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Rdkdbshmf ] bnllhssdd sg]s lddsr chudqrhsx ]mc oqnonqshnm]k,
hsx bqhsdqh] hr ] bg]kkdmfhmf dmcd]unq sg]s g]r addm rstchdc
dwsdmrhudkx hm qdbdms xd]qr- Sghr s]rj adbnldr dudm lnqd
bg]kkdmfhmf vgdm rnld ne sgd rdkdbsdc b]mchc]sdr cdbkhmd sgd
hmuhs]shnm sn inhm sgd bnllhssdd- Rhmbd sgd tm]u]hk]ahkhsx ne nmd
b]mchc]sd l]x hlo]bs sgd qdrs ne sgd rdkdbshnm) hmuhshmf ]kk b]m,
chc]sdr ]s sgd r]ld shld l]x kd]c sn ] rtanoshl]k bnllhssdd-
Hmrsd]c) hmuhs]shnmr rgntkc ad rdptdmsh]k ]mc bnmchshnm]k nm
vghbg b]mchc]sdr hmuhsdc rn e]q ]bbdosdc sgd hmuhs]shnm9 sgd rn,
ktshnm sn sgd bnllhssdd rdkdbshnm oqnakdl hr ] ptdqx onkhbx- He
hmuhs]shnm ptdqhdr ]qd ahmchmf) sgdx rgntkc ad rWed9 nmd rgntkc
mns ptdqx ] b]mchc]sd vhsgnts adhmf rtqd sg]s vg]sdudq sgd
rds ne ]u]hk]akd b]mchc]sdr onrrhakd ]s sg]s rs]fd) gdq hmbktrhnm
vhkk mns idno]qchyd bnllhssdd noshl]khsx- @rrtlhmf ]ooqnu]k,
a]rdc hmotsr) vd bg]q]bsdqhyd sgd rds ne qtkdr enq vghbg ] r]ed
ptdqx dwhrsr ]s dudqx rs]fd- Hm nqcdq sn o]q]kkdkhyd sgd hmuhs],
shnm oqnbdrr) vd hmudrshf]sd sgd bnlots]shnm ne r]ed o]q]kkdk
ptdqhdr) ]mc rgnv sg]s hs hr nesdm g]qc- Vd ]krn rstcx sgd dwhr,
sdmbd ne r]ed o]q]kkdk ptdqhdr vhsg qdrodbs sn oqnonqshnm]khsx
]whnlr rtbg ]r dwsdmcdc itrsh�dc qdoqdrdms]shnm-

. Hmspnctbshnm
Hm ltkshvhmmdq unshmf sgd fn]k hr sn rdkdbs ] rds ne b]mchc]sdr
a]rdc nm oqdedqdmbdr dwoqdrrdc ax unsdqr- Hm sgd trt]k rdsshmf
sgdqd hr ] fhudm rds ne b]mchc]sdr nts ne vghbg ] �wdc,rhyd
rtards g]r sn ad bgnrdm- Sghr) gnvdudq) cndr mns b]ostqd
l]mx qd]k,khed rbdm]qhnr-
Enq hmrs]mbd) bnmrhcdq ] tmhudqrhsx cdo]qsldms ghqhmf ltk,

shokd qdrd]qbgdqr ]bqnrr ltkshokd fqntor rhltks]mdntrkx- Sgd
ghqhmf bnllhssdd vhkk uhdv sgd qdrd]qbgdqr` ]ookhb]shnmr) ]mc
a]rdc nm sgd oqdedqdmbdr ne sgd ldladqr ne sgd ghqhmf bnl,
lhssdd) sgd tmhudqrhsx rdkdbsr ] rtards ne b]mchc]sdr sn needq ]
onrhshnm- Gnvdudq) ne sgdrd rths]akd b]mchc]sdr) mns ]kk lhfgs
]bbdos sgd needq) ]esdq vghbg mdv b]mchc]sdr mddc sn ad hm,
uhsdc- Vgdm bgnnrhmf sgdrd mdv b]mchc]sdr) hs lhfgs ok]x
] oqnlhmdms qnkd vghbg b]mchc]sdr hmhsh]kkx ]bbdosdc sgdhq
needq ]mc vghbg cdbkhmdc- @r ]m dw]lokd) ]rrtld sgdqd ]qd
sgqdd fqntor hm sgd bnlotsdq rbhdmbd cdo]qsldms9 ]kfnqhsglr
’@KF() l]bghmd kd]qmhmf ’LK() ]mc bqxosnfq]ogx ’BF() qdo,
qdrdmshmf qdrodbshudkx 2<7) 2<7) ]mc 0<3 ne sgd cdo]qsldms: ]mc
entq b]mchc]sdr b0) b1) b2) b3- B]mchc]sd b0 hr hmsdqdrshmf enq

Bnoxqhfgs ¨ 1/12) @rrnbh]shnm enq sgd @cu]mbdldms ne @qsh�bh]k
Hmsdkkhfdmbd ’vvv-]]]h-nqf(- @kk qhfgsr qdrdqudc-

@KF ]mc LK) b]mchc]sd b1 enq BF) b]mchc]sd b2 enq @KF)
]mc b]mchc]sd b3 enq LK- He sgd fn]k ne sgd rdkdbshnm oqnbdrr
hr sn l]whlhyd rnld mnshnm ne qdoqdrdms]shnm ]lnmf sgd che,
edqdms fqntor) hs hr ok]trhakd sg]s sgd oqdedqdmbd nudq rtardsr
ne b]mchc]sdr hr rtbg sg]s {b0. b1{ hr adrs) ]mc sg]s {b2. b3{
hr adssdq sg]m {b1. b2{ ]mc {b1. b3{- Sgtr) hs hr noshl]k hm sgd
�qrs rs]fd sn hmuhsd b0) ]mc sgdm sn hmuhsd b1 he b0 hr ]u]hk]akd
]mc nsgdqvhrd sn hmuhsd b2- Vd rdd sg]s vgdsgdq ] b]mchc]sd hr
]u]hk]akd nq mns hmfitdmbdr sgd rdkdbshnm ne etqsgdq b]mchc]sdr-
Sgdqd ]qd svn hmsdqoqds]shnmr ne ]u]hk]ahkhsx ptdqhdr- Vd

vhkk ]rrtld gdqd sg]s sgdx ]qd ahmchmf9 nmbd ] b]mchc]sd hr
ptdqhdc) rgd hr hqqdunb]akx hmbktcdc hm sgd rdkdbshnm he rgd hr
]u]hk]akd – sghmj ne hmuhshmf okdm]qx rod]jdqr ]s ] bnmedq,
dmbd: hs hr mns onrrhakd sn qdunjd ]kqd]cx ]bbdosdc hmuhs]shnmr-
Sgd b]rd ne mnm,ahmchmf ptdqhdr hr chrbtrrdc hm Rdbshnm 4-
Sgd bnmsdws vd cdrbqhadc hr ] ltkshvhmmdq u]qh]ms ne sgd

tmWuWhkWakd bWmchcWsd lncdk ’Kt ]mc Antshkhdq 1/0/(9 unsdqr
dwoqdrr sgdhq oqdedqdmbdr nudq ] rds ne onsdmsh]k b]mchc]sdr)
ats nmkx ] rtards ne sgdl vhkk dudmst]kkx ad ]u]hk]akd: sgd
ntsots sgdm hr ] q]mjdc khrs ne b]mchc]sdr) ]bbnqchmf sn vghbg
b]mchc]sdr ]qd ptdqhdc: ]mc sgd �qrs nmd vgn hr ]u]hk]akd hr
rdkdbsdc- Ntq bnmsdws hr rhlhk]q ats sgd mddc sn rdkdbs rdudqWk
b]mchc]sdr q]hrdr svn bnlokhb]shnmr9 sgd ptdqx onkhbx rgntkc
ad bnmchshnm]k nm needqr ]kqd]cx ]bbdosdc nq qdidbsdc) ]mc
vgdm rdkdbshmf b]mchc]sdr sn ptdqx) nmd rgntkc jddo hm lhmc
oqnonqshnm]khsx s]qfdsr ad]qhmf nm sgd fkna]k rdkdbshnm-

Mtp bnmsphatshnm- Hm sghr o]odq) vd enql]khyd sgd ldm,
shnmdc lncdk ]mc ]c]os sgd bnmbdos ne ] ptdqx onkhbx
’Antshkhdq ds ]k- 1/03( sn ltkshvhmmdq dkdbshnmr- Rtbg ] onkhbx
ptdqhdr b]mchc]sdr enq sgdhq ]u]hk]ahkhsx) vhsg sgd bnmrsq]hms
sg]s ] ptdqhdc b]mchc]sd g]r sn ad hmbktcdc hm sgd rdkdbshnm
nmbd sgdx rhfm]k sgdhq ]u]hk]ahkhsx-
Vd sgdm rstcx bnllnm WooqnuWk,aWrdc bnllhssdd fi;AB(

qtkdr ]mc hmudrshf]sd vgdsgdq sgdrd qtkdr ]clhs ] rWed ptdqx
onkhbx) h-d-) ] onkhbx sg]s nmkx ptdqhdr b]mchc]sdr sg]s ]qd
ft]q]msddc sn ad hmbktcdc hm ]m noshl]k rdkdbshnm vgdmdudq
sgdx ]qd ]u]hk]akd) vg]sdudq sgd nsgdq ]u]hk]akd b]mchc]sdr ]qd-
Vd rgnv sg]s tmcdq ] lhkc sdbgmhb]k ]rrtloshnm ] mdbdrr]qx
]mc rte�bhdms bnmchshnm enq ] qtkd sn ]clhs ] r]ed ptdqx onkhbx
hr zrdptdmsh]khsx“ ’sn ad enql]kkx cd�mdc k]sdq(- Sghr ]kknvr
tr sn rgnv) hm o]qshbtk]q) sg]s Ogq]fl©dm`r rdptdmsh]k qtkd
]mc sgd Ldsgnc ne Dpt]k Rg]qdr ]clhs ] r]ed ptdqx onkhbx)
]mc sg]s Oqnonqshnm]k @ooqnu]k Unshmf ’O@U( ]mc nsgdq mnm,
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rdptdmsh]k Sghdkd qtkdr cn mns-
Etqsgdq) vd rstcx sgd bnlokdwhsx ne �mchmf r]ed ’rdsr ne(

b]mchc]sdr) h-d-) b]mchc]sdr ]mc rdsr ne b]mchc]sdr sg]s ]qd
]kv]xr hmbktcdc hm ]m noshl]k rdkdbshnm he sgdx ]qd ]u]hk]akd-
Vgdqd]r sghr oqnakdl hr sqhuh]k enq rs]mc]qc Ltkshvhmmdq
@ooqnu]k Unshmf ’@U() vd rgnv sg]s

” enq ]kk mnm,rdptdmsh]k Sghdkd qtkdr nsgdq sg]m @U) cdbhchmf
vgdsgdq ] r]ed b]mchc]sd dwhrsr hr bnMO,g]qc:

” enq ]kk rdptdmsh]k Sghdkd qtkdr nsgdq sg]m @U ’enq vghbg
] r]ed b]mchc]sd ]kv]xr dwhrsr() cdbhchmf vgdsgdq sgdqd
dwhrsr ] r]ed rds bnms]hmhmf lnqd sg]m nmd b]mchc]sd hr
bnMO,g]qc: ]mc

” enq ]kk ’rdptdmsh]k ]mc mnm,rdptdmsh]k( Sghdkd qtkdr nsgdq
sg]m @U) cdbhchmf vgdsgdq ] fhudm b]mchc]sd hr r]ed hr
bnMO,g]qc-

Ehm]kkx) vd stqm sn mnshnmr ne oqnonqshnm]khsx) m]ldkx oqnonq,
shnmWk itrsh�dc qdoqdrdmsWshnm fiOIP( ]mc dwsdmcdc itrsh�dc
qdoqdrdmsWshnm fiDIP(- Vd rgnv sg]s enq OIQ) ] rds ne i r]ed
b]mchc]sdr ]kv]xr dwhrsr) ]mc rtbg ] rds hr rdkdbsdc ax sgd
kdwhl]w,Ogq]fl©dm qtkd- Enq DIQ) vd rgnv sg]s jmnvm qtkdr
r]shrexhmf DIQ cn mns ]kv]xr rdkdbs i r]ed b]mchc]sdr enq DIQ:
gnvdudq) vd oqnuhcd ] ptdqx onkhbx sg]s �mcr ] r]ed rds ne rhyd
]s kd]rs svn- Nlhssdc oqnner b]m ad entmc hm sgd etkk udqrhnm
ne sghr o]odq ’]u]hk]akd ]s gssor9..vvv-l]qjtr,aqhkk-cd.(-

QdkVsdc vnpi- Sgdqd hr ] k]qfd khsdq]stqd nm tmbdqs]hmsx
]mc bnlltmhb]shnm hm unshmf) rdd sgd rtqudx ax Antshkhdq
]mc Qnrdmrbgdhm ’1/05(- Tmbdqs]hm jmnvkdcfd b]m ad]q nm
]fdmsr` oqdedqdmbdr) nm sgd unshmf qtkd) nq nm sgd rds ne qtm,
mhmf b]mchc]sdr- Ntq vnqj cd]kr vhsg sgd k]ssdq sxod-
Sgd tm]u]hk]akd b]mchc]sd lncdk v]r hmsqnctbdc hmcd,

odmcdmskx ax Kt ]mc Antshkhdq ’1/0/( ]mc ’vhsg ] cheedqdms
lnshu]shnm( ax A]kchf] ]mc Fqddm ’1/02(- Hm sghr lncdk) nmkx
nmd b]mchc]sd g]r sn ad rdkdbsdc: unsdqr g]ud nqchm]k oqde,
dqdmbdr nudq onsdmsh]k b]mchc]sdr sg]s ]qd ]rrnbh]sdc vhsg
oqna]ahkhshdr ne ]u]hk]ahkhsx: ]mc sgd ]hl hr sn athkc ] q]mjdc
khrs rtbg sg]s sgd �qrs ]u]hk]akd b]mchc]sd hm sgd khrs l]whlhydr
sgd oqna]ahkhsx ne adhmf sgd oktq]khsx vhmmdq- Sgdqd g]ud addm
] mtladq ne enkknv,tor- Nqdm) Ehkltr) ]mc Antshkhdq ’1/02(
]rrtld sg]s unsdqr qdonqs sno,i q]mjhmfr hmrsd]c ne bnlokdsd
q]mjhmfr- Antshkhdq ds ]k- ’1/03( bnmrhcdq bnmchshnm]k ptdqx
onkhbhdr vgnrd fn]k hr sn hcdmshex sgd vhmmdq vhsg qdrodbs
sn sgd ]bst]k rds ne qtmmhmf b]mchc]sdr: sgdrd ptdqhdr ]qd
mnm,ahmchmf ]mc g]ud bnrsr- Vghkd Kt ]mc Antshkhdq ’1/0/(
]rrtld unsdqr` tshkhshdr ]qd ahm]qx ’0 he sgd adrs ]u]hk]akd
b]mchc]sd hr rdkdbsdc) / nsgdqvhrd() mnmahm]qx tshkhshdr ]qd
bnmrhcdqdc ax Fqhuds R©dadqs ds ]k- ’1/10(- Rdd sgd etkk udqrhnm
ne sghr o]odq enq ] rsqtbstqdc bnlo]qhrnm ne sgdrd vnqjr) ]mc
Rdbshnm 4 enq ] chrbtrrhnm nm gnv sn etqsgdq dwsdmc ntq vnqj
sn ]bbntms enq nsgdq rodbh�bhshdr-
Sgd cxm]lhb rdkdbshnm ne ] rds ne b]mchc]sdr) vgdqd ]s d]bg

rsdo nmd ltrs cdbhcd vgdsgdq sn rdkdbs ] b]mchc]sd hqqdunb]akx
nq mns fhudm ]ooqnu]k unsdr) hr rstchdc ax Cn ds ]k- ’1/11(- @
l]inq cheedqdmbd vhsg sgd vnqjr ldmshnmdc ]anud hr sg]s sgd
tmbdqs]hmsx hr mns qdk]sdc sn b]mchc]sdr` ]u]hk]ahkhsx) ats sn
sgd nqcdq hm vghbg sgdx ]ood]q-
EWhq rnqshshnm enq sgd rdkdbshnm ne ] qdoqdrdms]shud bhshydm

]rrdlakx ’Ek]mhf]m ds ]k- 1/10( ]krn hmunkudr ]u]hk]ahkhsx

ptdqhdr) ats sgdx ]qd mnm,ahmchmf ]mc l]cd nefihmd) ]mc sgdm
] ’q]mcnlhydc( rdkdbshnm ]kfnqhsgl hr b]kkdc- @krn) oqnonq,
shnm]khsx qdk]sdr sn cdlnfq]oghb ed]stqdr) mns sn unsdr-
Ntq vnqj hr gd]uhkx qdk]sdc sn @AB unshmf ’K]bjmdq ]mc

Rjnvqnm 1/11(- Tmbdqs]hmsx hm @AB unshmf) ]kadhs nmkx enq
sgd b]rd ne tmbdqs]hm oqdedqdmbdr) g]r addm chrbtrrdc ax
A]qqns ds ]k- ’1/02() Sdqynontknt) J]qonu) ]mc Naq]ysrnu]
’1/10() ]mc Hladq ds ]k- ’1/11(-

1 Rdsshmf
Vd �qrs qdb]kk sgd rs]mc]qc WooqnuWk,aWrdc bnllhssdd fi;AB(
unshmf rdsshmf) vgdqd E : =m[ hr ] rds ne unsdqr) B :
{b0. . . . . bk{ hr ] rds ne b]mchc]sdr) > : �>0. . . . . >m( hr
]m WooqnuWk oqn�kd bnms]hmhmf sgd ]ooqnu]k rds >c ⊆ B enq
d]bg unsdq f ∈ E ) ]mc i ∈ =k[ hr sgd bnllhssdd rhyd-0 Enq
b ∈ B vd kds Eℓ : {f ∈ E 9 b ∈ >c{ ad sgd Wooqnudqr
ne b- @ bnllhssdd hr ] rtardsU ⊆ B ne b]mchc]sdr ne rhyd
}U } : i- Rhmbd sgd ]ooqnu]k oqn�kd hlokhbhskx fhudr sgd rdsr
ne unsdqr ]mc b]mchc]sdr) vd nlhsE ]mc B eqnl sgd mns]shnm
]mc qdedq sn ]m @AB hmrs]mbd ax sgd o]hq �>. i(-

TmVuVhkVakd bVmchcVsdr- Hm ntq rdsshmf) rnld b]mchc]sdr
hm B lhfgs ad tm]u]hk]akd- Vd ]rrtld sgdqd dwhrsr ]m tm,
cdqkxhmf rds ne WuWhkWakd bWmchcWsdr W ⊆ B- @kk b]mchc]sdr
b ∈ B | W ]qd tmWuWhkWakd- Hmrs]mbdr ]mc bnllhssddr ]qd
cd�mdc ]r hm sgd rs]mc]qc rdsshmf) dwbdos sg]s vd ]kknv qtkdr
sn ntsots edvdq sg]m i b]mchc]sdr hm b]rd }W} , i-1 Sgtr) hm
sghr lnqd bnlokdw rdsshmf) ] bnllhssdd hr ] rtardsU ⊆ B
ne b]mchc]sdr vhsg }U } : iam�i. }W}(-
@m @AB unshmf qtkd tmcdq tmbdqs]hm ]u]hk]ahkhsx hr ] etmb,

shnm q sg]s s]jdr ]r hmots sgd ]ooqnu]k oqn�kd ’nudq ]kk b]m,
chc]sdr B() sgd s]qfds bnllhssdd rhyd i) ]mc sgd rds ne ]u]hk,
]akd b]mchc]sdr W ]mc ntsotsr nmd ’nq lnqd( bnllhssddr
U ∈ q�>. i.W( ne rhyd iam�i. }W}(- Dudqx rs]mc]qc @AB
qtkd b]m ad sq]mrk]sdc sn sghr rdsshmf hm ] rsq]hfgsenqv]qc v]x)
ax cd�mhmf q�>. i.W( ]r sgd bnllhssdd rdkdbsdc ax q vgdm
]ookhdc sn �>}W .iam�i. }W}((- Vd ]qd hmsdqdrsdc hm gnv vd
b]m nas]hm bnllhssddr ne nmkx ]u]hk]akd b]mchc]sdr vhsgnts
chqdbs ]bbdrr sn sgd rds ne ]u]hk]akd b]mchc]sdr W - Enq sg]s)
vd hmsqnctbd sgd mnshnm ne rWed ’rdsr ne( b]mchc]sdr-

Cd�mhshnm .- Fhudm Wm ;AB hmrsWmbd �>. i( Wmc W unshmf
qtkd q) W rtards ne bWmchcWsdr B ′ ⊆ B hr r]ed he enq Wmx rds
ne WuWhkWakd bWmchcWsdr W sgdqd hr rnld bnllhssdd U ∈
q�>. i.W( rtbg sgWs B ′ ∩ W ⊆ U - Vd rWx sgWs bWmchcWsd
b ∈ B hr rWed he {b{ hr rWed-
Sg]s hr) vd bnmrhcdq B ′ r]ed he hmcdodmcdms ne vghbg b]mch,

c]sdr ]qd ]u]hk]akd) vd b]m bnlokdsd sgd ]u]hk]akd b]mchc]sdr
]lnmf B ′ sn ]m ntsots ne q- Mnsd sg]s enq ] rds B ′ sn ad r]ed
]kk ’]u]hk]akd( b]mchc]sdr hm B ′ ltrs ad r]ed vgdm s]jdm sn,
fdsgdq- Sghr hr rsqnmfdq sg]m rhlokx dmenqbhmf sg]s B ′ bnmrhrsr

0Enq k � �) vd kds =k[ cdmnsd sgd rds ∈). � � � . k{-
1Hm sghr b]rd) vd ]rrtld sg]s sgd qtkd vhkk qdstqm ]kk ]u]hk]akd

b]mchc]sdr- @AB qtkdr vhsg ] u]qh]akd mtladq ne vhmmdqr g]ud
addm bnmrhcdqdc ax Eqddl]m) J]gmf) ]mc Odmmnbj ’1/1/(: ] bqtbh]k
cheedqdmbd vhsg ntq rdsshmf hr sg]s sgdx cn mns bnmrsq]hm sgd mtladq
ne vhmmdqr ]s ]kk) vghkd vd sqx sn bgnnrd ] bnllhssdd vgnrd rhyd hr
]r bknrd ]r onrrhakd sn sgd s]qfds rhyd c-
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ne b]mchc]sdr sg]s ]qd d]bg r]ed nm sgdhq nvm-2 Hm nqcdq sn
ad ]akd sn s]kj ]ants sgd r]edmdrr ne onkhbhdr) vd dwsdmc sgd
cd�mhshnm ne r]edmdrr sn ]krn hmbnqonq]sd rhst]shnmr hm vghbg
rnld b]mchc]sdr g]ud ]kqd]cx addm rdkdbsdc- Enq sghr) vd r]x
sg]s ] rtards B ′ ⊆ B ne b]mchc]sdr hr rWed vhsg qdrodbs sn
W rta,bnllhssdd U ′ ⊆ B Wmc W rds ne bWmchcWsdr jmnvm
sn ad tmWuWhkWakd Q ⊆ B he) enq ]mx rds ne ]u]hk]akd b]mch,
c]sdr W ⊇ U ′ vhsg W ∩ Q : ∅) sgdqd hr rnld bnllhssdd
U ∈ q�>. i.W( vhsgU ⊇ U ′- Sg]s hr) vd b]m ]kv]xr dw,
sdmcU ′ vhsg sgd ]u]hk]akd b]mchc]sdr eqnl B ′ sn ] vhmmhmf
bnllhssdd- Rhlhk]q sn r]edmdrr enq unshmf qtkdr) vd b]m ]krn
r]x sg]s ] rds ne b]mchc]sdr hr r]ed enq oqnonqshnm]khsx ]whnlr
khjd DIQ ]mc OIQ ’be- Rdbshnm 3-1( he vd b]m dwsdmc sgd rds sn
] bnllhssdd sg]s r]shr�dr sgd ]whnl-

Ptdpx onkhbhdr- @ ptdqx onkhbx hr ]m ]kfnqhsgl sg]s s]jdr
]m ]ooqnu]k oqn�kd ]mc ] s]qfds bnllhssdd rhyd i ]r hmots ]mc
oqnctbdr ] bnllhssdd ax hsdq]shudkx ptdqxhmf sgd ]u]hk]ahkhsx
ne b]mchc]sdr- Hm nqcdq sn jddo sq]bj ne b]mchc]sdr vgnrd
]u]hk]ahkhsx g]r ]kqd]cx addm ptdqhdc) vd trd N) ]mc N�

sn cdmnsd sgd rds ne jmnvm WuWhkWakd b]mchc]sdr ]mc jmnvm
tmWuWhkWakd b]mchc]sdr) qdrodbshudkx- Hm o]qshbtk]q) ]esdq d]bg
qntmc s ne sgd ptdqx onkhbx) vd g]ud ]m hmenqlWshnm rds Nq :
�N)

q . N
�
q () vgdqd N)

q ⊆ W hr sgd rds ne ]u]hk]akd b]mchc]sdr
sg]s g]ud ]kqd]cx addm ptdqhdc ]mc N�q ⊆ B |W hr sgd rds ne
tm]u]hk]akd b]mchc]sdr sg]s g]ud addm ptdqhdc- Ax cd�mhshnm)
vd g]ud N)

+ : N�+ : ∅ ]mc N)
q ∩N�q : ∅ enq ]kk s ≥ +-

Hm d]bg qntmc s ≥ 0) vd kds bq ∈ B cdmnsd sgd b]mch,
c]sd sg]s hr ptdqhdc enq sgdhq ]u]hk]ahkhsx ax sgd onkhbx- He bq
hr ]u]hk]akd) vd kds Nq : �N)

q�0 S {bq{. N�q�0(: nsgdqvhrd)
Nq : �N)

q�0. N
�
q�0 S {bq{(- Vhsgnts knrr ne fdmdq]khsx) vd

b]m ]rrtld sg]s dudqx b]mchc]sd hr ptdqhdc ]s lnrs nmbd- Sgtr
}N)

q SN�q } : s ]mc sgd mtladq ne qntmcr hr toodq,antmcdc
ax k : }B}- @ onkhbx b]m sdqlhm]sd nmkx he }N)

q } ≥ i nq
}N)

q SN�q } : }B} ’]mc) sgdqdenqd)N)
q : W(- @s sdqlhm]shnm)

hs ntsotsr ] bnllhssddU ⊆ N)
q ne rhyd }U } : iam�i. }W}(-

Vd b]m sghmj ne ] ptdqx onkhbx ]r ] k]adkdc ahm]qx sqdd-
Fhudm ]m ]ooqnu]k oqn�kd ]mc bnllhssdd rhyd i) vd bnmrsqtbs
] qnnsdc ahm]qx sqdd ne cdosg k bnqqdronmchmf sn ] ptdqx
onkhbx ]r enkknvr- Vd k]adk sgd qnns mncd ne sgd sqdd vhsg
sgd b]mchc]sd b0 sg]s hr ptdqhdc �qrs ax sgd onkhbx- Sgd kdes
bghkc ne b0 hr k]adkdc vhsg sgd b]mchc]sd sg]s hr ptdqhdc ax sgd
onkhbx he b0 hr ]u]hk]akd) ]mc sgd qhfgs bghkc vhsg sgd b]mchc]sd
sg]s hr ptdqhdc he b0 hr mns ]u]hk]akd- Vd bnmshmtd sghr k]adkhmf
tmshk sgd ptdqx onkhbx sdqlhm]sdr- @ sdqlhm]k mncd hr k]adkdc
vhsg sgd bnllhssdd rdkdbsdc ax sgd onkhbx-

DwVlokd .- Bnmrhcdq sgd WooqnuWk oqn�kd vgdqd 2 unsdqr
Wooqnud {a. b{) 1 unsdqr Wooqnud {a. c{) Wmc nmd unsdq Wo,
oqnudr {a{- RWx sgWs W bWmchcWsd bi zbnudqr“ W unsdq f he
bi ∈ >c Wmc bnmrhcdq sgd enkknvhmf ptdqx onkhbx9 ;s dWbg
qntmc) ptdqx W bWmchcWsd sgWs bnudqr sgd lnrs tmbnudqdc
unsdqr) aqdWjhmf shdr hm eWunq ne bWmchcWsdr bnudqhmf lnqd
WkqdWcx bnudqdc unsdqr) Wmc sdqlhmWshmf vgdm sgd sWqfds bnl,
lhssdd rhyd hr qdWbgdc finq sgdqd Wqd mn lnqd bWmchcWsdr sn
ptdqx(- Enq sgd fhudm oqn�kd Wmc i : 1) sgd sqdd bnqqdronmc,
hmf sn sghr ptdqx onkhbx hr rgnvm hm Ehftqd .- Hs �qrs ptdqhdr

2Enq hmrs]mbd) enq , 2 �∈A. a{. ∈b{( ]mc c 2 1) l]mx qtkdr
ntsots ∈A. b{ ]mc ∈a. b{9 A ]mc a ]qd r]ed) ats ∈A. a{ hr mns-

a

a

{a. a{ b

{a. b{ c

{a. c{ {a{

b

c

{b. c{ a

{a. b{ {b{

c

a

{a. c{ {c{

a

{a{ ∅

n

n �

n �

n �

�

n

n �

n �

�

n

n �

�

n �

Ehftqd 09 @ sqdd uhrt]khyhmf sgd ptdqx onkhbx eqnl Dw]lokd 0-

bWmchcWsd a fisgd qnns ne sgd sqdd(: he a hr WuWhkWakd) a hr ptdqhdc
mdws: nsgdqvhrd) b hr ptdqhdc mdws: Wmc rn nm- He) enq dwWlokd)
W : {a. b. c{ sgd onkhbx vhkk ptdqx a) sgdm a) Wmc sgdm b) Wmc
ntsots sgd bnllhssdd {a. b{-
Hm Rdbshnm 3) vd rstcx ptdqx onkhbhdr sg]s ptdqx ltkshokd

b]mchc]sdr hm o]q]kkdk- Rtbg onkhbhdr b]m ad qdoqdrdmsdc ax
sqddr ]r vdkk9 d]bg mncd vhkk g]ud 1n bghkcqdm) vgdqd p hr sgd
mtladq ne b]mchc]sdr sg]s ]qd ptdqhdc-

6oopnuVk,aVrdc bnllhssdd unshmf ptkdr- Kds tr hmsqn,
ctbd sgd @AB qtkdr sg]s ]qd rstchdc sgqntfgnts sgd o],
odq- Sghdkd qtkdr ’Sghdkd 0784( ]qd o]q]ldsdqhydc ax ] mnm,
hmbqd]rhmf udbsnq t : �t0. t1. . . . ( ne mnm,mdf]shud qd]k
mtladqr- V-k-n-f- vd ]rrtld sg]s t0 : 0- Sgd qtkd t,
Sghdkd qdstqmr ]kk bnllhssddrU ne rhyd i l]whlhyhmf sgd t,
Sghdkd rbnqd rbt�U ( :

)
c∈E

)},c∩V }
i90 ti - Vdkk,rstchdc

t,Sghdkd qtkdr hmbktcd Ltkshvhmmdq @ooqnu]k Unshmf ’@U(
vhsg t,Q : �0. 0. . . . () Bg]ladqkhm,Bntq]ms ’BB( vhsg
tAA : �0. +. +. . . . () ]mc Oqnonqshnm]k @ooqnu]k Unshmf
’O@U( vhsg tA�P : �0. 0

1 .
0
2 . . . . (- D]bg t,Sghdkd qtkd hr

]krn ]rrnbh]sdc vhsg ] rdptdmsh]k u]qh]ms rdp,t,Sghdkd- Sgdrd
qtkdr rs]qs vhsg ]m dlosx bnllhssdd U ]mc hsdq]shudkx ]cc
] b]mchc]sd b l]whlhyhmf rbt�U S {b{( tmshk sgd bnllhs,
sdd bnms]hmr i b]mchc]sdr- Vd qdedq sn rdp,tAA,Sghdkd ]r
rdp,BB ]mc sn rdp,tA�P ,Sghdkd ]r rdp,O@U- Mnsd sg]s rdp,
t,Q ,Sghdkd bnhmbhcdr vhsg @U-
SgdLdsgnc ne DptWk RgWqdr fiLDR( ntsotsr ]kk bnllhssddr

sg]s b]m qdrtks eqnl sgd enkknvhmf hsdq]shud oqnbdctqd- D]bg
unsdq f ∈ E hr ]rrhfmdc ]m hmhsh]k atcfds ne ac : j

m - Vd
rs]qs vhsg ]m dlosx bnllhssddU ]mc ]cc b]mchc]sdr nmd ]s
] shld- Fhudm atcfdsr �ac(c∈E ) vd r]x sg]s ] b]mchc]sd b hr
�,]eenqc]akd) enq rnld � / +) he

)
c∈E�

iam�ac. �( : 0- Hm
d]bg qntmc) ] b]mchc]sd sg]s hr �,]eenqc]akd enq sgd lhmhltl
� hr ]ccdc snU ]mc sgd atcfds ac ne d]bg unsdq f ∈ Eℓ hr rds
sn ac �iam�ac. �(- He mn b]mchc]sd hr �,]eenqc]akd enq ]mx �)
LDR �kkr sgd bnllhssdd sn rhyd i vhsg ]qahsq]qx b]mchc]sdr-

2 RVed Onkhbhdr Vmc HlokdldmsVakd Qtkdr
Sgd ]anud cd�mhshnm ne ] ptdqx onkhbx cndr mns dmenqbd sgd
ptdqhdr ne sgd onkhbx sn ad ahmchmf hmuhs]shnmr sn inhm sgd
bnllhssdd) h-d-) sgd rds N)

q cndr mns g]ud sn dpt]k sgd nts,
ots bnllhssdd ne sgd onkhbx- Rhmbd vd enbtr nm sgd b]rd
ne hqqdunb]akd hmuhs]shnmr hm sghr o]odq) vd ]qd hmsdqdrsdc hm
r]ed onkhbhdr- @ ptdqx onkhbx hr rWed enq ] qtkd q he enq d]bg
shld,rsdo s sgd b]mchc]sd bq hr r]ed vhsg qdf]qc sn Nq enq q-
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Cd�mhshnm 1- ; qtkd hr hlokdldms]akd he Wmc nmkx he sgdqd
dwhrsr W rWed ptdqx onkhbx enq hs-3

Sn athkc ] �qrs hmsthshnm) vd bnmrhcdq svn vdkk,rstchdc
unshmf qtkdr) rdp,O@U ]mc O@U- Vd nardqud sg]s sgd enqldq
]clhsr ] r]ed ptdqx onkhbx vghkd sgd k]ssdq cndr mns-

Opnonrhshnm .- Rdp,O;U hr hlokdldmsWakd-

Oqnne- Bnmrhcdq sgd ptdqx onkhbx sg]s hm d]bg rsdo s ptdqhdr ]
b]mchc]sd bq ∈ B |�N)

q�0SN
�
q�0(l]whlhyhmf rbO@U�N

)
q�0S

{bq{() h-d-) sgd b]mchc]sd vhsg sgd ghfgdrs l]qfhm]k bnmsqhat,
shnm sn sgd O@U,rbnqd ne sgd b]mchc]sdr jmnvm sn ad ]u]hk]akd-
Nmbd }N)

q } : iam�i. }W}( ’enq rnld s( sgd onkhbx ntsotsr
N)
q ]r sgd vhmmhmf bnllhssdd- Hm ]mx qntmc s) sgd ptdqhdc b]m,

chc]sd bq hr r]ed9 he bq hr mns ]u]hk]akd) hs hr r]ed ax cd�mhshnm- He
bq hr ]u]hk]akd) vd b]m dwsdmcN)

q : N)
q�0S{bq{ sn ] vhmmhmf

bnllhssdd ne rdp,O@U adb]trd sgd rbnqd rbO@U�N)
q S{bq)0{(

nmkx cdodmcr nm sgd b]mchc]sdr N)
q ) vghbg vd jmnv ]qd

]u]hk]akd) ]mc bq)0- Sgtr) sgd onkhbx hr r]ed) ]mc rdp,O@U hr
hlokdldms]akd-

Opnonrhshnm 1- O;U hr mns hlokdldmsWakd-

Oqnne- Kds > : �{b0. b1{. {b2. b3{. {b0. b3{. {b1. b2{( ]mc
i : 1- Sgd bnllhssddr {b0. b2{ ]mc {b1. b3{ ]qd rdkdbsdc ax
O@U- Bnmrhcdq ] r]ed ptdqx onkhbx- He hs �qrs ptdqhdr b0 ]mc b0
hr ]u]hk]akd) sgdm hs ltrs ptdqx b2 mdws- He b2 hr mns ]u]hk]akd)
vghkd b1 ]mc b3 ]qd) sghr kd]cr sn rdkdbshmf ] bnllhssdd sg]s
cndr mns vhm tmcdq O@U- Ax rxlldsqx) ] rhlhk]q ]qftldms
vnqjr he ]mnsgdq b]mchc]sd hr ptdqhdc �qrs-

2-. BgVpVbsdphyhmf HlokdldmsVakd Qtkdr
Sgd l]hm onhms cheedqdmsh]shmf rdptdmsh]k,O@U eqnl O@U hm
sgd dw]lokd ]anud rddlr sn ad sgd zrdptdmsh]khsx“ ne sgd
enqldq- Hm sghr rtardbshnm) vd enql]khyd ntq mnshnm ne rdptdm,
sh]khsx ]mc rgnv sg]s) hm drrdmbd) sgd dwhrsdmbd ne ] r]ed ptdqx
onkhbx hr dpthu]kdms sn sgd qtkd adhmf rdptdmsh]k- Hmsthshudkx) ]
ltkshvhmmdq qtkd hr rdptdmsh]k he ] vhmmhmf bnllhssdd b]m ad
bnmrsqtbsdc ax ]cchmf ]ksdqm]shudr hsdq]shudkx vhsgnts cdodmc,
hmf nm sgd ]ooqnu]kr ne nsgdq mns xds rdkdbsdc b]mchc]sdr-
Lnqd rodbh�b]kkx) vd b]kk ] qtkd q rdptdmsh]k he ]s dudqx

qntmc ne sgd rdkdbshnm oqnbdrr vgdqd vd g]ud ]kqd]cx bgnrdm
X b]mchc]sdr b0. . . . . bX) sgdqd hr ] rbnqd etmbshnm d ]rrhfmhmf
] rbnqd sn d]bg tmrdkdbsdc b]mchc]sd rtbg sg]s bgnnrhmf ]
b]mchc]sd l]whlhyhmf sghr etmbshnm ]lnmf ]u]hk]akd b]mch,
c]sdr kd]cr sn ] vhmmhmf bnllhssdd ]bbnqchmf sn sgd qtkd q-
Sg]s hr) hs hr onrrhakd sn athkc ] vhmmhmf bnllhssdd nmd b]m,
chc]sd ]s ] shld ax ]kv]xr ohbjhmf ] b]mchc]sd l]whlhyhmf d -
Bqtbh]kkx) enq ] fhudm b]mchc]sd b) sgd u]ktd d�b( l]x nmkx
cdodmc nm sgd s]qfds bnllhssdd rhyd) sgd rdptdmbd ne ]kqd]cx
bgnrdm b]mchc]sdr) ]mc sgd ]ooqnu]k oqn�kd qdrsqhbsdc sn sgd
rds ne ]kqd]cx bgnrdm b]mchc]sdr snfdsgdq vhsg b- Sgtr) hs
nmkx cdodmcr nm �i.C.>}C∪{ℓ{() vgdqd C : �b0. . . . . bX(
hr sgd rdptdmbd ne ]kqd]cx bgnrdm b]mchc]sdr- Vd rkhfgskx
]atrd mns]shnm ]mc vqhsd C enq ansg sgd rdptdmbd ]mc sgd
rds ne ]kqd]cx bgnrdm b]mchc]sdr- Kds S�B( ad sgd rds ne ]kk
rdptdmbdr ne chrshmbs b]mchc]sdr hm B- Enql]kkx) ] etmbshnm

3Mnsd sg]s ntq mnshnm ne hlokdldmsWahkhsx hr tmqdk]sdc sn sgd
bk]rrhb]k tr]fd ne sgd sdql enq rnbh]k bgnhbd etmbshnmr-

dj 9 B · S�B( · �1A(m → N hr ] lWqfhmWk bnmsqhatshnm
etmbshnm) ]mc dj r]shr�dr knbWkhsx he enq ]kk C ]mc b <∈ C hs
gnkcr sg]s dj�b. C.>( : dj�b. C.>}C∪{ℓ{(-
Cd�mhshnm 2- ; qtkd q hr rdptdmsh]k he enq Wmx bnllhssdd rhyd
i) sgdqd dwhrsr W lWqfhmWk bnmsqhatshnm etmbshnm dj) rWshrexhmf
knbWkhsx) rtbg sgWs enq Wmx rds ne WuWhkWakd bWmchcWsdrW ⊆ B
hs gnkcr sgWs {b0. . . . . bj{ ∈ q�>. i.W() vgdqd enq Wkk f ≤ i
hs gnkcr bc ∈ i]nℓ∈W|{ℓ+.ρρρ.ℓc�+{ dj�b. �b0. . . . . bc�0(. >(-
Vd nlhs sgd rtarbqhos i eqnl sgd etmbshnm dj he hs hr bkd]q

eqnl bnmsdws- Hmsthshudkx) ] qtkd hr hlokdldms]akd he vd b]m
�mc rnld etmbshnm d ]rrhfmhmf ] u]ktd sn d]bg tmbgnrdm
b]mchc]sd hmcdodmcdmskx ne sgd nsgdq tmbgnrdm b]mchc]sdr)
rtbg sg]s vd b]m ohbj sgd b]mchc]sd vhsg sgd l]whltl rbnqd
]mc ]kv]xr fds ] bnllhssdd hm sgd ntsots ne sgd qtkd- @m
dw]lokd ne ] rdptdmsh]k qtkd hr LDR-
Opnonrhshnm 2- LDR hr rdptdmshWk-

Oqnne- Qdb]kk sg]s LDR hmbktcdr b]mchc]sdr nmd ax nmd hmsn
sgd vhmmhmf bnllhssdd ax) hm d]bg rsdo) ]cchmf ] b]mchc]sd
sg]s hr �,]eenqc]akd enq sgd lhmhltl oqhyd �- Sghr u]ktd
� cdodmcr nm sgd qdl]hmhmf atcfdsr ne sgd unsdqr ]s sg]s
onhms ne sgd oqnbdrr- Enq ] fhudm i vd b]m cd�md ] etmbshnm
dj�b. C.>( vhsmdrrhmf rdptdmsh]khsx enq ]kk C) b <∈ C) ]mc >
]r enkknvr- Trhmf sgd rdptdmbd ne ]kqd]cx bgnrdm b]mchc]sdr
C ]mc sgd ]ooqnu]k oqn�kd >) vd bnlotsd sgd atcfds ne
d]bg unsdq ]esdq sgd b]mchc]sdr hm C vdqd rdkdbsdc ax LDR-
Trhmf sgdrd atcfdsr vd bnlotsd sgd u]ktd �ℓ enq vghbg
b]mchc]sd b vntkc ad ]eenqc]akd ]mc rds dj�b. C.>( : 0

��
- He

] b]mchc]sd b hr mns ]eenqc]akd fhudm sgd bnlotsdc atcfdsr
vd rds dj�b. C.>( : +- Rhmbd sgd bnlots]shnm ne sgd atcfdsr
nmkx cdodmcr nm >}C∪{ℓ{) sgd etmbshnm dj r]shr�dr knb]khsx-
L]whlhyhmf nudq dj�b. C.>( hr dpthu]kdms sn lhmhlhyhmf
nudq sgd � u]ktdr ]mc sgtr LDR hr rdptdmsh]k vhsg qdrodbs sn
sgdrd etmbshnmr dj-

Rdptdmsh]khsx hr mns sgd r]ld ]r bnllhssdd lnmnsnmhbhsx
’vghbg) enq sgd r]jd ne rhlokhbhsx) vd nmkx cd�md enq qdrnktsd
qtkdr gdqd(9 @ qtkd q hr bnllhssdd lnmnsnmd he q�>. i.W( ⊂
q�>. i ) 0. W( enq ]kk i-
QdlVpi .- RdptdmshWkhsx hr hmcdodmcdms ne bnllhssdd lnmn,
snmhbhsx- Enq dwWlokd) LDR hr mns bnllhssdd lnmnsnmhb ats rd,
ptdmshWk-4 Enq Wm dwWlokd ne W bnllhssdd lnmnsnmd qtkd sgWs
hr mns rdptdmshWk) bnmrhcdq sgd enkknvhmf qtkd sgWs vd vhkk qdedq
sn Wr sgd 1,rdptdmbd qtkd9 Bnmrhcdqk bWmchcWsdr vhsg W �wdc
nqcdq �b0. b1. . . . . bk(- He lnqd unsdqr Wooqnud b0 sgWm b1 sgd
qtkd vhkk ohbj sgd �qrs i WuWhkWakd bWmchcWsdr hm sgd rdptdmbd
�b0. b1. . . . . bk(: nsgdqvhrd hs vhkk ohbj sgd �qrs i WuWhkWakd
bWmchcWsdr hm sgd qdudqrd rdptdmbd �bk. bk�0. . . . . b0(-
Ehm]kkx) enq ntq bg]q]bsdqhy]shnm) vd mddc nmd lnqd ]whnl

sn cd]k vhsg qtkdr sg]s adg]ud cheedqdmskx a]rdc nm tm]u]hk]akd
b]mchc]sdr-
Cd�mhshnm 3- ; qtkd q rWshr�dr hmcdodmcdmbd ne tm]u]hk]akd
b]mchc]sdr ’HTB( he enq Wkk WooqnuWk oqn�kdr >) rdsr ne WuWhk,
Wakd bWmchcWsdr W ) Wmc bnllhssdd rhydr i hs rWshr�dr

q�>. i.W( : q�>′. i.W(

4Enq ] bntmsdqdw]lokd sn bnllhssdd lnmnsnmhbhsx) rdd Oqnonrh,
shnm @-1 hm sgd annj ax K]bjmdq ]mc Rjnvqnm ’1/11(-

4424



vgdqd >′ cdmnsdr Wmx WooqnuWk oqn�kd nasWhmdc eqnl > ax
Wcchmf nq cdkdshmf WooqnuWkr eqnl bWmchcWsdr ntsrhcd W -

Hmsthshudkx) ] qtkd sg]s r]shr�dr HTB cndr mns cdodmc nm sgd
]ooqnu]kr ne tm]u]hk]akd b]mchc]sdr: sgtr) ]kk rs]mc]qc @AB
qtkdr sq]mrk]sdc sn ntq rdsshmf r]shrex sghr oqnodqsx- Nm sgd
nsgdq g]mc) sgd 1,rdptdmbd qtkd cd�mdc ]anud cndr mns r]shrex
HTB- Mnsd sg]s hm sgd cd�mhshnm ne HTB) vd cn mns cdkdsd sgd
b]mchc]sdr hm sgd oqn�kd >′) ats nmkx bg]mfd ]ooqnu]kr sgdx
nas]hmdc- Sghr dmrtqdr sg]s sgd oqn�kdr > ]mc >′ qdkx nm sgd
r]ld rds ]mc mtladq ne b]mchc]sdr- Vd ]qd mnv ]akd sn rs]sd
]mc oqnud sgd l]hm qdrtks ne sghr rdbshnm-

Sgdnpdl .- Sgd enkknvhmf svn rsWsdldmsr gnkc9

fih( Dudqx rdptdmshWk qtkd hr hlokdldmsWakd-
fihh( Dudqx hlokdldmsWakd qtkd sgWs rWshr�dr HTB hr rdptdmshWk-

Oqnne- Ehw ]m hmrs]mbd �>. i( vhsg ] rds ne b]mchc]sdr B
]mc bnmrhcdq ]mx rds ne ]u]hk]akd b]mchc]sdr W ⊆ B- Enq
fih() bnmrhcdq ] rdptdmsh]k qtkd q ]mc ] l]qfhm]k bnmsqhatshnm
etmbshnm d ) r]shrexhmf knb]khsx) vhsmdrrhmf sgd rdptdmsh]khsx
ne q- Vd cd�md ] r]ed ptdqx onkhbx enq q hsdq]shudkx- Enq rsdo
s ≥ 0 ]rrtld sgd hmenql]shnm rds Nq : �N)

q . N
�
q (- Hm sgd

enkknvhmf) vd rkhfgskx ]atrd mns]shnm ]mc vqhsd N)
q ansg enq

sgd rds ne jmnvm ]u]hk]akd b]mchc]sdr ]mc enq sgd rdptdmbd ne
sgdrd b]mchc]sdr) nqcdqdc ax sgd shld vd ptdqhdc sgdl- Vd
mdws ptdqx ] b]mchc]sd bq l]whlhyhmf d�bq. N)

q . >}N�i ∪{ℓi{(

]lnmf b]mchc]sdr enq vghbg vd cn mns jmnv ]u]hk]ahkhsx
xds) h-d-) bq ∈ i]nℓ∈A|�N�i ∪N�i ( d�b.N

)
q . >}N�i ∪{ℓi{(- Mnsd

sg]s dudm sgntfg sgd ptdqx onkhbx g]r mn ]bbdrr sn sgd rds ne
]u]hk]akd b]mchc]sdr W ) ctd sn knb]khsx) he bq l]whlhydr sgd
rbnqd ]lnmf ]kk b]mchc]sdr hm B | �N)

q S N�q ( sgdm hs rshkk
l]whlhydr sgd rbnqd ]lnmf W | N)

q - Sgtr) sgd bnllhssdd
bnmrsqtbsdc ax bgnnrhmf – enq ] rte�bhdmskx k]qfd s – ]kk
b]mchc]sdr hm N)

q ]r rnnm ]r }N)
q } : i nq B : N)

q SN�q hr
hm q�>. i.W(- Sgtr q hr hlokdldms]akd-
Enq fihh() bnmrhcdq ]m hlokdldms]akd qtkd q r]shrexhmf HTB-

Sgdqd dwhrsr ] r]ed ptdqx onkhbx enq q- Vd bnmrhcdq sgd rsdor
ne sgd ptdqx onkhbx hsdq]shudkx ]mc ]krn cd�md ntq etmbshnm d
hmctbshudkx9 Enq X ∈ {+. 0. . . . . i � 0{ kds C : �b0. . . . . bX(
ad sgd rdptdmbd ne ]kqd]cx bgnrdm b]mchc]sdr ax sgd onkhbx-
Mnsd sg]s sgd b]rd X : + bnudqr sgd hmhsh]k rsdo vgdqd C hr sgd
dlosx rdptdmbd- Ax hmctbshnm) vd ]rrtld sg]s d hr ]kqd]cx
cd�mdc enq ]kk oqd�wdr ne C-
Enq ] onrrhakd b]mchc]sd b ∈ B vd r]x sg]s b hr bgnnr]akd

he d�b. �b0. . . . . bq�0(. >( , d�bq. �b0. . . . . bq�0(. >( enq ]kk
s ∈ =X[) h-d-) hm d]bg oqduhntr stqm) b fns ] knvdq rbnqd sg]m sgd
bgnrdm b]mchc]sdr- He X : +) ]kk b]mchc]sdr ]qd rshkk bgnnr]akd-
Kds B ′ ad sgd rds ne ]kk bgnnr]akd b]mchc]sdr-
@esdq C v]r bgnrdm ax q`r ptdqx onkhbx) kds b′0 ad sgd b]m,

chc]sd sg]s vntkc ad ptdqhdc mdws ax sgd ptdqx onkhbx- Vd rds
sgd rbnqd d�b′0. C.>}C∪{ℓ−+{( : }B ′}- Mdws) hmctbshudkx) enq
f ≥ 0) ]rrtld sg]s sgd b]mchc]sdr b′0. . . . . b

′
c ]qd tm]u]hk]akd

]mc kds b′c)0 ad sgd b]mchc]sd ptdqhdc mdws ax q`r onkhbx-
Vd rds d�b′c)0. C.>}C∪{ℓ−c�+{( : d�b′c. C.>}C∪{ℓ−c{(� 0-

Vd etqsgdq rds d�b′. C.>′( : d�b′0. C.>′}C∪{ℓ−{( enq ]kk b′

]mc >′ ⊆ >- @kk nsgdq ’mns bgnnr]akd( b]mchc]sdr vhkk mns
]ood]q hm sgd rds nudq vghbg sgd rbnqdr ]qd l]whlhydc) ]mc
sgdqdenqd vd b]m rds sgdhq rbnqd sn ad �0-

Qtkd RDP HLOK HTB BL

@U � � � �
rdp,O@U � � � �
O@U ✓ ✓ � ✓
LDR � � � ✓
1,rdptdmbd ✓ � ✓ �
1,rdptdmbd S @U � � ✓ �

S]akd 09 @m nudquhdv ne rnld qtkdr` bnlokh]mbd vhsg sgd
]whnlr chrbtrrdc hm sghr rdbshnm- BL rs]mcr enq bnllhssdd
lnmnsnmhbhsx- Sgd 1,rdptdmbd qtkd hr hmsqnctbdc hm Qdl]qj 0-

Sn rgnv sg]s q hr rdptdmsh]k vhsg qdf]qc sn d kds W ad
sgd rds ne ]u]hk]akd b]mchc]sdr- Mnv ]f]hm) kds b0. . . . . bX ad
sgd �qrs X b]mchc]sdr ohbjdc ax d - Vd hmctbshudkx rgnv sg]s
sgdrd ]qd ]krn sgd X b]mchc]sdr sg]s sgd r]ed ptdqx onkhbx
vntkc ptdqx hm sghr hmrs]mbd- Mnv kds bX)0 ad sgd b]mch,
c]sd vgn hr ptdqhdc ]r sgd �X) 0(,sg b]mchc]sd ax sgd ptdqx
onkhbx- Rhmbd bX)0 v]r mns ptdqhdc adenqd) vd jmnv sg]s
d�bX)0. �b0. . . . . bq�0(. >( , d�bq. �b0. . . . . bq�0(. >( enq ]kk
s ∈ =X[- Etqsgdq) vd jmnv sg]s enq ]mx nsgdq b ∈ W ) ctd sn
HTB) sghr b ∈ W vntkc mns ad ptdqhdc adenqd bX)0 dudm he
nsgdq b]mchc]sdr eqnl B ′ vdqd ]u]hk]akd- Gdmbd) bX)0 vntkc
qdbdhud ] ghfgdq rbnqd sg]m ]mx nsgdq b]mchc]sd hm W: sgdqd,
enqd) d ]mc sgd ptdqx onkhbx ]fqdd- Etqsgdq) vd mddc sn rgnv
sg]s d r]shr�dr knb]khsx- Enq sghr) vd nardqud sg]s enq d]bg rds
ne bgnrdm b]mchc]sdr C sgd rds ne bgnnr]akd b]mchc]sdr eqnl
B hr sgd r]ld- Sgtr) sgd rbnqd ]rrhfmdc sn b hr ]kv]xr sgd
r]ld a]rdc nm sgdrd b]mchc]sdr: hs enkknvr sg]s d r]shr�dr
knb]khsx-

Sgd HTB oqnodqsx hm O]qs fihh( ne Sgdnqdl 0 hr mdbdrr]qx9
Sgd 1,rdptdmbd qtkd cd�mdc hm Qdl]qj 0) vghbg e]hkr HTB)
hr hlokdldms]akd ats mns rdptdmsh]k- Lnqdnudq) rdptdmsh]khsx
cndr mns hlokx HTB9 sgd qtkd sg]s ntsotsr ]kk @U bnllhs,
sddr oktr sgd bnllhssdd bgnrdm ax sgd 1,rdptdmbd qtkd hr
rdptdmsh]k ’adb]trd @U hr( ats e]hkr HTB-
Sgd enkknvhmf bg]q]bsdqhy]shnm qdrtks enkknvr hlldch]sdkx

eqnl Sgdnqdl 0-

BnpnkkVpx .- Kds q ad W qtkd rWshrexhmf HTB- Sgdm) q hr rd,
ptdmshWk he Wmc nmkx he hs hr hlokdldmsWakd-

Ax Oqnonrhshnm 2 ]mc Sgdnqdl 0) LDR hr hlokdldms]akd-
Sgd r]ld gnkcr enq ]kk rdptdmsh]k Sghdkd qtkdr ]mc l]mx
nsgdq rdptdmsh]k qtkdr rtbg ]r Ogq]fl©dm`r rdptdmsh]k qtkd
’Ogq]fl©dm 0783( ]mc sgd l]whlhm rtoonqs ldsgnc ’R©]mbgdy,
Edqm©]mcdy ds ]k- 1/10(- Enq ]m nudquhdv ne rnld qtkdr ]mc
sgdhq bnlokh]mbd vhsg sgd ]whnlr chrbtrrdc hm sghr rdbshnm)
rdd S]akd 0-

2-1 Ehmchmf RVed BVmchcVsdr enp Sghdkd Qtkdr
Sgdnqdl 0 hlokhdr sg]s r]ed b]mchc]sdr ]kv]xr dwhrs enq rd,
ptdmsh]k Sghdkd qtkdr- Lnqdnudq) hs hr d]rx sn �mc rtbg ] r]ed
b]mchc]sd9 rhlokx s]jd sgd b]mchc]sd hm B | �N) SN�( vhsg
sgd ghfgdrs l]qfhm]k bnmsqhatshnm v-q-s- sgd Sghdkd rbnqd- Nm
sgd nsgdq g]mc) vd rgnv sg]s hs hr bnlots]shnm]kkx hmsq]bs]akd
sn cdbhcd vgdsgdq ] fhudm b]mchc]sd hr r]ed-
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Sgdnpdl 1- Enq Wmx rdptdmshWk Wmc mnm,rdptdmshWk Sghdkd
qtkd dwbdos ;U) dudm hm sgd �qrs rsdo ne sgd ptdqx onkhbx) hs hr
bnMO,gWqc sn cdbhcd vgdsgdq W fhudm bWmchcWsd hr rWed-

Enq mnm,rdptdmshWk Sghdkd qtkdr hs l]x g]oodm sg]s mn b]m,
chc]sd hr r]ed- Lnqdnudq) vd rgnv sg]s hs hr bnlots]shnm]kkx
hmsq]bs]akd sn cdbhcd vgdsgdq sgdqd dwhrsr ] r]ed b]mchc]sd nq
mns hm ] fhudm hmrs]mbd-

Sgdnpdl 2- Enq Wmx t,Sghdkd qtkd dwbdos ;U) hs hr bnMO,gWqc
sn cdbhcd vgdsgdq W rWed bWmchcWsd dwhrsr-

3 OVpVkkdk Ptdphdr
Hm l]mx rbdm]qhnr hs hr cdrhq]akd nq dudm mdbdrr]qx sn roddc
to sgd oqnbdrr ne ptdqxhmf b]mchc]sdr- Nmd dw]lokd hr hmuh,
s]shnmr ne rod]jdqr enq ] bnmedqdmbd9 sgd shldro]m adsvddm
ok]mmhmf sgd bnmedqdmbd ]mc sgd ]bst]k rs]qshmf c]sd cndr
nesdm mns ]kknv sn ]rj dudqx rhmfkd hmuhsdc rod]jdq nmkx ]esdq
sgd oqduhntr nmd g]r ]bbdosdc nq cdbkhmdc sgd needq sn fhud ]
s]kj- Lnshu]sdc ax sgdrd rbdm]qhnr) vd rstcx o]q]kkdk ptdqhdr
vgdqd vd ]rj ltkshokd b]mchc]sdr ]s nmbd) ]kknvhmf tr sn qtm
sgd ptdqxhmf oqnbdrr hm o]q]kkdk- Ptdqx onkhbhdr ]qd d]rhkx
fdmdq]khydc sn o]q]kkdk ptdqhdr- Sgd cheedqdmbd sn sgd cd�mh,
shnm hm Rdbshnm 1 hr sg]s he p b]mchc]sdr ]qd ptdqhdc hm o]q]kkdk
]s ] fhudm mncd) sgdm sghr mncd g]r 1n bghkcqdm bnqqdronmchmf
sn ]kk ]u]hk]ahkhsx bnm�ftq]shnmr ne sgdrd b]mchc]sdr- @r ]
sdbgmhb]khsx) vgdmdudq vd rod]j ]ants g]uhmf ] r]ed rds ne
rhyd p) vd ]rrtld sg]s sgdqd ]qd ]s kd]rs p b]mchc]sdr sg]s g]ud
mns addm ptdqhdc rn e]q-

DwVlokd 1- Bnmrhcdq 7 unsdqr) 3 bWmchcWsdr a. a. b. c) Wmc
i : 1: 3 unsdqr Wooqnud {a. a{) 2 unsdqr Wooqnud {a. b{) Wmc
nmd unsdq Wooqnudr {c{- Tmcdq rdp,O;U) sgd rds {a. a{ hr rWed9
sgd vhmmhmf bnllhssdd hr {a. a{ he ansg a Wmc a Wqd WuWhkWakd)
{a. b{ he W : {a. b. c{) Wmc {a. b{ he W : {a. b. c{-
Nm sgd nsgdq gWmc) tmcdq rdp,BB) sgdqd hr mn rWed rds ne

rhyd 1- Hs vntkc gWud sn ad {a. c{ rhmbd sghr hr sgd vhmmhmf
rds he Wkk bWmchcWsdr Wqd WuWhkWakd: ats he W : {a. b. c{) sgdm
{a. b{ vhmr Wmc sgtr {a. c{ hr mns rWed fiWmc c hr mns dudm rWed
Wr W rhmfkdsnm(-

3-. OVpVkkdk Ptdphdr enp Sghdkd Qtkdr
Hs hr bkd]q sg]s tmcdq @U) �mchmf ] l]whl]k mtladq ne r]ed
b]mchc]sdr hr d]rx-

Opnonrhshnm 3- Enq ;U) he i � i′ rWed bWmchcWsdr Wqd WkqdWcx
ptdqhdc) ptdqxhmf sgd i′ bWmchcWsdr vhsg sgd mdws ghfgdrs
WooqnuWk rbnqd hr WkvWxr rWed-

Sgd ’d]rx( oqnne trdr sgd e]bs sg]s enq ]mx i′ ≤ i) he w
hr ]lnmf sgd adrs ]u]hk]akd i′ b]mchc]sdr vgdm sgd rds ne
]u]hk]akd b]mchc]sdr hr W ) sgdm hs qdl]hmr ]lnmf sgd adrs
]u]hk]akd i′ b]mchc]sdr he sgd rds ne ]u]hk]akd b]mchc]sdr hr
W ′ ⊂ W ’]mc w ∈ W ′(-
Hs stqmr nts sg]s vd b]mmns cn sgd r]ld enq nsgdq rdptdmsh]k

Sghdkd qtkdr) ]r sgdqd lhfgs ad hmrs]mbdr vgdqd nmkx nmd r]ed
b]mchc]sd dwhrsr-

Opnonrhshnm 4- Enq Wmx rdptdmshWk Sghdkd qtkd nsgdq sgWm ;U)
sgdqd Wqd hmrsWmbdr vgdqd sgd lWwhltl rhyd ne W rWed rds hr .-

Hm sgd oqnne vd bnmrsqtbs ]m hmrs]mbd rhlhk]q sn sgd nmd hm
Dw]lokd 1 ’ats cdodmchmf nm sgd vdhfgs udbsnq t() vghbg

rgnvr sg]s enq ] rdptdmsh]k t,Sghdkd qtkd) sgd b]rd vgdqd mn
r]ed rds ne rhyd ]s kd]rs 1 dwhrsr b]m nbbtq hm qntmc p�0) vgdqd
p hr sgd mtladq ne vdhfgsr hm t dpt]k sn 0- Hs hr ]krn d]rx sn
rdd sg]s hs b]mmns nbbtq d]qkhdq9 he t rs]qsr vhsg p bnmrdbtshud
0`r) sgdm sgd qtkd hr dpthu]kdms sn @U enq sgd �qrs p b]mchc]sdr
sg]s fds rdkdbsdc) ]mc sgtr ] r]ed rds ne rhyd p dwhrsr he mn
b]mchc]sdr g]ud addm ptdqhdc xds- Sgdrd ]qd dw]bskx sgd p
b]mchc]sdr vhsg sgd ghfgdrs ]ooqnu]k rbnqd- Sgtr) hs hr m]stq]k
sn ]rj vgdsgdq ] fhudm hmrs]mbd ]clhsr lnqd sg]m p r]ed
b]mchc]sdr- Hs stqmr nts sg]s sghr oqnakdl hr bnlots]shnm]kkx
hmsq]bs]akd-

Sgdnpdl 3- Fhudm W t,Sghdkd qtkd vhsg t0 : · · · : tn : 0
Wmc tn)0 , 0) hs hr bnMO,gWqc sn cdbhcd vgdsgdq p ) 0 rWed
bWmchcWsdr dwhrs he mn bWmchcWsdr gWud addm ptdqhdc xds-

3-1 OVpVkkdk Ptdphdr enp OpnonpshnmVkhsx 6whnlr
Ehm]kkx) vd stqm sn hmudrshf]shmf o]q]kkdk ptdqhdr enq oqn,
onqshnm]khsx ]whnlr- Enq sghr) vd hmsqnctbd svn bnllnmkx
trdc oqnonqshnm]khsx mnshnmr9 OqnonqshnmWk Itrsh�dc Pdoqd,
rdmsWshnm fiOIP( ]mc Dwsdmcdc Itrsh�dc PdoqdrdmsWshnm fiDIP(
’R©]mbgdy,Edqm©]mcdy ds ]k- 1/06: @yhy ds ]k- 1/06(-

Cd�mhshnm 4- Fhudm Wm ;AB hmrsWmbd �>. i() W fqnto E ′ ⊆
E ne unsdqr hr X,bngdrhud he }E ′} ≥ Xm

j Wmc }
⋃

c∈E − >c} ≥ X-
; bnllhssddU ne rhyd i rWshr�dr OIP he enq dWbg X,bngdrhud
fqnto E ′ hs gnkcr sgWs }

∑
c∈E − >c ∩U } ≥ X- ; bnllhssddU

ne rhyd i rWshr�dr DIP he enq dWbg X,bngdrhud fqnto E ′ sgdqd
hr rnld unsdq f ∈ E ′ vhsg }>c ∩U } ≥ X-

Vd ]qd hmsdqdrsdc hm vgdsgdq sgdrd ]whnlr ]qd hlokd,
ldms]akd) h-d-) vgdsgdq bnllhssddr r]shrexhmf sgdrd ]whnlr
b]m ad entmc vhsg ] r]ed ptdqx oqnsnbnk-5 Rhmbd LDR r]shr,
�dr DIQ ’]mc sgtr ]krn OIQ( ’Odsdqr ]mc Rjnvqnm 1/1/() vd
jmnv eqnl Oqnonrhshnm 2 ]mc Sgdnqdl 0 sg]s OIQ ]mc DIQ
]qd ansg hlokdldms]akd9 Vd b]m ]kv]xr �mc ] r]ed b]mchc]sd
sn ]cc rtbg sg]s vd vhkk dmc to vhsg ] bnllhssdd r]shrexhmf
sgd ]whnl hm sgd dmc-
Vd mnv hmudrshf]sd vgdsgdq vd b]m ptdqx ltkshokd b]m,

chc]sdr ]s nmbd- Vd enbtr ntq ]ssdmshnm nm sgd �qrs ptdqx)
h-d-) vd ]rrtld sg]s mn b]mchc]sd g]r addm ptdqhdc xds- Vd
rgnv sg]s sgdqd ]kv]xr dwhrsr ] r]ed ptdqx bnmrhrshmf ne i
b]mchc]sdr enq OIQ- Sn cn sghr) vd hmsqnctbd ] u]qh]ms ne
oqhbd]ahkhsx ’Odsdqr ]mc Rjnvqnm 1/1/(-

Cd�mhshnm 5 ’Oqhbd]ahkhsx vhsg hmchuhct]k atcfdsr(- ; bnl,
lhssdd U rWshr�dr oqhbd]ahkhsx vhsg hmchuhct]k atcfdsr he Wmc
nmkx he sgdqd Wqd hmchuhctWk atcfdsr Ac ≥ + Wmc oWxldms
etmbshnmr nc 9 B → =+. Ac[ enq dudqx unsdq f ∈ E rtbg sgWs

5� He nc�b( / + sgdm b ∈ >c enq Wmx b ∈ B Wmc f ∈ E )
51 He nc�b( / + sgdm b ∈ U enq Wmx b ∈ B Wmc f ∈ E )
52

)
ℓ∈A nc�b( ≤ Ac enq Wmx f ∈ E )

53
)

c∈E nc�b( : 0 enq Wmx b ∈ U ) Wmc
54

)
c∈E�

�
Ac �

)
ℓ−∈V nc�b

′(
(
≤ 0 enq Wmx b <∈ U -

Vd bWkk sgd oWhq �A. n( : ��Ac(c∈E . �nc(c∈E ( W oqhbd rxrsdl
Wmc rWx sgWsU hr rtoonqsdc ax sghr oqhbd rxrsdl-

5Enql]kkx) r]edmdrr enq ]m ]whnl b]m ad cd�mdc ]r r]edmdrr enq
sgd unshmf qtkd sg]s ntsotsr ]kk bnllhssddr r]shrexhmf sgd ]whnl-
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Ehftqd 19 Hmrs]mbdr chrbtrrdc hm Dw]lokdr 2 ]mc 3- Unsdqr bnqqdronmc sn hmsdfdqr ]mc ]ooqnud ]kk b]mchc]sdr ok]bdc ]anud sgdl-

Hs hr d]rx sn rdd sg]s oqhbd rxrsdlr r]shrexhmf B.,B3 ]qd
dpthu]kdms sn knWc chrsqhatshnmr nm vghbg Ogq]fl©dm`r qtkdr
]qd a]rdc ’Aqhkk ds ]k- 1/06(- Gdmbd) vd b]m cd�md kdwhlWw,
OgqWfld̈m ]r sgd qtkd vghbg ntsotsr ]kk oqhbd]akd bnllhssddr
sg]s ]qd rtoonqsdc ax ] rnqsdc udbsnqA : �Ac(c∈E ne atcfdsr
sg]s hr kdwhbnfq]oghb]kkx lhmhl]k-6

DwVlokd 2- Bnmrhcdq sgd hmrsWmbd cdohbsdc nm sgd kdes hm
Ehftqd 1 Wmc kds i : 2- Sghr hmrsWmbd Wclhsr rdudqWk kdwhlWw,
OgqWfld̈m bnllhssddr) hm vghbg dudqx unsdq fdsr W atcfds ne
Ac : 0

1 - Sghr hr noshlWk) rhmbd Ws kdWrs nmd unsdq ltrs fds W
atcfds ne j

m : 0
1 - Nmd rtbg bnllhssdd hr {b0. b3. b4{ vhsg sgd

�qrs svn unsdqr oWxhmf enq b0) sgd rdbnmc svn enq b3) Wmc sgd
kWrs svn enq b4- Sghr bnllhssdd hr rWed enq OIP9 hmcdodmcdms
ne vghbg rtards W ne bWmchcWsdr hr WuWhkWakd) vd bWm dwsdmc
{b0. b3. b4{ ∩W sn W bnllhssdd rWshrexhmf OIP- Enq hmrsWmbd)
he b3 vWr tmWuWhkWakd) vd bntkc hmbktcd b2 hmrsdWc-
Gnvdudq) hm sghr hmrsWmbd vd bWm Wkrn rdd sgWs mns dudqx

OIP bnllhssdd hr rWed enq OIP9 Enq dwWlokd) sgd bnllhssdd
{b0. b1. b2{ rWshr�dr OIP) ats he b2 vWr tmWuWhkWakd) {b0. b1{
bntkc mns ad dwsdmcdc sn W bnllhssdd rWshrexhmf OIP rhmbd
sgd fqntor {2. 3{ Wmc {4. 5{ enql 0,bngdrhud fqntor-

;r W rhcd mnsd) vd nardqud sgWs sgd bnllhssdd {b0. b3. b4{
rdkdbsdc ax kdwhlWw,OgqWfld̈m hr mns rWed enq kdwhlWw,
OgqWfld̈m hsrdke- Enq hmrsWmbd) he b2 Wmc b3 vdqd tmWuWhkWakd)
sgd nmkx svn kdwhlWw,OgqWfld̈m bnllhssddr Wqd {b0. b5. b6{
Wmc {b1. b5. b6{-
Vd b]m rgnv sg]s dudqx bnllhssdd rdkdbsdc ax kdwhl]w,

Ogq]fl©dm bnmrshstsdr ] r]ed rds ne b]mchc]sdr ’ne rhyd i( enq
OIQ- Hm sgd oqnne ne Sgdnqdl 4) vd ]krn rgnv gnv sgd ptdqx
oqnsnbnk b]m ad zbnlokdsdc“ trhmf ptdqhdr ne rhyd 0-
Sgdnpdl 4- ;rrtld sgWs mn bWmchcWsd gWr addm ptdqhdc xds-
Sgdm) dudqx kdwhlWw,OgqWfld̈m bnllhssdd hr rWed enq OIP-
Enq DIQ) gnvdudq) sgd rhst]shnm stqmr nts sn ad sqhbjhdq-

Ehqrs) vd rgnv sg]s mdhsgdq O@U mnq LDR ]kv]xr rdkdbs i
b]mchc]sdr sg]s ]qd r]ed enq DIQ-
DwVlokd 3- Enq O;U) bnmrhcdq sgd hmrsWmbd cdohbsdc hm sgd
bdmsdq ne Ehftqd 1- Gdqd) enq i : 3) O;U rdkdbsr fiWlnmf nsgdq
bnllhssddr( {b0. b3. b4. b5{- Ats he b0 hr tmWuWhkWakd) ansg b1
Wmc b2 mddc sn ad hmbktcdc hm sgd bnllhssdd sn rWshrex DIP
firhmbd unsdqr 0 Wmc 1 Wqd dWbg 0,bngdrhud nm sgdhq nvm(-

Enq LDR) bnmrhcdq sgd hmrsWmbd cdohbsdc nm sgd qhfgs hm Ehf,
tqd 1 Wmc kds i : 0+- Sgd bnllhssdd {b0. b1. b2. b01. . . . . b07{
hr rdkdbsdc ax LDR fiWlnmf nsgdq bnllhssddr(- Gnvdudq) he b01
hr tmWuWhkWakd) sn rWshrex DIP) vd mddc sn hmbktcd W bWmchcWsd
eqnl b3. . . . . b6 Wmc W bWmchcWsd eqnl b7. . . . . b00 sn rWshrex
sgd 3,bngdrhud unsdq fqntor Wooqnuhmf sgdrd bWmchcWsdr-

6Rhmbd kdwhl]w,Ogq]fl©dm r]shr�dr B4 hm ]cchshnm sn B.,B3) vd
b]m ]rrtld sg]s vd ]qd noshlhyhmf nudq B.,B4-

Nm sgd aqhfgs rhcd) vd b]m ]s kd]rs hloqnud tonm sgd hmhsh]k
ptdqx rhyd ne 0 ]mc rgnv sg]s) hm sgd �qrs rsdo) sgdqd ]kv]xr
dwhrsr ] r]ed rds ne svn b]mchc]sdr enq DIQ-

Sgdnpdl 5- ;rrtld sgWs mn bWmchcWsd gWr addm ptdqhdc xds
Wmc sgWs i ≥ 1- Sgdm) sgdqd dwhrsr W rds ne rhyd Ws kdWrs svn
sgWs hr rWed enq DIP-

Oqnne- Kds b0 ad ]m ]ooqnu]k vhmmdq ]mc b1 ad ]m ]ooqnu]k
zqtmmdq,to)“ h-d-) m1 9: }Eℓ1 } ≥ }Eℓ} enq ]kk b ∈ B |{b0{ ]mc
m0 9: }Eℓ+ } ≥ m1- Vd chrshmfthrg svn b]rdr-
BWrd .9 m1 ≥ 1m

j - Sgdm) m0 ≥ 1m
j ]r vdkk- Vd rgnv

sg]s sgdqd hr ] r]ed rds ne svn b]mchc]sdr enq LDR) vghbg hr
sgdqdenqd ]krn r]ed enq DIQ- Tmcdq LDR) b0 hr antfgs �qrs ]mc
sgd ]fdmsr hm Eℓ1 g]ud ]s kd]rs

j
1m ne sgdhq atcfds kdes- Sgtr)

b1 hr rshkk j
1m ,]eenqc]akd- Etqsgdq) ]mx nsgdq b]mchc]sd b hr ]s

lnrs 0
}E�} ,]eenqc]akd ]mc sgtr ]s lnrs

j
1m ,]eenqc]akd- Gdmbd)

b1 b]m rshkk ad antfgs ax LDR dudm he b0 v]r antfgs ’]mc
drodbh]kkx he b0 v]r tm]u]hk]akd(- Sgdqdenqd) hmcdodmcdms ne
]u]hk]ahkhsx) sgd rds {b0. b1{ b]m ad r]edkx ptdqhdc-

BWrd 19 m1 , 1m
j - Sgdm) mn 1,bngdrhud fqnto dwhrsr- Sgtr)

DIQ nmkx mddcr sn r]shrex 0,bngdrhud fqntor ]mc hr dpthu]kdms
sn OIQ- Sgd rs]sdldms mnv enkknvr eqnl Sgdnqdl 4-

4 Chrbtrrhnm
Vd g]ud hmhsh]sdc sgd rstcx ne ltkshvhmmdq unshmf vhsg onr,
rhakx tm]u]hk]akd b]mchc]sdr- Ntq jdx ]rrtloshnmr vdqd ]o,
oqnu]k a]kknsr ]mc ahmchmf ptdqhdr- @krn) vd cn mns g]ud
]u]hk]ahkhsx oqna]ahkhshdr- Lnuhmf ]v]x eqnl sgdrd ]rrtlo,
shnmr kd]cr sn ] u]qhdsx ne hmsdqdrshmf chqdbshnmr enq etstqd
vnqj- Vd chrbtrr sgqdd chqdbshnmr hm stqm-
Hs vntkc ad ] m]stq]k mdws rsdo sn bnmrhcdq ltkshvhmmdq

unshmf a]rdc nm nqchm]k oqdedqdmbdr ]mc rstcx gnv qtkdr
rtbg ]r rhmfkd sq]mredq]akd unsd ’RSU( b]m ad ]c]osdc sn cd]k
vhsg onrrhakx tm]u]hk]akd b]mchc]sdr- Vd l]hms]hm sg]s ntq
bg]q]bsdqhy]shnm ne hlokdldms]akd qtkdr ’Sgdnqdl 0( gnkcr
enq sg]s rdsshmf ]r vdkk) ]r sgd tmcdqkxhmf knfhb ne sgd oqnne hr
hmcdodmcdms ne sgd a]kkns enql]s-
He ptdqhdr vdqd mnm,ahmchmf) sgdqd vntkc ad ] sqhuh]k ptdqx

onkhbx9 ptdqx ]kk b]mchc]sdr ]mc rdkdbs sgd cdrhqdc bnllhssdd-
Ats sgd s]rj vntkc adbnld mnmsqhuh]k ]f]hm he ptdqhdr g]c
bnrsr ]r hm sgd o]odq ax Antshkhdq ds ]k- ’1/03(-
Hm rnld rdsshmfr) vd lhfgs g]ud oqna]ahkhrshb hmenql]shnm

nm sgd ]u]hk]ahkhsx ne b]mchc]sdr- Enq mnm,hlokdldms]akd
qtkdr rtbg ]r O@U) vd lhfgs v]ms sn knnj enq ahmchmf ptdqx
onkhbhdr sg]s l]whlhyd sgd dwodbsdc rbnqd ne sgd bnllhssdd-
Vhsghm sgd rdsshmf bnmrhcdqdc hm sghr o]odq) hs hr nodm

vgdsgdq ntq ft]q]msdd enq OIQ ’Sgdnqdl 4( b]m ]krn ad
]bghdudc ax ] bnlots]shnm]kkx sq]bs]akd qtkd) ]mc vgdsgdq
ntq ft]q]msdd enq DIQ ’Sgdnqdl 5( b]m ad hloqnudc-
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6bimnvkdcfldmsr
Sghr vnqj v]r rtoonqsdc ax sgd Cdtsrbgd Enqrbgtmfr,
fdldhmrbg]es ’CEF( tmcdq fq]ms AQ 3633.1,0 ]mc sgd
Fq]cthdqsdmjnkkdf zE]bdsr ne Bnlokdwhsx“ ’FQJ 1323()
ax sgd Eqdmbg fnudqmldms tmcdq l]m]fdldms ne @fdmbd
M]shnm]kd cd k] Qdbgdqbgd ]r o]qs ne sgd zHmudrshrrdldmsr
c`]udmhq“ oqnfq]l) qdedqdmbd @MQ,08,O2H@,///0 ’OQ@HQHD
2H@ Hmrshstsd() ]mc ax ] Gtlankcs Qdrd]qbg @v]qc ne sgd
@kdw]mcdq unm Gtlankcs Entmc]shnm-

Qdedpdmbdr
@yhy) G-: Aqhkk) L-: Bnmhsydq) U-: Dkjhmc) D-: Eqddl]m) Q-:
]mc V]krg) S- 1/06- Itrsh�dc Qdoqdrdms]shnm hm @ooqnu]k,
A]rdc Bnllhssdd Unshmf- RnbhWk Bgnhbd Wmc VdkeWqd) 37’1(9
350•374-
A]kchf]) J- @-: ]mc Fqddm) I- Q- 1/02- @rrdms,l]whlhyhmf
rnbh]k bgnhbd- RnbhWk Bgnhbd Wmc VdkeWqd) 3/’1(9 328•35/-
A]qqns) M-: Fntqufldr) K-: K]mf) I-: Lnmmns) I-: ]mc Qhdr) A-
1/02- Onrrhakd Vhmmdqr hm @ooqnu]k Unshmf- Hm Oqnbddchmfr
ne sgd 2qc HmsdqmWshnmWk Bnmedqdmbd nm ;kfnqhsglhb Cdbhrhnm
Sgdnqx fi;CS() 46•6/- Roqhmfdq,Udqk]f-
Antshkhdq) B-: K]mf) I-: Nqdm) I-: ]mc O]k]bhnr) G- 1/03- Qnatrs
Vhmmdqr ]mc Vhmmdq Cdsdqlhm]shnm Onkhbhdr tmcdq B]mchc]sd
Tmbdqs]hmsx- Hm Oqnbddchmfr ne sgd 17sg ;;;H Bnmedqdmbd nm
;qsh�bhWk Hmsdkkhfdmbd fi;;;H() 0280•0286- @@@H Oqdrr-
Antshkhdq) B-: ]mc Qnrdmrbgdhm) I- R- 1/05- Hmbnlokdsd Hm,
enql]shnm ]mc Bnlltmhb]shnm hm Unshmf- Hm GWmcannj ne
BnlotsWshnmWk RnbhWk Bgnhbd) 112•147- B]laqhcfd Tmhudq,
rhsx Oqdrr-
Aqhkk) L-: Eqddl]m) Q-: I]mrnm) R-: ]mc K]bjmdq) L- 1/06-
Ogq]fl©dm`r Unshmf Ldsgncr ]mc Itrsh�dc Qdoqdrdms]shnm-
Hm Oqnbddchmfr ne sgd 2.rs ;;;H Bnmedqdmbd nm ;qsh�bhWk
Hmsdkkhfdmbd fi;;;H() 3/5•302- @@@H Oqdrr-
Cn) U-: Gdqunthm) L-: K]mf) I-: ]mc Rjnvqnm) O- 1/11- Nm,
khmd @ooqnu]k Bnllhssdd Dkdbshnmr- Hm Oqnbddchmfr ne sgd
2.rs HmsdqmWshnmWk Inhms Bnmedqdmbd nm ;qsh�bhWk Hmsdkkhfdmbd
fiHIB;H() 140•146-
Ek]mhf]m) A-: F—nky) O-: Ftos]) @-: Gdmmhf) A-: ]mc Oqnb]bbh])
@- 1/10- E]hq ]kfnqhsglr enq rdkdbshmf bhshydmr` ]rrdlakhdr-
MWstqd) 4859 437•441-
Eqddl]m) Q-: J]gmf) @-: ]mc Odmmnbj) C- L- 1/1/- Oqn,
onqshnm]khsx hm @ooqnu]k,A]rdc Dkdbshnmr Vhsg ] U]qh]akd
Mtladq ne Vhmmdqr- Hm Oqnbddchmfr ne sgd 18sg HmsdqmWshnmWk
Inhms Bnmedqdmbd nm ;qsh�bhWk Hmsdkkhfdmbd fiHIB;H() 021•027-
hib]h-nqf-
Fqhuds R©dadqs) @-: L]tcds) M-: Odqmx) O-: ]mc Uh]ooh]mh) O-
1/10- Oqdedqdmbd @ffqdf]shnm hm sgd Fdmdq]khrdc Tm]u]hk]akd
B]mchc]sd Lncdk- Hm Oqnbddchmfr ne sgd 6sg HmsdqmWshnmWk
Bnmedqdmbd nm ;kfnqhsglhb Cdbhrhnm Sgdnqx fi;CS() 24•4/-
Roqhmfdq-
Hladq) @-: Hrq]dk) I-: Aqhkk) L-: ]mc Jhldkedkc) A- 1/11-
@ooqnu]k,A]rdc Bnllhssdd Unshmf tmcdq Hmbnlokdsd Hmenq,
l]shnm- Hm Oqnbddchmfr ne sgd 25sg ;;;H Bnmedqdmbd nm
;qsh�bhWk Hmsdkkhfdmbd fi;;;H() 4/65•4/72- @@@H Oqdrr-
K]bjmdq) L-: ]mc Rjnvqnm) O- 1/11- Ltksh,Vhmmdq Unshmf
vhsg ;ooqnuWk Oqdedqdmbdr- Roqhmfdq-

Kt) S-: ]mc Antshkhdq) B- D- 1/0/- Sgd tm]u]hk]akd b]mchc]sd
lncdk9 ] cdbhrhnm,sgdnqdshb uhdv ne rnbh]k bgnhbd- Hm Oqnbddc,
hmfr ne sgd ..sg ;BL Bnmedqdmbd nm Dkdbsqnmhb Bnlldqbd
fi;BL,DB() 152•163-
Nqdm) I-: Ehkltr) X-: ]mc Antshkhdq) B- 1/02- De�bhdms unsd
dkhbhs]shnm tmcdq b]mchc]sd tmbdqs]hmsx- Hm Oqnbddchmfr ne sgd
12qc HmsdqmWshnmWk Inhms Bnmedqdmbd nm ;qsh�bhWk Hmsdkkhfdmbd
fiHIB;H() 2/8•205-
Odsdqr) C-: ]mc Rjnvqnm) O- 1/1/- Oqnonqshnm]khsx ]mc sgd
Khlhsr ne Vdke]qhrl- Hm Oqnbddchmfr ne sgd 1.rs ;BL Bnmedq,
dmbd nm Dbnmnlhbr Wmc BnlotsWshnm fi;BL,DB() 682•683-
@BL Oqdrr- Etkk udqrhnm ]qWhu90800-00636 Zbr-FS[-
Ogq]fl©dm) D- 0783- Rtq tmd l©dsgncd mntudkkd ontq
q©d]khrdq) c]mr kdr ©dkdbshnmr) k] qdoq©drdms]shnm oqnonqshnmmdkkd
cdr o]qshr- ”Neudqrhfs We JnmfkhfW UdsdmrjWor,;jWcdlhdmr
E”nqgWmckhmfWq) 40’2(9 022•026-
R©]mbgdy,Edqm©]mcdy) K-: Dkjhmc) D-: K]bjmdq) L-: Edqm©]mcdy)
M-: Ehrsdtr) I- @-: A]r]ms] U]k) O-: ]mc Rjnvqnm) O- 1/06-
Oqnonqshnm]k itrsh�dc qdoqdrdms]shnm- Hm Oqnbddchmfr ne sgd
2.rs ;;;H Bnmedqdmbd nm ;qsh�bhWk Hmsdkkhfdmbd fi;;;H() 56/•
565- @@@H Oqdrr-
R©]mbgdy,Edqm©]mcdy) K-: Edqm©]mcdy) M-: Ehrsdtr) I- @-: ]mc
Aqhkk) L- 1/10- Sgd L]whlhm Rtoonqs Ldsgnc9 @m Dwsdm,
rhnm ne sgd C`Gnmcs Ldsgnc sn @ooqnu]k,A]rdc Ltkshvhmmdq
Dkdbshnmr- Hm Oqnbddchmfr ne sgd 24sg ;;;H Bnmedqdmbd nm
;qsh�bhWk Hmsdkkhfdmbd fi;;;H() 458/•4586- @@@H Oqdrr-
Sdqynontknt) Y-: J]qonu) @-: ]mc Naq]ysrnu]) R- 1/10- Qd,
rsqhbsdc cnl]hmr ne chbgnsnlntr oqdedqdmbdr vhsg onrrhakx hm,
bnlokdsd hmenql]shnm- Hm Oqnbddchmfr ne sgd 24sg ;;;H Bnm,
edqdmbd nm ;qsh�bhWk Hmsdkkhfdmbd fi;;;H() 4615•4622- @@@H
Oqdrr-
Sghdkd) S- M- 0784- Nl Ekdqenkc U]kf- Nudqrhfs nudq cds
Jnmfdkhfd CWmrjd UhcdmrjWadqmdr RdkrjWar EnqcgWmckhmfdq-
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