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:ARSP:BS
Vd oqnonrd @BBN9 sgd fiqrs l_khbhntrkx rdbtqd ltksho_qsx bnlot,
s_shnm dmfhmd hm sgd gnmdrs lYinqhsx rdsshmf) vghbg _krn rtoonqsr
rdbtqd _mc dffibhdms bnlo_qhrnm _mc hmsdfdq sqtmb_shnm- Ntq rxrsdl
hr _krn sgd fiqrs sn _bghdud hmenqlYshnm sgdnqdshb rdbtqhsx-

Vd trd @BBN sn athkc _m hmenql_shnm sgdnqdshb oqhu_bx oqdrdqu,
hmf l_bghmd kd_qmhmf rxrsdl vgdqd _ rds ne o_qshdr bnkk_anq_shudkx
sq_hm qdfqdrrhnm lncdkr hm sgd oqdrdmbd ne _ l_khbhntr _cudqr_qx-

Vd qdonqs _m hlokdldms_shnm ne ntq rxrsdl _mc bnlo_qd sgd
odqenql_mbd _f_hmrs Gdkdm) sgd vnqj ne Ygdmf) Ono_) Fnmy_kdy
_mc Rsnhb_ &RO—08( vghbg oqnuhcdc ltksho_qsx qdfqdrrhnm lncdkr
rdbtqd _f_hmrs l_khbhntr _cudqr_qhdr- Ntq rxrsdl nffdqr _ rhfmhfib_ms
roddcto nudq Gdkdm-

BBR BNMBDOSR
” Rdbtqhsx ]mc oqhu]bx → Hmenql]shnm,sgdnqdshb sdbgmhptdr:
Oqhu]bx,oqdrdquhmf oqnsnbnkr: ” Sgdnqx ne bnlots]shnm →
Bnlltmhb]shnm bnlokdwhsx: Bqxosnfq]oghb oqnsnbnkr-

IDXVNPCR
Ltksho_qsx Bnlots_shnm) Hmenql_shnm,sgdnqdshb Bqxosnfq_ogx) Bnl,
ltmhb_shnm Bnlokdwhsx) Oqhu_bx,oqdrdquhmf L_bghmd Kd_qmhmf

:BL Pdedqdmbd Enql]s9
Wh_nph Ct_m) Uhotk Fnx_k) G_mitm Kh) P_e_hk Nrsqnurjx) @mshfnmh Onkx,
bgqnmh_cnt) _mc Xhe_m Rnmf- 1/10- @BBN9 @kfdaq_hb Bnlots_shnm vhsg
Bnlo_qhrnm- Hm Oqnbddchmfr ne sgd 1.10 Bkntc Bnlotshmf Rdbtqhsx Vnqjrgno
�BBRV –10() Mnudladq 04) 1.10) UhqstYk Dudms) Pdotakhb ne InqdY- @BL) Mdv
Xnqj) MX) TR@) 07 o_fdr- gssor9..cnh-nqf.0/-0034.2363012-2375646

0 HMSPNCTBSHNM
Ehm_mbh_k hmrshstshnmr _qd hmbnqonq_shmf l_bghmd kd_qmhmf _kfn,
qhsglr sn cqhud cdbhrhnmr hm s_rjr rtbg _r eq_tc cdsdbshnm) kn_m
_ooqnu_kr _mc oqdchbshnm ne cde_tksr- Rtbg _kfnqhsglr odqenql ads,
sdq vgdm adhmf dwonrdc sn lnqd _mc lnqd c_s_- Gnvdudq) fim_mbh_k

Odqlhrrhnm sn l_jd chfhs_k nq g_qc bnohdr ne o_qs nq _kk ne sghr vnqj enq odqrnm_k nq
bk_rrqnnl trd hr fq_msdc vhsgnts edd oqnuhcdc sg_s bnohdr _qd mns l_cd nq chrsqhatsdc
enq oqnfis nq bnlldqbh_k _cu_ms_fd _mc sg_s bnohdr ad_q sghr mnshbd _mc sgd etkk bhs_shnm
nm sgd fiqrs o_fd- Bnoxqhfgsr enq sghqc,o_qsx bnlonmdmsr ne sghr vnqj ltrs ad gnmnqdc-
Enq _kk nsgdq trdr) bnms_bs sgd nvmdq._tsgnq&r(-
BBRV –10) Mnudladq 04) 1.10) UhqstYk Dudms) Pdotakhb ne InqdY
z 1/10 Bnoxqhfgs gdkc ax sgd nvmdq._tsgnq&r(-
@BL HRAM 867,0,34/2,7542,0.10.00-
gssor9..cnh-nqf.0/-0034.2363012-2375646

hmrshstshnmr qdetrd sn rg_qd c_s_ _r hs qdrtksr hm _ lxqh_c ne oqh,
u_bx qdk_sdc oqnakdlr- Gdmbd) sgdqd hr _ mddc sn sq_hm lncdkr hm _
oqhu_bx,oqdrdquhmf l_mmdq-

Rdbtqd Ltksh,O_qsx Bnlots_shnm &LOB(Z1) 6) 06) 2/[ hr _ eq_ld,
vnqj vgdqd ltkshokd o_qshdr bnkk_anq_sd sn bnlotsd _ bnllnm
etmbshnm ne sgdhq hmsdqdrs vhsgnts qdud_khmf sgdhq oqhu_sd hmotsr sn
nsgdq o_qshdr- Sg_s r_hc) fim_mbh_k hmrshstshnmr bntkc bnkk_anq_shudkx
sq_hm _ l_bghmd kd_qmhmf lncdk nm sgdhq oqhu_sd c_s_ rtbg sg_s mn
hmenql_shnm _ants sgd c_s_ hr qdud_kdc _o_qs eqnl sgd sq_hmdc lncdk-
Vghkd hs hr onrrhakd sn odqenql oqhu_bx oqdrdquhmf l_bghmd kd_qmhmf
trhmf fdmdqhb l_khbhntrkx rdbtqd LOB oqnsnbnkr enq annkdYm bhqbthsr)
sgd odqenql_mbd ne rtbg _ rxrsdl vhkk ad oqnghahshudkx knv- Nm sgd
nsgdq g_mc) sgdqd _qd l_khbhntrkx rdbtqd LOB oqnsnbnkr sg_s rto,
onqs dffibhdms ltkshokhb_shnm _mc _cchshnm nodq_shnmr enq Yqhsgldshb
bhqbthsr) ats sgdx cn mns dffibhdmskx rtoonqs drrdmsh_k nodq_shnmr)
m_ldkx bnlo_qhrnm _mc sqtmb_shnm) qdpthqdc ax l_bghmd kd_qmhmf
_kfnqhsglr- Gdkdm Z20[ hr nmd mns_akd vnqj sg_s trdr l_khbhntrkx
rdbtqd LOB enq sq_hmhmf l_bghmd kd_qmhmf lncdkr- Sn _hl enq sgd
adrs ne ansg vnqkcr) sgdx trd LOB enq annkd_m bhqbthsr sn odqenql
mnm,khmd_q nodq_shnmr rtbg _r bnlo_qhrnm) vghkd odqenqlhmf dffi,
bhdms _qhsgldshb nodq_shnmr nm fidkc dkdldmsr ntsrhcd ne LOB- Vd
mnshbd _ edv ok_bdr enq hloqnudldms hm sghr _ooqn_bg9

• Gdkdm trdr _ l_khbhntrkx rdbtqd LOB enq chrgnmdrs lYinqhsx)
vghkd hm l_mx rbdm_qhnr) gnmdrs lYinqhsx rtffibdr- Gnmdrs
l_inqhsx LOB oqnsnbnkr _qd trt_kkx lnqd dffibhdms sg_m chr,
gnmdrs l_inqhsx nmdr-0

• Gdkdm trdr ydqn,jmnvkdcfd oqnner sn bnmmdbs rsdor hm _mc
nts ne sgd LOB oqnsnbnk- Odqenqlhmf _kk nodq_shnmr hm sgd
r_ld LOB oqnsnbnk b_m dkhlhm_sd sgd nudqgd_c ne ydqn,
jmnvkdcfd oqnner-

• Fhudm sgd _anud) Gdkdm nffdqr rdbtqhsx hm sgd bnlots_shnm_k
rdsshmf &dudm hm sgd nmkhmd og_rd(- Sgd ldsgncr sxohb_kkx
trdc hm hmenql_shnm,sgdnqdshb rdbtqd oqnsnbnkr sdmc sn ad
bnlots_shnm_kkx ltbg lnqd dffibhdms sg_m sgd bqxosnfq_oghb
l_bghmdqx qdpthqdc enq sgd bnlots_shnm_k rdbtqhsx- Vd _krn
rsqhjd enq hmenqlYshnm sgdnqdshb rdbtqhsx-

Sn hloqnud sgd _anud onhmsr) vd oqnonrd @BBN9 sgd fiqrs l_kh,
bhntrkx rdbtqd ltksho_qsx bnlots_shnm dmfhmd hm sgd gnmdrs lYinq,
hsx rdsshmf vhsg hmenql_shnm sgdnqdshb rdbtqhsx) vghbg _krn mYshudkx
rtoonqsr rdbtqd bnlo_qhrnm _mc hmsdfdq sqtmb_shnm-

0Vd vntkc khjd sn onhms nts sg_s ft_q_msddc ntsots cdkhudqx _mc e_hqmdrr _qd nmkx
onrrhakd hm sgd gnmdrs l_inqhsx rdsshmf-
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0-0 Ntq Bnmsqhatshnm
Hm sghr vnqj) vd athkc @BBN9 _ rdbtqd ltksho_qsx bnlots_shnm
dmfhmd enq _qhsgldshb bhqbthsr hm sgd gnmdrs l_inqhsx rdsshmf vghbg
_krn rtoonqsr rdbtqd _mc dffibhdms bnlo_qhrnm _mc hmsdfdq sqtmb_shnm
vhsg hmenql_shnm sgdnqdshb rdbtqhsx _f_hmrs _ etkkx l_khbhntr _mc
rs_shb _cudqr_qx-

Ntq bnmrsqtbshnm trdr dkdldmsr hm _ fimhsd fidkc sn qdoqdrdms qd_k
mtladqr- Kds > cdmnsd sgd kdmfsg ne _ fidkc dkdldms- Sgd bnllt,
mhb_shnm bnlokdwhsx odq ltkshokhb_shnm f_sd hr N|m · >( ahsr- Sgd
bnlltmhb_shnm bnlokdwhsx ne ntq bnlo_qhrnm oqnsnbnk _mc sqtm,
b_shnm oqnsnbnk _qd ansg N|m1 · > � m · >1( ahsr- Rdd Rdbshnm 1 enq _
cds_hkdc bnlo_qhrnm sn oqhnq vnqjr-

Vd mdws _ookx sgd @BBN dmfhmd sn athkc _ oqhu_bx oqdrdquhmf
l_bghmd kd_qmhmf rxrsdl- Vd bnmrhcdq _ rds ne m o_qshdr) d_bg gnkc,
hmf _ oqhu_sd c_s_rds- Sgd o_qshdr bnkk_anq_shudkx sq_hm _ K@RRN
qdfqdrrhnm lncdk trhmf sgd @ksdqm_shmf Chqdbshnm Ldsgnc ne Ltksh,
okhdqr &@CLL( _kfnqhsgl- Ptmmhmf sgd sq_hmhmf hm @BBN dmrtqdr
sg_s mn hmenql_shnm _ants d_bg oqhu_sd c_s_rds hr kd_jdc adxnmc sgd
fim_k lncdk- Vd bnlo_qd sgd odqenql_mbd ne ntq rxrsdl _f_hmrs
Gdkdm Z20[) _mc qdonqs 62w roddcto &enq sgd lhkkhnm rnmf c_s_rds
vhsg 8/ ed_stqdr(-

1 SDBGMHB:K NUDPUHDV
Ntq rs_qshmf onhms hr sgd adrs,jmnvm dffibhdms hmenql_shnm,sgdnqdshb_k
LOB oqnsnbnk hm Z07[ enq bnlotshmf _qhsgldshb bhqbthsr- Hs nffdqr
rdbtqhsx,vhsg,_anqs _f_hmrs _ etkkx l_khbhntr _cudqr_qx hm sgd gnm,
drs l_inqhsx rdsshmf- Hmenql_kkx) hs ld_mr sg_s sgd oqnsnbnk ft_q,
_msddr sgd oqhu_bx ne sgd hmotsr ne gnmdrs o_qshdr dwbdos sgd hm,
enql_shnm vghbg b_m ad cdctbdc eqnl sgd ntsots) vghkd _kknvhmf
_ oqdl_stqd _anqs ctd sn l_khbhntr adg_uhnqr ne sgd _cudqr_qx-
Sgd oqnsnbnk hm Z07[ oqnbddcr hm _ f_sd,ax,f_sd e_rghnm rtoonqshmf
_qhsgldshb bhqbthsr vhsg _cchshnm _mc ltkshokhb_shnm f_sdr-

Sn qtm l_bghmd kd_qmhmf _kfnqhsglr) vghbg bnlotsdr nm q_shn,
m_k u_ktdr) vd trd fidkc dkdldmsr hm _ fimhsd fidkc Rp sn qdoqdrdms
fiwdc,onhms uYktdr- Bnmbqdsdkx) enq _ fiwdc,onhms u_ktd w̃ vhsg j ahsr
hm sgd hmsdfdq o_qs _mc d ahsr hm sgd cdbhl_k o_qs) vd trd sgd fidkc
dkdldms w 9+ 1d · w̃ lnc n hm Rp sn qdoqdrdms hs- Mnsd sg_s _esdq
d_bg ltkshokhb_shnm) sgd mtladq ne ahsr hm sgd cdbhl_k o_qs cnt,
akdr- Vd sgdqdenqd mddc sn hmsqnctbd _ sqtmbYshnm oqnsnbnk sn _ookx
sqtmb_shnm sn dudqx ltkshokhb_shnm qdrtks hm Z07[- L_bghmd kd_qmhmf
_kfnqhsglr nesdm bnmrhrs ne mns nmkx _cchshnmr _mc ltkshokhb_shnmr)
ats _krn bnloYqhrnmr- Gdmbd vd _krn dwsdmc Z07[ sn rtoonqs rdbtqd
bnlo_qhrnmr-

Sgdqdenqd) rs_qshmf vhsg sgd dffibhdms oqnsnbnk ne Z07[ ntq fn_k hr
sn athkc _m LOB oqnsnbnk vhsg rdbtqd,vhsg,_anqs vghbg rtoonqsr
bnlo_qhrnm _mc sqtmb_shnm nodq_shnmr- Hm o_qshbtk_q) Ybghduhmf lY,
khbhntr rdbtqhsx hr ntq oqhlYqx fnYk- Hm Z07[) sn _bghdud l_khbhntr
rdbtqhsx dffibhdmskx) _kk o_qshdr fiqrs qtm _ khfgsvdhfgs oqnsnbnk vghbg
cndr mns ft_q_msdd sgd bnqqdbsmdrr _f_hmrs l_khbhntr adg_uhnqr
ats oqnuhcd odqedbs rdbqdbx) _mc sgdm bgdbj sgd bnqqdbsmdrr ne sgd
bnlots_shnm trhmf _ udqhfib_shnm oqnsnbnk hm Z1/[ _s sgd dmc- Hs
ld_mr sg_s sgd hmsdqldch_sd u_ktdr vghbg _qd rg_qdc _lnmf o_qshdr
l_x mns ad bnqqdbs- Sghr qdpthqdr sgd bnlo_qhrnm _mc sqtmb_shnm
oqnsnbnkr sn r_shrex sg_s9

• Sgdx oqnuhcd odqedbs rdbqdbx _f_hmrs l_khbhntr adg_uhnqr
dudm he sgd hmots u_ktdr _qd hmbnqqdbs-

• Sgdx b_m ad d_rhkx udqhfidc _esdq sgd bnlots_shnm-
Ntq bnlo_qhrnm _mc sqtmb_shnm oqnsnbnkr _qd a_rdc nm oqduhntr
vnqjr Z4) 0/) 13[- Gnvdudq) sgd nqhfhm_k oqnsnbnkr cn mns r_shrex sgd
_anud oqnodqshdr- Vd lnchex sgdrd oqnsnbnkr sn _bghdud sgd _anud
oqnodqshdr _mc hloqnud sgd bnmbqdsd dffibhdmbx ne sgd bnlo_qhrnm
oqnsnbnk _r vdkk-

Vd rtll_qhyd ntq l_hm bnmsqhatshnmr _r enkknvr9
&0( Ntq fiqrs athkchmf aknbj hr _ ahs,cdbnlonrhshnm oqnsnbnk vghbg

sq_mrenqlr _ cdfqdd,r Rg_lhq rg_qhmf )w[q sn _ a_sbg ne
cdfqdd,r Rg_lhq rg_qhmfr ne sgd ahs cdbnlonrhshnm ne w - Sghr
_kknvr tr sn odqenql ahs nodq_shnmr enq bnlo_qhrnm _mc sqtm,
b_shnm- Vd _arsq_bs sgd ahs,cdbnlonrhshnm oqnsnbnk _r _ etmb,
shnm_khsx _mc oqnud sg_s hs r_shrfidr sgd _anud oqnodqshdr- Rdd
lnqd chrbtrrhnm hm Rdbshnm 1-0-

&1( Ntq rdbnmc athkchmf aknbj hr _ ahs,vhrd bnlo_qhrnm oqnsnbnk
vghbg bnlo_qdr _ rg_qdc u_ktd vhsg ahs cdbnlonrhshnm _mc _
otakhb u_ktd- Hs hr _bghdudc ax rdbtqdkx bnlotshmf sgd bhqbths
enq ahs,vhrd bnlo_qhrnm hm Z04[- Ntq oqnsnbnk nmkx trdr _c,
chshnm _mc ltkshokhb_shnm nodq_shnmr- Mnsd sg_s _cchshnm _mc
ltkshokhb_shnm oqnsnbnkr _qd ft_q_msddc sn g_ud sgd _anud
oqnodqshdr ctd sn sgd tmcdqkxhmf LOB oqnsnbnk eqnl Z07[-
Rdd lnqd chrbtrrhnm hm Rdbshnm 1-1-

&2( Enq bnlo_qhrnm) ntq oqnsnbnk hr a_rdc nm sgd bnlo_qhrnm
oqnsnbnk hm Z13[-Vd qdok_bd sgd ahs,vhrd bnlo_qhrnm oqnsnbnk
hm Z13[ ax ntq rdbnmc athkchmf aknbj- Sghr g_r sgd enkknvhmf
svn _cu_ms_fdr9
• Sgd ahs,vhrd bnlo_qhrnm oqnsnbnk hm Z13[ nmkx _bghdudr
rdlh,gnmdrs rdbtqhsx- Ax trhmf ntq rdbnmc athkchmf aknbj)
sgd bnlo_qhrnm oqnsnbnk b_m fis hm sgdLOB oqnsnbnk eqnl Z07[-

• Kds > ad sgd kdmfsg ne _ fidkc dkdldms hm Rp - Sgd ahs,vhrd
bnlo_qhrnm oqnsnbnk hm Z13[ qdpthqdr sn bnlotsd 06> ltk,
shokhb_shnmr vhsg 4 qntmcr- Nm sgd nsgdq g_mc) ntq rdb,
nmc athkchmf aknbj nmkx qdpthqdr sn bnlotsd 1> ltksh,
okhb_shnmr vhsg knf > qntmcr- Hm sgd dwodqhldms) vd trd
016,ahs Ldqrdmmd fidkc- Bnlo_qdc vhsg Z13[) ntq oqnsnbnk
hloqnudr sgd bnlltmhb_shnm bnlokdwhsx ax _ e_bsnq ne
7�4 _s _ bnrs ne 1 _cchshnm_k qntmcr-

&3( Enq sqtmb_shnm) ntq oqnsnbnk hr a_rdc nm sgd sqtmb_shnm oqn,
snbnk hm Z4[- Sgd nqhfhm_k oqnsnbnk nmkx _bghdudr rdlh,gnmdrs
rdbtqhsx- Vd lnchex sgd oqnsnbnk hm Z4[ sn r_shrex sgd _anud
oqnodqshdr- Rdd lnqd chrbtrrhnm hm Rdbshnm 1-2-

&4( Ehm_kkx) vd dwsdmc sgd nqhfhm_k LOB oqnsnbnk hm Z07[ sn _krn
rtoonqs hmmdq,oqnctbs nodq_shnmr- Rdd lnqd chrbtrrhnm hm
Rdbshnm 1-4

1-0 Ahs Cdbnlonrhshnm
Hm Z07[) dudqx fidkc dkdldms hr rdbqds rgYqdc- Sgd l_hm chffibtksx ne
odqenqlhmf sqtmb_shnm _mc bnlo_qhrnm nudq sgdrd rg_qdc u_ktdr
bnldr eqnl sgd e_bs sg_s vd cnm—s g_ud _bbdrr sn sgdhq ahs qdoqdrdm,
s_shnmr- Kds )w[q cdmnsd _ cdfqdd,r rdbqds rg_qhmf ne rnld u_ktd w
hm sgd fidkc Rp - Kds > + |w | ad sgd ahs,kdmfsg ne w ) hcd_kkx vd v_ms >

cdfqdd,r rg_qhmfr enq d_bg ne w —r ahs9

)w,[q . )w,�0[q . � � � . )w0[q
vgdqd |w,w,�0 � � � w0(1 hr sgd ahm_qx qdoqdrdms_shnm ne w - Vghkd sgdqd
_qd oqnsnbnkr sn _bghdud chqdbskx sghr) sgdrd oqnsnbnkr dhsgdq g_ud
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_ k_qfd nudqgd_c hm sgd bnlltmhb_shnm bnlokdwhsx nq qdpthqd sgd
mtladq ne qntmcr sn ad oqnonqshnm_k sn sgd kdmfsg ne _ fidkc dkdldms-
Ntq hcd_ hr sn oqdo_qd _ q_mcnl rg_qhmf )q [q vhsg ahs cdbnlonrhshnm
)q,[q . )q,�0[q . � � � . )q0[q ) _mc sq_mrenql )w[q sn

w � q _mc )q,[q . )q,�0[q . � � � . )q0[q .

vghbg hr ltbg lnqd dffibhdms sg_m oqdo_qhmf sgd ahs cdbnlonrhshnm
ne w - Mnsd sg_s w � q b_m ad nas_hmdc ax qdbnmrsqtbshmf )w � q [q 9+
)w[q � )q [q - Vd vhkk rgnv sg_s hs hr rtffibhdms enq bnlo_qhrnm _mc
sqtmb_shnm-

Sn oqdo_qd _ q_mcnl rg_qhmf )q [q vhsg ahs cdbnlonrhshnm )q,[q )
)q,�0[q . � � � . )q0[q ) vd qdkx nm _ rdlh,gnmdrs oqnsnbnk eqnl Z0/[)
vghbg _kknvr _kk o_qshdr sn oqdo_qd q_mcnl ahs rg_qhmfr- Sn nas_hm
l_khbhntr rdbtqhsx) vd trd sgd ltkshokhb_shnm udqhfib_shnm oqnsnbnk
eqnl Z1/[ &vghbg hr trdc hm sgd cdrhfm ne sgd LOB oqnsnbnk hm Z07[(
sn bgdbj hsr bnqqdbsmdrr- Lnqd cds_hkr b_m ad entmc hm Rdbshnm 4-0-
@esdq oqdo_qhmf > q_mcnl ahs rg_qhmfr )q,[q . )q,�0[q . � � � . )q0[q ) _kk
o_qshdr b_m knb_kkx bnlotsd

)q [q 9+
,

f+0
1f�0)qf [q �

Mnsd sg_s q +
,

f+0 1
f�0
qf lnc n) _mc |q,q,�0 � � � q0(1 hr sgd bnqqdbs

ahs qdoqdrdms_shnm ne q nmkx vgdm
,

f+0 1
f�0
qf , n- Sn dmrtqd sghr)

vd bgnnrd sn trd _ Ldqrdmmd fidkc &h-d- n + 1, � 0 enq rnld >() hm
vghbg vd g_ud

,
f+0 1

f�0
qf ≤ n- Hm o_qshbtk_q)

,
f+0 1

f�0
qf + n nmkx

vgdm q0 + q1 + � � � + q, + 0) vghbg g_oodmr vhsg oqna_ahkhsx 0]1, -
Vgdm > hr k_qfd dmntfg) sgd oqnbdctqd rtbbddcr vhsg nudqvgdklhmf
oqna_ahkhsx-

Trhmf )q [q vd bnlotsd )w � q [q + )w[q � )q [q ) _mc qdbnmrsqtbsr
w�q otakhbkx sn dudqx o_qsx- Vgdm q hr tmhenql) w�q hr _krn tmhenql
_mc hmcdodmcdms ne w - Rhmbd w � q hr sgd nmkx hmenql_shnm bnqqtosdc
o_qshdr kd_qm eqnl sgd _anud oqnbdrr) sgd rdbqdbx ne w hr oqnsdbsdc-
Hm Rdbshnm 4-0) vd oqdrdms sgd hcd_k etmbshnm_khsx Ccdbnlonrd enq sgd
_anud oqnbdrr) _mc oqnud sgd rdbtqhsx ne ntq bnmrsqtbshnm-

1-1 Ahs,vhrd Bnlo]qhrnmr
Hmrsd_c ne bnlo_qhmf svn rdbqds rg_qdc u_ktdr) vd fiqrs bnmrhcdq _
rhlokdq rbdm_qhn9 Fhudm _ rg_qhmf )w[q vhsg hsr ahs cdbnlonrhshnm
)w,[q . )w,�0[q . � � � . )w0[q _mc _ otakhb u_ktd q ) vd v_ms sn rdbtqdkx
bnlotsd )q , w[q ) _ rg_qhmf ne sgd bnlo_qhrnm qdrtks- Ntq hcd_
hr sn rdbtqdkx bnlotsd _ bhqbths enq sgd bnlo_qhrnm- Vd bgnnrd
sgd bhqbths cdrhfmdc hm Z04[ ctd sn hsr rhlokhbhsx _mc dffibhdmbx- Kds
|q, � � � q0(1 ad sgd ahs cdbnlonrhshnm ne q - Sgdm sgd bnlo_qhrnm
qdrtks ne q , w hr dpt_k sn q i , w i vgdqd i hr sgd k_qfdrs hmcdw rtbg
sg_s q i � w i ) nq / he rtbg _ i cndr mns dwhrs- Enq _kk f ∈ )>[) kds bf
cdmnsd sgd bnlo_qhrnm qdrtks ne qf , wf _mc af cdmnsd vgdsgdq
qf + wf - Sgdm)

,
j+f�0 aj qdoqdrdmsr vgdsgdq sgd fiqrs > � f ahsr ne

q _mc w _qd dpt_k- Vd b_m qdoqdrdms sgd bnlo_qhrnm qdrtks ne q , w

_r enkknvr9

|q , w( + b, � a,b,�0 � � � � �


,

j+1
aj


b0

Sn rdd sghr) mnsd sg_s he q + w ) sgdm bf + / enq _kk f ∈ )>[ _mc sgdqdenqd
sgd fim_k qdrtks hr /- He q � w ) kds i ad sgd k_qfdrs hmcdw rtbg sg_s
q i � w i - Enq f < i ) vd g_ud bf + / _mc sgdqdenqd

�,
j+f�0 aj


bf + /-

Enq f , i) vd g_ud ai + / _mc sgdqdenqd
�,

j+f�0 aj


bf + /- Sgtr)

|q , w( +
�,

j+i�0 aj


b i + b i -

Sgd bhqbths hm Z04[ enkknvr eqnl _ rsq_hfgsenqv_qc chuhcd,_mc,
bnmptdq sdbgmhptd sn bnlotsd sgd bnlo_qhrnm qdrtks- @r _ qdrtks)
sgd cdosg ne sgd bhqbths hr knf > _mc sgd mtladq ne ltkshokhb_shnmr
hr 1>- Ntq oqnsnbnk trdr sgd rdbtqd ltkshokhb_shnm oqnsnbnk hm Z07[
sn bnlotsd sghr bhqbths- Sgd oqnsnbnk rdqudqr _r _ athkchmf aknbj enq
rdbtqd bnlo_qhrnm _mc sqtmb_shnm-

1-2 Rdbtqd Bnlo]qhrnm ]mc Sqtmb]shnm
Enq rdbtqd bnlo_qhrnm) vd anqqnv sgd hcd_ eqnl Z13[ sn sq_mr,
enql sgd oqnakdl ne bnlo_qhmf svn rdbqds rg_qdc u_ktdr hmsn sgd
enkknvhmf9

• @kk o_qshdr fiqrs sq_mrenql sgd oqnakdl ne bnlo_qhmf svn
u_ktdr sn dwsq_bshmf sgd kdYrs rhfmhfibYms ahs ne nmd u_ktd-

• Pdkxhmf nm Ccdbnlonrd) sgd kd_rs rhfmhfib_ms ahs b_m ad na,
s_hmdc ax bnlotshmf _ ahs,vhrd bnlo_qhrnm-

Lnqd cds_hkr b_m ad entmc hm Rdbshnm 4-1-
Enq rdbtqd sqtmb_shnm) ntq rs_qshmf onhms hr sgd hcd_ eqnl Z4[-

Sgd nqhfhm_k oqnsnbnk _krn sq_mrenqlr sgd hmots rg_qhmf )w[q sn
w � q _mc sgd ahs cdbnlonrhshnm ne )q [q ) h-d-) )q,[q . )q,�0[q . � � � . )q0[q -
Gnvdudq sgd bnqqdbsmdrr ne sgd oqnsnbnk qdpthqdr w � q , n- Hm Z4[)
sghr hr _bghdudc ax qdrsqhbshmf sgd q_mfdr ne ansg w _mc q - Enq q ) vd
b_m bnmsqnk hsr q_mfd ax trhmf edvdq q_mcnl ahs rg_qhmfr- Enq w )
gnvdudq) hs vntkc qdpthqd ntq oqnsnbnk sn odqenql _ q_mfd bgdbj
adenqd trhmf sgd oqnsnbnk hm Z4[ sn cn sqtmb_shnm- Sghr hr ctd sn
sgd e_bs sg_s hm Z07[) sgd ltkshokhb_shnm oqnsnbnk hr nmkx rdbtqd
to sn _m _cchshud _ss_bj- Vhsgnts sgd fim_k udqhfib_shnm rsdo) sgd
ltkshokhb_shnm oqnsnbnk cndr mns ft_q_msdd sgd bnqqdbsmdrr- SgYs
ldYmr) dudm he sgd bnqqdbs uYktd ne sgd lYbghmd kdYqmhmf Ykfnqhsgl
ftYqYmsddr sgYs hs hr antmcdc ax Y bdqsYhm qYmfd) sgd uYktd vghbg hr
rgYqdc ctqhmf sgd bnlotsYshnm bYm rshkk ad nts ne sghr qYmfd ctd sn sgd
lYkhbhntr adgYuhnqr ne bnqqtosdc oYqshdr- Hm _cchshnm sn sgd rdbtqhsx
hrrtd) sgd _ooqn_bg hm Z4[ hmgdqdmskx qdpthqdr sn trd _ k_qfd fidkc
vghbg g_r κ dwsq_ ahsr hm d_bg fidkc dkdldms) vgdqd κ hr sgd rdbtqhsx
o_q_ldsdq- Sgdrd dwsq_ ahsr _qd trdc sn _unhc kd_jhmf hmenql_shnm
_ants w eqnl w � q -

Sn _unhc sgd dwodmrhud q_mfd bgdbj enq d_bg sqtmb_shnm nodq_shnm
_mc sgd nudqgd_c hm bnlltmhb_shmf fidkc dkdldmsr) vd lnchex sgd
oqnsnbnk hm Z4[ ax trhmf _ tmhenqlkx q_mcnl q ) _mc bnlotshmf
w � q , n trhmf sgd oqduhntrkx cdrbqhadc ahs,vhrd bnlo_qhrnm
oqnsnbnk- Ehm_kkx) vd b_m bnlotsd sgd sqtmb_shnm qdrtks trhmf sgd
bnlo_qhrnm qdrtks ne w � q , n- Lnqd cds_hkr b_m ad entmc hm
Rdbshnm 4-1-

1-3 Rdbtqhsx ne Ntq Dwsdmrhnmr
Sn du_kt_sd _ bhqbths vhsg _cchshnm f_sdr) ltkshokhb_shnm f_sdr) bnl,
o_qhrnm f_sdr) _mc sqtmb_shnm f_sdr) vd bnlahmd sgd rdbtqd,vhsg,
_anqs LOB oqnsnbnk hm Z07[ vhsg ntq rdbtqd bnlo_qhrnm _mc sqtm,
b_shnm oqnsnbnkr- Vd l_jd trd ne sgd etmbshnm_khsx Cltks _mc hsr
hmrs_msh_shnm eqnl Z07[ sn du_kt_sd ltkshokhb_shnmr- Ntq bnlo_qh,
rnm _mc sqtmb_shnm oqnsnbnkr _qd bnlonrdc ne knb_k bnlots_shnmr)
Ccdbnlonrd) _mc Cltks- Rhmbd Ccdbnlonrd hr _kv_xr bnqqdbs) vd nmkx
mddc sn udqhex ltkshokhb_shnmr bnlotsdc ax Cltks) vghbg hr _bghdudc
ax trhmf sgd etmbshnm_khsx CltksUdqhex _mc hsr hmrs_msh_shnm hm Z1/[
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&vghbg hr trdc hm sgd cdrhfm ne sgd LOB oqnsnbnk hm Z07[(- Sgd rdbt,
qhsx ne ntq oqnsnbnk enkknvr eqnl sgd e_bs sg_s ansg Ccdbnlonrd _mc
Cltks cn mns kd_j _mx hmenql_shnm _ants sgd hmotsr- Vd qdedq sgd
qd_cdqr sn Rdbshnm 4-3 enq lnqd cds_hkr-

1-4 Rtoonqshmf Hmmdq,oqnctbs Nodq]shnmr
Vd mnsd sg_s l_bghmd kd_qmhmf _kfnqhsglr trt_kkx qdpthqd _ kns ne
hmmdq,oqnctbs nodq_shnmr- @m hmmdq,oqnctbs nodq_shnm hr sn bnlotsd
sgd rtll_shnm ne sgd bnnqchm_sd,vhrd ltkshokhb_shnmr adsvddm svn
udbsnqr- @ksgntfg _m hmmdq,oqnctbs nodq_shnm b_m ad bnlotsdc ax _
a_sbg ne ltkshokhb_shnm nodq_shnmr) sgd bnlltmhb_shnm bnlokdwhsx
vhkk fqnv khmd_qkx vhsg sgd chldmrhnm ne sgd svn hmots udbsnqr-

Hs g_r addm nardqudc hml_mx oqduhntr vnqjr &d-f-) Z7) 07) 1/[( sg_s
sgd ltkshokhb_shnm oqnsnbnk hm Z8[ b_m ad dwsdmcdc sn bnlotsd _m
hmmdq,oqnctbs nodq_shnmvhsg sgd rYld bnlltmhbYshnm bnlokdwhsx Yr
Y ltkshokhbYshnm nodqYshnm- Vd l_jd trd ne sgd etmbshnm_khsx Chmmdq
_mc hsr hmrs_msh_shnm eqnl Z07[ sn du_kt_sd hmmdq,oqnctbs nodq_shnmr-
@rCltks)Chmmdq cndr mns ft_q_msdd sgd bnqqdbsmdrr ne sgd qdrtksr) vd
mddc sn bgdbj sgd bnqqdbsmdrr ne hmmdq,oqnctbsr bnlotsdc ax Chmmdq-
Vd rgnv sg_s ax enkknvhmf sgd sdbgmhptdr hm Z1/[) vd b_m lnchex
sgd oqnsnbnk enq CltksUdqhex hm Z1/[ sn rtoonqs sgd udqhfib_shnm ne
hmmdq,oqnctbsr- Vd qdedq sgd qd_cdqr sn Rdbshnm 4-2 enq lnqd cds_hkr-

2 PDK:SDC VNPI
L_mx oqhnqvnqjr g_ud bnmrhcdqdc sgd oqnakdl ne oqhu_bx,oqdrdquhmf
l_bghmd kd_qmhmf &OOLK(- Fdmdq_kkx rod_jhmf) rdbtqdkx sq_hmhmf
_ l_bghmd kd_qmhmf lncdk hr lnqd chffibtks sg_m hmedqdmbd trhmf _
fhudm lncdk- @mx rxrsdl sg_s _bghdudr sq_hmhmf trt_kkx hr _krn b_,
o_akd ne hmedqdmbd- Vd sgdqdenqd enbtr nm bnlo_qhmf vhsg rxrsdlr
sg_s _krn _bghdudr sq_hmhmf-

RdbtqdLKZ12[ trdr rdbtqd svn,o_qsx bnlots_shnm &1OB( enq sq_hm,
hmf khmd_q qdfqdrrhnm) knfhrshb qdfqdrrhnm) _mc mdtq_k mdsvnqj lnc,
dkr- Sgdx hlokdldmsdc sgd rsnbg_rshb fq_chdms cdrbdms ldsgnc enq
sq_hmhmf) _mc oqnonrdc rdudq_k knv,cdfqdd onkxmnlh_k _ooqnwhl_,
shnm enq sgd mnm,onkxmnlh_k etmbshnmr qdpthqdc hm sgnrd lncdkr-
Vgdm bnlotshmf mnm,_qhsgldshb nodq_shnmr nm rdbqds rg_qdc u_k,
tdr) sgdx trdc sgd @AX eq_ldvnqj Z00[ sn rvhsbg eqnl _qhsgldshb
rg_qhmf sn X_n rg_qhmf _mc a_bj- Bg_ldkdnm Z15[ hr _ rhlhk_q vnqj
sg_s enbtrdr nm sgd 1OB rdsshmf _mc _krn qdpthqdr bnmudqrhnm ad,
svddm _qhsgldshb rg_qhmf _mc X_n rg_qhmf- Sgd @AX eq_ldvnqj
hr dwsdmcdc sn vnqj hm sgd 2,o_qsx rdsshmf ax @AX2 Z11[- Hm bnm,
sq_rs) hm ntq @BBN rxrsdl vd dwsdmcdc ntq _kfdaq_hb LOB oqnsnbnk
sn chqdbskx odqenql mnm,_qhsgldshb nodq_shnmr nm Rg_lhq—r rdbqds
rg_qhmf) _mc _unhc dwodmrhud bnmudqrhnm sn nsgdq rdbqds rg_qhmf
rbgdldr-

RdbtqdMMZ18[ athkcr _ rodbh_khydc LOB oqnsnbnkr enq 2 _mc 3
o_qshdr sn odqenql mdtq_k mdsvnqj sq_hmhmf _mc hmedqdmbd- Ak_yd
Z14[ hr _ rhlhk_q vnqj sg_s athkcr _m LOB oqnsnbnk enq 2 o_qshdr nudq
sgd qhmf R1� enq sq_hmhmf khmd_q qdfqdrrhnm) knfhrshb qdfqdrrhnm) _mc
mdtq_k mdsvnqj lncdkr- Rhlhk_q sn ntq vnqj) RdbtqdMM Z18[ _mc
Ak_yd Z14[ oqnonrdc btrsnl bnlo_qhrnm _mc sqtmb_shnm oqnsnbnkr
sn _unhc bnmudqshmf adsvddm _qhsgldshb rg_qhmf _mc X_n rg_qhmf-
RdbtqdLK Z12[) Bg_ldkdnm Z15[) _mc RdbtqdMM Z18[ oqnuhcdr rdlh,
gnmdrs rdbtqhsx _f_hmrs nmd bnqqtoshnm- Ak_yd Z14[ _mc @AX2 Z11[
oqnuhcdr l_khbhntr rdbtqhsx _f_hmrs nmd bnqqtoshnm- Hm bnmsq_rs)

ntq LOB oqnsnbnk vnqjr enq _mx mtladq ne o_qshdr _mc oqnuhcdr
l_khbhntr rdbtqhsx enq gnmdrs l_inqhsx-

Gdkdm Z20[ athkcr _ rxrsdl ax bnlahmhmf _m LOB oqnsnbnk vhsg
btrsnl ydqn,jmnvkdcfd oqnner enq sq_hmhmf K@RRN qdfqdrrhnm lnc,
dkr- Gdkdm Z20[ noshlhydr hsr qtmmhmf shld ax trhmf LOB nmkx nm
o_qsr ne hsr sq_hmhmf _kfnqhsgl) _mc bnmmdbshmf chffdqdms qtmr ne
LOB oqnsnbnkr vhsg ydqn,jmnvkdcfd oqnner sn ft_q_msdd rdbtqhsx-
Hm bnmsq_rs) ntq vnqj trdr _ ltbg lnqd dffibhdms LOB oqnsnbnk _mc
qtmr sgd vgnkd sq_hmhmf _kfnqhsgl vhsghm _ rhmfkd qtm ne LOB- Vd
sgdqdenqd _unhc bnlotshmf dwodmrhud ydqn,jmnvkdcfd oqnner- Gdkdm
Z20[ oqnuhcdr bnlots_shnm_k rdbtqhsx _f_hmrs _mx mtladq ne bnq,
qtoshnm vghkd ntq vnqj oqnuhcdr hmenql_shnm sgdnqdshb_k rdbtqhsx
hm sgd b_rd ne gnmdrs l_inqhsx-

ChffdqdmshYk OqhuYbx- Ntq LOB oqnsnbnk ft_q_msddr sg_s _m _c,
udqr_qx cndr mns f_hm _mx hmenql_shnm _ants d_bg o_qsx—r oqhu_sd
hmotsr adxnmc sgd sq_hmdc lncdk- Gnvdudq) _m _cudqr_qx b_m rshkk
sqx sn kd_qm hmenql_shnm eqnl sgd lncdk- Chffdqdmsh_k oqhu_bx Z03[
hr dw_bskx sgd mnshnm sn bntmsdq rtbg _ss_bjr- Vnqjr nm _cchmf
chffdqdmsh_k oqhu_bx sn l_bghmd kd_qmhmf hmbktcd Z0[ _mc Z10[- L_mx
vnqjr _krn bnmrhcdq bnlahmhmf LOB vhsg chffdqdmsh_k oqhu_bx9 Z17[)
Z5[) _mc Z02[- Hm ntq rdsshmf vd _rrtld sg_s sgd fim_k sq_hmdc lncdk hr
qdud_kdc sn dudqxnmd- Chffdqdmsh_k oqhu_bx bntkc ad trdc ax _cchmf
mnhrd adenqd lncdk qdkd_rd-

3 OPDKHLHM:PHDR
3-0 Lncdk
Hm sgd oqnakdl ne Oqhu_bx Oqdrdquhmf L_bghmd Kd_qmhmf) vd bnm,
rhcdq _ rds ne o_qshdr H + {O0. O1. ���. Om { vgdqd d_bg o_qsx gnkcr _
rds ne oqhu_sd c_s_ _r r_lokdr enq _ l_bghmd kd_qmhmf oqnakdl- Sgd
o_qshdr v_ms sn bnkk_anq_shudkx sq_hm _ lncdk sg_s fisr sgd tmhnm ne
sgdhq c_s_rdsr vhsgnts kd_jhmf _mx hmenql_shnm &adxnmc sgd lncdk
hsrdke( _ants d_bg ne sgdhq oqhu_sd c_s_rds-

Sghr oqnakdl b_m ad _ m_stq_k _ookhb_shnm enq sgd bqxosnfq_ogx
eq_ld vnqj ne rdbtqd ltksh,o_qsx bnlots_shnm &LOB(- Hm sghr vnqj)
vd bnmrhcdq sgd bkhdms,rdqudq lncdk- Hm sgd bkhdms,rdqudq lncdk) sgd
bkhdmsr oqnuhcd hmotsr sn sgd etmbshnm_khsx _mc qdbdhud ntsotsr) _mc
sgd rdqudqr o_qshbho_sd hm sgd bnlots_shnm ats cn mns g_ud hmotsr
nq fds ntsotsr- Mnsd sg_s) d_bg o_qsx l_x g_ud chffdqdms qnkdr hm sgd
bnlots_shnm) _mc he dudqx o_qsx ok_xr _ rhmfkd bkhdms _mc _ rhmfkd
rdqudq) sgdm vd fds sgd rs_mc_qc LOB lncdk- Enq _kk bkhdmsr _mc
rdqudqr) vd _rrtld sg_s dudqx svn ne sgdl _qd bnmmdbsdc uh_ _
rdbtqd &oqhu_sd _mc _tsgdmshb( rxmbgqnmntr bg_mmdk rn sg_s sgdx
b_m chqdbskx rdmc ldrr_fdr sn d_bg nsgdq

Kds b cdmnsd sgd mtladq ne bkhdmsr _mc m + 1r � 0 cdmnsd sgd
mtladq ne rdqudqr- @m _cudqr_qx A b_m bnqqtos _s lnrs b bkhdmsr
_mc r rdqudqr) oqnuhcd hmotsr sn bnqqtosdc bkhdmsr) _mc qdbdhud _kk
ldrr_fdr rdms sn bnqqtosdc bkhdmsr _mc rdqudqr- Bnqqtosdc bkhdmsr
_mc rdqudqr b_m cduh_sd eqnl sgd oqnsnbnk _qahsq_qhkx- Hm sghr vnqj)
vd enbtr nm rs_shb _cudqr_qhdr) vghbg ld_mr sg_s sgd bnqqtosdc
bkhdmsr _mc rdqudqr rgntkc ad fiwdc adenqd sgd bnlots_shnm- Vd
qdedq sgd qd_cdqr sn @oodmchw @ enq sgd rdbtqhsx cdfimhshnm- Kds κ ad
sgd rdbtqhsx o_q_ldsdq- Vd _rrtld sg_s dqqnqr vghbg g_oodm vhsg
mdfkhfhakd oqna_ahkhsx hm κ _qd _bbdos_akd-

Nmd bnmudmhdms qdrtks eqnl Z05[ r_xr9

Paper Session A CCSW ’21, November 15, 2021, Virtual Event, Republic of Korea

24



Sheorem 3-0 &Kemm• 4-1 Z05[(- Kds � ad Y oqnsnbnk bnlotshmf Y
b,bkhdms bhqbthsB trhmf m + 1r � 0 oYqshdr- Sgdm) he � hr rdbtqd YfYhmrs
Ymx YcudqrYqx bnmsqnkkhmf dwYbskx r oYqshdr) sgdm � hr rdbtqd YfYhmrs
Ymx YcudqrYqx bnmsqnkkhmf Ys lnrs r oYqshdr-

Sghr sgdnqdl _kknvr tr sn nmkx bnmrhcdq sgd b_rd vgdqd sgd _cudq,
r_qx bnmsqnkr dw_bskx r o_qshdr) vghbg vd _rrtld hm sgd enkknvhmf-

3-1 C]s] Oqdrdms]shnm
Vd _rrtld hmotsr _mc ntsotsr sn sgd l_bghmd kd_qmhmf oqnakdl)
_mc _kk hmsdqldch_sd u_ktdr _qd hm sgd q_mfd |�1j . 1j (- Vd vhkk trd
fiwdc onhms q_shnm_k mtladqr vhsg d ahsr hm sgd cdbhl_k o_qs sn
_ooqnwhl_sd sgd hmotsr _mc sgd hmsdqldch_sd u_ktdr- Sgdqdenqd) sgd
hmotsr _mc sgd hmsdqldch_sd u_ktdr _qd _ooqnwhl_sdc sn u_ktdr hm
sgd rds N}j. d ⟩ + {w̃ ∈ N|w̃ + w · 1�d .w ∈ R.�1j�d , w , 1j�d {-

@ fiwdc onhms mtladq w̃ hr qdoqdrdmsdc ax _m dkdldms w hm _ fimhsd
fidkc Rp vgdqdn hr _ Ldqrdmmd oqhld ne sgd enqln + 1,�0 enq rnld
>- Sgd qdoqdrdms_shnm hr fhudm ax w + w̃ · 1d lnc n- Vd bgnnrd
_ fidkc k_qfd dmntfg rtbg sg_s > < j � 1d � 0- Sghr ft_q_msddr
sg_s sgd ltkshokhb_shnm nodq_shnm vhkk mns kd_c sn nudqflnv hm Rp -
Sghr hr adb_trd vd vhkk g_ud 1d ahsr enq sgd cdbhl_k o_qs _esdq sgd
ltkshokhb_shnm _mc j ahsr enq sgd hmsdfdq o_qs &rhmbd vd _rrtld
sg_s sgd qdrtks hr hm sgd q_mfd |�1j . 1j ((- @esdq d_bg ltkshokhb_shnm
nodq_shnm) sgd k_rs d ahsr hm sgd cdbhl_k o_qs vhkk ad sqtmb_sdc sn
dmrtqd sg_s sgd qdrtks hr hm sgd rds N}j. d ⟩ -

Hm sgd enkknvhmf) vd _rrtld sg_s > hr fqd_sdq sg_m sgd rdbtqhsx
o_q_ldsdq κ-

3-2 Rdbqds Rg]qhmf
Hm sghr vnqj) vdvhkk trd sgd rs_mc_qc Rg_lhq Rdbqds Rg_qhmf Rbgdld Z16[-
Kds m ad sgd mtladq ne o_qshdr _mc F ad _ fimhsd fidkc ne rhyd
|F| ≥ m � 0- Kds z0. � � � .zm ad m chrshmbs mnm,ydqn dkdldmsr hm
F-

@ cdfqdd,c Rg_lhq rg_qhmf ne w ∈ F hr _ udbsnq |w0. � � � .wm (vghbg
r_shrfidr sg_s) sgdqd dwhrsr _ onkxmnlh_k d |·( ∈ F)T [ ne cdfqdd _s
lnrs c rtbg sg_s d |/( + w _mc d |zf ( + wf enq f ∈ {0. � � � .m{- D_bg
o_qsx Of gnkcr _ rg_qd wf _mc sgd vgnkd rg_qhmf hr cdmnsdc ax )w[T -

Oqnodqshdr ne sgd RgYlhq Rdbqds RgYqhmf Rbgdld- Hm sgd enkknvhmf)
vd vhkk tshkhyd svn oqnodqshdr ne sgd Rg_lhq rdbqds rg_qhmf rbgdld-

• Khmd_q Gnlnlnqoghrl9

� )w[T . )y[T . )w � y[T + )w[T � )y[T �

• Ltkshokxhmf svn cdfqdd,c rg_qhmfr xhdkcr _ cdfqdd,1c rg_q,
hmf- Sgd rdbqds u_ktd ne sgd mdv rg_qhmf hr sgd oqnctbs ne
sgd nqhfhm_k svn rdbqdsr-

� )w[T . )y[T . )w · y[1T + )w[T · )y[T �

3-3 Athkchmf Aknbir eqnl Y07) 1.[
Sgd LOB oqnsnbnk hm Z07[ hr a_rdc nm Rg_lhq rdbqds rg_qhmf Z16[-
@s _ ghfg kdudk) _kk o_qshdr vhkk bnlotsd _ cdfqdd,r rg_qhmf enq
d_bg vhqd hm sgd bhqbths- Rhmbd sgd Rg_lhq rdbqds rg_qhmf rbgdld hr
khmd_q gnlnlnqoghb) _cchshnm f_sdr b_m ad du_kt_sdc knb_kkx- Enq
d_bg ltkshokhb_shnm f_sd) _kk o_qshdr vhkk hmunjd sgd ltkshokhb_shnm
oqnsnbnk hm Z07[ sn bnlotsd sgd qdrtks- Sgd oqnsnbnk hm Z07[ _krn
l_jdr trd ne rdudq_k athkchmf aknbjr hm Z1/[- Vd aqhdflx cdrbqhad sgd
athkchmf aknbjr eqnl Z07) 1/[ vghbg vhkk ad trdc hm ntq bnmrsqtbshnm-

• Sgd etmbshnm_khsx Cltks _kknvr _kk o_qshdr sn du_kt_sd _ ltk,
shokhb_shnm f_sd- Hs s_jdr svn hmots rg_qhmfr )w[q . )y[q _mc
ntsotsr )x[q 9+ )w · y[q - @m hmrs_msh_shnm ne Cltks b_m ad
entmc hm Z07[- Sgd bnlltmhb_shnm bnlokdwhsx hr N|m( fidkc
dkdldmsr-

• Sgd etmbshnm_khsx CltksUdqhex _kknvr _kk o_qshdr sn udqhex sgd
bnqqdbsmdrr ne _kk oqduhntr ltkshokhb_shnmr- @m hmrs_msh_shnm
ne CltksUdqhex b_m ad entmc hm Z1/[ &Oqnsnbnk 06 hm Rdbshnm 4-3
ne Z08[(- Sgd bnlltmhb_shnm bnlokdwhsx hr N|m1 · knfL · κ(
ahsr) vgdqd L hr sgd mtladq ne ltkshokhb_shnmr _mc κ hr sgd
rdbtqhsx o_q_ldsdq-

• Sgd etmbshnm_khsx Cq_mc _kknvr _kk o_qshdr sn oqdo_qd _ q_m,
cnl cdfqdd,r Rg_lhq rg_qhmf- @m hmrs_msh_shnm ne Cq_mc b_m
ad entmc hm Z8) 1/[ &Oqnsnbnk 1 hm Rdbshnm 2-2 ne Z08[(- Sgd
_lnqshydc bnlltmhb_shnm bnrs odq rg_qhmf hr N|m( fidkc dkd,
ldmsr-

• Sgd etmbshnm_khsx Cbnhm _kknvr _kk o_qshdr sn fdmdq_sd _ q_m,
cnl dkdldms- @m hmrs_msh_shnm ne Cbnhm b_m ad entmc hm Z1/[
&Oqnsnbnk 5 hm Rdbshnm 2-4 ne Z08[(- Sgd bnlltmhb_shnm bnl,
okdwhsx ne sgd hmrs_msh_shnm hr N|m1( fidkc dkdldmsr-

Sgd cdrbqhoshnm ne sgdrd etmbshnm_khshdr b_m ad entmc hm @oodmchw A)
_mc vd qdedq sgd qd_cdqr sn Z07) 1/[ enq lnqd cds_hkr ne sgd oqnsnbnkr-

4 BNMRSPTBSHNMR
Hm sghr rdbshnm) vd cdrbqhad sgd bnmrsqtbshnm ne ntq dwsdmrhnmr _mc
lnchfib_shnmr sn Z07[- Ehqrs) vd hmsqnctbd trdetk athkchmf aknbjr
sn rtoonqs bnlo_qhrnm _mc sqtmb_shnm nodq_shnmr- Sgdm) vd rgnv
gnv sn bnlahmd _kk sgd bnlonmdmsr snfdsgdq hmsn @BBN) _ rdbtqd
ltksho_qsx bnlots_shnm dmfhmd enq _qhsgldshb bhqbthsr vghbg _krn
rtoonqsr rdbtqd bnlo_qhrnm _mc hmsdfdq sqtmb_shnm-

4-0 Trdetk Athkchmf Aknbir
Hm sghr o_qs) vd vhkk hmsqnctbd svn etmbshnm_khshdr vghbg vhkk ad
trdc enq bnlo_qhrnm _mc sqtmb_shnm nodq_shnmr-

• Sgd fiqrs etmbshnm_khsx Cahs _kknvr _kk o_qshdr sn oqdo_qd _
cdfqdd,r Rg_lhq rg_qhmf ne _ q_mcnl ahs-

• Sgd rdbnmc etmbshnm_khsx Ccdbnlonrd _kknvr _kk o_qshdr sn cn
ahs,cdbnlonrhshnm ne _m hmots rg_qhmf )w[q - Gnvdudq) hmrsd_c
ne nas_hmhmf _ a_sbg ne rg_qhmfr ne sgd ahs cdbnlonrhshnm ne
w ) Ccdbnlonrd q_mcnlkx r_lokdr q ) _mc ntsotsr w � q vhsg
_ a_sbg ne rg_qhmfr ne sgd ahs cdbnlonrhshnm ne q - Vd vhkk
rgnv sg_s sghr hr rtffibhdms enq bnlo_qhrnm _mc sqtmb_shnm
nodq_shnmr-

3-.-. MpdoTphme pTmcnl ahs rgTphmer- Hm sghr o_qs) vd cdrbqhad _
oqnsnbnk eqnl Z0/[ vghbg _kknvr _kk o_qshdr sn oqdo_qd q_mcnl ahs
rg_qhmfr- Sgd nqhfhm_k oqnsnbnk hr nmkx rdbtqd hm sgd rdlh,gnmdrs
rdsshmf- Sn nas_hm l_khbhntr rdbtqhsx) vd qdkx nm CltksUdqhex sn bgdbj
sgd bnqqdbsmdrr ne sgd bnlots_shnm- Sgd etmbshnm_khsx Cahs _ood_qr
hm Etmbshnm_khsx 0- Sgd cdrbqhoshnm ne Aits _ood_qr hm Oqnsnbnk 1-
Sgd bnlltmhb_shnm bnlokdwhsx ne Aits hrN|L ·m · >�m1 · knfL · >(
ahsr) vgdqd > hr sgd kdmfsg ne _m dkdldms hm Rp -

@s _ ghfg,kdudk) sgd oqnsnbnk hm Z0/[ sq_mrenqlr _ mnm,ydqn q_m,
cnl rg_qhmf )q [q hmsn _ q_mcnl ahs rg_qhmf )a[q vgdqd a ∈ {/. 0{-
Sgd fiqrs rsdo hr sn bnlotsd q1 lnc n _mc nodm sgd qdrtks sn _kk
o_qshdr- Sgdm) d_bg o_qsx b_m knb_kkx bnlotsd q ′ rtbg sg_s |q ′(1 • q1
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lnc n _mc / , q
′ , n]1- Mnsd sg_s he / , q , n]1) vd g_ud q + q ′-

Nsgdqvhrd) vd g_ud q • �q ′ lnc n- Sgdqdenqd) q]q ′ hr dhsgdq 0 nq
�0- @kk o_qshdr b_m nas_hm _ q_mcnl ahs rg_qhmf )a[q ax bnlotshmf
)a[q 9+ |)q [q ]q ′ � 0(]1-

Etmbshnm]khsx 09 Cahs
&0( Cahs qdbdhudr eqnl sgd _cudqr_qx sgd rds ne rg_qdr

{qf {f ∈A -
&1( Cahs q_mcnlkx r_lokdr _ ahs a ∈ {/. 0{- A_rdc nm sgd

rdbqds a _mc sgd r rg_qdr {qf {f ∈A ne bnqqtosdc o_qshdr)
Cahs qdbnmrsqtbsr sgd vgnkd rg_qhmf )a[q -

&2( Cahs _rjr sgd _cudqr_qx vgdsgdq hs rgntkc bnmshmtd-
• He sgd _cudqr_qx qdokhdr Sanps) Cahs rdmcr Sanps sn
gnmdrs o_qshdr-

• He sgd _cudqr_qx qdokhdr bnmsgmtc) Cahs chrsqhatsdr sgd
rg_qdr ne )a[q sn gnmdrs o_qshdr-

Kemm• 4-0- Sgd oqnsnbnk Aits rdbtqdkx bnlotsdr Cahs vhsg Yanqs
hm sgd {CqYmc. Cltks.CltksUdqhex{,gxaqhc lncdk hm sgd oqdrdmbd ne Y
etkkx lYkhbhntr YcudqrYqx bnmsqnkkhmf r bnqqtosdc oYqshdr-

Vd qdedq sgd qd_cdqr sn @oodmchw C-0 enq sgd oqnne ne Kdll_ 4-0-
Pdb_kk sg_s sgd fidkc rhyd ne Rp hr n + 1, � 0- Sgdqdenqd) _ fidkc
dkdldms q b_m ad qdoqdrdmsdc trhmf > ahsr- Fhudm > q_mcnl ahs
rg_qhmfr )q0[q . � � � . )q,[q ) vd b_m l_o sgdl sn _ q_mcnl rg_qhmf
)q [q +

,
f+0 1

f�0)qf [q - Hm o_qshbtk_q) |q, � � � q0(1 b_m ad rddm _r sgd
ahm_qx qdoqdrdms_shnm ne q vgdm q , n- Rhmbd vd bgnnrd n sn ad
_ Ldqrdmmd oqhld) vd _kv_xr g_ud q ≤ n _mc sgd oqna_ahkhsx
sg_s q + n hr mdfkhfhakd- Sgdqdenqd) vhsg nudqvgdklhmf oqna_ahkhsx)
|)q,[q . � � � . )q0[q ( hr _ ahs cdbnlonrhshnm ne )q [q -
3-.-1 5hs Cdbnlonrhshnm- Vd mnsd sg_s bnlo_qhrnm _mc sqtmb_shnm
_qd udqx chffibtks sn bnlotsd ax nmkx trhmf _cchshnmr _mc ltkshokh,
b_shnmr- Sgdqdenqd) vd v_ms sn sq_mrenqlr sgd hmots rg_qhmf )w[q
sn _ a_sbg ne cdfqdd,r Rg_lhq rg_qhmfr ne sgd ahs cdbnlonrhshnm ne
w rn sg_s vd b_m odqenql ahs nodq_shnmr sn bnlotsd bnlo_qhrnm
_mc sqtmb_shnm- Gnvdudq) hs hr tmbkd_q gnv sn cn hs dffibhdmskx- Ntq
hcd_ hr sn oqdo_qd _ q_mcnl rg_qhmf )q [q vhsg ahs cdbnlonrhshnm)
_mc sq_mrenql )w[q sn w � q _mc _ a_sbg ne cdfqdd,r Rg_lhq rg_qhmfr
ne sgd ahs cdbnlonrhshnm ne q - Vd vhkk rgnv sg_s hs hr rtffibhdms enq
bnlo_qhrnm _mc sqtmb_shnm-

Sgd etmbshnm_khsx Ccdbnlonrd _ood_qr hm Etmbshnm_khsx 2- Sgd
oqnsnbnk Cecompose &Oqnsnbnk 3( l_jdr trd ne Cahs sn oqdo_qd _
q_mcnl cdfqdd,r Rg_lhq rg_qhmf vhsg ahs cdbnlonrhshnm- Sgd bnl,
ltmhb_shnm bnlokdwhsx ne Cecompose hrN|m1 · >( ahsr oktr > b_kkr ne
Cahs) vgdqd > hr sgd kdmfsg ne _m dkdldms hm Rp - Hm ntq l_hm oqnsnbnk)
_kk q_mcnl ahs rg_qhmfr vhkk ad oqdo_qdc snfdsgdq-

Kemm• 4-1- Sgd oqnsnbnkCe’ompose rdbtqdkx bnlotsdr Ccdbnlonrd
vhsg Yanqs hm sgd Cahs,gxaqhc lncdk hm sgd oqdrdmbd ne Y etkkx lYkhbhntr
YcudqrYqx bnmsqnkkhmf r bnqqtosdc oYqshdr-

Vd qdedq sgd qd_cdqr sn @oodmchw C-1 enq sgd oqnne ne Kdll_ 4-1-

4-1 Rdbtqd Bnlo]qhrnm ]mc Sqtmb]shnm
3-1-. 5hs�uhrd BnloTphrnm- Vd fiqrs bnmrhcdq _ rhlokd rbdm_qhn9
Fhudm _ rg_qhmf )w[q vhsg sgd ahs cdbnlonrhshnm |)w,[q . � � � . )w0[q ()

Oqnsnbnk 19 Aits
&0( Kds L cdmnsd sgd mtladq ne q_mcnl ahs rg_qhmfr _kk

o_qshdr v_ms sn fdmdq_sd- @kk o_qshdr hmunjd Cq_mc sn
oqdo_qd L q_mcnl cdfqdd,r Rg_lhq rg_qhmfr9

)q0[q . )q1[q ���. )qL [q
&1( Enq _kk f ∈ )L [) _kk o_qshdr hmunjd Cltks sn bnlotsd

)q1
f
[q -

&2( @kk o_qshdr hmunjd CltksUdqhex sn bgdbj sgd enkknvhmf
ltkshokhb_shnm stokdr9

|)q0[q . )q0[q . )q10 [q (. � � � . |)qL [q . )qL [q . )q1
L
[q (�

&3( Hm sghr rsdo) _kk o_qshdr qdbnmrsqtbs sgd rg_qhmfr
)q10 [q . )q11 [q . � � � . )q1

L
[q -

&_( Enq _kk f ∈ )L [) _kk o_qshdr rdmc sgdhq rg_qdr ne )q1
f
[q

sn sgd fiqrs o_qsx O0-
&a( Enq _kk f ∈ )L [) O0 bgdbjr vgdsgdq sgd rg_qdr ne

)q1
f
[q _qd bnmrhrsdms- He mns) O0 _anqsr- Nsgdqvhrd) O0

qdbnmrsqtbsr sgd rdbqds q1
f
_mc rdmcr hs sn _kk nsgdq

o_qshdr-
&b( @kk o_qshdr hmunjd Cbnhm sn fdmdq_sd _ q_mcnl dkd,

ldms λ ∈ Rp - @kk o_qshdr knb_kkx bnlotsd9

)w[q + )q10 [q � )q11 [q · λ � � � � � )q1
L
[q · λL�0

w + q
1
0 � q

1
1 · λ � � � � � q1

L
· λL�0

&c( @kk o_qshdr rdmc sgdhq rg_qdr ne )w[q sn nsgdq o_qshdr
sn qdbnmrsqtbs w - He _ o_qsx Oi qdbdhudr _m hmbnmrhrsdms
rg_qhmf nq sgd qdbnmrsqtbshnm qdrtks hr chffdqdms eqnl
sgd u_ktd Oi bnlotsdc hm sgd k_rs rsdo) Oi _anqsr-

&4( Enq _kk f ∈ )L [) d_bg o_qsx knb_kkx bnlotsdr q ′
f
rtbg

sg_s |q ′
f
(1 • q1

f
lnc n _mc / ≤ q ′

f
, n]1- He q1

f
+ /) _kk

o_qshdr _anqs-
&5( Enq _kk f ∈ )L [) _kk o_qshdr knb_kkx bnlotsd

)af [q + |)qf [q ]q ′f � 0(]1�

@kk o_qshdr ntsots )a0[q . ���. )aL [q -

h-d-) w + |w, � � � w0(1) _mc _ otakhb fidkc dkdldms q ) vd v_ms sn rd,
btqdkx bnlotsd _ rg_qhmf ne sgd bnlo_qhrnm qdrtks ne q , w -

Sn sghr dmc) rtoonrd |q, � � � q0(1 hr sgd ahm_qx qdoqdrdms_shnm ne q -
Sgdm sgd bnlo_qhrnm qdrtks ne q , w hr dpt_k sn q i , w i vgdqd i hr
sgd k_qfdrs hmcdw rtbg sg_s w i � q i ) nq / he rtbg _ i cndr mns dwhrs-
Enq _kk f ∈ )>[) kds bf cdmnsd sgd bnlo_qhrnm qdrtks ne qf , wf _mc af

cdmnsd vgdsgdq wf + qf - Sgdm sgd bnlo_qhrnm qdrtks ne q , w b_m
ad bnlotsdc ax

b + b, � a,b,�0 � � � � �


,

j+1
aj


b0�

Mnsd sg_s enq _kk f ∈ )>[) bf b_m ad bnlotsdc ax bf 9+ wf |0 � qf ()
_mc af b_m ad bnlotsdc ax af 9+ 0 � qf � wf � 1qfwf - Sgdqdenqd) _kk
o_qshdr fiqrs knb_kkx bnlotsd {)af [q . )bf [q {,

f+0 trhmf q _mc {)wf [q {,
f+0-

Sn bnlotsd )b[q ) vd trd sgd bhqbths cdrhfmdc hm Z04[- Sgd l_hm
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Etmbshnm]khsx 29 Ccdbnlonrd
&0( Kds )w[q cdmnsd sgd hmots rg_qhmf- Ccdbnlonrd qd,

bdhudr eqnl gnmdrs o_qshdr sgdhq rg_qdr ne )w[q - Sgdm
Ccdbnlonrd qdbnmrsqtbsr sgd rdbqds w - Ccdbnlonrd etqsgdq
bnlotsdr sgd rg_qdr ne )w[q gdkc ax bnqqtosdc o_qshdr)
_mc rdmcr sgdrd rg_qdr sn sgd _cudqr_qx-

&1( Ccdbnlonrd r_lokdr _ q_mcnl dkdldms q ∈ Rp _mc rdmcr
w � q sn sgd _cudqr_qx-

&2( Kds > cdmnsd sgd kdmfsg ne _m dkdldms hm Rp - Enq _kk
f ∈ )>[) Ccdbnlonrd qdbdhudr eqnl sgd _cudqr_qx _ rds
ne rg_qdr {qf. i {i ∈A ) vgdqd A hr sgd rds ne bnqqtosdc
o_qshdr- Kds |q,q,�0 � � � q0(1 cdmnsd sgd ahs cdbnlonrh,
shnm ne q - Enq _kk f ∈ )>[) a_rdc nm sgd rdbqds qf _mc sgd
rg_qdr {qf. i {i ∈A gdkc ax bnqqtosdc o_qshdr) Ccdbnlonrd
qdbnmrsqtbsr sgd vgnkd rg_qhmf )qf [q -

&3( Ccdbnlonrd _rjr sgd _cudqr_qx vgdsgdq hs rgntkc bnm,
shmtd-
• He sgd _cudqr_qx qdokhdr Sanps) Ccdbnlonrd rdmcr
Sanps sn gnmdrs o_qshdr-

• He sgd _cudqr_qx qdokhdr bnmsgmtc) Ccdbnlonrd
rdmcr w � q _mc chrsqhatsdr sgd rg_qdr ne
)q,[q . )q,�0[q . � � � . )q0[q sn gnmdrs o_qshdr-

Oqnsnbnk 39 Cecompose
&0( Kds )w[q cdmnsd sgd hmots rg_qhmf) _mc > cdmnsd sgd

kdmfsg ne _m dkdldms hm Rp - @kk o_qshdr hmunjd Cahs sn
oqdo_qd > q_mcnl ahs rg_qhmfr9

)q,[q . )q,�0[q . � � � . )q0[q �

Sgdm _kk o_qshdr knb_kkx bnlotsd )q [q 9+
,

f+0 1
f�0 ·)qf [q -

&1( @kk o_qshdr knb_kkx bnlotsd )w � q [q 9+ )w[q � )q [q - Sgdx
rdmc sgdhq rg_qdr ne )w � q [q sn nsgdq o_qshdr sn qdbnm,
rsqtbs w�q - He _ o_qsx Oi qdbdhudr _m hmbnmrhrsdms rg_qhmf)
Oi _anqsr-

&2( @kk o_qshdr s_jd w � q _mc )q,[q . )q,�0[q . � � � . )q0[q _r
ntsots-

nardqu_shnm hm Z04[ hr sg_s

b + b, � a,b,�0 � � � � �


,

j+1
aj


b0

+ |b, � a,b,�0( � a,a,�0|b,�1 � a,�1b,�2( � � � �

�


,

j+2
aj


|b1 � a1b0(�

Ax rdsshmf Bf + b1f � a1fb1f�0 _mc Af + a1fa1f�0 enq _kk f ∈ )>]1[)
vd g_ud

b + B,]1 � A,]1B,]1�0 �



,]1
j+1

Aj



B0�

Sghr qdctbdr sgd rhyd ne sgd bhqbths ax g_ke-

Sgtr _kk o_qshdr hmunjd Cltks sn bnlotsd )Bf [q . )Af [q enq _kk
f ∈ )>]1[ _mc qdctbd sgd rhyd ne sgd bhqbths ax g_ke- Sghr rsdo qdpthqdr
> ltkshokhb_shnm nodq_shnmr- @esdq qdod_shmf sgdrd rsdor knf > shldr)
_kk o_qshdr vhkk nas_hm sgd rg_qhmf )b[q - Sgd sns_k mtladq ne ltkshokh,
b_shnmr hr antmcdc ax 1>- Sgd cdrbqhoshnm ne AitBomp _ood_qr hm
Oqnsnbnk 4- Sgd bnlltmhb_shnm bnlokdwhsx ne AitBomp hrN|>1 · m(
ahsr) vgdqd > hr sgd kdmfsg ne _m dkdldms hm Rp -

Oqnsnbnk 49 AitBomp
&0( Kds )w[q cdmnsd sgd hmots rg_qhmf _mc |)w,[q . � � � . )w0[q (

cdmnsd sgd ahs cdbnlonrhshnm- Kds |q, � � � q0(1 ad sgd
ahm_qx qdoqdrdms_shnm ne q - @kk o_qshdr knb_kkx bnlotsd
sgd enkknvhmf rg_qhmfr &�f ∈ {0. � � � . >{(9

)bf [q + )wf [q · |0 � qf ( )af [q + 0 � qf � )wf [q � 1 · qf · )wf [q �

&1( @kk o_qshdr rds >′ + >- Vghkd >′ < 0) _kk o_qshdr dwdbtsd
sgd enkknvhmf rsdor9

&_( Sgd fn_k hr sn bnlotsd )b[q + )b,′ � a,′b,′�0 � � � � ��,′
f+1 af


b0[q -

&a( Enq _kk f ∈ {0. � � � . )>′]1[{) _kk o_qshdr hmunjd Cltks sn
bnlotsd )a1f · b1f�0[q _mc )a1f · a1f�0[q -

&b( Enq _kk f ∈ {0. � � � . )>′]1[{) _kk o_qshdr knb_kkx bnlotsd
)bf [q 9+ )b1f [q �)a1f ·b1f�0[q _mc )af [q 9+ )a1f ·a1f�0[q -
• He >′ hr dudm) sgdm rds >′ 9+ >′]1-
• He >′ hr ncc) sgdm rds >′ 9+ |>′ � 0(]1 _mc )b,′[q 9+
)b1,′�0[q _mc )a,′[q 9+ )a1,′�0[q -

&2( @kk o_qshdr s_jd )b[q 9+ )b0[q _r ntsots-

3-1-1 DThm BnloTphrnm Mpnsnbni- Mnv) vd bnmrhcdq _ fdmdq_k rbd,
m_qhn9 Fhudm svn rg_qhmfr )w[q . )y[q qdoqdrdmshmf svn fiwdc onhms
u_ktdr w̃ . ỹ hm N}j. d ⟩ ) vd v_ms sn rdbtqdkx bnlotsd sgd bnlo_qhrnm
qdrtks ne w̃ , ỹ- Pdb_kk sg_s _ fiwdc onhms u_ktd hm N}j. d ⟩ g_r d
ahsr hm sgd cdbhl_k o_qs _mc j ahsr hm sgd hmsdfdq o_qs- Sgdqdenqd)
�1j�d �0 � 1 ≤ 1d |w̃ � ỹ( ≤ 1j�d �0 � 1-

Kds c + w �y lnc n- Pdb_kk sg_s sgd fidkc rhyd ne Rp hr n + 1, � 0
vgdqd > < j�1d �0- Sgdqdenqd) he w̃ ≥ ỹ) vd g_ud c ≤ 1j�d �0�1 ,

n]1- He w̃ , ỹ) vd g_ud c ≥ n�1j�d �0�1 < n]1- Sgtr) hs hr rtffibhdms
sn bnlo_qd c _mc n]1- Vd cdfimd bnlo_qhrnm nudq Rp _r enkknvr-

Cdfimhshnm 4-2 �Kdrr SgYm(- Enq svn dkdldmsr w .y ∈ Rp ) vd r_x
w hr kdrr sg_m y) cdmnsdc ax w , y) he c + w � y lnc n r_shrfidr
c < n]1-

@r nardqudc hm Z13[) he c , n]1) sgdm 1c , n) vghbg ld_mr
sg_s sgd kd_rs rhfmhfib_ms ahs ne 1c lnc n hr /- He c < n]1) sgdm
1c • 1c �n lnc n- Rhmbd n hr _m ncc oqhld) sgd kd_rs rhfmhfib_ms ahs
ne 1c � n hr 0- Sgtr) hs hr rtffibhdms sn bnlotsd sgd kd_rs rhfmhfib_ms
ahs ne 1c lnc n- Kds x + 1c lnc n- Hm Z13[) sn bnlotsd sgd kd_rs
rhfmhfib_ms ahs ne x) _kk o_qshdr fiqrs oqdo_qd _ q_mcnl rg_qhmf )q [q
vhsg ahs cdbnlonrhshnm |)q,[q . � � � . )q0[q (- Sgdm _kk o_qshdr nodm sgd
rg_qhmf )b[q + )x � q [q - Sgdqd _qd svn b_rdr-

• He x � q , n) sgd kd_rs rhfmhfib_ms ahs ne x b_m ad bnlotsdc ax
b0 ⊕ q0) vgdqd ⊕ cdmnsdr sgd WNP nodq_shnm _mc b0 hr sgd
kd_rs rhfmhfib_ms ahs ne b -

Paper Session A CCSW ’21, November 15, 2021, Virtual Event, Republic of Korea

27



• He x � q ≥ n) vd g_ud b + x � q � n- Sgdqdenqd) sgd kd_rs
rhfmhfib_ms ahs ne x b_m ad bnlotsdc ax 0 � b0 ⊕ q0-

Mnsd sg_s) he x � q , n) vd ltrs g_ud b + x � q ≥ q - Nsgdqvhrd) b +
x�q �n , q - Sgtr) sn bnlo_qd x�q _mc n) hs hr rtffibhdms sn bnlotsd
sgd bnlo_qhrnm qdrtks ne b , q - Rhmbd b g_r addm qdbnmrsqtbsdc _mc
_kk o_qshdr gnkc )q [q _mc |)q,[q . � � � . )q0[q () vd b_m trd AitBomp
sn bnlotsd sgd bnlo_qhrnm qdrtks- Sgd cdrbqhoshnm ne KessSh•n
_ood_qr hm Oqnsnbnk 5- Sgd bnlltmhb_shnm bnlokdwhsx ne KessSh•n
hr N|m1 · > � m · >1( ahsr oktr > b_kkr ne Cahs &hmunjdc hm Ccdbnlonrd()
vgdqd > hr sgd kdmfsg ne _m dkdldms hm Rp - Pdb_kk sg_s hm ntq l_hm
oqnsnbnk) _kk q_mcnl ahs rg_qhmfr vhkk ad oqdo_qdc snfdsgdq-

Oqnsnbnk 59 KessSh–n
&0( Kds )w[q . )y[q cdmnsd sgd hmots rg_qhmfr-
&1( @kk o_qshdr knb_kkx bnlotsd )x[q + 1|)w[q � )y[q (- Sgdm)

_kk o_qshdr hmunjd Ccdbnlonrd nm )x[q _mc qdbdhud b 9+
x � q _mc )q,[q . )q,�0[q . � � � . )q0[q -

&2( @kk o_qshdr knb_kkx bnlotsd )q [q 9+
,

f+0 1
f�0 · )qf [q -

Sgdm) _kk o_qshdr hmunjd AitBomp nm
)q [q . |)q,[q . � � � . )q0[q ( _mc b - Kds )u[q cdmnsd sgd
ntsots-

&3( Kds b0 cdmnsd sgd kd_rs rhfmhfib_ms ahs ne b - @kk o_qshdr
hmunjd Cltks dmntfg shldr sn bnlotsd

)a[q + )u|0 � b0 ⊕ q0( � |0 �u(|b0 ⊕ q0([q .

vgdqd ⊕ cdmnsdr sgd WNP nodq_shnm- Gdqd )b0 ⊕ q0[q
b_m ad bnlotsdc ax

)b0 ⊕ q0[q 9+ b0 � )q0[q � 1b0)q0[q �

@kk o_qshdr s_jd )a[q _r ntsots-

3-1-2 Bnlotshme PptmbTshnm- Kds w _mc y ad sgd qdoqdrdms_shnm
ne sgd fiwdc onhms u_ktdr w̃ _mc ỹ qdrodbshudkx- Hs—r bkd_q sg_s w · y
cndr mns bnqqdronmc sn _ u_khc fln_shmf onhms mtladq hm N}j. d ⟩
rhmbd sgd ltkshokhb_shnm qdrtks ne w̃ _mc ỹ g_r 1d ahsr hm sgd cdbhl_k
o_qs- Sgdqdenqd) Vd v_ms sn bnlotsd x + Sw · y]1d ⌋- Vd enkknv sgd
hcd_ hm Z4[) vghbg _kknvr 0 ahs dqqnq hm sgd kd_rs rhfmhfib_ms ahs ne x-
Bnmbqdsdkx) vd vhkk bnlotsd x + Sw · y]1d ⌋ � a) vgdqd a ∈ {/. 0{
cdmnsdr sgd ahs dqqnq hm sgd kd_rs rhfmhfib_ms ahs ne sgd fim_k qdrtks-
Sgd oqna_ahkhsx sg_s a + 0 hr |11d · w̃ · ỹ lnc 1d (]1d - Vd vhkk
trd x̃ sn _ooqnwhl_sd sgd ltkshokhb_shnm qdrtks ne w̃ · ỹ- Vd cdfimd
sqtmb_shnm nudq Rp _r enkknvr-

Cdfimhshnm 4-3 �SqtmbYshnm(- Kds d ad _m hmsdfdq- Enq _m dkdldms
w ∈ Rp ) sgd qdrtks ne sqtmb_shmf d ahsr nm w hr cdfimdc ax sgd
enkknvhmf q_mcnl _kfnqhsgl9

&0( Rds y 9+ w � 1,�0 lnc n) vgdqd > r_shrfidr sg_s n + 1, � 0-
&1( Kds y′ + Sy]1d ⌋ _mc y′′ + y lnc 1d - P_mcnlkx r_lokd

a ∈ {/. 0{ rtbg sg_s Oq)a + 0[ + y′′]1d -
&2( Ntsots w ′ + y′ � a � 1,�d �0-

Vd fiqrs rgnv sg_s he w qdoqdrdmsr _ fiwdc onhms u_ktd w̃ vghbg
g_r j ahsr hm sgd hmsdfdq o_qs _mc 1d ahsr hm sgd cdbhl_k o_qs) w ′

cdfimdc hm Cdfimhshnm 4-3 hr sgd qdrtks vd v_ms- Hm sghr b_rd) 11d · w̃ ∈
|�1j�1d . 1j�1d ( _mc w + 11d · w̃ lnc n- Mnsd sg_s sgd dkdldms sg_s

qdoqdrdmsr sgd fiwdc onhms u_ktd w̃ _esdq sqtmb_shmf sgd k_rs d ahsr hr
S 11� ·w̃1� ⌋ lnc n-

Vd fiqrs bnlotsd y + 11d · w̃ � 1,�0- Rhmbd > < j � 1d � 0) vd
g_ud / , y , n _mc sgdqdenqd y + 11d · w̃ � 1,�0 + w � 1,�0 lnc n-
Kds y′ + Sy]1d ⌋ cdmnsd sgd qdrtks ne sqtmb_shmf d ahsr nm y- Sgdm
vd g_ud

y′ � 1,�d �0 + S y
1d

⌋ � 1,�d �0 + Sy � 1
,�0

1d
⌋ + S 1

1d · w̃
1d

⌋ �

Sgdqdenqd) sgd dkdldms |y′ � 1,�d �0 lnc n( qdoqdrdmsr sgd fiwdc
onhms u_ktd w̃ _esdq sqtmb_shmf sgd k_rs d ahsr- Rhmbdy + 11d · w̃�1,�0)
vd g_ud |11d · w̃( lnc 1d + y lnc 1d - Sgdqdenqd) sgd ahs dqqnq
a ∈ {/. 0{ r_shrfidr sg_s Oq)a + 0[ + |y lnc 1d (]1d + |11d · w̃
lnc 1d (]1d - Sgtr) w ′ + y′ � a � 1,�d �0 hr sgd qdrtks vd v_ms-

Mnv) vd enbtr nm bnlotshmf sgd sqtmb_shnm qdrtks ne y vhsg sgd
ahs dqqnq- @kk o_qshdr fiqrs oqdo_qd _ q_mcnl rg_qhmf )q [q vhsg ahs
cdbnlonrhshnm |)q,[q . � � � . )q0[q (- Sgd fiqrs rsdo hr sn bnlotsd _mc
nodm sgd rg_qhmf )b[q 9+ )y � q [q - Kds y′ + Sy]1d ⌋.y′′ + y lnc 1d )
_mc q ′ + Sq]1d ⌋. q ′′ + q lnc 1d - Sgdqd _qd svn b_rdr9

• Hey�q , n) sgdm b + y�q - Sgdqdenqd Sb]1d ⌋ + S|y�q (]1d ⌋ +
y′ � q ′ � S|y′′ � q ′′(]1d ⌋- Vd g_ud

y′ � S|y′′ � q ′′(]1d ⌋ + Sb]1d ⌋ � q ′

+ Sb]1d ⌋ �
,

f+d �0
1f�d �0

qf

• He y � q ≥ n) sgdm b + y � q � n- Rhlhk_qkx) vd g_ud

y′ � S|y′′ � q ′′(]1d ⌋ + S|b � n(]1d ⌋ � q ′

+ S|b � n(]1d ⌋ �
,

f+d �0
1f�d �0

qf

Sn kd_qm vgdsgdq y � q , n nq mns) hs hr rtffibhdms sn bnlotsd sgd
bnlo_qhrnm qdrtks ne b , q - Sghr hr adb_trd he y � q , n) vd ltrs
g_ud b + y�q ≥ q : _mc nsgdqvhrd) vd g_ud b + y�q�n , q - Mnv) vd
_m_kxyd sgd ahs dqqnq S|y′′�q ′′(]1d ⌋- Mnsd sg_s sgd chrsqhatshnm ne q ′′
hr rs_shrshb_kkx bknrd sn sgd tmhenql chrsqhatshnm hm {/. 0. � � � . 1d � 0{-
Sgdqdenqd

Oq)S|y′′ � q ′′(]1d ⌋ + 0[ + Oq)q ′′ ≥ 1d � y′′[ ≈ y′′]1d �

Sgtr) sgd chrsqhatshnm ne S|y′′ � q ′′(]1d ⌋ hr rs_shrshb_kkx bknrd sn
sgd ahs dqqnq a ∈ {/. 0{ fdmdq_sdc _bbnqchmf sn Cdfimhshnm 4-3- Sgd
cdrbqhoshnm ne Srunc _ood_qr hm Oqnsnbnk 6- Sgd bnlltmhb_shnm
bnlokdwhsx ne Srunc hr N|m1 · > � m · >1( ahsr oktr > b_kkr ne Cahs
&hmunjdc hm Ccdbnlonrd() vgdqd > hr sgd kdmfsg ne _m dkdldms hm Rp -
Pdb_kk sg_s hm ntq l_hm oqnsnbnk) _kk q_mcnl ahs rg_qhmfr vhkk ad
oqdo_qdc snfdsgdq-

4-2 Rtoonqshmf Hmmdq,oqnctbs Nodq]shnmr vhsg
Dffibhdms Udqhfib]shnm

Ntq l_hm oqnsnbnk vhkk l_jd trd ne sgd enkknvhmf svn etmbshnm_kh,
shdr9

• Sgd etmbshnm_khsx Chmmdq _kknvr _kk o_qshdr sn du_kt_sd _m
hmmdq,oqnctbs f_sd- Hs s_jdr svn udbsnq ne cdfqdd,r Rg_lhq
rg_qhmfr )�[q + |)w0[q . )w1[q . � � � . )wj [q ( _mc )x[q + |)y0[q .

)y1[q . � � � . )yj [q ( _mc ntsotsr )x[q + )� ⊙x[q ) vgdqd ⊙ hr sgd
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Oqnsnbnk 69 Srunc
&0( Kds )w[q cdmnsd sgd rg_qhmf sn ad sqtmb_sdc) d ad sgd

mtladq ne ahsr sn sqtmb_sd-
&1( @kk o_qshdr knb_kkx bnlotsd )y[q + )w[q � 1,�0- Sgdm) _kk

o_qshdr hmunjd Ccdbnlonrd nm )y[q _mc qdbdhud b 9+ y � q
_mc )q,[q . )q,�0[q . � � � . )q0[q -

&2( @kk o_qshdr knb_kkx bnlotsd

)w ′[q + S b
1d

⌋ �
,

f+d �0
1f�d �0 · )qf [q � 1,�d �0

)w ′′[q + S b � n
1d

⌋ �
,

f+d �0
1f�d �0 · )qf [q � 1,�d �0

&3( @kk o_qshdr knb_kkx bnlotsd )q [q 9+
,

f+0 1
f�0 ·

)qf [q - Sgdm _kk o_qshdr hmunjd AitBomp nm
)q [q . |)q,[q . � � � . )q0[q ( _mc b - Kds )u[q cdmnsd sgd
ntsots-

&4( @kk o_qshdr hmunjd Cltks dmntfg shldr sn bnlotsd

)x[q + )w ′ · |0 �u( � w ′′ ·u[q
@kk o_qshdr s_jd )x[q _r ntsots-

hmmdq,oqnctbs nodq_shnm- @m hmrs_msh_shnm ne Chmmdq b_m ad
entmc hm Z07[ &Rdd Pdl_qj 0 hm Rdbshnm 3-1 ne Z07[(- Sgd bnl,
ltmhb_shnm bnlokdwhsx ne sgd hmrs_msh_shnm hr N|m( dkdldmsr-

• Sgd etmbshnm_khsx ChmmdqUdqhex _kknvr _kk o_qshdr sn udqhex _
a_sbg ne hmmdq,oqnctbs stokdr &vghbg l_x g_ud u_qhntr ch,
ldmrhnmr( bnlotsdc ax Chmmdq- Hm @oodmchw B) vd chrbtrr
gnv sn dwsdmc sgd hmrs_msh_shnm ne CltksUdqhex hm Z1/[ sn rto,
onqs sgd udqhfib_shnm ne hmmdq,oqnctbs stokdr- Sgd bnlltmh,
b_shnm bnlokdwhsx hr N|m1 · knf > · κ( ahsr) vgdqd > hr sgd rtl
ne sgd chldmrhnmr ne _kk hmmdq,oqnctbs stokdr-

Mnsd sg_s > hr sgd mtladq ne ltkshokhb_shnmr vd mddc sn cn he d_bg
hmmdq,oqnctbs nodq_shnm hr bnlotsdc ax _ a_sbg ne ltkshokhb_shnm
nodq_shnmr- @mc trhmf CltksUdqhex sn udqhex > ltkshokhb_shnmr g_r
sgd r_ld bnlltmhb_shnm nudqgd_c N|m1 · knf > · κ(- Sgdqdenqd) tr,
hmf Chmmdq sn du_kt_sd hmmdq,oqnctbs nodq_shnmr _mc ChmmdqUdqhex sn
udqhex hmmdq,oqnctbs stokdr hr rsqhbskx adssdq sg_m trhmf Cltks _mc
CltksUdqhex- Hm @oodmchw B) vd oqdrdms sgd etkk cdrbqhoshnmr ne sgdrd
svn etmbshnm_khshdr _mc chrbtrr gnv sn qd_khyd ChmmdqUdqhex trhmf sgd
sdbgmhptdr eqnl Z1/[-

Mnsd sg_s _ ltkshokhb_shnm nodq_shnm hr _ rodbh_k b_rd ne _m hmmdq,
oqnctbs nodq_shnm vgdm sgd chldmrhnm ne sgd hmots udbsnqr hr 0-
Sgdqdenqd) vd vhkk trd Chmmdq sn _krn du_kt_sd ltkshokhb_shnm f_sdr-
Etqsgdqlnqd) rhmbd _ ltkshokhb_shnm stokd hr _ rodbh_k b_rd ne _m
hmmdq,oqnctbs stokd vgdm sgd chldmrhnm ne sgd hmots udbsnqr hr 0)
vd vhkk _krn trd ChmmdqUdqhex sn bgdbj sgd bnqqdbsmdrr ne sgd ltksh,
okhb_shnm stokdr snfdsgdq vhsg sgd hmmdq,oqnctbs stokdr-

4-3 :BBN9 LOB enq :qhsgldshb Bhqbthsr vhsg
BNlo]qhrnm

Hm sghr o_qs) vd _qd qd_cx sn hmsqnctbd ntq LOB oqnsnbnk enq _m _qhsg,
ldshb bhqbths vhsg bnlo_qhrnm _mc sqtmb_shnm f_sdr- Vd enbtr nm

sgd Ldqrdmmd fidkc Rp - Sgd bnlo_qhrnm _mc sqtmb_shnm nodq_shnmr
nudq Rp _qd cdfimdc hm Cdfimhshnm 4-2 _mc Cdfimhshnm 4-3- Pdb_kk sg_s
vd _qd hm sgd bkhdms,rdqudq lncdk- Hm o_qshbtk_q) _kk sgd hmotsr adknmf
sn sgd bkhdmsr) _mc nmkx sgd bkhdmsr qdbdhud sgd ntsotsr- Vhsgnts knrr
ne fdmdq_khsx) vd _rrtld sg_s sgd bhqbths hr bnmrhrs ne _cchshnm f_sdr)
hmmdq,oqnctbs f_sdr) bnlo_qhrnm f_sdr) _mc sqtmb_shnm f_sdr &rhmbd _
ltkshokhb_shnm f_sd b_m ad rddm _r _ rodbh_k b_rd ne _m hmmdq,oqnctbs
f_sd vgdm sgd hmotsr _qd udbsnqr ne chldmrhnm 0(- Sgd etmbshnm_khsx
C@BBN _ood_qr hm Etmbshnm_khsx 7-

Etmbshnm]khsx 79 C:BBN
&0( C@BBN qdbdhudr eqnl _kk bkhdmsr sgdhq hmotsr) vghbg _qd

dkdldmsr hm Rp -
&1( C@BBN du_kt_sdr sgd bhqbths _r enkknvr9

• Enq _m _cchshnm f_sd vhsg hmotsr w .y) C@BBN bnl,
otsdr x 9+ w � y _r ntsots-

• Enq _m hmmdq,oqnctbs f_sd vhsg hmotsr � .x) C@BBN
bnlotsdr x 9+ w ⊙ y _r ntsots) vgdqd ⊙ hr sgd hmmdq,
oqnctbs nodq_shnm-

• Enq _ bnlo_qhrnm f_sdvhsg hmotsrw .y)C@BBN bgdbjr
vgdsgdq w , y a_rdc nm Cdfimhshnm 4-2- He mns) C@BBN
s_jdra 9+ 0 _r ntsots- Nsgdqvhrd) C@BBN s_jdra 9+ /
_r ntsots-

• Enq _ sqtmb_shnm f_sd vhsg hmotsr w ∈ Rp . d ∈ K∗)
C@BBN bnlotsdr sgd qdrtks ne sqtmb_shmf d ahsr nm w
a_rdc nm Cdfimhshnm 4-3) cdmnsdc ax w ′- C@BBN s_jdr
w
′ _r ntsots-

&2( C@BBN fiqrs rdmcr sgd ntsots ne bnqqtosdc bkhdmsr sn sgd
_cudqr_qx-
• He sgd _cudqr_qx qdokhdr bnmsgmtc) C@BBN chrsqhatsdr
sgd ntsots sn gnmdrs bkhdmsr-

• He sgd _cudqr_qx qdokhdr Sanps) C@BBN rdmcr Sanps
sn gnmdrs bkhdmsr-

Ntq oqnsnbnk enq C@BBN hr a_rdc nm sgd LOB oqnsnbnk hm Z07[- Hm
_cchshnm sn _cchshnm f_sdr _mc hmmdq,oqnctbs f_sdr &qdb_kk sg_s _ ltk,
shokhb_shnm f_sd b_m ad rddm _ rodbh_k b_rd ne _m hmmdq,oqnctbs f_sd()
vd trd KessSh•n enq bnlo_qhrnm f_sdr _mc Srunc enq sqtmb_shnm
f_sdr- Mnsd sg_s hm KessSh•n _mc Srunc) sgdx nmkx bnms_hm knb_k
bnlots_shnmr dwbdos hmunb_shnmr ne Ccdbnlonrd _mc Chmmdq &qdb_kk
sg_s vd g_ud qdok_bdc Cltks ax Chmmdq(- Enq Ccdbnlonrd) _m _cudq,
r_qx b_mmns _ffdbs sgd bnqqdbsmdrr ne sgd ntsots- Sgdqdenqd) hs hr
rtffibhdms sn bgdbj sgd bnqqdbsmdrr ne sgd hmmdq,oqnctbs stokdr bnl,
otsdc ax Chmmdq- Sgtr) sgd udqhfib_shnm ne sgd vgnkd oqnsnbnk hr sgd
bgdbj ne _kk hmmdq,oqnctbs stokdr bnlotsdc ax Chmmdq sgqntfgnts
sgd oqnsnbnk- Sgd cdrbqhoshnm ne @BBN _ood_qr hm Oqnsnbnk 8-

Sheorem 4-4- Kds b ad sgd mtladq ne bkhdmsr Ymc m + 1r � 0 ad
sgd mtladq ne oYqshdr- Sgd oqnsnbnk 9BBN rdbtqdkx bnlotsdr C9BBN
vhsg Yanqs hm sgd {Chmmdq.Ccdbnlonrd.ChmmdqUdqhex{,gxaqhc lncdk hm sgd
oqdrdmbd ne Y etkkx lYkhbhntr YcudqrYqx bnmsqnkkhmf to sn b bkhdmsr Ymc
r oYqshdr-

Vd qdedq sgd qd_cdqr sn @oodmchw C-2 enq sgd oqnne ne Sgdn,
qdl 4-4-
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Oqnsnbnk 89 :BBN
&0( Hmots Og]rd9

Enq dYbg �iecln vhsg hmots w ) �iecln q_mcnlkx r_lokdr _
cdfqdd,r rg_qhmf )w[q _mc chrsqhatsdr sgd rg_qdr sn _kk
o_qshdr-

&1( Bnlots]shnm Og]rd9
@kk o_qshdr rs_qs vhsg gnkchmf _ cdfqdd,r rg_qhmf enq d_bg
hmots f_sd- Sgd bhqbths hr du_kt_sdc hm _ oqdcdsdqlhmdc
snonknfhb_k nqcdq-
• Enq d_bg _cchshnm f_sd vhsg hmots rg_qhmfr )w[q . )y[q )
_kk o_qshdr knb_kkx bnlotsd )x[q + )w[q � )y[q -

• Enq d_bg hmmdq,oqnctbs f_sd vhsg hmots rg_qhmfr
)�[q . )x[q ) _kk o_qshdr hmunjd Chmmdq nm )w[q . )y[q sn
bnlotsd )x[q vgdqd x + w · y-

• Enq d_bg bnlo_qhrnm f_sd vhsg hmots rg_qhmfr
)w[q . )y[q ) _kk o_qshdr hmunjd KessSh•n nm )w[q . )y[q
sn bnlotsd sgd bnlo_qhrnm qdrtks ne w , y-

• Enq d_bg sqtmb_shnm f_sd vhsg hmotsr )w[q . d ∈ K∗)
_kk o_qshdr hmunjd Srunc nm )w[q . d sn bnlotsd sgd
qdrtks ne sqtmb_shmf d ahsr ne w -

&2( Udqhfib]shnm Og]rd9
@kk o_qshdr hmunjd ChmmdqUdqhex sn bgdbj sgd bnqqdbsmdrr
ne sgd hmmdq,oqnctbsr-

&3( Ntsots Og]rd9
Enq d_bg ntsots f_sd) kds )w[q ad sgd rg_qhmf _rrnbh_sdc
vhsg sghr f_sd _mc �iecln ad sgd bkhdms vgn rgntkc qd,
bdhud sghr ntsots- @kk o_qshdr rdmc sgdhq rg_qdr ne )w[q sn
�iecln- �iecln bgdbjr vgdsgdq sgd rg_qdr ne )w[q hr bnmrhr,
sdms- He mns) �iecln _anqsr- Nsgdqvhrd) �iecln qdbnmrsqtbsr
sgd qdrtks w -

9mYkxrhr ne sgd BnlltmhbYshnm Bnlokdwhsx ne9BBN-- Kds b� . bfn . bI . bO . bN
cdmnsd sgd mtladq ne hmots f_sdr) hmmdq,oqnctbs f_sdr) bnlo_qhrnm
f_sdr) sqtmb_shnm f_sdr) _mc ntsots f_sdr- Kds |B | cdmnsd sgd bhqbths
rhyd- Pdb_kk sg_s > hr sgd kdmfsg ne _m dkdldms hm Rp -

Vd fiqrs bntms sgd mtladq ne b_kkr ne Cahs- Pdb_kk sg_s vd mddc >

b_kkr ne Cahs hm KessSh•n _mc Srunc- Sgdqdenqd) vd mddc |bI�bO (·>
b_kkr ne Cahs- Vgdm vd trd ntq oqnsnbnk Aits sn hmrs_msh_sd Cahs) sgd
bnlltmhb_shnm bnlokdwhsx hr N||bI � bO ( · m · >1 � m1 · knf||bI �
bO ( · >( · >( + N||bI � bO ( · m · >1 � m1 · knf |B | · >( ahsr-

Mnv vd bnlotsd sgd rtl ne chldmrhnmr ne hmmdq,oqnctbs stokdr
vd mddc sn udqhex hm sgd udqhfib_shnm og_rd- Enq sgd hmmdq,oqnctbs
f_sdr) sgd rtl ne chldmrhnmr _qd antmcdc ax sgd bhqbths rhyd |B |-
Enq _ bnlo_qhrnm f_sd nq _ sqtmb_shnm f_sd) vd mddc sn hmunjd
N|>( shldr ne Chmmdq _mc d_bg hmunb_shnm hr trdc sn bnlotsd _
ltkshokhb_shnm- Sgdqdenqd) sgd rtl ne chldmrhnmr ne hmmdq,oqnctbs
stokdr vd mddc sn udqhex hr N||B | � |bI � bO ( · >() vghbg qdpthqdr
N|m1 · knf||B | � |bI � bO ( · >( · >( + N|m1 · knf |B | · >( ahsr-

Hm rtll_qx) sgd bnlltmhb_shnm bnlokdwhsx ne @BBN hr

N||b� � bN � bfn ( · m · > � |bI � bO ( · |m1 · > � m · >1(�
m
1 · knf |B | · >(

5 DWODPHLDMS:K DU:KT:SHNM
Vd hlokdldms ntq rxrsdl @BBN) _mc _ookx hs sn svn l_bghmd
kd_qmhmf s_rjr- Vd bgnnrd sgd r_ld qdfqdrrhnm sq_hmhmf s_rjr _r
trdc hm Z20[) _mc trd sgdhq qdonqsdc odqenql_mbd _r _ a_rdkhmd enq
bnlo_qhrnm- Pdb_kk sg_s ntq oqnsnbnk hr hmenql_shnm sgdnqdshb_kkx
rdbtqd- Sgd rdbtqhsx qdpthqdr sgd knb_k q_mcnl s_od ne d_bg o_qsx sn
ad hmcdodmcdms _mc tmhenqlkx chrsqhatsdc- Gnvdudq) vd mnsd sg_s
knb_k q_mcnl s_odr b_m _kv_xr ad oqdo_qdc adenqd sgd bnlots_shnm-
Sn adssdq dwonrd sgd qtmmhmf shld ne ntq oqnsnbnk) vd bgnnrd sn trd
ordtcn,q_mcnl fdmdq_snqr &OPF( sn oqdo_qd sgd knb_k q_mcnl s_od
ne d_bg o_qsx hm sgd hlokdldms_shnm- Vd cdqhud _mc hlokdldms sgd
@ksdqm_shmf Chqdbshnm Ldsgnc ne Ltkshokhdqr &@CLL( _kfnqhsgl
enq K@RRN qdfqdrrhnm rhlhk_qkx sn Z20[- Cds_hkr ne sgd cdqhu_shnm
_mc ntq hlokdldms_shnmr b_m ad entmc hm @oodmchw D- Vd _krn
admbgl_qj sgd KessSh•n _mc sgd Srunc oqnsnbnkr hmchuhct_kkx sn
rgnv sgdhq bnmbqdsd dffibhdmbx-

5-0 Dwodqhldms Rdsto
Ehqrs) vd trd sgd r_ld rdsto _r Z20[ enq bnlo_qhrnm-Vd qtm 4 o_qshdr
d_bg nm _m hmcdodmcdms p.�4ukSpec hmrs_mbd &21 bnqdr vhsg 1-2FGy
_mc 133FA P@L( nm @l_ynm @VR- Sgd hmrs_mbdr _qd knb_sdc hm
svn chffdqdms qdfhnmr &h-d- _ V9M bnmfiftq_shnm(9 2 hm M- Uhqfhmh_)
_mc 1 hm Nqdfnm-

Mdws) vd dwsdmc ntq dwodqhldms sn hmbktcd lnqd o_qshdr- Vd
qtm 4) 8) 02) 06 o_qshdr trhmf sgd r_ld bnmfiftq_shnm _r adenqd) ats
ok_bd _kk hmrs_mbdr hm sgd r_ld qdfhnm &h-d- _ K9M bnmfiftq_shnm(-
Sgqntfgnts ntq dwodqhldmsr) vd trd sgd 016,ahs Ldqrdmmd fidkc- Enq
d_bg sq_hmhmf dwodqhldms) vd qdonqs K1 dqqnqr _mc Ld_m @arnktsd
Dqqnqr &L@D( sn l_sbg sgd qdrtksr hm Z20[- K_sdq) vd _krn trd sgnrd
r_ld @VR l_bghmdr hm sgd K@M bnmfiftq_shnm sn admbgl_qj sgd
KessSh•n _mc Srunc oqnsnbnkr hmchuhct_kkx-

Ntq sq_hmhmf admbgl_qj bnmrhrsr ne svn qd_k vnqkc c_s_rdsr &sgd
r_ld _r Z20[( eqnl TBH Z01[9 sgd f_r rdmrnq c_s_rds) _mc sgd lhk,
khnm rnmf c_s_rds- Sgd f_r rdmrnq c_s_rds bnms_hmr qdbnqchmfr ne
05 bgdlhb_k rdmrnqr vgdm dwonrdc sn svn f_r lhwstqdr _s chffdq,
dms bnmbdmsq_shnmr- Sgd c_s_rds bnms_hmr svn rdsr ne f_r lhwstqdr9
Dsgxkdmd _mc Ldsg_md hm _hq) _mc Dsgxkdmd _mc BN hm _hq- Sn l_sbg
sgd dwodqhldms hm Z20[) vd trd sgd Dsgxkdmd _mc BN lhwstqd) _mc
vd nmkx qtm K@RRN qdfqdrrhnm sn oqdchbs sgd bnmbdmsq_shnm ne Dsgx,
kdmd- Vd rokhs sgd c_s_rds sn g_ud 3]4 sq_hmhmf r_lokdr _mc 0]4 sdrs
r_lokdr- Sdrs r_lokdr _qd tmhenqlkx cq_vm eqnl sgd c_s_rds- Enq m
o_qshbho_msr) sgd bhqbths enq sq_hmhmf sghr c_s_rds bnmrhrsr ne 05|m�0(
sqtmb_shnmr) 21 bnlo_qhrnmr) _mc 05|m � 1( ltkshokhb_shnm . hmmdq,
oqnctbs f_sdr &adrhcdr sgnrd hmbktcdc ax bnlotshmf sqtmb_shnmr nq
bnlo_qhrnmr(- Cds_hkr nm gnv sgd bhqbthsr _qd cdqhudc b_m ad entmc
hm @oodmchw D-1-

Sgd lhkkhnm rnmf c_s_rds hr _ rtards ne Z2[) oqdo_qdc rodbhfib_kkx
enq oqdchbshmf sgd qdkd_rd xd_q ne _ rnmf eqnl hsr _tchn ed_stqdr- D_bg
r_lokd bnms_hmr 8/ ed_stqdr- Sgd c_s_rds bnms_hmr 352604 sq_hmhmf
r_lokdr) _mc 4052/ sdrs r_lokdr- Vd oqdoqnbdrr sgd c_s_rds rhlokx
ax bdmsdqhmf d_bg u_qh_akd _qntmc hsr ld_m eqnl sgd sq_hmhmf rds-
Rhmbd sgd qdkd_rd xd_q ne _ rnmf hr _kv_xr _m hmsdfdq) vd qntmc
qdfqdrrhnm qdrtksr sn sgdhq md_qdrs hmsdfdqr _r oqdchbshnm qdrtksr- Enq
m o_qshbho_msr) sgd bhqbths enq sq_hmhmf sghr c_s_rds bnmrhrsr ne 8/|m �
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0( sqtmb_shnmr) 07/ bnlo_qhrnmr) _mc 8/|m�1(ltkshokhb_shnm . hmmdq,
oqnctbs f_sdr &adrhcdr sgnrd hmbktcdc ax bnlotshmf sqtmb_shnmr nq
bnlo_qhrnmr(-

5-1 Admbgl]qi Pdrtksr
Sn itrshex ntq bgnhbd ne trhmf _ 016,ahs fidkc) vd fiqrs bnlo_qd
sq_hmhmf dqqnqr ne @BBN &trhmf fiwdc onhms u_ktdr( _f_hmrs qtmmhmf
@kfnqhsgl 05 chqdbskx nm ok_hm sdws c_s_ &trhmf qd_k u_ktdr(- S_akd 0
rgnvr sg_s qtmmhmf @BBN vhsg qdrsqhbsdc oqdbhrhnm &h-d- 016,ahs
fidkc( chffdqr eqnl sq_hmhmf nudq ok_hm sdws ax kdrr sg_m /�/0� enq
sgd f_r rdmrnq c_s_rds- @ rhlhk_q bnlo_qhrnm hr _krn qtm nm sgd
lhkkhnm rnmf c_s_rds) vgdqd mn chffdqdmbd hr rgnvm vgdm qntmcdc
sn 1 cdbhl_k ok_bdr) _mc hsr s_akd hr sgdqdenqd nlhssdc-

SqYhmhmf Dqqnq- Vdmdws bnlo_qd sq_hmhmf dqqnqr ne @BBN _f_hmrs
sgd rs_mc_qc sq_hmhmf _kfnqhsgl hm _ onotk_q oxsgnm o_bj_fd rikcSpm-
Vd bnlo_qd sgd K1 dqqnq) vghbg hr sgd _udq_fd ne rpt_qdc dqqnq
enq d_bg oqdchbshnm) _mc sgd L@D dqqnq) vghbg hr sgd _udq_fd ne
_arnktsd dqqnq enq d_bg oqdchbshnm- S_akd 1 rgnvr sgd bnlo_qhrnm
enq sgd f_r rdmrnq c_s_rds _mc sgd lhkkhnm rnmf c_s_rds qdrodbshudkx-
@r ntq qdrtksr l_sbg sgnrd ne rikcSpm bknrdkx) vd bnmfiql sgd
dffdbshudmdrr ne @BBN- Sn oqnuhcd _ a_rdkhmd enq bnlo_qhrnm) vd
qdbqd_sd sgd bnqqdronmchmf s_akdr &ldqfdc hmsn S_akd 2( eqnl Z20[
sg_s rgnvr rhlhk_q qdrtksr enq sgdhq oqnonrdc rxrsdl) Gdkdm- Sn r_ud
ro_bd) vd rdkdbs nmkx rdudq_k qdoqdrdms_shud bnktlmr eqnl d_bg
nqhfhm_k s_akd- Mnsd sg_s vghkd Gdkdm vnqjr hm sgd chrgnmdrs l_,
inqhsx rdsshmf) @BBN vnqjr hm sgd gnmdrs l_inqhsx rdsshmf- Vd sdrs
vhsg 4 o_qshdr &hmrsd_c ne 3 hm Gdkdm( sn qdoqdrdms _ m_stq_k rbdm_qhn
vgdqd sgd gnmdrs l_inqhsx hr _qntmc g_ke ne sgd o_qshbho_msr- 1

Ptmmhmf Shld Ymc BnlltmhbYshnm Rhyd- Hm S_akd 3) vd rgnv
sgd sns_k qtmmhmf shld &hmbktchmf ansg bnlltmhb_shnm shld _mc
bnlots_shnm shld( _mc sgd bnmbqdsd bnlltmhb_shnm rhyd ne @BBN
enq 4) 8) 02) _mc 06 o_qshdr hm sgd K@M rdsshmf sn cdlnmrsq_sd hsr
dffibhdmbx- Vd fds _klnrs hcdmshb_k dqqnqr _r hm sgd V@M b_rdr) rn
vd nlhs sgdl sn r_ud ro_bd-

Hm S_akd 4) vd rgnv _ bnlo_qhrnm ne sns_k qtmmhmf shld &hmbktc,
hmf ansg bnlltmhb_shnm shld _mc bnlots_shnm shld( sn Gdkdm hm
sgd V@M rdsshmf) adb_trd hs—r sgd nmkx rxrsdl sg_s _bghdudr _krn
l_khbhntr rdbtqhsx &_kadhs hm sgd chrgnmdrs l_inqhsx rdsshmf(- Vgdm
sgd oqnakdl rhyd hr k_qfd &h-d- d_bg r_lokd g_uhmf k_qfd mtladq ne
ed_stqdr() vd _bghdud _m ∼ 62· roddcto-

D_bg ne ntq dwodqhldmsr bnmrhrsr ne svn og_rdr- Hm sgd nfflhmd
og_rd) dudqx o_qsx knb_kkx fdmdq_sdr �f .af eqnl hsr oqhu_sd c_s_rds
_r hsr hmots sn @kfnqhsgl 05- Hm _kk b_rdr) sgd fdmdq_shnm oqnbdrrdr
s_jd kdrr sg_m /�4 rdbnmc) _mc hr hmrhfmhfib_ms bnlo_qdc sn sgd sns_k
qtmmhmf shld- Hm sgd nmkhmd og_rd) o_qshdr qtm ntq hlokdldms_shnm
ne @BBN- Rhmbd �f .af nmkx rb_kd vhsg sgd mtladq ne ed_stqdr hm
d_bg r_lokd) _mc mns vhsg sgd mtladq ne r_lokdr trdc enq sq_hmhmf)
sgd qtmmhmf shldr ne ntq dwodqhldmsr enq sgd r_ld c_s_rds rs_xr
sgd r_ld-

BnloYqhrnm Ymc SqtmbYshnm- Hm S_akd 5) vd rgnv sgd sns_k qtm,
mhmf shld &hmbktchmf bnlots_shnm _mc bnlltmhb_shnm shldr( ne

1Mnsd sgd chffdqdmbdr adsvddm S_akd 1 _mc S_akd 2 dudm hm rikcSpm sq_hmhmf qdrtksr-
Sghr hr adb_trd rnld gxodq,o_q_ldsdqr trdc enq sq_hmhmf _qd mns oqnuhcdc hm Z20[) _mc
_qd g_qc sn l_sbg dw_bskx-

bnlotshmf nmkx bnlo_qhrnm _mc sqtmb_shnm hm svn rbdm_qhnr- Vd
trd 4 o_qshdr hm sgd K@M bnmfiftq_shnm enq sghr admbgl_qj-

Ehqrs) vd bnlotsd 0/)/// bnlo_qhrnm. sqtmb_shnm &trhmf KessSh•n
_mc Srunc( hm rdptdmbd &h-d- nmkx rs_qs bnlotshmf sgd mdws _esdq sgd
oqduhntr hr fimhrgdc(- Sghr bnqqdronmcr sn sgd dwsqdld b_rd vgdqd
d_bg bhqbths k_xdq bnms_hmr nmkx _ rhmfkd bnlo_qhrnm . sqtmb_shnm-
Mnsd sg_s _ksgntfg vd b_m—s rs_qs bnlotshmf sgd bnlo_qhrnm. sqtm,
b_shnm adenqd sgd oqduhntr nmd hr fimhrgdc) vd bYm oqdo_qd _kk sgd
q_mcnl ahs rg_qhmfr sg_s _qd mddcdc sn bnlotsd sgd vgnkd bhqbths-
Vd sgdqdenqd aqd_j to sgd qtmmhmf shld hmsn fiqrs oqdo_qhmf q_mcnl
ahs rg_qhmfr &hm sgd oqdo_q_shnm og_rd() _mc mdws bnlotshmf bnl,
o_qhrnm. sqtmb_shnm hm rdptdmbd &hm sgd nmkhmd og_rd(- Sgd qdrtksr
_qd rgnvm hm sgd fiqrs bnktlm ne S_akd 5-

Mdws) vd bnlotsd 0/)/// bnlo_qhrnm. sqtmb_shnm hm o_q_kkdk-
Sghr bnqqdronmcr sn sgd dwsqdld b_rd vgdqd _kk ne sgd bnlo_qhrnm
. sqtmb_shnm _qd hm sgd r_ld bhqbths k_xdq- Vd rhlhk_qkx aqd_j to
sgd qtmmhmf shld hmsn sgd oqdo_q_shnm og_rd _mc sgd nmkhmd og_rd-
Sgd qdrtksr _qd rgnvm hm sgd rdbnmc bnktlm ne S_akd 5- Rhmbd sgd
tmcdqkxhmf ltkshokhb_shnm oqnsnbnk &enq Chmmdq _mc Cltks( hr b_o_akd
ne bnlotshmf _kk ltkshokhb_shnmr hm _ rhmfkd k_xdq hm o_q_kkdk) vd b_m
nardqud sg_s ntq KessSh•n _mc Srunc oqnsnbnkr admdfis fqd_skx
eqnl o_q_kkdkkx bnlotshmf bnlo_qhrnmr _mc sqtmb_shnm hm sgd r_ld
bhqbths k_xdq) vgdmdudq onrrhakd

Mnsd sg_s rhmbd sgd KessSh•n _mc sgd Srunc oqnsnbnkr qdpthqd
sgd r_ld mtladq ne q_mcnl ahs rg_qhmfr) sgdhq oqdo_q_shnm og_rd
_qd hcdmshb_k- Gdmbd sgd qtmmhmf shld ne sgdhq oqdo_q_shnm og_rdr
_qd sgd r_ld) _mc hr rgnvm hm sgd fiqrs qnv ne S_akd 5-

:BIMNVKDCFLDMSR
U- Fnx_k) X- Rnmf–Rtoonqsdc hm o_qs ax sgd MRE _v_qc 0805828)
C@PO@ RHDUD oqnfq_l) _ fhes eqnl Phookd) _ CnD MDSK _v_qc) _
IO Lnqf_m E_btksx Edkknvrgho) _ OMB bdmsdq enq fim_mbh_k rdquhbdr
hmmnu_shnm _v_qc) _mc _ Bxk_a rddc etmchmf _v_qc-
W- Ct_m) G- Kh–Vnqj cnmd hm o_qs vghkd _s BLT _mc rtoonqsdc ax
fq_msr ne Uhotk Fnx_k ldmshnmdc _anud-
P- Nrsqnurjx–Rtoonqsdc hm o_qs ax C@PO@ tmcdq Bnnodq_shud
@fqddldms GP//00,1/,1,//14) MRE fq_ms BMR,1//0/85) TR,Hrq_dk
ARE fq_ms 1/04671) Fnnfkd E_btksx @v_qc) IO Lnqf_m E_btksx
@v_qc) HAL E_btksx Pdrd_qbg@v_qc) Wdqnw E_btksx Pdrd_qbg@v_qc)
NJ@V@ Entmc_shnm Pdrd_qbg @v_qc) A- Ingm F_qqhbj Entmc_,
shnm @v_qc) Sdq_c_s_ Pdrd_qbg @v_qc) Knbjgddc,L_qshm Pdrd_qbg
@v_qc _mc Rtmc_x Fqnto- Sgd uhdvr _mc bnmbktrhnmr bnms_hmdc
gdqdhm _qd sgnrd ne sgd _tsgnqr _mc rgntkc mns ad hmsdqoqdsdc _r
mdbdrr_qhkx qdoqdrdmshmf sgd nffibh_k onkhbhdr) dhsgdq dwoqdrrdc nq
hlokhdc) ne C@PO@) sgd Cdo_qsldms ne Cdedmrd) nq sgd T-R- Fnu,
dqmldms- Sgd T-R- Fnudqmldms hr _tsgnqhydc sn qdoqnctbd _mc
chrsqhatsd qdoqhmsr enq fnudqmldms_k otqonrdr mns vhsgrs_mchmf
_mx bnoxqhfgs _mmns_shnm sgdqdhm-
@- Onkxbgqnmh_cnt–Sghr o_odq v_r oqdo_qdc hm o_qs enq hmenql_shnm
otqonrdr ax sgd @qshfibh_k Hmsdkkhfdmbd Pdrd_qbg fqnto ne IOLnqf_m
Bg_rd % Bn _mc hsr _ffikh_sdr &’IO Lnqf_m“() _mc hr mns _ oqnctbs
ne sgd Pdrd_qbg Cdo_qsldms ne IO Lnqf_m- IO Lnqf_m l_jdr mn
qdoqdrdms_shnm _mc v_qq_msx vg_srndudq _mc chrbk_hlr _kk kh_ahkhsx)
enq sgd bnlokdsdmdrr) _bbtq_bx nq qdkh_ahkhsx ne sgd hmenql_shnm
bnms_hmdc gdqdhm- Sghr cnbtldms hr mns hmsdmcdc _r hmudrsldms
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R_lokdr . o_qsx 1j 0/j 3/j 0//j 3//j
@BBN K1 7380-54 7250-/7 7260-/0 7258-2/ 7257-27

ok_hm sdws K1 7380-55 7250-/7 7260-/1 7258-21 7257-26
@BBN L@D 46-65 46-58 47-/4 47-/1 46-85

ok_hm sdws L@D 46-65 46-58 47-/4 47-/1 46-84

S]akd 09 Sghr s]akd rgnvr sgd K1 ]mc L:D dqqnqr vgdm 4 o]qshdr sq]hm nm sgd f]r rdmrnq c]s]rds- Sgd bnktlmr rgnv sgd b]rdr
vgdm sgd o]qshdr ]qd fhudm chffdqdms mtladq ne q]mcnl r]lokdr rtbg ]r 1///. 0//// dsb- Sgd qnvr bnlo]qd :BBN ]mc
qtmmhmf :kfnqhsgl 05 nm ok]hm sdws c]s]- Sghr s]akd rgnvr sg]s qtmmhmf :BBN vhsg qdrsqhbsdc oqdbhrhnm g]r lhmhl]k dffdbs-

c_s_rds f_r rdmrnq lhkkhnm rnmf
R_lokdr . o_qsx 1j 0/j 3/j 0//j 3//j 1j 0/j 1/j 3/j 5/j 7/j

@BBN K1 7380-54 7250-/7 7260-/0 7258-2/ 7257-27 80-84 8/-86 8/-61 8/-65 8/-65 8/-62
rjkd_qm K1 7320-81 715/-36 7181-74 7185-02 7183-/0 80-65 8/-84 8/-64 8/-63 8/-62 8/-58
@BBN L@D 46-65 46-58 47-/4 47-/1 46-85 5-77 5-75 5-74 5-75 5-77 5-77
rjkd_qm L@D 45-67 45-47 45-63 45-6/ 45-55 5-8/ 5-77 5-76 5-77 5-77 5-77

S]akd 19 Sghr s]akd rgnvr sgd K1 ]mc L:D dqqnqr vgdm 4 o]qshdr sq]hm nm sgd f]r rdmrnq c]s]rds) ]mc sgd lhkkhnm rnmf c]s]rds-
Sgd bnktlmr rgnv sgd b]rdr vgdm sgd o]qshdr ]qd fhudm chffdqdms mtladq ne q]mcnl r]lokdr- Sgd qnvr bnlo]qd :BBN ]mc
sgd rs]mc]qc neka�l o]bi]fd nm ok]hm sdws c]s]-

c_s_rds f_r rdmrnq lhkkhnm rnmf
R_lokdr . o_qsx 1j 0/j 3/j 0//j 3//j 1j 0/j 1/j 3/j 5/j 7/j

Gdkdm K1 7730-22 7726-48 7733-20 7765-// 78/6-27 80-7 8/-62 8/-56 8/-46 8/-43 8/-46
rjkd_qm K1 7826-/0 7818-0/ 7863-04 7870-13 7871-77 80-56 8/-61 8/-52 8/-46 8/-44 8/-45
Gdkdm L@D 46-12 46-36 46-52 47-14 47-25 5-71 5-70 5-7/ 5-68 5-7/ 5-7/
rjkd_qm L@D 46-78 47-/4 47-23 47-37 47-47 5-70 5-70 5-7/ 5-68 5-68 5-7/

S]akd 29 Sghr hr S]akd HH ]mc HHH �rdudq]k bnktlmr nlhssdc sn r]ud ro]bd( eqnl Y20[) ]r ] bnlo]qhrnm a]rdkhmd enq S]akd 1- Sgd
s]akd rgnvr dqqnqr ne Gdkdm enq sgd f]r rdmrnq c]s]rds) ]mc sgd lhkkhnm rnmf c]s]rds-

c_s_rds 4 o_qshdr 8 o_qshdr 02 o_qshdr 06 o_qshdr
f_r &shld( 2�/r 5�2r 0/�/r 03�3r
f_r &rhyd( 0//LA 162LA 417LA 755LA
rnmf &shld( 7�/r 05�4r 17�5r 31�4r
rnmf &rhyd( /-44FA 0-4/FA 1-8/FA 3-65FA

S]akd 39 Sghr s]akd rgnvr sgd sns]k qtmmhmf shld ]mc
bnlltmhb]shnm rhyd ne :BBN nm svn c]s]rdsr ]mc
hmbqd]rhmf sgd mtladq ne o]qshdr hm sgd K:M rdsshmf-

c_s_rds f_r &05 ed_stqdr( rnmf &8/ ed_stqdr(
@BBN 54r 60r
Gdkdm ∼ 1/l ∼ 0�4g

Roddcto ∼ 08w ∼ 62w
S]akd 49 Sghr s]akd rgnvr sgd sns]k qtmmhmf shld �hmbktchmf
ansg nffkhmd ]mc nmkhmd og]rdr) ]mc hmbktchmf ansg
bnlltmhb]shnm shld ]mc bnlots]shnm shld( bnlo]qhrnm
adsvddm :BBN ]mc Gdkdm Y20[ hm sgd V:M rdsshmf-

qdrd_qbg nq hmudrsldms _cuhbd) nq _ qdbnlldmc_shnm) nffdq nq rnkhbh,
s_shnm enq sgd otqbg_rd nq r_kd ne _mx rdbtqhsx) fim_mbh_k hmrsqtldms)

hm rdptdmbd hm o_q_kkdk
oqdo_q_shnm og_rd 4-4r 4-4r

Bomp•rison) nmkhmd og_rd 36-1r 0-1r
Srunc•tion) nmkhmd og_rd 31-4r 1-/r

S]akd 59 Sghr s]akd rgnvr sgd sns]k qtmmhmf shld ne
bnlotshmf 0.)... bnlo]qhrnmr ]mc sqtmb]shnmr vhsg 4
o]qshdr hm sgd K:M bnmfiftq]shnm- Sgd fiqrs bnktlm rgnvr
bnlotshmf sgdl hm rdptdmbd) ]mc sgd rdbnmc rgnvr
bnlotshmf sgdl hm o]q]kkdk- Sgd oqdo]q]shnm shld enq ansg
oqnsnbnkr ]qd sgd r]ld) ]mc hr rgnvm hm sgd fiqrs qnv-

fim_mbh_k oqnctbs nq rdquhbd) nq sn ad trdc hm _mx v_x enq du_kt,
_shmf sgd ldqhsr ne o_qshbho_shmf hm _mx sq_mr_bshnm) _mc rg_kk mns
bnmrshstsd _ rnkhbhs_shnm tmcdq _mx itqhrchbshnm nq sn _mx odqrnm) he
rtbg rnkhbhs_shnm tmcdq rtbg itqhrchbshnm nq sn rtbg odqrnm vntkc
ad tmk_vetk- 1/1/ IOLnqf_m Bg_rd % Bn- @kk qhfgsr qdrdqudc-

PDEDPDMBDR
Z0[ L_qshm @a_ch) @mcx Bgt) H_m Fnncedkknv) G- Aqdmc_m LbL_g_m) Hkx_ Lhqnmnu)

Jtm_k S_kv_q) _mc Kh Yg_mf- 1/05- Cddo Kd_qmhmf vhsg Chffdqdmsh_k Oqhu_bx- Hm
Oqnbddchmfr ne sgd 1.05 9BL RHFR9B Bnmedqdmbd nm Bnlotsdq Ymc BnlltmhbYshnmr
Rdbtqhsx �BBR zâŹ05(- @rrnbh_shnm enq Bnlotshmf L_bghmdqx) Mdv Xnqj) MX)
TR@) 2/7ÂéŞ207- gssor9..cnh-nqf.0/-0034.1865638-1867207
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Z1[ Lhbg_dk Adm,Nq) Rg_fi Fnkcv_rrdq) _mc @uh Vhfcdqrnm- 0877- Bnlokdsdmdrr
Sgdnqdlr enq Mnm,Bqxosnfq_oghb E_tks,Snkdq_ms Chrsqhatsdc Bnlots_shnm &Dw,
sdmcdc @arsq_bs(- Hm Oqnbddchmfr ne sgd 1.sg 9mmtYk 9BL Rxlonrhtl nm Sgdnqx
ne Bnlotshmf) LYx 1,3) 0877) BghbYfn) Hkkhmnhr) TR9- 0˜0/- gssor9..cnh-nqf.0/-0034.
51101-51102

Z2[ Sghdqqx Adqshm,L_ghdtw) C_mhdk O-V- Dkkhr) Aqh_m Vghsl_m) _mc O_tk K_ldqd-
1/00- Sgd Lhkkhnm Rnmf C_s_rds- Hm Oqnbddchmfr ne sgd 01sg HmsdqmYshnmYk Bnmedqdmbd
nm Ltrhb HmenqlYshnm PdsqhduYk �HRLHP 1.00(-

Z3[ Rsdogdm Anxc) Md_k O_qhjg) Dqhb Bgt) Anqi_ Odkd_sn) _mc Inm_sg_m Dbjrsdhm- 1/00-
Chrsqhatsdc Noshlhy_shnm _mc Rs_shrshb_k Kd_qmhmf uh_ sgd @ksdqm_shmf Chqdbshnm
Ldsgnc ne Ltkshokhdqr- Entmc- Sqdmcr LYbg- KdYqm- 2) 0 &I_m- 1/00() 0ÂéŞ011-
gssor9..cnh-nqf.0/-0450.11//////05

Z4[ Nbs_uh_m B_sqhm_ _mc Rda_rsh__m Cd Gnnfg- 1/0/- Hloqnudc Oqhlhshudr enq Rdbtqd
Ltksho_qsx Hmsdfdq Bnlots_shnm- Hm Oqnbddchmfr ne sgd 6sg HmsdqmYshnmYk Bnmedqdmbd
nm Rdbtqhsx Ymc BqxosnfqYogx enq Mdsvnqjr �RBMzâŹ0.(- Roqhmfdq,Udqk_f) Adqkhm)
Gdhcdkadqf) 071ÂéŞ088-

Z5[ S,G Gtadqs Bg_m) Dk_hmd Rgh) _mc C_vm Rnmf- 1/01- Oqhu_bx,oqdrdquhmf rsqd_l
_ffqdf_shnm vhsg e_tks snkdq_mbd- Hm HmsdqmYshnmYk Bnmedqdmbd nm EhmYmbhYk Bqxo,
snfqYogx Ymc CYsY Rdbtqhsx- Roqhmfdq) 1//˜103-

Z6[ C_uhc Bg_tl) Bk_tcd Bqåod_t) _mc Hu_m C_lfâqc- 0876- Ltksho_qsx Tmbnmchshnm,
_kkx Rdbtqd Oqnsnbnkr &@arsq_bs(- Hm 9cuYmbdr hm Bqxosnknfx , BPWOSN –76) 9 Bnm,
edqdmbd nm sgd Sgdnqx Ymc 9ookhbYshnmr ne BqxosnfqYoghb Sdbgmhptdr) RYmsY AYqaYqY)
BYkhenqmhY) TR9) 9tftrs 05,1.) 0876) Oqnbddchmfr- 351- gssor9..cnh-nqf.0/-0//6.2,
43/,37073,1]32

Z7[ Jnih Bghc_) C_mhdk Fdmjhm) Jnjh G_l_c_) C_h Hj_q_rgh) Pxn Jhjtbgh) Xdgtc_
Khmcdkk) _mc @qhdk Mne- 1/07- E_rs K_qfd,Rb_kd Gnmdrs,L_inqhsx LOB enq L_khbhntr
@cudqr_qhdr- Hm 9mmtYk HmsdqmYshnmYk Bqxosnknfx Bnmedqdmbd- Roqhmfdq) 23˜53-

Z8[ Hu_m C_lfâqc _mc Idrodq Attr Mhdkrdm- 1//6- Rb_k_akd _mc tmbnmchshnm_kkx rdbtqd
ltksho_qsx bnlots_shnm- Hm 9mmtYk HmsdqmYshnmYk Bqxosnknfx Bnmedqdmbd- Roqhmfdq)
461˜48/-

Z0/[ Hu_m C_lfâqc) L_ssgh_r Ehsyh) Dhjd Jhksy) Idrodq Attr Mhdkrdm) _mc Snl_r Snes-
1//5- Tmbnmchshnm_kkx Rdbtqd Bnmrs_ms,Pntmcr Ltksh,O_qsx Bnlots_shnm enq
Dpt_khsx) Bnlo_qhrnm) Ahsr _mc Dwonmdmsh_shnm- Hm Oqnbddchmfr ne sgd Sghqc Bnmedq,
dmbd nm Sgdnqx ne BqxosnfqYogx �SBBzâŹ.5(- Roqhmfdq,Udqk_f) Adqkhm) Gdhcdkadqf)
174ÂéŞ2/3- gssor9..cnh-nqf.0/-0//6.00570767]04

Z00[ C_mhdk Cdllkdq) Sgnl_r Rbgmdhcdq) _mc Lhbg_dk Yngmdq- 1/04- @AX , @ Eq_ld,
vnqj enq Dffibhdms Lhwdc,Oqnsnbnk Rdbtqd Svn,O_qsx Bnlots_shnm- Hm 11mc 9m,
mtYk Mdsvnqj Ymc Chrsqhatsdc Rxrsdl Rdbtqhsx Rxlonrhtl) MCRR 1.04) RYm Chdfn)
BYkhenqmhY) TR9) EdaqtYqx 7,00) 1.04-

Z01[ Cgddqt Ct_ _mc B_rdx Fq_ff- 1/06- TBH L_bghmd Kd_qmhmf Pdonrhsnqx- &1/06(-
gsso9.._qbghud-hbr-tbh-dct.lk

Z02[ Bxmsgh_ Cvnqj) Jqhrgm_q_l Jdmsg_o_ch) Eq_mj LbRgdqqx) Hkx_ Lhqnmnu) _mc
Lnmh M_nq- 1//5- Ntq C_s_) Ntqrdkudr9 Oqhu_bx uh_ Chrsqhatsdc Mnhrd Fdmdq_shnm-
Hm Oqnbddchmfr ne sgd 13sg 9mmtYk HmsdqmYshnmYk Bnmedqdmbd nm Sgd Sgdnqx Ymc
9ookhbYshnmr ne BqxosnfqYoghb Sdbgmhptdr �DTPNBPWOSzâŹ.5(- Roqhmfdq,Udqk_f)
Adqkhm) Gdhcdkadqf) 375ÂéŞ4/2- gssor9..cnh-nqf.0/-0//6.00650568]18

Z03[ Bxmsgh_ Cvnqj) Eq_mj LbRgdqqx) Jnaah Mhrrhl) _mc @c_l Rlhsg- 1//5- B_khaq_s,
hmf Mnhrd sn Rdmrhshuhsx hm Oqhu_sd C_s_ @m_kxrhr- Sgdnqx ne BqxosnfqYogx Unk-
2765) 154˜173- gssor9..cnh-nqf.0/-0//6.00570767]03

Z04[ It_m F_q_x) Adqqx Rbgndml_jdqr) _mc Inrå Uhkkdf_r- 1//6- Oq_bshb_k _mc Rdbtqd
Rnktshnmr enq Hmsdfdq Bnlo_qhrnm- Hm Otakhb Idx BqxosnfqYogx – OIB 1..6) S_s,
rt_jh Nj_lnsn _mc Wh_nxtm V_mf &Dcr-(- Roqhmfdq Adqkhm Gdhcdkadqf) Adqkhm)
Gdhcdkadqf) 22/˜231-

Z05[ C_mhdk Fdmjhm) Xtu_k Hrg_h) L_mni L- Oq_ag_j_q_m) @lhs R_g_h) _mc Dq_m
Sqnldq- 1/03- Bhqbthsr Pdrhkhdms sn @cchshud @ss_bjr vhsg @ookhb_shnmr sn
Rdbtqd Bnlots_shnm- Hm Oqnbddchmfr ne sgd Enqsx,rhwsg 9mmtYk 9BL Rxlon,
rhtl nm Sgdnqx ne Bnlotshmf �RSNB –03(- @BL) Mdv Xnqj) MX) TR@) 384˜4/3-
gssor9..cnh-nqf.0/-0034.1480685-1480750

Z06[ Ncdc Fnkcqdhbg) Rhkuhn Lhb_kh) _mc @uh Vhfcdqrnm- 0876- Gnv sn Ok_x _mx
Ldms_k F_ld nq @ Bnlokdsdmdrr Sgdnqdl enq Oqnsnbnkr vhsg Gnmdrs L_inqhsx-
Hm Oqnbddchmfr ne sgd 08sg 9mmtYk 9BL Rxlonrhtl nm Sgdnqx ne Bnlotshmf) 0876)
Mdv Wnqj) Mdv Wnqj) TR9- 107˜118- gssor9..cnh-nqf.0/-0034.17284-1731/

Z07[ Uhotk Fnx_k) G_mitm Kh) P_e_hk Nrsqnurjx) @mshfnmh Onkxbgqnmh_cnt) _mc Xhe_m
Rnmf- 1/10- @SK@R9 Dffibhdms _mc Rb_k_akd LOB hm©ăsgd Gnmdrs L_inqhsx Rdsshmf-
Hm 9cuYmbdr hm Bqxosnknfx – BPWOSN 1.10) S_k L_kjhm _mc Bgqhr Odhjdqs &Dcr-(-
Roqhmfdq Hmsdqm_shnm_k Otakhrghmf) Bg_l) 133˜163-

Z08[ Uhotk Fnx_k _mc Xhe_m Rnmf- 1/1/- L_khbhntr Rdbtqhsx Bnldr Eqdd hm Gnmdrs,
L_inqhsx LOB- Bqxosnknfx dOqhms @qbghud) Pdonqs 1/1/.023- &1/1/(- gssor9
..doqhms-h_bq-nqf.1/1/.023-

Z1/[ Uhotk Fnx_k) Xhe_m Rnmf) _mc Bgdmygh Ygt- 1/1/- Ft_q_msddc Ntsots Cdkhudqx
Bnldr Eqdd hm Gnmdrs L_inqhsx LOB- Hm 9cuYmbdr hm Bqxosnknfx – BPWOSN
1.1.) C_mhdkd Lhbbh_mbhn _mc Sgnl_r Phrsdmo_qs &Dcr-(- Roqhmfdq Hmsdqm_shnm_k
Otakhrghmf) Bg_l) 507˜535-

Z10[ P- Hxdmf_q) I- O- Md_q) C- Rnmf) N- Sg_jj_q) @- Sg_jtqs_) _mc K- V_mf- 1/08-
Snv_qcr Oq_bshb_k Chffdqdmsh_kkx Oqhu_sd Bnmudw Noshlhy_shnm- Hm 1.08 HDDD Rxl,
onrhtl nm Rdbtqhsx Ymc OqhuYbx �RO(- 188˜205-

Z11[ O_xl_m Lng_rrdk _mc Odsdq Phmc_k- 1/07- @AX29 @ Lhwdc Oqnsnbnk Eq_ldvnqj
enq L_bghmd Kd_qmhmf- Hm Oqnbddchmfr ne sgd 1.07 9BL RHFR9B Bnmedqdmbd nm Bnl,
otsdq Ymc BnlltmhbYshnmr Rdbtqhsx �BBR zâŹ07(- @rrnbh_shnm enq Bnlotshmf L_,
bghmdqx) Mdv Xnqj) MX) TR@) 24ÂéŞ41- gssor9..cnh-nqf.0/-0034.2132623-213265/

Z12[ O- Lng_rrdk _mc X- Yg_mf- 1/06- RdbtqdLK9 @ Rxrsdl enq Rb_k_akd Oqhu_bx,
Oqdrdquhmf L_bghmd Kd_qmhmf- Hm 1.06 HDDD Rxlonrhtl nm Rdbtqhsx Ymc OqhuYbx
�RO(- 08˜27-

Z13[ S_j_rgh Mhrghcd _mc J_ytn Ngs_- 1//6- Ltksho_qsx Bnlots_shnm enq Hmsdqu_k)
Dpt_khsx) _mc Bnlo_qhrnm vhsgnts Ahs,Cdbnlonrhshnm Oqnsnbnk- Hm Oqnbddchmfr ne
sgd 0.sg HmsdqmYshnmYk Bnmedqdmbd nm OqYbshbd Ymc Sgdnqx hm Otakhb,Idx BqxosnfqY,
ogx �OIBzâŹ.6(- Roqhmfdq,Udqk_f) Adqkhm) Gdhcdkadqf) 232ÂéŞ25/-

Z14[ @qohs_ O_sq_ _mc @ihsg Rtqdrg- 1/1/- AK@YD9 Ak_yhmf E_rs Oqhu_bx,Oqdrdquhmf
L_bghmd Kd_qmhmf- BnPP _ar.1//4-/8/31 &1/1/(- _qWhu91//4-/8/31 gssor9.._qwhu-
nqf._ar.1//4-/8/31

Z15[ L- R_cdfg Ph_yh) Bgqhrsh_m Vdhmdqs) Nkdjr_mcq Sj_bgdmjn) Daq_ghl L- Rnmfgnqh)
Sgnl_r Rbgmdhcdq) _mc E_qhm_y Jntrg_me_q- 1/07- Bg_ldkdnm9 @ Gxaqhc Rdbtqd
Bnlots_shnm Eq_ldvnqj enq L_bghmd Kd_qmhmf @ookhb_shnmr- Hm Oqnbddchmfr ne
sgd 1.07 nm 9rhY Bnmedqdmbd nm Bnlotsdq Ymc BnlltmhbYshnmr Rdbtqhsx �9RH9BBR
zâŹ07(- @rrnbh_shnm enq Bnlotshmf L_bghmdqx) Mdv Xnqj) MX) TR@) 6/6ÂéŞ610-
gssor9..cnh-nqf.0/-0034.2085383-2085411

Z16[ @ch Rg_lhq- 0868- Gnv sn Rg_qd _ Rdbqds- Bnlltm- 9BL 11) 00 &Mnu- 0868()
501˜502- gssor9..cnh-nqf.0/-0034.248057-248065

Z17[ Dk_hmd Rgh) S-,G- Gtadqs Bg_m) Dkd_mnq Fhkadqs Phdffdk) Phbg_qc Bgnv) _mc
C_vm Rnmf- 1/00- Oqhu_bx,Oqdrdquhmf @ffqdf_shnm ne Shld,Rdqhdr C_s_- Hm
Oqnbddchmfr ne sgd Mdsvnqj Ymc Chrsqhatsdc Rxrsdl Rdbtqhsx Rxlonrhtl) MCRR
1.00) RYm Chdfn) BYkhenqmhY) TR9) 5sg EdaqtYqx , 8sg EdaqtYqx 1.00- Sgd Hmsdq,
mds Rnbhdsx- gssor9..vvv-mcrr,rxlonrhtl-nqf.mcrr1/00.oqhu_bx,oqdrdquhmf,
_ffqdf_shnm,ne,shld,rdqhdr,c_s_

Z18[ R_lddq V_fg) Chux_ Ftos_) _mc Mhrg_msg Bg_mcq_m- 1/08- RdbtqdMM9 Dffibhdms
_mc Oqhu_sd Mdtq_k Mdsvnqj Sq_hmhmf- Hm OqhuYbx DmgYmbhmf Sdbgmnknfhdr Rxl,
onrhtl- &ODSR 1/08(- gssor9..vvv-lhbqnrnes-bnl.dm,tr.qdrd_qbg.otakhb_shnm.
rdbtqdmm,dffibhdms,_mc,oqhu_sd,mdtq_k,mdsvnqj,sq_hmhmf.

Z2/[ @mcqdv Bgh,Bghg X_n- 0875- Gnv sn Fdmdq_sd _mc Dwbg_mfd Rdbqdsr &Dwsdmcdc
@arsq_bs(- Hm 16sg 9mmtYk Rxlonrhtl nm EntmcYshnmr ne Bnlotsdq Rbhdmbd) Snqnmsn)
BYmYcY) 16,18 Nbsnadq 0875- 051˜056- gssor9..cnh-nqf.0/-00/8.REBR-0875-14

Z20[ Vdmshmf Ygdmf) P_ktb_ @c_ Ono_) Inrdog D Fnmy_kdy) _mc Hnm Rsnhb_- 1/08- Gdkdm9
L_khbhntrkx rdbtqd bnnodshshud kd_qmhmf enq khmd_q lncdkr- Hm 1.08 HDDD Rxlonrhtl
nm Rdbtqhsx Ymc OqhuYbx �RO(- HDDD) 613˜627-

: RDBTPHSX CDEHMHSHNM
Kds b cdmnsd sgd mtladq ne bkhdmsr _mc m + 1r �0 cdmnsd sgd mtladq
ne rdqudqr- Kds C ad _ rdbtqd etmbshnm du_kt_shnm etmbshnm_khsx- @m
_cudqr_qx A b_m bnqqtos _s lnrs b bkhdmsr _mc r rdqudqr) oqnuhcd hm,
otsr sn bnqqtosdc bkhdmsr) _mc qdbdhud _kk ldrr_fdr rdms sn bnqqtosdc
bkhdmsr _mc rdqudqr- Bnqqtosdc bkhdmsr _mc rdqudqr b_m cduh_sd eqnl
sgd oqnsnbnk _qahsq_qhkx-

PdYk Vnqkc Dwdbtshnm- Hm sgd qd_k vnqkc) sgd _cudqr_qx A bnm,
sqnkkhmf bnqqtosdc bkhdmsr _mc rdqudqr hmsdq_bsr vhsg gnmdrs bkhdmsr
_mc rdqudqr- @s sgd dmc ne sgd oqnsnbnk) sgd ntsots ne sgd qd_k vnqkc
dwdbtshnm hmbktcdr sgd hmotsr _mc ntsotsr ne gnmdrs bkhdmsr _mc
rdqudqr) _mc sgd uhdv ne sgd _cudqr_qx-

HcdYk Vnqkc Dwdbtshnm- Hm sgd hcd_k vnqkc) _ rhltk_snq 8gl rhlt,
k_sdr gnmdrs bkhdmsr _mc rdqudqr _mc hmsdq_bsr vhsg sgd _cudqr_qx
A- Etqsgdqlnqd) 8gl g_r _ nmd,shld _bbdrr sn C ) vghbg hmbktcdr
oqnuhchmf hmotsr ne bnqqtosdc bkhdmsr _mc rdqudqr sn C ) qdbdhuhmf
sgd ntsotsr ne bnqqtosdc bkhdmsr _mc rdqudqr) _mc rdmchmf hmrsqtb,
shnmr rodbhfidc hm C &d-f-) _rjhmf C sn _anqs(- Sgd ntsots ne sgd hcd_k
vnqkc dwdbtshnm hmbktcdr sgd hmotsr _mc ntsotsr ne gnmdrs bkhdmsr
_mc rdqudqr) _mc sgd uhdv ne sgd _cudqr_qx-

Vd r_x sg_s _ oqnsnbnk π rdbtqdkx bnlotsdr C he sgdqd dwhrsr _
rhltk_snq 8gl) rtbg sg_s enq _kk _cudqr_qx A) sgd chrsqhatshnm ne
sgd ntsots ne sgd qd_k vnqkc dwdbtshnm hr rsYshrshbYkkx bknrd sn sgd
chrsqhatshnm ne sgd ntsots ne sgd hcd_k vnqkc dwdbtshnm- He π _kknvr
_ oqdl_stqd _anqs) sgdm vd r_x π rdbtqdkx bnlotsdr C vhsg _anqs-
Vd qdedq sgd qd_cdqr sn Z05[ enq _ enql_k cdfimhshnm-
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A ATHKCHMF AKNBIR EPNL Y07) 1.[
LtkshokhbYshmf Svn cdfqdd,r RgYlhq RgYqhmfr- Sgd etmbshnm_khsx

Cltks _kknvr _kk o_qshdr sn du_kt_sd _ ltkshokhb_shnm f_sd- Hs s_jdr svn
hmots rg_qhmfr )w[q . )y[q _mc ntsotsr )x[q 9+ )w ·y[q - Sgd cdrbqhoshnm
ne Cltks _ood_qr hm Etmbshnm_khsx 0/- @m hmrs_msh_shnm ne Cltks b_m
ad entmc hm Z07[-

Etmbshnm]khsx 0.9 Cltks
&0( Kds )w[q . )y[q cdmnsd sgd hmots rg_qhmfr- Cltks qdbdhudr

eqnl gnmdrs o_qshdr sgdhq rg_qdr ne )w[q . )y[q - Sgdm
Cltks qdbnmrsqtbsr sgd rdbqdsr w .y- Cltks etqsgdq bnl,
otsdr sgd rg_qdr ne )w[q . )y[q gdkc ax bnqqtosdc o_qshdr)
_mc rdmcr sgdrd rg_qdr sn sgd _cudqr_qx-

&1( Cltks qdbdhudr eqnl sgd _cudqr_qx _ u_ktd c _mc _ rds
ne rg_qdr {xf {f ∈A -

&2( Cltks bnlotsdr w ·y�c - A_rdc nm sgd rdbqds x 9+ w ·y�c
_mc sgd r rg_qdr {xf {f ∈A ) Cltks qdbnmrsqtbsr sgd vgnkd
rg_qhmf )x[q _mc chrsqhatsdr sgd rg_qdr ne )x[q sn gnmdrs
o_qshdr-

Udqhexhmf LtkshokhbYshnm Pdrtksr- Rhmbd Cltks cndr mns ft_q_msdd
sgd bnqqdbsmdrr ne sgd ltkshokhb_shnmr) _kk o_qshdr mddc sn udqhex sgd
ltkshokhb_shnmr bnlotsdc ax Cltks _s sgd dmc ne sgd oqnsnbnk- Sgd
etmbshnm_khsx CltksUdqhex s_jdr L ltkshokhb_shnm stokdr _r hmots _mc
ntsotsr sn _kk o_qshdr _ rhmfkd ahs a hmchb_shmf vgdsgdq _kk ltksh,
okhb_shnm stokdr _qd bnqqdbs- Sgd cdrbqhoshnm ne CltksUdqhex _ood_qr
hm Etmbshnm_khsx 00- @m hmrs_msh_shnm ne CltksUdqhex b_m ad entmc
hm Z1/[ &Oqnsnbnk 06 hm Rdbshnm 4-3 ne Z08[(-

Etmbshnm]khsx 009 CltksUdqhex
&0( Kds L cdmnsd sgd mtladq ne ltkshokhb_shnm stokdr- Sgd

ltkshokhb_shnm stokdr _qd cdmnsdc ax

|)w |0([q . )y|0([q . )x|0([q (. � � � . |)w |L ([q �)y|L ([q . )x|L ([q (�
&1( Enq _kk f ∈ )L [) CltksUdqhex qdbdhudr eqnl gnmdrs o_qshdr

sgdhq rg_qdr ne )w |f([q . )y|f([q . )x|f([q - Sgdm CltksUdqhex
qdbnmrsqtbsr sgd rdbqdsr w |f(.y|f(. x|f(- CltksUdqhex etq,
sgdq bnlotsdr sgd rg_qdr ne )w |f([q . )y|f([q . )x|f([q gdkc
ax bnqqtosdc o_qshdr _mc rdmcr sgdrd rg_qdr sn sgd _c,
udqr_qx-

&2( Enq _kk f ∈ )L [) CltksUdqhex bnlotsdr c|f( + x|f( � w |f( ·
y|f( _mc rdmcr c|f( sn sgd _cudqr_qx-

&3( Ehm_kkx) kds a ∈ {Sanps. Sbbcos{ cdmnsd vgdsgdq sgdqd
dwhrsr f ∈ )L [ rtbg sg_s c|f( � /- CltksUdqhex rdmcr a sn
sgd _cudqr_qx _mc v_hsr enq hsr qdronmrd-
• He sgd _cudqr_qx qdokhdr bnmsgmtc) CltksUdqhex rdmcr
a sn gnmdrs o_qshdr-

• He sgd _cudqr_qx qdokhdr Sanps) CltksUdqhex rdmcr
Sanps sn gnmdrs o_qshdr-

OqdoYqhmf PYmcnl cdfqdd,r RgYlhq RgYqhmfr- Sgd etmbshnm_khsx
Cq_mc _kknvr _kk o_qshdr sn oqdo_qd _ q_mcnl cdfqdd,r Rg_lhq rg_q,
hmf )q [q - Sgd cdrbqhoshnm ne Cq_mc _ood_qr hm Etmbshnm_khsx 01- @m
hmrs_msh_shnm ne Cq_mc b_m ad entmc hm Z8) 1/[ &Oqnsnbnk 1 hm Rdb,
shnm 2-2 ne Z08[(-

Etmbshnm]khsx 019 Cq]mc
&0( Cq_mc qdbdhudr eqnl sgd _cudqr_qx sgd rds ne rg_qdr

{qf {f ∈A -
&1( Cq_mc q_mcnlkx r_lokdr q - A_rdc nm sgd rdbqds q _mc

sgd r rg_qdr {qf {f ∈A ne bnqqtosdc o_qshdr) Cq_mc qdbnm,
rsqtbsr sgd vgnkd rg_qhmf )q [q _mc chrsqhatsdr sgd rg_qdr
ne )q [q sn gnmdrs o_qshdr-

FdmdqYshmf PYmcnl Bnhmr- Sgd etmbshnm_khsx Cbnhm _kknvr _kk
o_qshdr sn fdmdq_sd _ q_mcnl fidkc dkdldms hm G- Pdb_kk sg_s G hr
_m dwsdmrhnm fidkc ne � rtbg sg_s |G| ≥ 1z ) vgdqd κ hr sgd rdbtqhsx
o_q_ldsdq- Sgd cdrbqhoshnm ne Cbnhm _ood_qr hm Etmbshnm_khsx 02- @m
hmrs_msh_shnm ne Cbnhm b_m ad entmc hm Z1/[ &Oqnsnbnk 5 hm Rdbshnm 2-4
ne Z08[(-

Etmbshnm]khsx 029 Cbnhm
&0( Cbnhm r_lokdr _ q_mcnl fidkc dkdldms q hm G-
&1( Cbnhm rdmcr q sn sgd _cudqr_qx-

• He sgd _cudqr_qx qdokhdr bnmsgmtc) Cbnhm rdmcr q sn
gnmdrs o_qshdr-

• He sgd _cudqr_qx qdokhdr Sanps) Cbnhm rdmcr Sanps sn
gnmdrs o_qshdr-

B DU:KT:SHNM :MC UDPHEHB:SHNM NE
HMMDP,OPNCTBS NODP:SHNMR

Hm sgd enkknvhmf) enq _ udbsnq � + |w0.w1. � � � .wj () vd trd )�[q sn
cdmnsd _ udbsnq ne cdfqdd,r Rg_lhq rg_qhmfr |)w0[q . )w1[q . � � � . )wj [q (-
Vd fiqrs oqdrdms sgd etmbshnm_khsx Chmmdq) vghbg s_jdr svn udbsnqr
ne cdfqdd,r rg_qhmfr )�[q . )x[q _r hmots) _mc ntsotsr )x[q + )� ⊙x[q -
Sgd cdrbqhoshnm ne Chmmdq _ood_qr hm Etmbshnm_khsx 03-

@r Cltks) sgd etmbshnm_khsx Chmmdq cndr mns ft_q_msdd sgd bnqqdbs,
mdrr ne sgd fim_k qdrtksr- Sgdqdenqd) vd mddc sn udqhex sgd bnqqdbsmdrr
ne hmmdq,oqnctbs stokdr bnlotsdc ax Chmmdq- Vd cdrbqhad sgd etmb,
shnm_khsx ChmmdqUdqhex vghbg hr trdc sn udqhex _ a_sbg ne hmmdq,oqnctbs
stokdr bnlotsdc ax Chmmdq hm Etmbshnm_khsx 04- Mnsd sg_s _ ltksh,
okhb_shnm stokd b_m ad rddm _r _m hmmdq,oqnctbs stokd vgdqd sgd
chldmrhnm ne sgd hmots udbsnqr hr 0

Sn rdbtqdkx bnlotsd ChmmdqUdqhex) vd _c_os sgd bnmrsqtbshnm enq
CltksUdqhex &Etmbshnm_khsx 00( hm Z1/[- Vd fiqrs hmsqnctbd sgd hcd_ ne
udqhexhmf _ a_sbg ne ltkshokhb_shnm stokdr hm Z1/[- @s _ ghfg kdudk)
sgd udqhfib_shnm hr cnmd _r enkknvr9

&0( Rtoonrd {|)w |f([q . )y|f([q . )x|f([q ({Lf+0 _qd sgd ltkshokhb_shnm
stokdr-
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Etmbshnm]khsx 039 Chmmdq
&0( Kds )�[q . )x[q cdmnsd sgd hmots rg_qhmfr- Chmmdq qdbdhudr

eqnl gnmdrs o_qshdr sgdhq rg_qdr ne )�[q . )x[q - Sgdm
Chmmdq qdbnmrsqtbsr sgd rdbqdsr � .x- Chmmdq etqsgdq bnl,
otsdr sgd rg_qdr ne )�[q . )x[q gdkc ax bnqqtosdc o_qshdr)
_mc rdmcr sgdrd rg_qdr sn sgd _cudqr_qx-

&1( Chmmdq qdbdhudr eqnl sgd _cudqr_qx _ u_ktd c _mc _ rds
ne rg_qdr {xf {f ∈A -

&2( Chmmdq bnlotsdr � ⊙ x � c - A_rdc nm sgd rdbqds x 9+
� ⊙ x � c _mc sgd r rg_qdr {xf {f ∈A ) Chmmdq qdbnmrsqtbsr
sgd vgnkd rg_qhmf )x[q _mc chrsqhatsdr sgd rg_qdr ne )x[q
sn gnmdrs o_qshdr-

Etmbshnm]khsx 049 ChmmdqUdqhex
&0( Kds L cdmnsd sgd mtladq ne hmmdq,oqnctbs stokdr- Sgd

hmmdq,oqnctbs stokdr _qd cdmnsdc ax

|)� |0([q . )x|0([q . )x|0([q (. � � � . |)� |L ([q . )x|L ([q . )x|L ([q (�
Sgd chldmrhnmr ne chffdqdms stokdr b_m u_qx-

&1( Enq _kk f ∈ )L [) ChmmdqUdqhex qdbdhudr eqnl gnmdrs o_qshdr
sgdhq rg_qdr ne )� |f([q . )x|f([q . )x|f([q - Sgdm ChmmdqUdqhex
qdbnmrsqtbsr sgd rdbqdsr � |f(.x|f(. x|f(- ChmmdqUdqhex etq,
sgdq bnlotsdr sgd rg_qdr ne )� |f([q . )x|f([q . )x|f([q gdkc
ax bnqqtosdc o_qshdr _mc rdmcr sgdrd rg_qdr sn sgd _c,
udqr_qx-

&2( Enq _kk f ∈ )L [) ChmmdqUdqhex bnlotsdr c|f( + x|f( �� |f( ⊙
x|f( _mc rdmcr c|f( sn sgd _cudqr_qx-

&3( Ehm_kkx) kds a ∈ {Sanps. Sbbcos{ cdmnsd vgdsgdq sgdqd
dwhrsr f ∈ )L [ rtbg sg_s c|f( � /- ChmmdqUdqhex rdmcr a sn
sgd _cudqr_qx _mc v_hsr enq hsr qdronmrd-
• He sgd _cudqr_qx qdokhdr bnmsgmtc) ChmmdqUdqhex rdmcr
a sn gnmdrs o_qshdr-

• He sgd _cudqr_qx qdokhdr Sanps) ChmmdqUdqhex rdmcr
Sanps sn gnmdrs o_qshdr-

&1( @kk o_qshdr fiqrs sq_mrenql sgdrdL ltkshokhb_shnm stokdr hmsn _
rhmfkd hmmdq,oqnctbs stokd) cdmnsdc ax |)�[q . )x[q . )x[q (- Hs r_s,
hrfidr sg_s) he sgdqd dwhrsr f ∈ )L [ rtbg sg_s |)w |f([q . )y|f([q . )x|f([q (
hr _m hmbnqqdbs ltkshokhb_shnm stokd) sgdm |)�[q . )x[q . )x[q ( hr
_m hmbnqqdbs hmmdq,oqnctbs stokd vhsg nudqvgdklhmf oqna_,
ahkhsx-

&2( @kk o_qshdr qdod_sdckx qdctbd sgd chldmrhnm ne sgd hmmdq,
oqnctbs stokd |)�[q . )x[q . )x[q ( tmshk sgd chldmrhnm adbnldr
0-

&3( @kk o_qshdr bgdbj sgd fim_k ltkshokhb_shnm stokd &mnsd sg_s _m
hmmdq,oqnctbs stokd vhsg chldmrhnm 0 hr itrs _ ltkshokhb_shnm
stokd(-

Sn rtoonqs sgd udqhfib_shnm ne hmmdq,oqnctbs stokdr) vd nmkx mddc
sn bg_mfd sgd rdbnmc rsdo ax sq_mrenqlhmf L hmmdq,oqnctbs stokdr
hmsn _ rhmfkd hmmdq,oqnctbs stokd- Sghr b_m ad cnmd ax enkknvhmf _
rhlhk_q _ooqn_bg hm Z1/[-

Hm Z1/[) sgd sq_mrenql_shnm hr cnmd ax sgd enkknvhmf rsdor &Oqnsn,
bnk 02 hm Rdbshnm 4-0 ne Z08[(9

&0( Rtoonrd |)w |0([q . )y|0([q . )x|0([q (. � � � . |)w |L ([q . )y|L ([q . )x|L ([q (
_qd sgd ltkshokhb_shnm stokdr-

&1( @kk o_qshdr hmunjd Cbnhm sn fdmdq_sd _ q_mcnl fidkc dkdldms
q -

&2( @kk o_qshdr rds

)�[q + |)w |0([q . q · )w |1([q . � � � . qL�0 · )w |L ([q (
)x[q + |)y|0([q . )y|1([q . � � � . )y|L ([q (

)x[q +

L
f+0

q
f�0 · )x|f([q .

_mc ntsots |)�[q . )x[q . )x[q (-
Sn sq_mrenqlhmf L hmmdq,oqnctbs stokdr hmsn _ rhmfkd hmmdq,oqnctbs
stokd) vd l_jd sgd bg_mfdr _r enkknvr9

&0( Rtoonrd {|)� |f([q . )x|f([q . )x|f([q ({Lf+0 _qd sgd ltkshokhb_shnm
stokdr-

&1( @kk o_qshdr hmunjd Cbnhm sn fdmdq_sd _ q_mcnl fidkc dkdldms
q -

&2( @kk o_qshdr rds

)�[q + |)� |0([q . q · )� |1([q . � � � . qL�0 · )� |L ([q (
)x[q + |)x|0([q . )x|1([q . � � � . )x|L ([q (

)x[q +

L
f+0

q
f�0 · )x|f([q .

_mc ntsots |)�[q . )x[q . )x[q (-
Vhsg sgdrd bg_mfdr) vd nas_hm _m dffibhdms udqhfib_shnm enq _ a_sbg
ne hmmdq,oqnctbs stokdr- Sgd rdbtqhsx b_m ad rgnvm hm _ rhlhk_q v_x
sn sg_s hm Z1/[- Vd qdedq sgd qd_cdqr sn Kdll_ 7 &Rdbshnm 4-0( _mc
Kdll_ 00 &Rdbshnm 4-3( hm Z08[ enq lnqd cds_hkr- Sgd bnlltmhb_shnm
bnlokdwhsx ne sgd mdv oqnsnbnk hr N|m1 · knf > · κ( ahsr) vgdqd m hr
sgd mtladq ne o_qshdr) > hr sgd rtll_shnm ne sgd chldmrhnmr ne _kk
hmmdq,oqnctbs stokdr) _mc κ hr sgd rdbtqhsx o_q_ldsdq-

C OPNNE NE RDBTPHSX
C-0 Oqnne ne Kdll] 4-0

Kemm• 4-0- Sgd oqnsnbnk Aits rdbtqdkx bnlotsdr Cahs vhsg Yanqs
hm sgd {CqYmc. Cltks.CltksUdqhex{,gxaqhc lncdk hm sgd oqdrdmbd ne Y
etkkx lYkhbhntr YcudqrYqx bnmsqnkkhmf r bnqqtosdc oYqshdr-

Oroof- Kds A cdmnsd sgd _cudqr_qx- Vd vhkk bnmrsqtbs _ rhl,
tk_snq P sn rhltk_sd sgd adg_uhnqr ne gnmdrs o_qshdr- Pdb_kk sg_s
A cdmnsdr sgd rds ne bnqqtosdc o_qshdr _mc F cdmnsdr sgd rds ne
gnmdrs o_qshdr-

RhltkYshnm enq Aits- Vd cdrbqhad sgd rsq_sdfx ne P rsdo ax rsdo-
&0( Hm sgd fiqrs rsdo) P dltk_sdr Cq_mc _mc qdbdhudr sgd rg_qdr ne

)q0[q . � � � . )qL [q gdkc ax bnqqtosdc o_qshdr-
&1( Hm sgd rdbnmc rsdo P dltk_sdr Cltks _mc qdbdhudr sgd rg_qdr

ne )q10 [q . � � � . )q1
L
[q gdkc ax bnqqtosdc o_qshdr _mc sgd chffdq,

dmbdr c0. � � � .cL -
&2( P dltk_sdr CltksUdqhex hm sghr rsdo- Bnmbqdsdkx) enq _kk f ∈

)L [) P rdmcr sgd rg_qdr ne |)qf [q . )qf [q . )q1
f
[q ( ne bnqqtosdc

o_qshdr _mc sgd chffdqdmbd cf sn sgd _cudqr_qx- He sgdqd dwhrsr
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f ∈ )L [ rtbg sg_s cf � /) P rdsr a + Sanps- Nsgdqvhrd P rdsr
a + Sbbcos- Sgdm P enkknvr sgd qdrs ne rsdor hm CltksUdqhex-

&3( Enq _kk f ∈ )L [) P q_mcnlkx r_lokdr _ mnm,ydqn dkdldms q
_mc rdsr q1

f
9+ q1- A_rdc nm sgd rdbqds q1

f
_mc sgd rg_qdr ne

)q1
f
[q gdkc ax bnqqtosdc o_qshdr) P bnlotsdr sgd rg_qdr ne

gnmdrs o_qshdr- Sgdm P gnmdrskx enkknvr sghr rsdo-
&4( P enkknvr sghr rsdo hm Aits- He rnld o_qsx _anqsr) P rdmcr

Sanps sn Cahs _mc _anqsr-
&5( Enq _kk f ∈ )L [) P bnlotsdr sgd rg_qdr ne )af [q gdkc ax bnq,

qtosdc o_qshdr- Sgdm P rdmcr sgd rg_qdr ne )af [q ne bnqqtosdc
o_qshdr sn Cahs-

9mYkxrhr ne sgd rdbtqhsx- Mnsd sg_s sgd fiqrs sgqdd rsdor cn mns
qdpthqd gnmdrs o_qshdr sn rdmc _mx ldrr_fd sn bnqqtosdc o_qshdr-
Hm Rsdo 3) sgd qd_k vnqkc dwdbtshnm trdr _ tmhenqlkx q_mcnl qf

&r_lokdc ax Cq_mc( vghkd sgd hcd_k vnqkc dwdbtshnm trdr _ tmhenqlkx
q_mcnl mnm,ydqn qf - Rhmbd sgd fidkc rhyd ne Rp hr n + 1, �0 ≥ 1z ) sgd
chrsqhatshnmr ne qf hm ansg dwdbtshnmr _qd rs_shrshb_kkx bknrd- Sgdm
sgd rg_qdr ne )q1

f
[q gdkc ax gnmdrs o_qshdr _qd cdsdqlhmdc ax sgd

rdbqds q1
f
_mc sgd rg_qdr ne bnqqtosdc o_qshdr- Sgtr) sgd chrsqhatshnmr

ne sgd rg_qdr ne )q1
f
[q gdkc ax gnmdrs o_qshdr hm ansg dwdbtshnmr _qd

rs_shrshb_kkx bknrd-
Mnv vd _qftd sg_s) vhsg nudqvgdklhmf oqna_ahkhsx) _kk o_qshdr

nas_hm sgd bnqqdbs qdbnmrsqtbshnmr hm Rsdo 3) nq _s kd_rs nmd o_qsx
_anqsr- Vd trd q10 . � � � . q1

L
sn cdmnsd sgd rdbqdsr ne )q10 [q . � � � . )q1

L
[q )

_mc q̃10 . � � � . q̃1
L

sn cdmnsd sgd qdbnmrsqtbshnm qdrtksr ntsots ax O0-
@rrtld sg_s sgdqd dwhrsr f ∈ )L [ rtbg sg_s q1

f
� q̃1

f
- Vd rgnv sg_s

sgd oqna_ahkhsx sg_s _kk o_qshdr _bbdos sgd qdbnmrsqtbshnmr hm Rsdo
3-&c( hr mdfkhfhakd- Bnmrhcdq sgd enkknvhmf svn onkxmnlh_kr9

d |λ( + q
1
0 � q

1
1 · λ � � � � � q1

L
· λL�0

d̃ |λ( + q̃
1
0 � q̃

1
1 · λ � � � � � q̃1

L
· λL�0�

Sgdm d |·( _mc d̃ |·( _qd svn chffdqdms onkxmnlh_kr- Sgd mtladq ne
λ rtbg sg_s d |λ( + d̃ |λ( hr antmcdc ax L � 0- Rhmbd λ hr q_mcnlkx
r_lokdc eqnl Rp ) sgd oqna_ahkhsx sg_s d |λ( + d̃ |λ( hr _s lnrs L�0

1n -
Sgtr) vhsg nudqvgdklhmf oqna_ahkhsx) d |λ( � d̃ |λ(- Mnsd sg_s hm
Rsdo 3-&b() vd g_ud )w[q + )d |λ([q _mc w + d̃ |λ(- He d |λ( � d̃ |λ()
_m gnmdrs o_qsx vhkk dhsgdq qdbdhud _m hmbnmrhrsdms rg_qhmf )w[q nq
qdidbs sgd qdbnmrsqtbshnm qdrtksr- Hm dhsgdq b_rd) sghr gnmdrs o_qsx
vhkk _anqs-

Ehm_kkx fhudm q1
f
� /) qf + q ′f _mc qf + �q ′

f
g_oodm vhsg dpt_k

oqna_ahkhsx- Sgdqdenqd) af hr _ tmhenqlkx q_mcnl ahs hm ansg dwdbt,
shnmr- Sgtr) sgd chrsqhatshnmr ne sgd qd_k vnqkc dwdbtshnm _mc sgd
hcd_k vnqkc dwdbtshnm _qd rs_shrshb_kkx bknrd- �

C-1 Oqnne ne Kdll] 4-1
Kemm• 4-1- Sgd oqnsnbnkCe’ompose rdbtqdkx bnlotsdr Ccdbnlonrd

vhsg Yanqs hm sgd Cahs,gxaqhc lncdk hm sgd oqdrdmbd ne Y etkkx lYkhbhntr
YcudqrYqx bnmsqnkkhmf r bnqqtosdc oYqshdr-

Oroof- Kds A cdmnsd sgd _cudqr_qx- Vd vhkk bnmrsqtbs _ rhl,
tk_snq P sn rhltk_sd sgd adg_uhnqr ne gnmdrs o_qshdr- Pdb_kk sg_s
A cdmnsdr sgd rds ne bnqqtosdc o_qshdr _mc F cdmnsdr sgd rds ne
gnmdrs o_qshdr-

RhltkYshnm enq Ce’ompose- @s sgd adfhmmhmf ne sgd oqnsnbnk) P
qdbdhudr sgd rg_qdr ne )w[q gdkc ax bnqqtosdc o_qshdr _mc sgd u_ktd
w � q - Vd cdrbqhad sgd rsq_sdfx ne P rsdo ax rsdo-

&0( Hm sgd fiqrs rsdo) P dltk_sdr Cahs _mc qdbdhudr sgd rg_qdr ne
)q,[q . )q,�0[q � � � . )q0[q gdkc ax bnqqtosdc o_qshdr- Sgdm) P
bnlotsdr sgd rg_qdr ne )q [q gdkc ax bnqqtosdc o_qshdr-

&1( Hm sgd rdbnmc rsdo) P bnlotsdr sgd rg_qdr ne )w � q [q gdkc
ax bnqqtosdc o_qshdr- A_rdc nm sgd rdbqds w � q qdbdhudc
eqnl Ccdbnlonrd _mc sgd rg_qdr ne bnqqtosdc o_qshdr) P qd,
bnmrsqtbsr sgd vgnkd rg_qhmf- P enkknvr sgd qdrs ne sghr rsdo-
He rnld o_qsx _anqsr)P rdmcr Sanps sn Ccdbnlonrd _mc _anqsr-

&2( Ehm_kkx)P rdmcr sgd rg_qdr ne )q,[q . )q,�0[q . � � � . )q0[q snCcdbnlonrd)
_mc sgdm rdmcr bnmsgmtc sn Ccdbnlonrd-

9mYkxrhr ne sgd rdbtqhsx- Mnsd sg_s sgd nmkx chffdqdmbd adsvddm
sgd qd_k vnqkc dwdbtshnm _mc sgd hcd_k vnqkc dwdbtshnm hr sg_s)
hm sgd hcd_k vnqkc) q + |q,q,�0 � � � q0(1 hr q_mcnlkx r_lokdc ax
Ccdbnlonrd) vghkd hm sgd qd_k vnqkc) q + |q,q,�0 � � � q0(1 hr fdmdq_sdc
ax fiqrs oqdo_qhmf > q_mcnl ahsr q, . q,�0. � � � q0) _mc sgdm bnlotsdr
q +

,
f+0 1

f�0 · qf - Rhmbd Rp hr _ Ldqrdmmd fidkc) vd _kv_xr g_ud
q ≤ n + 1, � 0) _mc

q +

,
f+0

1f�0 · qf + |q,q,�0 � � � q0(1

gnkcr enq _kk q , n) vghbg g_oodmr vhsg nudqvgdklhmf oqna_ahkhsx-
Sgdqdenqd) sgd chrsqhatshnmr ne q + |q,q,�0 � � � q0(1 hm ansg dwdbt,
shnmr _qd rs_shrshb_kkx bknrd) vghbg hlokhdr sg_s sgd chrsqhatshnmr ne
ansg dwdbtshnmr _qd rs_shrshb_kkx bknrd- �

C-2 Oqnne ne Sgdnqdl 4-4
Sheorem 4-4- Kds b ad sgd mtladq ne bkhdmsr Ymc m + 1r � 0 ad

sgd mtladq ne oYqshdr- Sgd oqnsnbnk 9BBN rdbtqdkx bnlotsdr C9BBN
vhsg Yanqs hm sgd {Chmmdq.Ccdbnlonrd.ChmmdqUdqhex{,gxaqhc lncdk hm sgd
oqdrdmbd ne Y etkkx lYkhbhntr YcudqrYqx bnmsqnkkhmf to sn b bkhdmsr Ymc
r oYqshdr-

Oroof- @bbnqchmf sn Sgdnqdl 3-0) vd _rrtld sg_s sgd _cudqr_qx
bnmsqnkr dw_bskx r o_qshdr-

Kds A cdmnsd sgd _cudqr_qx- Vd vhkk bnmrsqtbs _ rhltk_snq P sn
rhltk_sd sgd adg_uhnqr ne gnmdrs o_qshdr _mc gnmdrs bkhdmsr- Pdb_kk
sg_s A cdmnsdr sgd rds ne bnqqtosdc o_qshdr _mcF cdmnsdr sgd rds
ne gnmdrs o_qshdr-

RhltkYshnm enq 9BBN-- Vd cdrbqhad sgd rsq_sdfx ne P og_rd ax
og_rd-

• Rhltk_shnm enq Hmots Og_rd9
Enq _m hmots w adknmfr sn _m gnmdrs bkhdms) P q_mcnlkx r_l,
okdr r dkdldmsr _r sgd rg_qdr ne )w[q ne bnqqtosdc o_qshdr-
Sgdm P rdmcr sgdrd rg_qdr sn bnqqtosdc o_qshdr-
Enq _m hmots w adknmfr sn _ bnqqtosdc bkhdms) P qdbdhudr eqnl
sgd _cudqr_qx sgd rg_qdr gdkc ax gnmdrs o_qshdr- Mnsd sg_s) P
kd_qmr r � 0 rg_qdr ne )w[q - P qdbnmrsqtbsr sgd vgnkd rg_qhmf
)w[q _mc rdmcr w _r sgd hmots ne sghr bnqqtosdc bkhdms sn
C@BBN-
Mnsd sg_s enq d_bg hmots rg_qhmf) P kd_qmr sgd rg_qdr gdkc
ax bnqqtosdc o_qshdr-
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• Rhltk_shnm enq Bnlots_shnm Og_rd9
Hm sgd bnlots_shnm og_rd) P vhkk bnlotsd sgd rg_qdr ne d_bg
rg_qhmf gdkc ax bnqqtosdc o_qshdr- Mnsd sg_s sghr _kqd_cx
gnkcr enq sgd rg_qhmf ne d_bg hmots f_sd-
z Enq d_bg _cchshnm f_sd vhsg hmots rg_qhmfr )w[q . )y[q ) P

bnlotsdr sgd rg_qdr ne )x[q + )w[q �)y[q gdkc ax bnqqtosdc
o_qshdr-

z Enq d_bg hmmdq,oqnctbs f_sd vhsg hmots rg_qhmfr )�[q . )x[q )
P dltk_sdr Chmmdq _mc qdbdhudr sgd rg_qdr ne )x[q gdkc ax
bnqqtosdc o_qshdr _mc sgd chffdqdmbd c -

z Enq d_bg bnlo_qhrnm f_sd vhsg hmots rg_qhmfr )w[q . )y[q ) P
rhltk_sdr KessSh•n- Mnsd sg_s KessSh•n nmkx bnms_hmr kn,
b_k bnlots_shnm _mc hmunb_shnmr ne Ccdbnlonrd _mc Chmmdq-
Enq knb_k bnlots_shnm) P enkknvr sgd oqnsnbnk _mc bnl,
otsdr sgd rg_qdr ne bnqqtosdc o_qshdr- P dltk_sdr Chmmdq
hm sgd r_ld v_x _r sg_s enq d_bg hmmdq,oqnctbs f_sd- Enq
Ccdbnlonrd) P rdmcr sn sgd _cudqr_qx sgd rg_qdr ne )w[q
ne bnqqtosdc o_qshdr bnlotsdc ax hsrdke- Sgdm P r_lokdr
_ q_mcnl dkdldms hm Rp _r w � q _mc rdmcr hs sn sgd _c,
udqr_qx- Enq _kk f ∈ )>[) P qdbdhudr sgd rg_qdr ne )qf [q ne
bnqqtosdc o_qshdr- Ehm_kkx) he P qdbdhudr Sanps) P rdmcr
Sanps sn C@BBN _mc _anqsr-

z Enq d_bg sqtmb_shnm f_sd vhsg hmots )w[q . d ∈ K∗) P rhl,
tk_sdr Srunc- @r KessSh•n) Srunc nmkx bnms_hmr knb_k
bnlots_shnm _mc hmunb_shnmr ne Ccdbnlonrd _mc Chmmdq- Enq
knb_k bnlots_shnm) P enkknvr sgd oqnsnbnk _mc bnlotsdr
sgd rg_qdr ne bnqqtosdc o_qshdr-P dltk_sdr Ccdbnlonrd _mc
Chmmdq hm sgd r_ld v_x _r sg_s enq KessSh•n-

Mnsd sg_s enq d_bg hmmdq,oqnctbs stokd |)�[q . )x[q . )x[q ( bnl,
otsdc ax Chmmdq)P kd_qmr sgd rg_qdr gdkc ax bnqqtosdc o_qshdr
_mc sgd chffdqdmbd c + x � � ⊙ x-

• Rhltk_shnm enq Udqhfib_shnm Og_rd9
P dltk_sdr sgd etmbshnm_khsx ChmmdqUdqhex- Pdb_kk sg_s hm sgd
rhltk_shnm ne sgd bnlots_shnm og_rd) P g_r bnlotsdc sgd
rg_qdr ne d_bg hmmdq,oqnctbs stokd gdkc ax bnqqtosdc o_q,
shdr _mc sgd chffdqdmbd- P chqdbskx rdmcr sgdrd rg_qdr _mc
chffdqdmbdr sn sgd _cudqr_qx _r hm ChmmdqUdqhex- He sgdqd dwhrsr
_ mnm,ydqn chffdqdmbd) P rdsr a + Sanps- Nsgdqvhrd) P rdsr
a + Sbbcos- Sgdm P rdmcr a sn sgd _cudqr_qx-
z He a + Sbbcos _mc sgd _cudqr_qx qdokhdr bnmsgmtc) P
lnudr sn sgd mdws og_rd-

z Nsgdqvhrd) P rdmcr Sanps sn C@BBN _mc _anqsr-
• Rhltk_shnm enq Ntsots Og_rd9
Enq d_bg ntsots f_sd vhsg )w[q _rrnbh_sdc vhsg hs) he sgd qd,
bdhudq hr _m gnmdrs bkhdms) P qdbdhudr eqnl sgd _cudqr_qx sgd
rg_qdr gdkc ax bnqqtosdc o_qshdr- Sgdm P bgdbjr vgdsgdq
sgd rg_qdr _qd sgd r_ld _r sgd nmdr bnlotsdc ax P- He sqtd)
P _bbdosr sgd ntsots- Nsgdqvhrd) P qdidbsr sgd ntsots-
He sgd qdbdhudq hr _ bnqqtosdc bkhdms) P qdbdhudr sgd qdrtks
w eqnl C@BBN- Sgdm) a_rdc nm sgd rg_qdr ne )w[q gdkc ax
bnqqtosdc o_qshdr _mc sgd rdbqds w ) P qdbnmrsqtbsr sgd rg_qdr
gdkc ax gnmdrs o_qshdr) _mc rdmcr sgdrd rg_qdr sn sgd _cudq,
r_qx-
Ehm_kkx) he P qdidbsr _mx ntsots ne gnmdrs bkhdmsr) P rdmcr
Sanps sn C@BBN- Nsgdqvhrd) P rdmcr bnmsgmtc sn C@BBN-

Gxaqhc 9qftldmsr- Mnv vd rgnv sg_s P odqedbskx rhltk_sdr
sgd adg_uhnqr ne gnmdrs o_qshdr vhsg nudqvgdklhmf oqna_ahkhsx-
Bnmrhcdq sgd enkknvhmf gxaqhcr-

Gxaqhc/9 Sgd dwdbtshnm hm sgd qd_k vnqkc-
Gxaqhc09 Hm sghr gxaqhc) P bnlotsdr sgd hmots ne bnqqtosdc

bkhdmsr _mc rdmcr sgdl sn C@BBN- Sgd chrsqhatshnm ne Gxaqhc0 hr
hcdmshb_k sn Gxaqhc/-

Gxaqhc19 Hm sghr gxaqhc) P rhltk_sdr sgd ntsots og_rd _r cd,
rbqhadc _anud- Mnsd sg_s sgd ntsots og_rd hr dwdbtsdc nmkx vgdm
sgd bnlots_shnm hr bnqqdbs- Enq Srunc) vgdm sgd bnlots_shnm hr
bnqqdbs) sgd chrsqhatshnm ne sgd rdbqds ne sgd ntsots rg_qhmf hr rs_,
shrshb_kkx bknrd sn sgd sqtmb_shnm qdrtks cdfimdc hm Cdfimhshnm 4-3-
Sgdqdenqd) sgd chrsqhatshnm ne sgd ntsotsr hm Gxaqhc0 hr rs_shrshb_kkx
bknrd sn sgd chrsqhatshnm ne sgd ntsotsr hm Gxaqhc1 &h-d-) bnlotsdc
ax C@BBN(-

Enq _m ntsots f_sd vhsg )w[q _rrnbh_sdc vhsg hs) he sgd qdbdhudq hr
_m gnmdrs bkhdms) sgd rg_qdr sg_s bnqqtosdc o_qshdr rgntkc gnkc _qd
cdsdqlhmdc ax sgd rg_qdr ne gnmdrs o_qshdr- Sgdqdenqd) he bnqqtosdc
o_qshdr rdmc chffdqdms rg_qdr eqnl sgd nmdr bnlotsdc ax P) sgd
rg_qdr ne )w[q vhkk ad hmbnmrhrsdms _mc sgd bkhdms vhkk qdidbs sgd
ntsots- He sgd qdbdhudq hr _ bnqqtosdc bkhdms) sgd rg_qdr ne gnmdrs
o_qshdr _qd cdsdqlhmdc ax sgd ntsots w _mc sgd rg_qdr gdkc ax
bnqqtosdc o_qshdr- Sgdqdenqd) sgd rg_qdr oqdo_qdc ax P _qd hcdmshb_k
sn sgd qd_k rg_qdr gdkc ax gnmdrs o_qshdr-

Sgdqdenqd) sgd chrsqhatshnm ne Gxaqhc1 hr rs_shrshb_kkx bknrd sn
sgd chrsqhatshnm ne Gxaqhc0-

Gxaqhc29 Hm sghr gxaqhc)P bnlotsdr sgd chffdqdmbd ne d_bg hmmdq,
oqnctbs stokd hm sgd bnlots_shnm og_rd- Sgdm P rhltk_sdr sgd
udqhfib_shnm og_rd- Mnsd sg_s ChmmdqUdqhex rhlokx bgdbjr vgdsgdq
sgdqd hr _m hmbnqqdbs hmmdq,oqnctbs stokd) vghbg hr dpthu_kdms sn
bgdbjhmf vgdsgdq sgdqd hr _ mnm,ydqn chffdqdmbd-

Sgdqdenqd) sgd chrsqhatshnm ne Gxaqhc2 hr hcdmshb_k sn sgd chrsqh,
atshnm ne Gxaqhc1-

Gxaqhc39 Hm sghr gxaqhc) P rhltk_sdr sgd bnlots_shnm og_rd-
Enq Ccdbnlonrd) P qdbdhudr sgd rg_qdr ne bnqqtosdc o_qshdr enq )q,[q )
)q,�0[q . � � � . )q0[q ) vghbg _qd rtffibhdms enq P sn bnlotsd sgd rg_qdr
ne bnqqtosdc o_qshdr hm sgd qdrs ne rsdor- Sgd u_ktd w �q hr tmhenqlkx
q_mcnl hm Gxaqhc2 rhmbd q hr q_mcnlkx bgnrdm ax Ccdbnlonrd-
Sgdqdenqd) P odqedbskx dltk_sdr Ccdbnlonrd- Enq Chmmdq) P qdbdhudr
sgd rg_qdr ne bnqqtosdc o_qshdr _mc sgd chffdqdmbd vgdm dltk_shmf
Chmmdq- Sgdrd _qd rtffibhdms sn rhltk_shmf sgd udqhfib_shnm og_rd _mc
sgd ntsots og_rd- Sgtr) sgd chrsqhatshnm ne Gxaqhc3 hr hcdmshb_k sn
sgd chrsqhatshnm ne Gxaqhc2-

Gxaqhc49 Hm sghr gxaqhc) P rhltk_sdr sgd hmots og_rd- Sgd nmkx
chffdqdmbd adsvddm Gxaqhc3 _mc Gxaqhc4 hr sg_s) hm Gxaqhc3) P
trdr sgd qd_k hmots ne gnmdrs bkhdmsr sn fdmdq_sd sgd hmots rg_q,
hmfr) vghkd hm Gxaqhc4) P rhlokx r_lokdr q_mcnl dkdldmsr _r sgd
rg_qdr ne bnqqtosdc o_qshdr- Mnsd sg_s sgd chrsqhatshnmr ne sgd rg_qdr
ne bnqqtosdc o_qshdr hm ansg gxaqhcr _qd sgd r_ld- Sgdqdenqd) sgd
chrsqhatshnm ne Gxaqhc4 hr sgd r_ld _r Gxaqhc3-

Mnsd sg_s Gxaqhc4 hr sgd dwdbtshnm hm sgd hcd_k vnqkc) _mc sgd
chrsqhatshnm ne Gxaqhc4 hr hcdmshb_k sn sgd chrsqhatshnm ne Gxaqhc/)
sgd dwdbtshnm hm sgd qd_k vnqkc- �
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D CDPHUHMF :MC HLOKDLDMSHMF :CLL
Hm sgd enkknvhmf) vd fiqrs fhud rnld oqdkhlhm_qhdr nm sgd sq_hmhmf
_kfnqhsgl vd trd9 @ksdqm_shmf Chqdbshnm Ldsgnc ne Ltkshokhdqr
&@CLL() _mc sgd fdmdq_k qdfqdrrhnm oqnakdl vd bnmrhcdq9 kd_rs _a,
rnktsd rgqhmj_fd _mc rdkdbshnm nodq_snq &K@RRN(- Vd sgdm cdrbqhad
ntq dwodqhldms rdsto _mc qdonqs ntq odqenql_mbdr nm svn otakhb
c_s_rdsr-

D-0 :CLL sq]hmhmf enq K:RRN qdfqdrrhnm
Chrbtrrhnmr ne @ksdqm_shmf chqdbshnmLdsgnc ne Ltkshokhdqr &@CLL(
hm chrsqhatsdc l_bghmd kd_qmhmf b_m ad entmc hm Z3[- Vd aqhdflx qd,
bqd_sd vg_s—r mddcdc hm ntq _ookhb_shnm- Hm sghr rdbshnm) vd nmkx
cd_k vhsg qd_k u_ktdr hm Q-

@CLL bnmrhcdqr noshlhy_shnm oqnakdlr ne sgd enkknvhmf enql9

lhm
w.x

d |w( � д|x( rtaidbs sn �w � Ax + b

Sgd _tfldmsdc K_fq_mfh_m &enq _ o_q_ldsdq ρ < /( ne sgd _anud
oqnakdl hr fhudm ax

Iρ |w . x.t( +d |w( � д|x(

� tO |�w � Ax � b( � ρ

1
| |�w � Ax � b | |11

Sgd @CLL _kfnqhsgl rnkudr sgd noshlhy_shnm oqnakdl ax qdod_s,
hmf9 enq j + 0. 1. 2. ��

w
j + _qflhm

w

In |w . xj�0.tj�0(

x
j + _qflhm

x

In |wj . x.tj�0(

t
j + tj�0 � ρ|�wj � Axj � b(

K@RRN qdfqdrrhnm hr _m noshlhy_shnm oqnakdl cdfimdc _r9

lhm
t

0
1
| |X � Tu | |11 � λ |u |0

Vgdqd X ∈ Qk·0 _qd k k_adkr) T ∈ Qk·T _qd k r_lokdr d_bg
bnms_hmhmf c ed_stqdr) _mcu ∈ QT·0 hr sgd cdrhqdc lncdk vdhfgs-
Pntfgkx) K@RRN qdfqdrrhnm rnkudr sgd kd_rs rpt_qd oqnakdl vghkd
odm_khyhmf mnm,ro_qrd rnktshnmr-
Vd b_m qdvqhsd sgd oqnakdl _r9

lhm
t.x

0
1
| |X � Tu | |11 � λ |x |0 rtaidbs sn x �u + /

_mc cdqhud sgd enkknvhmf @CLL rsdor9 enq j + 0. 1. 2. ��

u
j + |TO

T � ρC (�0|TO
X � ρ|xj�0 � tj�0((

x
j + Pλ]ρ |uj � tj�0(
t

j + tj�0 �uj � xj

Vgdqd Pz 9 Q → Q.κ < / hr sgd rnes,sgqdrgnkc etmbshnm9

Pz |Y( +



Y � κ Y < κ

/ |Y | ≤ κ

Y � κ Y , �κ
Hm ntq _ookhb_shnm) d_bg ne sgd sns_k m o_qshdr gnkcr o_qs ne sgd dmshqd
c_s_rds- Sgd noshlhy_shnm oqnakdl sgdqdenqd adbnldr9

lhm
t0. ���.tf.x

0
1

m
f+0

| |Xf � Tfuf | |11 � λ |x |0 rtaidbs sn �f. x �uf + /

Vgdqd {Tf .Xf { qdoqdrdmsr sgd o_qsh_k c_s_rds gdkc ax o_qsx f - Vd
b_m cdqhud sgd enkknvhmf @CLL rsdor9 enq j + 0. 1. 2. ��

u
j

f
+ |TO

f
Tf � ρC (�0|TO

f
Xf � ρ|xj�0 � tj�0

f
(( &0(

x
j + Pλ]|mρ(|

0
k

m
f+0

|uj

f
� tj�0

f
(( &1(

t
j

f
+ tj�0

f
�uj

f
� xj &2(

D-1 Hlokdldmshmf sgd :CLL rsdor
Vd hlokdldms sgd _anud hsdq_shnm rsdor trhmf C@BBN- Vd fiqrs mnsd
sg_s hm sgd cdqhudc @CLL rsdor eqnl sgd oqduhntr rtardbshnm) sgd
sdqlr |TO

f
Tf � ρC (�0 _mc TO

f
Xf _qd fiwdc sgqntfg nts _kk hsdq_shnmr-

Vd vqhsd �f + |TO

f
Tf � ρC (�0 _mc af + T

O

f
Xf _r rgnqs,g_mcr- Rhmbd

�f .af cdodmc nmkx nm sgd oqhu_sd c_s_rds ne o_qsx f ) vd cn mns mddc
sn hmbktcd sgd b_kbtk_shnm ne �f .af hmsn sgd LOB bhqbths- Hmrsd_c)
vd kds �f .af ad sgd rdbqds hmotsr eqnl o_qsx f - �f .af b_m ad rddm
_r _ bnloqdrrhnm ne sgd oqhu_sd c_s_rds eqnl o_qsx f - Adenqd hmots
�f .af hmsn C@BBN) vd sqtmb_sd d_bg qd_k mtladq sn sgd md_qdrs
fiwdc onhms u_ktd) _mc qdoqdrdms hs _r _ fidkc dkdldms- @kfnqhsgl 05
rtll_qhydr sgd _kfnqhsgl vd trd hm ntq dwodqhldmsr) vgdqd vd
rds r + 0/ &h-d- 0/ hsdq_shnmr ne @CLL(- Rhmbd vd _qd oqhl_qhkx
bnmbdqmdc vhsg qd_khyhmf l_bghmd kd_qmhmf _kfnqhsglr trhmf ntq
LOB oqnsnbnk) vd cn mns odqenql _mx gxodq,o_q_ldsdq &d-f- λ. ρ(
stmhmf hm ntq sq_hmhmf dwodqhldmsr-

:kfnqhsgl 059 :CLL-K:RRN
Otakhb O_q_ldsdq9 λ. ρ: Hmhsh_kkx9u/

f
.t/

f
. x/ + //-

Hmots9 Enq f + 0. ��.m) �f .af -
Enq j + 0. 1. ���. r

&0( uj

f
+ �f |af � ρ|xj�0 � tj�0

f
((

&1( xj + Pλ]|mρ(| 0m


m

f+0|uj

f
� tj�0

f
((

&2( tj

f
+ tj�0

f
�uj

f
� xj

Vd mdws cdrbqhad sgd _qhsgldshb bhqbths _tfldmsdc vhsg bnlo_q,
hrnm _mc sqtmb_shnm f_sdr sg_s qd_khydr @kfnqhsgl 05- Rsdo 0 bnmrhrsr
ne udbsnq _cchshnm _mc l_sqhw ltkshokhb_shnm) vghbg sq_mrk_sd hmsn
hmmdq oqnctbs _mc _cchshnm f_sdr ne fidkc dkdldmsr- @cchshnm_kkx)
vd _cc nmd sqtmb_shnm f_sd _esdq d_bg hmmdq oqnctbs sn l_hms_hm
sgd fiwdc onhms oqdbhrhnm- Rsdo 1 qdpthqdr tr sn bnlotsd sgd rnes,
sgqdrgnkc etmbshnm- Vd sq_mrk_sd sghr etmbshnm hmsn bnlo_qhrnm
&_aaqduh_sdc _r IS |w .y(( _mc ltkshokhb_shnm f_sdr ax mnshmf9

Pz |w( +|IS |κ.�w( � IS |κ.w(( · κ
� |IS |κ.w( � IS |κ.�w(( · w

Rsdo 2 nmkx bnmrhrsr ne udbsnq _cchshnm- Vd sq_mrk_sd sgnrd hmsn
_cchshnm f_sdr ne fidkc dkdldmsr chqdbskx-
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