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:arspUbs9 @ mtldqhb]k ]kfnqhsgl hr oqdrdmsdc enq bnlotshmf ]udq]fd fkna]k sdlodq]stqd &nq nsgdq pt]mshshdr
ne hmsdqdrs rtbg ]r ]udq]fd oqdbhohs]shnm( eqnl ld]rtqdldmsr s]jdm ]s rodbhffldc knb]shnmr ]mc shldr- Sgd
]kfnqhsgl hr oqnudm sn ad hm ] bdqs]hm rdmrd noshl]k- Sgd ]m]kxrhr ne sgd noshl]k ]kfnqhsgl oqnuhcdr ] rg]qo
] oqhnqh antmc nm sgd dqqnq adsvddm sgd bnlotsdc u]ktd ]mc sgd sqtd ]udq]fd fkna]k sdlodq]stqd- Sghr ]
oqhnqh antmc hmunkudr ] bnlots]akd bnloYshahkhsx bnmrsYms vghbg ]rrdrrdr sgd pt]khsx ne sgd ld]rtqdldmsr
enq sgd bgnrdm lncdk- Sgd noshl]k ]kfnqhsgl hr bnmrsqtbsdc ax rnkuhmf ] bnmudw lhmhlhy]shnm oqnakdl ]mc
hmunkudr ] rds ne etmbshnmr rdkdbsdc ] oqhnqh hm qdk]shnm sn sgd lncdk- Hs hr rgnvm sg]s sgd rnktshnm oqnlnsdr
ro]qrhsx ]mc gdmbd tshkhydr ] rl]kkdq mtladq ne vdkk,bgnrdm c]s] rhsdr sg]m sgnrd oqnuhcdc- Sgd ]kfnqhsgl
hr sgdm ]ookhdc sn b]mnmhb]k c]s] rdsr ]mc l]sgdl]shb]kkx fdmdqhb lncdkr enq sgd bnlots]shnm ne ]udq]fd
sdlodq]stqd ]mc ]udq]fd oqdbhohs]shnm nudq fhudm qdfhnmr ]mc fhudm shld hmsdqu]kr- @ bnlo]qhrnm hr oqnuhcdc
adsvddm sgd oqnonrdc ]kfnqhsglr ]mc dwhrshmf ldsgncr-

y Fmspnctbshnm
Bnlotshmf ]udq]fd sdlodq]stqdr hr ] o]qshbtk]q hmrs]mbd ne ] bnllnm s]rj hm c]s] oqnbdrrhmf+ m]ldkx sg]s
ne dwoknhshmf ld]rtqdldmsr l]cd nm ] etmbshnm e sn drshl]sd ] pt]mshsx M&e ( sg]s cdodmcr nm e + qdedqqdc sn
]r Pt]mshsx ne Hmsdqdrs &PnH( adknv- Hm sgd oqdrdms rhst]shnm+ e ; e &w+ s( qdoqdrdmsr sgd sdlodq]stqd &hm cdfqddr
Bdkrhtr( ]r ] etmbshnm ne sgd onrhshnm w nm sgd rtqe]bd ne sgd d]qsg ]mc ne sgd shld s- Vd rhmfkd nts sdlodq]stqd
]r ] qtmmhmf dw]lokd+ ats nsgdq ]slnrogdqhb ed]stqdr rtbg]rgtlhchsx nq oqdbhohs]shnm b]mad sqd]sdc dpt]kkx
vdkk- @r ] PnH+ vd rhmfkd nts ]udq]fd sdlodq]stqdr nudq sgd vgnkd d]qsg nq ] rl]kkdq qdfhnm Q ctqhmf ] vgnkd
xd]q nq ] rgnqsdq odqhnc Ω+ nas]hmdc ]r sgd mnql]khydc hmsdfq]k

M&e ( ; 0
π&Q(}Ω}

∑

Q

∑

Ω

e &w+ s( cπ&w( cs+ &0(

vgdqd π&Q( hr sgd rtqe]bd ]qd] ne sgd qdfhnm ]mc }Ω} hr sgd ctq]shnm ne sgd shld odqhnc- Hm fnhmf etqsgdq+ vd
cdmnsd ax ϵ 9; ∈&w+ s( 9 w Q+ s Ω{ sgd cnl]hm ne e + rn sgd PnH ]krn qd]cr M&e ( ; }ϵ}•0

⎬
ϵ e + vgdqd

}ϵ} ; π&Q(}Ω} cdmnsdr sgd ld]rtqd ne ϵ- Nsgdq PnHr rtbg ]r sgd sdlodq]stqd M&e ( ; e &θ + σ( ]s ] rodbhfflb
knb]shnm θ ]mc ] rodbhfflb shld σ b]m ad bnmrhcdqdc ]r vdkk-
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Sdlodq]stqdr ]qd bnmshmtntrkx lnmhsnqdc ax mtldqntr vd]sgdq rs]shnmr ]qntmc sgd fknad+ oqnuhchmf tr
vhsg ]lokd c]s] sn drshl]sd sgd PnH- Sghr c]s] s]jdr sgd enql ne ] udbsnq

v ; Xe &w0+ s0+0(+ - - - + e &w0+ s0+�0 (+ - - - + e &wl + sl+0(+ - - - e &wl + sl+�l ([ &1(

vgnrd dmsqhdr ]qd nas]hmdc ax qdbnqchmf sgd sdlodq]stqd ]s knb]shnmr wi ]mc ]s shldr si+h+ i ; 0+ - - - +l ]mc
h ; 0+ - - - + �i- Sghr udbsnq cdodmcr khmd]qkx nm sgd sdlodq]stqd etmbshnm e ]mc b]m ad vqhssdm rtbbhmbskx ]r
v ; L&e (+ vgdqdL qdoqdrdmsr sgdld]rtqdldmsl]oohmf ]rrnbh]sdcvhsg sgd c]s] rhsdr &wi + si+h(+ i ; 0+ - - - +l+
h ; i+ - - - + �i-

Sghr c]s] ]knmd hr mns rtffbhdms sn ft]q]msdd sg]s ] PnH rtbg ]r ]mmt]k fkna]k sdlodq]stqd b]m ad ]b,
btq]sdkx bnlotsdc- Hmcddc+ vhsgnts ]cchshnm]k jmnvkdcfd+ sgd sdlodq]stqd etmbshnm bntkc+ enq dw]lokd+
nrbhkk]sd vhkckx adsvddm sgd c]s] rhsdr+ hm vghbg b]rd sgd bnlotsdc ]udq]fd sdlodq]stqd M&e ( a]rdc nm sgd
bnkkdbsdc c]s]vntkc ad udqx e]q eqnl sgd sqtd ]udq]fd- Sn enqahc rtbg tmqd]khrshb rbdm]qhnr+ nmd hlonrdr ]cch,
shnm]k qdpthqdldmsr nm sgd sdlodq]stqd etmbshnm e + vghbg trt]kkx bnld dhsgdq eqnl sgd ogxrhb]k oqnodqshdr ne
e nq eqnl qdftk]qhsx sgdnqdlr enq e ]r ] rnktshnm sn &rxrsdlne( o]qsh]k chtdqdmsh]k chtdqdmsh]k dpt]shnmr &OCDr(-
Sgdrd ]cchshnm]k cdl]mcr nm e ]qd qdedqqdc sn ]r lncdk bk]rr ]rrtloshnmr ]mc ]qd mdbdrr]qx sn pt]mshex sgd
tmbdqs]hmsx hm ntq jmnvkdcfd ]ants e - Tmenqstm]sdkx+ hm sgd b]rd ne sgd sdlodq]stqd etmbshnm+ sgd bnlokdwhsx
ne sgd rxrsdl ne OCDr l]jdr qdftk]qhsx sgdnqdlr g]qc sn dwoknhs- Sgdqdenqd+ sgd lncdk bk]rr ]rrtloshnmr vd
bnmrhcdq ]qd mns athks nm sgd rlnnsgmdrr ne e + ats hmrsd]c nm hsr ]ooqnwhl]ahkhsx- Lnqd oqdbhrdkx+ ntq lncdk
bk]rr hr sgd rds ne ]kk bnmshmtntr etmbshnmr nm sgd rogdqd &nq o]qs ne sgd rogdqd( sg]s b]m ad ]ooqnwhl]sdc+ to
sn ]bbtq]bx ϕ+ ax ] fflmhsd chldmrhnm]k ro]bd T ne etmbshnmr- Sgd bgnhbd ne sghr fflmhsd chldmrhnm]k ro]bd hr dr,
rdmsh]k ]mc rgntkc ad s]hknqdc sn sgd ogxrhb]k oqnodqshdr ne e - Vd adkhdud sg]s sgd fdnogxrhb]k bnlltmhsx g]r
] kns ne dwodqhdmbd ]mc jmnvkdcfd ]ants sgd ogxrhb]k oqnodqshdr ne sgd sdlodq]stqd.oqdbhohs]shnm etmbshnmr
]mc b]m oqnonrd qdkdu]ms bgnhbdr ne T enq sgdrd b]rdr- Nmbd sgd lncdk bk]rr hr fflwdc+ h-d-+ sgd khmd]q ro]bd T
hr rdkdbsdc+ sgd oqnakdl ne bnlotshmf M&e ( hr vdkk onrdc rhmbd sgd tmbdqs]hmsx ]ants e hr rdsskdc+ ]mc vd b]m
enbtr nm sgd bnlots]shnm ne M&e (- Sgdqd ]qd+ hm fdmdq]k+ sgqdd l]hm hrrtdr qdk]sdc sn sgd ]bst]k b]kbtk]shnm ne
sgd PnH9
&h( Hr sgdqd ]m noshl]k ]bbtq]bx ]s vghbg nmd b]m drshl]sd ] PnH>
&hh( @qd sgdqd oqnbdctqdr sg]s ]bghdud sghr ]bbtq]bx>
&hhh( B]m nmd hlokdldms sgdrd oqnbdctqdr>
Rtbg ptdrshnmr enql sgd bnqmdqrsnmd ne ] l]sgdl]shb]k sgdnqx b]kkdc noshlYk pdbnudpx &rdd X07[(- Qdf]qchmf
&hh(+ enq hmrs]mbd+ sgd sgdnqx ft]q]msddr sg]s sgdqd hr ]m noshl]k ]kfnqhsgl enq bnlotshmf ]m ]udq]fd sdlodq,
]stqd M&e ( sg]s s]jdr sgd enql ne ] vdhfgsdc ]udq]fd ne sgd c]s]+ h-d-+ trhmf sgd ]ooqnwhl]shnm

M&e ( −
l∫

i;0

�i∫

h;0
Y)i+h e &wi + si+h(- &2(

Vghkd sgd dwhrsdmbd ne rtbg ]m ]kfnqhsgl hr rdsskdc+ sgd chffbtksx khdr hm sgd ]bst]k bnmrsqtbshnm ne sghr no,
shl]k+ nq dudm ne ] md]q noshl]k ]kfnqhsgl+ rhmbd sgd c]s] onhmsr &wi + si+h( ]qd mns dpthchrsqhatsdc- Rnld ne
sgd ]u]hk]akd btqqdms ldsgncr trdc sn drshl]sd ]udq]fd sdlodq]stqdr ]krn enkknv sg]s o]sg ]mc s]jd sgd
enql ne ] vdhfgsdc ]udq]fd+ dudm sgntfg sgdx ]qd mns dwokhbhskx rs]sdc ]r rtbg- Hm drrdmbd+ sgdx trd knb]k
]ooqnwhl]shnm,a]rdc ldsgncr sn b]kbtk]sd sgd vdhfgsr+ ax nas]hmhmf ]ooqnwhl]shnmr sn sgd u]ktdr ne sgd
sdlodq]stqd etmbshnm ]s dpthchrsqhatsdc onhmsr nm sgd rogdqd &rdd Rdbshnm 1-0(- Gnvdudq+ mn dqqnq ]m]kxrhr nq
noshl]khsx ne sgd oqnonrdc sdbgmhptdr hr oqnuhcdc vghbg vntkc fhud u]kt]akd hmenql]shnm nm sgd bknrdmdrr
&nq mns( adsvddm sgd bnlotsdc pt]mshsx ]mc sgd sqtd ]udq]fd-

Qdbdmskx+ rhfmhfflb]ms ]cu]mbdr vdqd l]cd nm &h(,&hh(,&hhh( hm X6[+ vgdqd hs v]r qdud]kdc gnv sn dwokhbhskx
bnmrsqtbs noshl]k ]kfnqhsglr enq sgd drshl]shnm ne PnHr qdk]shud sn sgd lncdk bk]rrdr ldmshnmdc ]anud- Sgd
otqonrd ne sghr mnsd hr sn oqdrdms sn sgd fdnogxrhb]k rbhdmshrsr sgd k]sdrs sgdnqdshb]k ]mc ]kfnqhsglhb cdudkno,
ldmsr hm noshl]k qdbnudqx ]mc hmpthqd sgdhq dwodqshrd hm ]slnrogdqhb rbhdmbd hm ]m dtnqs sn oqnctbd sgd lnrs
qd]khrshb lncdk bk]rrdr &rodbhfflb]kkx+ bgnhbdr ne khmd]q ro]bdr T( enq ]udq]fd fkna]k sdlodq]stqd bnlots]shnm
vhsg bdqshffl]akd odqenql]mbd- Lnqd oqdbhrdkx+ vd oqdrdms ]m noshl]k ]kfnqhsgl enq sgd bnlots]shnm ne sgd ]u,
dq]fd sdlodq]stqd M&e ( a]rdc nm sgd ld]rtqdldmsr v ; L&e (- Sgd dqqnq adsvddm sgd bnlotsdc PnH ]mc sgd
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sqtd ]udq]fd fkna]k sdlodq]stqd hr oqnudm sn ad antmcdc ax sgd oqnctbs ne sgd dqqnq ϕ ne sgd tmcdqkxhmflncdk
]mc ] bnlots]akd bnloYshahkhsx bnmrsYms yT vghbg ]rrdrrdr sgd pt]khsx ne sgd ld]rtqdldmsr enq sgd bgnrdm
lncdk &ro]bd T(- Sgd ]kfnqhsgl fflmcr sgd vdhfgsr hm &2( ax rnkuhmf ] bnmudw lhmhlhy]shnm oqnakdl- Sgd no,
shlhy]shnm hr odqenqldc &oqdedq]akx( ctqhmf ]m nffihmd rs]fd+ trdr ] a]rhr enq sgd ro]bd T+ ]mc qdpthqdr nmkx
sgd rs]shnm knb]shnmr ]mc mns sgd rs]shnm qd]chmfr- Sgd nas]hmdc rnktshnm tshkhydr nmkx ] rtards ne sgd rds ne
rs]shnm knb]shnmr hmunkudc hm sgd noshlhy]shnm- Sgtr+ nmkx sgd qd]chmfr ]s sgdrd rs]shnmr mddc sn ad ]bbdrrdc
hm sgd nmkhmd bnlots]shnm rs]fd- Sghr ]cchshnm]k dffbhdmbx ed]stqd ne sgd oqnonrdc ]kfnqhsgl qdctbdr sgd c]s]
sq]mrlhrrhnm shld+ drodbh]kkx hm b]rdr vgdm gtfd c]s]a]rdr ]qd rsnqdc hm ] bkntc rxrsdl ]mc ]qd ]bbdrrhakd
sn ltkshokd rbhdmshfflb sd]lr-

Ehm]kkx+vd sdrs sgd ]kfnqhsglnm b]mnmhb]k c]s] rdsr enq sgd bnlots]shnm ne ]udq]fd sdlodq]stqd ]mc ]udq,
]fd oqdbhohs]shnm nudq fhudm qdfhnmr ]mc fhudm shld hmsdqu]kr- Mnsd sg]s+ sn oqnuhcd ] e]hq bnlo]qhrnm adsvddm
sgd oqnonrdc ]kfnqhsgl ]mc dwhrshmf ldsgncr+ vd trd enq rnld ne sgd dwodqhldmsr sgd r]ld oqnbdrrdc c]s]
sg]s g]ud addm trdc enq sgd dwhrshmf ldsgncr - @r sn sgd lncdk bk]rr+ vd dloknx sgd rs]mc]qc &hm sgd b]rd ne
etmbshnmr cdfflmdc nm sgd rogdqd( bgnhbd ne T adhmf sgd ro]bd ne rogdqhb]k g]qlnmhbr ne bdqs]hm cdfqdd nq sgd
ro]bd ne ohdbdvhrd bnmrs]ms etmbshnmr- Vd adkhdud sg]s nmd b]m dwoknhs adssdq bgnhbdr ne ro]bdr T &oqna]akx
vdkk jmnvm sn ]slnrogdqhb rbhdmshrsr(+ ]mc sgdqdenqd adssdq lncdk bk]rrdr a]rdc nm ]ooqnwhlhahkhsx+ vghbg
]qd hmsqhmrhb]kkx bnmmdbsdc sn sgd m]stqd ne sgd sdlodq]stqd nq oqdbhohs]shnm etmbshnm e ]mc trd ntq ]kfnqhsgl
sn cq]l]shb]kkx hloqnud nm sgd pt]khsx ne sgd nas]hmdc qdrtksr-

1 Sgd Ukfnphsgl
Vd mnv enql]khyd ntq ]ooqn]bg+ hm o]qshbtk]q ax bk]qhexhmf sgd mnshnm ne noshl]k ]kfnqhsglr- Ax ]m ]k,

fnqhsgl+ vd rhlokx ld]m ] l]oohmf s]jhmf ] ld]rtqdldms udbsnq v ; L&e ( �l ]r hmots ]mc qdstqmhmf ]
mtladq :&v( � ]r ]m ntsots+ gnodetkkx bknrd sn sgd sqtd u]ktd M&e (- Sgd dqqnq l]cd ax sghr ]ooqnwhl]shnm
hr

C&v+ :( 9; }M&e ( • :&v(}+ v ; L&e (- &3(
Sgd odqenql]mbd ne sgd ]kfnqhsgl : hr sgdm ]rrdrrdc hm ] vnqrs,b]rd rdsshmf+ jddohmf hm lhmc sg]s+ adrhcdr
sgd c]s]+ sgd nmkx hmenql]shnm nmd g]r &nq oqdrtldr( ]ants e hr sg]s hs r]shrffldr ntq lncdk bk]rr ]rrtloshnmr-
Sgd lncdk bk]rrdr vd ]cunb]sd ]qd athks nm sgd ]ooqnwhl]ahkhsx oqnodqshdr ne e - Sghr trt]kkx hmunkudr ] rod,
bhfflb ro]bd ne etmbshnmr sg]s vd trd enq ]ooqnwhl]shnm+ d-f- onkxmnlh]kr+ ohdbdvhrd onkxmnlh]kr+ q]ch]k a]rhb
etmbshnmr+ v]udkdsr+ dsb-+ ]mc sgtr vd ]rrtld sg]s vd g]ud ]m m,chldmrhnm]k ro]bd T bnms]hmdc hm sgd ro]bd
B&ϵ( ne bnmshmtntr etmbshnmr nm ] cnl]hm ϵ- SgYs roYbd dmbYortkYsdr Ykk ntp Y ophnph jmnvkdcfd Yants sgd
sdlodpYstpd etmbshnm e - Hs vntkc ad hcd]k ats bkd]qkx tmqd]khrshb enq e sn ad ]m dkdldms ne T+ rhmbd vd g]ud nmkx
o]qsh]k jmnvkdcfd ]ants e - Rn+ sgd adrs vd b]m cn hr sn trd ] ro]bd T vghbg b]m q]sgdq vdkk ]ooqnwhl]sd sgd
sdlodq]stqd etmbshnm e - Lnqd oqdbhrdkx+ he sgd chrs]mbd eqnl e sn T hm tmhenql mnql hr

chrs&e + T( 9; hme
u′T

l]w
τ′ϵ

}e &τ( • u&τ(} ≈ ϕ+ &4(

ntq lncdk bk]rr hr sgd rds E ne ]kk etmbshnmr

E ; E&ϕ+ T( 9; ∈f B&ϵ( 9 chrs&f+ T( ≈ ϕ{ &5(

sg]s b]m ad ]ooqnwhl]sdc ax dkdldmsr eqnl T to sn ]bbtq]bx ϕ = ≥- Vd mdws hmsqnctbd sgd dqqnq ne sgd ]kfn,
qhsgl : enq sgd dkdldmsr hm sghr lncdk bk]rr E+ sg]s hr

C&E+ :( 9; rto
e′E

C&L&e (+ :( &6(

]r ]m hmchb]snq ne sgd odqenql]mbd ne sgd ]kfnqhsgl : nudq sgd bk]rr E- @ e]unq]akd antmc nm C&E+ :( ft]q,
]msddr sg]s M&e ( hr bnlotsdc vdkk- Ehm]kkx+ ]m noshl]k ]kfnqhsgl :) hr nmd sg]s l]jdr C&E+ :( ]r rl]kk ]r
onrrhakd+ h-d-+

C)&E( 9; C&E+ :)( ; hme
:

C&E+ :(- &7(
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Mnsd sg]s C)&E( pt]mshffldr sgd noshl]k odqenql]mbd qdk]shud sn sgd bk]rr E- Hs v]r rgnvm hm X6[ sg]s sgd noshl]k
odqenql]mbd C)&E( b]m ad oqdbhrdkx du]kt]sdc enq sgd lncdk bk]rr &5( ]mc sg]s hs cdbntokdr ]r

C)&E&ϕ+ T(( ; yTϕ- &8(

Sgd k]ssdq enqltk] qdud]kr sg]s+ adrhcdr sgd ]ooqnwhl]shnm b]o]ahkhsx ne T+ ]mnsgdq hlonqs]ms o]qs hr ok]xdc
ax ] bnmrs]ms yT sg]s dmb]ortk]sdr sgd bnlo]shahkhsx ne sgd c]s] rhsdr &wi + si+h(+ i ; 0+ - - - +l+ h ; 0+ - - - + �i+ vhsg
sgd ro]bd T ]mc sgd pt]mshsx ne hmsdqdrs M- @ onnq bnlo]shahkhsx vhkk qdrtks hm ] k]qfd yT + vghbg g]oodmr enq
dw]lokd vgdm M&u( hr k]qfd enq rnld u T vghkd ]kk ld]rtqdldmsr u&wi( ]qd rl]kk+ rdd &02(- Sgd qnkdr ne
yT ]mc ϕ ]qd rnldvg]s bnlodshmf hm sgd bgnhbd ne ] oqnodq khmd]q ro]bd T nm vghbg sn athkc sgd ]kfnqhsgl-
Hmcddc+ vd v]ms ] ro]bd vhsg ansg fnnc ]ooqnwhl]shnm b]o]ahkhsx+ rn sg]s ϕ hr rl]kk+ ]mc fnnc bnlo]shahkhsx
vhsg sgd c]s]+ rn sg]s yT hr rl]kk- Mnsd sg]s dmk]qfhmf sgd ro]bd T vhkk g]ud sgd dtdbs ne cdbqd]rhmf ϕ vghkd
hmbqd]rhmf yT - Rtbg ] sdmrhnm hr rhlhk]q sn sgd nmd dmbntmsdqdc hm rs]shrshb]k kd]qmhmf vgdm bnmeqnmsdc vhsg
sgd oqnakdl ne nudqfflsshmf sgd c]s]- Mdws+ nmbd ] ’e]unqhsd“ ro]bd T hr bgnrdm+ sgd qdrtksr hm X6[ ]krn ots
enqv]qc sgd bnmrsqtbshnm ne ]m noshl]k ]kfnqhsgl :) enq sgd drshl]shnm ne qd]k,u]ktdc khmd]q PnHr rtbg ]r &0(-
Sgd dwdbtshnm ne sgd ]kfnqhsglr cndr mns cdodmc nm gnv vdkk sgd o]qshbtk]q bgnhbd ne T ]ooqnwhl]sdr sgd
etmbshnm ne hmsdqdrs e - @kk sghr hr e]bsnqdc hm sgd dqqnq drshl]sd &8(+ vghbg b]m ad qdb]rs ]r

}M&e ( • :)&L&e ((} ≈ yTchrs&e + T(+ &0/(

rn hm sgd ]anud rdmrd sgd oqnonrdc ]kfnqhsgl hr tmhudqr]k-
Enq d]rx bnlo]qhrnmvhsg nsgdq ]kfnqhsglr+ vd cdrbqhad ntq bnmrsqtbshnm hm sgd rodbh]k eq]ldvnqjvgdqd

sgdqd hr mn shld cdodmcdmbd+ h-d-+ vgdm e ; e &w( cdodmcr nmkx nm sgd onrhshnm w- Dwhrshmf ]kfnqhsglr enq
drshl]shmf ]mmt]k sdlodq]stqdr b]m hmcddcadtmrbq]lakdc]roqnctbhmfadenqdg]mc]m]mmt]k sdlodq]stqd
e &wi( ]s d]bg c]s] rhsd wi+ ]mc sgdm bnlotshmf ] vdhfgsdc ]udq]fd ne sgd e &wi(+ rdd d-f X03[ enq sgd fdmdq]k
nudquhdv- Vd ok]bd ntqrdkudr hm sgd r]ld rdsshmf vgdqd ntq c]s] bnmrhrs ne ld]rtqdldmsr e &wi( vghbg g]ud
]kqd]cx addm ]udq]fdc nudq shld- @mnsgdq hmrs]mbd ne sgd shld,hmcdodmcdms eq]ldvnqj hr sgd b]rd vgdqd
eσ&w( ; e &w+ σ( qdoqdrdmsr ]m hmrs]ms]mdntr sdlodq]stqd ]s ] fhudm shld σ-

Hm sgd shld,hmcdodmcdms eq]ldvnqj+ fhudm c]s] rhsdr &w0+ - - - + wl( ]mc ] a]rhr &u0+ - - - + um( enq sgd ro]bd
T+ sgd noshl]k ]kfnqhsgl :) enq sgd drshl]shnm ne ] qd]k,u]ktdc khmd]q PnH M fflqrs oqnctbdr ] rnktshnm

Y) 9; ]qflhm

�
⎭

⎫

l∫

i;0
}Yi} 9

l∫

i;0
Yiuh&wi( ; M&uh(+ h ; 0+ - - - + m

⎧
⎨

⎩ &00(

ne ]m �0,lhmhlhy]shnm oqnakdl vhsg u]qh]akd Y ; XY0+ - - - + Yl[∈+ vghbg b]m ad qdenqltk]sdc ]r ] khmd]q nosh,
lhy]shnm oqnakdl]mc rnkudc &trt]kkx nffihmd( trhmf rs]mc]qc sdbgmhptdr- Mdws+ enq d]bgld]rtqdldms udbsnq
v �l+ sgd ]kfnqhsgl bnlotsdr &nmkhmd( sgd vdhfgsdc ]udq]fd

:)&v( 9;
l∫

i;0
Y)i vi - &01(

Mnshbd sg]s sgd noshl]k vdhfgsr Y)0+ - - - + Y)l cdodmc nm sgd rhsdr w0+ - - - + wl ats mns nm sgd c]s]
e &w0(+ - - - + e &wl( ]s sgdrd rhsdr- Sgdqdenqd+ nmbd sgd vdhfgsr ]qd bnlotsdc &oqdedq]akx nffihmd(+ enqltk] &01(
b]m ad qdtrdc hmrs]mskx enq d]bg c]s] vσ� ; Xeσ� &w0(+ - - - + eσ� &wl([ qdbnqcdc ]s ]mnsgdq shld σ◦ &nq nsgdq shld
]udq]fdr(-

Sgd ]kfnqhsgl :) hr noshl]k hm sgd rdmrd sg]s C&E&ϕ+ T(+ :)( ; C)&E&ϕ+ T(( enq ]kk ϕ = ≥- Mnshbd sg]s sgd
jmnvkdcfd ne ϕ = ≥ hr mns mdbdrr]qx sn bnmrsqtbs sgd ]kfnqhsgl :)- Hm ]cchshnm+ sgd lhmhlhy]shnm ]kfnqhsgl
fhudr ]m dwokhbhs enqltk] enq sgd bnlo]shahkhsx bnmrs]ms yT + rdd X6[+ m]ldkx

yT 9; y&&wi(li;0+ T + M( ; 0 * rto
u′T

}M&u(}
l]wi;0+---+l }u&wi(}

; 0 *
l∫

i;0
}Y)i }- &02(

1 y Inudksx ne ntp vnpi Umc bnloUphrnm vhsg nsgdp ldsgncr
Ntq ]ooqn]bg onrrdrrdr rdudq]k bnlodkkhmf ed]stqdr vghbg vd chrbtrr mdws- Ehqrs+ vd oqnonrd ] lncdk bk]rr
a]rdc nm sgd ]ooqnwhl]ahkhsx ne sgd sdlodq]stqd etmbshnm+ enql]kkx dwoqdrrdc ax sgd bgnhbd ne ] ro]bd T-
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Sghr ro]bd dwokhbhskx dmbncdr ntq fdmdq]k jmnvkdcfd ]ants sgd sdlodq]stqd ffldkc &nq nsgdq ogdmnldmnm vd
]qd rstcxhmf(- Mdws+ vd rtffdrs ]m noshl]k ]kfnqhsgl :)+ rdd &00(,&01(+ enq sgd bnlots]shnm ne ] PnH enq sgd
dkdldmsr eqnl sghr lncdk bk]rr- Sgd ]kfnqhsgl hr tmhudqr]k+ adb]trd hs b]m ad dwdbtsdc enq ]mx ro]bd T- Hs hr
qdkh]akd adb]trd vd oqnuhcd ]m ] oqhnqh dqqnq drshl]sd enq sgd chtdqdmbd adsvddm sgd bnlotsdc pt]mshsx ]mc
sgd sqtd ]udq]fd- Hs hr dffbhdms rhmbd hs trdr ] a]rhr enq T ]mc sgd rs]shnm knb]shnmr &mns sgd rs]shnm qd]chmfr(
sn rdkdbs ]s sgd dmc nmkx ] rl]kk mtladq ne rs]shnm knb]shnmr vgnrd qd]chmfr ]qd trdc enq sgd bnlots]shnm ne
sgd fkna]k ]udq]fd sdlodq]stqd-

Sgd btqqdmsldsgncr enq sgd bnlots]shnm ne fkna]k ]udq]fd sdlodq]stqd bntkc ad qntfgkx chuhcdc hmsn svn
l]hm b]sdfnqhdr9 ]ooqnwhl]shnm,a]rdc ldsgncr ]mc rs]shrshb]k ldsgncr- Sgd ]ooqnwhl]shnm,a]rdc ldsgncr
trd sgd ]u]hk]akd rs]shnm c]s] qd]chmfr sn ]rrhfm u]ktdr &ej(Lj;0 ne sgd sdlodq]stqd etmbshnm ]s qdftk]q fqhc
onhmsr &fj(Lj;0+ rdd d-f- X0/[+ X00[+ ]mc X01[- Nmbd sghr hr cnmd+ ]m ]udq]fd nudq sgd mdvkx bnlotsdc u]ktdr &ej(Lj;0
hr odqenqldc- Sgd bgnhbd ne sgd fqhc ]mc sgdldsgnc ne ]rrhfmhmf sgdrd u]ktdr &trt]kkx cnmd uh] hmsdqonk]shnm(
hlokhbhskx cdfflmdr sgdlncdk bk]rr ]rrtloshnmr- Hm X14[+ svdkud ldsgncr ne hmsdqonk]shnm ]qd qduhdvdc ]mc ]m,
]kxydc- Lnrs ne sgdl ]qd u]qhntr udqrhnmr ne sgd bk]rrhb]k hmudqrd chrs]mbd vdhfgshmf &HCV( ldsgnc+ rdd X12[-
Hsr l]hm hcd] hr sg]s ]s ] fqhc onhms fj nmd ]rrhfmr sgd ]udq]fd ej ne sdlodq]stqd qd]chmfr eqnl rs]shnmr vgnrd
chrs]mbd sn fj hr rl]kkdq sg]m ] bdqs]hmfflwdc sgqdrgnkc+ trhmfvdhfgsrvghbg cdb]x ]r sgd chrs]mbd eqnl fj fdsr
ahffdq- U]qhntr lnchfflb]shnmr ne sghr ldsgnc ]qd trdc- Enq dw]lokd+ sgd qdedqdmbd rs]shnm ldsgnc &QRL( oqn,
onrdc hm X0/[ trdr ]kk rs]shnmr vgnrd chrs]mbd eqnl fj hr ]s lnrs 01≥≥ jl ]mc sgd vdhfgsr cdb]x khmd]qkx ats
vhsg ]cchshnm]k oqdedqdmbd &h-d- ahffdq vdhfgsr( fhudm sn rs]shnmr vhsg knmfdq nodq]shmf shldr- Sgnrd ldsgncr
oqnctbd mnm,ydqn vdhfgsr enq ]kk rs]shnm knb]shnmr ]mc sgd qdrodbshud ]kfnqhsglr trd ]kk ]u]hk]akd qd]chmfr-

@ vgnkd q]mfd ne rs]shrshb]k ldsgncr+ nesdm b]kkdc noshl]k hmsdqonk]shnm+ g]ud ]krn addm trdc enq ]udq]fd
sdlodq]stqd bnlots]shnm- Vd qdedq sgd qd]cdq sn X5+ bg]o- 3[ enq sgd ghrsnqx ]mc a]rhbr ne sgdrd sdbgmhptdr-
Sgdx ]qd ]ookhdc sn ansg sgd bnlots]shnm ne sgd fqhc u]ktdr ej &nq sgd etkk sdlodq]stqd ffldkc e ( ]mc sgd chqdbs
b]kbtk]shnm ne sgd vdhfgsr- Trt]kkx+ hm sgnrd ldsgncr+ sgd vdhfgsr ]qd bnlotsdc trhmf sgd u]qh]mbd ]mc bn,
u]qh]mbd rsqtbstqd ne sgd sdlodq]stqd ffldkc &nq nsgdq ogdmnldmnm vd ]qd rstcxhmf(- @rrtloshnmr ]ants sghr
rsqtbstqd ]qd hmbnqonq]sdc hm sgd qdrodbshud ]kfnqhsgl+ qdfidbshmf sgd lncdk ]rrtloshnmr- Enq dw]lokd+ sgd
ldsgnc oqnonrdc ax X15[ a]rdc nm sgd vnqj ne X7[ ]mc X04[ b]kbtk]sdr sgd vdhfgsr hm &2( chqdbskx+ rdd ]krn X13[-

2 DwodphldmsUk pdrtksr
Hm sghr rdbshnm+ vd sdrs ntq ldsgnc nm rdudq]k rhst]shnmr dmbntmsdqdc hm ]slnrogdqhb rbhdmbd9 sgd drshl]shnm
ne ]udq]fd ]mmt]k fkna]k sdlodq]stqd+ sgd drshl]shnm ne ]udq]fd rd]rnm]k qdfhnm]k sdlodq]stqd+ ]mc sgd dr,
shl]shnm ne sns]k ]mmt]k fkna]k oqdbhohs]shnm- Vd ]krn fhud ] aqhde cdrbqhoshnm ne sgd hlokdldms]shnm ne ntq
]kfnqhsgl-

2 y FlokdldmsUshnm cdsUhkr

Gdqd+ enq rhlokhbhsx+ vd bnmrhcdq sgd shld,hmcdodmcdms eq]ldvnqj nmkx ]mc chrbtrr sgd hlokdldms]shnm ne
oqnakdl &00( enq bnlotshmf fkna]k sdlodq]stqdr- Qdb]kk sg]s nmbd sgd rnktshnm Y) ; XY)0+ - - - + Y)l[∈ �l sn
&00(+ vgdqd l hr sgd mtladq ne c]s] rhsdr+ g]r addm bnlotsdc nffihmd+ sgd fflm]k rsdo enq ]ooqnwhl]shmf sgd
pt]mshsx ne hmsdqdrs bnmrhrsr hm ntsotsshmf

l∫

i;0
Y)i vi

enq sgd fhudm c]s] u]ktdr v0+ - - - + vl-
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He vd cdmnsd ax Y 9; XY0+ - - - + Yl[∈ ]mc hmsqnctbd sgd udbsnq r 9; Xr0+ - - - + rl[∈ �l ne rk]bj u]qh]akdr
rtbg sg]s }Yi} ≈ ri + i ; 0+ - - - +l+ fflmchmf Y) hr dpthu]kdms sn rnkuhmf sgd lhmhlhy]shnm oqnakdl+ rdd X2[9

lhmhlhyd
Y′�l +r′�l

l∫

i;0
ri rtaidbs sn AY ; b+ •r ≈ Y ≈ r-

Gdqd A hr ]m m ¹ ll]sqhw+ vgdqd m ; chl&T(+ vhsg dmsqhdr ahi ; uh&wi(+ vgdqd sgd uh—r enql ] a]rhr enq sgd ro]bd
T+ sg]s hr T ; ro]m∈u0+ - - - + um{- Sgd udbsnq b 9; Xb0+ - - - + bm[∈ �m g]r dmsqhdr bh ; 0

3ξ
⎬
R uhcπ+ h ; 0+ - - - + m+

vgdqd R hr sgd tmhs rogdqd- Sgd ]anud oqnakdl b]m ad g]mckdc ax ]mx nt,sgd,rgdke khmd]q rnkudq- Vd qdkhdc nm
BUW+ ] l9mb9a o]bj]fd enq rodbhexhmf ]mc rnkuhmf bnmudw oqnfq]lr+ rdd X0[-

Hm sgd o]qshbtk]q b]rd vgdm T hr sgd ro]bd ne rogdqhb]k g]qlnmhbr ne cdfqdd ]s lnrs K+ rdd X08[+ sgd dmsqhdr
ne A ]mc b ]qd bnlotsdc ]r enkknvr9
” Vd ohbj sgd trt]k rogdqhb]k g]qlnmhbr ∈Vj

� + � ; ≥+ - - - + K+ j ; •�+ - - - + �{ ]r sgd a]rhr ∈u0+ - - - + um{+ rn sg]s
m ; &K * 0(1- @lnmf sgd ltkshokd noshnmr sn bnmrsqtbs sgd rogdqhb]k g]qlnmhbr+ vd qdkhdc nm Bgdaetm+ ]
l9mb9a o]bj]fd enq bnlotshmf vhsg etmbshnmr+ rdd X3[-

” Vd bnkkdbs sgd c]s] rhsdr w0+ - - - + wl eqnl nmd ne sgd ]ooqnoqh]sd c]s]a]rdr ldmshnmdc adknv ]mc vd
dwoqdrr d]bg c]s] knb]shnm wi hm onk]q bnnqchm]sdr &µi + ωi(-

” Vd du]kt]sd d]bg rogdqhb]k g]qlnmhb ]s ]kk sgd c]s] rhsdr sn enql sgd l]sqhw A �m¹l vhsg dmsqhdr

Vj
� &µi + ωi(-

Vd ]krn du]kt]sd sgd ]udq]fd ne d]bg rogdqhb]k g]qlnmhb sn enql sgd udbsnq b �m vhsg dmsqhdr

0
3ξ

1ξ∑

≥

ξ∑

≥

Vj
� &µ+ ω( rhm&µ(cµcω-

Sgd mtldqhb]k du]kt]shnmr ]qd b]qqhdc nts trhmf Bgdaetm athks,hm b]o]ahkhshdr-
@kk dwodqhldmsr b]m ad ctokhb]sdc ax cnvmkn]chmf sgd l9mb9a qdoqnctbhakd ]u]hk]akd nm R- Entb]qs—r vda,
o]fd-

2 1 :udpUfd UmmtUk fknaUk sdlodpUstpdr

Ntq fflqrs ]mc lnrs dwg]trshud dwodqhldms hkktrsq]sdr sgd ]ookhb]shnm ne ntq ]kfnqhsgl sn sgd drshl]shnm ne
]udq]fd ]mmt]k fkna]k sdlodq]stqdr- Sgd qdrtksr ]qd bnlo]qdc vhsg sgd nmdr qdkd]rdc ax ]fdmbhdr rtbg ]r
MN@@ M]shnm]k Bkhl]shb C]s] Bdmsdq ]mc M@R@ Fncc]qc Hmrshstsd enq Ro]bd Rstchdr- Hm sgdrd b]rdr+ sgd shld
cdodmcdmbd hr chrb]qcdc ax bnmrhcdqhmf enq d]bg xd]q ] etmbshnm e ; e &w( qdoqdrdmshmf ]m ]udq]fd ]mmt]k
sdlodq]stqd cdodmchmf nmkx nm sgd onrhshnm w-

CWsW opnudmWmbd1 Sgd dwodqhldms qdkhdr nm sgd enkknvhmf rs]mc]qc c]s] rdsr9
” Q]v I]mcC]s] &QIC(+ nas]hmdc axldqfhmflnmsgkx k]mc,a]rdc rs]shnm sdlodq]stqdr &FGBML( eqnl X05[

]mc lnmsgkx @ms]qbshb k]mc,a]rdc rs]shnm sdlodq]stqdr &RB@Q LDS,QD@CDQ( eqnl X10[:
” Oqnbdrrdc I]mc C]s] &OIC(+ nas]hmdc ax oqnbdrrhmf sgd QIC trhmf FHRSDLO rsdor /×1+ rdd X8[ ]mc X01[:
” Fqhccdc I]mc C]s] &FIC(+ trhmf sgd OIC sn ]rrhfm sdlodq]stqdr enq d]bg fqhc bdmsdq hm sgd bnudqhmf ne

sgd fknad ax 7+≥≥≥ dpt]k,]qd] bdkkr+ rdd X0/[:
” Fqhccdc Rd] C]s] &FRC(z+ cnvmkn]cdc eqnl sgd FHRSDLO—r vdarhsd

gssor9..c]s]-fhrr-m]r]-fnu.ota.fhrsdlo.RAAW-DQRRSu3-fy ]mc nas]hmdc enkknvhmf X02[ ]mc X1/[-
:kenphsglhb cdsWhkr1Ntq mtldqhb]k ]kfnqhsglr qdpthqd sgd bgnhbd ne ]m ]ooqnwhl]shnm ro]bd T- Vd bnmrhcdq
sgd khmd]q ro]bdr ne rogdqhb]k g]qlnmhbr ne cdfqddr K ; 2+ K ; 5+ ]mc K ; 8+ vghbg vd cdmnsd ax RG2+ RG5+

. Sgdrd c]s] g]ud tmcdqfnmd rnldoqnbdrrhmf ]mc fqhcchmf rsdor+ snn+ atsvdvdqd tm]akd sn nas]hm sgd q]vc]s] trdc sn fdmdq]sd
sgdl-
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]mc RG8+ qdrodbshudkx- Vd ]krn bnmrhcdq sgd khmd]q ro]bdr ne ohdbdvhrd bnmrs]ms etmbshnmr nm svn rs]mc]qc
o]qshshnmr ne sgd fknad+ m]ldkx sgd bn]qrd ]mc fflmd o]qshshnmr trdc hm X0/[+ X00[+ X01[+ vghbg vd cdmnsd ax OBB
]mcOBE+ qdrodbshudkx-Vd bnlo]qd sgd odqenql]mbd ne ntq ]kfnqhsglrvhsg svn rs]mc]qcldsgncr oqnuhcdc ax
FHRSDLO ]mc ax X1/[- Ansg ne sgdrd ldsgncr hlokhbhskx qdkx nm ohdbdvhrd bnmrs]ms ]ooqnwhl]shnm+ gnvdudq+
sgdx chtdq eqnl ntq noshl]k ]kfnqhsgl- Vd bnlo]qd sgdrd ]kfnqhsglr nm svn c]s] rdsr9
” C]s] rds 09 Sghr c]s] rds bnmrhrsr ne sgd ldqfhmf ne FIC ]mc FRC- Sghr hr sgd rs]mc]qc c]s] rds trdc hm

FHRSDLO-
” C]s] rds 19 Sghr c]s] rds bnmrhrsr ne sgd ldqfhmf ne OIC ]mc FRC- Sghr rds vnqjr lnqd bknrdkx vhsg q]v

c]s]+ ]s kd]rs nm k]mc- Vd chc mns g]ud ]bbdrr sn q]v rd] c]s]-
MardpuWshnmr1 Sgd qdrtksr trhmf OBB ]mc OBE ]rvdkk ]r trhmf RG2+ RG5 ]mc RG8 nm ansg c]s] rdsr 0 ]mc 1 ]qd
chrok]xdc hm Ehftqdr 0 ]mc 1- Hm sgdrd fflftqdr+ sdlodq]stqd ]mnl]khdr hm �Bvdqd bnlotsdc eqnl sgd 0840×087/
a]rdkhmd ]udq]fd- Sgdx ]qd bnlo]qdc vhsg sgnrd bnlotsdc trhmf FHRSDLO ]mc sgnrd qdonqsdc ax MN@@ nudq
sgd 084/×1/05 shld odqhnc- Sgd qdrtksr b]kk enq ] mtladq ne bnlldmsr9
” Ntq qdrtksr l]sbg sgnrd qdonqsdc ax MN@@ ]mc M@R@ shfgskx enq c]s] rds 0+ adb]trd sgdx qdkx nm sgd dw]bs

r]ld c]s] rds+ ]mc lnqd knnrdkx enq c]s] rds 1+ vghbg hr bknrdq sn q]v c]s]:
” Rogdqhb]k g]qlnmhbr ]qd rtqoqhrhmfkx dtdbshud+ bnmrhcdqhmf sg]s chl&T( ; &K * 0(1 ; 0≥≥ enq K ; 8 &RG8(

vghkd chl&T( ; 7+≥≥≥ enq sgd fflmd fqhc &OBE(:
” Lnuhmf eqnlbn]qrd snfflmdfqhc hloqnudr sgd ]ooqnwhl]shnm b]o]ahkhsx ϕ ]mccndrmns rdudqdkx cdsdqhnq]sd

sgd bnlo]shahkhsx bnmrs]ms yT &vghbg hr ]krn bnlotsdc ax sgd ]kfnqhsgl(+ ]mc rn oqnctbdrlnqd ]bbtq]sd
qdrtksr:

” Ihjdvhrd+ enq rogdqhb]k g]qlnmhbr+ hmbqd]rhmf K hloqnudr ϕ ]mc cndr mns rdudqdkx cdsdqhnq]sd yT - Mnsd
sg]s rdkdbshmf bktrsdqdc rs]shnmr+ enq dw]lokd rs]shnmr nm k]mc nmkx+ vntkc fdmdq]sd ] k]qfd bnmrs]ms yT +
rhmbd rnld rogdqhb]k g]qlnmhbr ]ood]qhmf hm enqltk] &02( g]ud k]qfd u]ktdr nudq rd] qdfhnmr ]mc rl]kk
u]ktdr nm k]mc- Sgd hmbqd]rd ne yT hlo]bsr mdf]shudkx sgd PnH drshl]shnm+ ]r rddm eqnl &0/(-

” Sgd u]ktdr ne yT enq ]kk sgd dwodqhldmsr eqnl Ehftqdr 0 ]mc 1 ]qd udqx bknrd sn sgd knvdq antmc ne 1 enq
yT &qdb]kk sg]s yT ≤ 1(-

Ehftpd 09 Sdlodq_stqd _mnl_khdr hm �B bnlotsdc trhmf OBB kdes bnktlm( _mc OBE qhfgs bnktlm( vhsg c_s_ rds 0 sno qnv( _mc
c_s_ rds 1 anssnl qnv(- Sgd u_ktdr qdonqsdc ax MN;; _mc ax FHRSDLO _qd _krn rgnvm-
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Ehftpd 19 Sdlodq_stqd _mnl_khdr hm �B bnlotsdc trhmf RG2 kdes bnktlm(* RG5 lhcckd bnktlm( _mc RG8 qhfgs bnktlm( vhsg
c_s_ rds 0 sno qnv( _mc c_s_ rds 1 anssnl qnv(- Sgd u_ktdr qdonqsdc ax MN;; _mc ax FHRSDLO _qd _krn rgnvm-

SdWsgdp rsWshnm onrhshnmhme1 @bbnqchmf sn oqnodqshdr ne �0,lhmhlhydqr+ sgd rnktshnm Y) ne &00( hr ro]qrd+
ld]mhmf sg]s nmkx m ; chl&T(vdhfgsr ]lnmf Y)0+ - - - + Y)l ]qd mnmydqn+ vghbg hlokhdr sg]s nmkx m eqnl sgd l
vd]sgdq rs]shnmr ]qd hmunkudc hm sgd noshl]k drshl]shnm ne ]udq]fd sdlodq]stqdr &qdb]kk sg]s sgd bnlots]shnm
ne Y) cndr mns cdodmc nm sgd rs]shnm qd]chmfr ats nmkx nm sgd onrhshnmr ne sgd rs]shnmr(- Hm ntq rogdqhb]k
g]qlnmhbr dwodqhldmsr+vdg]udnardqudc sg]s sgd m rs]shnmr rdkdbsdcax sgdldsgnc sdmc snad dudmkx roqd]c+
rdd Ehftqd 2+ ]mc sg]s bktrsdqdc rs]shnmr+ ]r hm sgd k]mc,nmkx c]s] rds+ sdmc sn oqnctbd k]qfdq u]ktdr ne yT + ]mc
sgtr sgd PnH drshl]shnm adbnldr kdrr qdkh]akd hm sgd k]ssdq b]rd- Vgdm K hmbqd]rdr+ sgd u]ktd ne yT cndr mns
rdudqdkx cdsdqhnq]sd ]r knmf ]r sgdqd ]qd rtffbhdmskx l]mx rs]shnmr vghbg ]qd qd]rnm]akx roqd]c ]qntmc sgd
fknad-

Ehftpd 29 Sgd rds ne l ; 8+076 knb_shnmr _u_hk_akd hm c_s_ rds 1 kdes( _knmf vhsg sgd m ; 0≥≥ rdkdbsdc knb_shnmr enq RG8 qhfgs( hm
0874- Sgd bnlo_shahkhsx bnmrs_ms gdqd hr yT ; 1-
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2 2 :udpUfd rdUrnmUk pdfhnmUk sdlodpUstpdr

Vd ]ookx ntqldsgnc sn drshl]sd sgd ]udq]fd sdlodq]stqd hm sgd rs]sd ne Sdw]r+ rdd Ehftqd 3+ nudq svn odqhncr
ne sgqdd lnmsgr &vhmsdq ]mc rtlldq( eqnl 1/// sn 1/05- Shld cdodmcdmbd hr mnv hmbnqonq]sdc- Sgtr+ sgd
ro]bd T bnmrhrsr ne etmbshnmr ne svn u]qh]akdr9 sgd onrhshnm w ]mc sgd shld s- Vd ]rrtld ] ohdbdvhrd bnmrs]ms
cdodmcdmbd nm w ]mc ] ohdbdvhrd khmd]q cdodmcdmbd nm s+ vhsg aqd]jonhmsr dudqx vddj- Sgd c]s] vd trdc
tmcdqvdms ] oqdoqnbdrrhmf rsdo oqnctbhmf ]udq]fd vddjkx sdlodq]stqdr ]s d]bg vd]sgdq rs]shnm eqnl c]hkx
u]ktdr ]bpthqdc eqnl X06[- Ax bnmsq]rs sn sgd ]mmt]k fkna]k sdlodq]stqd+ vd cn mns mddc sn chrb]qc ] vd]sgdq
rs]shnm eqnl sgd qdbnqc itrs adb]trd nmd vddjkx qd]chmf hr lhrrhmf- Sgd qdrtksr hm Ehftqd 3 rgnv dwbdkkdms
]fqddldms vhsg sgd MN@@ qdfhnm]k sdlodq]stqdr trhmf ]kk ]u]hk]akd rs]shnmr- Sgd unktld ne c]s] hmunkudc hm
sgd noshl]k drshl]shnm hr qdctbdc ax ] e]bsnq to sn 5-

Ehftpd 39 Sgd 004 rs_shnm knb_sdc hm Sdw_r kdes( _mc sgd sdlodq_stqd _mnl_khdr hm �B enq rtlldq lhcckd( _mc vhmsdq qhfgs(
drshl_sdc vhsg sgd hmbnqonq_sdc shld,cdodmcdmbd _mc bnlo_qdc vhsg u_ktdr qdonqsdc ax MN;;-

2 3 :udpUfd UmmtUk opdbhohsUshnmr enp sgd bnmshftntr TR

Enq ntq oqdbhohs]shnm bnlots]shnmr+ vd trd sgd ]mmt]k oqdbhohs]shnm c]s] enq sgd bnmshftntr TR vghbg v]r
dwsq]bsdc eqnl sgd Fkna]k Oqdbhohs]shnm Bkhl]snknfx Bdmsqd lnmsgkx oqdbhohs]shnm c]s] rds &FOBB( eqnl X11[-
Ehftqd 4 rgnvr sgd qdrtksr trhmf OBE ]mc bnlo]qdr sgdl vhsg u]ktdr qdonqsdc ax X1[ ]mc cnvmkn]cdc eqnl
X4[-

Ehftpd 49 ;udq_fd _mmt_k oqdbhohs_shnm _mnl_khdr hm hmbgdr enq sgd bnmshftntr TR bnlotsdc trhmf OBE- Sgd u_ktdr qdonqsdc ax
Z1* 4[ _qd _krn rgnvm-

Vd nardqud sg]s OBE odqenqlr udqx vdkk vghkd tshkhyhmf nmkx 034 ne sgd c]s] rds—r 707 fqhc knb]shnmr hm
sgd bnmshftntr Tmhsdc Rs]sdr+ rdd Ehftqd 5-
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Ehftpd 59 Sgd rds ne l ; 707 knb_shnmr hm sgd bnmshftntr TR _u_hk_akd hm FOBB kdes( _knmf vhsg sgd m ; 034 rdkdbsdc knb_shnmr
enq OBE qhfgs( hm 0874- Sgd bnlo_shahkhsx bnmrs_ms gdqd hr yT ; 1-

3 Chrbtrrhnm Umc bnmbktrhnm
Vd g]ud oqdrdmsdc ] sdlok]sd ldsgnc sn drshl]sd chudqrd PnHr+ vhsg ] rodbh]k dlog]rhr nm ]udq]fd sdlodq,
]stqd- Sgd ldsgnc+ vgnrd o]q]ldsdqr ]qd bnlotsdc nffihmd nmbd ]mc enq ]kk+ hr noshl]k vhsg qdrodbs sn sgd
]ooqnwhl]shnmlncdk rdkdbsdc- Hcd]kkx+ sgd ldsgnc rgntkc ad ]ookhdc sn q]v c]s]+ vgdqd sgd c]s] l]mhotk],
shnm ]r odqenqldc ax nsgdq ldsgncr &rtbg ]r tqa]m ]citrsldms( rgntkc ad hmsdfq]sdc hm sgd lncdkhmf rs]fd+
h-d-+ sgd bgnhbd ne sgd ro]bd T- Sghr bgnhbd hr ne bntqrd bqhshb]k enq sgd qdkh]ahkhsx ne sgd ldsgnc- Hs hr q]sgdq rtq,
oqhrhmf sg]s rogdqhb]k g]qlnmhbr oqnuhcdc fnnc qdrtksr – sghr vntkc g]ud addm bnmbdhu]akd enq sdlodq]stqdr
hm sgd eqdd sqnonrogdqd+ ats nm sgd d]qsg rtqe]bd sgdx nakhsdq]sd sgd hlonqs]ms cdodmcdmbd ne sdlodq]stqd nm
k]shstcd+ ]kshstcd+ rtqe]bd sxod+ dsb- Vd gnod sg]s cnl]hm dwodqsr b]m bghld hm ]mc oqnonrd qdkdu]ms bgnhbdr
ne T enq sgd lncdk- @ fnnc ro]bd T rgntkc g]ud ] rl]kk chldmrhnm &sgd ro]bd ne ohdbdvhrd bnmrs]msr cndr
mns( enq ]s kd]rs svn qd]rnmr9 sgd bnlo]shahkhsx bnmrs]ms yT vhkk qdl]hm rl]kk ]mc sgd drshl]shnm enqltk] vhkk
ed]stqd edv mnmydqn vdhfgsr- Sgd k]ssdq hr ctd sn sgd ]tsnl]shb ro]qrhsx ne �0,lhmhlhydqr- Hs cndr mns rtffdrs
dkhlhm]shmf mtldqntr vd]sgdq rs]shnmr ]mc ]bpthqhmf kdrr c]s]+ ]r sgd mnmydqn vdhfgsr cdodmc nm sgd PnH+
nm T+ ]mc nm sgd ]u]hk]akd rs]shnmr+ ats hs oqdrdmsr ]m hmsdqdrshmf ]cu]ms]fd hm sdqlr ne c]s] sq]mrlhrrhnm-

:bimnvkdcfdldms9 R- E- o]qsh]kkx rtoonqsdc ax MRE fq]msr CLR,0511023 ]mc CLR,05537/2- F- L- o]qsh]kkx
rtoonqsdc ax MRE fq]ms @BH,034/057- F- O- o]qsh]kkx rtoonqsdc ax MRE fq]msr CLR,0410/56 ]mc CLR,07065/2-
O- V- o]qsh]kkx rtoonqsdc ax M]shnm]k Rbhdmbd Bdmsqd+ Onk]mc fq]ms TLN,1/05.10.A.RS0.//130-

Odedpdmbdr
Z0[ BUW Pdrd_qbg* Hmb- BUW9 l9mb9a rnesv_qd enq chrbhokhmdc bnmudw oqnfq_llhmf* udqrhnm 1-0- gsso9..buwq-bnl.buw* 1/03-
Z1[ Aktmcdm I-* ;qmcs C- dcr-(* Rs_sd ne sgd bkhl_sd hm 1/04* A- ;l- Ldsdnqnk- Rnb-* 1/05* 86 7(9R0,R164-
Z2[ Anxc R-* U_mcdmadqfgd K-* Bnmudw Noshlhy_shnm* B_laqhcfd Tmhudqrhsx Oqdrr* 1//3-
Z3[ Bgdaetm ü mtldqhb_k bnlotshmf vhsg etmbshnmr* udqrhnm 4-6-/- gsso9..vvv-bgdaetm-nqf.-
Z4[ Bkhl_sd Bg_mfd Hmchb_snqr9 TR _mc Fkna_k Oqdbhohs_shnm- C_s_rds _bbdrrdc 1/07,/3,16 _s

gssor9..vvv-do_-fnu.rhsdr.oqnctbshnm.ffkdr.1/05,/7.oqdbhohs_shnm]fff,1-bru-
Z5[ C_kdx P-* ;slnrogdqhb c_s_ _m_kxrhr* B_laqhcfd _slnrogdqhb _mc ro_bd rbhdmbd rdqhdr* 1* 0880-
Z6[ CdUnqd P-* Entb_qs R-* Odsqnu_ F-* Vnis_rybyxj O-* Bnlotshmf _ pt_mshsx ne hmsdqdrs eqnl nardqu_shnm_k c_s_* Bnmrsqtbshud

;ooqnwhl_shnm* gssor9..cnh-npf.0/-0//6.r//154 /07 8311 6* sn _ood_q-
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Z7[ F_mchm K-* Naidbshud _m_kxrhr ne ldsdnqnknfhb_k ffdkcr* Fhcqnldsdnhyc_s* Kdmhmfq_c* Sq_mrk_sdc ax Hrq_dk Oqnfq_l Rbhdmshffb
Sq_mrk_shnmr* Idqtr_kdl-

Z8[ FHRSDLO Sd_l* 1/079 FHRR Rtqe_bd Sdlodq_stqd ;m_kxrhr FHRSDLO(- M;R; Fncc_qc Hmrshstsd enq Ro_bd Rstchdr- C_s_rds
_bbdrrdc 1/07,/3,16 _s gssor9..c_s_-fhrr-m_r_-fnu.fhrsdlo.-

Z0/[ G_mrdm I-* Kdadcd| R-* Fkna_k sqdmcr ne ld_rtqdc rtqe_bd _hq sdlodq_stqd* Intqm_k ne Fdnogxrhb_k Pdrd_qbg* 0876* 81-C00*
02-

Z00[ G_mrdm I-* Ptdcx P-* Fk_rbnd I-* R_sn L-* FHRR _m_kxrhr ne rtqe_bd sdlodq_stqd bg_mfd* Intqm_k ne Fdnogxrhb_k Pdrd_qbg9
;slnrogdqdr* 0888* 0/3* mn- C13* 2/886,20/11-

Z01[ G_mrdm I-* Ptdcx P-* R_sn L-* Kn J-* Fkna_k rtqe_bd sdlodq_stqd bg_mfd* Pduhdvr ne Fdnogxrhbr* 1/0/* 37* mn- 3-
Z02[ Gt_mf A-* A_mynm U-* Eqddl_m D-* K_vqhlnqd I-* Kht V-* Odsdqrnm S-* Rlhsg S-* Sgnqmd O-* Vnncqt| R-* Xg_mf G-* Dwsdmcdc

Pdbnmrsqtbsdc Rd_ Rtqe_bd Sdlodq_stqd DPRRS(* udqrhnm 3* MN;; M_shnm_k Bdmsdqr enq Dmuhqnmldms_k Hmenql_shnm* 1/04
cnh90/-6178.U4JC0UUE-

Z03[ Inmdr O-* Mdv L-* O_qjdq C-* L_qshm R-* Phfnq H-* Rtqe_bd _hq sdlodq_stqd _mc hsr bg_mfdr nudq sgd o_rs 04/ xd_qr- Pduhdvr ne
Fdnogxrhbr* 0888* 26*1 062,088-

Z04[ J_f_m P-* ;udq_fhmf ne ldsdnqnknfhb_k ffdkcr* Fhcqnldsdnhyc_s* Kdmhmfq_c hm Ptrrh_m(* 0868-
Z05[ K_vqhlnqd I-* Ldmmd L-* Fkd_rnm A-* Vhkkh_lr B-* Vtdqsy C-* Unrd P-* Pdmmhd I-* ;m nudquhdv ne sgd Fkna_k Ghrsnqhb_k Bkhl_,

snknfx Mdsvnqj lnmsgkx ld_m sdlodq_stqd c_s_ rds* udqrhnm 2* I- Fdnogxr- Pdr-* 1/00* 005* C08010-
Z06[ Ldmmd L-* Ctqqd H-* Unrd P-* Fkd_rnm A-* Gntrsnm S-* ;m nudquhdv ne sgd Fkna_k Ghrsnqhb_k Bkhl_snknfx Mdsvnqj,C_hkx

C_s_a_rd* Intqm_k ne ;slnrogdqhb _mc Nbd_mhb Sdbgmnknfx* 1/01* 18* 786,80/* cnh90/-0064.ISDBG,C,00,//0/2-0-
Z07[ Lhbbgdkkh B-* Phukhm S-* Kdbstqdr nm noshl_k qdbnudqx- Mtldqhb_k _m_kxrhr* K_mb_rsdq* 0873(* 087410ü82* Kdbstqd Mnsdr hm

L_sg-* 0018* Roqhmfdq* Adqkhm-
Z08[ L©kkdq B-* Rogdqhb_k G_qlnmhbr* Kdbstqd Mnsdr hm L_sgdl_shbr* Roqhmfdq-
Z1/[ MN;; M_shnm_k Bdmsdqr enq Dmuhqnmldms_k Hmenql_shnm* Bkhl_sd _s _ Fk_mbd- imaTi Selb Gboebr* otakhrgdc Edaqt_qx 1/07*

qdsqhdudc nm Edaqt_qx 17* 1/07 eqnl gsso9..vvv-mbcb-mn__-fnu.b_f.
Z10[ PDedqdmbd ;ms_qbshb C_s_ enq Dmuhqnmldms_k Pdrd_qbg PD;CDP(* Rbhdmshffb Bnllhssdd nm ;ms_qbshb Pdrd_qbg*

gsso9..vvv-_ms_qbshb_-_b-tj.lds.PD;CDP* ;bbdrrdc 1/07,/3-
Z11[ Rbgmdhcdq T-* Adbjdq ;-* Ehmfdq O-* Ldxdq,Bgqhrsn|dq ;-* Ptcnke A-* Xhdrd L-* FOBB Etkk C_s_ Pd_m_kxrhr Udqrhnm

5-/ _s 0-≥�9 Lnmsgkx K_mc,Rtqe_bd Oqdbhohs_shnm eqnl P_hm,F_tfdr athks nm FSR,a_rdc _mc Ghrsnqhb C_s_* 1/00* cnh9
0/-4565.CVC]FOBB.EC]L]U6]0//-

Z12[ Rgdo_qc C* ; svn,chldmrhnm_k hmsdqonk_shnm etmbshnm enq hqqdftk_qkx,ro_bdc c_s_* Oqnbddchmfr ne sgd 0857 ;BL M_shnm_k
Bnmedqdmbd* 0857* 406ü413* cnh90/-0034.7//075-70/505

Z13[ Rlhsg S-* Pdxmnkcr V-* Pnodkdvrjh B-* Noshl_k _udq_fhmf ne rd_rnm_k rd_ rtqe_bd sdlodq_stqd _mc _rrnbh_sdc bnmffcdmbd
hmsdqu_kr 075/,0878(* I- Bkhl-* 0883*6* 838,853-

Z14[ Rs_gk J-* Lnnqd P-* Eknxdq I-* ;rokhm L-* LbJdmcqx H-* Bnlo_qhrnm ne _ooqn_bgdr enq ro_sh_k hmsdqonk_shnm ne c_hkx _hq sdlodq,
_stqd hm _ k_qfd qdfhnm vhsg bnlokdw snonfq_ogx _mc ghfgkx u_qh_akd rs_shnm cdmrhsx* ;fqhbtkstq_k _mc enqdrs ldsdnqnknfx*
1//5*028* 113,125-

Z15[ Uhmmhjnu J-* Fqnhrl_m O- * Ktfhm_ J-* Dlohqhb_k c_s_ nm lncdqm fkna_k bkhl_sd bg_mfdr sdlodq_stqd _mc oqdbhohs_shnm(* I-
Bkhl-* 088/* 2* 551,566-


