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:arspWbs
Hm l]mx rdsshmfr) ] bnkkdbshud cdbhrhnm g]r sn ad l]cd nudq ] rds ne ]ksdqm]shudr sg]s g]r ]
bnlahm]snqh]k rsqtbstqd9 hlonqs]ms dw]lokdr ]qd ltksh,vhmmdq dkdbshnmr) o]qshbho]snqx atc,
fdshmf) bnkkdbshud rbgdctkhmf) ]mc bnkkdbshud mdsvnqj cdrhfm- @ etqsgdq bnllnm onhms ne sgdrd
rdsshmfr hr sg]s ]fdmsr fdmdq]kkx rtalhs oqdedqdmbdr nudq hrrtdr �d-f-) oqnidbsr sn ad etmcdc()
d]bg g]uhmf ] bnrs) ]mc sgd fn]k hr sn ’mc ] ed]rhakd rnktshnm l]whlhrhmf sgd ]fdmsr‘ r]shr,
e]bshnm tmcdq oqnakdl,rodbh’b bnmrsq]hmsr- Vd oqnonrd sgd trd ne itcfldms ]ffqdf]shnm ]r ]
tmhexhmf eq]ldvnqj sn lncdk sgdrd rhst]shnmr) vghbg vd qdedq sn ]r bnkkdbshud bnlahm]snqh]k
noshlhr]shnm oqnakdlr- Cdrohsd sgdhq rg]qdc tmcdqkxhmf rsqtbstqd) bnkkdbshud bnlahm]snqh]k
noshlhr]shnm oqnakdlr g]ud rn e]q addm rstchdc hmcdodmcdmskx- Ntq enqltk]shnm hmsn itcf,
ldms ]ffqdf]shnm bnmmdbsr sgdl) ]mc vd hcdmshex sgdhq rg]qdc rsqtbstqd uh] ’ud b]rd rstchdr
ne vdkk,jmnvm bnkkdbshud bnlahm]snqh]k noshlhr]shnm oqnakdlr) oqnuhmf gnv onotk]q qtkdr
hmcdodmcdmskx cd’mdc enq d]bg oqnakdl ]bst]kkx bnhmbhcd- Vd ]krn bg]qs sgd bnlots]shnm]k
bnlokdwhsx f]o sg]s l]x ]qhrd vgdm trhmf ] fdmdq]k itcfldms ]ffqdf]shnm eq]ldvnqj hmrsd]c
ne ] rodbh’b oqnakdl,cdodmcdms lncdk-
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q]bg]dk-bnkkdx?fk]rfnv-]b-tj

Khmtr Andr
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Jhmtr ds Ti-

Fdxvnpcr Bnlots]shnm]k rnbh]k bgnhbd · Itcfldms ]ffqdf]shnm ·
Bnlahm]snqh]k noshlhr]shnm · Bnlots]shnm]k bnlokdwhsx

KTsgdlTshbr Ptaidbs AkTrrh’bTshnm �1.0.( 57P/0 · 57S2/

� Gmspnctbshnm

Otakhb cdbhrhnmr nesdm g]ud ] bnlahm]snqh]k rsqtbstqd- Sxohb]k dw]lokdr ]qd o]qshbho]snqx
atcfdshmf �bgnnrhmf ] rds ne oqnidbsr sn etmc) fhudm rnld atcfds bnmrsq]hmsr() bnkkdbshud
rbgdctkhmf �bnkkdbshudkx cdbhchmf nm sgd nqcdq rnld s]rjr vhkk ad dwdbtsdc() bnkkdbshud mds,
vnqj cdrhfm �bnkkdbshudkx cdbhchmf nm sgd dcfdr ne ] mdsvnqj sn bnmmdbs ltkshokd knb]shnmr()
ltksh,vhmmdq dkdbshnmr �’mc ] bnllhssdd ne ] ’wdc rhyd() ]mc l]mx lnqd–hmbktchmf oqna,
kdlr vghbg g]ud mns addm fhudm ltbg ]ssdmshnm) xds ]qd vnqsg hmudrshf]shmf-

L]mx ne sgdrd oqnakdlr) hmbktchmf sgd entq dw]lokdr fhudm ]anud) g]ud addm rstchdc
rdo]q]sdkx vghkd rg]qhmf l]mx ed]stqdr- Sgdhq hmots l]hmkx bnmrhrsr ne hmchuhct]k oqdedqdmbdr
dwoqdrrdc knb]kkx �nm oqnidbsr) nm sgd qdk]shud nqcdq ne svn oqnidbsr) nm dcfdr adsvddm svn
mncdr( q]sgdq sg]m fkna]kkx �nm ]kk rdsr ne oqnidbsr) ]kk onrrhakd rbgdctkdr nq ]kk onrrhakd
mdsvnqjr(-0 Sgd ntsots hr ] ed]rhakd rnktshnm) h-d-) ] rnktshnm vghbg ]ahcdr ax sgd bnmrsq]hmsr
]mc sg]s l]whlhrdr ]m naidbshud dwoqdrrdc uh] ] rbnqd etmbshnm- Vg]s chrshmfthrgdr sgdrd
oqnakdlr hr sgd m]stqd ne sgd bnmrsq]hmsr9 sgd l]whltl atcfds rgntkc mns ad dwbddcdc) ]
rbgdctkd rgntkc ad ] bnmrhrsdms nqcdqhmf) ] mdsvnqj rgntkc ad ] sqdd) dsb-

Sgd oqnakdlr ldmshnmdc ]anud ]qd sgtr rsqtbstq]kkx bknrd) ]mc vd l]x ]rj vgdsgdq sgdx
bntkc ad rddm ]r hmrs]mbdr ne ] lnqd fdmdq]k eq]ldvnqj) bnmrhrshmf ne ] fdmdq]k k]mft]fd
enq dwoqdrrhmf oqdedqdmbdr ]mc bnmrsq]hmsr) fdmdq]k ]ffqdf]shnm etmbshnmr) ]mc fdmdq]k bnl,
ots]shnm]k snnkr- He sgd ]mrvdq hr onrhshud) d]bg ne sgdrd oqnakdlr) sgdhq u]qh]msr) ]r vdkk ]r
mnudk bnkkdbshud bnlahm]snqh]k noshlhr]shnm �BBN( oqnakdlr) bntkc ad dwoqdrrdc ]mc rnkudc
hm rtbg ] fdmdq]k eq]ldvnqj vhsgnts sgd mddc sn rstcx d]bg ne sgdl rdo]q]sdkx-

Vd fhud ] onrhshud ]mrvdq) ]mc vd cn rn ax rgnvhmf sg]s itcfldms ]ffpdf]shnm hr rtbg
] rths]akx fdmdq]k eq]ldvnqj- Sghr eq]ldvnqj g]r addm hmhsh]kkx cdudknodc sn rstcx sgd
]ffqdf]shnm ne ahm]qx itcfldmsr nudq knfhb]kkx hmsdqbnmmdbsdc hrrtdr hm ]m ]fdmc] sn f]hm ]
bnkkdbshud cdbhrhnm �be- sgd rtqudx ax Dmcqhrr) Y02[(- Fhudm sgd sxod ne oqnakdlr sg]s vd vhrg
sn rstcx) vd mddc ] rkhfgs fdmdq]khr]shnm ne rs]mc]qc itcfldms ]ffqdf]shnm sg]s b]m ]kknv
enq vdhfgsdc ]fdmc]r ]mc.nq ]rxlldsphb ]fdmc]r- Vd rgnv sg]s rdudq]k ]ffqdf]shnm qtkdr
trdc sn rnkud rodbh’b oqnakdlr ]qd ]bst]kkx hmrs]mbdr ne dwhrshmf ]mc vdkk,rstchdc itcfldms
]ffqdf]shnm qtkdr) nq ne rnld ne sgdhq u]qh]msr �rtbg ]r vdhfgsdc fdmdq]khr]shnmr(-

Gnvdudq) hs hr vnqsg ’qrs bk]qhexhmf vg]s ntq o]odq hr mns9

πh( Vd cn mns cd’md ] ap]mc,mdv ep]ldvnpj9 lnrs ]rodbsr ne sgd tmhexhmf eq]ldvnqj sg]s
vd fhud ]qd jmnvm eqnl itcfldms ]ffqdf]shnm: vd cn cd’md vdhfgsdc u]qh]msr ne rnld
vdkk,jmnvm qtkdr sg]s ]qd trdetk sn b]ostqd BBN oqnakdlr-

πh h( Vd cn mns rstcx mdv opnakdlr9 hmrsd]c) vd qdrs]sd rdudq]k dwhrshmf oqnakdlr sg]s g]ud
addm rstchdc hmcdodmcdmskx) rtbg sg]s sgdx b]m ad ]m]kxrdc tmcdq ] bnllnm tlaqdkk]
eq]ldvnqj- Ax cnhmf rn) vd cn gnvdudq nodm sgd onrrhahkhsx sn cd’md ]mc rstcx mdv
oqnakdlr) rtbg ]r vg]s vd vhkk b]kk bnkkdbshud ok]bdldms-

0 Rhmbd sgd rds ne rnktshnmr g]r ] bnlahm]snqh]k rsqtbstqd) dwoqdrrhmf oqdedqdmbdr fkna]kkx qdpthqdr ] ghfg
bnlltmhb]shnm atqcdm eqnl sgd ]fdmsr–gnvdudq) trhmf ] knb]k ]ooqn]bg khlhsr sgd sxodr ne oqdedqdmbdr sg]s
b]m ad dwoqdrrdc-

�12



Aniidbshud AnlahmTsnphTi MoshlhrTshnm Tr Itcfldms :ffpdfTshnm

πh h h( Vdcn mns fhud adssdp ]kfnphsglr enp rodbh’b opnakdlr9 hm e]bs) fdmdq]k rnkudqr b]m odqenql
]s adrs ]r vdkk ]r rodbh’b rnkudqr) ]mc rnldshldr vnqrd- @krn) enq rdudq]k qtkdr) sgd
bnlots]shnm]k bnlokdwhsx ne rnkuhmf sgd ntsbnld cdsdqlhm]shnm oqnakdl enq sgd fdmdq]k
b]rd hr ghfgdq sg]m sg]s ne rodbh’b nmdr-

πh>( Vd cn mns fhud ]mx ]whnl]shr]shnm9 sgd ]whnl]shr]shnm ne �itcfldms ]ffqdf]shnm( qtkdr
g]r addm hmudrshf]sdc odp rd- Sgd oqnodqshdr ne sgd qtkdr m]stq]kkx b]qqx nudq sn sgd rodbh’b
oqnakdlr �]ksgntfg ]m ]whnl]shr]shnm ne ] fdmdq]k qtkd cndr mns mdbdrr]qhkx kd]c sn sg]s
ne hsr rodbh’b hmrs]msh]shnm(-

Ntq bnmsqhatshnm drs]akhrgdr mnudk ]mc etmc]ldms]k bnmmdbshnmr adsvddm rdudq]k khmdr ne
qdrd]qbg ]mc oqnakdlr sg]s g]ud rn e]q addm rstchdc rdo]q]sdkx- Hcdmshexhmf sgnrd bnmmdbshnmr
l]x kd]c sn ld]mhmfetk hmrhfgsr ]bqnrr cheedqdms ]qd]r ne qdrd]qbg- Hm cnhmf rn) vd fhud
]m dmfhmddqhmf fi]untq sn itcfldms ]ffqdf]shnm) ] ’dkc sg]s to tmshk mnv g]r enbtrdc nm
hlonrrhahkhsx qdrtksr) ]whnl]shr]shnmr) ]mc bnlots]shnm]k bnlokdwhsx) ats mns xds nm bnmbqdsd
]ookhb]shnmr sn qd]k,vnqkc oqnakdlr-

Lnqdnudq) enq rnld itcfldms ]ffqdf]shnm qtkdr sgd ntsbnld b]m ad bnlotsdc uh] ]
sq]mrk]shnm hmsn hmsdfdq khmd]q oqnfq]llhmf �HKO(- Ne bntqrd) rtbg ] sq]mrk]shnm bntkc ad
cnmd enq d]bg rodbh’b oqnakdl) ats sgd dwhrsdmbd ne ] fdmdq]k sq]mrk]shnm ]kknvr enq ] rhlokdq
oqnbdrr hm bnlo]qhmf lncdkr) rhmbd sq]mrk]shmf ] oqnakdl sn itcfldms ]ffqdf]shnm b]m ad
d]rhdq sg]m sq]mrk]shmf hs chqdbskx hmsn ]m HKO-

Sgdqd ]qd svn l]hm rsqd]lr ne qdk]sdc khsdq]stqd- Nm sgd nmd g]mc) vd g]ud o]odqr rstcxhmf
rodbh’b rdsshmfr enq bnkkdbshud bnlahm]snqh]k noshlhr]shnm9 sgdrd vhkk ad bhsdc dwsdmrhudkx
vgdm sgdx ]qd hmsqnctbdc enql]kkx hm Rdbshnm 2- Nm sgd nsgdq g]mc) vd g]ud o]odqr ]c]oshmf
bk]rrhb]k itcfldms ]ffqdf]shnm sn cd]k vhsg vdhfgsdc hrrtdr) vghbg vd chrbtrr gdqd adknv-

Pdx ds ]k- Y25[ oqnuhcd de’bhdms ]mc dwg]trshud dladcchmfr ne o]qshbho]snqx atcfds,
hmf oqnakdlr uh] CMME bhqbthsr hm mnm,vdhfgsdc itcfldms ]ffqdf]shnm) fhuhmf ]m hmhsh]k
]whnl]shb rstcx ne ]rxlldsphb ]cchshud qtkdr dwsdmcdc eqnl jmnvm itcfldms ]ffqdf]shnm
qtkdr- Bghmfnl] ds ]k- Y7[ rhltk]sd ltksh,vhmmdq unshmf qtkdr hm itcfldms ]ffqdf]shnm enq
ansg nqchm]k ]mc ]ooqnu]k,a]rdc oqdedqdmbdr ]mc rstcx sgdhq bnlokdwhsx- Ansg ne sgdrd vnqjr)
gnvdudq) cn mns fdmdq]khrd chqdbskx sn nsgdq BBN rdsshmfr- Mdgqhmf ]mc Ohu]sn Y21[ hmsqnctbd
]mc rstcx ] rdsshmf ne itcfldms ]ffqdf]shnm vhsg vdhfgsdc hrrtdr9 vd trd sgdhq cd’mhshnmr sn
athkc ntq fdmdq]k eq]ldvnqj) hmbktchmf sgd ldch]m qtkd ne vghbg sgdx fhud ]m ]whnl]shr]shnm-

Ntq o]odq hr rsqtbstqdc ]r enkknvr- Hm Rdbshnm 1) vd fhud ]m nudquhdv ne itcfldms
]ffqdf]shnm qtkdr ]mc sgdhq fdmdq]khr]shnmr sn vdhfgsdc ]rxlldsqhb ]fdmc]r) ]mc vd ]krn
fdmdq]khrd sgd Bg]ladqkhm,Bntq]ms unshmf qtkd enq ]ooqnu]k a]kknsr sn itcfldms ]ffqdf]shnm-
Hm Rdbshnm 2) vd rgnv gnv mtldqntr bnkkdbshud bnlahm]snqh]k noshlhr]shnm rdsshmfr b]m ad
dwoqdrrdc hm vdhfgsdc itcfldms ]ffqdf]shnm ]mc vd oqnud sg]s rnld ne sgd rodbh’b qtkdr
eqnl sgdrd rdsshmfr ]qd hm e]bs hmrs]mbdr ne itcfldms ]ffqdf]shnm qtkdr- Hm Rdbshnm 3 vd fhud ]
bnlots]shnm]k rstcx ne sgd qtkdr) ansg eqnl ] sgdnqdshb]k ]mc ]m dwodqhldms]k onhms ne uhdv-
Vd bnmbktcd hm Rdbshnm 4-

1 Rdhfgsdc Wrxlldsphb itcfldms WffpdfWshnm

Itcfldms ]ffqdf]shnm hr ] fdmdq]k eq]ldvnqj sn l]jd bnkkdbshud cdbhrhnmr nudq ] rds ne onr,
rhakx hmsdqbnmmdbsdc hrrtdr khmjdc ax bnmrsq]hmsr- Mdgqhmf ]mc Ohu]sn Y21[ g]ud bnmrhcdqdc
] fdmdq]khr]shnm ne itcfldms ]ffqdf]shnm vgdqd d]bg hrrtd hr ]rrnbh]sdc vhsg ] mtldqhb]k
vdhfgs) vghkd Pdx ds ]k- Y25[ g]ud cd’mdc ]rxlldsqhb itcfldms ]ffqdf]shnm qtkdr- Vd bnl,
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ahmd ansg ]ooqn]bgdr ]mc bnmrhcdq ]fdmc]r enq vghbg d]bg hsdl ]mc hsr mdf]shnm g]ud vdhfgsr
�vghbg ]qd mns qdpthqdc sn ad dpt]k(-

1-. EnplWk lncdk

@ rds ne m ]fdmsr �nq unsdqr( B ; ]0) , , , ) m| g]ud sn s]jd ] bnkkdbshud cdbhrhnm nm sgd
]bbdos]mbd ne l hsdlr �oqnidbsr) hrrtdr) dsb-( hm ]m ]fdmc] ;- Sgd ]fdmc] ; hr bnlonrdc ne
svn rdsr ;+ ]mc ;}) vghbg qdoqdrdms sgd rds ne onrhshud ]mc mdf]shud hrrtdr) qdrodbshudkx-
Gdmbd) ; ; ;+ � ;}) vgdqd {;+{ ; {;}{ ; l.1- Sghr ld]mr sg]s enq dudqx ] ∈ ;+ sgdqd
hr ]m ] ∈ ;} vghbg qdoqdrdmsr sgd mdf]shnm ne ]-

D]bg hsdl ne sgd ]fdmc] ; g]r ]m ]rrnbh]sdc vdhfgs v] ∈ �/ sg]s vhkk ad trdc hm sgd
]ffqdf]shnm ax sgd qtkdr-1 Sgd vdhfgs udbsnq � bnkkdbsr sgd vdhfgsr ne ]kk sgd l hsdlr hm sgd
]fdmc] ;- Vghkd hm sgd lnrs fdmdq]k rdsshmf) d]bg vdhfgs b]m ad ]mx m]stq]k mtladq nq /)
vd ]qd ]krn hmsdqdrsdc hm rnld rodbh’b qdrsqhbshnmr nm sgd vdhfgs udbsnqr �vghbg cdsdqlhmd
cheedqdms sxodr ne ]fdmc]r( sg]s vd cdrbqhad gdqd adknv-

Ehqrs) vd b]m g]ud ]fdmc]r vgdqd d]bg onrhshud hsdl ] ∈ ;+ ]mc hsr bnqqdronmchmf
mdf]shnm ] ∈ ;} g]ud sgd r]ld vdhfgs �vg]s vd b]kk ] rxlldsphb ]fdmc]) h-d-) v] ; v]

enq d]bg ] ∈ ;+: ]ksgntfg mnsd sg]s d]bg onrhshud,mdf]shud hrrtd o]hq hm sgd ]fdmc] l]x
g]ud ] cheedqdms vdhfgs() nq ]fdmc]r vgdqd sgd mdf]sdc hsdl g]r vdhfgs ydqn �vg]s vd b]kk
]m ]rxlldsphb ]fdmc]) h-d-) v] ; / enq d]bg ] ∈ ;}(- Rdbnmc) vd b]m g]ud ]fdmc]r vgdqd
sgd hsdlr‘ vdhfgsr ]qd hm sgd rds ]/) 0| �vg]s vd b]kk ] ahm]px ]fdmc]( nq vgdqd sgdx ]qd hm
�/ �vg]s vd b]kk ] vdhfgsdc ]fdmc](-

Ax bnlahmhmf sgd ]anud b]rdr) vd cdqhud sgd enkknvhmf entq m]stq]k u]qh]msr ne itcfldms
]ffqdf]shnm) cd’mdc ax sgd bnqqdronmchmf qdrsqhbshnmr nm sgd vdhfgs udbsnq ne sgd ]fdmc])
vghbg vd vhkk enbtr nm hm sgd qdrs ne sghr o]odq- Mnsd sg]s ]m ]fdmc] l]x ad mdhsgdq rxlldsqhb
mnq ]rxlldsqhb �h-d-) v]) v] ∈ �) xds v] ∈; v](-

QsWmcWpc itcfldms WffpdfWshnm �v] ; v] ; 0( Hm rs]mc]qc itcfldms ]ffqdf]shnm)
cdmnsdc ax �rxl

ahm ) ]kk hrrtdr �]mc sgdhq mdf]shnmr( g]ud dpt]k vdhfgsr- Enql]kkx) enq ]mx
]) ]% ∈ ; vd g]ud sg]s v] ; v]% - Vhsgnts knrr ne fdmdq]khsx) vd b]m ]rrtld sg]s ]kk vdhfgsr
]qd dpt]k sn 0) sgtr xhdkchmf ] rxlldsphb ahm]px ]fdmc]-
:rwlldspha itcfldms WffpdfWshnm �v] ; 0:v] ; /( Enq ahm]px ]rxlldsphb ]fdmc]r)
vghbg vdqd rstchdc ax Pdx ds ]k- Y25[) ]mc vghbg vd cdmnsd ax �]rxl

ahm ) vd ]rrtld sg]s
v] ; 0 enq ]kk ] ∈ ;+ ]mc v] ; / enq ]kk ] ∈ ;}- Hmsthshudkx) vgdm ]m hsdl‘r vdhfgs hr /)
sgd rtoonqs enq sghr hsdl vhkk ad chrb]qcdc vgdm bnlotshmf ]m ntsbnld- Sgtr) hm sgd rdsshmf
ax Pdx ds ]k- Y25[) ]rxlldsqhb vdhfgsr ]kknv enq qtkdr sn ad ah]rdc snv]qcr sgd ]bbdos]mbd
ne onrhshud ]fdmc] hsdlr-
Sdhfgsdc itcfldms WffpdfWshnm �v] ; v] ∈ �/( Hm rxlldsphb vdhfgsdc itcfldms ]ffqd,
f]shnm) vghbg vd cdmnsd ax �rxl

vd ) cheedqdms hsdlr ne sgd ]fdmc] b]m g]ud cheedqdms vdhfgsr)
xds ]m hsdl ]mc hsr ct]k ltrs g]ud sgd r]ld vdhfgs) v] ; v] ∈ �/- Sghr v]r cdrbqhadc ax
Mdgqhmf ]mc Ohu]sn Y21[-
Sdhfgsdc Wrwlldspha itcfldms WffpdfWshnm �v] ∈ �/:v] ; /( Ehm]kkx) hm sgd �]rxl

vd

qdrsqhbshnm vd g]ud v] ; / enq ]kk ] ∈ ;} ]mc v] ∈ �/ enq ]kk ] ∈ ;+-

Hm ]cchshnm sn adhmf ]akd sn b]ostqd rs]mc]qc itcfldms ]ffqdf]shnm) sgd rdsshmf vd oqnuhcd
hr lnqd fdmdq]k hm svn v]xr9 sgd oqdrdmbd ne vdhfgsr ]mc sgd onrrhakd ]rxlldsqx adsvddm

1 @ksgntfg Mdgqhmf ]mc Ohu]sn Y21[ ]rrtld qd]k,u]ktdc vdhfgsr) hmsdfdq vdhfgsr ]kknv tr sn trd bnlo]bs
k]mft]fdr enq sgd bnmrsq]hmsr: ] etqsgdq fdmdq]khr]shnm sn u]ktdr hm N �nq sn mdf]shud u]ktdr( enq sgd vdhfgsr hr
]krn onrrhakd-
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hrrtdr ]mc sgdhq mdf]shnmr- Sgd k]ssdq fdmdq]khr]shnm fndr rkhfgskx hm sgd chqdbshnm ne adkhde
ldqfhmf �rdd Y17[(: gnvdudq) vd ]rrtld sg]s ]kk ]fdmsr qdonqs itcfldmsr nm sgd r]ld ]fdmc])
tmkhjd adkhde ldqfhmf-2

Enq ]m ]fdmc] ; ]mc ]m ]fdms h ∈ B ) ]m ]fdms‘r a]kkns hr ] udbsnq Ah ∈ ]/) 0|l ) vgdqd
d]bg dmsqx qdoqdrdmsr sgd ]fdms‘r cdbhrhnm nm ] ’wdc ]fdmc] hsdl- Hm sghr bnmsdws) sgd mns]shnm
Ah π]( qdedqr sn sgd dmsqx ne udbsnq Ah ∈ ]/) 0|l enq hrrtd ] ∈ ;- Sgd bnkkdbshnm ne sgd ]fdmsr‘
a]kknsr hr ] oqn’kd � ; πA0) , , , ) Am(-

Bnmrsq]hmsr b]m ad hlonrdc nm ] vdhfgsdc itcfldms ]ffqdf]shnm oqnakdl) dhsgdq nm sgd
bnkkdbshud ntsbnld �d-f-) ]ahchmf ax ] atcfds bnmrsq]hms( nq nm sgd hmchuhct]k a]kknsr �d-f-)
]ooqnuhmf ] lhmhl]k mtladq ne hsdlr(- Enkknvhmf Dmcqhrr Y03[ vd b]kk sgd enqldq ed]rhahkhsx
bnmrsq]hmsr �cdmnsdc ax�E ( ]mc sgd k]ssdq p]shnm]khsx bnmrsq]hmsr �cdmnsdc ax�P(- Sgqntfgnts
sgd o]odq) vd vhkk dwoqdrr sgdrd bnmrsq]hmsr ]r rdsr ne khmd]q �hm(dpt]khshdr) ]kknvhmf sgd
bnmrsq]hmsr eqnl l]mx BBN rdsshmfr sg]s hmbktcd mtldqhb]k u]ktdr sn ad enql]khrdc bkd]qkx-3

Lnqdnudq)�P ⊆ ]/) 0|l hr sgd rds ne ]kk a]kknsr r]shrexhmf sgd q]shnm]khsx bnmrsq]hmsr) vghkd
�E ⊆ ]/) 0|l hr sgd rds ne ntsbnldr r]shrexhmf sgd ed]rhahkhsx bnmrsq]hmsr- Rhmbd ]fdmc]r
hmbktcd ]m hrrtd ]mc hsr mdf]shnm) vd ]kv]xr ]rrtld sg]s ]kk a]kknsr ]mc ]kk ntsbnldr ]bbdos
dhsgdq ]m hrrtd nq hsr mdf]shnm �mn l]ssdq sgd hrrtdr‘ vdhfgsr(- @cchshnm]kkx) vgdm hlonrhmf
q]shnm]khsx ]mc ed]rhahkhsx bnmrsq]hmsr) vd qdpthqd sg]s ]mx unsdq‘r a]kkns Ah ∈ ]/) 0) |l ltrs
ad q]shnm]k) h-d-) Ah ∈ �P ) ]mc ]mx ntsbnld ne ]m ]ffqdf]shnm ldsgnc W ∈ ]/) 0|l ltrs ad
ed]rhakd) h-d-) W ∈ �E -

@m hlonqs]ms qdl]qj snl]jd gdqd hr sg]s sgdvdhfgsrvhkk ad trdc ax ntq qtkdr ]r ] oqnwx enq
sgd ]fdmsr‘ r]shre]bshnm ctqhmf sgd ]ffqdf]shnm rsdo hm nqcdq sn hcdmshex sgd noshl]k ntsbnldr-
Gnvdudq) ]r vd rg]kk rdd enq sgd b]rd ne o]qshbho]snqx atcfdshmf �hm Rdbshnm 2-1() hm rnld
BBN rdsshmfr sgd vdhfgsr vhkk ]krn cdsdqlhmd sgd ed]rhahkhsx ne sgd ntsbnldr sgdlrdkudr9 h-d-)
vd bntkc g]ud ] o]qshbho]snqx atcfdshmf rbdm]qhn vgdqd sgd vdhfgsr ]rrnbh]sdc sn oqnidbsr
bnqqdronmc sn sgdhq bnrsr �sgtr) sgd r]shre]bshnm ne ]m ]fdms hr sgd sns]k bnrs ne sgd ]bbdosdc
hsdlr sgdx ]ooqnud ne() ats sgdx ]krn ]ood]q hm sgd bnmrsq]hmsr �h-d-) sgd atcfds khlhs rgntkc
mns ad dwbddcdc(-

Hm sgd enkknvhmf) vd rnldshldr trd i ∈ =w) x\ ]r ] rgnqsg]mc enq i ∈ ]w) , , , ) x|) ]mc
i ∈ =w\ ]r ] rgnqsg]mc enq i ∈ ]0) , , , ) w|-

1-1 Sdhfgsdc Wrxlldsphb itcfldms WffpdfWshnm ptkdr

Hm sghr rdbshnm vd qdb]o rnld vdkk,rstchdc qtkdr eqnl itcfldms ]ffqdf]shnm) ats vd cd’md
sgdl fdmdq]kkx hm sgd rdmrd sg]s sgd ]fdmc] hsdlr b]m g]ud ]mx vdhfgs udbsnq �qdb]kk sg]s)
vhsg ] rkhfgs ]atrd ne sdqlhmnknfx) vd qdedq sn sgd vdhfgsdc udqrhnmr ne sgd qtkdr vgdm sgd
vdhfgsr ]qd mns ahm]qx(-

Vd b]kk ] vdhfgsdc ]rxlldsphb itcfldms ]ffpdf]shnm ptkd ] etmbshnm E sg]s s]jdr ]r hmots
] q]shnm]k oqn’kd � ∈ �P ) rds ne ed]rhahkhsx bnmrsq]hmsr �E ) ]mc vdhfgs udbsnq� enq sgd hsdlr
hm ]m ]fdmc] ; ]mc hs fhudr ]r ntsots ] rds ne ed]rhakd ntsbnldr �h-d-) vgdqd W ∈ �E enq d]bg
ntsbnld W (- Nardqud sg]s qtkdr ]qd sgtr hppdrnktsd) hm sgd rdmrd sg]s sgdx l]x qdstqm ] rds ne
shdc ed]rhakd ntsbnldr-

2 Rdd Y08[ enq ] bnlo]qhrnm ne adkhde ldqfhmf ]mc itcfldms ]ffqdf]shnm-
3 Mnsd sg]s sgd bnmrsq]hmsr b]m ad dwoqdrrdc hml]mxv]xr9 enq hmrs]mbd) hm sgd rs]mc]qc �rxlldsqhb( eq]ldvnqj
ne ahm]qx itcfldms ]ffqdf]shnm) sgdx ]qd trt]kkx dwoqdrrdc ]r enqltk]r ne oqnonrhshnm]k knfhb Y12[-
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1-1-0 Sgd �vdhegsdc( ldchTm ptkd

Sgd ldch]m ptkd ’mcr sgd ntsbnldr sg]s fkna]kkx lhmhlhrd sgd mtladq ne bg]mfdr adsvddm
sgd oqn’kd ]mc sgd ntsbnld nq dpthu]kdmskx) l]whlhrd sgd mtladq ne ]fqddldmsr adsvddm
sgd ]fdmsr‘ a]kknsr ]mc sgd ntsbnld- Sgd vdhfgsdc ldch]m ptkd dwsdmcr sgd ldch]m qtkd ax
l]whlhrhmf sgd sns]k rtl ne sgd vdhfgsr ne ]bbdosdc hsdlr hm sgd ntsbnld ]mc d]bg ne sgd
]fdmsr‘ a]kknsr-

Cd’mhshnm 0 Sgd �vdhfgsdc( ldch]m ptkd s]jdr ] q]shnm]k oqn’kd �) ed]rhahkhsx bnmrsq]hms �E )
]mc ]fdmc] vdhfgsr � ]mc fhudr ] rds ne ntsbnldr entmc ax9

]qf l]w
]W {W∈�E |

�

h∈B

�

] i∈;

v] i · Ah π] i (· Wπ] i (,

Vdl]x bgnnrd ]mxvdhfgs udbsnq o]hqdcvhsg sghr qtkd) gnvdudq) vgdm o]hqdcvhsg rodbh’b
vdhfgs udbsnqr) sgd etmbshnm ]khfmr vhsg rodbh’b qtkdr- Vgdm sgd ]fdmc]‘r vdhfgs udbsnq hr
qdrsqhbsdc sn ad tm]qx �h-d-) rxlldsqhb ]mc ahm]qx)�rxl

ahm () sghr qtkd qdfidbsr sgd rs]mc]qc ldch]m
qtkd �vghbg vd vhkk qdedq sn ]r Ldc(: vghkd tmcdq rxlldsqhb mnm,ahm]qx vdhfgsr) �rxl

vd ) vd
nas]hm sgd rxlldsqhb vdhfgsdc ldch]m qtkd cd’mdc axMdgqhmf ]mc Ohu]sn Y21[ �vghbg vd
vhkk qdedq sn ]r VLdc(-

Nardqud sg]s Ldc ]mc VLdc cheedq hm m]ld) xds sgdx ]qd sgd r]ld etmbshnm vhsg cheedqdms
vdhfgsr adhmf trdc enq sgd ]ffqdf]shnm- Hm sgd enqldq) sgdvdhfgsr ne sgd hsdlr) enq ]ffqdf]shnm
otqonrdr) ]qd ahm]qx- Gdmbd) sgd r]shre]bshnm ne sgd ]fdmsr hr a]rdc nm sgd b]qchm]khsx ne sgd
hmsdqrdbshnm adsvddm sgd ntsbnld ]mc unsdqr‘ a]kknsr nmkx- Mnsd sg]s sghr cndr mns rsno sgd
ed]rhahkhsx bnmrsq]hms sn trd sgd vdhfgsr ne sgd hsdlr vgdm cdsdqlhmhmf he ]m ntsbnld hr
ed]rhakd- Hm sgd k]ssdq) h-d-) VLdc) sgd hrrtdr‘ vdhfgsr qdoqdrdms sgd r]shre]bshnm ne sgd unsdqr9
hmrsd]c ne fdsshmf nmd onhms enq dudqx hsdl ]ooqnudc ax ansg sgd ntsbnld ]mc sgd unsdqr‘
a]kknsr) vd mnv fds sgd rtl ne sgd hsdlr‘ vdhfgsr vghbg ]qd ]ooqnudc ax ansg-

1-1-1 Sgd �vdhegsdc( deTkhsTphTm ptkd

Sgd rs]mc]qc df]khs]qh]m qtkd ntsotsr sgd ntsbnldr sg]s l]whlhrd sgd lhmhltl mtladq ne
oqnidbsr ]ooqnudc ax ]mx ]fdms hm sgd ntsbnld- Vgdm sgd vdhfgs udbsnq hr qdrsqhbsdc sn �rxl

ahm
hs hr b]kkdc sgd cG ,l]w qtkd ax K]mf ds ]k- Y20[ ]mc sgd L]wG]l qtkd ax Ans]m ds ]k- Y3[-

Cd’mhshnm 1 Sgd �vdhfgsdc( df]khs]ph]m ptkd s]jdr ] q]shnm]k oqn’kd �) ed]rhahkhsx bnmrsq]hms
�E ) ]mc ]fdmc] vdhfgsr � ]mc fhudr ] rds ne ntsbnldr entmc ax9

]qf l]w
]W {W∈�E |

lhm
h∈B

�

] i∈;

v] i · Ah π] i (· Wπ] i (,

Hm fdmdq]k) vd vhkk qdedq sn sghr qtkd ]r Df]k vgdm vdhfgsr ]qd ahm]qx ]mc ]r VDf]k vgdm
vdhfgsr ]qd mnm,ahm]qx ��]rxl

vd nq �rxl
vd (- @ksgntfg df]khs]qh]m qtkdr g]ud ]krn addm rstchdc

hm adkhde ldqfhmf �rdd) d-f-) Y07[() sn sgd adrs ne ntq jmnvkdcfd VDf]k hr mdv- Hsr lnshu]shnm
hr m]stq]k hm o]qshbho]snqx atcfdshmf hmrs]mbdr vhsg edv ]fdmsr) vgdqd vd l]x v]ms sn dmrtqd
sg]s d]bg ]fdms ]fqddr vhsg sgd etmcdc oqnidbsr sn rnld lhmhltl kdudk-

1-1-2 Sgd �vdhegsdc( pTmjdc TedmcT ptkd

Sgd q]mjdc ]fdmc] qtkd v]r rstchdc ax K]mf ]mc Rk]ujnuhj Y2/[ ]mc hsr kdwhl]w qd’mdldms
v]r rstchdc ax Mdgqhmf ds ]k- Y22[- Sgd qtkd hsdq]shudkx bnmrhcdqr hrrtdr enkknvhmf sgd nqcdq
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hmctbdc ax sgd rtoonqs qdbdhudc) qdidbshmf ]m hrrtd he hsr ]cchshnm vntkc aqd]j sgd ed]rhahkhsx
bnmrsq]hms- Sgdqd ]qd svn u]qh]msr ne sgd qtkd) cdodmchmf nm vgdsgdq shdr ]qd aqnjdm hlldch,
]sdkx) trhmf ] shd,aqd]jhmf qtkd) nq he ]kk shd,aqd]jhmf onrrhahkhshdr ]qd bnmrhcdqdc hm o]q]kkdk-
Enq rhlokhbhsx) vd nmkx bnmrhcdq sgd enqldq u]qh]ms-

:jfnphsgl 0 Sgd �vdhfgsdc( q]mjdc ]fdmc] qtkd-
09 Gmots9 �E ) �) ;) �
19 " +; ]�E | ]mc W +; ]/|{;{
29 Nqcdq sgd hrrtdr ne ; v-q-s-

∑
h∈B Ah π](· v] hm cdrbdmchmf nqcdq

39 enp d]bg hrrtd ] i hm sgd nqcdqhmf cn
49 he " ]mc ] i hr bnmrhrsdms sgdm
59 Wπ] i ( +; 0 ]mc " +; " � ]] i |
69 dmc he
79 dmc enp
89 pdstpm W

Sgd qtkd enkknvr @kfnqhsgl 0- Hs g]r ]r hmots sgd bnmrsq]hms �E ) sgd oqn’kd ne a]kknsr �)
sgd ]fdmc] ;) ]mc sgd vdhfgs udbsnq �: sgd ntsots hr ]m ntsbnld W ∈ �E - Nm khmd 1) " hr
hmhsh]khrdc sn ad ] rds bnms]hmhmf �E ]mc sgd ntsbnld udbsnq W rdsr ] / enq d]bg hsdl- Hs sgdm
nqcdqr sgd hsdlr hm ; vhsg qdrodbs sn sgdhq vdhfgsdc rtoonqs �trhmf ] khmd]q shd,aqd]jhmf qtkd
vgdm hsdlr g]ud dpt]k rtoonqs(- Enkknvhmf sghr nqcdq ne hsdlr) hm sgd enq,knno nm khmd 3) hs
’qrs bgdbjr he sgd ]cchshnm ne sghr hsdl aqd]jr ed]rhahkhsx fhudm sgd btqqdmskx ]bbdosdc hsdlr-
He ed]rhahkhsx hr qdrodbsdc) sgdm sgd ntsbnld enq sg]s hsdl hr rds sn 0 ]mc sgd hsdl hr ]ccdc sn
" �nsgdqvhrd) hsr mdf]shnm vhkk ad hm sgd ntsbnld(- Sghr ]kfnqhsgl b]m ad ]ksdqdc sn fds nsgdq
q]mjdc qtkdr) rtbg ]r sgd fqddcx Bg]ladqkhm,Bntq]ms qtkd �rdd Y30[(-

Enq ] mnm,ahm]qx ]fdmc]) vd vhkk qdedq sn sghr qtkd ]r VP]mj ]mc enq ] ahm]qx ]fdmc] vd
vhkk qdedq sn hs ]r P]mj-

1-1-3 Sgd AgTladpkhm)AntpTms ptkd

Sgd Bg]ladpkhm,Bntp]ms unshmf ptkd �BB( v]r nqhfhm]kkx hmsqnctbdc enq nqchm]k oqdedqdmbdr
ax Bg]ladqkhm ]mc Bntq]ms Y6[ ]r ] v]x sn sqx sn dmrtqd sg]s ]kk unhbdr ]qd oqdrdms hm
cdkhadq]shnm- Vd bnmrhcdq ] u]qh]ms enq ]ooqnu]k,a]rdc oqdedqdmbdr) rstchdc ax Rjnvqnm ]mc
E]khrydvrjh Y26[ enq ltksh,vhmmdq dkdbshnmr ]mc fdmdq]khrdc sn o]qshbho]snqx atcfdshmf ax
S]klnm ]mc E]khrydvrjh Y30[-4 Enq ]ooqnu]k,a]rdc oqdedqdmbdr) ]m ntsbnld rgntkc l]whlhrd
sgd mtladq ne ]fdmsr vgn g]ud ]s kd]rs nmd hsdl hm sgd ntsbnld sg]s sgdx ]ooqnud ne- Vd
cd’md sgd qtkd gdqd enq fdmdq]k ]fdmc]r9 vd r]x sg]s ]m ]fdms hr r]shr’dc ax ]m ntsbnld he
sgdqd hr ]s kd]rs nmd hrrtd vhsg mnm,ydqn vdhfgs ]ooqnudc ax sgd ]fdms ]mc bnms]hmdc hm sgd
ntsbnld: sgdm) sgd qtkd ntsotsr dudqx ntsbnld sg]s l]whlhrdr sgd mtladq ne r]shr’dc ]fdmsr-

Cd’mhshnm 2 Sgd Bg]ladpkhm,Bntp]ms qtkd s]jdr ] q]shnm]k oqn’kd �) ed]rhahkhsx bnmrsq]hms
�E ) ]mc ]fdmc] vdhfgsr � ]mc fhudr ] rds ne ntsbnldr entmc ax9

BBπ�) �E )�(; ]qf l]w
]W {W∈�E |

�

h∈B
lhmπ0)

�

] i ∈;

Wπ] i (· Ah π] i (· v] i (,

4 Hm ] qdk]sdc ]ooqn]bg) Bghmfnl] ds ]k- Y7[ fdmdq]khrdc sgd Bg]ladqkhm,Bntq]ms qtkd ]mc sgd oqnonqshnm]k
]ooqnu]k unshmf qtkd �O@U( sn itcfldms ]ffqdf]shnm) qdkxhmf nm vd]j q]mjhmfr sn lncdk dhsgdq chbgnsnlntr
nq nqchm]k oqdedqdmbdr-
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Ehqrs) mnsd sg]s bg]mfhmf sgd vdhfgs ne ]m hrrtd eqnl rnld mnm,ydqn mtladq sn ]mnsgdq
mnm,ydqn mtladq g]r mn hlo]bs nm sgd ntsbnld9 nmkx bg]mfhmf mnm,ydqn vdhfgsr sn ydqn
]mc uhbd,udqr] b]m ]eedbs sgd ntsbnld �vhsgnts knrr ne fdmdq]khsx mnm,ydqn vdhfgsr b]m
ad 0(- Rdbnmc) sgd qtkd l]jdr o]qshbtk]q rdmrd enq ]rxlldsqhb ]fdmc]r) rtbg ]r sgnrd enq
o]qshbho]snqx atcfdshmf nq ltksh,vhmmdq dkdbshnmr-

1-2 CwWlokdr

Vd mnv oqnuhcd ]m dw]lokd hkktrsq]shmf sgd entq qtkdr vd itrs hmsqnctbdc) ansg hm sgdhq
vdhfgsdc ]mc ahm]qx udqrhnmr-

Kds B ad ] rds ne 7 unsdqr ]mc ;+ ; ]h) i ) j) #)l) m| ad ] rds ne 5 �onrhshud( hrrtdr-
D]bg onrhshud hrrtd g]r ]m ]rrnbh]sdc bnrs) lncdkkdc ax udbsnq b ; π0) 1) 1) 1) 2) 3(- Hm sghr
dw]lokd) bnrsr ]qd trdc sn cdsdqlhmd he ]m ntsbnld hr ed]rhakd- Lnqdnudq) vgdm sgd vdhfgsr
]qd mnm,ahm]qx) sgdx vhkk bnqqdronmc sn sgd hrrtdr‘ bnrsr- Vd vhkk nmkx bnmrhcdq ]m ]rxlldsqhb
]fdmc]) sgtr) sgd vdhfgs udbsnqr vhkk ad qdrsqhbsdc sn ad ne sgd enql �

]rxl
ahm nq �]rxl

vd - Gdmbd)
enq d]bg ] ∈ ;}) v] ; /-

Sgd ed]rhahkhsx bnmrsq]hms rs]sdr sg]s sgd sns]k bnrs ne sgd bnkkdbshudkx ]bbdosdc hrrtdr hr mn
fqd]sdq sg]m 4- Vd ’qrs rstcx sgd oqn’kd � fhudm hm S]akd 0- Sgd khmd k]adkkdc rtl fhudr sgd
sns]k rtoonqs enq d]bg ne sgd hrrtdr hm sgd oqn’kd) vghkd sgd khmd k]adkkdc vdhfgsdc rtl fhudr
sgd sns]k rtoonqs enq sg]s hrrtd shldr hsr vdhfgs-

AhmWpw Wrwlldspha vdhfgsr Vd ’qrs bnmrhcdq sgd ]ffqdf]shnm vdhfgsr sn ad ahm]qx ]mc
]rxlldsqhb- Sgtr) sgd ]ffqdf]shnm vdhfgs udbsnq � hr rtbg sg]s v] ; 0 enq ] ∈ ;+ ]mc
v] ; /) nsgdqvhrd- Fhudm �) vd bnlotsd sgd qtkdr Ldc) BB) ]mc P]mj9 d]bg ne sgdl
bnmrhcdqr sgd ]lntms ne rtoonqs d]bg hsdl ne ;+ g]r qdbdhudc) ]r odq sgd rtl khmd hm sgd
s]akd-

Sgd tmhptd ntsbnld ne Ldc hr ]bbdoshmf nmkx h ) i ) ]mc j ]r hs g]r sgd ghfgdrs sns]k rtoonqs
ne 02 ]mc ]kk nsgdq ed]rhakd ntsbnldr g]ud rl]kkdq sns]k rtoonqs-

Sgd P]mj qtkd qdstqmr sgd ntsbnld sg]s ]bbdosr nmkx h ]mc l- Hs nqcdqr sgd hrrtdr vhsg
qdrodbs sn gnv ltbg rtoonqs sgdx g]ud qdbdhudc9 h-d-) h)l) i ) j) m) # �aqd]jhmf shdr ]kog]ads,
hb]kkx(: sgdm) hs ]bbdosr h ]mc sgdm l ]r sgdhq sns]k bnrs hr 3- Mnmd ne sgd qdl]hmhmf hrrtdr b]m
ad ]ccdc vhsgnts dwbddchmf sgd atcfds khlhs-

Sgd BB qtkd qdstqmr sgd ntsbnld sg]s nmkx ]bbdosr # ]mc l ]r sghr hr sgd nmkx ed]rhakd
ntsbnld hm vghbg ]kk unsdqr ]ooqnud ne ]s kd]rs nmd ne sgd hrrtdr-

Sdhfgsdc Wrwlldspha vdhfgsr Vd mnv bnmrhcdq ] vdhfgsdc ]rxlldsqhb udbsnq �%) vgdqd
v%

] ; bπ]( enq ]kk ] ∈ ;+) fhuhmf �%+ ; π0) 1) 1) 1) 2) 3() h-d-) sgd vdhfgs ne d]bg hrrtd hr hsr
bnrs) ]mc d]bg hrrtd hm ;} g]r ] vdhfgs ne /- Sgd ntsbnldr ne sgd qtkdr VLdc ]mc VP]mj
nm �% ]qd fhudm hm S]akd 0 �vd cn mns bnmrhcdq sgd BB qtkd nm mnm,ahm]qx vdhfgsr(-

Sgd qtkd VLdc qdstqmr svn shdc ntsbnldr sg]s l]whlhrd sgd sns]k vdhfgsdc rtoonqs- Sgd
’qrs ntsbnld ]bbdosr nmkx hrrtdr i ) ]mc l) vghkd sgd rdbnmc ]bbdosr nmkx hrrtdr j ]mc l9
ansg g]ud ] sns]k vdhfgsdc rtoonqs ne 12-

Sgd qtkd VP]mj ’qrs nqcdqr sgd hrrtdr vhsg qdrodbs sn sgdhq vdhfgsdc rtoonqs �sgd mtladqr
hm sgd vdhfgsdc rtl khmd() fhuhmf sgd nqcdq9 m) l) i ) j) #) h �shdr ]qd aqnjdm ]kog]adshb]kkx(-
Sgdm) hs ]bbdosr hrrtd m vhsg bnrs 3- Hs sgdm ltrs qdidbs l) i ) j) ]mc sgdm #) hm sghr nqcdq) ]r
sgdhq ]bbdos]mbd vntkc dwbddc sgd khlhs ne 4 fhudm ax sgd bnmrsq]hms- Sgdm hrrtd h hr ]ccdc)
fhuhmf sgd ntsbnld vgdqd nmkx m ]mc h ]qd ]bbdosdc-

BfWjhsWphWm ptjdr Enq sgd df]khs]qh]m qtkdr) vd bnmrhcdq ] cheedqdms oqn’kd �% fhudm hm S]akd 1
vhsgB ; =5\) vgdqd vd bnmrhcdq sgd r]ld hrrtdr ]r adenqd dwbdos i ) h-d-) ;+[] i|- Ntq vdhfgs
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STakd 0 Oqn’kd � eqnl sgd
dw]lokd fhudm hm Rdbshnm 1-2

h i j # l m

bnrs 0 1 1 1 2 3

unsdq 0 0 / 0 / 0 /

unsdq 1 / 0 0 0 / 0

unsdq 2 0 0 0 / 0 0

unsdq 3 0 0 / / 0 0

unsdq 4 0 0 / 0 / 0

unsdq 5 0 / 0 / 0 /

unsdq 6 / / / 0 / /

unsdq 7 / / / / 0 /

rtl 4 3 3 2 4 3

Ldc 0 0 0 / / /

BB / / / 0 0 /

P]mj 0 / / / 0 /

vdhfgsdc rtl 4 7 7 5 04 05

VLdc / 0 / / 0 /

/ / 0 / 0 /

VP]mj 0 / / / / 0

Vd fhud sgd sns]k mtladq ne ]ooqnu]kr enq d]bg hrrtd �rtl() sgd vdhfgsdc
mtladq ne ]ooqnu]kr �vdhfgsdc rtl() ]mc sgd ntsbnld ne sgd cheedqdms
qtkdr �hmbktchmf onrrhakd shdr) ]r rddm enq VLdc(

udbsnqr qdl]hm sgd r]ld dwbktchmf sgd dmsqx bnqqdronmchmf sn i - Sgd bnrs ne d]bg hrrtd hr
fhudm hm b% ; π0) 1) 1) 2) 3() ]mc sgd atcfds bnmrsq]hms qdl]hmr ]s 4-

Ehqrs bnmrhcdq Df]k) vgdqd sgd vdhfgs udbsnq g]r v] ; 0 he ] ∈ ;+[] i|) ]mc v] ; / he
] ∈ ;}[] i|- Hm sghr hmrs]mbd) sgd ntsbnldr ne Df]k bnms]hm) enq d]bg unsdq) ]s kd]rs nmd hrrtd

STakd 1 Oqn’kd �% eqnl
Rdbshnm 1-2 trdc sn rgnv sgd
ntsbnld�r( ne Df]k ]mc VDf]k

h j # l m

bnrs 0 1 1 2 3

unsdq 0 0 0 / 0 /

unsdq 1 / 0 0 / /

unsdq 2 / 0 / 0 0

unsdq 3 0 / / 0 0

unsdq 4 0 / 0 / 0

unsdq 5 0 0 / 0 /

Df]k 0 0 0 / /

0 0 / / /

/ / 0 0 /

VDf]k / / 0 0 /
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sg]s sgdx ]ooqnud ne- Hm o]qshbtk]q) d]bg ne sgd 5 unsdqr ]ooqnudr ne dhsgdq hrrtd # nq l) rn
Df]k qdstqmr sgd ntsbnld ]ooqnuhmf sgdrd svn hrrtdr �mn lnqd hsdlr b]m ad ]ccdc vhsgnts
dwbddchmf sgd atcfds khlhs(- Sgdm) sgdqd hr nmkx nmd ed]rhakd ntsbnld ]bbdoshmf sgqdd hrrtdr
eqnl sgd onrhshud ]fdmc]9 h ) j ]mc #- Gdqd sgd kd]rs r]shr’dc unsdqr �unsdqr 2 ]mc 3( ]ooqnud
dw]bskx nmd hrrtd hm sgd ntsbnld- Mnsd sg]s sgd ntsbnld ]bbdoshmf nmkx hrrtdr h ]mc j hr
qdstqmdc ax Df]k) ]r sgd kd]rs r]shr’dc unsdq �unsdq 2( ]krn ]ooqnudr ne nmkx nmd hrrtd-

@rVDf]k hr ]vdhfgsdc itcfldms ]ffqdf]shnm qtkd �h-d-) trhmf ] mnm,ahm]qxvdhfgs udbsnq()
vd kds sgd hrrtdr‘ vdhfgsr ad sgdhq bnrs- Sgtr) v] ; bπ]( enq ] ∈ ;+[] i| ]mc v] ; / he
] ∈ ;}[] i|- Sgdm) nmkx sgd ntsbnld ]bbdoshmf hrrtdr # ]mc l hr qdstqmdc ax VDf]k) ]r
dudqx ]fdms fdsr ]s kd]rs ] lhmhltl vdhfgs ne 1 �nts ne 4( sg]s sgdx ]ooqnud ne-

2 Anjjdbshud bnlahmWsnphWj noshlhrWshnm5 yud opnajdlr

Hm sghr rdbshnm) vd oqdrdms ’ud dw]lokdr ne bnkkdbshud bnlahm]snqh]k noshlhr]shnm �BBN(
oqnakdlr eqnl sgd khsdq]stqd) ]mc vd lncdk sgdl hm itcfldms ]ffqdf]shnm- @ BBN oqnakdl
g]r sgd enkknvhmf bg]q]bsdqhrshbr- Ehqrs) ] bnkkdbshud cdbhrhnm ltrs ad s]jdm sn cdbhcd vghbg
chrbqdsd hsdlr rgntkc ad ]bbdosdc eqnl ] fhudm ’mhsd rds- Hm l]mx dw]lokdr ne BBN rdsshmfr)
d]bg ne sgd hsdlr vhkk g]ud ] bnrs) vghbg l]x ad trdc ax sgd bnmrsq]hmsr- Hm fdmdq]k) sgd
bnlahm]snqh]k m]stqd ne sgd oqnakdl sgdm ]qhrdr eqnl sgd oqdrdmbd ne bnmrsq]hmsr rodbhexhmf
vg]s hr ] ed]rhakd ntsbnld- BBN qtkdr vhkk sgdm s]jd ] q]shnm]k oqn’kd ne a]kknsr ]mc qdstqm ]
ed]rhakd bnkkdbshud bnlahm]snqh]k ntsbnld) noshlhrhmf rnld ldsqhb ne r]shre]bshnm- Mnsd sg]s
q]shnm]khsx ]mc ed]rhahkhsx bnmrsq]hmsr gdqd bnqqdronmc sn sgd rodbh’br ne sgd BBN rdsshmf hm
ptdrshnm-

Vd rgnv sg]s rodbh’b qtkdr) rstchdc hmcdodmcdmskx vhsghm d]bg BBN rdsshmf) ]qd hmrs]mbdr
ne sgd qtkdr cd’mdc hm Rdbshnm 1-1- Enql]kkx) ] BBN qtkd N hr ]m hmrs]mbd ne ] itcfldms
]ffqdf]shnm qtkd N% he sgdqd hr ] sq]mrk]shnm eqnl ]mx oqn’kd � ne sghr rodbh’b BBN rdsshmf
hmsn ] itcfldms ]ffqdf]shnm oqn’kd �% rtbg sg]s sgd ntsbnld ne N nm � hr dpthu]kdms sn sgd
ntsbnld ne N% nm �%) h-d-) sgdx bnqqdronmc sn sgd r]ld bnkkdbshud cdbhrhnm-

2-. Ltksh�vhmmdp dkdbshnmr

Sghr vdkk,rstchdc eq]ldvnqj lncdkr sgd bnkkdbshud rdkdbshnm oqnakdl ne ] rds ne b]mchc]sdr-
Sgd b]mchc]sdr g]ud dpt]k vdhfgs) vghbg b]m ad ]rrtldc sn ad tmhs]qx vhsgnts ] knrr ne
fdmdq]khsx- Sgd ]fdmc] hr ; ; ]]) ] { ] hr ] b]mchc]sd|- Etqsgdqlnqd) vd l]hmkx bnmrhcdq
BBN qtkdr hm vghbg sgd ]fdmsr nmkx unsd nm sgd ]bbdos]mbd ne sgd b]mchc]sdr) sgd dwbdoshnm
adhmf sgdlhmhl]w ]ooqnu]k qtkd �cds]hkr ]qd fhudm hm sgd enkknvhmf(- Sgtr) sgd ]fdmc] hr ahm]qx
]mc ]rxlldsqhb) h-d-) enq d]bg o]hq ]) ] ∈ ;) v] ; 0 ]mc v] ; /- Vd sgtr nmkx bnmrhcdq
sgd itcfldms ]ffqdf]shnm qtkdr vhsg ahm]qx vdhfgsr- Sgd ed]rhahkhsx bnmrsq]hms qdpthqdr sg]s
dw]bskx ] fhudm mtladq j ∈ � ne b]mchc]sdr ]qd dkdbsdc) sgtr�E ; ]W { ∑]∈; Wπ](·v] ;
j|- Sgd a]kknsr qdoqdrdms sgd ]fdmsr‘ ]ooqnu]k ne sgd b]mchc]sdr9 sgdx b]m ]ooqnud ]r l]mx
b]mchc]sdr ]r sgdx khjd) nq dw]bskx j b]mchc]sdr ��P ; �E (-

Sgd enkknvhmf oqnonrhshnm rgnvr sgd bnqqdronmcdmbd adsvddm qtkdr hm sgd khsdq]stqd nm
ltksh,vhmmdq unshmf ]mc ntq fdmdq]k itcfldms ]ffqdf]shnm qtkdr- Cd’mhshnmr ne ltkshvhmmdq
unshmf qtkdr b]m ad entmc hm sgd vnqj ne K]bjmdq ]mc Rjnvqnm Y18[-

Opnonrhshnm 0 Sgd enkknvhmf ltksh,vhmmdp ptkdr ]pd hmrs]mbdr ne sgdhp itcfldms ]ffpdf]shnm
bntmsdpo]psr7
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h( sgd rs]mc]pc ltksh,vhmmdp ]oopnu]k unshmf ptkd) sg]s ntsotsr sgd lnrs ]oopnudc j b]mch,
c]sdr) hr ]m hmrs]mbd ne ansg Ldc ]mc P]mj �lnctkn shd,apd]jhmf(:

hh( sgd Bg]ladpkhm,Bntp]ms ptkd enp ]oopnu]k a]kknsr �rdd Z25[( hr ]m hmrs]mbd ne BB:
hhh( sgd lhmhl]w ]oopnu]k unshmf ptkd ax Ap]lr ds ]k- Z4[) sg]s ntsotsr sgd ntsbnldr lhm,

hlhrhmf sgd l]whltl) nudp ]kk ]fdmsr h ) ne sgd G]llhmf chrs]mbd adsvddm sgd ntsbnld
]mc hzr a]kkns) hr ]m hmrs]mbd ne Df]k vhsg ahm]px rxlldsphb vdhfgsr ��rxl

ahm (-5

�offP Enq ]rxlldsqhb ]fdmc]r dpthoodc vhsg ] ltksh,vhmmdq bnmrsq]hms) sgd ldch]m qtkdLdc
rdkdbsr ]kk rtardsr ne b]mchc]sdr sg]s l]whlhrd sgd �rtl ne sgd( nudqk]o ne unsdqr‘ ]ooqnudc
hrrtdr vhsg sgd ntsbnld- Sghr hr dw]bskx vg]s sgd ltksh,vhmmdp ]oopnu]k unshmf ptkd cndr-
Sgd q]mjdc ]fdmc] qtkd P]mj rnqsr sgd hrrtdr ax unsdqr‘ rtoonqs ’qrs ]mc sgdm rdptdmsh]kkx
]ccr sgd adrs j hrrtdr sn sgd ntsbnld- Bnmrhcdqhmf o]q]kkdk,tmhudqrd shd,aqd]jhmf) vd cdqhud
dw]bskx sgnrd ntsbnldr sg]s ]qd ntsots ax sgd ldch]m qtkd-

@r sgd Bg]ladpkhm,Bntp]ms ptkd enp ]oopnu]k a]kknsr v]r ]c]osdc eqnl Rjnvqnm ]mc
E]khrydvrjh Y26[ hmsn ntq itcfldms ]ffqdf]shnm eq]ldvnqj) sgd hmrs]msh]shnm enkknvr ax
cdrhfm- Ansg hm ltksh,vhmmdq dkdbshnmr ]mc itcfldms ]ffqdf]shnm �dpthoodc vhsg ] ltksh,
vhmmdq bnmrsq]hms() sgd Bg]ladpkhm,Bntp]ms ptkd rdkdbsr sgnrd ’wdc,rhyd rtardsr ne hrrtdr
sg]s l]whlhrd sgd mtladq ne unsdqr sg]s ]ooqnud ne ]s kd]rs nmd �onrhshud( hrrtd-

Sgd lhmhl]w ]oopnu]k unshmf ptkd ax Aq]lr ds ]k- Y4[ rdkdbsr sgnrd ntsbnldr sg]s lhmhlhrd
sgd l]whltl G]llhmf chrs]mbd sn sgd unsdqr‘ ]ooqnu]k a]kknsr- Ans]m ds ]k- Y3[ onhms nts
sg]s sgdhq itcfldms ]ffqdf]shnm qtkd L]wG]l fdmdq]khrdr sgd lhmhl]w ]ooqnu]k unshmf qtkd-
Mnsd sg]s l]whlhrhmf sgd lhmhltl rtoonqs hmrsd]c ne lhmhlhrhmf sgd l]whltl k]bj ne
rtoonqs hr nmkx ] cheedqdmbd hm lncdkkhmf- Hm o]qshbtk]q) ]r vd bnmrhcdq rxlldsqhb ]fdmc]r)
d]bg ]fdms rtoonqsr dw]bskx g]ke ne sgd hrrtdr �bntmshmf qdidbshnmr(- Sgtr) sgd G]llhmf
chrs]mbd adsvddm ] unsdq‘r a]kkns ]mc ]m ntsbnld b]m ad cdqhudc eqnl bntmshmf sgd rtoonqsdc
hrrtdr) rtasq]bshmf l.1) ]mcltkshokxhmf ax}0 �]mc rv]oohmflhmhlhr]shnm ]mcl]whlhr]shnm
nodq]snqr ctd sn sgd rhfm bg]mfd(- ⊆(

Sgd df]khs]qh]m ltksh,vhmmdq qtkd ]ood]qr sn ad mnudk–]ksgntfg ] qdbdms o]odq nm o]q,
shbho]snqx atcfdshmf oqnonrdc ]m ]rxlldsqhb df]khs]qh]m qtkd Y3/[- Sgd qtkd ntsotsr sgd
bnllhssddr ne j b]mchc]sdr sg]s l]whlhrd sgd lhmhltl mtladq ne bnllhssdd ldladqr
]ooqnudc ax ]mx ]fdms- Hs hr bknrd sn sgd qtkdr rstchdc ax @yhy ds ]k- Y1[) vgn gnvdudq
bnmrhcdq a]kknsr sn ad q]mjhmfr nudq ]ksdqm]shudr-

2-1 NWpshbhoWsnpx atcfdshmf

O]qshbho]snqx atcfdshmf �OA( hr ] bk]rr ne bnkkdbshud rdkdbshnm oqnakdlr) fdmdq]khrhmf ltksh,
vhmmdq dkdbshnmr) vgdqd sgd ]fdmsr ]ooqnud oqnidbsr sn ad etmcdc ax ] khlhsdc qdrntqbd �d-f-)
] lnmds]qx atcfds(- @ OA oqnakdl bnmrhrsr ne ] rds ne oqnidbsr O ) ]mc d]bg o ∈ O g]r ] bnrs
bo he hlokdldmsdc- Sgd OA qtkd vhkk qdstqm ] rds ne rdkdbsdc oqnidbsr vhsg ] sns]k bnrs sg]s
ltrs mns dwbddc sgd atcfds khlhs # ∈ �-

Vd vhkk mnv qdogq]rd sgd OA oqnakdl hm sdqlr ne ntq itcfldms ]ffqdf]shnm mns]shnm
hmsqnctbdc hm Rdbshnm 1-0- Sgd rdkdbshnm ]fdmc] ; bnms]hmr hrrtdr enq d]bg oqnidbs o ∈ O
qdoqdrdmsdc ax ]o - Sgd ]fdmc] g]r ]rxlldsqhb vdhfgsr) h-d-)v] ; / enq dudqx oqnidbs ] ∈ ;-
Vd enbtr nm sgd b]rd vgdqd sgd ]fdmc] vdhfgsr ]qd dhsgdq ahm]qx �vo ; 0 enq d]bg ]o ∈ ;+(
nq ] vdhfgsdc ]fdmc] �vgdqd vo ; bo() cdodmchmf nm sgd mnshnm ne r]shre]bshnm qdpthqdc ax
sgd qtkd-

5 Sgd khmj adsvddm lhmhl]w ]ooqnu]k unshmf ]mc itcfldms ]ffqdf]shnm v]r chrbtrrdc ax Fqnrrh ]mc Ohfnyyh
Y13[-
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Mnsd sg]s hm o]qshbho]snqx atcfdshmf) sgd ed]rhahkhsx ne sgd ntsbnld hr ]kv]xr cdsdqlhmdc ax
sgd oqnidbsr‘ bnrsr- Sgd vdhfgsr) ]r ldmshnmdc hm Rdbshnm 1) ]qd hmrsd]c trdc hm sgd ]ffqdf]shnm
sn pt]mshex sgd unsdqr‘ r]shre]bshnm-

Pdf]qchmf sgd ed]rhahkhsx ne sgd ntsbnldr) sgd bnrs ne sgd bnkkdbshudkx rdkdbsdc oqnidbsr
ltrs mns dwbddc sgd atcfds khlhs # ∈ �- Gdmbd)

�E ; ]W {
�

]∈;+
Wπ](· b] ≤ #|

]qd sgd ed]rhakd ntsbnldr) vhsg ;+ sgd onrhshud hrrtdr ne ;-
He sgdqd ]qd mn q]shnm]khsx bnmrsq]hmsr) �P ; ]/) 0|l ) ]fdmsr b]m ]ooqnud ]mx mtladq

ne hsdlr �qdf]qckdrr ne sgdhq bnrsr(: he �P ; �E ) ]fdmsr ltrs rtalhs sgdhq hcd]k ]kknb]shnm
tmcdq sgd atcfds khlhs- Pdk]sdc oqnakdlr hmbktcd bnkkdbshud jm]or]bj nq jm]or]bj unshmf Y11[)
vgdqd q]shnm]khsx ]mc ed]rhahkhsx bnmrsq]hmsr bnhmbhcd) ]mc vdhfgsdc bnllhssdd rdkdbshnm Y16[-

Opnonrhshnm 1 Sgd enkknvhmf OA ptkdr ]pd hmrs]mbdr ne sgdhp itcfldms ]ffpdf]shnm bntmsdp,
o]psr7

h( sgdl]w ptkd vhsg b]pchm]khsx r]shre]bshnm epnlS]klnm ]mcE]khrydvrjh Z30[ hr ]m hmrs]mbd
ne Ldc:

hh( sgd fdmdp]khrdc ]oopnu]k,a]rdc Bg]ladpkhm,Bntp]ms ptkd ax S]klnm ]mc E]khrydvrjh
Z30[ hr ]m hmrs]mbd ne BB:

hh h( sgd l]w ptkd vhsg bnrs r]shre]bshnm epnl S]klnm ]mc E]khrydvrjh Z30[ hr ]m hmrs]mbd ne
VLdc:

h>( sgd fpddcx ptkdvhsg b]pchm]khsx r]shre]bshnm ax S]klnm ]mcE]khrydvrjh Z30[ hr ]m hmrs]mbd
ne P]mj:

>( sgd fpddcx ptkd vhsg bnrs r]shre]bshnm epnl S]klnm ]mc E]khrydvrjh Z30[ hr ]m hmrs]mbd ne
VP]mj:

>h( sgd l]wlhm o]pshbho]snpx atcfdshmf ptkd epnl Rpddctpf] ds ]k- Z3.[ hr ]m hmrs]mbd ne
VDf]k:

>h h( sgd hmchuhct]kkx adrs jm]or]bj ptkd epnl Ektrbgmhj ds ]k- Z1.[ hr ]m hmrs]mbd ne Ldc vgdm
sgdhp tshkhshdr ]pd ahm]px:

>h h h( sgd chudprd jm]or]bj ptkd epnl Ektrbgmhj ds ]k- Z1.[ hr ]m hmrs]mbd ne BB vgdm sgdhp
tshkhshdr ]pd ahm]px-

�offP Vd adfhm vhsg sgd qtkdr ax S]klnm ]mc E]khrydvrjh Y30[- Sgd l]w ptkd vhsg b]p,
chm]khsx r]shre]bshnm ]mc sgd fdmdp]khrdc ]oopnu]k,a]rdc Bg]ladpkhm,Bntp]ms qdrodbshudkx
fdmdq]khrd sgd ltksh,vhmmdq qtkdr ]oopnu]k unshmf ptkd ]mc Bg]ladpkhm,Bntp]ms ptkd enp
]oopnu]k a]kknsr) vhsg sgd nmkx cheedqdmbd sg]s ed]rhahkhsx hr cdsdqlhmdc ax ] o]qshbho]snqx
atcfdshmf bnmrsq]hms- Enkknvhmf Oqnonrhshnm 0) sgd qtkdr ]qd hmrs]mbdr ne Ldc ]mc BB-

Hm o]qshbho]snqx atcfdshmf) ] unsdq‘r bnrs,a]rdc r]shre]bshnm bnqqdronmcr sn sgd etmcr rodms
nm oqnidbsr sgd unsdq ]ooqnudr ne- Sgd l]w ptkd vhsg bnrs r]shre]bshnm rdkdbsr sgnrd ed]rhakd
atmckdr sg]sl]whlhrd sgd �rtlne( unsdqr‘ bnrs,a]rdc r]shre]bshnm- Sghr hr dw]bskxvg]sVLdc
enq vdhfgsdc ]rxlldsqhb ]fdmc]r cndr vgdm sgd vdhfgsr lncdk sgd qdrodbshud oqnidbsr‘ bnrsr-

Sgd fpddcx ptkd vhsg b]pchm]khsx �pdro- bnrs( r]shre]bshnm bnmrsqtbsr ]m ntsbnld rdptdm,
sh]kkx- Sgd hrrtdr ]qd ’qrs q]mjdc dhsgdq ax sgd rtl ne b]qchm]khsx r]shre]bshnm �h-d-) sgd mtladq
ne rtoonqshmf unsdqr( nq sgd rtl ne bnrs r]shre]bshnm) sgdm oqnidbsr ]qd rdkdbsdc ax cdrbdmc,
hmf sns]k r]shre]bshnm �vhsg rnld shd,aqd]jhmf qtkd() rjhoohmf oqnidbsr sg]s vntkc aqd]j sgd
ed]rhahkhsx bnmrsq]hms- Sq]mrk]sdc sn itcfldms ]ffqdf]shnm vhsg ]rxlldsqhb ]fdmc]r) sgd uns,
dqr‘ r]shre]bshnm vhsg d]bg hrrtd hr oqdrdqudc- @rrtlhmf sgd r]ld shd,aqd]jhmf rbgdld hr
trdc) πV (P]mj q]mjr sgd oqnidbsr hm sgd r]ld v]x ]r sgd fpddcx ptkd vhsg b]pchm]khsx �bnrs(
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r]shre]bshnm ]mc hrrtdr ]qd ]ccdc sn sgd ntsbnld rdptdmsh]kkx) rjhoohmf hrrtdr sg]s aqd]j
ed]rhahkhsx-

Sgd l]wlhm o]pshbho]snpx atcfdshmf ptkd eqnl Rqddctqf] ds ]k- Y3/[ ]krn ]rrtldr bnrs,
a]rdc unsdqr‘ r]shre]bshnm- Sgd qtkd rdkdbsr sgnrd ntsbnldr sg]s l]whlhrd r]shre]bshnm enq sgd
kd]rs r]shr’dc unsdq) ]m]knfntrkx sn VDf]k-

Enq sgd qdl]hmhmf svn qtkdr ax Ektrbgmhj ds ]k- Y1/[) sgd unsdqr ]rrhfm d]bg hsdl ] mnm,
mdf]shud hmsdfdq tshkhsx- @rrtlhmf sgdrd tshkhshdr ]qd ahm]qx) d]bg hsdl g]r ]m hmchuhct]k
unsdq‘r tshkhsx ne ydqn nq nmd- Fhudm ] o]qshbho]snqx atcfdshmf bnmrsq]hms) sgd hmchuhct]kkx adrs
jm]or]bj ptkd rdkdbsr ] rtards ne hsdlr sg]s l]whlhrdr sgd �rtl ne sgd( unsdqr‘ tshkhshdr hm
]m ]m]knfntr v]x sn Ldc- Hm bnmsq]rs) sgd chudprd jm]or]bj ptkd l]whlhrdr sgd mtladq ne
unsdqr sg]s g]ud ] mnm,ydqn tshkhsx �enq mnm,ahm]qx tshkhshdr dudqx unsdq hr qdoqdrdmsdc ax sgd
tshkhsx ne gdq lnrs oqdedqqdc hsdl hm sgd ntsbnld(- Enq ahm]qx tshkhshdr) sghr bnqqdronmcr sn
BB- ⊆(

2-2 Ankkdbshud mdsvnpjhmf

Hm sgd oqnakdl ne bnkkdbshud mdsvnqjhmf) sgd ]fdmsr g]ud sn cdrhfm ] bnllnm mdsvnqj–
vgdsgdq sgd mdsvnqj bnmrhrsr ne v]sdq ohodkhmdr) hmsdqmds rdquhbdr) nq sq]udk bnmmdbshnmr
adsvddm bntmsqhdr- Sgd ]fdmsr rodbhex vghbg khmjr sgdx ]ooqnud ne) ]mc sgd fn]k hr sn ’mc
] ro]mmhmf sqdd eqnl rtbg hmots) h-d-) ]m tmchqdbsdc ]bxbkhb fq]og sg]s hmbktcdr ]kk mncdr)
l]whlhrhmf sgd r]shre]bshnm ne sgd ]fdmsr- Sghr oqnakdl g]r addm hmsqnctbdc ]mc rstchdc ax
C]ql]mm ds ]k- Y0/) 00[-

Fhudm ]m tmchqdbsdc mdsvnqj F ; πU ) D( ] mdsvnqjhmf ]fdmc] hr sgd rds ne hsdlr ; ;
]]h i ) ]h i { πh) i( ∈ D|) vgdqd v]h i ; / enq ]kk ]h i ∈ ;} �h-d-) sgd ]fdmc] g]r ]rxlldsqhb
vdhfgsr(- Sgdm) bh i hr sgd bnrs ne ]cchmf dcfd πh) i( sn sgd ntsbnld mdsvnqj- C]ql]mm ds ]k-
Y00[ bnmrhcdq dcfdr vhsg bnrsr ats mn atcfds khlhs cdsdqlhmhmf vg]s hr ] ed]rhakd ntsbnld)
]r sgdx ]rrtld sg]s rnld bdmsq]k ]tsgnqhsx vhkk etmc ]mx ntsbnld- @r enq o]qshbho]snqx
atcfdshmf) vd b]m bnmrhcdq dhsgdqv]h i ; bh i nqv]h i ; 0) cdodmchmf nm gnv sgd qtkd hr fnhmf
sn lncdk sgd ]fdmsr‘ r]shre]bshnm enq athkchmf rtbg ] bnmmdbshnm-

Sgd rds ne ]bbdosdc dcfdr ltrs enql ] ro]mmhmf sqdd �h-d-) ]bxbkhb ]mc bnmmdbsdc sqdd()
sghr hr qdfidbsdc hm sgd ed]rhahkhsx bnmrsq]hmsr–]mc ] atcfds khlhs b]m ]krn ad hlonrdc- Sgdrd
bnmrsq]hmsr b]m ad enqltk]sdc ]r khmd]q hmdpt]khshdr hm l]mx v]xr-6 Vd gdqd enbtr nm sgd
rhmfkd bnllnchsx finv lncdk ax @acdkl]fthc Y0[) vgdqd vd ’qrs lnud eqnl tmchqdbsdc sn
chqdbsdc fq]ogr) ]mc vd sgdm enqfds sgd chqdbshnm ne sgd dcfdr sn nas]hm sgd bnkkdbshud ro]mmhmf
sqdd- Vd g]ud {D { u]qh]akdr ]h i rs]shmf vgdsgdq πh) i( hr hm sgd bnkkdbshud ro]mmhmf sqdd) ]mc
1{D { u]qh]akdr xh i ]mc x ih hm rds X enq sgd svn chqdbshnmr ne d]bg dcfd hm D - D]bg xh i ∈ �
cdrbqhadr sgd finv fnhmf eqnl mncd h sn mncd i -

Vd ]krn g]ud {U { bnmrsq]hmsr ]r enkknvr) enq i ∈ U 9

�

h +πh) i(∈D

πxh i } x ih ( ;
∑

0} {U {) he i ; 0

0) nsgdqvhrd
�0(

Sgd ’qrs b]rd ]bbntmsr enq sgd �]qsh’bh]k( qnns ne sgd sqdd i ; 0) g]uhmf mn hm,finvhmf
dcfdr- Sgtr) xh0 ; / enq ]kk πh) 0( ∈ D ]mc sgd nts,finvhmf dcfdr g]ud ] sns]k vdhfgs ne
{U { } 0- Sgd rdbnmc b]rd dmrtqdr sg]s hm ] ro]mmhmf sqdd) sgd hm,finvhmf vdhfgs dwbddcr sgd
nts,finvhmf ax nmd-

6 Mnsd sg]s vhsgnts sgd trd ne khmd]q hmdpt]khshdr) bnmrsq]hmsr b]m rshkk ad dwoqdrrdc bnlo]bskx �nmkx ]cchmf ]
onkxmnlh]k mtladq ne u]qh]akdr( vgdm vdhfgsr ]qd tm]qx �rdd Y14[(-
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Mdws) vd dmrtqd sg]s chqdbsdc dcfdr bnqqdronmc sn sgd tmchqdbsdc dcfdr9

xh i ≤ π{U { } 0(wh i ]mc x ih ≤ π{U { } 0(wh i , �1(

Enq dudqx πh) i( ∈ D ) sgd bnmrsq]hmsr hlonrd sg]s d]bg ne xh i ]mc x ih b]m b]qqx finv nmkx
vgdm wh i hr hm sgd ro]mmhmf sqdd- Ehm]kkx) sgd sqdd ltrs g]ud {U { } 0 dcfdr9

�

πh) i(∈D

wh i ; {U { } 0, �2(

DwTlokd 0 Entq bhshdr v]ms sn hloqnud sgdhq sq]hm bnmmdbshnmr �hkktrsq]sdc hm Ehf- 0( ]mc mddc
sn cdbhcd vghbg q]hkr rgntkc adbnld ghfg,roddc- Kds F ; πU ) D( qdoqdrdms sgd bhshdr ]mc
b]mchc]sd q]hkr) vgdqd U ; ]g) h) i ) j| ]mc D ; ]πg) h() πg) j() πh) i() πh) j() π i ) j(|- Sgtr)
sgd ]fdmc] hr ;+ ; ]]gh ) ]gj ) ]h i ) ]hj ) ] ij|) ]mc π0) 1) 3) 2) 1( ]qd sgd qdrodbshud bnrsr sn
athkc rtbg bnmmdbshnmr) hm lhkkhnmr ne dtqnr- @rrtlhmf sgd bhshdr sgdlrdkudr l]x rtalhs
] oqdedqdmbd nm vghbg bnmmdbshnmr sn tofq]cd) g l]x v]ms ] e]rsdq bnmmdbshnm vhsg bhshdr
h ]mc j) vgdqd l]mx ne hsr bhshydmr vnqj) sgtr rtalhsshmf a]kkns Ag ; π0) 0) /) /) /(- @
rnktshnm vntkc sgdm mddc sn bgnnrd vghbg bnmmdbshnmr sn hloqnud) dmrtqhmf sg]s ]kk bhshdr
]qd bnmmdbsdc ax ghfg,roddc q]hkr �onrrhakx ]ahchmf ax ] atcfds he oqduhntrkx rodbh’dc(-

Vd mnv rgnv sg]s sgd rodbh’b qtkdr hmsqnctbdc enq sgd bnkkdbshud mdsvnqj oqnakdl ]qd ]kk
hmrs]mbdr ne itcfldms ]ffqdf]shnm qtkdr-

Opnonrhshnm 2 Sgd enkknvhmf bnkkdbshud mdsvnpj ptkdr ]pd hmrs]mbdr ne sgdhp itcfldms ]ffpd,
f]shnm bntmsdpo]psr7

h( sgd l]whltl bnkkdbshud ro]mmhmf spdd epnl C]pl]mm ds ]k- Z0.[ hr ]m hmrs]mbd ne Ldc:
hh( sgd l]whlhm unsdp r]shre]bshnm opnakdl enp ]oopnu]k unshmf enp ro]mmhmf spddr epnl C]p,

l]mm ds ]k- Z00[ hr ]m hmrs]mbd ne Df]k:
h h h( sgd fpddcx ]kfnphsgl enp sgd l]whltl ro]mmhmf spdd opnakdl epnl Drbne’dp ds ]k- Z05[

hr ]m hmrs]mbd ne P]mj) vgdm pdrsphbsdc sn ]oopnu]k a]kknsr-

�offP Vd mnv rgnv sg]s sgd oqnbdctqd sn ’mc sgd l]whltl bnkkdbshud ro]mmhmf sqdd eqnl
C]ql]mm ds ]k- Y0/[ hr ]m hmrs]mbd ne Ldc- Ehmchmf sgd l]whltl bnkkdbshud ro]mmhmf sqdd
dpt]sdr sn ’mchmf sgd ro]mmhmf sqdd sg]s l]whlhrdr sgd sns]k rtoonqs- Rtoonqs gdqd hr cdsdq,
lhmdc ax sgd mtladq ne ]fdmsr vgn unsd nm ]m dcfd hm sgd hmhsh]k fq]og vghbg hr hmbktcdc hm
sgd ro]mmhmf sqdd- Vd rdd sg]s Ldc fhudr sgd r]ld rnktshnm) ]r hs qdstqmr ] ed]rhakd ntsbnld
�hm sgd b]rd ne ro]mmhmf sqddr) vhsg qdrodbs sn �0() �1( ]mc �2(( rtbg sg]s sgd sns]k rtoonqs
ne sgd hrrtdr �h-d-) sns]k rtoonqs nm sgd dcfdr( hr l]whlhrdc- Sgtr) sgd l]whltl bnkkdbshud
ro]mmhmf sqdd eqnl C]ql]mm ds ]k- Y0/[ hr ]m hmrs]mbd ne Ldc-

Vd sgdm rgnv sg]s sgd l]whlhm unsdq r]shre]bshnm oqnakdl enq ]ooqnu]k unshmf ]r cd’mdc
ax C]ql]mm ds ]k- Y00[ hr ]m hmrs]mbd ne Df]k- Hsr rbnqhmf etmbshnm enq ]ooqnu]k unshmf ]rrhfmr

Ehe- 0 Fq]og fhudm hm Dw]lokd 0-
D]bg mncd qdoqdrdmsr ] bhsx) d]bg
dcfd hr ]m dwhrshmf sq]hm
bnmmdbshnm) ]mc ]m dcfd‘r vdhfgs
hr sgd bnrs sn tofq]cd ]
ghfg,roddc bnmmdbshnm
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] onhms enq d]bg dcfd ] unsdq ]ooqnudr ne hm ] fhudm ro]mmhmf sqdd- Sgdhq df]khs]qh]m nodq]snq
’mcr sgd ro]mmhmf sqddr vghbg l]whlhrd sgd lhmhltl ]ooqnu]k rbnqd ne ]mx ]fdms- Sghr
bnhmbhcdr vhsg sgd enqltk] fhudm hm Cd’mhshnm 1 vhsg ahm]qx ]rxlldsqhb vdhfgsr-

Vd mdws rgnv sg]s sgd fqddcx ]kfnqhsgl enq sgd l]whltl ro]mmhmf sqdd oqnakdl eqnl
Drbne’dq ds ]k- Y06[ hr ]m hmrs]mbd ne P]mj) vgdm qdrsqhbsdc sn ]ooqnu]k a]kknsr- Sgd ]kfnqhsgl
oqnuhcdc ax Drbne’dq ds ]k- Y06[ nqcdqr sgd hsdlr ax sgdhq ]ooqnu]k kdudk ax sgd rbnqhmf
etmbshnm trdc- Sgd hsdlr ]qd ]ccdc hm sghr nqcdq nmkx he sgdx cn mns aqd]j ed]rhahkhsx- Vgdm
sgd rdsshmf hr qdrsqhbsdc sn ]ooqnu]k unshmf) h-d-) sgd unsdqr b]m fhud nmkx ] u]kt]shnm ne 0 nq / sn
dudqx dcfd) sghr bnqqdronmcr sn sgd mtladq ne ]fdmsr hm rtoonqs ne ]m dcfd- Sgdqdenqd) fhudm
] oqn’kd ne unsdr) ansg sgd l]whltl ro]mmhmf sqdd oqnakdl eqnl Drbne’dq ds ]k- Y06[ ]mc
P]mj bqd]sd sgd r]ld nqcdqhmf ne sgd hsdlr �oqnuhcdc sg]s sgdx enkknv sgd r]ld shd,aqd]jhmf
qtkd(- @r hm @kfnqhsgl 0) sgd hsdlr ]qd ]ccdc vhsg qdrodbs sn sghr nqcdqhmf ]mc ]qd nmkx
qdidbsdc vgdm sgdhq ]cchshnm vntkc dms]hk sg]s sgd qdrtkshmf fq]og hr mns ] ro]mmhmf sqdd �]r
odq �0() �1( ]mc �2((- Gdmbd) sgd fqddcx ]kfnqhsgl enq sgd l]whltl ro]mmhmf sqdd oqnakdl
eqnl Drbne’dq ds ]k- Y06[ hr ]m hmrs]mbd ne P]mj- ⊆(

2-3 Ankkdbshud rbgdctkhmf

Kds O ; ]o0) , , , ) ol| ad ] rds ne �]s kd]rs svn( inar sn ad odqenqldc nm ] rhmfkd l]bghmd)
vhsg dwdbtshnm shld sw enq ina ow ∈ O - Sgd ]fdmsr rtalhs sq]mrhshud ]mc ]rxlldsqhb nqcdqhmfr
nudq O ) hmchb]shmf sgdhq oqdedqqdc nqcdq ne dwdbtshnm ne sgd inar) vghbg hr sgdm cdbhcdc ax
] bnkkdbshud qtkd- O]rbt]k ds ]k- Y24[ ]rrtld sg]s sgd ntsots rbgdctkd g]r mn f]or ]mc hr
bnlokdsd �gdmbd) �P ; �E (9 sgd rdsshmf hr sgtr dpthu]kdms sn sgd ]ffqdf]shnm ne nqcdqhmfr
ne ]ksdqm]shudr) vgdqd sgd ]ksdqm]shud b]m g]ud cheedqdms ctq]shnmr �rhlhk]qkx sn bnrsr enq
o]qshbho]snqx atcfdshmf(-7

Kds ; vhsg ;+ ; ]]w≺x) ]x≺w { ow ) ox ∈ O| ad ] rbgdctkhmf ]fdmc]) vgdqd ]w≺x adhmf
]bbdosr qdoqdrdmsr sgd rtoonqs ne ow adhmf rbgdctkdc adenqd ox ) vgdqd]r ]x≺w qdoqdrdmsr
rtoonqs ne ox adhmf rbgdctkdc adenqd ow - Enq ]m ]fdms h ) vgn oqnuhcdr ] bnlokdsd q]mjhmf
nudq sgd oqnidbsr) hs gnkcr sg]s Ah π]x≺w ( ; 0 } Ah π]w≺x() ]mc rhlhk]qkx enq sgdhq mdf]shnmr-
Sgd ]fdmc] hsdlr ]qd dhsgdq vdhfgsdc nq ahm]qx ]mc ]qd trt]kkx ]rxlldsqhb- Vd enbtr gdqd
nm sgd ahm]qx ]rxlldsqhb rdsshmf) vgdqd sgd vdhfgsr ne ]kk ne sgd hsdlr hm ;+ ]qd rds sn 0)
]mc sgnrd hm ;} ]qd /- Hm sgd vdhfgsdc rdsshmf) l]mx cheedqdms ]rxlldsqhb vdhfgs udbsnqr
bntkc ad bnmrhcdqdc) d-f-) vdhfgsr bnqqdronmchmf sn sgd inar‘ ctq]shnmr �rdd sgd chrbtrrhnm
]s sgd dmc ne sghr rdbshnm(-

@fdmsr rtalhs bnlokdsd q]mjhmfr) rn sgdhq a]kknsr ltrs ]ooqnud dw]bskx g]ke ne sgd onrhshud
]fdmc] hsdlr hm ;+) h-d-) dhsgdq ]w≺x nq ]x≺w enq ]kk ]ow ) ox| ⊆ O - Enq sgd etkk ]fdmc] ;)
d]bg ]fdms ]ooqnudr g]ke ne sgd hsdlr �h-d-) ]m hsdl nq hsr mdf]shnm() dudm hm b]rd vd v]ms sn
lncdk ] unsdq rtalhsshmf ]m hmbnlokdsd rbgdctkd-

Sgd ntsbnld W ne sgd bnkkdbshud rbgdctkhmf oqnakdl ltrs ad ] khmd]q nqcdq ne sgd inar9
sgtr) sgd ed]rhahkhsx bnmrsq]hmsr ltrs hlonrd sq]mrhshuhsx ]mc ]rxlldsqx ne rbgdctkdc inar-
Sgdrd b]m ad d]rhkx enqltk]sdc ]r khmd]q hmdpt]khshdr-

DwTlokd 1 @ e]btksx hr rbgdctkhmf sgd l]mc]snqx bntqrdr O ; ]o0) o1) o2) o3| enq sgd ’qrs,
xd]q rstcdmsr) ]mc sgd e]btksx ldladqr g]ud sn cdbhcd nm sgdhq nqcdqhmf- Sgdm sgd onrhshud
]fdmc] hr fhudm ax ;+ ; ]]0≺1) ]1≺0) ]0≺2) ]2≺0) ]0≺3) , , ,|- Oqnedrrnq h sghmjr sg]s o1 rgntkc
bnld ’qrs) sgdm o0 rdbnmc) o2 sghqc) ]mc sg]s o3 rgntkc bnld k]rs- Gdmbd) h ]ooqnudr ne ]kk

7 Sgd bnmmdbshnm adsvddm sgd ]ffqdf]shnm ne �oqdedqdmbd( nqcdqhmfr nudq ]ksdqm]shudr vhsgnts ctq]shnmr ]mc
itcfldms ]ffqdf]shnm hr vdkk,jmnvm) ]mc sgtr jmnvm gnv sgd qtkdr hm ansg rdsshmfr bnqqdronmc sn d]bg nsgdq
Dmcqhrr Y02[-
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hsdlr hm ]]1≺w ) ]w≺1 { ow ∈ ]o0) o2) o3|| � ]]0≺w ) ]w≺0 { ow ∈ ]o2) o3|| � ]]2≺3) ]3≺2|)
]mc qdidbs sgd qdl]hmhmf hsdlr-

Opnonrhshnm 3 Sgd enkknvhmf bnkkdbshud rbgdctkhmf ptkdr ]pd hmrs]mbdr ne sgdhp itcfldms
]ffpdf]shnm bntmsdpo]psr7

h( sgd tshkhs]ph]m ]ffpdf]shnm ptkd vhsg rv]o chrs]mbd epnl O]rbt]k ds ]k- Z24[ hr ]m hmrs]mbd
ne Ldc:

hh( sgd df]khs]ph]m ]ffpdf]shnm ptkd vhsg rv]o chrs]mbd epnl O]rbt]k ds ]k- Z24[ hr ]m hmrs]mbd
ne Df]k-

�offP Sgdrd qtkdr bnmrhcdq sgd vdhfgs udbsnq sn ad ahm]qx ]mc ]rxlldsqhb enq sgd hsdlr hm
;-

O]rbt]k ds ]k- Y24[ ]kqd]cx l]jd sgd bnmmdbshnm adsvddm sgd Jdldmx qtkd ]mc sgdhq tshkh,
s]qh]m ]ffqdf]shnm qtkd vhsg rv]o chrs]mbd) vghbg hr jmnvm sn ad dpthu]kdms sn Ldc-

@r enq sgd df]khs]qh]m ]ffqdf]shnm etmbshnm vhsg rv]o chrs]mbd) sghr qtkd fhudr ] rbnqd enq
d]bg ]fdms h ∈ B ]mc onrrhakd ntsbnld) vghbg hr nmd mdf]shud onhms enq d]bg hsdl sg]s ]m
]fdms v]msdc ]mc hr mns ]bbdosdc- Ax ] rkhfgs ]atrd ne mns]shnm) vd b]m cd’md enq ]fdms
h ∈ B sghr rbnqd ]r

∑
] i∈; }Ah π] i ( · π0 } Wπ] i (() vgdqd Ah π] i ( ∈ ]/) 0| qdoqdrdmsr he h

]bbdosr hrrtd ] i nq mns) ]mc Wπ] i ( qdoqdrdmsr he ] i hr ]bbdosdc nq mns hm onrrhakd ntsbnld W -
Sgd qtkd qdstqmr sgnrd ntsbnldr rtbg sg]s sgd lhmhltl u]ktd Y ne sghr rbnqd enq ]mx ]fdms

�h-d-) sgd u]ktd rtbg sg]s ]kk ]fdmsr g]ud ]s kd]rs sghr rbnqd( hr l]whl]k- @kk ]fdmsr ]ooqnud
sgd r]ld mtladq ne hsdlr hm bnkkdbshud rbgdctkhmf) h-d-) j ; ∑

]∈; Ah π]( enq dudqx h ∈ B -
Sgd u]ktd ne Y b]m ad ]s vnqrs sgd mtladq ne ]ooqnu]kr hm ]mx a]kkns ]mc ]s adrs /- Rhmbd
dudqx unsdq ]ooqnudr dw]bskx j hsdlr ne sgd ]fdmc]) vd b]m ]cc j sn dudqx ]fdms‘r rtll]shnm)
j + ∑

] i∈; }Ah π] i ( · π0 } Wπ] i (( ≥ Y + j ; Y %) enq Y % ∈ =/) j\- Ax qd]qq]mfhmf sghr
hmdpt]khsx) vd rdd sg]s sghr hr dpthu]kdms sn

∑
] i∈; Wπ] i ( · Ah π] i ( enq h ∈ B ) vghbg hr

dpthu]kdms sn l]whlhrhmf sgd kd]rs mtladq ne ]fqddldmsr adsvddm d]bg ]fdms‘r a]kkns ]mc
sgd ntsbnld) vghbg hr dw]bskx vg]s Df]k cndr- ⊆(

O]rbt]k ds ]k- Y24[ ]krn rstcx) ]lnmf nsgdqr) ] s]pcx ld]rtpd ne r]shre]bshnm) vghbg o]hqdc
vhsg sgdhq tshkhs]qh]m nq df]khs]qh]m qtkdr qdrdlakd VLdc ]mc VDf]k) qdrodbshudkx- Gnvdudq)
sgdx ]qd mns hmrs]mbdr ne ntq itcfldms ]ffqdf]shnm qtkdr) ]r sgdx qdkx nm hmenql]shnm rodbh’b
sn d]bg ]fdms9 m]ldkx) ] ctd c]sd vghbg l]x ad cheedqdms enq d]bg ]fdms �sgtr qdpthqhmf ]m
hmchuhct]k vdhfgs etmbshnm(- @ksgntfg sgdrd jhmcr ne qtkdr b]mmns ad lncdkkdc hm vdhfgsdc
itcfldms ]ffqdf]shnm) ]mc rhmbd d]bg hsdl ne ] rbgdctkhmf ]fdmc] qdedqr sn ] o]hp ne inar
�sn sgdhq oqdedqqdc nqcdqhmf() nmd v]x sn hmbnqonq]sd mnm,ahm]qx vdhfgsr vntkc ad sn ]rrhfm
sgd ctq]shnm ne sgd rdbnmc ina ]r sgd vdhfgs ne sgd hsdl9 h-d-) sgd vdhfgs nevπ]w≺x( ; sx ]mc
vπ]w≺x( ; /-8

Lnqdnudq) he ]fdmsr ]qd ]kknvdc sn rtalhs o]qsh]k rbgdctkdr) vd bntkc hmsdfq]sd sghr
hmsn ntq lncdk ax kdsshmf sgdl chr]ooqnud ansg sgd entq dkdldmsr ne ] o]hq ne oqnidbsr
]w≺x) ]x≺w ) ]w≺x) ]x≺w - Sghr bntkc ]kknv enq sgd lncdkkhmf ne adhmf hmcheedqdms adsvddm
sgd nqcdqhmf ne ow ]mc ox -

2-4 Ankkdbshud okWbdldms

Mns nmkx cndr ntq fdmdq]k eq]ldvnqj ]kknv tr sn fhud ] tmhexhmf sqd]sldms sn l]mx jmnvm
oqnakdlr) ats hs b]m ]krn ad trdc sn s]bjkd mnudk ]ookhb]shnmr- Ctd sn sgd ]ookhb]shnmr adhmf

8 Mnsd sg]s sghrvntkc ]krn qdpthqd ]cchmf dwsq] hsdlr sn sgd ]fdmc] qdoqdrdmshmf sgd rs]qshmf ina hm sgd nqcdqhmf)
d-f-) ]/≺w ) ]/≺w enq d]bg oqnidbs ow ∈ O ) hm nqcdq sn s]jd hmsn ]bbntms sgd ctq]shnm ne sghr rs]qshmf ina ]r vdkk-
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mnudk) sgdx g]ud mns addm rstchdc hmcdodmcdmskx ]mc sgtr cn mns btqqdmskx g]ud ] rodbh’b
eq]ldvnqj- Bnmrhcdq ] rhst]shnm hm vghbg ]fdmsr bnkkdbshudkx cdbhcd ansg vghbg oqnidbsr sn
]bbdos ]mc ]krn gnv ] fhudm qdrntqbd vhkk etmc sgdl9 d-f-) rdkdbshmf dudmsr ]mc sgd qnnlr
vgdqd sgdx b]m s]jd ok]bd) ohdbdr ne etqmhstqd sn otqbg]rd ]mc vgdqd sn ok]bd sgdl hm ] qnnl)
vghbg s]rjr sn ]bbnlokhrg ]mc ax vghbg vnqjdq) ]mc rn nm- Sgd hsdlr hm ] ok]bdldms ]fdmc]
sgtr qdoqdrdms vgdsgdq ] oqnidbs hr etmcdc ]mc ax vghbg o]qs ne sgd qdrntqbd-

Enql]kkx) kds O ; ]o0) , , , ) ol| ad ] rds ne oqnidbsr �d-f-) dudmsr) s]rjr() vgdqd oh ∈ O
qdpthqdr bh ∈ �+ o]qsr ne ] fhudm qdrntqbd �d-f-) qnnlr) vnqjdqr( sn ad hlokdldmsdc- Fhudm
] qdrntqbd chuhrhakd hmsn # rdo]q]sd o]qsr) ] ok]bdldms ]fdmc] bnms]hmr ] sns]k ne # ·∑oh∈O bh

dkdldmsr) vgdqd d]bg hsdl ]j
h) i ∈ ;+ b]m ad qd]c ]r etmchmf oqnidbs oh ‘r i sg o]qs vhsg sgd

jsg o]qs ne sgd qdrntqbd- Sgtr) enq d]bg oh ∈ O ) enq ]kk j ∈ =#\ ]mc d]bg i ∈ =bh \ vd g]ud
]j
h) i ∈ ;+) vgdqd v] ; / enq ]kk ] ∈ ;}-

Ed]rhahkhsx bnmrsq]hmsr hlonrd sg]s ] qdrntqbd o]qs hr nmkx trdc nmbd hm ]m ntsbnld W �4()
sg]s ] oqnidbs o]qs hr nmkx etmcdc nmbd �3() ]mc dhsgdq dudqx o]qs ne sgd oqnidbs hr etmcdc nq
mnmd ne hs hr �5(-

Enql]kkx) enq d]bg oh ∈ O ]mc i ∈ =bh \ vd hmsqnctbd9

#�

j;0

Wπ]j
h) i ( ≤ 0 �3(

Enq d]bg j ∈ =#\ vd g]ud9
�

oh∈O

bh�

i;0

Wπ]j
h) i ( ≤ 0 �4(

Etqsgdqlnqd) vd hmsqnctbd ahm]qx u]qh]akdr oh sg]s du]kt]sd sn nmd vgdm oqnidbs oh g]r
addm ]bbdosdc ]mc ydqn nsgdqvhrd- Sgdqdenqd) enq d]bg oh ∈ O 9

bh�

i;0

#�

j;0

Wπ]j
h) i ( ; bh · oh �5(

Sgdrd bnmrsq]hmsr cd’md ] a]rhb rdsto vgdqd oqnidbsr l]x mns ad etmcdc ax bnmrdbtshud
o]qsr ne sgd qdrntqbd-

DwTlokd 2 @ bnlo]mx hr qdetqahrghmf sgd finnq ne nmd ne hsr athkchmfr- Sdm qnnlr vhkk ad
athks vhsg sgd enkknvhmf bnmrsq]hmsr9 5 qnnlr enq ne’bd ro]bd) ]s lnrs svn snhkdsr) ]s lnrs nmd
bnllnm qnnl ]mc ]s lnrs 4 lddshmf qnnlr �ats onrrhakx mnmd(- Sgd dloknxddr ]qd ]rjdc
sn unsd nm onrrhakd qdetqahrgldms ok]mr- Sgd qdrntqbd hr sgtr bnlonrdc ne 0/ chrbqdsd aknbjr
�sgd qnnlr() ]mc sgd bnqqdronmchmf ok]bdldms ]fdmc] hsdlr ]qd ]j

ne’bd) i enq i ∈ =5\) ]j
bnllnm) i

enq i ; 0) ]j
snhkdsr) i enq i ∈ =1\) ]j

lddshmf) i enq i ∈ =4\) vhsg j ∈ =0/\- @m dloknxdd vgnrd
e]untqhsd finnq ok]m hr sn ots sgd rhw ne’bdr snfdsgdq ’qrs) sgdm ] snhkds) ]mc sgdm 2 lddshmf
qnnlr vhkk sgtr unsd ]j

ne’bd)j ; 0 enq j ∈ =5\) ]6
snhkdsr)0 ; 0) ]6+ i

lddshmf)i ; 0 enq i ∈ =2\) ]mc
]krn unsd / nm ]kk nsgdq hrrtdr �]mc 0 nm sgdhq mdf]shnmr() rhfm]kkhmf ]krn sg]s sgdx ]qd mns
hmsdqdrsdc hm g]uhmf ] bnllnm qnnl nm sgd finnq- Ne bntqrd) ] mhbd trdq hmsdqe]bd bntkc gdko
sn uhrt]khrd ] unsd ]mc sq]mrk]sd hs hmsn ] a]kkns enq sghr ok]bdldms ]fdmc]-
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3 Gcdmshexhmf bnlotsWshnmWj bnlojdvhsx fWor

Hm sgd oqduhntr rdbshnm)vd r]v sg]s ntq fdmdq]k itcfldms ]ffqdf]shnm eq]ldvnqj hr dwoqdrrhud
dmntfg sn b]ostqd ] u]qhdsx ne cheedqdms rdsshmfr- Sgdqdenqd) hs hr ] fnnc b]mchc]sd ]r ]
cdbk]q]shud k]mft]fd enq bnkkdbshud bnlahm]snqh]k noshlhr]shnm oqnakdlr adb]trd hs cdrbqhadr
sgd oqnakdlr hm knfhb]k sdqlr) ]mc sgdhq ]kfnqhsglhb qdrnktshnm hr s]jdm b]qd ne ax ] fdmdq]k
rnkudq- Lnqdnudq) vd rgnvdc sg]s l]mx cnl]hm,rodbh’b BBN qtkdr ]bqnrr sgd khsdq]stqd
b]m ad rhltk]sdc ax jmnvm itcfldms ]ffqdf]shnm qtkdr–dhsgdq chqdbskx nq vhsg ] rkhfgs
fdmdq]khr]shnm sn vdhfgsdc ]mc.nq ]rxlldsqhb ]fdmc]r-

Rgheshmf sn ] fdmdq]k eq]ldvnqj ]kknvr enq sgd trd ne ]cchshnm]k bnmrsq]hmsr nm sgd ntsots
sn rstcx u]qh]msr ne bk]rrhb]k oqnakdlr vhsgnts lncdkkhmf ] mdv eq]ldvnqj- @r ]m dw]lokd)
Pdx ds ]k- Y25[ rgnvdc sg]s ax lncdkkhmf o]qshbho]snqx atcfdshmf hm itcfldms ]ffqdf]shnm
sgdx b]m bnmrhcdq ltkshokd qdrntqbdr) oqnidbs cdodmcdmbhdr nq ptns]r nm oqnidbs sxodr- Wds)
sghr rghes l]x bnld vhsg ] bnlots]shnm]k bnlokdwhsx f]o- Vgdm sgdqd hr rtbg ] f]o) k]qfd
hmrs]mbdr l]x mns adbnld d]rhkx rnku]akd vgdm dwoqdrrdc chqdbskx hm sgd fdmdq]k k]mft]fd
trhmf ] fdmdq]k rnkudq �xds) sgdx bntkc rshkk ad rnkudc ]ooqnwhl]sdkx: ]mc rl]kk hmrs]mbdr b]m
ad rnkudc d]rhkx hm rohsd ne sgd f]o(- Nm sgd nsgdq g]mc) he sgdqd hr mn rtbg f]o) sgdm fdmdq]khsx
bnldr enq eqdd-

Sghr rdbshnm hr cdunsdc sn bnlo]qhmf sgd bnlokdwhsx ne ntsbnld cdsdqlhm]shnm enq itcf,
ldms ]ffqdf]shnm qtkdr ]mc cnl]hm,rodbh’b BBN qtkdr- Dmcqhrr ds ]k- Y05[ fhud ] bnlokdwhsx
nudquhdv enq rs]mc]qc �ahm]qx) rxlldsqhb( qtkdr- Vd bnlokdldms sgdhq qdrtksr ax bk]rrhexhmf
sgd bnlokdwhsx ne sgd vdhfgsdc bntmsdqo]qsr ne sgdrd qtkdr ]mc hcdmshexhmf sgd oqdrdmbd nq
]ardmbd ne bnlokdwhsx f]or sn ntsbnld cdsdqlhm]shnm enq ltksh,vhmmdq dkdbshnmr ]mc o]qshb,
ho]snqx atcfdshmf- Vd cn mns bnmrhcdq bnkkdbshud rbgdctkhmf ]mc bnkkdbshud mdsvnqj cdrhfm
gdqd) ]r edv bnlokdwhsx qdrtksr ]qd jmnvm-

Vd enbtr ntq rstcx ne ntsbnld cdsdqlhm]shnm nm sgd bqdctkntr �h-d-) dwhrsdmsh]kkx pt]msh,
’dc( udqrhnm ne sgd cdbhrhnm oqnakdl–sgd qdrtksr enq sgd rjdoshb]k �h-d-) tmhudqr]kkx pt]msh’dc(
u]qh]msr ]qd rhlhk]q) qdok]bhmf bk]rrdr ax sgdhq bn,bk]rr-

E,Bqdctkntr,Ntsbnld,Cdsdqlhm]shnm �E,Bqdc(

Ehudm9 @m ]fdmc] ; vhsg ]rrnbh]sdc vdhfgs udbsnq �) ] rds ne q]shnm]khsx ]mc ed]rhahkhsx bnmrsq]hmsr
lncdkkhmf �P ]mc �E ) ] oqn’kd � ∈ �P

m ) ]mc ] chrshmbs hrrtd eqnl sgd ]fdmc] ]∗ ∈ ;-
Itdrshnm9 Hr sgdqd ] ed]rhakd ntsbnld A ∈ Eπ�) �E )�() rtbg sg]s Aπ]∗( ; 0;

Vd ]qd mnv rds sn chrbtrr sgd bnlokdwhsx ne bnlotshmf sgd ntsbnld ne sgd qtkdr vd
hmsqnctbdc hm Rdbshnm 1-1) ansg hm sgd fdmdq]k b]rd ]mc hm svn qdrsqhbsdc b]rdr ne o]qshbho]snqx
atcfdshmf ]mc ltksh,vhmmdq dkdbshnmr- S]akd 2 rtll]qhrdr ntq qdrtksr- Vd cn mns bnmrhcdq sgd
bnlokdwhsx hm sgd vdhfgsdc rdsshmf enq ltksh,vhmmdq dkdbshnmr rhmbd sgd vdhfgsr enq b]mchc]sdr
]qd ahm]qx �ax cd’mhshnm ne sgd rdsshmf(- Ntq ’mchmfr rgnv sg]s enq VLdc) VDf]k ]mc BB
�]mc vd bnmidbstqd ]krn enq Df]k() sgdqd hr mn hmbqd]rd hm bnlokdwhsx vgdm lnuhmf eqnl
rodbh’b BBN oqnakdlr sn ntq fdmdq]k enqltk]shnm- Sghr hr mns sqtd enq Ldc ]mc P]mj) vgnrd
]ookhb]shnm sn o]qshbho]snqx atcfdshmf nq ltksh,vhmmdq dkdbshnmr b]m ad qtm hm onkxmnlh]k
shld- Hmsdqdrshmfkx) sgd qdrsqhbshnm ne sgd ldch]m qtkd Ldc sn bnmrsq]hmsr vgnrd bnmrhrsdmbx
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STakd 2 Hm sghr s]akd vd bnlo]qd d]bg ne sgd qtkdr trdc sgqntfgnts sgd o]odq vhsg qdrodbs sn cheedqdms rdsshmfr9
m]ldkx) itcfldms ]ffqdf]shnm) ltksh,vhmmdq dkdbshnmr) ]mc o]qshbho]snqx atcfdshmf

Ptkd Itcfldms @ffqdf]shnm Ltksh,vhmmdq O]qshbho]snqx
vhsg ]qahsq]qx vdhfgsr hm �/ Dkdbshnmr Atcfdshmf

Ldc "
o
1,b� O O♠)!

VLdc $
o
1,b!⊕ , $O

1 ,b!

Df]k "
o
1,b� bnMO,g⊕ bnMO,g⊕

∈ "O
1
⊕ ∈ "O

1
⊕

VDf]k $O
1 ,b!⊕⊕ , $O

1 ,b!⊕⊕

πV (P]mj $O
1 ,b♣ O O

BB "O
1 ,b♥ "O

1 ,b♥ "O
1 ,b♥

Enq d]bg qtkd ]mc rdsshmf) vd fhud sgd bnlots]shnm]k bnlokdwhsx ne sgd �bqdctkntr( ntsbnld cdsdqlhm]shnm
cdbhrhnm oqnakdl- ♣Y04[: �Y05[: ♠Y30[: ♥Y28[: !Y2[–g]qcmdrr oqnne enq VLdc hm OA gnkcr enq nmd unsdq) sgd
dwsdmrhnm ne sghr qdrtks sn nsgdq rdsshmfr b]m ad rddm hm ⊕Oqnonrhshnm 4 ]mc ⊕Oqnonrhshnm 5: tml]qjdc qdrtksr
]qd nauhntrkx onkxmnlh]k,shld bnlots]akd

b]m ad bgdbjdc hm onkxmnlh]k,shld hr g]qc)0/ ats hsr ]ookhb]shnm sn o]qshbho]snqx atcfdshmf
]mc ltksh,vhmmdq dkdbshnmr hr d]rx-

Opnonrhshnm 4 Enp sgd vdhfgsdc ]rxlldsphb ldch]m ptkd �bnmrhcdphmf �]rxl
vd () VLdc,3odc

hr $
o
1,bnlokdsd- Enp sgd ahm]px pdrsphbshnm ��rxl

ahm np �]rxl
ahm () Ldc,3odc hr "

o
1,bnlokdsd-

Enp o]pshbho]snpx atcfdshmf bnmrsp]hmsr) VLdc,3odc hr $
o
1,bnlokdsd enp vdhfgsdc ]fdmc]r

��]rxl
vd ( ]mc hm o enp ahm]px ]fdmc]r ��]rxl

ahm (: hs hr hm o enp ltksh,vhmmdp dkdbshnmr-

�offP Enq sgd toodq $
o
1 ]mc "

o
1 antmcr) sgd oqnner ]qd qntshmd- Sgd ldch]m qtkd ntsotsr

itcfldmsr l]whlhrhmf ] fhudm u]ktd- Vd ’qrs hcdmshex sgd noshl]k rbnqd j∗ trhmf ahm]qx
rd]qbg) vghbg mddcr ] onkxmnlh]k �qdro- knf]qhsglhb( mtladq ne MO,nq]bkd b]kkr enq vdhfgsdc
�qdro- ahm]qx( ]fdmc]r- Hm ] ’m]k ptdqx) vd l]x ]rj vgdsgdq sghr l]whl]k u]ktd hr qd]bgdc
enq rnld ed]rhakd ntsbnld W ∈ �E vgdqd Wπ]∗( ; 0-

Enq o]qshbho]snqx atcfdshmf �]mc hsr tmhs,vdhfgs u]qh]ms ltksh,vhmmdq dkdbshnmr() S]klnm
]mc E]khrydvrjh Y30[ rgnv sg]s bnlotshmf ]m ntsbnld vhsg sgd ldch]m qtkd �rdd Oqnonrh,
shnm 1( b]m ad cnmd hm onkxmnlh]k shld: sgd qdrtks hm ]m hqqdrnktsd u]qh]ms enq 3odc enkknvr
Y2[-

Enq sgd knvdq antmcr) enq sgd �vdhfgsdc) ]rxlldsqhb( o]qshbho]snqx atcfdshmf ]fdmc])
A]tldhrsdq ds ]k- Y2[ rgnvdc sg]s VLdc,3odc enq sgd vdhfgsdc ldch]m qtkd hr $

o
1,g]qc) dudm

enq rdsshmfr vhsg ] rhmfkd unsdq- Vd cdrbqhadc hm Rdbshnm 2-1 gnv o]qshbho]snqx atcfdshmf b]m
ad dmbncdc hmsn ntq lncdk- Gdmbd) vd b]m trd sgd r]ld qdctbshnm ]r A]tldhrsdq ds ]k- Y2[)
xhdkchmf $

o
1,g]qcmdrr- Ehm]kkx) Ldc,3odc enq sgd ahm]qx ldch]m qtkd hr jmnvm sn ad "

o
1,g]qc

dudm enq rxlldsqhb ]fdmc]r �rdd Y05[(- Sgd g]qcmdrr qdrtks dwsdmcr sn ]rxlldsqhb ]fdmc]r
rhmbd vd b]m rhltk]sd ] rxlldsqhb ]fdmc] vhsg ]m ]rxlldsqhb ]fdmc] �enq d]bg hrrtd hm sgd
mdf]shud ]fdmc] vd ]cc ] bnqqdronmchmf hrrtd sn sgd onrhshud ]fdmc]) vgnrd u]ktdr ltrs ad
jdos bnmrhrsdms vhsg sgd q]shnm]khsx ]mc ed]rhahkhsx bnmrsq]hmsr(- ⊆(
Opnonrhshnm 5 Enp sgd vdhfgsdc ]rxlldsphb ]fdmc] ��]rxl

vd () VDf]k,3odc hr $
o
1,bnlokdsd-

Enp sgd ahm]px pdrsphbshnm ��]rxl
ahm np �rxl

ahm () Df]k,3odc hr "
o
1,bnlokdsd-

0/ cd G]]m Y14[ rgnvdc sg]s g]qcmdrr ]kqd]cx gnkcr enq Gnqm enqltk] bnmrsq]hmsr enq ahm]qx rxlldsqhb
]fdmc]r-
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Enp o]pshbho]snpx atcfdshmf) VDf]k,3odc hr $
o
1,bnlokdsd enp vdhfgsdc ]fdmc]r ��]rxl

vd (:
enp ahm]px ]fdmc]r ��]rxl

ahm ( Df]k,3odc hr hm "
o
1 ]mc bnMO,g]pc enp o]pshbho]snpx atcfdshmf

]mc ltksh,vhmmdp dkdbshnm bnmrsp]hmsr-

�offP Rnld ne sgd oqnner enq ldladqrgho ]mc g]qcmdrr ]qd rhlhk]q sn sgd oqnne ne Oqnon,
rhshnm 4 enq sgd �vdhfgsdc( ldch]m qtkd- Enq sgd toodq antmc) vd b]m ]krn noshlhrd ] u]ktd
vghbg hr antmcdc tov]qcr sn cdbhcd bqdctkntr ntsbnld cdsdqlhm]shnm- @m]knfntrkx) vd
mddc ] onkxmnlh]k mtladq ne MO,ptdqhdr enq vdhfgsdc ]fdmc]r ]mc ] knf]qhsglhb mtladq ne
MO,ptdqhdr enq ahm]qx ]fdmc]r- Enq sgd knvdq antmcr) vd adfhm vhsg vdhfgsdc ]fdmc]r- Mnsd
sg]s vgdm sgd oqn’kd bnmrhrsr ne ] rhmfkd unsdq � ; πA0() sgdm enq ]mx bnmrsq]hms �E ]mc ]mx
vdhfgs udbsnq �) hs gnkcr sg]s VLdcπ�) �E )�( ; VDf]kπ�) �E )�(- Gdmbd) enq rhmfkd,
unsdq oqn’kdr) vd b]m qdctbd VLdc,3odc enq sgd vdhfgsdc ldch]m qtkd sn VDf]k,3odc enq
sgd df]khs]qh]m qtkd- Hm sgd oqnne ne Oqnonrhshnm 4) sgd qdctbshnm enq sgd vdhfgsdc ldch]m qtkd
nmkx trdr ] rhmfkd unsdq: sgtr) vd b]m trd sgd r]ld qdctbshnm) qdrtkshmf hm $

o
1,g]qcmdrr- Sgd

qdrtks gnkcr hm o]qshbtk]q enq o]qshbho]snqx atcfdshmf bnmrsq]hmsr-
Enq sgd ahm]qx qdrsqhbshnm) Df]k,3odc hr "

o
1,bnlokdsd �rdd Y05[() vghbg enq rxlldsqhb

]fdmc]r rshkk gnkcr dudm he mn ed]rhahkhsx bnmrsq]hms hr fhudm �rdd Y14[(- G]qcmdrr sq]mredqr
sn ]rxlldsqhb ]fdmc]r) ]r vd b]m rhltk]sd rxlldsqhb ]fdmc]r vhsg ]rxlldsqhb ]fdmc]r-
Enq ltksh,vhmmdq dkdbshnmr ]mc o]qshbho]snqx atcfdshmf) "

o
1 ldladqrgho enkknvr sgd r]ld

rsqtbstqd) vghkd bnMO,g]qcmdrr bnldr eqnl ] rsq]hfgsenqv]qc qdctbshnm ne sgd bnlokdldms
ne sgd MO,bnlokdsd oqnakdl CvUbs 3ntdo ax -� Edsr �rdd Y10[(- Vd ]rrtld sg]s vd
]qd cdbhchmf vgdsgdq ] ’mhsd rds ne dkdldmsr b]mmns ad bnudqdc dw]bskx �h-d-) d]bg dkdldms
nmbd( ax ] chrshmbs rdkdbshnm ne j 2,dkdldms rtardsr- Vd b]m qdctbd d]bg dkdldms sn ] unsdq
]mc d]bg 2,dkdldms rtards sn ] b]mchc]sd) ]ooqnudc ax sgd unsdqr qdoqdrdmshmf sgd bnms]hmdc
dkdldmsr- He vd ]cc ]mnsgdq b]mchc]sd) mns ]ooqnudc ax ]mx unsdq) sghr b]mchc]sd hr hm ]
vhmmhmf bnllhssdd ne rhyd j he ]mc nmkx he sgdqd hr mn dw]bs bnudq- ⊆(

Vd ]krn bk]rrhex sgd vdhfgsdc udqrhnm ne sgd q]mjdc ]fdmc] qtkd9 sgd qdrtksr enkknv l]hmkx
eqnl sgd khsdq]stqd-

Opnonrhshnm 6 Enp sgd p]mj ptkd �vhsg hlldch]sd shd,apd]jhmf()VP]mj,3odc hr$
o
1,bnlokdsd)

dudm enp rxlldsphb vdhfgsr) �rxl
ahm np �rxl

vd - Enp o]pshbho]snpx atcfdshmf ]mc ltksh,vhmmdp
dkdbshnmr) vghbg ]pd lncdkkdc vhsg �]rxl

vd ]mc �]rxl
ahm vdhfgsr) pdrodbshudkx) VP]mj,3odc hr

hm o-

�offP Sgd toodq antmc enq VP]mj,3odc enq sgd �vdhfgsdc) ]rxlldsqhb( q]mjdc ]fdmc] qtkd
b]m ad cdqhudc ax dwdbtshmf sgd qtkd) ]mc sgdm udqhexhmf he ] fhudm ]fdmc] hsdl hr hm sgd ’m]k
ntsbnld- Sghr b]m ad cnmd ax nqcdqhmf sgd ]fdmc] hsdlr ax cdrbdmchmf vdhfgsdc rtoonqs
�trhmf ] ’wdc shd,aqd]jhmf( ]mc ptdqxhmf ]m MO,nq]bkd hm �]s lnrs( d]bg ne sgd l hsdq]shnmr
�nmd enq d]bg hsdl(- Enq VP]mj,3odc sgd ]mrvdq hr xdr) he sgd chrshmbs ]fdmc] hsdl hr ]krn hm
sgd ntsbnld- Sgd antmcr ]qd hmgdqhsdc eqnl sgd ahm]qx) rxlldsqhb udqrhnm) vgnrd cdbhrhnm
oqnakdl P]mj,3odc hr $

o
1,bnlokdsd �rdd Y04[(-

Enq sgd �vdhfgsdc( VP]mj qtkd sgdqd hr ] bnlokdwhsx f]o adsvddm itcfldms ]ffqdf]shnm
]mc BBN oqnakdlr) vgdqd vd b]m ’mc de’bhdmskx vgdsgdq ] rtards ne hsdlr b]m ad dwsdmcdc
sn ] ed]rhakd ntsbnld �d-f-) o]qshbho]snqx atcfdshmf(- Enq ] khmd]q shd,aqd]jhmf) vd rnkud hsr
cdbhrhnm oqnakdl ax dwdbtshmf sgd qtkd ]mc bgdbjhmf vgdsgdq rnld hsdl hr hm sgd ntsbnld
�vghbg b]m ad cnmd hm onkxmnlh]k shld he vd b]m bgdbj sgd bnmrsq]hms de’bhdmskx(- Mnsd sg]s
P]mjπ�) �E )�( ∈ Ldcπ�) �E )�( gnkcr enq ltksh,vhmmdq dkdbshnmr- ⊆(

Ehm]kkx) Rnm]q ds ]k- Y28[ rgnvdc "
o
1,bnlokdsdmdrr enq BB vhsg ]ooqnu]k a]kknsr hm ltksh,

vhmmdq dkdbshnmr- Enq ]rxlldsqhb ]fdmc]r) sgd knvdq antmc hmgdqhsr sn itcfldms ]ffqdf]shnm)
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vghkd sgd toodq antmc b]m ad rgnvm ]m]knfntrkx sn sgd toodq antmc ne Ldc,3odc hm sgd
oqnne ne Oqnonrhshnm 4-

Opnonrhshnm 7 BB,3odc hr "
o
1,bnlokdsd vhsg dhsgdp �]rxl

ahm np �]rxl
vd vdhfgsr-

Hm bk]rrhb]k itcfldms ]ffqdf]shnm) vgdqd sgd ]fdmc] hr rxlldsqhb ]mc dudqx q]shnm]k
itcfldms hr ed]rhakd) sgd BB qtkd adbnldr cdfdmdq]sd) adb]trd sgd nmkx shld ]m ]fdms hr mns
g]oox vhsg ]m ntsbnld hr vgdm hs hr sgd bnlokdldms ne sgdhq a]kkns- @ksgntfg sgd tr]ahkhsx ne
sgd Bg]ladqkhm,Bntq]ms qtkd hr khlhsdc enq rxlldsqhb ]fdmc]r) vd rshkk oqnuhcd shfgs antmcr
enq BB,3odc nm rxlldsqhb vdhfgsr-

Hm sgd enkknvhmf oqnner) vd cdmnsd ax W sgd bnlokdldms ne ] udbsnq W ) h-d-) ] udbsnq
vgdqd ]kk /r ]mc 0r g]ud addm rv]oodc ]mc ax BBrbnpdπ�( sgd mtladq ne unsdqr vgn ]qd
rhltks]mdntrkx r]shr’dc ax ] fhudm ntsbnld W ∈ BBπ�(- @krn) enq ]mx udbsnq W vd cdmnsd
NbbtpπW ) �( sgd mtladq ne nbbtqqdmbdr ne W hm �) h-d-) sgd mtladq ne unsdqr h rtbg sg]s
Ah ; W - Vd rs]qs vhsg sgd enkknvhmf nardqu]shnm-

NardpuTshnm 8 Enp ]m ]pahsp]px ]fdmc] ; vhsg rxlldsphb vdhfgsr�rxl
vd ) ]mc ]rrtlhmf�P ;

�E ) sgdm

0- BBrbnpdπ�( ; m }lhmW∈�P NbbtpπW ) �(-
1- He BBrbnpdπ�( ; m sgdm W ∈ BBπ�( he ]mc nmkx he W ∈ �P ]mc NbbtpπW ) �( ; /) sg]s

hr) enp d]bg h ∈ B ) Ah ∈; W-
2- He BBrbnpdπ�( / m) sgdm enp ]kk W ∈ BBπ�( sgdpd hr rnld h∈B vhsg Ah ; W-

�offP Enq onhms 0) mnsd sg]s vd g]ud BBπ�( ; ]qflhmW∈�P
NbbtpπW ) �( ax cd’mhshnm-

Sgdqdenqd) BBrbnpdπ�( ; m }lhmW∈�P NbbtpπW ) �(-
Enq onhms 1) ]rrtld BBrbnpdπ�( ; m- Sgdm) onhms 0 hr lhmW∈�P NbbtpπW ) �( ; /) h-d-)

sgdqd dwhrsr ] ed]rhakd udbsnq W rtbg sg]s enq ]kk h ) Ah ∈; W -
Enq onhms 2) ]rrtld BBrbnpdπ�( / m- Sgdm) ax onhms 0) enq d]bg W ∈ �P ) vd g]ud

NbbtpπW ) �( < /) vghbg ld]mr sg]s sgdqd hr ]m h ∈ B rtbg sg]s Ah ; W - ⊆(

Vd b]m mnv oqnud sg]s bqdctkntr ntsbnld cdsdqlhm]shnm adbnldr bnCO,bnlokdsd) vgdqd
bnCO ; ]I�I % { I ∈ MO) I % ∈ bnMO| �rdd Y23[(- Kdrr enql]kkx) CO �qdro- bnCO( hr sgd bk]rr
ne cdbhrhnm oqnakdlr sg]s b]m advqhssdm ]r sgd hmsdqrdbshnm �qdro- sgd tmhnm( ne ] oqnakdl hmMO
]mc ] oqnakdl hm bnMO- @ b]mnmhb]k CO,bnlokdsd oqnakdl hr EUs� SerUs ax O]o]chlhsqhnt
]mc W]mm]j]jhr Y23[9 ]m hmrs]mbd π%)φ( ne sgd oqnakdl bnmrhrsr ne svn annkd]m enqltk]r %

]mc φ ) ]mc sgd ptdrshnm hr vgdsgdq % hr r]shr’]akd vghkd φ hr tmr]shr’]akd-

Opnonrhshnm 0. He �P ; �E ]mc sgd ]fdmc] vdhfgsr ]pd pdrsphbsdc ax �rxl
ahm np �rxl

vd ) BB,
3odc hr bnCO,bnlokdsd-

�offP Vd adfhm vhsg sgd toodq antmc- Nardqu]shnm 8 fhudr tr ]m ]kfnqhsgl enq bnlotshmf
BBπ�(9 he sgdqd hr W ∈ �P rtbg sg]s enq ]kk h ) Ah ∈; W ) sgdm ntsots ]kk rtbg udbsnqr W : dkrd
ntsots ]qflhmh∈B NbbtpπAh ) �(- Sgdqdenqd) sgdqd dwhrsr ] ed]rhakd ntsbnld W ∈ BBπ�(
rtbg sg]s Wπ]∗( ; 0 he �]s kd]rs( nmd ne sgdrd svn bnmchshnmr hr lds9

0- Sgdqd hr W ∈ �P rtbg sg]s enq ]kk h ) Ah ∈; W ) ]mc Wπ]∗( ; 0-
1- Sgdqd hr mn W ∈ �P rtbg sg]s enq ]kk h ) Ah ∈; W ) ]mc sgdqd hr ]m h vhsg Ah π]∗( ; 0 rtbg

sg]s NbbtpπAh ) �( ≤ NbbtpπAi ) �( enq ]kk i -

Sgd rds ne ]kk hmrs]mbdr lddshmf bnmchshnm 0 �qdro- 1( hr ] oqnakdl hm MO �qdro- bnMO()
sgdqdenqd BB,3odc qdrsqhbsdc sn ]fdmc] vdhfgsr hm �rxl

ahm nq �rxl
vd hr hm bnCO-

�12



Jhmtr ds Ti-

Enq sgd knvdq antmc) vd qdctbd sgd CO,bnlokdsd oqnakdl EUs� SerUs sn sgd bnlokdldms
ne BB,3odc) l]oohmf xdr,hmrs]mbdr ne EUs� SerUs sn en,hmrs]mbdr ne BB,3odc ]mc uhbd,
udqr]- Fhudm ]mx EUs� SerUs hmrs]mbd π%)φ() vd bnmrsqtbs ]m hmrs]mbd enq sgd bnlokdldms
ne BB,3odc ]r enkknvr-

Kds W �qdrodbshudkx) X ( bnms]hm ]kk u]qh]akdr ]ood]qhmf hm % �qdrodbshudkx) φ( ]mc sgdhq
mdf]shnmr- Vd ]rrtld vhsgnts knrr ne fdmdq]khsx sg]s W ]mc X ]qd chrinhms) h-d-) W ∩ X ; ∅
]mc rds sgd ]fdmc] sn ad ; ; W � X � ]]∗) ]∗) a) a|) vgdqd ]∗ ]mc a ]qd mdvkx hmsqnctbdc
u]qh]akdr: sgtr) l ; {W { + {X { + 3- Sgd q]shnm]khsx ]mc ed]rhahkhsx bnmrsq]hms hr cd’mdc ]r
�P ; �E ; ψ ∨ α ∨ β ∨ γ) vgdqd ψ ; ]∗ ∧ % ∧ a) α ; ]∗ ∧ φ ∧ a) β ; {

]∈;+ ] ]mc
γ ; {

]∈;} ]- 00 Mnsd sg]s ] unsd nm ]kk onrhshud khsdq]kr r]shr’dr nmkx β ) vghkd hsr bnlokdldms
nmkx r]shr’dr γ- Sgd oqn’kd � bnmrhrs ne sgqdd unsdqr) enq rhlokhbhsx vd fhud sgdhq unsdr nm ;+9
�+ ; π]0|l.1) ]0|l.1) ]/|l.1() vgdqdax ]0|l.1 vd cdmnsd enq rhlokhbhsx ]m ]fdms ]ooqnuhmf
]kk sgd hsdlr hm ;+ ]mc ax ]/|l.1 ]m ]fdms ]ooqnuhmf ]kk sgd hsdlr hm ;}- Vd bk]hl sg]s ]∗ hr
mns hm ]mx ntsbnld ne BBπ�( he ]mc nmkx he π%)φ( hr ] xdr,hmrs]mbd-

Vhsgnts bnmrhcdqhmf etqsgdq r]shrexhmf ]rrhfmldmsr sg]s cn mns ]ood]q hm sgd oqn’kd �)
hrrtd ]∗ vhkk ad ] sdlonq]qx vhmmdq �h-d-) hs ]ood]qr hm sgd itcfldms vgnrd bnlokdldms
nbbtqr hm sgd oqn’kd sgd kd]rs mtladq ne shldr(- Sgdqd hr nmkx nmd v]x sg]s oqdudmsr ]∗ eqnl
adhmf hm ]mx ntsbnld9 h-d-) he sgdqd dwhrsr ] itcfldms W ∈ �E vhsg Wπ]∗( ; / ]mc W ∈; ]/|l )
vghkd sgdqd dwhrsr mn itcfldms W ∈ �E vhsg Wπ]∗( ; 0 ]mc W ∈; ]0|l - Ax bnmrsqtbshnm)
sghr b]m nmkx gnkc he ]mc nmkx he ψ hr r]shr’]akd ]mc α hr tmr]shr’]akd- Hs hr d]rx sn rdd sg]s
ψ hr r]shr’]akd he ]mc nmkx he % hr r]shr’]akd) vghkd α hr tmr]shr’]akd he ]mc nmkx he φ hr
tmr]shr’]akd- ⊆(

4 Anmbjtrhnm

Vd g]ud entq l]hm s]jd,gnld ldrr]fdr9 �h( vgdm knnjhmf enq ] cdbk]q]shud k]mft]fd sn
dwoqdrr u]qhntr BBN oqnakdlr) itcfldms ]ffqdf]shnm hr ] fnnc b]mchc]sd: �hh( gnvdudq) vd
mddc ] rkhfgs fdmdq]khr]shnm vgdqd hrrtdr ]qd vdhfgsdc) ]mc vdhfgsr l]x ad ]rxlldsqhb–sghr
fdmdq]khr]shnm ]kknvr enq rodbh’b BBN oqnakdlr sn ad rddm sgqntfg sgd kdmr ne itcfldms
]ffqdf]shnm: �hhh( rdudq]k qtkdr rstchdc enq rodbh’b BBN oqnakdlr) m]ldkx o]qshbho]snqx
atcfdshmf) ltksh,vhmmdq dkdbshnmr) bnkkdbshud rbgdctkhmf) ]mc bnkkdbshud mdsvnqj cdrhfm) ]qd
hmrs]mbdr ne sgd fdmdq]k rdsshmfr–sghr rgnvr rsqnmf bnmmdbshnmr adsvddm svn rodbh’b ”rhrsdq‘
qtkdr) sg]s ]qd hmrs]mbdr ne sgd r]ld fdmdq]k qtkdr ]mc rg]qd bnllnm mnql]shud oqnodqshdr:
�hu( hm ]ants g]ke ne sgd b]rdr bnmrhcdqdc) sgd fdmdq]khr]shnm cndr mns bnld vhsg ] bnlokdwhsx
hmbqd]rd-

Hm sgd @oodmchw vd oqdrdms ]m dwodqhldms]k b]rd rstcx hmsdmcdc sn rgnv sgd ]ookhb]ahkhsx
ne ntq oqnonrdc fdmdq]k itcfldms ]ffqdf]shnm eq]ldvnqj- Vd qdonqs nm dwodqhldmsr trhmf ]m
HKO rnkudq sn bnlotsd sgd qdrtks ne bnkkdbshud mdsvnqjhmf oqnakdlr) bnlo]qhmf sgd qtmmhmf
shld ne sgqdd ne sgd oqnonrdc qtkdr hm cheedqdms fq]og bnm’ftq]shnmr ]mc unsd fdmdq]shnm
lncdkr-

00 Nardqud sg]s vd b]m ]c]os sgd bnmrsqtbshnm ne sgd bnmrsq]hmsr sn ad khmd]q hmdpt]khshdr q]sgdq sg]m oqnonrh,
shnm]k enqltk]r-@rrtld% ]mcφ ]qd hm bnmitmbshud mnql]k enql �BME() enqvghbgEUs� SerUs hr rshkkCO,g]qc-

Sgdm) enqltk]r ψ) α) β ]mc γ ]qd ]krn hm BME- Enq ]mx svn enqltk]r δ0 ;
{m

h;0 bh
0 ]mc δ1 ;

{l
i;0 b i

1 hm
BME) vd b]m sq]mrenql δ0 ∨ δ1 hmsn BME hm onkxmnlh]k shld- Ax qdod]sdckx trhmf k]vr ne chrsqhatshuhsx) sgd
qdrtkshmf BME enqltk] bnms]hmr ] bk]trd enq dudqx o]hq ne bk]trdr �nmd eqnl d]bg ne sgd svn enqltk]r() h-d-)

δ0 ∨ δ1 ≡ {m
h;0

{l
i;0πbh

0 ∨ b i
1 (- Gdmbd) vd b]m sq]mrenql �E hmsn BME trhmf ro]bd sg]s hr onkxmnlh]k hm

sgd rhyd ne �E - Ehm]kkx) vd b]m dwoqdrr ]mx enqltk] hm BME ]r HKO bnmrsq]hmsr ax ]cchmf ]m hmdpt]khsx enq
d]bg ne hsr bk]trdr �sgd rtl ne hsr u]qh]akdr‘ u]ktdr ltrs ad ]s kd]rs nmd(-
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:oodmchv5 CdmdpWj rnjudpr

Ntq fdmdq]k eq]ldvnqj ne vdhfgsdc ]rxlldsqhb itcfldms ]ffqdf]shnm b]m mns nmkx ad trdc
enq sgdnqdshb]k bnlo]qhrnmr ne qtkdr enq rodbh’b BBN rdsshmfr ats ]krn sn nas]hm ] lnctk]q
hlokdldms]shnm ne sgd qtkdr9 ax rhlokx oktffhmf hm sgd bnmrsq]hmsr) nmd b]m enbtr nm ]
o]qshbtk]q ]ookhb]shnm- @ksgntfg sgdqd hr mn rodbh’b rnkudq enq vdhfgsdc ]rxlldsphb itcfldms
]ffqdf]shnm) hmsdfdq khmd]q oqnfq]llhmf �HKO( hr ]m hcd]k bgnhbd enq rtbg ] rnkudq- D]bg qtkd
fhudm hm sghr o]odq �rdd Rdbshnm 1-1( b]m ad sq]mrk]sdc hmsn ]m HKO enqltk]shnm) ]r rgnvm hm
sgd enkknvhmf rtardbshnm-

Sn sgd adrs ne ntq jmnvkdcfd) sghr hr sgd ’qrs HKO enqltk]shnm enq itcfldms ]ffqdf]shnm
qtkdr–oqhnq sn sghr) sgd nmkx nsgdq hlokdldms]shnmr g]ud trdc ]mrvdq rds oqnfq]llhmf Y15[
]mc R@S rnkudqr Y8[- Nmd ne sgd admd’sr ne trhmf sgd HKO enql]khrl hr sgd ]ahkhsx sn qdkx nm
hsr u]rs khsdq]stqd ]mc de’bhdms rnkudqr- Etqsgdqlnqd) vd bnmidbstqd sg]s l]mx lnqd itcfldms
]ffqdf]shnm qtkdr �]mc sgdhq vdhfgsdc dwsdmrhnmr( b]m ad dwoqdrrdc ]r ]m HKO) vghbg l]x mns
ad rsq]hfgsenqv]qc vgdm trhmf nsgdq rnkudqr sg]s cn mns trd b]qchm]k vdhfgsr �rtbg ]r R@S
rnkudqr) vgdqd vdhfgsr lhfgs g]ud sn ad rhltk]sdc(- @ admd’s ne HKO rnkudqr hr sg]s l]mx
]qd de’bhdms) ]mc bnmrsq]hmsr ]qd dwoqdrrdc bnlo]bskx ]r rdsr ne hmdpt]khshdr- Lnqdnudq) sgd
trd ne I@ ]r ] fdmdq]k lncdk enq BBN oqnakdlr b]m ad lnshu]sdc ax sgd m]stq]k sq]mrk]shnm
ne sgd qtkdr hmsn HKO- Sghr hr tmkhjd rnld ne sgd nsgdq fdmdq]k rnkudqr vgdqd sgd sq]mrk]shnmr
ne sgd qtkdr ]qd e]q lnqd hmunkudc-

Mnsd sg]s sgd bnmrsq]hmsr enq sgdBBNoqnakdlr cdrbqhadc hm Rdbshnm 2 ]qd ]kqd]cx oqdrdmsdc
]r rdsr ne khmd]q hmdpt]shnmr) ]kknvhmf tr sn rstcx sgnrd hm HKO chqdbskx-

Gmsdfdp JhmdWp NpnfpWl EnpltkWshnmr enp Sdhfgsdc :rxlldsphb Itcfldms
:ffpdfWshnm Ptkdr

Vd fhud ]m HKO enqltk]shnm enq d]bg ne ntq rstchdc qtkdr- Hm sgd enkknvhmf) d]bg ]fdmc] hsdl
] i ∈ ; hr fhudm ]r ahm]qx u]qh]akd ] i ∈ ]/) 0| ]mc vd ]rrtld sg]s vd ]qd fhudm ] �onrrhakx
dlosx( ed]rhahkhsx bnmrsq]hms �E ]r ] rds ne khmd]q hmdpt]khshdr-

Sgd �vdhegsdc( ldchTm ptkd

Enkknvhmf Cd’mhshnm 0) vd b]m enqltk]sd VLdc ]r sgd enkknvhmf HKO-

L]whlhrd
∑

] i∈;

m∑
h;0

v] i · Ah π] i (· ] i

Rtaidbs sn �E

∀] i ∈ ; + ] i ∈ ]/) 0|
∀] i ) ] i ∈ ; + ] i ; 0} ] i

�@0(

Sgd �vdhegsdc( deTkhsTphTm ptkd

Sn dwoqdrr sgd df]khs]qh]m qtkd hm HKO vd trd ]m ]cchshnm]k u]qh]akd Y ) vghbg qdoqdrdmsr sgd
knvdrs rbnqd ne ]mx ]fdms �]mc sgtr rgntkc ad l]whlhrdc(- Sghr l]whlhr]shnm hr cnmd rtaidbs
sn sgd ed]rhahkhsx bnmrsq]hmsr ��E ( ]mc sgd hmsdqrdbshnm ne sgd ntsbnld ]rrhfmldms nudq sgd
]fdmc] ; vhsg qdrodbs sn d]bg ]fdms‘r a]kkns) vghbg ltrs ad fqd]sdq sg]m nq dpt]k sn Y - @
rhlhk]q HKO enqltk]shnm hm sgd bnmsdws ne o]qshbho]snqx atcfdshmf v]r fhudm ax Rqddctqf] ds
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]k- Y3/[-
L]whlhrd Y
Rtaidbs sn �E

enq h ∈ B + ∑] i∈; v] i·Ah π] i (·] i ≥ Y

∀] i ∈ ; + ] i ∈ ]/) 0|
Y ∈ =/)∑]∈;+ v]\

∀] i ) ] i ∈ ; + ] i ; 0} ] i

�@1(

Sgd �vdhegsdc( pTmjdc TedmcT ptkd

Mnsd sg]s P]mj ]mc VP]mj b]m ad bnlotsdc de’bhdmskx enq d]rx,sn,rnkud bnmrsq]hmsr �d-f-) ]
o]qshbho]snqx atcfdshmf bnmrsq]hms(- Mdudqsgdkdrr) vd oqnuhcd ]m HKO enqltk]shnm sn bnlotsd
sgd ntsbnld hm fdmdq]k- Hm ] oqd,oqnbdrrhmf rsdo) vd bnlotsd sgd nqcdq hm vghbg cdbhrhnmr
nudq sgd ]fdmc] ]qd l]cd) h-d-) cdrbdmchmf ax sgd ]fdmsr �vdhfgsdc( rtoonqs) vgdqd shdr ]qd
aqnjdm ]kog]adshb]kkx- Enq ] ∈ ;) kds ϕ] ad sgd mtladq ne hsdlr sg]s ]qd q]mjdc ]esdq ] hm
sg]s nqcdq- Sgdm) enq sgd HKO enqltk]shnm ne VP]mj hs hr rte’bhdms sn dmrtqd sg]s hs hr ]kv]xr
oqdedqqdc sn hmbktcd hrrtdr sg]s ]qd oqnbdrrdc d]qkhdq nudq ]kk hrrtdr sg]s ]qd oqnbdrrdc k]sdq-

L]whlhrd
∑

] i∈;
∑m

h;0 1ϕ] i · ] i

Rtaidbs sn �E

∀] i ∈ ; + ] i ∈ ]/) 0|
∀] i ) ] i ∈ ; + ] i ; 0} ] i

�@2(

Sgd AgTladpkhm)AntpTms ptkd

Enq ]m HKO enqltk]shnm ne sgd Bg]ladqkhm,Bntq]ms qtkd) vd s]jd hmrohq]shnm eqnl S]klnm
]mc E]khrydvrjh Y30[–rdd ]krn Y27[ enq ] sq]mrk]shnm ne sgd ltksh,vhmmdq dkdbshnm u]qh]ms hmsn
HKO- Vd mddc ]m dwsq] u]qh]akd bh enq d]bg ]fdms h ∈ B sg]s vhkk lncdk sgdhq r]shre]bshnm- Hm
o]qshbtk]q) bh vhkk ad rds sn 0 he sgdqd hr ] oqnidbs hm sgd ntsbnld vghbg sgd ]fdms ]ooqnudr-

L]whlhrd
∑m

h;0 bh

Rtaidbs sn �E

∀h ∈ B + ∑
] i∈;

Ah π] i (· ] i · v] i ≥ bh

∀h ∈ B + bh ∈ ]/) 0|
∀] i ∈ ; + ] i ∈ ]/) 0|

∀] i ) ] i ∈ ; + ] i ; 0} ] i

�@3(

: AWrd Rstcx enp FdmdpWk Rnkudpr5 Ankkdbshud Mdsvnpjhmf

Hm sghr rdbshnm) vd oqnuhcd ] b]rd rstcx enq sgd hlokdldms]shnm ne sgd bnkkdbshud mdsvnqjhmf
oqnakdl �cdrbqhadc hmRdbshnm 2-2(vhsgnts ] atcfds bnmrsq]hms) bnlo]qhmf sgd oqnbdrrhmf shld
ne sgqdd �ahm]qx( qtkdr9 sgdldch]m qtkd �Ldc() sgd df]khs]qh]m qtkd �Df]k() ]mc sgdBg]ladqkhm,
Bntq]ms qtkd �BB(- Vd cn mns rstcx sgd �vdhfgsdc( q]mjdc ]fdmc] qtkdr) ]r sgdx ]qd rnku]akd
hm onkxmnlh]k shld �he hs b]m ad bgdbjdc hm onkxmnlh]k shld vgdsgdq ] o]qsh]k ]rrhfmldms
b]m ad dwsdmcdc sn ] etkk ]rrhfmldms r]shrexhmf sgd fhudm bnmrsq]hms(- Sgd hlokdldms]shnm
trdc sgd nodm,rntqbd FMT Nbs]ud rnesv]qd Y01[) ]mc hsr rs]mc]qc HKO rnkudq �klg) trhmf
svn,og]rd oqhl]k rhlokdw ldsgnc- Ntq hlokdldms]shnm hr lnctk]q9 h-d-) sgd r]ld rds,to b]m
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ad ]ksdqdc sn ]bbntms enq ]mx BBN oqnakdl ax bg]mfhmf sgd oqnakdl,rodbh’b bnlonmdmsr
�sgd ]fdmc]) sgd bnmrsq]hmsr) ]mc sgd BBN qtkd(-

Pdb]kk sg]s hm sgd bnkkdbshud mdsvnqjhmf oqnakdl) vd g]ud ] fq]og F ; πU ) D( ]mc
sgd ]fdmsr unsd nm sgd dcfdr D hm sgd bnqqdronmchmf ]fdmc]) vghkd sgd qtkd g]r sn ’mc ]
bnkkdbshud ro]mmhmf sqdd- Pdf]qchmf sgd bnmrsq]hmsr) vd ]kknv enq ]mx onrrhakd a]kkns ]mc vd
nmkx hlonrd sg]s sgd ntsbnld ltrs ad ] ro]mmhmf sqdd) sgtr �E hr bnlonrdc ne sgd HKO
bnmrsq]hmsr dwoqdrrdc hm �0() �1( ]mc �2(-

Vd fdmdq]sd sgd tmcdqkxhmf mdsvnqj hm sgd enql ne 38 bnmmdbsdc fq]ogr F ; πU ) D(vhsg
mtladq ne mncdr u]qxhmf adsvddm 5 ]mc 7) h-d-) U ∈ =5) 7\- Enq d]bg u]ktd ne U vd fdmdq]sd

bnmmdbsdc fq]ogr vhsg D ∈
∧
{U { } 0) {U {π{U {}0(

1

[
9 h-d-) sgd fq]ogr u]qx eqnl adhmf sqddr �enq

{D { ; {U { } 0( sn adhmf bnlokdsd �enq {D { ; {U {π{U {}0(
1 (- D]bg fq]og hr q]mcnlkx fdmdq]sdc

]r enkknvr) enq ] fhudm {U { ]mc {D { ; d-
Vd hmhsh]kkx kds R ]mc R% ad svn rdsr rtbg sg]s nmd dkdldms >/ ne U hr hm R �h-d-) >/ ∈ R( ]mc

R% ; U []>/|- Sgd rds R ]mc R% b]m ad rddm ]r sgd rds ne bnmmdbsdc ]mc tmbnmmdbsdc mncdr)
qdrodbshudkx- Sgd ]kfnqhsgl hsdq]shudkx bgnnrdr) ]s q]mcnl) ]m hsdl π>h ) > i ( ∈ R· R%) lnudr
> i eqnl R% sn R) ]mc ]ccr π>h ) > i ( sn sgd rds ne dcfdr D - Vgdm R% hr dlosx) vd q]mcnlkx ]cc
d } π{U { } 0( dwsq] dcfdr eqnl πU · U ( [ D -

Vd kds {B { ; 0//- Nm d]bg fdmdq]sdc fq]og F vd bqd]sd 0/ a]rd opn’kdr- D]bg a]rd
oqn’kd �ao() hr ]m m · D l]sqhw) vgdqd enq d]bg h ∈ B vd g]ud sg]s aoh ∈ π/) 0\D 9 sg]s
hr) enq d]bg hsdl ne sgd ]fdmc] ] qd]k mtladq adsvddm / ]mc 0 hr ]rrhfmdc sn qdoqdrdms sgd
]bbdos]mbd q]sd ne ]m hrrtd ax ]m ]fdms- D]bg a]rd oqn’kd hr sgdm sq]mrenqldc hmsn 8 mdv
oqn’kdr ]r enkknvr) tmcdq sgd u]qh]ms ne sgd o,hlo]qsh]k btkstqd lncdk oqdrdmsdc ax Y5[-
@bbnqchmf sn sghr lncdk) vgdm fdmdq]shmf ]ooqnu]k unshmf a]kknsr) nmd b]m ]rrtld sg]s dudqx
]fdms hmcdodmcdmskx ]ooqnudr d]bg hsdl ne sgd ]fdmc] vhsg oqna]ahkhsx o- Sgdqdenqd) enq d]bg
a]rd oqn’kd �fdmdq]sdc enq d]bg fq]og( vd bqd]sd 8 oqn’kdr) nmd enq dudqx o ∈ ]/,0) , , , ) /,8|-
He sgd u]ktd ne ]m dmsqx a hm sgd a]rd oqn’kd hr rtbg sg]s a ≤ o) sgdm hm sgd bqd]sdc oqn’kd sgd
]fdms‘r oqdedqdmbd nm sghr hrrtd vhkk ad ]m ]ooqnu]k) ]mc ]m ]arsdmshnm nsgdqvhrd-

Sgdqdenqd) enq d]bg ne ntq fdmdq]sdc fq]ogr �] sns]k ne 38 fq]ogr() vd bqd]sdc ] sns]k ne 8/
oqn’kdr nqhfhm]shmf eqnl 0/ a]rd oqn’kdr ]mc sgd 8 oqna]ahkhshdr eqnl ntq o,hlo]qsh]k btkstqd
]rrtloshnm- Sgtr) vd q]m sgd sgqdd BBN qtkdr nm 330/ hmrs]mbdr- Vd sgdm qtm sgd HKO rnkudq
nm d]bg oqn’kd ]mc hsr qdk]sdc fq]og sn ’mc ]m ntsbnld enq sgd sgqdd qtkdr9 Ldc)Df]k ]mc
BB-

Enq d]bg fdmdq]sdc oqnakdl hmrs]mbd vd ld]rtqdc sgd oqnbdrrhmf shldr ne bnlotshmf sgd
ntsbnld ne sgqdd qtkdr) fhudm u]qxhmf kdudkr ne sgd o,hlo]qsh]k btkstqd ]mc mtladq ne mncdr
hm sgd tmcdqkxhmf hmhsh]k mdsvnqj-01

Vd adfhm ax bnlo]qhmf sgd qtm,shldr ne sgd sgqdd BBN qtkdr vhsg qdrodbs sn entq kdudkr
ne ]bbdos]mbd) o ∈ ]/,1) /,3) /,5) /,7| ]mc u]qxhmf sgd mtladq ne mncdr hm sgd fq]og �vd
nmkx ghfgkhfgs entq ne ntq mhmd u]ktdr ne o(- Ehftqd 1 rgnvr) enq d]bg u]ktd ne o) sgd ld]m
oqnbdrrhmf shldr nudq ]kk oqn’kdr ]mc ]kk fdmdq]sdc mdsvnqjr u]qxhmf sgd mtladq ne mncdr ne
sgd mdsvnqj U ∈ ]5) 6) 7|- Hm Ehf- 1 vd trd ] knf1,rb]kd nm sgd x,]whr ctd sn sgd dwonmdmsh]k
hmbqd]rd hm oqnbdrrhmf shldr-

He vd enbtr nm BB) vd nardqud sg]s sgd qtm,shld hr hmudqrdkx oqnonqshnm]k sn sgd ]bbdos]mbd
kdudk o) bnm’qlhmf sgd hmsthshnm sg]s ’mchmf ] bnkkdbshud ro]mmhmf sqdd vhsg BB hr lnqd
che’btks vhsg ro]qrd a]kknsr-

Sgd Ldc qtkd hr rknvdq sn bnlotsd sg]m sgd nsgdq qtkdr enq ]klnrs ]kk o u]ktdr �vhsg rnld
dwbdoshnmr enq rl]kk u]ktdr ne o ]f]hmrs BB(- Nardqud sg]s vhsgnts ]cchshnm]k bnmrsq]hmsr

01 Sgd dwodqhldmsr q]m nm ]m Hmsdk h6 oqnbdrrnq ]s 3-1 FGy vhsg 3 ogxrhb]k ]mc 7 knfhb]k bnqdr ]mc 21 FA ne
ldlnqx- @s ]mx shld) rhw hmrs]mbdr vdqd bnlotsdc hm o]q]kkdk-

�12



Jhmtr ds Ti-

Ehe- 1 Ld]m oqnbdrrhmf shld enq sgd Ldc)Df]k ]mc BB qtkdr ]ookhdc nm sgd ro]mmhmf sqdd oqnakdl- Sgd w
]whr qdoqdrdmsr sgd mtladq ne mncdr hm sgd fq]og �eqnl 5 sn 7(: sgd x ]whr qdoqdrdmsr sgd ld]m oqnbdrrhmf shld
�lhkkhrdbnmcr( nm ] knf]qhsglhb rb]kd �knf1,rb]kd(- D]bg ’ftqd rgnvr sgd ld]m qdrtksr enq ] rodbh’b kdudk ne
]bbdos]mbd o ∈ ]/,1) /,3) /,5) /,7|

Ehe- 2 Ld]m oqnbdrrhmf shld �rdbnmcr( enq sgd Ldc) Df]k ]mc BB qtkdr ]ookhdc nm sgd ro]mmhmf sqdd oqnakdl)
enq o ∈ ]/,0) , , , ) /,8|) nm ] bnlokdsd fq]og vhsg 7 mncdr

�12
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nm sgd atcfds) sgd Ldc qtkd hr dpthu]kdms sn ’mchmf sgd l]whltl ro]mmhmf sqdd vgdqd sgd
vdhfgsr ne sgd dcfdr ]qd cdsdqlhmdc ax gnv l]mx unsdqr ]ooqnudc sgdl- Sgdqdenqd) sgd
bnlokdwhsx ne bnlotshmf sgd ntsbnld ne Ldc hr oqnonqshnm]k sn M · o) h-d-) sgd vdhfgsr ne
sgd dcfdr- @ etstqd rsdo vntkc ad sn bgdbj he sgd r]ld hmbqd]rd hm qtm,shld b]m ad nardqudc
enq sgd qdk]sdc qtkd VLdc-

Ehm]kkx) sgd qtm,shld ne Df]k hmbqd]rdr rsd]chkx vhsg sgd mtladq ne mncdr vgdm o ;
/,1) /,3) vghkd enq o ; /,5) /,7 hs hmbqd]rdr ]s ] ltbg pthbjdq q]sd- Sghr b]m ad dwok]hmdc
ax qdedqqhmf a]bj sn �@1() vgdqd vd rdd sg]s Df]k l]whlhrdr sgd u]ktd ne u]qh]akd Y ) vgnrd
toodq antmc hr sgd lhmhltl mtladq ne hsdlr sg]s ]mx ]fdmsr g]r ]ooqnudc- Sgdqdenqd) vgdm
o hr knv) rn hr sgd toodq antmc nm Y ) qdctbhmf sgd rd]qbg ro]bd: vghkd vgdm o hr ghfg sgdqd
]qd lnqd u]ktdr vghbg Y b]m s]jd-

Sgd r]ld dwodqhldmsr enq mdsvnqjr vhsg 8 nq lnqd mncdr qdrtksdc hm rnld ne sgd hmrs]mbdr
mns bnlokdshmf adenqd sgd bgnrdm shld,nts ne 01// rdbnmcr- Sgd nardqudc adg]uhntq u]qhdc
vhsg d]bg qtkd9 enq Ldc sgd mnm,bnlokdshmf hmrs]mbdr bnqqdronmcdc sn sgd fq]ogr sg]s vdqd
bknrd sn adhmf bnlokdsd) vgdqd]r enq Ldc ]mc Df]k sgd o]ssdqm v]r lnqd bnlokdw) ]mc hs
rddldc sn cdodmc nm ansg sgd rsqtbstqd ne sgd fq]og ]r vdkk ]r sgd oqn’kd ne hmchuhct]k a]kknsr-

Ehftqd 2 oqdrdmsr sgd ld]m qtm,shldr ne sgd sgqdd bgnrdm qtkdr enq u]qxhmf kdudkr ne
]bbdos]mbd o) rs]qshmf eqnl ] ’wdc bnlokdsd mdsvnqj vhsg {U { ; 7 ]mc {D { ; 17- D]bg a]q
qdoqdrdmsr sgd ld]m qtm,shld enq 0/ cheedqdms oqn’kdr) enq ] sns]k ne 8/ hmrs]mbdr- Sgd ’ftqd
ghfgkhfgsr sgd dwonmdmsh]k hmbqd]rd hm qtmmhmf shld ne Df]k) ]mc bnm’qlr sgd nardqu]shnm
sg]s BB hr d]rx nm bnlokdsd fq]ogr-

9bjmnvkdcedldmsr Vd sg]mj sgd @L@H qduhdvdqr) ]r vdkk ]r sgd qduhdvdqr ne L,OPDE 1/11) enq sgdhq
u]kt]akd eddca]bj- Sghr vnqj v]r rtoonqsdc ax sgd Eqdmbg —@fdmbd M]shnm]kd cd k] Pdbgdqbgd“) ansg ]r o]qs
ne sgd ”Hmudrshrrdldmsr c‘]udmhq‘ oqnfq]lld) qdedqdmbd @MP,08,O2H@,///0 �OP@HPHD 2H@ Hmrshstsd() ]mc ax
sgd @MP IBIB oqnidbs RBNMD �@MP 07,BD12,///8,/0(- Hs v]r ]krn rtoonqsdc ax sgd MPV oqnidbs —Nmkhmd
O]qshbho]shnm“-

CTsT 9uThkTahkhsx Sgd c]s]rdsr enq sgd dwodqhldmsr hm sgd ]oodmchw fdmdq]sdc ]mc ]m]kxrdc ctqhmf sgd btqqdms
rstcx ]qd ]u]hk]akd eqnl sgd bnqqdronmchmf ]tsgnq nm qd]rnm]akd qdptdrs-

Ancd 9uThkTahkhsx Sgd bncd enq odqenqlhmf sgd dwodqhldmsr hm sgd ]oodmchw hr ]u]hk]akd eqnl sgd bnqqdronmchmf
]tsgnq nm qd]rnm]akd qdptdrs-

Nodm 9bbdrr Sghr ]qshbkd hr khbdmrdc tmcdq ] Bqd]shud Bnllnmr @ssqhatshnm 3-/ Hmsdqm]shnm]k Khbdmrd) vghbg
odqlhsr trd) rg]qhmf) ]c]os]shnm) chrsqhatshnm ]mc qdoqnctbshnm hm ]mx ldchtl nq enql]s) ]r knmf ]r xnt fhud
]ooqnoqh]sd bqdchs sn sgd nqhfhm]k ]tsgnq�r( ]mc sgd rntqbd) oqnuhcd ] khmj sn sgd Bqd]shud Bnllnmr khbdmbd)
]mc hmchb]sd he bg]mfdr vdqd l]cd- Sgd hl]fdr nq nsgdq sghqc o]qsx l]sdqh]k hm sghr ]qshbkd ]qd hmbktcdc hm sgd
]qshbkd‘r Bqd]shud Bnllnmr khbdmbd) tmkdrr hmchb]sdc nsgdqvhrd hm ] bqdchs khmd sn sgd l]sdqh]k- He l]sdqh]k hr
mns hmbktcdc hm sgd ]qshbkd‘r Bqd]shud Bnllnmr khbdmbd ]mc xntq hmsdmcdc trd hr mns odqlhssdc ax rs]stsnqx
qdftk]shnm nq dwbddcr sgd odqlhssdc trd) xnt vhkk mddc sn nas]hm odqlhrrhnm chqdbskx eqnl sgd bnoxqhfgs gnkcdq-
Sn uhdv ] bnox ne sghr khbdmbd) uhrhs gsso9..bqd]shudbnllnmr-nqf.khbdmrdr.ax.3-/.-

Idedpdmbdr

0- @acdkl]fthc) S-E-9 @m de’bhdms lhwdc hmsdfdq khmd]q oqnfq]llhmf lncdk enq sgd lhmhltl ro]mmhmf sqdd
oqnakdl- L]sgdl]shbr 5�0/() 072 �1/07(

1- @yhy) G-) E]khrydvrjh) O-) Fqnel]m) A- ds ]k-9 Df]khs]qh]m bnllhssdd rbnqhmf qtkdr- Hm9 Oqnbddchmfr ne sgd
16sg Hmsdqm]shnm]k Inhms Bnmedqdmbd nm @qsh’bh]k Hmsdkkhfdmbd �HIB@H,1/07( �1/07(

2- A]tldhrsdq) C-) Andr) K-) Ghkkdaq]mc) I-9 Bnlokdwhsx ne l]mhotk]shud hmsdqedqdmbd hm o]qshbho]snqx atc,
fdshmf- Hm9 Oqnbddchmfr ne sgd 6sg hmsdqm]shnm]k bnmedqdmbd nm ]kfnqhsglhb cdbhrhnm sgdnqx �@CS,1/10(
�1/10(

�12



Jhmtr ds Ti-

3- Ans]m) R-) cd G]]m) P-) Rk]ujnuhj) L- ds ]k-9 Df]khs]qh]m itcfldms ]ffqdf]shnm- Hm9 Oqnbddchmfr ne sgd
1/sg hmsdqm]shnm]k bnmedqdmbd nm ]tsnmnlntr ]fdmsr ]mc ltksh]fdms rxrsdlr �@@L@R,1/10( �1/10(

4- Aq]lr) R-I-) Jhkfntq) C-L-) R]mudq) L-P-9 @ lhmhl]w oqnbdctqd enq dkdbshmf bnllhssddr- Otakhb Bgnhbd
021�2ü3() 3/0ü31/ �1//6(

5- Aqdcdqdbj) P-) E]khrydvrjh) O-) J]byl]qbyxj) @- ds ]k-9 @m dwodqhldms]k uhdv nm bnllhssddr oqnuhchmf
itrsh’dc qdoqdrdms]shnm- Hm9 Oqnbddchmfr ne sgd 17sg hmsdqm]shnm]k inhms bnmedqdmbd nm ]qsh’bh]k hmsdkkhfdmbd
�HIB@H,1/08( �1/08(

6- Bg]ladqkhm) I-P-) Bntq]ms) O-M-9 Pdoqdrdms]shud cdkhadq]shnmr ]mc qdoqdrdms]shud cdbhrhnmr9 oqnonqshnm]k
qdoqdrdms]shnm ]mc sgd Anqc] qtkd- Sgd @ldqhb]m Onkhshb]k Rbhdmbd Pduhdv) oo- 607ü622 �0872(

7- Bghmfnl]) I-) Dmcqhrr) T-) cd G]]m) P-9 Rhltk]shmf ltkshvhmmdq unshmf qtkdr hm itcfldms ]ffqdf]shnm- Hm9
Oqnbddchmfr ne sgd 10rs hmsdqm]shnm]k bnmedqdmbd nm ]tsnmnlntr ]fdmsr ]mcltksh]fdms rxrsdlr �@@L@R,
1/11( �1/11(

8- Bnm]sh) @-) Mhrj]mdm) @-) I]̂quhr]kn) L-9 R]s,a]rdc itcfldms ]ffqdf]shnm- Hm9 Oqnbddchmfr ne sgd 1/12
hmsdqm]shnm]k bnmedqdmbd nm ]tsnmnlntr ]fdmsr ]mc ltksh]fdms rxrsdlr �@@L@R,1/12( �1/12(

0/- C]ql]mm) @-) Jk]lkdq) B-) Oedqrbgx) T-9 Bnlotshmf ro]mmhmf sqddr hm ] rnbh]k bgnhbd bnmsdws- Hm9 Oqn,
bddchmfr ne sgd 1mc hmsdqm]shnm]k vnqjrgno nm bnlots]shnm]k rnbh]k bgnhbd �BNLRNB,1//7( �1//7(

00- C]ql]mm) @-) Jk]lkdq) B-) Oedqrbgx) T-9 L]whlhyhmf sgd lhmhltl unsdq r]shre]bshnm nm ro]mmhmf sqddr-
L]sg- Rnb- Rbh- 47�1() 127ü14/ �1//8(

01- D]snm) I-V-) A]sdl]m) C-) G]tadqf) R- ds ]k-9 FMT Nbs]ud udqrhnm 4-1-/ l]mt]k9 @ ghfg,kdudk hmsdq]bshud
k]mft]fd enq mtldqhb]k bnlots]shnmr �1/1/(- gssor9..vvv-fmt-nqf.rnesv]qd.nbs]ud.cnb.u4-1-/.

02- Dmcqhrr) T-9 Itcfldms ]ffqdf]shnm- Hm9 Aq]mcs) E-) Bnmhsydq) U-) Dmcqhrr) T-) ds ]k- �dcr-( G]mcannj ne
Bnlots]shnm]k Rnbh]k Bgnhbd- bg]o 06 �1/05(

03- Dmcqhrr) T-9 Itcfldms ]ffqdf]shnm vhsg q]shnm]khsx ]mc ed]rhahkhsx bnmrsq]hmsr- Hm9 Oqnbddchmfr ne sgd 06sg
hmsdqm]shnm]k bnmedqdmbd nm ]tsnmnlntr ]fdmsr ]mc Ltksh@fdms rxrsdlr �@@L@R,1/07( �1/07(

04- Dmcqhrr) T-) cd G]]m) P-9 Bnlokdwhsx ne sgd vhmmdq cdsdqlhm]shnm oqnakdl hm itcfldms ]ffqdf]shnm9
Jdldmx) Rk]sdq) Shcdl]m) Wntmf- Hm9 Oqnbddchmfr ne 03sg hmsdqm]shnm]k bnmedqdmbd nm ]tsnmnlntr ]fdmsr
]mc ltksh]fdms rxrsdlr �@@L@R,1/04( �1/04(

05- Dmcqhrr) T-) cd G]]m) P-) K]mf) I-) ds ]k-9 Sgd bnlokdwhsx k]mcrb]od ne ntsbnld cdsdqlhm]shnm hm itcfldms
]ffqdf]shnm- Intqm]k ne @qsh’bh]k Hmsdkkhfdmbd Pdrd]qbg 58) 576ü620 �1/1/(

06- Drbne’dq) A-) Fntqudflr) K-) Lnmmns) I-9 E]hq rnktshnmr enq rnld ltksh]fdms noshlhy]shnm oqnakdlr- @tsnm-
@fdms- Ltksh,@fdms Rxrs- 15�1() 073ü1/0 �1/02(

07- Dudq]dqd) O-) Jnmhdbymx) R-) L]qpthr) O-9 Nm df]khs]qh]m adkhde ldqfhmf- Hm9 Oqnbddchmfr ne sgd 03sg
hmsdqm]shnm]k bnmedqdmbd nm sgd oqhmbhokdr ne jmnvkdcfd qdoqdrdms]shnm ]mc qd]rnmhmf �JP,1/03( �1/03(

08- Dudq]dqd) O-) Jnmhdbymx) R-) L]qpthr) O-9 Adkhde ldqfhmf udqrtr itcfldms ]ffqdf]shnm- Hm9 Oqnbddchmfr
ne sgd 03sg hmsdqm]shnm]k bnmedqdmbd nm ]tsnmnlntr ]fdmsr ]mc Ltksh@fdms rxrsdlr �@@L@R,1/04(
�1/04(

1/- Ektrbgmhj) S-) Rjnvqnm) O-) Sqhog]tr) L-) ds ]k-9 E]hq jm]or]bj- Hm9 Oqnbddchmfr ne sgd 22qc @@@H bnmedq,
dmbd nm ]qsh’bh]k hmsdkkhfdmbd �@@@H,1/08( �1/08(

10- F]qdx) L-P-) Ingmrnm) C-R-9 Bnlotsdqr ]mc Hmsq]bs]ahkhsx9 @ Fthcd sn sgd Sgdnqx ne MO,Bnlokdsdmdrr-
V- G) Eqddl]m ]mc Bnlo]mx �0868(

11- Fndk) @-) Jqhrgm]rv]lx) @-J-) R]jrgtvnmf) R- ds ]k-9 Jm]or]bj unshmf- Bnkkdbshud Hmsdkkhfdmbd 0 �1/04(
12- Fq]mch) T-) Dmcqhrr) T-9 Kheshmf hmsdfqhsx bnmrsq]hmsr hm ahm]qx ]ffqdf]shnm- @qshe- Hmsdkk- 088y1��) 34ü55

�1/02(
13- Fqnrrh) C-) Ohfnyyh) F-9 Itcfldms @ffqdf]shnm9 @ Oqhldq- Rxmsgdrhr Kdbstqdr nm @qsh’bh]k Hmsdkkhfdmbd

]mc L]bghmd Kd]qmhmf �1/03(
14- cd G]]m) P-9 Gtmshmf enq sq]bs]akd k]mft]fdr enq itcfldms ]ffqdf]shnm- Hm9 Oqnbddchmfr ne sgd 05sg

hmsdqm]shnm]k bnmedqdmbd nm oqhmbhokdr ne jmnvkdcfd qdoqdrdms]shnm ]mc qd]rnmhmf �JP,1/07( �1/07(
15- cd G]]m) P-) Rk]ujnuhj) L-9 @mrvdq rds oqnfq]llhmf enq itcfldms ]ffqdf]shnm- Hm9 Oqnbddchmfr ne sgd

17sg hmsdqm]shnm]k inhms bnmedqdmbd nm ]qsh’bh]k hmsdkkhfdmbd �HIB@H,1/08( �1/08(
16- Jk]lkdq) B-) Oedqrbgx) T-) Ptyhj]) R-9 Bnllhssdd rdkdbshnm tmcdq vdhfgs bnmrsq]hmsr- L]sg- Rnb- Rbh-

53�0() 37ü45 �1/01(
17- Jnmhdbymx) R-) Ohmn Od̀qdy) P-9 Knfhb a]rdc ldqfhmf- I- Oghknr- Knf- 3��1() 128ü16/ �1/00(
18- K]bjmdq) L-) Rjnvqnm) O-9 Ltksh,Vhmmdq Unshmf vhsg @ooqnu]k Oqdedqdmbdr- Roqhmfdq Aqhder hm Hmsdkkhfdms

Rxrsdlr) Roqhmfdq �1/12(
2/- K]mf) I-) Rk]ujnuhj) L-9 Itcfldms ]ffqdf]shnm qtkdr ]mc unshmf qtkdr- Hm9 Oqnbddchmfr ne sgd 2qc Hmsdqm],

shnm]k Bnmedqdmbd nm @kfnqhsglhb Cdbhrhnm Sgdnqx �@CS,1/02( �1/02(
20- K]mf) K-) Ohfnyyh) O-) Rk]ujnuhj) L-) ds ]k-9 @ o]qsh]k s]wnmnlx ne itcfldms ]ffqdf]shnm qtkdr ]mc sgdhq

oqnodqshdr- Rnb- Bgnhbd Vdke]qd 37�1() 216ü245 �1/06(
21- Mdgqhmf) J-) Ohu]sn) L-9 Sgd ldch]m qtkd hm itcfdldms ]ffqdf]shnm- Dbnm- Sgdnq- 62�3() 0/40ü00//

�1/11(
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22- Mdgqhmf) J-) Ohu]sn) L-) Otood) B-9 Sgd Bnmcnqbds rds9 L]inqhsx unshmf nudq hmsdqbnmmdbsdc oqnonrhshnmr-
Intqm]k ne Dbnmnlhb Sgdnqx 040) 157ü2/2 �1/03(

23- O]o]chlhsqhnt) B-G-) W]mm]j]jhr) L-9 Sgd bnlokdwhsx ne e]bdsr �]mc rnld e]bdsr ne bnlokdwhsx(- Hm9
Oqnbddchmfr ne sgd 03sg ]mmt]k @BL rxlonrhtl nm sgdnqx ne bnlotshmf �0871(

24- O]rbt]k) E-) Py]cb]) J-) Rjnvqnm) O-9 Bnkkdbshud rbgdctkdr9 Rbgdctkhmf lddsr bnlots]shnm]k rnbh]k bgnhbd-
Hm9 Oqnbddchmfr ne sgd 06sg hmsdqm]shnm]k bnmedqdmbd nm ]tsnmnlntr ]fdmsr ]mc Ltksh@fdms rxrsdlr
�@@L@R,1/07( �1/07(

25- Pdx) R-) Dmcqhrr) T-) cd G]]m) P-9 Cdrhfmhmf o]qshbho]snqx atcfdshmf ldbg]mhrlr fqntmcdc hm itcfldms
]ffqdf]shnm- Hm9 Oqnbddchmfr ne sgd 06sg hmsdqm]shnm]k bnmedqdmbd nm oqhmbhokdr ne jmnvkdcfd qdoqdrdms],
shnm ]mc qd]rnmhmf �JP,1/1/( �1/1/(

26- Rjnvqnm) O-) E]khrydvrjh) O-9 Bg]ladqkhm,Bntq]ms qtkd vhsg ]ooqnu]k a]kknsr9 @ooqnwhl]shmf sgd L]w,
Bnudq oqnakdl vhsg antmcdc eqdptdmbhdr hm EOS shld- Intqm]k ne @qsh’bh]k Hmsdkkhfdmbd Pdrd]qbg 5�)
576ü605 �1/06(

27- Rjnvqnm) O-) E]khrydvrjh) O-) Rkhmjn) @-L-9 @bghduhmf etkkx oqnonqshnm]k qdoqdrdms]shnm9 @ooqnwhl]ahkhsx
qdrtksr- @qshe- Hmsdkk- 111) 56ü0/2 �1/04(

28- Rnm]q) B-) Cdx) O-) Lhrq]) M-9 Nm sgd bnlokdwhsx ne vhmmdq udqh’b]shnm ]mc b]mchc]sd vhmmdq enq ltksh,
vhmmdq unshmf qtkdr- Hm9 Oqnbddchmfr ne sgd 18sg hmsdqm]shnm]k inhms bnmedqdmbd nm ]qsh’bh]k hmsdkkhfdmbd
�HIB@H,1/1/( �1/1/(

3/- Rqddctqf]) F-) P]s]m Ag]qcv]i) L-) M]q]g]qh) W-9 L]wlhm o]qshbho]snqx atcfdshmf- Hm9 Oqnbddchmfr ne
sgd 20rs hmsdqm]shnm]k inhms bnmedqdmbd nm ]qsh’bh]k hmsdkkhfdmbd �HIB@H,11( �1/11(

30- S]klnm) M-) E]khrydvrjh) O-9 @ eq]ldvnqj enq ]ooqnu]k,a]rdc atcfdshmf ldsgncr- Hm9 Oqnbddchmfr ne sgd
22sg @@@H bnmedqdmbd nm ]qsh’bh]k hmsdkkhfdmbd �1/08(

Otakhrgdpyr Mnsd Roqhmfdq M]stqd qdl]hmr mdtsq]k vhsg qdf]qc sn itqhrchbshnm]k bk]hlr hm otakhrgdc l]or ]mc
hmrshstshnm]k ]e’kh]shnmr-
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