgdm

t + A/Bl+0 ABl+0(m−0ABpB∗Bl−p ‘mc u + A/Bl+0 ABl+0(m+j−0ABqB∗Bl−q:

he m < /+ j . −m sgdm

t + A/Bl+0 ABl+0(m−0ABpB∗Bl−p ‘mc u + ABqB∗Bl−q ABl+0(−j−m−0A/Bl+0-

@m‘knfntr o‘hqr ne dwoqdrrhnmr b‘m ad vnqjdc nts enq m ≤ /: bkd‘qkx ‘kk rtbg o‘hqr b‘m
ad qdbnfmhrdc ax svn,s‘od ‘tsnl‘s‘ rhmbd p+ h+ j+ q ‘qd ywdc- Vd kd‘ud cds‘hkr ne sgd
qdl‘hmhmf b‘rdr sn sgd qd‘cdq-

Ehm‘kkx+ rtoonrd  t+ u( ∈ Qs- Vqhshmf ψ t( ‘r hm Dpt‘shnm ’2-0(+ vd rdd sg‘s ψ t(s
dmcr hm sgd kdssdqr wps- Nmbd ‘f‘hm+ vd b‘m bnmrhcdq sgd b‘rd vgdqd sgd hmsdfdq rtoonqs
ne ψ t( cndr mns bg‘mfd+ hm vghbg b‘rd vd ldqdkx mddc sn bgdbj sgd knb‘shnm ne sgd B∗
kdssdqr hm d‘bg vnqc+ ‘mc rdo‘q‘sdkx sgd b‘rd vgdqd sgd hmsdfdq rtoonqs ne ψ t( cheedqr
‘s nmd dmconhms eqnl sgd hmsdfdq rtoonqs ne ψ u(- Vd enkknv sgd r‘ld qd‘rnmhmf ‘r
hm sgd oqduhntr b‘rd ne ltkshokhb‘shnm ax wh: mnsd sg‘s wps hr hm rnld qhfgs bnrds ne N
hm G+ rn vd b‘m vqhsd wps + sjwq+ enq ‘ onrrhakx cheedqdms bnrds qdoqdrdms‘shud wq- Vd
b‘m sgdqdenqd rgnv sg‘s Qs hr ‘ qdftk‘q k‘mft‘fd ‘r vdkk- Sgd qdftk‘q k‘mft‘fdr Qr+
Qwh ‘mc Qs bnlokdsd sgd bnmrsqtbshnm ne sgd B‘xkdx ‘tsnl‘shb rsqtbstqd  R+Λ+ K+ψ( enq
F \ G- �

Pdedpdmbdr
Y0[ C- Adqchmrjx ‘mc A- Jgntrr‘hmnu+ ]Nm ‘tsnl‘shb sq‘mrhshud fq‘ogr + hm9 Cdudknoldmsr hm KYmftYfd

Sgdnqx+ Kdbstqd Mnsdr hm Bnlotsdq Rbhdmbd+ 7522 ’Roqhmfdq+ Bg‘l+ 1/03(+ 0fi01-
Y1[ C- Adqchmrjx ‘mc A- Jgntrr‘hmnu+ ]B‘xkdx ‘tsnl‘shb qdoqdrdms‘shnmr ne vqd‘sg oqnctbsr + HmsdqmY 

shnmYk IntqmYk ne DntmcYshnmr ne Bnlotsdq Rbhdmbd 16’1( ’1/05(+ 036fi048-
Y2[ R- A©qta©+ S- O‘kmhsj‘q ‘mc I- S‘a‘bj- ]Ghfgdq q‘mj k‘lokhfgsdq fqntor ‘qd fq‘og ‘tsnl‘shb +

I- .kfdaqY 385 ’1/07(+ 204fi232-
Y3[ R- Bkd‘qx ‘mc I- S‘a‘bj- ]Cd‘c dmc vnqcr hm k‘lokhfgsdq fqntor ‘mc nsgdq vqd‘sg oqnctbsr +

PtYqsdqkx IntqmYk ne LYsgdlYshbr 45’1( ’1//4(+ 054fi067-
Y4[ L- Dkcdq ‘mc I- S‘a‘bj+ ]C ,fq‘og ‘tsnl‘shb fqntor + I- .kfdaqY 302 ’1/03(+ 178fi208-
Y5[ C- A- @- Dorsdhm+ I- V- B‘mmnm+ C- E- Gnks+ R- U- E- Kdux+ L- R- O‘sdqrnm ‘mc V- O- Sgtqrsnm+ Tnqc

Mqnbdrrhmf hm Fqntor ’Inmdr ‘mc A‘qkdss Otakhrgdqr+ Anrsnm+ L@+ 0881(-
Y6[ N- Jg‘qk‘lonuhbg+ A- Jgntrr‘hmnu ‘mc @- Lh‘rmhjnu+ ]Eqnl ‘tsnl‘shb rsqtbstqdr sn ‘tsnl‘shb

fqntor + Fqntor Fdnl- Cxm- 7’0( ’1/03(+ 046fi087-
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363 C- Adqchmrjx+ L- Dkcdq ‘mc I- S‘a‘bj Y00[

CLHSQX ADQCHMRJX+ Cdo‘qsldms ne L‘sgdl‘shbr+
E‘btksx ne Rbhdmbd+ L‘ghcnk Tmhudqrhsx+ A‘mfjnj 0/3//+ Sg‘hk‘mc
‘mc
Bdmsqd ne Dwbdkkdmbd hm L‘sgdl‘shbr+
Bnllhrrhnm nm Ghfgdq Dctb‘shnm+ A‘mfjnj 0/3//+ Sg‘hk‘mc
d,l‘hk9 adqchmrjx;fl‘hk-bnl

LTQQ@X DKCDQ+ Rbgnnk ne L‘sgdl‘shb‘k ‘mc Ogxrhb‘k Rbhdmbdr+
Tmhudqrhsx ne Sdbgmnknfx Rxcmdx+ Tkshln+ MRV 1//6+ @trsq‘kh‘
d,l‘hk9 ltqq‘x-dkcdq;tsr-dct-‘t

IDMMHEDQ S@A@BJ+ Cdo‘qsldms ne L‘sgdl‘shbr+
Anvcnhm Bnkkdfd+ 75// Bnkkdfd Rs‘shnm+ Aqtmrvhbj+ LD /3/00+ TR@
d,l‘hk9 is‘a‘bj;anvcnhm-dct
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