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BNMEHCDMSHüK/OQNEHSS.
BNMEHCDMSHüK OQNNE NE EüHQ SQüHMHMF NE SQDDR

ékh RgZghm RgZlrZaZchfi: RhdqqZ Vxkkhd1: 2: MhbgnkZr EqZmydrd3: MZsZkhd Ctkkdqtc1: 2

R�aZrshdm FZlar∗)4: MhbnkZr OZodqmns)1: 2: WhZn VZmf)3: écqhZm Vdkkdq)fi: 5
fl Sgd ükZm Stqhmf Hmrshstsd: 1 Tmhudqrhsx ne Snqnmsn: 2 Udbsnq Hmrshstsd: 3 Mnqsgvdrsdqm Tmhudqrhsx:
4 Tmhudqrhsç ct Ptçadb Ü LnmsqçZk: 5 Tmhudqrhsx ne BZlaqhcfd

üARSQüBS

Onrs gnb Ztchshmf ne lncdk eZhqmdrr rteedqr eqnl onsdmshZk cqZvaZbjr. —fl( Ztchshmf
lZx ad ghfgkx rdmrhshud sn sgd sdrs rZlokdr bgnrdm, —1( sgd lncdk Zmc“nq hsr sqZhmhmf
cZsZ lZx mddc sn ad rgZqdc vhsg Zm Ztchsnq sgdqdax aqdZjhmf bnmıcdmshZkhsx0 Vd Zc/
cqdrr sgdrd hrrtdr ax hmrsdZc oqnuhchmf Z bdqshıbZsd sgZs cdlnmrsqZsdr sgZs sgd kdZqm/
hmf Zkfnqhsgl hsrdke hr eZhq: Zmc gdmbd: Zr Z bnmrdptdmbd: rn snn hr sgd sqZhmdc lncdk0
Vd hmsqnctbd Z ldsgnc sn oqnuhcd Z bnmıcdmshZk oqnne ne eZhqmdrr enq sqZhmhmf: hm
sgd bnmsdws ne vhcdkx trdc cdbhrhnm sqddr: vghbg vd sdql BnmıcdmshZk/OQNEHSS0
Vd oqnonrd mnudk eZhq cdbhrhnm sqdd kdZqmhmf Zkfnqhsglr Zknmf vhsg btrsnlhydc
ydqn/jmnvkdcfd oqnne oqnsnbnkr sn nasZhm Z oqnne ne eZhqmdrr sgZs bZm ad Ztchsdc ax
Z sghqc oZqsx0 Trhmf ydqn/jmnvkdcfd oqnner dmZakdr tr sn ftZqZmsdd bnmıcdmshZkhsx
ne ansg sgd lncdk Zmc hsr sqZhmhmf cZsZ0 Vd rgnv dlohqhbZkkx sgZs antmchmf sgd
hmenqlZshnm fZhm ne dZbg mncd vhsg qdrodbs sn sgd rdmrhshud Zssqhatsdr qdctbdr sgd
tmeZhqmdrr ne sgd ımZk sqdd0 Hm dwsdmrhud dwodqhldmsr nm sgd BNLOüR: Bnlltmh/
shdr Zmc Bqhld: CdeZtks Bqdchs: Zmc üctks cZsZrdsr: vd cdlnmrsqZsd sgZs Z bnloZmx
bZm trd BnmıcdmshZk/OQNEHSS sn bdqshex sgd eZhqmdrr ne sgdhq cdbhrhnm sqdd sn Zm
Ztchsnq hm kdrr sgZm 1 lhmtsdr: sgtr hmchbZshmf sgd ZookhbZahkhsx ne ntq ZooqnZbg0
Sghr hr sqtd enq ansg sgd cdlnfqZoghb oZqhsx Zmc dptZkhydc nccr cdımhshnmr ne
eZhqmdrr0 EhmZkkx: vd dwsdmc BnmıcdmshZk/OQNEHSS sn Zookx sn dmrdlakdr ne sqddr0

fl HMSQNCTBSHNM

Sgd cdoknxldms ne lZbghmd kdZqmhmf lncdkr hm ghfg/rsZjd cdbhrhnm rxrsdlr —VZccdkk: 19fl5, Adm/
iZldmr ds Zk0: 1919, Jkdhmadqf ds Zk0: 19fl7( hr ZrrnbhZsdc vhsg sgd qhrj ne tmeZhq cdbhrhnmr snvZqcr
oZqshbtkZq rtafqntor cdımdc ax rdmrhshud Zssqhatsdr —Cvnqj ds Zk0: 19fl1(0 ü bZmnmhbZk ZooqnZbg enq
Ztchshmf rtbg cdoknxldms hr sn ldZrtqd sgd eZhqmdrr ne Z sqZhmdc lncdk nm Z qdedqdmbd cZsZrds —OdmsxZkZ
ds Zk0: 1911(0 Hm oqZbshbd: sghr vntkc ad cnmd ax Zm dwsdqmZk oZqsx —h0d0: Zm Ztchsnq(0 Rtbg Ztchsr:
gnvdudq: bZm ad cheıbtks sn nqfZmhyd Zmc Zqd rdmrhshud sn sgd bgnhbd ne qdedqdmbd cZsZrds —Etjtbgh
ds Zk0: 1919(0 Sghr lZx kdZc sn Z enql ne tmgdkoetk hmsdqZbshnm adsvddm sgd bnloZmx Zmc sgd Ztchsnq:
hm vghbg sgd bnloZmx bntkc cdmx Z lncdk hr tmeZhq ax bkZhlhmf sgZs sgd qdedqdmbd cZsZrds cndr mns
adknmf sn sgd sqZhmhmf chrsqhatshnm trdc: nq sgd Ztchsnq bZm enqfd Z qdedqdmbd cZsZrds sgZs bntkc ad
trdc sn akZld sgd bnloZmx enq tmeZhq oqdchbshnmr0 Nmd Zudmtd sn Zccqdrr sghr oqnakdl vntkc ad enq
sgd bnloZmx sn qdkdZrd hsr sqZhmhmf cZsZ Zmc sgd lncdk sn sgd Ztchsnq vgn bZm sgdm udqhex sgZs Z eZhq
sqZhmhmf Zkfnqhsgl vZr trdc ax d0f0: knbZkkx qdqtmmhmf sgd sqZhmhmf oqnbdrr0 Gnvdudq: sghr ZooqnZbg
cndr mns oqnsdbs sgd bnmıcdmshZkhsx ne sgd bnloZmx=r sqZhmhmf cZsZ0

Hm sghr oZodq: vd qdldchZsd sgdrd hrrtdr ax hmsqnctbhmf bnmıcdmshZk oqnner ne eZhq sqZhmhmf0 Vd
ghfgkhfgs sgZs ntq ldsgnc cndr mns ftZqZmsdd eZhqmdrr0 QZsgdq: ntq ZooqnZbg dloknxr Z stmZakd
oZqZldsdq bnmsqnkkhmf sgd qdrtkshmf cdfqdd ne eZhqmdrr0 Sgd bdqshıbZsd vd oqnuhcd oqnudr sgZs ntq
ZooqnZbg vZr dloknxdc: Zmc Zkrn hmbktcdr sgd rodbhıb oZqZldsdq uZktd trdc: Zmc sgd qdrtkshmf
eZhqmdrr ldsqhbr nm sgd sqZhmhmf cZsZ0 Vd bZkk sghr ZooqnZbg ”eZhqmdrr/ZvZqd sqZhmhmf;: nq ”eZhq sqZhmhmf;
enq rgnqs0 Bnmbqdsdkx: vd cdrhfm Z eqZldvnqj —h0d0: BnmıcdmshZk/OQNEHSS( sgZs Zkknvr Z bnloZmx
sn chqdbskx oqnud sn sgd Ztchsnq: sgqntfg sgd dwdbtshnm ne Z bqxosnfqZoghb oqnsnbnk: sgZs sgd kdZqmhmf
Zkfnqhsgl trdc sn sqZhm sgd lncdk vZr eZhq ax cdrhfm0 Sn Zbghdud sghr vhsgnts qdudZkhmf sgd bnloZmx=r

∗Bnmsqhatsdc DptZkkx
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cZsZrds nq lncdk sn sgd Ztchsnq: vd qdkx nm ydqn jmnvkdcfd —YJ( oqnner —FnkcvZrrdq ds Zk0: fl874,
Fnkcqdhbg ds Zk0: fl88fl(: vghbg Zkknv Z oZqsx sn oqnud rsZsdldmsr Zants sgdhq oqhuZsd cZsZ vhsgnts
qdudZkhmf hs0 Ntq eqZldvnqj hr fdmdqhb hm sgd rdmrd sgZs hs Zkknvr sgd bnloZmx sn oqnud sn hmsdqdrsdc
oZqshdr —d0f0: trdqr hm Zcchshnm sn sgd Ztchsnq( sgd eZhqmdrr ne sgd lncdk kdZqmhmf oqnbdrr–sgtr
hmbqdZrhmf otakhb sqtrs hm sgd lncdk0

Vd hmrsZmshZsd sgd bnmıcdmshZk oqnne ne eZhq sqZhmhmf hm sgd bnmsdws ne cdbhrhnm sqddr: vghbg Zqd
vhcdkx trdc ax bnloZmhdr hm rdmrhshud cnlZhmr rtbg Zr gdZksgbZqd —Oncfnqdkdb ds Zk0: 1991( Zmc
ımZmbd —FgZsZrgdg: 19fl3, FômsZx ds Zk0: 1911(: hm oZqs ctd sn sgdhq odqenqlZmbd: hm sgdhq Zahkhsx sn ad
kdudqZfdc hm dmrdlakd ldsgncr —d0f0:: qZmcnl enqdrsr(: Zmc Zkrn: nbbZrhnmZkkx: ctd sn sgdhq Zrrtldc
hmsdqoqdsZahkhsx —LnkmZq: 1919(0 Vd oqnonrd Z bqxosnfqZoghb oqnsnbnk sgZs bZm oqnud sgd eZhq sqZhmhmf
ne cdbhrhnm sqddr vhsg uZqhntr bnllnm eZhqmdrr cdımhshnmr hmbktchmf cdlnfqZoghb oZqhsx —BZkcdqr
ds Zk0: 1998( Zmc dptZkhydc nccr —GZqcs ds Zk0: 19fl5(0 EZhq cdbhrhnm sqdd kdZqmhmf athkcr Z cdbhrhnm
sqdd hsdqZshudkx ax rokhsshmf hsr cZsZrds Zbbnqchmf sn Z bqhsdqhnm bZostqhmf sgd hmenqlZshnm fZhm vhsg
qdrodbs sn ansg sgd bkZrr Zmc rdmrhshud Zssqhatsdr0 Hm oZqshbtkZq: ntq bqhsdqhnm Zccqdrrdr hrrtdr ne oqhnq
eZhq sqZhmhmf Zkfnqhsglr ax bnmmdbshmf hmenqlZshnm fZhm vhsg qdrodbs sn sgd rdmrhshud Zssqhatsd sn
cdlnfqZoghb oZqhsx0

Sn qdmcdq sgd udqhıbZshnm lnqd deıbhdms: nmbd hs hr hlokdldmsdc bqxosnfqZoghbZkkx: vd oqnonrd Z
bn/cdrhfm hmunkuhmf bnmbdosr nqhfhmZshmf eqnl ansg lZbghmd kdZqmhmf Zmc bqxosnfqZogx0 Ehqrs: vd
cdrhfm Z YJ/eqhdmckx eZhq cdbhrhnm sqdd kdZqmhmf Zkfnqhsgl aZrdc nm sgd hmrhfgs sgZs udqhexhmf eZhqmdrr
hr rteıbhdms adbZtrd sgd ZbbtqZbx hr ne mn hmsdqdrs enq sgd Ztchsnq0 Oqhnq vnqjr —JZlhqZm ds Zk0: 19fl9,
QZee ds Zk0: 19fl7( nm eZhq cdbhrhnm sqdd kdZqmhmf bnmrhcdq nmkx cdlnfqZoghb oZqhsx Zmc uhdv sgd oqnakdl
Zr Zr Z inhms noshlhyZshnm oqnakdl adsvddm ZbbtqZbx Zmc cdlnfqZoghb oZqhsx0 Sgd noshlZk rnktshnm hr
nasZhmdc ax rdZqbghmf dwgZtrshudkx sgqntfg Zm dmtldqZshnm ne Zkk onrrhakd Zssqhatsdr Zmc rokhs onhmsr0
Gnvdudq: hm YJ: sgd vgnkd dwgZtrshud rdZqbg vntkc mddc sn ad oqnudm trhmf gdZux bqxosnfqZoghb lZ/
bghmdqx: vghbg hr bnlotsZshnmZkkx dwodmrhud hm lnrs rdsshmfr ne hmsdqdrs0 Sn Zccqdrr sghr: vd oqnonrd
Z fdmdqZkhydc eqZldvnqj sgZs enqltkZsdr sqZhmhmf Zr Z bnmrsqZhmdc noshlhyZshnm oqnakdl: hm vghbg
eZhqmdrr hr qdoqdrdmsdc Zr Z bnmrsqZhms Zmc sgd ZbbtqZbx hr sgd naidbshud ne noshlhyZshnm0 ür Z qdrtks: vd
nmkx mddc sn udqhex sgd rZshreZbshnm ne sgd bnmrsqZhms hm YJ vhsgnts udqhexhmf sgd ZbbtqZbx0 Rdbnmc: vd
oqnonrd Zm deıbhdms YJ oqnsnbnk sgZs bZm odqenql sgd Zenqdldmshnmdc eZhqmdrr bnmrsqZhms udqhıbZshnm
deıbhdmskx trhmf rsZsd/ne/sgd/Zqs YJ oqnsnbnkr hm sgd QüL lncdk —EqZmydrd ds Zk0: 191fl(0 HmrsdZc
ne trhmf Z mZéud udqhıbZshnm ZooqnZbg sgZs qdpthqdr oqnuhmf Z bnlotsZshnm Zr knmf Zr sgd sqZhmhmf
oqnbdrr: vd cdrhfm Z eZhqmdrr udqhıbZshnm oqnsnbnk vhsg bnlokdwhsx rtakhmdZq sn sgd sqZhmhmf ogZrd0

Hm rtllZqx: vd oqnonrd Z mnudk vZx ne Ztchshmf lncdk eZhqmdrr ax oqnuhmf chqdbskx sgZs sgd sqZhmhmf
Zkfnqhsgl hsrdke hr eZhq qZsgdq sgZm hmrodbshmf sgd lncdk Zmc hsr oqdchbshnmr0 ür Z bnmrdptdmbd: vd
cn mns mddc Z qdedqdmbd cZsZrds Zmc ansg sgd sqZhmhmf cZsZ Zmc sgd lncdk qdlZhm bnmıcdmshZk: h0d0:
Zqd mns chrbknrdc sn sgd Ztchsnq0 Vd ghfgkhfgs sgd enkknvhmf bnmsqhatshnmr.

fl0 Vd oqnonrd Z mdv YJ/eqhdmckx eZhq cdbhrhnm sqdd kdZqmhmf Zkfnqhsgl rtbg sgZs hsr eZhqmdrr bZm ad
udqhıdc deıbhdmskx vhsgnts qdodZshmf sgd dmshqd sqZhmhmf oqnbdrr0 Vd rtllZqhyd dwhrshmf eZhqmdrr
ldsqhbr Zmc rgnv sgZs ntq ZooqnZbg hr fdmdqZkkx ZookhbZakd sn sgdrd ldsqhbr0

10 Vd cdrhfm Zmc hlokdldms Z rodbhZkhydc YJ oqnne oqnsnbnk sn deıbhdmskx udqhex sgd eZhqmdrr ne sgd
Zanud sqZhmhmf Zkfnqhsgl0 Vghkd oqhnq vnqjr dwhrs hm rdbtqd hmedqdmbd trhmf YJ oqnner: sn sgd adrs
ne ntq jmnvkdcfd vd Zqd sgd ıqrs sn oqnonrd rdbtqd sqZhmhmf trhmf YJ oqnner0

20 Vd hlokdldms Zmc duZktZsd ntq eqZldvnqj hm sdqlr ne ZbbtqZbx: eZhqmdrr: qtmmhmf shld: Zmc
rbZkZahkhsx trhmf cdbhrhnm sqddr Zmc qZmcnl enqdrsr sqZhmdc nm Z uZqhdsx ne qdZk/vnqkc cZsZrdsr0 Enq
dwZlokd nm sgd Bnlltmhsx Zmc Bqhld cZsZrds: BnmıcdmshZk/OQNEHSS bZm oqnuhcd Z bdqshıbZsd
hm kdrr sgZm 8 rdbnmcr sgZs sgd bnloZmx dloknxdc ntq eZhq sqZhmhmf Zkfnqhsgl Zmc nasZhmdc Z
cdbhrhnm sqdd0 Hm sghr dwZlokd: ntq eZhq sqZhmhmf Zkfnqhsgl bZm hloqnud sgd dptZkhydc nccr eZhqmdrr:
vghbg hr mns rtoonqsdc ax oqhnq vnqjr —JZlhqZm ds Zk0: 19fl9, QZee ds Zk0: 19fl7(: ax 49’ vhsg
mdfkhfhakd deedbsr nm sgd ZbbtqZbx0 Hm ntq hlokdldmsZshnm: BnmıcdmshZk/OQNEHSS oqnuhcdr sgd
rZld bdqshıbZsd enq qZmcnl enqdrsr hm 69 rdbnmcr0

1 OQNAKDL RSüSDLDMS: AüBJFQNTMC: üMC QDKüSDC VNQJ

Oqnakdl rsZsdldms7 Hfmnqhmf eZhqmdrr hm sgd sqZhmhmf oqnbdrr lZx qdrtks hm lncdkr sgZs mdfZshudkx
Zeedbs trdqr adknmfhmf sn rodbhıb rtafqntor vhsg qdrodbs sn Z rdmrhshud Zssqhatsd rtbg Zr fdmcdq:
qZbd nq chrZahkhsx —JZlhqZm ] BZkcdqr: 1998, QZee ds Zk0: 19fl7(0 Enq dwZlokd: AtnkZlvhmh ] Fdaqt
—19fl7( cdlnmrsqZsdc sgZs cZqjdq/rjhmmdc vnldm Zqd sgd lnrs lhrbkZrrhıdc cdlnfqZoghb fqnto hm
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bnlldqbhZkkx/trdc eZbhZk qdbnfmhshnm rxrsdlr0 RhlhkZqkx: ülZynm=r ZtsnlZsdc qdbqthshmf rxrsdl
chrokZxdc Z mdfZshud ahZr ZfZhmrs ghqhmf vnldmfl0 Sgdqdenqd: hs hr hlonqsZms enq bnloZmhdr sn
cdlnmrsqZsd sgZs sgdhq lncdkr gZud addm sqZhmdc vhsg eZhqmdrr bnmrsqZhmsr ZrrnbhZsdc vhsg lhmhlhyhmf
mdfZshud ahZrdr0 Ntq naidbshud hm sghr vnqj hr sn oqnuhcd Z bdqshıbZsd oqnuhmf sgZs Z bnloZmx dloknxr
Z eZhq sqZhmhmf Zkfnqhsgl vhsg Z stmZakd oZqZldsdq bnmsqnkkhmf sgd qdrtkshmf cdfqdd ne eZhqmdrr10 Sghr
hr bgZkkdmfhmf enq rdudqZk qdZrnmr0 Ehqrs: sgd rgZqhmf ne cZsZ: bnkkdbsdc oqdcnlhmZmskx eqnl trdqr:
vhsg sgd sghqc oZqsx lhfgs mns ad odqlhssdc ctd sn sgd ZrrnbhZsdc oqhuZbx qhrjr —Rgnjqh ] RglZshjnu:
19fl4(0 Rdbnmc: bnmıcdmshZkhsx hrrtdr Zkrn Zqhrd Zr bnloZmhdr Zqd trtZkkx mns vhkkhmf sn chrbknrd sgdhq
lncdkr sn oqnsdbs sgdhq hmsdkkdbstZk oqnodqsx —YgZmf ds Zk0: 19fl7(0 Sgtr: sgd oqnne ne eZhqmdrr rgntkc
dmrtqd ansg sgd bnmıcdmshZkhsx ne sgd sqZhmhmf cZsZ Zr vdkk Zr sgZs ne sgd lncdk0

Lnqd enqlZkkx: vd bnmrhcdq svn oZqshdr. Z oqnudq —h0d0: bnloZmx: vhsg Z oqhuZsd sqZhmhmf cZsZrds
A : FS.X { hm vghbg S Zmc X cdmnsd qdrodbshudkx: sgd rds ne cZsZrds Zssqhatsdr Zmc fqntmc/sqtsg
kZadkr( Zmc Z udqhzdq —h0d0: Ztchsnq(0 Ansg sgd oqnudq Zmc udqhıdq ltrs Zfqdd nm sgd chldmrhnmr ne
%S.X ( Zmc sgd rdmrhshud Zssqhatsd Y: vghbg hr nmd ne sgd bnktlmr neS : Zmc Z eZhq cdbhrhnm sqdd sqZhmhmf
Zkfnqhsgl <%·. ·( —hm oqZbshbd sgd oqnudq hr khjdkx sn ad sgd dmshsx cdbhchmf sgdrd oZqZldsdqr Zr sgdx Zqd
Zkrn qdronmrhakd enq sqZhmhmf sgd lncdk(0 Enq sgd rZjd ne rhlokhbhsx: vd Zrrtld sgZs X Zmc Y Zqd ahmZqx
Zmc vd trd CS← <%S.X ( sn cdmnsd sgd qdrtkshmf cdbhrhnm sqdd0 Ntq BnmıcdmshZk OQNne ne EZHq
Sqdd SqZhmhmf —BnmıcdmshZk/OQNEHSS( dmZakdr sgd oqnudq sn oqnud sn sgd udqhıdq sgZs hs gZr Z CS
lncdk: vghbg hr hmcddc bnqqdbskx bnlotsdc Zr <%S.X (0 Rdd üoodmchw ü enq Z sZakd ne ntq mnsZshnmr0

EZhqmdrr7 LZmx eZhqmdrr ldsqhbr gZud addm cdımdc aZrdc nm cheedqdms oghknrnoghbZk Zmc lnqZk
Zrrtloshnmr —GdhcZqh ds Zk0: 19fl8, MZqZxZmZm: 19fl7(0 Sn rgnv sgd fdmdqZkhyZahkhsx ne ntq eqZldvnqj:
vd bnmrhcdq entq bnllnm mnshnmr ne fqnto eZhqmdrr0 CdlnfqZoghb OZqhsx hfmnqdr sgd fqntmc/sqtsg
kZadk Zmc dmrtqdr sgd dptZk oqnaZahkhsx ne Z oqdchbsdc onrhshud kZadk Zbqnrr rtafqntor0 Hm bnloZqhrnm:
DptZkhydc Nccr dmrtqdr sgZs sgd oqdchbsdc kZadk hr bnmchshnmZkkx hmcdodmcdms ne sgd rdmrhshud Zssqhatsd
Zmc sgd fqntmc/sqtsg kZadk0 DptZkhsx Noonqstmhsx Zmc Oqdchbshud DptZkhsx dmenqbd Z oZqshZk enql ne
dptZkhydc nccr: rthsZakd hm cnlZhmr hm vghbg adhmf hmbktcdc —nq mns( hm sgd onrhshud bkZrr hr uhdvdc
qdrodbshudkx Zr Z cdrhqZakd nq onnq ntsbnld0 GdqdZesdq: vd fhud sgd cdımhshnmr enq sgd ıqrs svn
ldsqhbr: vhsg lnqd cdsZhkr ZuZhkZakd hm üoodmchw A.

Cdzmhshnm fi —CdlnfqZoghb OZqhsx —BZkcdqr ds Zk0: 1998((7 � oqdchbsnq ]X rZshrzdr CdlnfqZoghb OZqhsx
vhsg qdrodbs sn sgd rdmrhshud Zssqhatsd Y he.

=ˆP ]X : 0}Y : +[ : =ˆP ]X : 0}Y : 0[ ∀+. 0 ∈ Y.

Cdzmhshnm 1 —DptZkhydc Nccr —GZqcs ds Zk0: 19fl5((7 � oqdchbsnq ]X rZshrzdr DptZkhydc Nccr vhsg
qdrodbs sn sgd rdmrhshud Zssqhatsd Y he.

=ˆP ]X : 0}X : x. Y : +[ : =ˆP ]X : 0}X : x. Y : 0[ ∀x ∈ F+. 0{. ∀+. 0 ∈ Y.

EZhqmdrr Zmc cdbhrhnm sqddr7 EZhq cdbhrhnm sqdd Zkfnqhsglr Zqd trtZkkx dhsgdq aZrdc nm fqddcx
noshlhydqr —JZlhqZm ds Zk0: 19fl9, Kng: 19flfl( nq Lhwdc/Hmsdfdq OqnfqZllhmf —LHO( rnkudqr —Admmdss:
fl881, üfgZdh ds Zk0: 19fl8, In ds Zk0: 1911(0 Sgd enqldq noshlhydr Z eZhqmdrr/ZbbtqZbx rokhsshmf bqhsdqhnm
enq dZbg mncd aZrdc nm sgd cZsZ qntsdc sn hs vghkd sgd kZssdq rnkudr Z lZsgdlZshbZk noshlhyZshnm
Ztfldmsdc vhsg Z eZhqmdrr bnmrsqZhms0 Hm sghr oZodq: vd enbtr nm fqddcx/aZrdc noshlhyZshnm ldsgncr
Zr LHO/aZrdc ldsgncr Zqd btqqdmskx nmkx ZookhbZakd nm cZsZrdsr vhsg Zs lnrs sgntrZmcr ne hmotsr Zmc
vhsg mnm/bnmshmtntr edZstqdr —YZmsdcdrbgh ds Zk0: 191fl(0 Nmd rtbg fqddcx ZooqnZbg eqnl JZlhqZm
ds Zk0 —19fl9( cdımdr Z eZhq sqZhmhmf Zkfnqhsgl ax qdenqltkZshmf sgd hmenqlZshnm fZhm sqZchshnmZkkx
trdc enq cdbhrhnm sqdd sqZhmhmf sn dmbntqZfd cdlnfqZoghb oZqhsx eZhqmdrr0 Sghr vnqj vZr dwsdmcdc sn
qZmcnl enqdrsr ax QZee ds Zk0 —19fl7(0 Ansg vnqjr lZmZfd sgd ZbbtqZbx/eZhqmdrr sqZcd/nee uhZ Z mnudk
fZhm sdql dmbntqZfhmf chrbqhlhmZshnm nudq sgd bkZrr kZadk vghkd chrbntqZfhmf chrbqhlhmZshnm vhsg
qdrodbs sn sgd rdmrhshud Zssqhatsd: kdZchmf sn ansg ghfg odqenqlZmbd Zmc eZhqmdrr0

Xdqn,jmnvkdcfd oqnne7 Vd cdrhfm Z Ydqn/Jmnvkdcfd —YJ( oqnne oqnsnbnk sgZs kdsr sgd oqnudq
oqnud sn sgd udqhıdq sgZs sgdhq lncdk hr sqZhmdc trhmf sgd eZhq sqZhmhmf Zkfnqhsgl vhsgnts qdudZkhmf

flgssor.??vvv0qdtsdqr0bnl?Zqshbkd?tr/ZlZynm/bnl/inar/ZtsnlZshnm/hmrhfgs?
ZlZynm/rbqZor/rdbqds/Zh/qdbqthshmf/snnk/sgZs/rgnvdc/ahZr/ZfZhmrs/vnldm/
hcTRIBMzKI97F

1Rdd OqZbshbZk bnmrhcdqZshnmr hm Rdbshnm 5 enq Z chrbtrrhnm ne gnv sgd bnloZmx bZm rtardptdmskx oqnud sgZs
sgd eZhq/sqZhmdc lncd hr adhmf cdoknxdc0

2
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sgdhq cZsZ nq lncdk: sgtr oqdrdquhmf bnmıcdmshZkhsx0 Fhudm Zm Zfqddc tonm oqnfqZl N : Z YJ oqnne
oqnsnbnk � dmZakdr Z oqnudq sn bnmuhmbd Z udqhıdq sgZs sgdx onrrdrr Zm hmots u rtbg sgZs N %u( : 0:
vghkd qdudZkhmf mn ZcchshnmZk hmenqlZshnm Zants u —FnkcvZrrdq ds Zk0: fl874, Fnkcqdhbg ds Zk0: fl88fl(0
SxohbZkkx: Z YJ oqnne oqnsnbnk � gZr sgd enkknvhmf oqnodqshdr.

˘ Bnlokdsdmdrr - Enq Zmx hmots u sgZs N duZktZsdr sn 0 hm sgd bkdZq: Zm gnmdrs oqnudq —vgn adgZudr
bnqqdbskx( bZm bnmuhmbd Zm gnmdrs udqhıdq sgZs N %u( : 0 trhmf �0

˘ Rntmcmdrr - Fhudm Zm hmots u sgZs N cndr mns duZktZsd sn 0 hm sgd bkdZq: mn lZkhbhntr oqnudq
—vgn bZm adgZud ZqahsqZqhkx( bZm eZkrdkx bnmuhmbd Zm gnmdrs udqhıdq sgZs N %u( : 0 trhmf �0

˘ Xdqn Jmnvkdcfd - He sgd oqnudq Zmc udqhıdq dwdbtsd � sn oqnud sgZs N %u( : 0: dudm Z lZkhbhntr
udqhıdq —vgn bZm adgZud ZqahsqZqhkx( kdZqmr mn hmenqlZshnm Zants u nsgdq sgZm vgZs bZm ad hmedqqdc
eqnl sgd eZbs sgZs N %u( : 00

Hm sgd bnmsdws ne sghr oZodq: vd vqhsd Z eZhqmdrr udqhıbZshnm oqnfqZl sgZs sZjdr Zr hmotsr Z cdbhrhnm
sqdd Zmc Z cZsZrds Zmc duZktZsdr sn fl he Zmc nmkx he sgd cdbhrhnm sqdd hr sqZhmdc trhmf sgd eZhq sqZhmhmf
Zkfnqhsgl <%·. ·( nm sgd cZsZrds0 Vd hmrsZmshZsd sghr YJ oqnne oqnsnbnk eqnl Z udbsnq/nakhuhntr khmdZq
duZktZshnm —Vdmf ds Zk0: 191fl(: vhsg Z qdbdms dwsdmrhnm sn rtoonqs YJ QüL Zbbdrrhnm —EqZmydrd ds Zk0:
191fl(0 Bhqbths/aZrdc lncdkr ne bnlotsZshnm hmbtq qdkZshudkx ghfg nudqgdZc vgdm sgd bnmsqnk finv ne Z
oqnfqZl cdodmcr nm sgd hmots —Fnkcqdhbg ] Nrsqnurjx: fl885(0 Sghr khlhsZshnm nesdm adbnldr Z ansskd/
mdbj vgdm vqhshmf oqnfqZlr enq cdbhrhnm sqddr —d0f0: vgdm rdkdbshmf Z oZqshbtkZq Zssqhatsd ne Z rZlokd
sn sdrs ZfZhmrs sgd sgqdrgnkc hm dZbg mncd(0 Tshkhyhmf Z QüLlncdk YJ axoZrrdr ltbg ne sghr nudqgdZc:
sgdqdax Zkknvhmf enq Z rtbbhmbs Zmc deıbhdms hlokdldmsZshnm ne ntq eZhqmdrr udqhıbZshnm oqnfqZl0

BqxosnfqZoghb oqnsnbnkr Zmc cdbhrhnm sqddr7 Oqhnq vnqjr —GZlZcZ ds Zk0: 191fl, üarondk ds Zk0: 191fl,
ücZlr ds Zk0: 191fl( cdrhfmdc oqnsnbnkr sn Zkknv ltkshokd oZqshdr: dZbg vhsg Z oqhuZsd cZsZrds: sn inhmskx
sqZhm Z cdbhrhnm sqdd0 Sgdrd oqnsnbnkr vnqj hm Z cheedqdms rdsshmf bnloZqdc sn ntqr: vgdqd Zkk oqhuZsd
hmotsr bnld eqnl sgd bnloZmx oqnuhmf sgd bnqqdbsmdrr ne oqhuZsd bnlotsZshnm0 Nsgdq vnqjr —YgZmf
ds Zk0: 1919Z( cdudknodc YJ oqnner enq cdbhrhnm sqddr Zs hmedqdmbd ats mns Zs sqZhmhmf shld0

2 BNMEHCDMSHüK/OQNEHSS

Vd oqnonrd BnmıcdmshZk/OQNEHSS sn bnmıcdmshZkkx bdqshex sgd eZhq sqZhmhmf ne Z cdbhrhnm sqdd0
BnmıcdmshZk/OQNEHSS bnmrhrsr ne entq lZhm rsdor —rdd Zkrn sgd aknbj chZfqZl hm üoodmchw B(.

90 KnbZk sqZhmhmf. Sgd oqnudq knbZkkx sqZhmr Z cdbhrhnm sqdd nm sgdhq oqhuZsd sqZhmhmf cZsZ trhmf ntq
oqnonrdc eZhq cdbhrhnm sqdd kdZqmhmf Zkfnqhsgl0 Sgd Zkfnqhsgl hr cdrhfmdc sn ad ansg h( bqxosn/
eqhdmckx Zmc deıbhdms hm YJ uhZ Z bnmrsqZhms noshlhyZshnm oqnakdl sgZs lZwhlhydr sgd ZbbtqZbx
fZhm vghkd sgd bnmrsqZhmhmf sgd tmeZhqmdrr fZhm sn rnld sgqdrgnkc, Zmc hh( fdmdqhb hm rtoonqshmf
lZmx eZhqmdrr ldsqhbr —cdrbqhadc hm Rdbshnm 1( ax cdımhmf hmenqlZshnm fZhm vhsg qdrodbs sn dZbg
eZhqmdrr ldsqhb0

fl0 CZsZ Zmc lncdk bnllhsldms. Sgd oqnudq bnllhsr sn sgd sqZhmhmf cZsZ Zmc sgd cdbhrhnm sqdd
sqZhmdc nm sghr cZsZ0 Sgdrd bnllhsldmsr Zqd ahmchmf Zmc ghchmf: ldZmhmf sgZs sgd oqnudq bZmmns
bgZmfd sgd bnmsdms adhmf bnllhssdc vhsgnts sgd udqhıdq=r bnmrdms Zmc sgZs sgd bnllhsldms cndr
mns qdudZk Zmxsghmf Zants sgd tmcdqkxhmf bnmsdms —JZsy ] Khmcdkk: 1996(0

10 Oqnuhmf bntmsdq tocZsd hm XJ. Sgd oqnudq knbZkkx bnlotsdr Zmc bnllhsr sn sgd oZsg dZbg cZsZ
onhms sZjdr sgqntfg sgd sqZhmdc cdbhrhnm sqdd0 Sgd oqnudq oqnudr hm YJ sgZs sgd bnllhssdc oZsgr
Zqd bnqqdbs ax bnloZqhmf sgd uZktdr ne dZbg cZsZ onhms sn sgd rokhsshmf uZktdr hm sgd sqdd0 Sgdm enq
dZbg uZktd ne sgd rdmrhshud Zssqhatsd Y: sgd oqnudq bntmsr sgd mtladq ne cZsZ onhmsr vhsg uZktd Y
sgZs oZrr sgqntfg dZbg mncd: Zmc oqnudr sgZs sgdrd bntmsr Zqd uZkhc0

20 Oqnud eZhqmdrr bnmrsqZhms hm XJ. Sgd oqnudq bnlotsdr eZhqmdrr/qdkZsdc hmenqlZshnm fZhm ne dZbg
mncd trhmf sgdhq bnqqdronmchmf bnllhssdc bntmsdqr Zmc oqnudr sn sgd udqhıdq sgZs sghr hr adknv
sgd cdrhqdc sgqdrgnkc0

Mdws: vd cdrbqhad ntq eZhq cdbhrhnm sqdd kdZqmhmf Zkfnqhsgl Zmc ntq YJ oqnsnbnk hm cdsZhk0

20fl EüHQ CDBHRHNM SQDD KDüQMHMF üKFNQHSGL

Hm sghr rdbshnm: vd oqnonrd Z mnudk sqZhmhmf Zkfnqhsgl sn kdZqm eZhq cdbhrhnm sqddr0 Sgd cdbhrhnm sqdd hr
kdZqmdc ax qdbtqrhudkx oZqshshnmhmf sgd sqZhmhmf cZsZrds —AqdhlZm ds Zk0: 19fl6( —rdd üoodmchw C enq Z
cdsZhkdc cdrbqhoshnm ne sqdd sqZhmhmf(0 Rokhsshmf ax sgd uZktd: t�a: ne sgd Zssqhatsd: �rrl: oZqshshnmr sgd
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ékfnqhsgl fi. Ehmchmf sgd adrs rokhs enq dZbg mncd trhmf ntq eZhq kdZqmhmf Zkfnqhsgl0
Gmots. CZsZrdsT hm i/sg mncd CS )i[: Rdmrhshud Zssqhatsd Z: Sgqdrgnkc � nudq tmeZhqmdrr/aZrdc hmenqlZshnm fZhm FhmhTmeZhqmdrr�·(0
Ntsots. Adrs rokhs
fl. Sgqdrgnkc•Zssqhatsd•fZhmr6 =[ ▷ GmhshZkhyd fZhmr enq dZbg uZktd ne dZbg Zssqhatsd
1. OZqdms 6 T ▷ KZjd oZqdms mncd
2. enq �ssn ∈ üssqhatsdr cn
3. enq u ∈ T cn
4. t�i 6 u=�ssn[ ▷ Rds rokhs sgqdrgnkc uZktd odq cZsZonhms
5. Bghkc0 6 {u ∈ T}u=�ssn[ , t�i{: Bghkc1 6 {u ∈ T}u=�ssn[ ≥ t�i{ ▷ KZjd bghkcqdm

6. FZhmübbtqZbx 6 FhmhübbtqZbx�OZqdms(�
1

j40

}Bghkcj}
}OZqdms} FhmhübbtqZbx�Bghkcj( ▷ FZhm vqs kZadk

7. FZhmTmeZhqmdrr 6 FhmhTmeZhqmdrr�OZqdms(�
1

j40

}Bghkcj}
}OZqdms} FhmhTmeZhqmdrr�Bghkcj( ▷ FZhm vqs rdmrhshud Zssqhatsd

8. he FZhmTmeZhqmdrr ≤ � sgdm
fl9. Sgqdrgnkc•Zssqhatsd•fZhmr0Zoodmc—�ssn. t�i. {FZhmübbtqZbx.FZhmTmeZhqmdrr{( ▷ Pdbnqc eZhq rokhsr
flfl. qdstqm CS=i[.�ssn.CS=i[.t�i.CS=i[.a�glr 6 a]mFZhmübbtqZbx Sgqdrgnkc•Zssqhatsd•fZhmr ▷ Adrs rokhs

cZsZrds Zs sgd oZqdms mncd hmsn svn bghkcqdm mncdr: OZqdms : FBghkc0.Bghkc1{: rtbg sgZs.
Bghkc0 : Fk ∈ OZqdms}k=�rrl[ , t�a{. Bghkc1 : Fk ∈ OZqdms}k=�rrl[ ≥ t�a{. —fl(

Hm fdmdqZk: sgd hmenqlZshnm fZhm ne dZbg rokhs: FZhm%Rokhs(: hr sgd Zlntms ne hmenqlZshnm hloqnudc hm
sgd bghkcqdm mncdr vhsg qdrodbs sn sgdhq oZqdms mncd.

FZhm�Rokhs( : Fhmh�OZqdms(�
1

c20

}Bghkcc}
}OZqdms} Fhmh�Bghkcc(. —1(

hm vghbg Fhmh ptZmshıdr sgd hlotqhsx ne dZbg mncd0 Vd hmsqnctbd svn cheedqdms uZqhZmsr ne Fhmh.
enq ZbbtqZbx/aZrdc hmenqlZshnm —FhmhübbtqZbx( Zmc enq tmeZhqmdrr/aZrdc hmenqlZshnm —FhmhTmeZhqmdrr( sn
bZostqd sgd deedbs ne dZbg rokhs nm ansg ZbbtqZbx Zmc eZhqmdrr0

Vd cdımd FhmhübbtqZbx vhsg qdrodbs sn sgd bkZrr kZadk —AqdhlZm ds Zk0: 19fl6( Zmc cdlnfqZoghb oZqhsx
FhmhCO vhsg qdrodbs sn sgd rdmrhshud Zssqhatsd Y —QZee ds Zk0: 19fl7( Zr.

FhmhübbtqZbx�V( :
0�

|�|
b20

�
|Tb|
|T|

1

0� 0
|�|

. FhmhCO�V( :
0�

|Z|
n20

�
|Tk|
|T|

1

0� 0
|Z|

. —2(

hm vghbgSb ZmcSr Zqd sqZhmhmf onhmsr vhsg fqntmc/sqtsg kZadk b Zmc rdmrhshud Zssqhatsd n: qdrodbshudkx0

Cdzmhshnm 2 —DptZkhydc Nccr/ZvZqd HmenqlZshnm FZhm(7 Fhudm Z oqnrodbshud rokhs nudq Zm Zssqhatsd:
vd hmsqnctbd sgd hmenqlZshnm fZhm vhsg qdrodbs sn sgd rdmrhshud Zssqhatsd bnmchshnmdc nm Z bkZrr
uZqhZakd sgZs vd bZkk dptZkhydc nccr/ZvZqd hmenqlZshnm fZhm0 Sgd hmenqlZshnm fZhmdc nudq sgd rokhs
enkknvr DptZshnm 1 hm vghbg sgd dptZkhydc nccr Fhmh hmcdw: FhmhDnccr%S(: hr ldZrtqdc vhsg qdrodbs sn
sgd rdmrhshud Zssqhatsd bnmchshnmdc nm bkZrr.

FhmhDnccr�V( :
}V�}
}V} Fhmh

�
Dnccr�V( )

}V�}
}V} Fhmh

�
Dnccr�V(.

Fhmh�Dnccr�V( :
0�

|Z|
n20

�
|T�k |
|T�|

1

0� 0
|Z|

. Fhmh�Dnccr�V( :
0�

|Z|
n20

�
|T�k |
|T�|

1

0� 0
|Z|

.

—3(

Fhmh)Dnccr%S( Zmc Fhmh
�
Dnccr%S( ldZrtqd sgd hlotqhsx vhsg qdrodbs sn sgd rdmrhshud Zssqhatsd bnmch/

shnmdc nm sgd onrhshud Zmc mdfZshud bkZrr: qdrodbshudkx0

Sn ımc sgd adrs rokhs Zlnmf Zkk onrrhakd rokhsr: vd oqnonrd Z bnmrsqZhmdc noshlhyZshnm oqnakdl sgZs
lZwhlhydr sgd ZbbtqZbx/aZrdc hmenqlZshnm fZhm Zmc toodq/antmcr tmeZhqmdrr/aZrdc hmenqlZshnm fZhm.

a]mFZhmübbtqZbx�Rokhs( rtaidbs sn FZhmTmeZhqmdrr�Rokhs( ± τ. —4(

hm vghbg FZhmOqnodqsx�Rokhs( : FhmhOqnodqsx�OZqdms(�
1

c20

}Bghkcc}
}OZqdms} FhmhOqnodqsx�Bghkcc(. —5(

enq Oqnodqsx ∈ FTmeZhqmdrr.übbtqZbx{ hm vghbg TmeZhqmdrr cdmnsdr Z ldZrtqd ne tmeZhqmdrr rtbg Zr
cdlnfqZoghb oZqhsx nq dptZkhydc nccr —rdd Cdımhshnm 2(0 ükfnqhsgl fl cdrbqhadr ntq eZhq sqdd sqZhmhmf
sgZs rtoonqsr cheedqdms eZhqmdrr ldsqhbr Zmc bZm ad udqhıdc deıbhdmskx0
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ékfnqhsgl 1. YJ oqnne ne cdlnfqZoghb oZqhsx eZhq sqdd sqZhmhmf0 Enq dptZkhydc nccr eZhq sqdd
sqZhmhmf rdd üoodmchw E0
Gmots. SqZhmhmf rdsT : SqZhmdc cdbhrhnm sqdd CS: Sgqdrgnkc � nudq tmeZhqmdrr/aZrdc hmenqlZshnm fZhm0
Ntsots. Bnllhsldms sn sqZhmdc cdbhrhnm sqdd oZqZldsdqr: YJ oqnne sgZs oZqZldsdqr Zqd eZhq0
fl. Oqnudq bnllhsr sn sgd sqZhmhmf cZsZ rds Zmc sgd sqZhmdc cdbhrhnm sqdd: nasZhmhmf �TK 6 {�uK{s∈N Zmc �CSK0
1. Oqnudq bnllhsr sn svn bntmshmf sqddr �b0K Zmc �b1K hmhshZkhydc sn Zkk ydqnr0

▷ OgZrd z. YI oqnner ne eqdptdmbw
2. enq Zkk u ∈ T cn
3. Oqnudq knbZkkx bnlotsdr sgd oZsg sgZs u sZjdr sgqntfg CS: Zbpthqdr sgd bnqqdronmchmf mncd hmchbdr: Zmc bnllhsr sn sgdl: mZldkx

{�H0K. . . . . �HcK{0
4. �rK ← �u=Z[K0 ▷ Trhmf YI P�K Zbbdrr
5. enq Zkk i ∈ =0. d[ cn
6. �aK ← ��u=CS=Hi [.�ssn[K , �CS=Hi [.t�iK( ▷ a 6 + he u fndr sn kdes bghkc: 0 nsgdqvhrd
7. Oqnudq oqnudr ��Hi�0K 6 1�HiK ) �aK( ▷ Oqnud sgZs oZsg hr bnqqdbs

8. Oqnudq tocZsdr bnllhsldmsr �b0=Hi [K ← �b0=Hi [K ) �rK Zmc �b1=Hi [K ← �b1=Hi [K ) �¬rK
▷ OgZrd 1. YI oqnner ne eZhqmdrr ldsqhb

fl9. enq Zkk h ∈ {hmsdqhnq mncd hmchbdr{ cn
flfl. Oqnudq oqnudr sgZs.

�b0=h[K· �b1=h[K
��b0=h[K ) �b1=h[K(1

�
0

�b0=h[K ) �b1=h[K
·

�




a∈{+�0{

�b0=1h ) a[K· �b1=1h ) a[K
�b0=1h ) a[K ) �b1=1h ) a[K



 ≤ �<3

201 DEEHBHDMS YJO NE EüHQ SQüHMHMF

Hm sghr rdbshnm: vd cdrbqhad ntq YJ oqnsnbnk vghbg deıbhdmskx bgdbjr sgd eZhq sqZhmhmf ne sgd lncdk0
Mnsd sgZs hm sghr oZodq vd cn mns hmudms mdv bqxosnfqZoghb oqnsnbnkr sn oqnud ZqahsqZqx oqnfqZlr N
—cdrbqhadc hm Rdbshnm 1(0 HmrsdZc: ntq enbtr hr sn cdrhfm Z N sgZs udqhıdr sgZs Z cdbhrhnm sqdd vZr sqZhmdc
eZhqkx: Zmc bZm ad dwdbtsdc deıbhdmskx ax Z QüL lncdk YJ oqnsnbnk0 Sn sghr dmc: hm Rdbshnm 20fl: vd
rdoZqZsdc ZbbtqZbx lZwhlhyZshnm Zmc eZhqmdrr qdpthqdldmsr ax lnchexhmf sgd rokhs ımchmf bqhsdqhnm0
Sghr ldZmr sgZs nmd mddc nmkx udqhex sgZs sgd rokhs onhms hm sgd sqZhmdc cdbhrhnm sqdd rZshrıdr sgd
eZhqmdrr qdpthqdldms: Zr noonrdc sn dwgZtrshudkx sqxhmf Zkk onrrhakd rokhs onhmsr0 ür Z qdrtks: ntq YJ
udqhıbZshnm ne eZhq sqZhmhmf gZr Z bnlotsZshnmZk bnlokdwhsx knvdq sgZm sgd sqZhmhmf hsrdke0

Cdbhrhnm Sqdd Zmc Bnllhsldms PdoqdrdmsZshnm7 DZbg hmsdqmZk mncd j hm Z cdbhrhnm sqdd hr
qdoqdrdmsdc Zr Z stokd %�rrl. t�a(: vghbg qdrodbshudkx dmbncd sgd Zssqhatsd Zmc sgqdrgnkc uZktd ax
vghbg j rokhsr sgd cZsZ0 Sgd cdbhrhnm sqdd CS ne gdhfgs f hr qdoqdrdmsdc Zr Zm ZqqZx ne mncdr: rtbg
sgZs sgd svn bghkcqdm ne mncd CSPh[ Zqd CSP1h[ Zmc CSP1h) 0[0 Sn Zunhc kdZjhmf hmenqlZshnm Zants
sgd snonknfx ne sgd sqdd: sgd ZqqZx vhkk ZkvZxr gZud roZbd enq Z etkk ahmZqx sqdd0 Mnm/etkk sqddr bZm
sqhuhZkkx ad dmbncdc trhmf ctllx sgqdrgnkc uZktdr sn dmrtqd sgZs cZsZ mdudq dmsdqr sgd lhrrhmf mncdr0
Vd vhkk trd �wK sn qdoqdrdms sgd bqxosnfqZoghb bnllhsldms ne Z uZktd w jmnvm sn sgd oqnudq0 Sghr
ldZmr sgd oqnudq bZm oqnud eZbsr Zants w vhsgnts chrbknrhmf hsr uZktd sn sgd udqhıdq0

Ntq XJO oqnsnbnk7 Ntq deıbhdms eZhqmdrr udqhıbZshnm hr oqdrdmsdc hm ükfnqhsgl 10 Hs gZr svn ogZrdr.

fl0 OgZrd fi. XJ oqnner ne eqdptdmbx bntmshmf7 Sghr rsdo sZjdr sgd sqZhmdc cdbhrhnm sqdd Zmc sgd
sqZhmhmf cZsZ Zmc: enq dZbg mncd Zmc dZbg onrrhakd rdmrhshud Zssqhatsd uZktd: nasZhmr bnllhssdc
bntmsdqr nm sgd mtladq ne sqZhmhmf cZsZ dmsqhdr eZkkhmf hmsn sgZs mncd0

10 OgZrd 1. XJ eZhqmdrr ldsqhb udqhzbZshnm7 AZrdc nm sgd bnllhssdc bntmsdqr: oqnud hm YJ sgZs
sgd bZkbtkZsdc eZhqmdrr ldsqhbr eqnl sgd bntmsdqr Zqd adknv sgd qdpthqdc eZhqmdrr sgqdrgnkc0

Adknv vd enqlZkkx rsZsd sgd rdbtqhsx ne ntq oqnsnbnk0 Hmsthshudkx: sgd oqnsnbnk cndr mns qdudZk Zmxsghmf
Zants sgd sqZhmhmf cZsZrds nq sgd cdbhrhnm sqdd dwbdos sn hmchbZsd sgZs sgd eZhqmdrr ldsqhb trdc enq
rokhsshmf hr rZshrıdc0 AdbZtrd Z fdmdqhb YJ oqnsnbnk hr trdc: sgd bnllhssdc cdbhrhnm sqdd Zmc sgd
cZsZrds bZm onsdmshZkkx ad trdc sn oqnud nsgdq rsZsdldmsr0 Adknv vd rsZsd ntq lZhm sgdnqdl hm sgd
rdbtqhsx ne sgd oqnsnbnk: vghbg hr enqlZkkx oqnudm hm üoodmchw D0

Sgdnqdl fi7 �kfnqhsgl 1 hr Z rdbtqd XJ oqnne ne eZhq sqZhmhmf0

Dwsdmrhnmr7 Hm sgd Zanud cdrbqhoshnm: vd rgnv Z YJ oqnne ne eZhq sqZhmhmf v0q0s0 cdlnfqZoghb oZqhsx0
Vd mnsd sgZs hs hr dZrhkx fdmdqZkhyZakd sn nsgdq eZhqmdrr ldsqhbr ldmshnmdc hm Rdbshnm 20fl Zr vd bZm
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BNLOüR Bnlltmhshdr Zmc Bqhld CdeZtks Bqdchs üctks
Dnccr Cdl0 OZqhsx Dnccr Cdl0 OZqhsx Dnccr Cdl0 OZqhsx Dnccr Cdl0 OZqhsx

Qtmmhmf shld fl1063r 8076r 702flr 6026r 6101flr 49079r fl93062r 51075r
BnlltmhbZshnm 1706LA 1fl0flLA 1208LA fl508LA fl9602LA 5606LA fl3401LA 780flLA

SZakd fl. Deıbhdmbx ne BnmıcdmshZk/OQNEHSS hm sdqlr ne qtmmhmf shld Zmc bnlltmhbZshnm bnrsr nm
qdZk/vnqkc cZsZrdsr0 BnmıcdmshZk/OQNEHSS dwdbtsdr sgd bnmıcdmshZk oqnne ne eZhq sqdd sqZhmhmf hm Z
lZssdq ne rdbnmcr vhsg knv bnlltmhbZshnm nudqgdZc0
qdoqdrdms lZmx fqnto eZhqmdrr ldsqhbr vhsg Z tmhıdc etmbshnm rtbg Zr.

�P�Z ) βC�Z : �P�a ) βC�a
CdlnfqZoghb oZqhsx 9 � : β : 0. DptZkhydc nccr 9 F� : 0.β : +{ Zmc F� : +.β : 0{.

—6(

Enq dwZlokd: sn rtoonqs dptZkhydc nccr: nmd ltrs lZhmsZhm entq bntmsdq sqddr —qZsgdq sgZm itrs b0
Zmc b1: Zr hm cdlnfqZoghb oZqhsx( Zmc udqhex sgd eZhqmdrr ldsqhb Zbbnqchmfkx0 Rdd ntq oqnonrdc YJ
oqnsnbnk enq dptZkhydc nccr hm üoodmchw E0

3 DWODQHLDMSüK DUüKTüSHNM

Ntq oqhmbhoZk lnshuZshnm enq hmsqnctbhmf BnmıcdmshZk/OQNEHSS hr sn oqnud sn hmsdqdrsdc oZqshdr —d0f0:
trdqr nq Ztchsnq( sgZs sgd kdZqmhmf Zkfnqhsgl trdc sn sqZhm Z lncdk hr eZhq ax cdrhfm–vghkd oqnsdbshmf
sgd bnmıcdmshZkhsx ne ansg sgd sqZhmhmf cZsZ Zmc lncdk0 Mdws: vd dlohqhbZkkx duZktZsd sgd mnudk
Zrodbsr hmsqnctbdc ax BnmıcdmshZk/OQNEHSS. mZldkx: —fl( sgd YJ/eqhdmckx eZhqmdrr/ZvZqd sqZhmhmf
Zkfnqhsgl Zknmf vhsg —1( hsr btrsnlhydc YJ oqnne oqnsnbnkr0 Sgdqdenqd: vd uZkhcZsd dlohqhbZkkx
sgd odqenqlZmbd ne BnmıcdmshZk/OQNEHSS Zr enkknvr. h( deedbshudmdrr hm sqZhmhmf Z eZhq lncdk.
Sgd tmeZhqmdrr ne cdbhrhnm sqddr cdbqdZrdr —vghkd jddohmf sgd ZbbtqZbx ghfg( Zr sgd antmc nm sgd
hmenqlZshnm fZhm v0q0s sgd rdmrhshud Zssqhatsd cdbqdZrdr, hh( dezbhdmbx hm oqnuhmf sgd trd ne eZhq
Zkfnqhsgl. Vd hlokdldms ntq btrsnlhydc YJ oqnsnbnk enq udqhexhmf sgd Zkfnqhsgl Zmc admbglZqj
hsr qtmshld Zmc bnlltmhbZshnm bnrsr0 Ntq eqZldvnqj rbZkdr sn qdZk/vnqkc trd bZrdr —d0f0: sn Z kZqfd
mtladq ne sqZhmhmf rZlokdr Zmc Zssqhatsdr Zr vdkk Zr cddo cdbhrhnm sqddr(0

Vd Zrrdrr sgd odqenqlZmbd ne BnmıcdmshZk/OQNEHSS trhmf entq bnllnm cZsZrdsr enq eZhqmdrr
admbglZqjhmf. BNLOüR —ümfvhm ds Zk0: 19fl5(: Bnlltmhshdr Zmc Bqhld —Qdclnmc: 1998(: üctks
Hmbnld —üct: fl885(: Zmc CdeZtks Bqdchs —Cde: 19fl5(0 Qdedq sn üoodmchw F0fl enq cdsZhkr nm sgdrd
cZsZrdsr0 Svn chrshmbs bncd aZrdr Zqd tshkhydc0 Vd trd sgd DLO/snnkjhs —VZmf ds Zk0: 19fl5( sn deıbhdmskx
hlokdldms ntq YJ oqnsnbnk Zmc Z IüUü Zmc Oxsgnm hlokdldmsZshnm sn sqZhm Zmc Zrrdrr sgd ZbbtqZbx
Zmc eZhqmdrr ne cdbhrhnm sqddr0 ücchshnmZk cdsZhkr Zants ntq hlokdldmsZshnmr Zqd hm üoodmchw F010

Deedbshudmdrr ne BnmzcdmshZk,OPNEGSS7 Ehftqd fl rgnvr sgd qdkZshnmrgho adsvddm ZbbtqZbx Zmc
eZhqmdrr enq cdbhrhnm sqddr vhsg cdlnfqZoghb oZqhsx Zmc dptZkhydc nccr eZhqmdrr0 Sgdrd ıftqdr vdqd
bnmrsqtbsdc vhsg Z rvddo ne sgqdrgnkc uZktdr0 Vd hmchbZsd sgd eZhqmdrr Zmc ZbbtqZbx ne sqddr sqZhmdc
vhsgnts sgd eZhqmdrr bnmrsqZhms Zr &NqhfhmZk& hm Ehftqd fl0 Vd Zkrn bnloZqd BnmıcdmshZk/OQNEHSS sn
Z &AZrdkhmd& enq sgd cdlnfqZoghb oZqhsx eZhq sqZhmhmf ldsgnc hm JZlhqZm ds Zk0 —19fl9( Zmc QZee ds Zk0
—19fl7(0 Mnsd sgZs sghr aZrdkhmd hr mns ZookhbZakd sn sqddr sqZhmdc enq dptZkhydc nccr eZhqmdrr0 ükrn
mnsd sgZs sgd sqdd gdhfgsr trdc enq dZbg cZsZrds Zqd cdrbqhadc hm üoodmchw F0fl0 Sgd ıftqdr hmchbZsd
sgZs BnmıcdmshZk/OQNEHSS kdZcr sn hmbqdZrdc eZhqmdrr —rgnvm ax rlZkk eZhqmdrr fZo uZktdr( vhsg
nmkx lZqfhmZk: nq rnldshldr mn: cdbqdZrdr hm ZbbtqZbx bnloZqdc sn sqddr sqZhmdc vhsgnts eZhqmdrr
nq vhsg sgd aZrdkhmd cdlnfqZoghb oZqhsx eZhqmdrr eqnl JZlhqZm ds Zk0 —19fl9( Zmc QZee ds Zk0 —19fl7(0
Hmsdqdrshmfkx: enq rnld cZsZrdsr: sgd qZmfd ne ZbbtqZbx uZktdr Zbghdudc dwbddcr sgd odqenqlZmbd ne
sqddr sqZhmdc vhsgnts sgd eZhqmdrr bnmrsqZhms0 Sgd ZbbtqZbx cqnor sgdlrdkudr Zqd nesdm kdrr sgZm fl9’0
Enq dwZlokd: enq sgd Bnlltmhshdr Zmc Bqhld cZsZrds vd hmbqdZrd sgd eZhqmdrr ax Zklnrs 49’ vhsg Zs
lnrs Z 4’ ZbbtqZbx cqno0 Sgdqdenqd: BnmzcdmshZk,OPNEGSS deedbshudkx hloqnudr sgd eZhqmdrr7

Dezbhdmbx ne BnmzcdmshZk,OPNEGSS7 SZakd fl rgnvr sgd qtmshld Zmc bnlltmhbZshnm bnrsr ne ntq
eZhq sqZhmhmf YJ oqnsnbnkr nm ülZynm DB1 lZbghmdr hm vghbg sgd oqnudq —h0d0: sgd bnloZmx( Zmc sgd
udqhıdq —h0d0: sgd Ztchsnq( Zqd bnmmdbsdc nudq Z knbZk ZqdZ mdsvnqj —KüM(0 Sgd qtmshld enq Zkk cZsZrdsr
hr hm sgd nqcdq ne rdbnmcr0 Enq dwZlokd: hs sZjdr kdrr sgZm fl9 rdbnmcr sn oqnud sgd eZhq sqZhmhmf hm
sdqlr ne cdlnfqZoghb oZqhsx nm BNLOüR cZsZrds0 Sgd bnlltmhbZshnm nudqgdZc enq ansg oZqshdr hr Zs
lnrs fl34 LA0 Enq dwZlokd: sgd snsZk bnlltmhbZshnm bnrs ne qtmmhmf BnmıcdmshZk/OQNEHSS trhmf
dptZkhydc nccr Zmc cdlnfqZoghb oZqhsx nm sgd BNLOüR cZsZrds hr 17 LA Zmc 1fl LA: qdrodbshudkx0
Sgdqdenqd: BnmzcdmshZk,OPNEGSS dezbhdmskx oqnudr sgd eZhq sqZhmhmf ne sqddr0
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Bnlltmhshdr Zmc Bqhldr BNLOüR üctks CdeZtks Bqdchs
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Ehftqd fl. Deedbshudmdrr ne BnmıcdmshZk/OQNEHSS hm sdqlr ne cdlnfqZoghb oZqhsx —ıqrs qnv( Zmc
dptZkhydc nccr —rdbnmc qnv( ne sqddr0 BnmıcdmshZk/OQNEHSS cdbqdZrdr sgd tmeZhqmdrr ne sgd cdbhrhnm
sqdd vghkd jddohmf sgd ZbbtqZbx bknrd sn sgZs ne sgd nqhfhmZk cdbhrhnm sqdd sqZhmdc vhsgnts Zmx eZhqmdrr
bnmrsqZhmsr0 NqhfhmZk hmchbZsdr Z cdbhrhnm sqdd sqZhmdc vhsgnts Zmx eZhqmdrr bnmrsqZhms0

Ehftqd 1. RbZkZahkhsx ne BnmıcdmshZk/OQNEHSS trhmf cdlnfqZoghb oZqhsx Zmc dptZkhydc nccr0
BnmıcdmshZk/OQNEHSS rbZkdr sn Z kZqfd mtladq ne sqZhmhmf rZlokdr: Z kZqfd mtladq ne Zssqhatsdr odq
rZlokd: Zmc kZqfd cdbhrhnm sqddr hm oqZbshbZk qtmmhmf shld —kdrr sgZm Zm gntq(0 CdeZtks rdsshmfr Zqd.
0+. +++ enq sqZhmhmf rZlokdr: 0+ enq Zssqhatsdr Zmc 0+ enq sqdd gdhfgs0

Vd etqsgdq duZktZsd sgd rbZkZahkhsx ne BnmıcdmshZk/OQNEHSS ax bnmrhcdqhmf uZqhntr mtladqr ne
sqZhmhmf rZlokdr: mtladq ne Zssqhatsdr: Zmc gdhfgs ne sqddr: vghbg Zqd P0+2. 0+4[: P0+. 0+3[ Zmc
P3. 0+[: qdrodbshudkx0 Ehftqd 1 rgnvr sgd deedbs ne sgd mtladq ne sqZhmhmf rZlokdr: mtladq ne
Zssqhatsdr Zmc gdhfgs ne sqddr nm sgd qtmmhmf shld —rdd üoodmchw G enq sgd bnlltmhbZshnm bnrs(
ne BnmıcdmshZk/OQNEHSS vgdm oqnuhmf cdlnfqZoghb oZqhsx Zmc dptZkhydc nccr0 Sgdrd qdrtksr
cdlnmrsqZsd sgZs dudm enq sgd lZwhltl uZktdr ne sgdrd oZqZldsdqr: sgd qtmmhmf shld hr kdrr sgZm Zm
gntq0 Sgdqdenqd: BnmzcdmshZk,OPNEGSS hr rbZkZakd0 Mdws: vd chrbtrr sgd oZssdqm ne qtmmhmf shld0

ür dwodbsdc: vd nardqud khmdZq rbZkhmf vhsg sgd mtladq ne rZlokdr —kdes oZmdk(0 Sgd qdZrnm enq
sghr hr sgZs dZbg rZlokd hr oqnbdrrdc trhmf Z bnmrsZms mtladq ne nodqZshnmr ctqhmf sgd ıqrs ogZrd
ne ntq oqnsnbnk: Zmc sgd mtladq ne nodqZshnmr hm sgd rdbnmc ogZrd hr tmbgZmfdc ax sgd mtladq ne
rZlokdr0 Sgd dptZkhydc nccr oqnsnbnk hmbtqr ghfgdq qtmmhmf shldr: rhmbd hs gZr sn hmhshZkhyd Zmc tocZsd
entq bntmshmf sqddr vghkd sgd cdlnfqZoghb oZqhsx udqrhnm nmkx mddcr sn jddo sqZbj ne svn0 Vd Zkrn
nardqud sgZs sgd oqnsnbnk rbZkdr khmdZqkx vhsg sgd mtladq ne Zssqhatsdr —lhcckd oZmdk(0 Sghr hr adbZtrd
hmbqdZrhmf sgd mtladq ne Zssqhatsdr hmbqdZrdr sgd mtladq ne nodqZshnmr qdpthqdc sn bnllhs sn sgd
cZsZrds0 Vd mnsd sgZs sgd cdlnfqZoghb oZqhsx Zmc dptZkhydc nccr oqnsnbnkr Zqd qntfgkx dpthuZkdms
hm qtm shld enq sgdrd dwodqhldmsr adbZtrd bnllhsshmf sn sgd cZsZrds sZjdr sgd rZld Zlntms ne vnqj
hm ansg udqrhnmr0 EhmZkkx: vd nardqud sgd adfhmmhmf ne dwonmdmshZk rbZkhmf Zr sqdd gdhfgs hr hmbqdZrdc
—qhfgs oZmdk(0 Sghr hr ctd sn sgd dwonmdmshZkkx hmbqdZrhmf rhyd ne sgd sqZhmdc cdbhrhnm sqdd Zmc bntmshmf
sqddr: Zr vdkk Zr sgd eZhqmdrr bgdbjhmf ogZrd —vghbg hsdqZsdr sgqntfg Zkk hmsdqhnq mncdr(0 AqdZjcnvm ne
bnlotsZshnmZk bnrsr adsvddm ogZrdr ne sgd YJ oqnsnbnk uZqhdc cdodmchmf nm oZqZldsdqr0 Enq dwZlokd:
nm sgd BNLOüR cZsZrds: sgd bnllhsldms: bntmshmf: Zmc eZhqmdrr bgdbjhmf ogZrdr snnj to Zooqnwh/
lZsdkx 5+%: 21%: Zmc +.1% ne sgd qtmshld qdrodbshudkx vgdqdZr enq sgd CdeZtks Bqdchs cZsZrds: sgnrd
qdrodbshud uZktdr adbZld 13%: 61% Zmc 1% —sgd qdlZhmcdq ne sgd qtmshld hr rodms hmhshZkhyhmf sgd
tmcdqkxhmf YJ eqZldvnqj(0 Sghr cheedqdmbd hr bZtrdc ax sgd rhyd cheedqdmbd adsvddm sgd svn cZsZrdsr0

ém ZmZkxrhr nm eZhq rokhsshmf bqhsdqhnm udqrtr eZhqmdrr ldsqhbr7 Ehftqd 2 cdlnmrsqZsdr Z bnmmdb/
shnm adsvddm sgd eZhq kdZqmhmf Zkfnqhsgl Zmc sgd eZhqmdrr ldsqhbr hmudrshfZsdc. sgd tmeZhqmdrr ne
cdlnfqZoghb oZqhsx Zmc dptZkhydc nccr hmbqdZrdr vhsg sgd ZudqZfd tmeZhqmdrr fZhm uZktdr nudq Zkk
mncd rokhsr enq cdbhrhnm sqddr0 Sghr hr hmsthshud fhudm sgZs rhlhkZqkx sn sgd kZadk/vhrd chrbqhlhmZshnm
dmbntqZfdc ax FZhmübbtqZbx: ghfg uZktdr ne FZhmTmeZhqmdrr lZx aqhmf sgd sqdd sn chrbqhlhmZsd Zbqnrr
uZktdr ne sgd rdmrhshud Zssqhatsd0 Ax khlhshmf sghr chrbqhlhmZshnm: vd dwodbs khsskd bgZmfd sn sgd otqhsx
ne rtbbdrrhud mncdr: dudmstZkkx kdZchmf sn kdZudr gZuhmf Z lhwdc onotkZshnm eqnl dZbg rtafqnto0
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Bnlltmhshdr Zmc Bqhld —CO( BNLOüR —CO( Bnlltmhshdr Zmc Bqhld —DNccr( BNLOüR —DNccr(
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Ehftqd 2. QdkZshnmrgho adsvddm eZhq rokhsshmf bqhsdqhZ Zmc tmeZhqmdrr cdımhshnmr0 ür sgd antmc nm sgd
tmeZhqmdrr/aZrdc hmenqlZshnm fZhm cdbqdZrdr : sgd tmeZhqmdrr ne sqZhmdc cdbhrhnm sqddr cdbqdZrdr0

Bnlltmhshdr Zmc Bqhld BNLOüR üctks CdeZtks Bqdchs
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Ehftqd 3. Deedbshudmdrr ne BnmıcdmshZk/OQNEHSS hm sdqlr ne cdlnfqZoghb oZqhsx —ıqrs qnv( Zmc
dptZkhydc nccr —rdbnmc qnv( ne qZmcnl enqdrsr0 BnmıcdmshZk/OQNEHSS cdbqdZrdr sgd tmeZhqmdrr ne
sgd qZmcnl enqdrs vghkd jddohmf sgd ZbbtqZbx bknrd sgZs ne sgd nqhfhmZk qZmcnl enqdrs sqZhmdc vhsgnts
eZhqmdrr bnmrsqZhmsr0 NqhfhmZk hmchbZsdr qZmcnl enqdrs sqZhmdc vhsgnts Zmx eZhqmdrr bnmrsqZhms0

BNLOüR Bnlltmhshdr Zmc Bqhld CdeZtks Bqdchs üctks
Dnccr Cdl0 OZqhsx Dnccr Cdl0 OZqhsx Dnccr Cdl0 OZqhsx Dnccr Cdl0 OZqhsx
fl97062r 62068r 62038r 4fl077r 54108r 261044r 897052r 426048r

SZakd 1. BnmıcdmshZk/OQNEHSS dwdbtsdr sgd oqnne ne eZhq qZmcnl enqdrsr sqZhmhmf hm oqZbshbZk shld0

4 BNMEHCDMSHüK OQNNE NE EüHQ SQüHMHMF NE DMRDLAKDR NE SQDDR

Dmrdlakhmf cdbhrhnm sqddr hmsn Z qZmcnl enqdrs bZm hloqnud sgd odqenqlZmbd ne sgd qdrtkshmf bkZrrhıdq
—rdd üoodmchw H enq sgdrd qdrtksr(0 Sgdqdenqd: vd dwsdmc BnmıcdmshZk/OQNEHSS sn oqnud sgd eZhqmdrr
ne qZmcnl enqdrsr —YgZmf ds Zk0: 1919a, 191fl, QZee ds Zk0: 19fl7(0 Bnmbqdsdkx: vd bnmrsqtbs eZhq
qZmcnl enqdrsr eqnl dmrdlakdr ne eZhq cdbhrhnm sqddr vhsg aZffhmf Zmc qZmcnl edZstqd rdkdbshnm
—rdd üoodmchw F01 enq cdsZhkr ne gnv sn sqZhm qZmcnl enqdrsr(0 Ax qtmmhmf Z rdbtqd bnhm/fihoohmf
oqnsnbnk adsvddm sgd bnloZmx Zmc sgd Ztchsnq adenqd sqZhmhmf: sgd qZmcnlmdrr trdc enq rtarZlokhmf
cZsZ onhmsr Zmc Zssqhatsdr ctqhmf sgd dmrdlakd oqnbdrr bZm ad qdudZkdc sn sgd Ztchsnq0 Fhudm sghr:
Zm deıbhdms oqnsnbnk enq YJ oqnne ne eZhqmdrr enq Z qZmcnl enqdrs bZm ad cdqhudc ax odqenqlhmf YJ
oqnner ne dZbg cdbhrhnm sqdd Zmc cZsZ bnmrhrsdmbx adsvddm cheedqdms sqddr0 Rdd cdsZhkr hm üoodmchw I0
Ehftqd 3 Zmc SZakd 1 rgnv ZbbtqZbx/eZhqmdrr qdkZshnmrghor Zmc qtmmhmf shld ne qZmcnl enqdrsr0 Vd
nardqud rhlhkZq qdrtksr. BnmzcdmshZk,OPNEGSS Zbghdudr lZinq eZhqmdrr fZhmr enq qZmcnl enqdrsr
vhsg lZqfhmZk bgZmfdr sn sgd ZbbtqZbx hm Z oqZbshbZk shld0

5 BNMBKTRHNM
Hm sghr oZodq: vd oqnonrdc Z eqZldvnqj sgZs bZm ad trdc sn bnmıcdmshZkkx oqnud sgd eZhq sqZhmhmf ne Z
cdbhrhnm sqdd0 BnmıcdmshZk/OQNEHSS bZm gdko bnloZmhdr Zunhc qdbdhuhmf eZhqmdrr/qdkZsdc odmZkshdr
Zr hs bdqshıdr sgd eZhqmdrr ctqhmf sqZhmhmf oqhnq sn lZjhmf Zmx cdbhrhnmr nm bkhdmsr= ptdqhdr0
OqZbshbZk bnmrhcdqZshnmr7 übqnrr sgd vgnkd cZsZ/aZrdc cdbhrhnm oqnbdrr: BnmıcdmshZk/OQNEHSS
bZm oqnud sgd eZhqmdrr ne sgd lncdk/sqZhmhmf ogZrd0 Sn oqnuhcd Zm dmc/sn/dmc eZhqmdrr ftZqZmsdd sn sgd
Ztchsnq: nmd bntkc dwsdmc ntq eqZldvnqj ax oqnuhmf sgd eZhqmdrr ne sgd cZsZ rntqbd Zmc ax oqnuhmf sgd
hmedqdmbd/shld trd ne sgd lncdk0 Sgd bnloZmx bZm trd eZhqmdrr/ZvZqd cZsZ oqd/oqnbdrrhmf sn dmrtqd
Z eZhq qdoqdrdmsZshnm ne sgd cheedqdms rtafqntor —d0f0: ax rvZoohmf sgd fqntmc/sqtsg kZadkr —JZlhqZm
] BZkcdqr: 1998, Ktnmf ds Zk0: 19flfl(( Zmc oqnud sgd hmsdfqhsx ne sghr oqnbdrr ax oqnuhchmf Z YJ oqnne
sn sgd Ztchsnq0 Sn dmrtqd sgd bnloZmx trdr sgd oqnudm eZhq lncdk hm sgd cdoknxldms ogZrd: nmd bntkc
trd dwhrshmf YJ/aZrdc udqhıdc hmedqdmbdr enq sqddr —YgZmf ds Zk0: 1919Z, Rhmfg ds Zk0: 191fl(0
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üBJMNVKDCFLDMSR

Vd vntkc khjd sn Zbjmnvkdcfd ntq ronmrnqr: vgn rtoonqs ntq qdrdZqbg vhsg ımZmbhZk Zmc hm/jhmc
bnmsqhatshnmr. BHEüQ sgqntfg sgd BZmZcZ BHEüQ üH BgZhq oqnfqZl Zmc sgd BZsZkxrs fqZms oqnfqZl:
Lhbqnrnes: Zmc MRDQB sgqntfg sgd Chrbnudqx FqZms Zmc BNGDRü RsqZsdfhb ükkhZmbd0 Qdrntqbdr
trdc hm oqdoZqhmf sghr qdrdZqbg vdqd oqnuhcdc: hm oZqs: ax sgd Oqnuhmbd ne NmsZqhn: sgd Fnudqmldms
ne BZmZcZ sgqntfg BHEüQ: Zmc bnloZmhdr ronmrnqhmf sgd Udbsnq Hmrshstsd0 Vd vntkc khjd sn sgZmj
ldladqr ne sgd BkdudqGZmr KZa enq sgdhq eddcaZbj0 RçaZrshdm FZlar hr rtoonqsdc ax sgd BZmZcZ
QdrdZqbg BgZhq oqnfqZl: Z Chrbnudqx FqZms eqnl MRDQB Zr vdkk Zr sgd MRDQB/QCB CDDK oqnidbs0
WhZn VZmf hr rtoonqsdc ax CüQOü tmcdq BnmsqZbs Mn0 GQ99flfl19B9976: MRE ZvZqc "19fl5139:
Zmc qdrdZqbg ZvZqcr eqnl LdsZ Zmc Fnnfkd0 ücqhZm Vdkkdq Zbjmnvkdcfdr rtoonqs eqnl DORQB fqZms
DO“U945772“fl: Z Stqhmf üH Edkknvrgho tmcdq DO“U914168“fl: Zmc sgd Kdudqgtkld Sqtrs uhZ BEH0

DSGHBR RSüSDLDMS

Sgd lZhm naidbshud adghmc BnmıcdmshZk/OQNEHSS hr sn Zbghdud oqnuZakx eZhq sqZhmhmf vhsgnts sgd
qdpthqdldmsr ne qdudZkhmf sgd sqZhmhmf cZsZ nq lncdk sn Zm Ztchsnq0 Hm oZqshbtkZq: sgd bnlahmZshnm ne
bnmıcdmshZkhsx Zmc eZhqmdrr ZkkduhZsdr bnloZmhdr= cZsZ Zmc hmsdkkdbstZk oqnodqsx bnmbdqmr enq Ztchshmf:
vghbg bntkc hmbqdZrd eZhqmdrr Ztchshmf Zmc otakhb sqtrs hm Ztchsdc üH nudqZkk0

Sgd lZhm dsghbZk hrrtdr ne sghr vnqj Zqd qdkZsdc sn sgd cdımhshnmr ne eZhqmdrr Zmc admbglZqj cZsZrdsr
trdc0 Hmcddc: Zkfnqhsglhb eZhqmdrr hr bnlonrdc ne ltkshstcdr ne bnmfihbshmf cdımhshnmr0 Ntq vnqj
enbtrdr nm fqnto eZhqmdrr: Zmc rodbhıbZkkx nm cdlnfqZoghb oZqhsx Zmc dptZkhydc nccr: ansg ne vghbg
Zqd onotkZq Zmc qdkduZms ldsqhbr0 Gnvdudq ax qdkxhmf nm sgdrd cdımhshnmr: vd Zbjmnvkdcfd sgZs sghr
qdhmenqbdr sgd onkhshbZk Zmc oghknrnoghbZk vnqkcuhdvr Zmc hcdnknfhdr tmcdqkxhmf sgdl: Zmc cdoqhudr
nsgdq mnshnmr ne eZhqmdrr —d0f0: hmchuhctZk eZhqmdrr nq rdsshmfr hm vghbg sgdqd hr mn fhudm rdmrhshud
Zssqhatsd( ne ctd Zssdmshnm0

Sgd cZsZrdsr trdc sn uZkhcZsd ntq ldsgncr Zqd onotkZq eZhqmdrr admbglZqjr0 TmenqstmZsdkx: sgdhq
onotkZqhsx bZm ad oZqshZkkx Zssqhatsdc sn sgd akZsZms tmeZhqmdrr ne sgd lncdkr sgdx gZud oqnctbdc
Zmc sgd gZql sgdrd lncdkr lZx gZud cnmd vgdm cdoknxdc hm oqZbshbd0 Ntq trd ne sgdrd admbglZqj
cZsZrdsr hr ldqdkx sn qdlZhm bnloZqZakd vhsg nsgdq ZooqnZbgdr hm sgd khsdqZstqd–vd cn mns
mdbdrrZqhkx rtoonqs sgd trd ne lZbghmd kdZqmhmf hm Zmx ne sgdrd bnmsdwsr: rodbhıbZkkx hm qdbhchuhrl
oqdchbshnm —BNLOüR( nq bnlltmhsx bqhld oqnıkhmf —Bnlltmhshdr Zmc Bqhld(0

Sn Zbbntms enq sgdrd qhrjr: vd ZcunbZsd enq lnqd qdrdZqbg Zs sgd hmsdqrdbshnm ne oqhuZbx Zmc eZhqmdrr:
oZqshbtkZqkx enq nsgdq cdımhshnmr ne eZhqmdrr0 Vd Zkrn adkhdud sgZs hs hr hlonqsZms sn enrsdq lnqd
qdrdZqbg nm sgd cdudknoldms ne oqZbshbZk rnktshnmr hm eZhqmdrr Zmc eZhqmdrr Ztchshmf0

QDOQNCTBHAHKHSX RSüSDLDMS

Sn rtoonqs ntq lZhm bnmsqhatshnmr: vd gZud oqnuhcdc Z cdsZhkdc qdonqs ne ntq Zkfnqhsglr Zmc oqnner hm
Zoodmchbdr0 Lnqd oqdbhrdkx: vd gZud cdsZhkdc ntq cZsZrdsr: gxodqoZqZldsdqr Zmc hlokdldmsZshnmr
hm üoodmchw F0fl Zmc F010 Sgd bncd hr ZuZhkZakd Zs gssor.??fhsgta0bnl?bkdudqgZmr/
kZa?BnmehcdmshZk/OPNCGSS0 Sghr vnqj hr khbdmrdc tmcdq Z BqdZshud Bnllnmr üssqhatshnm/
MnmBnlldqbhZk 309 HmsdqmZshnmZk Khbdmrd gssor.??bqdZshudbnllnmr0nqf?khbdmrdr?
aw/mb?309?0

QDEDQDMBDR

üctks0 TBH LZbghmd KdZqmhmf Qdonrhsnqx: fl8850

CdeZtks ne Bqdchs BZqc Bkhdmsr0 TBH LZbghmd KdZqmhmf Qdonrhsnqx: 19fl50

LZqj üarondk: CZmhdk Drbtcdqn: Zmc MhjnkZi Unkftrgdu0 Rdbtqd sqZhmhmf ne cdbhrhnm sqddr vhsg
bnmshmtntr Zssqhatsdr0 Oqnbddchmfr nm OqhuZbx DmgZmbhmf Sdbgmnknfhdr: —fl(.fl56-fl76: 191fl0 cnh.
fl901367“onodsr/191fl/99fl90 TQK gssor.??cnh0nqf?z901367?onodsr/191z/99z90

RZltdk ücZlr: BgZhsZkh BgntcgZqx: LZqshmd Cd Bnbj: QZeZdk Cnvrkdx: CZuhc LdkZmrnm: ümcdq/
rnm Bü MZrbhldmsn: CZuhr QZhkraZbj: Zmc IhZmvdh Rgdm0 OqhuZbx/oqdrdquhmf sqZhmhmf ne sqdd
dmrdlakdr nudq bnmshmtntr cZsZ0 ZqWhu oqdoqhms ZqWhu.1fi95091658: 191fl0
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RhmZ üfgZdh: LngZllZc IZuZc üyhyh: Zmc Ogdad UZxZmnr0 KdZqmhmf noshlZk Zmc eZhq cdbhrhnm sqddr
enq mnm/chrbqhlhmZshud cdbhrhnm/lZjhmf0 Hm Oqnbddchmfr ne sgd ���G Bnmedqdmbd nm �qshzbhZk
Gmsdkkhfdmbd: unktld 22: oo0 fl3fl7-fl315: 19fl80

ItkhZ ümfvhm: Idee KZqrnm: RtqxZ LZsst: Zmc KZtqdm Jhqbgmdq0 LZbghmd ahZr0 OqnOtakhbZ: LZx 19fl50
Qdsqhdudc IZmtZqx fl4: 19110

RsZm AdmiZldmr: OqZmZurhmfg Cgtmmnn: Zmc AdqsZkZm Ldrjí0 Sgd rsZsd ne ZqshıbhZk hmsdkkhfdmbd/aZrdc
ECü/Zooqnudc ldchbZk cduhbdr Zmc Zkfnqhsglr. Zm nmkhmd cZsZaZrd0 MOI ChfhsZk Ldchbhmd: 2—fl(.
fl-7: 19190

Jqhrshm O Admmdss0 Cdbhrhnm sqdd bnmrsqtbshnm uhZ khmdZq oqnfqZllhmf0 SdbgmhbZk qdonqs: Tmhudqrhsx ne
Vhrbnmrhm/LZchrnm CdoZqsldms ne Bnlotsdq Rbhdmbdr: fl8810

CgddqZi AgZrjZqtmh: Gth Gt: Zmc BgZn KZm0 Hloqnuhmf oqdchbshnm eZhqmdrr uhZ lncdk dmrdlakd0
Hm 19fi8 GDDD 2firs GmsdqmZshnmZk Bnmedqdmbd nm Snnkr vhsg �qshzbhZk Gmsdkkhfdmbd -GBS�G(: oo0
fl7fl9-fl7fl30 HDDD: 19fl80

RZqZg Ahqc: Lhqn Ctcïj: QhbgZqc DcfZq: AqZmcnm Gnqm: QnlZm Ktsy: UZmdrrZ LhkZm:
Ldgqmnnrg RZldjh: GZmmZ VZkkZbg: Zmc JZsgkddm VZkjdq0 EZhqkdZqm. ü snnkjhs enq Zr/
rdrrhmf Zmc hloqnuhmf eZhqmdrr hm üH0 SdbgmhbZk Qdonqs LRQ/SQ/1919/21: Lhbqnrnes:
LZx 19190 TQK gssor.??vvv0lhbqnrnes0bnl?dm/tr?qdrdZqbg?otakhbZshnm?
eZhqkdZqm/Z/snnkjhs/enq/Zrrdrrhmf/Zmc/hloqnuhmf/eZhqmdrr/hm/Zh?0

K0 AqdhlZm: Idqnld G0 EqhdclZm: QhbgZqc ü0 Nkrgdm: Zmc B0 I0 Rsnmd0 BkZrrhıbZshnm Zmc qdfqdrrhnm
sqddr0 fl8720

Kdn AqdhlZm: Idqnld G EqhdclZm: QhbgZqc ü0 Nkrgdm: Zmc B0 I0 Rsnmd0 BkZrrhzbZshnm Zmc qdfqdrrhnm
sqddr0 Qntskdcfd: 19fl60

Inx AtnkZlvhmh Zmc Shlmhs Fdaqt0 Fdmcdq rgZcdr. HmsdqrdbshnmZk ZbbtqZbx chroZqhshdr hm bnlldqbhZk
fdmcdq bkZrrhıbZshnm0 Hm Bnmedqdmbd nm EZhqmdrr: �bbntmsZahkhsx Zmc SqZmroZqdmbx -�BL E�bbS(:
oo0 66-8fl0 OLKQ: 19fl70

Snnm BZkcdqr: EZhrZk JZlhqZm: Zmc LxjnkZ Odbgdmhyjhx0 Athkchmf bkZrrhıdqr vhsg hmcdodmcdmbx
bnmrsqZhmsr0 Hm 1998 GDDD GmsdqmZshnmZk Bnmedqdmbd nm CZsZ Lhmhmf Vnqirgnor -GBCL(: LhZlh:
EknqhcZ: TRü: Cdbdladq 19980

QZm BZmdssh0 Rdbtqhsx Zmc bnlonrhshnm ne ltkshoZqsx bqxosnfqZoghb oqnsnbnkr0 IntqmZk ne Bqxosnknfx:
fl2—fl(.fl32-191: IZmtZqx 19990 cnh. fl90fl996“r99fl3488fl99950

ükdwZmcqZ BgntkcdbgnuZ0 EZhq oqdchbshnm vhsg chroZqZsd hloZbs. Z rstcx ne ahZr hm qdbhchuhrl
oqdchbshnm hmrsqtldmsr: 19fl50

RZl Bnqadss/CZuhdr: DllZ Ohdqrnm: üuh Edkkdq: RgZqZc Fndk: Zmc üyhy Gtp0 ükfnqhsglhb cdbhrhnm
lZjhmf Zmc sgd bnrs ne eZhqmdrr0 Hm Oqnbddchmfr ne sgd 12qc GmsdqmZshnmZk Bnmedqdmbd nm Jmnvkdcfd
Chrbnudqx Zmc CZsZ Lhmhmf -�BL RGFJCC(: GZkheZw: BZmZcZ: ütftrs 19fl60

BxmsghZ Cvnqj: Lnqhsy GZqcs: SnmhZmm OhsZrrh: Nldq Qdhmfnkc: Zmc QhbgZqc Ydldk0 EZhqmdrr sgqntfg
ZvZqdmdrr0 Hm Oqnbddchmfr ne sgd 2qc GmmnuZshnmr hm SgdnqdshbZk Bnlotsdq Rbhdmbd Bnmedqdmbd
-GSBR(: oo0 1fl3-115: 19fl10

IZldr EZmshm0 EZhq/Enqdrs: 19190 TQK gssor.??fhsgta0bnl?oikZjd87?CZhq/Cnqdrs0

LhbgZdk Edeedq: LZqshm Ghqydk: RZltdk B GneelZm: JhqZm JZsd: OZqhjrghs QZl: Zmc üuqZgZl RghmmZq0
üm dlohqhbZk rstcx ne lnctkZq ahZr lhshfZsnqr Zmc dmrdlakdr0 ZqWhu oqdoqhms ZqWhu.119109964fi:
19110

MhbgnkZr EqZmydrd: InmZsgZm JZsy: Rsdud Kt: QZeZhk Nrsqnurjx: WhZn VZmf: Zmc BgdmjZh Vdmf0
BnmrsZms/nudqgdZc ydqn/jmnvkdcfd enq QüL oqnfqZlr0 Hm FhnuZmmh UhfmZ Zmc DkZhmd Rgh —dcr0(:
�BL BBR 191fi: oo0 fl67-fl8fl: UhqstZk Dudms: Qdotakhb ne JnqdZ: Mnudladq fl4-fl8: 191fl0 üBL
Oqdrr0 cnh. fl90flfl34“2359fl19023737990

flfl
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JZytsn Etjtbgh: RZsnrgh GZqZ: Zmc SZjZmnqh LZdgZqZ0 EZjhmf eZhqmdrr uhZ rsdZksghkx ahZrdc rZlokhmf0
Hm Oqnbddchmfr ne sgd ���G Bnmedqdmbd nm �qshzbhZk Gmsdkkhfdmbd: unktld 23: oo0 3fl1-3fl8: 19190

MZyddg FgZsZrgdg0 Atrhmdrr ZmZkxshbr trhmf qZmcnl enqdrs sqddr enq bqdchs qhrj oqdchbshnm. Z
bnloZqhrnm rstcx0 GmsdqmZshnmZk IntqmZk ne �cuZmbdc Rbhdmbd Zmc Sdbgmnknfx: 61—19fl3(.fl8-29:
19fl30

Ncdc Fnkcqdhbg Zmc QZeZhk Nrsqnurjx0 RnesvZqd oqnsdbshnm Zmc rhltkZshnm nm nakhuhntr QüLr0
I0 �BL: 32—2(.32fl-362: lZx fl8850 HRRM 9993/43flfl0 cnh. fl90flfl34“12244fl01224420 TQK
gssor.??cnh0nqf?z90zz34?12244z01224420

Ncdc Fnkcqdhbg: Rhkuhn LhbZkh: Zmc üuh Vhfcdqrnm0 Oqnner sgZs xhdkc mnsghmf ats sgdhq uZkhchsx nq Zkk
kZmftZfdr hm MO gZud ydqn/jmnvkdcfd oqnne rxrsdlr0 IntqmZk ne sgd �BL: 27—2(.58fl-618: fl88fl0

RgZı FnkcvZrrdq: Rhkuhn LhbZkh: Zmc BgZqkdr QZbjnee0 Sgd jmnvkdcfd bnlokdwhsx ne hmsdqZbshud
oqnne/rxrsdlr —dwsdmcdc ZarsqZbs(0 Hm fi6sg �BL RSNB: oo0 18fl-293: Oqnuhcdmbd: QH: TRü:
LZx 5-7: fl8740 üBL Oqdrr0 cnh. fl90flfl34“11fl34011fl670

Kdudms FômsZx: DqcZk AnyZm: Ölhs SzḟqZj: SnkfZ Ctqct: Zmc Fôkàhm Dbd �yjZgxZ0 üm dwokZhmZakd
bqdchs rbnqhmf eqZldvnqj. ü trd bZrd ne Zccqdrrhmf bgZkkdmfdr hm Zookhdc lZbghmd kdZqmhmf0 Hm
1911 GDDD Sdbgmnknfx Zmc Dmfhmddqhmf LZmZfdldms Bnmedqdmbd -SDLRBNM DTQNOD(: oo0
111-1160 HDDD: 19110

Jnjh GZlZcZ: CZh HjZqZrgh: Qxn Jhjtbgh: Zmc Jnih BghcZ0 Deıbhdms cdbhrhnm sqdd sqZhmhmf vhsg mdv
cZsZ rsqtbstqd enq rdbtqd ltksh/oZqsx bnlotsZshnm0 ZqWhu oqdoqhms ZqWhu.1fifi10fi1895: 191fl0

Lnqhsy GZqcs: Dqhb Oqhbd: Zmc MZsh Rqdaqn0 DptZkhsx ne noonqstmhsx hm rtodquhrdc kdZqmhmf0 �cuZmbdr
hm MdtqZk GmenqlZshnm Oqnbdrrhmf Rxrsdlr -MGOR(: 18.22fl4-2212: 19fl50

GncZ GdhcZqh: Lhbgdkd Knh: JqhrgmZ O0 FtllZch: Zmc ümcqdZr JqZtrd0 ü lnqZk eqZldvnqj enq
tmcdqrsZmchmf ne eZhq LK sgqntfg dbnmnlhb lncdkr ne dptZkhsx ne noonqstmhsx0 Hm Oqnbddchmfr
ne sgd 19fi8 Bnmedqdmbd nm EZhqmdrr: �bbntmsZahkhsx: Zmc SqZmroZqdmbx -�BL E�S)(: üskZmsZ:
FdnqfhZ: TRü: IZmtZqx 19fl80

MZsgZmZdk In: RhmZ üfgZdh: IZbj Admrnm: ümcqçr Fíldy: Zmc Ogdad UZxZmnr0 KdZqmhmf noshlZk eZhq
bkZrrhıbZshnm sqddr0 ZqWhu oqdoqhms ZqWhu.119fi098821: 19110

EZhrZk JZlhqZm Zmc Snnm BZkcdqr0 BkZrrhexhmf vhsgnts chrbqhlhmZshmf0 Hm 1998 1mc GmsdqmZshnmZk
Bnmedqdmbd nm Bnlotsdq: Bnmsqnk Zmc BnlltmhbZshnm: oo0 fl-50 HDDD: 19980

EZhrZk JZlhqZm: Snnm BZkcdqr: Zmc LxjnkZ Odbgdmhyjhx0 ChrbqhlhmZshnm ZvZqd cdbhrhnm sqdd kdZqmhmf0
Hm 19fi9 GDDD GmsdqmZshnmZk Bnmedqdmbd nm CZsZ Lhmhmf -GBCL(: oo0 758-763: 19fl90 cnh.
fl90flfl98“HBCL019fl90490

InmZsgZm JZsy Zmc XdgtcZ Khmcdkk0 Gmsqnctbshnm sn Lncdqm BqxosnfqZogx0 BgZolZm Zmc GZkk“BQB
Oqdrr: 19960 HRAM 867/fl/47377/44fl/fl0

Inm Jkdhmadqf: GhlZahmct KZjjZqZit: Itqd Kdrjnudb: Idmr Ktcvhf: Zmc Rdmcghk LtkkZhmZsgZm0
GtlZm cdbhrhnmr Zmc lZbghmd oqdchbshnmr0 Sgd PtZqsdqkx IntqmZk ne Dbnmnlhbr: fl22—fl(.126-182:
19fl70

Vdh/Xhm Kng0 BkZrrhıbZshnm Zmc qdfqdrrhnm sqddr0 Vhkdx GmsdqchrbhokhmZqx Qduhdvr. CZsZ lhmhmf Zmc
imnvkdcfd chrbnudqx: fl—fl(.fl3-12: 19flfl0

Ahmg SgZmg Ktnmf: RZkuZsnqd Qtffhdqh: Zmc EqZmbn Stqhmh0 j/mm Zr Zm hlokdldmsZshnm ne rhstZshnm
sdrshmf enq chrbqhlhmZshnm chrbnudqx Zmc oqdudmshnm0 Hm Oqnbddchmfr ne sgd fi6sg GmsdqmZshnmZk
Bnmedqdmbd nm Jmnvkdcfd Chrbnudqx Zmc CZsZ Lhmhmf -�BL RGFJCC(: oo0 491-4fl9: 19flfl0

Bgqhrsnog LnkmZq0 GmsdqoqdsZakd lZbghmd kdZqmhmf0 Ktkt0 bnl: 19190

üquhmc MZqZxZmZm0 StsnqhZk. 1fl eZhqmdrr cdımhshnmr Zmc sgdhq onkhshbr: lZq 19fl70 TQK gssor.
??vvv0wntstad0bnl?vZsbg,u+iGWGtXcmwwj0

RhjgZ OdmsxZkZ: CZuhc LdkZmrnm: LZqshmd Cd Bnbj: Zmc Fnkmnnrg EZqmZch0 OqhueZhq. Z khaqZqx enq
oqhuZbx/oqdrdquhmf eZhqmdrr Ztchshmf0 ZqWhu oqdoqhms ZqWhu.1191093947: 19110
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Uhkh Oncfnqdkdb: Odsdq Jnjnk: Aqtmn Rshfkhb: Zmc HuZm QnylZm0 Cdbhrhnm sqddr. Zm nudquhdv Zmc sgdhq
trd hm ldchbhmd0 IntqmZk ne LdchbZk Rxrsdlr: 15—4(.334-352: 19910

DcvZqc QZee0 IrZs. IZuZ rsZshrshbZk ZmZkxrhr snnk: Z khaqZqx enq lZbghmd kdZqmhmf0 IntqmZk ne LZbghmd
KdZqmhmf QdrdZqbg: fl7—12(.fl-4: 19fl60 TQK gsso.??ilkq0nqf?oZodqr?uz7?z5/z2z0
gslk0

DcvZqc QZee: IZqdc Rxkudrsdq: Zmc Rsdudm Lhkkr0 EZhq enqdrsr. QdftkZqhydc sqdd hmctbshnm sn lhmhlhyd
lncdk ahZr0 Hm Oqnbddchmfr ne sgd 19fi7 ���G,�BL Bnmedqdmbd nm �G: Dsghbr: Zmc Rnbhdsx -�GDR(:
oo0 132-149: 19fl70

LhbgZdk Qdclnmc0 Bnlltmhshdr Zmc Bqhld0 TBH LZbghmd KdZqmhmf Qdonrhsnqx: 19980

QdyZ Rgnjqh Zmc UhsZkx RglZshjnu0 OqhuZbx/oqdrdquhmf cddo kdZqmhmf0 Hm Oqnbddchmfr ne sgd 11mc
�BL RGFR�B Bnmedqdmbd nm Bnlotsdq Zmc BnlltmhbZshnmr Rdbtqhsx -�BL BBR(: oo0 fl2fl9-fl21fl:
19fl40

Mhshm Rhmfg: OZmjZi CZxZlZ: Zmc UhmZxZjZ OZmchs0 Ydqn jmnvkdcfd oqnner snvZqcr udqhıZakd
cdbdmsqZkhydc üH ohodkhmdr0 Bqxosnknfx dOqhms �qbghud: 191fl0

OZtkh UhqsZmdm: QZke Fnlldqr: SqZuhr D0 NkhogZms: LZss GZadqkZmc: Sxkdq Qdccx: CZuhc BntqmZodZt:
Dufdmh Atqnurjh: OdZqt Odsdqrnm: VZqqdm Vdbjdrrdq: InmZsgZm Aqhfgs: RsçeZm I0 uZm cdq VZks:
LZssgdv Aqdss: InrgtZ Vhkrnm: J0 IZqqnc LhkklZm: MhjnkZx LZxnqnu: ümcqdv Q0 I0 Mdkrnm: Dqhb
Inmdr: Qnadqs Jdqm: Dqhb KZqrnm: B I BZqdx: %HkgZm OnkZs: Xt Edmf: Dqhb V0 Lnnqd: IZjd UZmcdqOkZr:
Cdmhr KZwZkcd: Inrde Odqjsnkc: Qnadqs BhlqlZm: HZm Gdmqhjrdm: D0 ü0 Pthmsdqn: BgZqkdr Q0 GZqqhr:
ümmd L0 üqbghaZkc: ümsómhn G0 Qhadhqn: EZahZm OdcqdfnrZ: OZtk uZm Ltkaqdfs: Zmc RbhOx fl09
Bnmsqhatsnqr0 RbhOx fl09. EtmcZldmsZk ükfnqhsglr enq Rbhdmshıb Bnlotshmf hm Oxsgnm0 MZstqd
Ldsgncr: fl6.15fl-161: 19190 cnh. fl90fl927“r3fl481/9fl8/9575/10

JZudg VZccdkk0 Gnv Zkfnqhsglr bZm aqhmf cnvm lhmnqhshdr= bqdchs rbnqdr0 Sgd �skZmshb: 1: 19fl50

WhZn VZmf: ükdw I0 LZknydlnee: Zmc InmZsgZm JZsy0 DLO/snnkjhs. Deıbhdms LtkshOZqsx bnlotsZshnm
snnkjhs0 gssor.??fhsgta0bnl?dlo/snnkjhs: 19fl50

BgdmjZh Vdmf: JZmf XZmf: InmZsgZm JZsy: Zmc WhZn VZmf0 Vnkudqhmd. EZrs: rbZkZakd: Zmc
bnlltmhbZshnm/deıbhdms ydqn/jmnvkdcfd oqnner enq annkdZm Zmc Zqhsgldshb bhqbthsr0 Hm 191fi
GDDD Rxlonrhtl nm Rdbtqhsx Zmc OqhuZbx: oo0 fl963-fl98fl: RZm EqZmbhrbn: Bü: TRü: LZx 13-16:
191fl0 HDDD Bnlotsdq Rnbhdsx Oqdrr0 cnh. fl90flfl98“RO3999fl0191fl0999450

UZkdmshmZ YZmsdcdrbgh: LZss Jtrmdq: Zmc UkZc MhbtkZd0 KdZqmhmf ahmZqx cdbhrhnm sqddr ax Zqflhm
cheedqdmshZshnm0 Hm Oqnbddchmfr ne sgd 27sg GmsdqmZshnmZk Bnmedqdmbd nm LZbghmd KdZqmhmf -GBLK(:
oo0 fl1187-fl12980 OLKQ: 191fl0

IhZgdmf YgZmf: Yghxnmf EZmf: Xtodmf YgZmf: Zmc CZvm Rnmf0 Ydqn jmnvkdcfd oqnner enq cdbhrhnm
sqdd oqdchbshnmr Zmc ZbbtqZbx0 Hm Oqnbddchmfr ne sgd 1919 �BL RGFR�B Bnmedqdmbd nm Bnlotsdq
Zmc BnlltmhbZshnmr Rdbtqhsx -�BL BBR(: oo0 1928-1942: 1919Z0

IhZknmf YgZmf: Ygnmfrgt Ft: Ihxnmf IZmf: Gth Vt: LZqb Og Rsndbjkhm: Gdphmf GtZmf: Zmc HZm
Lnkknx0 Oqnsdbshmf hmsdkkdbstZk oqnodqsx ne cddo mdtqZk mdsvnqjr vhsg vZsdqlZqjhmf0 Hm Oqnbddchmfr
ne sgd 19fi7 nm �rhZ Bnmedqdmbd nm Bnlotsdq Zmc BnlltmhbZshnmr Rdbtqhsx -�BL �RG�BBR(: oo0
fl48-fl61: 19fl70

IhZmf YgZmf: HuZm AdrbgZrsmhjg: Rdqfdx LdbgsZdu: Zmc üaghj Qnxbgntcgtqx0 EZhqmdrr/fthcdc
RLS/aZrdc qdbshıbZshnm ne cdbhrhnm sqddr Zmc qZmcnl enqdrsr0 ZqWhu oqdoqhms ZqWhu.19fifi0fifi99fi:
1919a0

Vdmahm YgZmf: ükadqs Aheds: WhZmfkhZmf YgZmf: Idqdlx B Vdhrr: Zmc VnkefZmf Mdick0 EZqe. ü eZhq
Zmc ZcZoshud qZmcnl enqdrsr bkZrrhıdq0 Hm OZbhzb/�rhZ Bnmedqdmbd nm Jmnvkdcfd Chrbnudqx Zmc
CZsZ Lhmhmf -O�JCC(: oo0 134-1450 Roqhmfdq: 191fl0
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ü MNSüSHNM

SZakd 2 rgnvr sgd mnsZshnm trdc sgqntfgnts sghr oZodq0

SZakd 2. MnsZshnm sZakd0

MnsZshnm LdZmhmf MnsZshnm LdZmhmf

S CZsZrds X Rds ne ahmZqx fqntmc/sqtsg kZadkr
Y AhmZqx rdmrhshud Zssqhatsd n Rdmrhshud Zssqhatsd uZktd

Sr CZsZrds vhsg rdmrhshud Zssqhatsd n Sb CZsZrds vhsg fqntmc/sqtsg kZadk b
CS Cdbhrhnm sqdd f Cdbhrhnm sqdd gdhfgs
� Sgqdrgnkc <%·. ·( EZhqmdrr/ZvZqd sqZhmhmf Zkfnqhsgl
]X Rds ne ahmZqx oqdchbsdc kZadkr FZhm —( HmenqlZshnm fZhm

Fhmh —( Fhmh �wK Bnllhsldms ne w
� Ydqn/jmnvkdcfd oqnne oqnsnbnk b Bntmsdq

A EüHQMDRR LDSQHBR

Hm sghr rdbshnm: vd cdrbqhad entq bnllnm eZhqmdrr ldsqhbr. CdlnfqZoghb OZqhsx: DptZkhydc Nccr:
DptZk Noonqstmhsx: Zmc Oqdchbshud DptZkhsx0 Vd bnmrhcdq sgd enqldq svn ldsqhbr hm sghr oZodq: sgntfg
ntq vnqj lZx ad dZrhkx dwsdmcdc sn sgdrd nsgdq ldsqhbr Zr dptZk noonqstmhsx Zmc oqdchbshud dptZkhsx
Zqd vdZjdq udqrhnmr ne dptZkhydc nccr0

Cdzmhshnm 3 —CdlnfqZoghb oZqhsx —BZkcdqr ds Zk0: 1998((7 � oqdchbsnq ]X rZshrzdr CdlnfqZoghb OZqhsx
vhsg qdrodbs sn sgd rdmrhshud Zssqhatsd P he.

=ˆP ]X : 0}P : Y[ : =ˆP ]X : 0}P : a[ ∀Y. a ∈ P.

RZshrexhmf cdlnfqZoghb oZqhsx: nq rsZshrshbZk fqnto oZqhsx: qdedqr sn dptZk oqnaZahkhsx ne Z oqdchbsdc onr/
hshud kZadk Zbqnrr rtafqntor oZqshshnmdc ax oqnsdbsdc Zssqhatsd P0 Hm drrdmbd: dmenqbhmf cdlnfqZoghb
oZqhsx dmrtqdr sgZs sgd oqdchbsdc bkZrr tmcdq sgd lncdk hr hmcdodmcdms ne hmbktrhnm hm Z oZqshbtkZq
rtafqnto0 Rtbg Z eZhqmdrr cdımhshnm kdZcr sn rhstZshnmr Zmc sZrjr hm vghbg sgd oqdchbshnm hr hmsdmcdc
sn ad hmcdodmcdms ne rtafqnto hmbktrhnm0 ücchshnmZkkx: cdlnfqZoghb oZqhsx oqdrdmsr Z eZhqmdrr ldsqhb
sgZs bZm: sn rnld dwsdms: nudqbnld hrrtdr ne ahZr hm sgd sqtd kZadk ZrrnbhZsdc vhsg P: Zr cdlnfqZoghb
oZqhsx hfmnqdr sgd sqtd kZadk hm hsr enqltkZshnm0 üksgntfg rdudqZk sZrjr mdbdrrhsZsd rtbg oqnodqshdr
hm Z eZhqmdrr ldsqhb: bkZrrhıbZshnm hm cnlZhmr hm vghbg sZqfds kZadkr lZx ad hmsqhmrhbZkkx qdkZsdc sn
rtafqnto uZktdr: rtbg Zr gdZksgbZqd: cdlnfqZoghb oZqhsx eZhkr sn bZostqd jdx qdkZshnmrghor adsvddm
sZqfds kZadkr Zmc rtafqntor sgZs bZm kdZc sn onnqdq eZhqmdrr —hm sgd rnbhdsZk rdmrd ne eZhqmdrr(0 Enq
dwZlokd: oqdchbshnm hm aqdZrs bZmbdq chZfmnrhr mddcr sn hmbnqonqZsd rtafqnto hmenqlZshnm Zants
ahnknfhbZk rdw: ctd sn ghfgdq qZsdr hm vnldm0

Cdzmhshnm 4 —DptZkhydc Nccr —GZqcs ds Zk0: 19fl5((7 � oqdchbsnq ]X rZshrzdr DptZkhydc Nccr vhsg
qdrodbs sn sgd rdmrhshud Zssqhatsd P he.

=ˆP ]X : 0}X : x. P : Y[ : =ˆP ]X : 0}X : x. P : a.[ ∀x ∈ F+. 0{. ∀Y. a ∈ P

Sgd dptZkhydc nccr ldsqhb hr Z rsqhbs bnmrsqZhms nm eZhqmdrr sgZs qdpthqdr Z oqdchbsnq sn inhmskx dptZkhyd
sgd eZkrd onrhshud qZsd —EOQ( Zmc sqtd onrhshud qZsd —SOQ( Zbqnrr rtafqntor cdsdqlhmdc ax P0 Hm
sgd dptZkhydc nccr enqltkZshnm: sgd eZhqmdrr ne Z lncdk cdodmcr mns nmkx nm sgd oqdchbsdc kZadk
ats nm sgd sqtd kZadk chrsqhatshnm Zr vdkk0 RZshrexhmf dptZkhydc nccr dmrtqdr sgZs sgd oqdchbsdc bkZrr
hr bnmchshnmZkkx hmcdodmcdms ne sgd oqnsdbsdc Zssqhatsd Zmc sgd sZqfds bkZrr0 DptZkhydc nccr vZr
oqnonrdc sn ZkkduhZsd ohseZkkr ne cdlnfqZoghb oZqhsx: vghbg bZmmns bZostqd hlonqsZms qdkZshnmrghor
adsvddm sgd sZqfds bkZrr Zmc sgd rtafqnto=r hmenqlZshnm hm hsr enqltkZshnm ne eZhqmdrr0 Sgdqdenqd:
dptZkhydc nccr hr adssdq rthsdc enq sZrjr hm vghbg hmsqhmrhb hmenqlZshnm khmjr rtafqnto hmbktrhnm Zmc
sqtd bkZrr: ats bZm oqnoZfZsd ahZr hm bZrdr vgdqd sgd ”sqtd; kZadk dmbncdr rnbhdsZk tmeZhqmdrr0 Enq
dptZkhydc nccr eZhqmdrr: sgd oqdchbshnm rgntkc ad bnlokdsdkx hmcdodmcdms ne sgd rdmrhshud Zssqhatsd0
Mnsd sgZs dptZkhyhmf ansg EOQ Zmc SOQ hlokhdr rdZqbghmf enq sgd hmsdqrdbshnm ne odq/rtafqnto
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ZqdZ/tmcdq/qdbdhudq/nodqZsnq/btqudr —üTQNB(: vghbg lZx mns ad ZkvZxr rZshrıZakd enq mnm/sqhuhZk
hmsdqrdbshnmr0 RhlhkZqkx: rtbg Zm hmsdqrdbshnm lZx khd hm Zm tmcdrhqZakd qdfhnm ne sgd oZqZldsdq roZbd
sgZs rhfmhıbZmskx cdfqZcdr sgd tshkhsx ne sgd lncdk nudqZkk0 Sgtr: qdkZwZshnm Zmc bZkhaqZshnm ldsgncr
gZud roZvmdc hm nqcdq sn lhshfZsd sgdrd hrrtdr vhsg sghr eZhqmdrr ldsqhb —GZqcs ds Zk0: 19fl5(0

Cdzmhshnm 5 —DptZk Noonqstmhsx —GZqcs ds Zk0: 19fl5((7 � oqdchbsnq ]X rZshrzdr DptZk Noonqstmhsx
vhsg qdrodbs sn sgd rdmrhshud Zssqhatsd P he.

=ˆP ]X : 0}X : 0. P : Y[ : =ˆP ]X : 0}X : 0. P : a[ ∀Y. a ∈ P.

DptZk noonqstmhsx hmsqnctbdr Z vdZjdq udqrhnm ne dptZkhydc nccr: hm vghbg rnkdkx SOQ hr dptZkhydc
Zbqnrr rtafqntor0 Ctd sn sgd qdkZshud cheıbtkshdr ZrrnbhZsdc vhsg rZshrexhmf dptZkhydc nccr: dptZkhsx
ne noonqstmhsx qdkZwdr sgd ldsqhb ax odqlhsshmf tmdptZkhydc EOQ: ats bnmshmtdr sn qdpthqd SOQ: Zmc
needqr Zm ZcuZmsZfd nudq cdlnfqZoghb oZqhsx hm bdqsZhm rdsshmfr ax hmbnqonqZshmf sgd sZqfds kZadk hmsn
hsr enqltkZshnm0 DptZkhsx ne noonqstmhsx kZqfdkx vnqjr hm cnlZhmr hm vghbg sgd onrhshud bkZrr bntkc
ad uhdvdc Zr ”cdrhqZakd; —sgtr sgd mZld noonqstmhsx( ax dmenqbhmf dptZk hmbktrhnm hm sgd onrhshud
bkZrr bnmchshnmZkkx hmcdodmcdms ne P Zmc sqtd hmbktrhnm hm sgd onrhshud bkZrr0

Cdzmhshnm 6 —Oqdchbshud DptZkhsx —BgntkcdbgnuZ: 19fl5, Bnqadss/CZuhdr ds Zk0: 19fl6((7 � oqdchbsnq ]X
rZshrzdr Oqdchbshud DptZkhsx vhsg qdrodbs sn sgd rdmrhshud Zssqhatsd P he.

=ˆP ]X : 0}X : +. P : Y[ : =ˆP ]X : 0}X : +. P : a[ ∀Y. a ∈ P.

RhlhkZq sn dptZk noonqstmhsx: oqdchbshud dptZkhsx dmenqbdr Z oZqshZk enql ne dptZkhydc nccr qdpthqhmf
dptZkhydc EOQ Zbqnrr rtafqntor vhsg mn bnmrsqZhmsr nm SOQ0 Bnmudqrdkx sn dptZk noonqstmhsx:
oqdchbshud dptZkhsx Zookhdr vdkk hm rbdmZqhnr hm vghbg sgd hmbktrhnm hm sgd onrhshud bkZrr tmcdq sgd
lncdk bZm ad bnmrhcdqdc Z onnq ntsbnld: Zmc sgdqdenqd bZtrdr bnmrhcdqZakd cZlZfd vgdm sgd sqtd
kZadk hr mdfZshud0

DptZkhsx ne noonqstmhsx Zmc oqdchbshud dptZkhsx ansg bZm ad rddm Zr oZqshZk qdpthqdldmsr enq dptZkhydc
nccr.

�P�Z ) βC�Z : �P�a ) βC�a
DptZkhydc nccr 9 F� : 0.β : +{ Zmc F� : +.β : 0{

DptZk noonqstmhsx 9 F� : 0.β : +{
Oqdchbshud dptZkhsx 9 F� : +.β : 0{.

—7(

Sgdqdenqd: Zmx oqdchbsnq rZshrexhmf dptZkhydc nccr vhkk rZshrex ansg oqdchbshud dptZkhsx Zmc dptZk
noonqstmhsx0

B AKNBJ CHüFQüL NE BNMEHCDMSHüK/OQNEHSS

Ehftqd 4 cdohbsr Zm nudquhdv ne BnmıcdmshZk/OQNEHSS vghbg bnmrhrsr ne entq lZhm rsdor0

C CDBHRHNM SQDD SQüHMHMF

C0fl CDBHRHNM SQDD SQüHMHMF VHSGNTS EüHQMDRR BNMRSQüHMSR

Cdbhrhnm sqddr trdc enq bkZrrhıbZshnm Zqd sqZhmdc qdbtqrhudkx eqnl qnns sn kdZe mncd ax rtbbdrrhudkx
oZqshshnmhmf sgd hmots rds: Zr rgnvm hm ükfnqhsgl 20 HcdZkkx: cZsZ onhmsr hm sgd kdZe mncdr Zqd otqd vhsg
qdrodbs sn bkZrr Zmc sgd kdZudr Zqd trdc enq oqdchbshnm ctqhmf hmedqdmbd0 OZqshshnmhmf hr qdoqdrdmsdc
ax mncdr hm Z ahmZqx sqdd Zmc dmenqbdc vhsg Z AnnkdZm bnmchshnm sgZs rokhsr sgd cZsZ aZrdc nm rnld
Zssqhatsd uZktd hmsn Zs lnrs svn chrinhms bghkc mncdr0 Sn ımc sgd noshlZk rokhsshmf bqhsdqhnm enq Z mncd:
sgd Zkfnqhsgl hsdqZsdr nudq dudqx Zssqhatsd Zmc Zssqhatsd uZktd0 Sgdrd uZktdr Zqd trdc Zr sgqdrgnkcr sn
rokhs sgd cZsZ hmsn bghkc mncdr0 Sgd Zkfnqhsgl ldZrtqdr sgd hmenqlZshnm fZhmdc —vhsg qdrodbs sn mncd
bkZrr otqhsx( adsvddm sgd oZqdms Zmc bghkc mncdr Zmc bgnnrdr sgd rokhsshmf bqhsdqhnm sgZs lZwhlhydc
sghr fZhm0 Sgd oqnbdrr ne ımchmf sgd adrs rokhs hr cdsZhkdc hm ükfnqhsgl 30 Rokhsshmf bnmshmtdr tmshk
rnld lZwhltl gdhfgs hr qdZbgdc nq tmshk sgd mncd rhydr gZud qdZbgdc rnld lhmhltl uZktd0 Vghkd
sgdqd Zqd lZmx cdbhrhnm sqdd sqZhmhmf Zkfnqhsglr: sghr oZodq trdr sgd BüQS —BkZrrhıbZshnm Zmc
Qdfqdrrhnm Sqdd( vhsg hmenqlZshnm fZhm: Fhmh hlotqhsx: ahmZqx rokhsshmf: Zmc ahmZqx bkZrrhıbZshnm
enq mtldqhbZk Zmc bZsdfnqhbZk cZsZrdsr0 Sgd BüQS Zkfnqhsgl gZr addm onotkZq rhmbd hsr hmbdoshnm
hm fl872 —AqdhlZm ds Zk0: fl872(0
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Commitment
scheme

0) Local training:
- Prover locally trains a decision tree
- Training dataset: , Training algorithm:

Verifier

Prover

1) Confidential-PROFITT -- Commitment:
- Prover commits to the data and model without revealing them
- Prover cannot changes commitments w/o auditor's consent

2) Confidential-PROFITT -- Prove counter update:
- Prover locally computes the path for each training data
- Prover proves the path and updates committed counters

3) Confidential-PROFITT -- Prove fairness constraint:
- Prover computes gain of each split using committed counters
- Prover proves the committed

Prove is a fairness-aware training algorithm

Ehftqd 4. Aknbj chZfqZl ne sgd oqnonrdc BnmıcdmshZk Oqnne ne EZhqmdrr: BnmıcdmshZk/OQNEHSS0

ékfnqhsgl 2. Qdbtqrhudkx athkchmf cdbhrhnm sqdd0
Gmots. SqZhmhmf cZsZrdsT : btqqdms cdbhrhnm sqdd gdhfgs db: lZwhltl cdbhrhnm sqdd gdhfgs d
Ntsots. SqZhmdc cdbhrhnm sqdd CS
fl. he CS0gdhfgs / d sgdm
1. qdstqm mtkk
2. rokhs + EhmcAdrsRokhs—T(
3. he rokhs0kdZer/ 0 sgdm
4. enq kdZe ∈ rokhs cn
5. qdstqm Zmc khmj AthkcSqdd—kdZe0W: CS0gdhfgs) 6 0. d(

ékfnqhsgl 3. Ehmchmf sgd adrs —eZhqmdrr/nakhuhntr( rokhs enq dZbg mncd0
Gmots. CZsZrdsT hm i/sg mncd CS )i[0
Ntsots. Adrs rokhs0
fl. übbtqZbx•fZhmr6 =[ ▷ GmhshZkhyd fZhmr enq dZbg uZktd ne dZbg Zssqhatsd
1. OZqdms 6 T ▷ KZjd oZqdms mncd
2. enq �ssn ∈ üssqhatsdr cn
3. enq u ∈ T cn
4. t�i 6 u=�ssn[ ▷ Rds rokhs sgqdrgnkc uZktd odq cZsZonhms
5. Bghkc0 6 {u ∈ T}u=�ssn[ , t�i{: Bghkc1 6 {u ∈ T}u=�ssn[ ≥ t�i{ ▷ KZjd bghkcqdm

6. FZhmübbtqZbx 6 FhmhübbtqZbx�OZqdms(�
1

j40

}Bghkcj}
}OZqdms} FhmhübbtqZbx�Bghkcj( ▷ FZhm vqs kZadk

7. übbtqZbx•fZhmr0Zoodmc—�ssn. t�i.FZhmübbtqZbx(
8. qdstqm CS=i[.�ssn.CS=i[.t�i.CS=i[.a�glr 6 a]mFZhmübbtqZbx übbtqZbx•fZhmr ▷ Adrs rokhs

C01 CDBHRHNM SQDD SQüHMHMF VHSG EüHQMDRR BNMRSQüHMSR

SqZhmhmf Z cdbhrhnm sqdd vhsg eZhqmdrr vghkd lZhmsZhmhmf sgd qnns/sn/kdZe qdbtqrhud sqZhmhmf oqnbdctqd
nmkx qdpthqdr nmd ZcchshnmZk rsdo: cdsZhkdc hm ükfnqhsgl 30 Vghkd hsdqZshmf nudq sgd uZqhntr rokhsr:
vd ldZrtqd ansg hmenqlZshnm fZhm vhsg qdrodbs sn bkZrr Fhmh hlotqhsx Zmc eZhqmdrr Fhmh hlotqhsx0
Vd rdkdbs sgd rokhsr sgZs oqnctbdc eZhqmdrr hmenqlZshnm fZhmr adknv rnld sgqdrgnkc adenqd bgnnrhmf
vghbgdudq gZc sgd ghfgdrs bkZrr hmenqlZshnm fZhm0 Sghr kdZcr sn Z ghfg eZhqmdrr Zmc ZbbtqZbx enq
sgd cZsZrds0
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EtmbshnmZkhsx FXDCK

fl0 Oqnudq Zmc Udqhıdq rdmc τ : Zanqs he sgdx cn mns lZsbg0
10 Oqnudq rdmcr cZsZrdsV : cdbhrhnm sqdd oZqZldsdqr CS
20 Udqhıdq qdbdhudr 0 he ∀ hmsdqhnq mncd hmchbdr f: FZhmTmeZhqmdrr�f.V.CS( ± τ gnkcr0 Udqhıdq qdbdhudr +
nsgdqvhrd0

Ehftqd 5. HcdZk etmbshnmZkhsx enq udqhexhmf sgd eZhqmdrr ne Z cdbhrhnm sqdd hm ydqn jmnvkdcfd 0

EtmbshnmZkhsx FXD
XJ NodqZshnmr
˘ Bnllhsldms sn oqhuZsd hmotsr. Nm qdbdhuhmf �Gmots. k( eqnl N : rsnqd k Zmc rdmc �kK sn dZbg oZqsx0
˘ Bnllhsldms sn -otakhb( bnmrsZmsr. Nm qdbdhuhmf �Bnmrs. k( eqnl ansg oZqshdr: rsnqd k Zmc rdmc

�kK sn dZbg oZqsx —he sgd svn hmotsr cn mns lZsbg: ansg oZqshdr qdbdhud bgdZshmf(0
˘ AnnkdZm bhqbths rZshrzZahkhsx. Nm qdbdhuhmf �Bhqb. A. �k+K. · · · . �kk�0K( eqnl ansg oZqshdr: hm vghbg
sgd k=r Zqd AnnkdZm uZktdr Zmc A hr Z AnnkdZm bhqbths: bnlotsd X 9: A�k+. · · · . kk�0( Zmc rdmc X sn
T 0

PéL NodqZshnmr
˘ GmhshZkhyZshnm. Nm qdbdhuhmf �Gmhs. F( eqnlN Zmc T : rsnqd ZmF /uZktd ZqqZx<vhsg uZktdr hmhshZkhydc
sn ⊥: Zmc rds d 9: gnmdrs0

˘ Vqhsd. Nm qdbdhuhmf �Uqhsd. �fK. �bK( eqnl N Zmc T : rds <=f[ 9: b Zmc rdmc eqdrg �bK sn dZbg oZqsx0
˘ PdZc. Nm qdbdhuhmf �PdZc. �fK. b(: eqnl N : �PdZc. �fK( eqnl T : rdmc �bK sn ansg oZqshdr0 He b ̸: <=f[
rds d 9: bgdZshmf0

˘ Bgdbj. Nm qdbdhuhmf �Bgdbj( eqnl T : rdmc d sn ansg oZqshdr0

Ehftqd 6. HcdZk etmbshnmZkhsx enq Ydqn Jmnvkdcfd Oqnner vhsg QüL Zbbdrr0

D OQNNE NE RDBTQHSX NE SGDNQDL fl

Vd oqnud sgd oqnodqsx ne ntq oqnsnbnk aZrdc nm sgd bnlonrhshnm oZqZchfl BZmdssh —1999(: vghbg
hr sgd rsZmcZqc vZx enq oqnuhmf bqxosnfqZoghb oqnsnbnkr0 Vd qdoqdrdms sgd hcdZk etmbshnmZkhsx enq
ntq ydqn jmnvkdcfd eZhqmdrr bgdbj AYI>P hm Ehftqd 50 Sn qdZkhyd sghr etmbshnmZkhsx: sgd oqnsnbnk
cdrbqhadc hm ükfnqhsgl 1 rodbhıdr Z rdqhdr ne bZkkr sn Z Ydqn/Jmnvkdcfd Oqnne etmbshnmZkhsx vhsg
QüL bZoZahkhshdr AYI : vghbg hr fhudm hm Ehftqd 60 Sghr bZm ad hmrsZmshZsdc trhmf dwhrshmf vnqjr
sgZs bnmrsqtbs QüL/aZrdc ydqn/jmnvkdcfd oqnner0

Oqnne0 ü fhudm dwdbtshnm ne sgd oqnsnbnk hm ükfnqhsgl 1 bnldr vhsg Z oqdrbqhadc oZssdqm ne bZkkr sn
AYI - sgd knv kdudk cdsZhkr ne sghr oZssdqm Zqd ZarsqZbsdc hm sgd Zkfnqhsgl: ats rodbhıdc dwZbskx hm
sgd bncd sgZs hlokdldmsr ntq oqnsnbnk0 ümx cduhZshnm eqnl sghr oZssdqm ne bZkkr sn AYI hr cdsdbsdc
sqhuhZkkx —rhmbd sgd gnmdrs oZqsx rdmcr Z bnllZmc sn AYI sgZs fndr tmZmrvdqdc(: Zmc qdrtksr hm
Zanqs ne sgd oqnsnbnk0 Sgtr mn ZcudqrZqx A hr Zakd sn aqdZj rdbtqhsx ax cduhZshmf eqnl sghr oZssdqm0
Enq sgnrd ZcudqrZqhdr sgZs enkknv sgd bnqqdbs oZssdqm ne bZkkr: vd bnmrsqtbs rhltkZsnqr Zr enkknvr0

LZkhbhntr Oqnudq. RhltkZsnq P hmsdqZbsr vhsg AYI>P vhsg sgd enkknvhmf oqnbdctqd: qtmmhmf
lZkhbhntr Oqnudq A hm sgd AYI /gxaqhc lncdk Zr Z rtaqntshmd.

fl0 RhltkZshmf AYI : P qdbdhudr %Gmhs. I( eqnl A: hm vghbg I hr sgd rhyd ne QüL qdpthqdc sn
qdoqdrdms sgd bnlotsZshnm0 Rsnqd fiZf c 7: gnmdrs0 HmhshZkhyd Zm ZqqZx < hm ZbbnqcZmbd vhsg
AYI 0 Mdws P qdbdhudr Z rdptdmbd ne Gmots bnllZmcr eqnl A: enkknvdc ax Bnmrs bnllZmcr
sn nasZhm QüL hmchbdr: Zmc Uqhsd bnllZmcr sn rsnqd sgd uZktdr hm sgd QüL0 Vqhsd sgd uZktdr
hmsn < Zmc hmsdqoqds sgdl Zr S Zmc CS0 Rdmc aZbj bnllhsldmsr �SK Zmc �CSK0

10 Qdbdhud Z rdptdmbd ne %Bnmrs. +( Zmc %Bnmrs.QüL hmcdw( enkknvdc ax Uqhsd bnllZmcr sn
hmhshZkhyd b0 Zmc b10 RhlhkZqkx sn sgd oqduhntr rsdo: rsnqd sgdrd uZktdr hm < Zmc rdmc aZbj �b0K Zmc
�b1K0

20 Enq Zkk wh ∈ S cn.
30 Qdbdhud Gmots: Bnmrs: Zmc Uqhsd bnllZmcr sn rsnqd FH0. · · · . HE{0 Vqhsd sgd uZktdr

hm <: Zmc rdmc aZbj F�H0K. · · · . �HEK{0
40 Qdbdhud %PdZc. �hmcdw ne wPY[K. n(: he <Phmcdw ne wPY[[ ̸: n: rds c 7: bgdZshmf0 Rdmc

aZbj �nK0
50 Enq Zkk i ∈ P0. G [ cn.

fl6
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60 Qdbdhud Z ahs a uhZ Gmots bnllZmc: enkknvdc ax Z rdptdmbd ne PdZcr sn qd/
sqhdud wPCSPHi [.Zssq[: CSPHi [.uZk: Zmc Z Bhqb bnllZmc sn udqhex sgZs a :
wPCSPHi [.Zssq[ , CSPHi [.uZk0 Rdmc aZbj uZktdr nasZhmdc ax dwdbtshmf AYI eZhsg/
etkkx0

70 Qdbdhud bnllZmcr sn udqhex �Hi)0K : 1�HiK) �aK: dwdbtsd AYI eZhsgetkkx0
80 Qdbdhud bnllZmcr sn udqhex tocZsdr b0PHi [ ) n Zmc b1PHi [ ) ¬n Zmc vqhsd sgd tocZsdr sn

sgd QüL0 Dwdbtsd AYI eZhsgetkkx0

fl90 Enq Zkk h ∈ Fhmsdqhnq mncd hmchbdr{ cn
/ Qdbdhud PdZc bnllZmcr sn qdsqhdud b0Ph[. b0P1h[. b0P1h)0[. b1Ph[. b1P1h[. b1P1h)0[: enkknvdc
ax Bhqb bnllZmcr sn bZqqx nts sgd eZhqmdrr bgdbj0 Dwdbtsd AYI eZhsgetkkx0

flfl0 üesdq oqnsnbnk dwdbtshnm: dwdbtsd Bgdbj bnllZmc0 He c : bgdZshmf: rdmc ¬ sn AYI>P Zmc
Zanqs0 Nsgdqvhrd: rdmc S Zmc CS sn AYI>P 0

BkdZqkx P bnmrsqtbsr Z uhdv enq A sgZs hr hmchrshmfthrgZakd eqnl qdZk vnqkc dwdbtshnm: rhmbd Zkk
hmsdqZbshnmr vhsg A sgqntfg AYI Zqd odqenqldc eZhsgetkkx0 Hmots dwsqZbshnm enkknvr sqhuhZkkx rhmbd A
rdmcr sgd uZktdr ne S Zmc CS sn AYI hm sgd bnllhsldms ogZrd0 Etqsgdq: vd gZud sgZs sgd fdmdqZsdc
uhdv hr bnmrhrsdms vhsg sgd ntsotsr fdmdqZsdc ax A=r hmotsr: rhmbd sgd eZhqmdrr bgdbjhmf ogZrd chqdbskx
bnlotsdr —Zm ZkfdaqZhb qdZqqZmfdldms ne( FZhmTmeZhqmdrr%h.S.CS( · � enq dZbg hmsdqhnq mncd hmcdw h0

LZkhbhntr Udqhzdq. RhltkZsnq P hmsdqZbsr vhsg AYI>P vhsg sgd enkknvhmf oqnbdctqd: qtmmhmf
lZkhbhntr Udqhıdq A hm sgd AYI /gxaqhc lncdk Zr Z rtaqntshmd.

fl0 RhltkZshmf AYI : P qdbdhudr %Gmhs. I( eqnl A: vgdqd I hr sgd rhyd ne QüL qdpthqdc sn
qdoqdrdms sgd bnlotsZshnm0 Rsnqd fiZf c 7: gnmdrs0 HmhshZkhyd Zm ZqqZx < hm ZbbnqcZmbd vhsg
AYI 0 Mdws: rhltkZsd Z rdqhdr ne Gmots bnllZmcr ax rdmchmf �+K sn A rdudqZk shldr —vhsg eqdrg
qZmcnlmdrr dZbg shld(0 Sgdm qdbdhud Z rdqhdr ne Bnmrs bnllZmcr sn nasZhm bnllhsldmsr sn
QüL hmchbdr - rhltkZsd AYI ax rdmchmf aZbj bnllhsldmsr sn sgd qdptdrsdc hmchbdr0 Mdws
qdbdhud Uqhsd bnllZmcr eqnlA enq rsnqZfd ne sgd cZsZrds hm sgd QüL0 Rsnqd + Zs dZbg qdptdrsdc
hmcdw Zmc rdmc �+K sn rhltkZsd qdronmrdr sn sgd Uqhsd bnllZmcr0 Hm sghr vZx: A qdbdhudr Z khrs
ne bnllhsldmsr sgZs rsZmc hm enq �SK Zmc �CSK0

10 Qdbdhud Z rdptdmbd ne %Bnmrs. +( Zmc %Bnmrs.QüL hmcdw( enkknvdc ax Uqhsd bnllZmcr
sn hmhshZkhyd b0 Zmc b10 Fhud bnllhsldmsr sn sgd qdptdrsdc Bnmrs uZktdr eZhsgetkkx: rsnqd sgdrd
uZktdr hm <: Zmc rdmc aZbj �b0K Zmc �b1K0

20 Enq Zkk wh ∈ S cn.
30 Sn rhltkZsd bnllhsldms sn FH0. · · · . HE{: rdmc �+K enq Gmots bnllZmcr: Zmc eZhsgetk

bnllhsldmsr sn QüL hmchbdr vgdm Bnmrs bnllZmcr Zqd qdbdhudc eqnl A0 RhltkZsd
Uqhsd bnllZmcr ax rsnqhmf + Zs sgd qdptdrsdc hmchbdr hm <: Zmc rdmc �+K sn rsZmc hm enq sgd
bnllhsldmsr F�H0K. · · · . �HEK{0

40 Qdbdhud %PdZc. �hmcdw ne wPY[K(: rhltkZsd gnmdrs dwdbtshnm ne AYI ax rdmchmf aZbj �+K Zmc
jddohmf c : gnmdrs0

50 Enq Zkk i ∈ P0. G [ cn.
60 Rdmc �aK vgdqd a : +0 Qdbdhud PdZc bnllZmcr sn qdsqhdud wPCSPHi [.Zssq[ Zmc

wPCSPHi [.uZk - rhltkZsd ax rdmchmf �+K Zmc jddohmf c : gnmdrs0 Mdws qdbdhud Z
Bhqb bnllZmc sn udqhex sgZs a : wPCSPHi [.Zssq[ , CSPHi [.uZk - rdmc aZbj 0 hmchbZs/
hmf sgZs sgd dptZkhsx gnkcr0

70 Qdbdhud bnllZmcr sn udqhex �Hi)0K : 1�HiK ) �aK: Zr hm oqduhntr rsdor rdmc �+K sn
rhltkZsd bnllhsldmsr enq sgd PdZc bnllZmcr —vghkd jddohmf c : gnmdrs( Zmc rdmc
0 hm qdronmrd sn Bhqb bnllZmcr hmchbZshmf sgZs sgd cdrhqdc dptZkhsx gnkcr0

80 Qdbdhud bnllZmcr sn udqhex tocZsdr b0PHi [ ) n Zmc b1PHi [ ) ¬n Zmc vqhsd sgd tocZsdr sn
sgd QüL0 RhltkZsd sgd udqhıbZshnm Zr hm sgd oqduhntr svn rsdor: Zmc rdmc �+K hm qdronmrd
sn sgd Uqhsd bnllZmcr0

fl90 Enq Zkk h ∈ Fhmsdqhnq mncd hmchbdr{ cn
/ Qdbdhud PdZc bnllZmcr sn qdsqhdud b0Ph[. b0P1h[. b0P1h)0[. b1Ph[. b1P1h[. b1P1h)0[: enkknvdc
ax Bhqb bnllZmcr sn bZqqx nts sgd eZhqmdrr bgdbj0 ür adenqd: rdmc �+K sn rhltkZsd
bnllhsldmsr Zmc rdmc 0 sn hmchbZsd sgZs sgd eZhqmdrr bgdbjr oZrr0

flfl0 üesdq oqnsnbnk dwdbtshnm: qdbdhud Bgdbj bnllZmc0 RhltkZsd AYI ax rdmchmf gnmdrs sn A0

fl7
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ékfnqhsgl 4. Ydqn/jmnvkdcfd oqnne ne dptZkhydc nccr/ZvZqd sqdd sqZhmhmf0
Gmots. SqZhmhmf rdsT : sqZhmdc cdbhrhnm sqdd CS: FZhmTmeZhqmdrr sgqdrgnkc �
0 Ntsots.
fl. Oqnudq bnllhsr sn sgd sqZhmhmf cZsZ rds Zmc sgd sqZhmdc cdbhrhnm sqdd: nasZhmhmf �TK 6 {�uK{s∈N Zmc �CSK0
1. Oqnudq bnllhsr sn entq bntmshmf sqddr �b0K: �b1K: �b2K: Zmc �b3K hmhshZkhydc sn Zkk ydqnr0

▷ OgZrd z. YI oqnner ne eqdptdmbw
2. enq Zkk u ∈ T cn
3. Oqnudq knbZkkx bnlotsdr sgd oZsg sgZs u sZjdr sgqntfg CS: Zbpthqdr sgd bnqqdronmchmf mncd hmchbdr: Zmc bnllhsr sn sgdl: mZldkx

{�H0K. . . . . �H,K{0
4. �rK ← �u=Z[K0 ▷ Trhmf YI P�K Zbbdrr
5. �xK ← �u=X [K0
6. �s0K ← �xK ¬ �rK
7. �s1K ← �xK ¬ �¬rK
8. �s2K ← �¬xK ¬ �rK
fl9. �s3K ← �¬xK ¬ �¬rK ▷ bntmshmf sqdd tocZsdr
flfl. enq Zkk i ∈ =0. E[ cn
fl1. �aK ← ��u=CS=Hi [.�ssn[K , �CS=Hi [.t�iK( ▷ a 6 + he u fndr sn kdes bghkc: 0 nsgdqvhrd
fl2. Oqnudq oqnudr ��Hi�0K 6 1�HiK ) �aK( ▷ Oqnud sgZs oZsg hr bnqqdbs

fl3. Oqnudq tocZsdr bnllhsldmsr �bj=Hi [K ← �bj=Hi [K ) �sjK enq j ∈ {0. 1. 2. 3{0
▷ OgZrd 1. YI oqnner ne eZhqmdrr ldsqhb

fl4. enq Zkk h ∈ {hmsdqhnq mncd hmchbdr{ cn
fl5. Oqnudq oqnudr sgZs.

�b0=h[K· �b1=h[K
��b0=h[K ) �b1=h[K(1

�
0

�b0=h[K ) �b1=h[K
·

�




a∈{+�0{

�b0=1h ) a[K· �b1=1h ) a[K
�b0=1h ) a[K ) �b1=1h ) a[K



 ≤ �<3

fl6. Oqnudq ZcchshnmZkkx oqnudr sgZs.

�b2=h[K· �b3=h[K
��b2=h[K ) �b3=h[K(1

�
0

�b2=h[K ) �b3=h[K
·

�




a∈{+�0{

�b2=1h ) a[K· �b3=1h ) a[K
�b2=1h ) a[K ) �b3=1h ) a[K



 ≤ �<3

P bnmrsqtbsr Z uhdv enq A sgZs hr hmchrshmfthrgZakd eqnl qdZk vnqkc dwdbtshnm: rhmbd Zkk gZmckdr �+K
fhudm sn A Zqd hmchrshmfthrgZakd eqnl sgnrd ctqhmf qdZk/vnqkc dwdbtshnm: Zmc adbZtrd hm rhltkZshmf
AYI : P bZm sqhuhZkkx hmchbZsd sgZs sgd bnlonmdms bhqbthsr ne sgd oqnsnbnk Zqd rZshrıdc oqnodqkx0

Vd vntkc khjd sn ghfgkhfgs sgZs ntq ZooqnZbg qdkhdr nm ydqn/jmnvkdcfd oqnner sn enqlZkkx ftZqZmsdd
sgd bnmıcdmshZkhsx ne sgd kdZqmdc lncdk Zr vdkk Zr ne sgd cZsZ dudm ZfZhmrs Z lZkhbhntr Ztchsnq —rdd sgd
Zanud lZsgdlZshbZk oqnne(0 Sn ad lnqd oqdbhrd: sgd bnmıcdmshZkhsx ne sgd lncdk Zmc cZsZ hr dmrtqdc
ax sgd ”ydqn/jmnvkdcfd; oqnodqsx ne sgd tmcdqkxhmf bqxosnfqZoghb oqnsnbnk sgZs bZm snkdqZsd Zmx
lZkhbhntr adgZuhnq —FnkcvZrrdq ds Zk0: fl874, Fnkcqdhbg ds Zk0: fl88fl(0 Sgd rdbtqhsx ne sgdrd oqnsnbnkr
Zqd hm stqm aZrdc nm rsZmcZqc gZqcmdrr Zrrtloshnmr trdc sn rdbtqd sgd Hmsdqmds0 Vd mnsd sgZs sgd
ydqn/jmnvkdcfd oqnne oqnsnbnk hsrdke hr mns sgd enbtr ne sghr oZodq, hmrsdZc: vd rgnv gnv vd bZm trd
dwhrshmf ydqn/jmnvkdcfd oqnne oqnsnbnkr sn oqnud eZhqmdrr/ZvZqd sqZhmhmf hm Z rlZqs vZx enq ghfg
deıbhdmbx0 Sgd bnmıcdmshZkhsx ne ntq rxrsdl bZm ad dmrtqdc ax Zmx rdbtqd ydqn/jmnvkdcfd oqnne
rxrsdl —vghbg hr vgZs üoodmchw D oqnudr(: hmbktchmf sgd nmd trdc hm sghr oZodq nq nsgdqr rxrsdlr0

E NTQ YDQN/JMNVKDCFD OQNNE OQNSNBNK ENQ SQDD SQüHMHMF VHSG
DPTüKHYDC NCCR EüHQMDRR

ükfnqhsgl 4 enkknvr sgd rZld hcdZr Zr ükfnqhsgl 1: dwbdos hs oqnudr sgZs DYhj)
Dkccr Zmc DYhj�Dkccr

cn mns dwbddc sgd sgqdrgnkc � : qZsgdq sgZm DYhj>N 0 ür hm ükfnqhsgl 1: sgdrd ldsqhbr Zqd bnlotsdc
Zmc oqnudc ax bntmshmf sgd mtladq ne rZlokdr ne oZqshbtkZq bZsdfnqhdr sgZs oZrr sgqntfg dZbg mncd hm
sgd sqdd0 Gnvdudq: sn bnlotsdDYhj)

Dkccr ZmcDYhj�Dkccr vd mddc sn jddo sqZbj ne entq bZsdfnqhdr ne
rZlokdr qZsgdq sgZm itrs svn. rZlokdr sgZs Zqd hm sgd oqnsdbsdc bkZrr vhsg sqtd onrhshud kZadk: rZlokdr
hm sgd tmoqnsdbsdc bkZrr vhsg sqtd onrhshud kZadk: rZlokdr hm sgd oqnsdbsdc bkZrr vhsg sqtd mdfZshud
kZadk: Zmc rZlokdr hm sgd tmoqnsdbsdc bkZrr vhsg sqtd mdfZshud kZadk0 Sn jddo sqZbj ne sgdrd ptZmshshdr
Zs dZbg mncd: vd trd entq bntmshmf sqddr: vgnrd bnllhsldmsr Zqd tocZsdc ax Zcchmf AnnkdZm uZktdr
s0 sgqntfg s3 hmcdwhmf vghbg bZsdfnqx Z fhudm rZlokd eZkkr hmsn0 Hm OgZrd 1 ne sgd Zkfnqhsgl: sgd
rZlokd bntmsr Zqd trdc sn rgnv sgZs hm dZbg hmsdqhnq mncd: sgd DYhj)

Dkccr Zmc DYhj�Dkccr cn mns
dwbddc sgd sgqdrgnkc � 0

fl8
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CZsZrds "RZlokdr "üssq0 Rdmrhshud Zssqhatsd SZrj Sqdd gdhfgs
BNLOüR 5:fl4fl 7 QZbd —AhmZqhydc( Xdr“Mn qdbhchuhrl 5
Bqhld fl:882 11 QZbd ’ AkZbj ≥ .+5 Bqhld qZsd ≥ .6 3
CdeZtks Bqdchs 29:999 12 üfd ≥ 14 Fnnc“AZc bqdchs fl9
üctks 34:111 fl3 Fdmcdq —AhmZqhydc( Hmbnld ≥ 4+i fl9

SZakd 3. RtllZqx ne cZsZrdsr0

F CDSüHKR NM DWODQHLDMSüK RDSTO

F0fl CDSüHKR NM CüSüRDSR

Vd bnmrhcdq entq bnllnm cZsZrdsr enq eZhqmdrr admbglZqjhmf —rtllZqhydc hm SZakd 3(.

fl0 BNLOüR —ümfvhm ds Zk0: 19fl5(2 Zssdlosr sn oqdchbs qdbhchuhrl vhsg qdbhchuhrsr bnloqhrhmf
42’ ne sgd cZsZrds0 Enq eZhqmdrr: vd bnmrhcdq itrs svn ne sgd oqnuhcdc qZbdr —üeqhbZm/
üldqhbZm Zmc BZtbZrhZm( Zr rdmrhshud Zssqhatsdr: hm vghbg üeqhbZm/üldqhbZmr Zqd sgd lZinq/
hsx bkZrr Zs 59’ ne sgd cZsZrds0

10 Bnlltmhshdr Zmc Bqhld —Qdclnmc: 1998(3 —Bqhld( hr trdc enq qdfqdrrhnm sn cdsdqlhmd he
Z bnlltmhsx vhkk gZud Z ghfg uhnkdms bqhld qZsd0 Vd ZcZos sghr sZrj enq bkZrrhıbZshnm ax
ahmZqhyhmf sgd sZqfds UhnkdmsBqhldrOdqOno sn ≥ .6 Zmc enq sgd eZhqmdrr Zssqhatsd ahmZqhyd
QZbdobsAkZbi ≥ .+5 hm vghbg sgd chrZcuZmsZfdc bnlltmhshdr gZud ghfgdq AkZbj onotkZshnmr
Zmc lZjd to 410fl’ ne sgd cZsZrds0

20 Bdmrtr Hmbnld —üct: fl885(4 —üctks( Zssdlosr sn oqdchbs he Zm hmchuhctZkr hmbnld hr ≥
4+. +++: hm vghbg 64’ ne sgd hmchuhctZkr gZud Z rZkZqx adknv 49J0 Vd trd fdmcdq —LZkd:
EdlZkd( Zr sgd rdmrhshud Zssqhatsd: hm vghbg LZkdr bnlonrdc 57’ ne sgd cZsZrds0

30 CdeZtks Bqdchs —Cde: 19fl5(5 —Bqdchs( rddjr sn oqdchbs he Zm hmchuhctZk vhkk cdeZtks nm Zm bqdchs
bZqc oZxldms0 Sgd cdeZtks bkZrr bnlonrdc 11’ ne sgd cZsZrds: Zmc sgd rdmrhshud Zssqhatsd
trdc hr sgd Zfd vhsg sgd lhmnqhsx fqnto ne xntmf hmchuhctZk tmcdq 14 bnmrshstshmf fl2’ ne
sgd cZsZrds0

F01 CDSüHKR NM NTQ HLOKDLDMSüSHNM

Vd trd svn chrshmbs bncd aZrdr. nmd enq deıbhdms YJ oqnsnbnk hlokdldmsZshnm Zmc sgd rdbnmc enq
Zrrdrrhmf sgd ZbbtqZbx Zmc eZhqmdrr ne ntq eZhq cdbhrhnm sqdd0

DLO,snnkjhs7 Vd trd DLO/snnkjhs —VZmf ds Zk0: 19fl5( sn hlokdldms ntq YJ oqnsnbnk0 DLO hr vqhssdm
hm B## Zmc needqr deıbhdms hlokdldmsZshnmr ne YJ oqnsnbnkr0 Sghr bncd aZrd hr trdc enq shlhmf qdrtksr
—admbglZqjhmf sgd deıbhdmbx ne ntq YJ oqnsnbnk( Zmc bnmctbsdc trhmf svn ülZynm DB1 b5Z01wkZqfd
lZbghmdr sn qdoqdrdms sgd oqnudq Zmc udqhıdq0 Vd trd sgd Khmtw sb bnllZmc sn rhltkZsd Z KüM
bnmmdbshnm adsvddm sgd svn lZbghmdr vhsg Z aZmcvhcsg ne Zs lnrs fl999Lahs“rdb Zmc kZsdmbx ne 1lr0
Vd qdonqs sgd ldchZm qtmshld ne 4 dwodqhldmsr Zs dZbg oZqZldsdq rdsshmf0

IRéS vhsg EZhq Sqddr Zmc Enqdrsr7 Sgd IZuZ RsZshrshbZk ümZkxrhr Snnk —IRüS( —QZee: 19fl6(: hr
Zm nodm rntqbd IZuZ khaqZqx vghbg rtoonqsr cdbhrhnm sqdd Zmc qZmcnl enqdrs lncdkr0 Vd athks nm
sgd EZhq/Enqdrs dwsdmrhnm ne IRüS hm EZmshm —1919( Zmc hlokdldmsdc rokhsshmf bqhsdqhZ sn qdbqdZsd
sgd vnqj ne JZlhqZm ds Zk0 —19fl9( Zmc QZee ds Zk0 —19fl7( Zr Z aZrdkhmd enq cdlnfqZoghb oZqhsx eZhq
sqddr0 ücchshnmZkkx: vd hlokdldms Z rokhsshmf bqhsdqhnm enq FZhmTmeZhqmdrr aZrdc nm sgqdrgnkcr enq ansg
cdlnfqZoghb oZqhsx Zmc dptZkhydc nccr eZhqmdrr0

2Qdsqhdudc eqnl gssor.??vvv0oqnotakhbZ0nqf?cZsZrsnqd?cZsZrds?bnloZr/
qdbhchuhrl/qhrj/rbnqd/cZsZ/Zmc/ZmZkwrhr

3Qdsqhdudc eqnl gssor.??Zqbghud0hbr0tbh0dct?lk?cZsZrdsr?bnlltmhshdr-Zmc-
bqhld

4Qdsqhdudc eqnl gssor.??Zqbghud0hbr0tbh0dct?lk?cZsZrdsr?Zctks
5Qdsqhdudc eqnl gssor.??Zqbghud0hbr0tbh0dct?lk?cZsZrdsr?cdeZtks-ne-bqdchs-

bZqc-bkhdmsr
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Sn duZktZsd BnmıcdmshZk/OQNEHSS: vd sqZhm cdbhrhnm sqddr Zmc qZmcnl enqdrsr enq 149 uZktdr ne �
vhsg fl9 qZmcnl rddcr dZbg0 Enq dZbg cZsZrds: vd rds sgd gdhfgs ne sgd sqdd ax nardquhmf sdrs Zmc
sqZhmhmf rds qdrtksr hm Z cdbhrhnm sqdd sqZhmdc vhsgnts eZhqmdrr0 Vd bgnnrd sgd rlZkkdrs gdhfgs sgZs
lZhmsZhmr ZbbtqZbx vhsgnts nudqısshmf0 Sgdrd gdhfgsr Zqd qdonqsdc enq dZbg cZsZrds hm SZakd 30

Vd duZktZsd eZhqmdrr Zmc ZbbtqZbx trhmf EZhqkdZqm —Ahqc ds Zk0: 1919( Zmc RbhOx —UhqsZmdm ds Zk0: 1919(
nudq Z sdrshmf rds trhmf Z sdrs/sqZhm rokhs ne 64% 7 14%0 Dwodqhldmsr Zqd qtm nm 7 Hmsdk Wdnm BOTr
vhsg IZuZ —u0 fl30901(0

F02 CDSüHKR NM NTQ DUüKTüSHNM LDSQHBR

CdlnfqZoghb oZqhsx tmeZhqmdrr7 CdlnfqZoghb oZqhsx —CO( tmeZhqmdrr hr nesdm bgZqZbsdqhydc ax
sgd Zarnktsd uZktd ne sgd fZo adsvddm sgd onrhshud oqdchbshnm qZsd enq dZbg rtafqnto0 CO tmeZhqmdrr
gZr Z qZmfd ne P+. 0[ hm vghbg Z uZktd ne + bnqqdronmcr sn odqedbs CO eZhqmdrr0 Vd ldZrtqd sghr vhsg
EZhqkdZqm=r eZhqkdZqm0ldsqhbr0cdlnfqZoghb•oZqhsx•cheedqdmbd etmbshnm —Ahqc ds Zk0: 1919(0

CO tmeZhqmdrr :
��=ˆP ]X : 0}P : Y[� =ˆP ]X : 0}P : a[

�� ∀Y. a ∈ P.

DptZkhydc nccr tmeZhqmdrr7 DptZkhydc nccr —Dnccr( tmeZhqmdrr hr bgZqZbsdqhydc ax sgd kZqfdrs
fZo adsvddm rtafqntor= sqtd onrhshud Zmc eZkrd onrhshud qZsdr0 Dnccr tmeZhqmdrr gZr Z qZmfd ne
P+. 0[: hm vghbg Z uZktd ne + bnqqdronmcr sn odqedbs Dnccr eZhq0 Vd ldZrtqd sghr vhsg EZhqkdZqm=r
eZhqkdZqm0ldsqhbr0dptZkhydc•nccr•cheedqdmbd etmbshnm —Ahqc ds Zk0: 1919(0

Dnccr tmeZhqmdrr :
��=ˆP ]X : 0}X : 0. P : Y[� =ˆP ]X : 0}X : 0. P : a[

�� ∀Y. a ∈ P.

TmeZhqmdrr fZhm ne sgd sqZhmdc cdbhrhnm sqdd7 TmeZhqmdrr fZhm —FZhmTmeZhqmdrr( hr sgd hmenqlZshnm fZhm
nudq oZqdms Zmc bghkc mncdr= Fhmh hlotqhsx —FhmhTmeZhqmdrr( ne rdmrhshud Zssqhatsd Y0 FhmhTmeZhqmdrr lZx
ad sZjdm vhsg qdrodbs sn cdlnfqZoghb oZqhsx nq dptZkhydc nccr tmeZhqmdrr0

ébbtqZbx7 Sgd ZbbtqZbx hr bnlotsdc eqnl sgd qZshn ne sgd mtladq ne bnqqdbs oqdchbshnmr sn sgd snsZk
mtladq ne oqdchbshnmr0 Gdqd: vd trd RbhOx=r rjkdZqm0ldsqhbr0ZbbtqZbx•rbnqd etmbshnm —UhqsZmdm ds Zk0:
1919(0

G BNLLTMHBüSHNM BNRSR

Hm sghr rdbshnm: vd duZktZsd sgd bnlltmhbZshnm bnrsr ne ntq eqZldvnqj0

Ehftqd 7 duZktZsdr sgd bnlltmhbZshnm bnrsr ne BnmıcdmshZk/OQNEHSS Zr Z etmbshnm ne mtladq ne
sqZhmhmf rZlokdr: mtladq ne Zssqhatsdr: Zmc gdhfgs ne sqddr trhmf ansg cdlnfqZoghb oZqhsx Zmc dptZk/
hydc nccr0 Sgd bnlltmhbZshnm bnrs ne BnmıcdmshZk/OQNEHSS hmbqdZrdr khmdZqkx Zr vd hmbqdZrd sgd
mtladq ne sqZhmhmf rZlokdr nq sgd mtladq ne Zssqhatsdr0 Sgd qdZrnm enq sghr hr sgZs sgd bnlltmhbZshnm
bnrs ne bnllhsshmf sn dZbg rZlokd hr bnmrsZms: Zmc sghr bnrs hmbqdZrdr Zr sgd mtladq ne Zssqhatsdr
hmbqdZrdr0 Sgd hmbqdZrdc rsddomdrr ne sgd 0+4 rZlokd admbglZqj hr khjdkx Z qdrtks ne sgd aZsbg
ZlnqshyZshnm trdc ax ntq tmcdqkxhmf YJO eqZldvnqj0 Hm fdmdqZk: dptZkhydc nccr hmbtqr ghfgdq
bnlltmhbZshnm bnrsr sgZm cdlnfqZoghb oZqhsx Zr oqnner mddc sn ad odqenqldc nudq entq bntmshmf
sqddr hm dptZkhydc nccr: ats nmkx svn hm cdlnfqZoghb oZqhsx0

H QüMCNL ENQDRS BüM HLOQNUD TONM SGD ODQENQLüMBD NE ü CDBHRHNM
SQDD

Vd rgnv qdrtksr enq sgd lncdk odqenqlZmbdr ne ansg cdbhrhnm sqddr Zmc qZmcnl enqdrsr sqZhmdc
vhsgnts eZhqmdrr hm SZakd 40 Sgdrd qdrtksr rgnv sgZs qZmcnl enqdrsr hloqnudr tonm sgd ZbbtqZbx ne
cdbhrhnm sqddr Zbqnrr Zkk cZsZrdsr0 Gnvdudq: qZmcnl enqdrsr Zqd sxohbZkkx lnqd tmeZhq: rtoonqshmf
oqhnq bnmbktrhnmr sgZs rsZmcZqc dmrdlakd rsqZsdfhdr Zknmd bZmmns hloqnud eZhqmdrr —Edeedq ds Zk0: 1911,
AgZrjZqtmh ds Zk0: 19fl8(0
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Ehftqd 7. BnlltmhbZshnm bnrsr ne BnmıcdmshZk/OQNEHSS trhmf cdlnfqZoghb oZqhsx Zmc dptZkhydc
nccr0 CdeZtks rdsshmfr Zqd. 0+. +++ enq sqZhmhmf rZlokdr: 0+ enq Zssqhatsdr Zmc 0+ enq sqdd gdhfgs0

CZsZrds übbtqZbx TmeZhqmdrr —CdlnfqZoghb OZqhsx( TmeZhqmdrr —Dnccr(
CS QE CS QE CS QE

Bqhld .761· .+04 .780· .+04 .386· .+77 .384· .+68 .321· .018 .332· .0++
BNLOüR .5+0· .+12 .541· .+11 .010· .+46 .067· .+86 .024· .+44 .08+· .+86
üctks .648· .+05 .753· .++1 .0+1· .+07 .02+· .+0+ .+65· .+03 .+80· .+08
Bqdchs .87+· .++2 .874· .++1 .+31· .+00 .+23· .+0+ .+17· .+03 .+15· .+08

SZakd 4. BnloZqhmf ZbbtqZbx Zmc eZhqmdrr ne cdbhrhnm sqddr udqrtr qZmcnl enqdrsr0

ékfnqhsgl 5. YJ oqnne ne eZhq sqZhmhmf ne Z qZmcnl enqdrs0
Gmots. SqZhmhmf rdsT : mtladq ne sqddr hm dmrdlakdM : mtladq ne Zssqhatsdr enq dZbg sqddL : mtladq ne sqZhmhmf rZlokdr enq dZbg sqdd K:

ZqqZx neM · L qZmcnl hmsdfdqr =oX
0�0. .... o

X
M�L [: ZqqZx neM · K qZmcnl hmsdfdqr =ok

0�0. .... o
k
M�H[ —jmnvm sn ansg oZqshdr(0

Ntsots. Bnllhsldms sn qZmcnl enqdrs oZqZldsdqr: YJ oqnne sgZs oZqZldsdqr Zqd eZhq0
fl. Oqnudq bnllhsr sn dZbg qnv hm sgd sqZhmhmf rds �TK
1. enq Zkk h ∈ =0. M [ cn
2. hmhshZkhyd dlosx rZlokd ZqqZxTh

3. qdrsqhbs Zssqhatsdr hm �TK sn sgnrd hmcdwdc ax oX
h�0. .... o

X
h�L 0

4. enq Zkk i ∈ =0. K[ cn
5. Zcc �TK=ok

h�i [ snTh

6. Oqnudq knbZkkx sqZhmr Z eZhq cdbhrhnm sqdd CS vhsg sgqdrgnkc � nudq tmeZhqmdrr/aZrdc hmenqlZshnm fZhm trhmfTh Zr sqZhmhmf cZsZ
7. Qtm ükfnqhsgl 1 vhsg hmotsrTh: CS: Zmc �
8. Ntsots sgd bnmbZsdmZsdc ntsotsr ne ükfnqhsgl 10

I NTQ YDQN/JMNVKDCFD OQNNE OQNSNBNK ENQ QüMCNL ENQDRS
SQüHMHMF VHSG EüHQMDRR

Ntq oqnsnbnk enq sgd eZhq sqZhmhmf ne cdbhrhnm sqddr hr cdrbqhadc hm ükfnqhsgl 50 Sgd oZqshdr trd sgd
hmots qZmcnlmdrr —cdbhcdc uhZ Z rdbtqd bnhm/fihoohmf oqnsnbnk( sn hmcdw hmsn Z bnllhssdc cZsZrds: sgtr
nasZhmhmf rtarZlokdr0 Mdws: cdbhrhnm sqddr bZm ad sqZhmdc nm sgd rtarZlokdr sn athkc sgd sqddr trdc hm
sgd qZmcnl enqdrs0 EhmZkkx: sgd eZhqmdrr ne sgd sqddr bZm ad udqhıdc hmchuhctZkkx trhmf ükfnqhsgl 10
Mnsd sgZs vd trd sgd rZld sqdd gdhfgsr enq qZmcnl enqdrsr Zr enq cdbhrhnm sqddr —Zr qdonqsdc hm SZakd 3(0
Vd bqdZsd qZmcnl enqdrsr eqnl Z bnkkdbshnm ne fl9 cdbhrhnm sqddr hm vghbg dZbg mncd bnmrhcdqr Z
qZmcnl rtards ne Zssqhatsdr ne rhyd

|
G : hm vghbg G hr sgd snsZk mtladq ne Zssqhatsdr0

J üCCHSHNMüK QDRTKSR NM SGD QDKüSHNMRGHOR ADSVDDM TMEüHQMDRR
HMENQLüSHNM FüHM üMC TMEüHQMDRR CDEHMHSHNMR

Ehftqdr 8 Zmc fl9 rgnv sgd qdkZshnmrgho adsvddm FZhmTmeZhqmdrr Zmc sgd eZhqmdrr fZo enq cdlnfqZoghb
oZqhsx Zmc dptZkhydc nccr: qdrodbshudkx0 Sgd FZhmTmeZhqmdrr qdonqsdc hm sgdrd ıftqdr vZr bnlotsdc
eqnl sgd ZudqZfd uZktdr enq Zkk mncdr ne sdm sqddr sqZhmdc eqnl nmd ne 149 sgqdrgnkc uZktdr0 Sgdx
rgnv Z onrhshud bnqqdkZshnm adsvddm FZhmTmeZhqmdrr Zmc sgd eZhqmdrr fZo: rtoonqshmf ntq hmsthshnm sgZs
antmchmf FZhmTmeZhqmdrr kdZcr sn Z rlZkkdq eZhqmdrr fZo0
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Bnlltmhshdr Zmc Bqhld BNLOüR üctks CdeZtks Bqdchs
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Ehftqd 8. QdkZshnmrgho adsvddm tmeZhqmdrr hmenqlZshnm fZhm Zmc sgd cdlnfqZoghb oZqhsx fZo0 Vd
bnlotsd sgd ZudqZfd tmeZhqmdrr hmenqlZshnm fZhm nudq Zkk mncd rokhsr enq cdbhrhnm sqddr bqdZsdc vhsg Z
rvddo ne sgqdrgnkc antmcr nm tmeZhq hmenqlZshnm fZhm0

Bnlltmhshdr Zmc Bqhld BNLOüR üctks CdeZtks Bqdchs
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Ehftqd fl9. QdkZshnmrgho adsvddm tmeZhqmdrr hmenqlZshnm fZhm Zmc sgd dptZkhydc nccr eZhqmdrr fZo0
Vd bnlotsd sgd ZudqZfd tmeZhqmdrr hmenqlZshnm fZhm nudq Zkk mncd rokhsr enq cdbhrhnm sqddr bqdZsdc
vhsg Z rvddo ne sgqdrgnkc antmcr nm tmeZhq hmenqlZshnm fZhm0
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