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Rbhdmshzb gxonsgdrdr sxohbZkkx bnmbdqm rodbhzb Zrodbsr ne bnlokdw: hlodqedbskx
tmcdqrsnnc nq dmshqdkx tmjmnvm ldbgZmhrlr: rtbg Zr sgd deedbs ne fdmd dwoqdrrhnm
kdudkr nm ogdmnsxodr nq gnv lhbqnahZk bnlltmhshdr hmfitdmbd dmuhqnmldmsZk gdZksg0
Rtbg ptdqhdr Zqd hmgdqdmskx bZtrZk —qZsgdq sgZm otqdkx ZrrnbhZshnmZk(: ats hm lZmx
rdsshmfr: dwodqhldmsr bZm mns ad bnmctbsdc chqdbskx nm sgd sZqfds uZqhZakdr ne
hmsdqdrs: ats Zqd hmchqdbs0 Sgdqdenqd: sgdx odqstqa sgd sZqfds uZqhZakd: ats cn mns
qdlnud onsdmshZk bnmentmchmf eZbsnqr0 He: ZcchshnmZkkx: sgd qdrtkshmf dwodqhldmsZk
ldZrtqdldmsr Zqd ltksh/chldmrhnmZk Zmc sgd rstchdc ldbgZmhrlr mnmkhmdZq: sgd
ptdqx ne hmsdqdrs hr fdmdqZkkx mns hcdmshzdc0 Vd cdudkno Zm ZcZoshud rsqZsdfx
sn cdrhfm hmchqdbs dwodqhldmsr sgZs noshlZkkx hmenql Z sZqfdsdc ptdqx Zants sgd
fqntmc sqtsg ldbgZmhrl hm sdqlr ne rdptdmshZkkx mZqqnvhmf sgd fZo adsvddm Zm
toodq Zmc knvdq antmc nm sgd ptdqx0 Vghkd sgd fdmdqZk enqltkZshnm bnmrhrsr ne
Z ah/kdudk noshlhyZshnm oqnbdctqd: vd cdqhud Zm dezbhdmskx drshlZakd ZmZkxshbZk
jdqmdk/aZrdc drshlZsnq ne sgd antmcr enq sgd bZtrZk deedbs: Z ptdqx ne jdx hmsdqdrs:
Zmc cdlnmrsqZsd sgd dezbZbx ne ntq ZooqnZbg hm bnmentmcdc: ltkshuZqhZsd: mnmkhmdZq
rxmsgdshb rdsshmfr0

fi Hmsqnctbshnm

DwodqhldmsZshnm hr sgd tkshlZsd Zqahsdq ne rbhdmshzb chrbnudqx0 Vghkd ZcuZmbdr hm lZbghmd kdZqmhmf
—LK( Zmc dudq hmbqdZrhmf Zlntmsr ne nardquZshnmZk cZsZ oqnlhrd sn ZbbdkdqZsd rbhdmshzb chrbnudqx
hm uhqstZkkx Zkk rbhdmshzb chrbhokhmdr: Zkk gxonsgdrdr tkshlZsdkx gZud sn ad rtoonqsdc nq eZkrhzdc ax
dwodqhldmsr0 Ats sgd roZbd ne onrrhakd dwodqhldmsr hr bnlahmZsnqhZk: Zmc Zr Z qdrtks: dwodqhldmsZshnm
hm sgd ogxrhbZk vnqkc lZx adbnld Z lZinq ansskdmdbj ne sgd rbhdmshzb oqnbdrr Zmc bqhshbZkkx hmghahs:
enq dwZlokd: eZrs stqmZqntmc hm cqtf chrbnudqx knnor dudm hm etkkx ZtsnlZsdc kZar0 Dezbhdms ZcZoshud
cZsZ/cqhudm rsqZsdfhdr sn oqnonrd sgd lnrs trdetk dwodqhldmsr Zqd sgtr ne uhsZk hlonqsZmbd0

SZqfdsdc dwodqhldmsZshnm qdpthqdr Z vdkk/enqldc gxonsgdrhr Zants sgd tmcdqkxhmf rxrsdl0 Vd enbtr
nm gxonsgdrdr sgZs Zqd sxohbZkkx dwoqdrrdc hm sdqlr ne bZtrZk deedbsr nq oqnodqshdr ne etmbshnmZk
qdkZshnmrghor0 Enq dwZlokd: vd lZx onrhs sgZs sgdqd hr rnld fqntmc sqtsg ldbgZmhrl?etmbshnm d sgZs
cdrbqhadr gnv Z fhudm ogdmnsxod cdodmcr nm fdmd dwoqdrrhnm kdudkr hm Z bdkk: nq gnv sgd bnlonrhshnm
ne lhbqnadr Zeedbsr bdqsZhm dmuhqnmldmsZk gdZksg hmchbZsnqr0 Hm sgd mZstqZk rbhdmbdr: rtbg ldbgZmhrlr
Zqd sxohbZkkx —Z( mnmkhmdZq: —a( cdodmcdms nm ltksh/uZqhZsd hmotsr: Zmc —b( bnmentmcdc ax ZcchshnmZk:
tmnardqudc ptZmshshdr0 Enq dwZlokd: sgd vZx hm vghbg sgd fts lhbqnahnld bnlonrhshnm Zeedbsr dmdqfx
ldsZankhrl hm gtlZmr hr khjdkx bnmentmcdc ax uZqhntr dmuhqnmldmsZk Zmc khedrsxkd bgnhbdr0 Ctd sn

Oqdoqhms0 Tmcdq qduhdv0
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sgdrd eZbsnqr: d hr fdmdqZkkx tmhcdmshzZakd: h0d0: vd bZmmns gnod sn hmedq d eqnl —dudm hmzmhsd Zlntmsr
ne( nardquZshnmZk cZsZ Zknmd0

Rbhdmshzb ptdqhdr Zqd sxohbZkkx lnqd mZqqnv. ;BZm H dwodbs bgZmfdr hm ancx lZrr hmcdw vgdm H
hmbqdZrd sgd qdkZshud ZatmcZmbd ne KZbsnaZbhkktr aZbsdqhZ hm sgd fts“ Gnv cndr sgd rtrbdoshahkhsx ne
aqdZrs bZmbdq cdodmc nm AQBüfl dwoqdrrhnm kdudkr“+ Rtbg sZqfdsdc rbhdmshzb ptdqhdr cn mns qdpthqd
etkk jmnvkdcfd ne sgd tmcdqkxhmf ldbgZmhrl d : ats nmkx bnmbdqm Z rodbhzb Zrodbs ne d : vghbg
vd bZm dwoqdrr lZsgdlZshbZkkx Zr Z etmbshnmZk P ne d 0 Ctd sn onsdmshZk tmnardqudc bnmentmchmf:
dudm sZqfdsdc ptdqhdr PId [ lZx mns ad hcdmshzdc eqnl nardquZshnmZk cZsZ Zknmd —Admmdss ds Zk0:
1911(–dwodqhldmsZshnm hr qdpthqdc0 Hm sgdrd dwZlokdr: sgd hmotsr sn d ne hmsdqdrs - vghbg vd
bZkk spdXsldmsr - Zqd ltksh/uZqhZsd ldZrtqdldmsr rtbg Zr fdmd dwoqdrrhnm kdudkr nq lhbqnahnld
ZatmcZmbdr0 QZmcnlhyhmf sgdrd sqdZsldms uZqhZakdr hr sxohbZkkx sgntfgs ne Zr sgd fnkc rsZmcZqc enq
qdlnuhmf bnmentmchmf deedbsr: ats odqedbs qZmcnlhyZshnm hr sxohbZkkx hlonrrhakd. vd bZm rdkcnl
odqenql gZqc hmsdqudmshnmr sgZs rds Z chrsqhatshnm nudq sgdrd uZqhZakdr+ ntsbnldr hmcdodmcdmskx ne
bnmentmchmf eZbsnqr0 HmrsdZc: dwodqhldmsZk Zbbdrr hm sgd mZstqZk rbhdmbdr nesdm Zlntmsr sn khlhsdc
onrrhakd odqstqaZshnmr ne sgd rxrsdl sgZs hmctbd chrsqhatshnm rghesr ne sgd sqdZsldmsr0 Enq dwZlokd:
vghkd vd bZm Zclhmhrsdq Zmshahnshbr vhsg udqx oqdchbsZakd deedbsr nm bdqsZhm lhbqnadr: rtbg Zm
hmsdqudmshnm cndr mns qdlnud bnmentmchmf deedbsr eqnl khedrsxkd bgnhbdr rtbg Zr mtsqhshnm Zmc dwdqbhrd
nq dmuhqnmldmsZk eZbsnqr0 Sgdqdenqd: vd sghmj ne dwodqhldmsZshnm Zr Z rntqbd ne hmchqdbs hmsdqudmshnmr:
vghbg rsqnmfkx odqstqa sgd chrsqhatshnm nudq sgd sqdZsldms uZqhZakdr ne hmsdqdrs0

Ntq oqhlZqx fnZk hr sn cdrhfm dwodqhldmsr sgZs lZwhlZkkx hmenql sgd ptdqx ne hmsdqdrs: PId [: vhsghm Z
zwdc atcfds ne dwodqhldmsZshnm0 Enq ltksh/uZqhZsd sqdZsldmsr Zmc mnmkhmdZq d sgd ptdqx PId [ lZx
mns ad hcdmshzZakd Zs Zkk: nq nmkx ad hcdmshzdc Zesdq Zm hmedZrhakd mtladq ne dwodqhldmsr0 Vd Zccqdrr
sghr ax lZhmsZhmhmf Zm toodq Zmc knvdq antmc nm sgd ptdqx: Zmc rdptdmshZkkx rdkdbshmf dwodqhldmsr
sgZs lhmhlhyd sgd fZo adsvddm sgdrd antmcr0 Vd rgnv sgZs ax sqdZshmf dwodqhldmsr Zr hmrsqtldmsZk
uZqhZakdr —HU( vd bZm drshlZsd sgd antmcr ax athkchmf nm dwhrshmf sdbgmhptdr hm —tmcdqrodbhzdc(
mnmkhmdZq HU drshlZshnm0 Ntq oqnbdctqd hmunkudr Z ah/kdudk noshlhyZshnm: vgdqd Zm hmmdq noshlhyZshnm
drshlZsdr sgd antmcr: Zmc Zm ntsdq noshlhyZshnm rddjr sn lhmhlhyd sgd fZo adsvddm sgd antmcr0 Vd
rgnv sgZs he vd Zqd oqdoZqdc sn Zrrtld sgZs d khdr vhsghm Z qdoqnctbhmf jdqmdk Ghkadqs roZbd —QJGR(:
sgdm sgdqd Zqd ptdqhdr PId [ enq vghbg vd bZm rnkud sgd hmmdq drshlZshnm hm bknrdc enql0 Hm rtllZqx:
vd lZjd sgd enkknvhmf bnmsqhatshnmr.

’ Vd enqlZkhyd sgd oqnakdl ne hmchqdbs ZcZoshud dwodqhldmsr hm mnmkhmdZq: ltksh/uZqhZsd: bnmentmcdc
rdsshmfr Zr Z rdptdmshZk tmcdqrodbhzdc hmrsqtldmsZk uZqhZakd drshlZshnm: vgdqd vd rddj sn ZcZoshudkx
shfgsdm drshlZsdc antmcr nm sgd sZqfds ptdqx0

’ Vd cdqhud bknrdc enql dwoqdrrhnmr enq sgd antmc drshlZsdr vgdm Zrrtlhmf d sn khd vhsghm Z
qdoqnctbhmf jdqmdk Ghkadqs roZbd —QJGR( enq khmdZq P0

’ Vd cdudkno ZcZoshud rsqZsdfhdr enq sgd ntsdq noshlhyZshnm sn hsdqZshudkx shfgsdm sgdrd antmcr Zmc
cdlnmrsqZsd dlohqhbZkkx sgZs ntq ldsgnc qnatrskx rdkdbsr hmenqlZshud dwodqhldmsr kdZchmf sn
hcdmshzbZshnm ne PId [ —bnkkZorhmf antmcr( vgdm hs bZm ad hcdmshzdc uhZ Zkknvdc dwodqhldmsZshnm0

1 Oqnakdl Rdsshmf Wmc PdkWsdc Vnqi

15fi Oqnakdl Rdsshmf

CWsW fdmdqWshmf oqnbdrr5 Vd Zrrtld sgd enkknvhmf cZsZ fdmdqZshmf oqnbdrr

U ; g(Y.T( . X ; d+(U( ) T . —fl(

vgdqd vd gZud dwodqhldmsZk Zbbdrr sn Y ∈ Y ⊂ Ncx : U ∈ P ⊂ Nct Zqd sgd ZbstZk hmotsr sn sgd
ldbgZmhrl ne hmsdqdrs: h0d0: sgd ;sqdZsldmsr+ —hm sgd bZtrd/deedbs drshlZshnm rdmrd( nq ;sZqfdsr+ —hm sgd
hmchqdbs dwodqhldmsZshnm rdmrd(: X ∈ X ⊂ N hr sgd rbZkZq ntsbnld: d0f0: sgd ogdmnsxod ne hmsdqdrs: Zmc
T hr Zm tmnardqudc bnmentmchmf uZqhZakd vhsg �IT [ ; +0 Sgd etmbshnm g cdsdqlhmdr gnv dwodqhldmsr
—bgnhbdr ne Y( Zeedbs sqdZsldmsr U Zmc bZm ad ZqahsqZqx0 Sgd etmbshnm d+ hr sgd ldbgZmhrl ne hmsdqdrs
enq ntq rbhdmshzb ptdqx Zmc bZm Zkrn ad ZqahsqZqx0 ür hm sxohbZk hmchqdbs dwodqhldms rdsshmfr: vd
Zrrtld sgZs Y bnmrhrsr ne uZkhc hmrsqtldmsZk uZqhZakdr. —fl( Y⊥̸⊥U : h0d0: vd cn odqstqa sgd chrsqhatshnm
ne U ax dwodqhldmshmf nm Y: —1( Y ⊥⊥T : h0d0: ntq bgnhbd ne dwodqhldmsr hr mns hmfitdmbdc ax sgd
bnmentmchmf uZqhZakdr: Zmc —2( Y ⊥⊥X |U.T : h0d0: Y nmkx Zeedbsr X uhZ U Zmc cndr mns gZud Z chqdbs
deedbs nm X 0 Vgdm U hr ltksh/uZqhZsd Zmc d+. g Zqd Zkknvdc sn ad mnm/khmdZq: d+ hr bnllnmkx mns
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hcdmshzdc enql nardquZshnmZk cZsZ0 Gnvdudq: vd Zqftd sgZs hm rtbg rdsshmfr nmd rgntkc ad Zhlhmf enq Z
lnqd sZqfdsdc ptdqx: h0d0: cndr mns Zhl sn hcdmshex d+ etkkx: ats nmkx Z bdqsZhm Zrodbs ne sgd ldbgZmhrl0

Rbhdmshzb ptdqhdr5 Vd qdoqdrdms sgd rbhdmshzb ptdqx ne hmsdqdrs ax Z etmbshnmZk P 9 D → N vgdqd
D ⊂ K1(U( hr sgd roZbd ne bnmrhcdqdc ldbgZmhrlr d 0fl Fdmdqhb etmbshnmZkr bZm ldZrtqd ansg
knbZk Zr vdkk Zr fknaZk oqnodqshdr ne Zmx d ∈ D . rhlokd ZudqZfd sqdZsldms deedbsr uhZ PId [ 9;
�IX |Zn(U ; t∗([ ; d(t∗(,vgdm D hr Z Ghkadqs roZbd: oqnidbshnmr ne d nmsn Z zwdc aZrhr etmbshnm
d∗ uhZ PId [ 9; }d∗. d⟩F<|d|1F , sgd knbZk bZtrZk deedbs ne Zm hmchuhctZk bnlonmdms Ug nm X Zs t∗

uhZ PId [ 9; (>gd((t
∗(01 Gdqd: t∗ bntkc ad sgd ldZm ne sgd nardqudc sqdZsldmsr: h0d0: qdoqdrdms

Z ;aZrd fdmd dwoqdrrhnm kdudk+ Zmc vd Zqd hmsdqdrsdc hm gnv Z knbZk bgZmfd ZvZx eqnl sgZs aZrd
kdudk Zeedbsr sgd ntsbnld0 Vghkd ntq ldsgncnknfx Zookhdr sn Zmx etmbshnmZk: vd enbtr ntq dlohqhbZk
dwodqhldmsr nm bZtrZk deedbsr ne hmchuhctZk bnlonmdmsr Zr jdx rbhdmshzb ptdqhdr: rtbg Zr gnv cndr
to/ nq cnvm/qdftkZshmf Z fhudm fdmd Zeedbs sgd ogdmnsxod“

KdWqmhmf dwodqhldmsr5 Ntq fnZk hr sn rdptdmshZkkx kdZqm Z onkhbx µ ∈ N(Y(2 rtbg sgZs cZsZ
rZlokdc eqnl sgd inhms chrsqhatshnm Mµ(U.X. Y( ; µ(Y(M (U |Y(M (X |U( hmctbdc ax sgd lncdk
hm dp0 —fl( noshlZkkx hmenqlr PId+[0 Vd ghfgkhfgs sgZs cdodmchmf nm d+. g Zmc sgd chrsqhatshnm ne
T : sgdqd lZx dwhrs Z onkhbx µ rtbg sgZs PId+[ hr hcdmshzdc eqnl Mµ(U.X. Y(: ats hm fdmdqZk hs lZx
qdlZhm tmhcdmshzdc enq Zkk onkhbhdr dudm hm sgd hmzmhsd cZsZ khlhs0 Enq Z mnm/noshlZk onkhbx: h0d0: mnm/
hmenqlZshud dwodqhldmsZshnm: vd rgntkc dwodbs PId+[ sn ad oZqshZkkx hcdmshzdc eqnl M (U.X. Y( Zs
adrs0 Sgdqdenqd: vd Zhl sn drshlZsd toodq Zmc knvdq antmcrP)(µ(. P�(µ( nePId+[ Zmc rdptdmshZkkx
kdZqm sgd onkhbx µ sgZs lhmhlhydr ∆(µ( 9; P)(µ(�P�(µ(0 Hm dZbg qntmc r ∈ IQ [ 9; Z0. . . . . Q{:
vd nardqud m h0h0c0 rZlokdr eqnl Mµn(U.X. Y( trhmf onkhbx µn: vghbg vd trd —onsdmshZkkx snfdsgdq
vhsg cZsZ bnkkdbsdc tmcdq oqduhntr onkhbhdr µ,n( sn drshlZsdP)(µn(. P�(µn( Zmc sgdm Zhl sn oqnonrd
Z mdv onkhbx µn)0 sgZs xhdkcr Z rlZkkdq fZo hm antmcr. ∆(µn)0( , ∆(µn(0

Bnmmdbshnmr sn nsgdq rdsshmfr5 Adrhcdr sgd ;hmchqdbs dwodqhldmsZshnm+ kdmr: sgd rdsshmf hm dp0 —fl( bZm
ad uhdvdc eqnl cheedqdms odqrodbshudr0 Vghkd sgdx Zkk rgZqd sgd rZld lZsgdlZshbZk enqltkZshnm: sgdx
rsZqs eqnl cheedqdms bnmbdoshnmr ne Y 0 Sgd khsdqZstqd nm hmuXphXms bXtrXk kdXpmhmf —Odsdqr ds Zk0: 19fl5,
Gdhmyd/Cdlk ds Zk0: 19fl7( lZx hmsdqoqds Y hm dp0 —fl( Zr Zm dmuhqnmldms hmchbZsnq Zmc d+ hr hmuZqhZms
Zbqnrr sgdrd dmuhqnmldmsr0 DZbg onkhbx bnqqdronmcr sn Zm dmuhqnmldms —Y bZmmns ad cdrhfmdc:
ats vd bZm bnkkdbs cZsZ enq cheedqdms Y( vhsg hsr nvm chrsqhatshnm ne U 0 Sgd gdsdqnfdmdhsx Zbqnrr
dmuhqnmldmsr bZm ad kdudqZfdc sn kdZqm Zants sgd hmuZqhZms ldbgZmhrl d 0 Hm hmrsptldmsXk uXphXakdr
—OdZqk: 1998, ümfqhrs ) Ohrbgjd: 1997(: nmd sxohbZkkx Zrrtldr sn dmbntmsdq Z rhstZshnm Zr hm dp0 —fl(
vhsg sgd Zrrtloshnmr —fl(/—2( vgdqd U.X. Y Zqd nardqudc ;hm sgd vhkc+0 UZkhc hmrsqtldmsr Y sgdm
rnldshldr Zkknv enq —oZqshZk( hcdmshzbZshnm Zmc drshlZshnm ne d+ cdrohsd sgd tmnardqudc bnmentmcdq
T 0 üfZhm: sgdqd hr sxohbZkkx mn Zbshud dwodqhldmsZshnm hm HU drshlZshnm: ats Y hr sZjdm ;Zr hr+0 EhmZkkx:
dwodqhldmsZshnm nm Y hm ntq rdsshmf bZm Zkrn ad hmsdqoqdsdc Zr rnes hmsdpudmshnmr —IZadq ds Zk0: 1919,
OdZqk: 1998( nm U : vgdqd vd hmsdqudmd nm U rdsshmf hs sn enkknv Z fhudm chrsqhatshnm hmrsdZc ne
Z zwdc uZktd0 HmrsdZc ne Zkknvhmf ZqahsqZqx rnes hmsdqudmshnmr: dp0 —fl( qdrsqhbsr tr sn chrsqhatshnmr
M (U |Y(µ(Y( enq edZrhakd dwodqhldmsZk onkhbhdr µ(Y(0 HlonqsZmskx: tmkhjd oqnodq rnes hmsdqudmshnmr:
vd cn mns fds qhc ne tmnardqudc bnmentmchmf0 TkshlZsdkx: vd eZbd Z rdptdmbd ne HU drshlZshnm sZrjr0
DwodqhldmsZk Zbbdrr sn Y itrshzdr sgd hmrsqtldmsZk uZqhZakd Zrrtloshnm —1( Y ⊥⊥T : Zmc hmchqdbs
dwodqhldmsr Zqd rdsto ax cdrhfm rtbg sgZs —fl( Y⊥̸⊥U gnkcr0 ürrtloshnm —2( Y ⊥⊥X |U.T hmrsdZc
lZx ad gZqc sn itrshex hm oqZbshbd Zmc khlhsr sgd sxodr ne dwodqhldmsZshnm Zkknvdc hm ntq eqZldvnqj0

151 PdkWsdc Vnqi

HT drshlWshnm5 HmrsqtldmsZk uZqhZakdr Zqd Z bnqmdqrsnmd ne bZtrd/deedbs drshlZshnm hm dbnmnldsqhbr
—ümfqhrs ) Ohrbgjd: 1997( Zs kdZrs rhmbd sgdhq trd ax Oghkho F0 Vqhfgs hm fl817 —Vqhfgs: fl817,
Rsnbj ) Sqdaah: 1992(0 Dudm sgntfg uZkhc hmrsqtldmsr Zqd gZqc sn bnld ax hm oqZbshbd —Gdqm�m )
Qnahmr: 1995(: fdmdqZkhyZshnmr sn rdsshmfr vhsg qdkZwdc Zrrtloshnmr gZud roZqjdc qdmdvdc hmsdqdrs
hm HU drshlZshnm eqnl sgd lZbghmd kdZqmhmf bnlltmhsx mns kdZrs ctd sn rtbbdrretk ZookhbZshnmr hm
LdmcdkhZm qZmcnlhyZshnm —RZmcdqrnm ds Zk0: 1911, Chcdkdy ) RgddgZm: 1996, KdfZtks ds Zk0: 1913(
nq nm lhbqnahnld cZsZ —Rngm ) Kh: 19fl8, VZmf ds Zk0: 1919, ühkdq ds Zk0: 191fl(0 Hm oZqshbtkZq: vd
athkc nm qdbdms ZcuZmbdr hm mnmkhmdZq?mnmoZqZldsqhb HU drshlZshnm —Mdvdx ) Onvdkk: 1992, Kdvhr
) RxqfjZmhr: 19fl7, Rhmfg ds Zk0: 19fl8, GZqsenqc ds Zk0: 19fl6, RZdmfjxnmfZl ds Zk0: 1911, YgZmf

flL��L( hr sgd L�/roZbd ne rbZkZq/uZktdc etmbshnmr ne L vhsg qdrodbs sn sgd chrsqhatshnm ne L 0
1Vd vqhsd ��dX(�i

�( enq sgd oZqshZk cdqhuZshud ne X vhsg qdrodbs sn sgd f/sg Zqftldms duZktZsdc Zs i�0
2Gdqd: ��Ndx ( cdmnsdr sgd roZbd ne oqnaZahkhsx chrsqhatshnmr nudq Ndx 0
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ds Zk0: 1919, Wt ds Zk0: 1919(: vhsg Z rodbhzb enbtr nm sgd lhmhlZw enqltkZshnm trhmf sgd fdmdqZkhydc
ldsgnc ne lnldmsr —KhZn ds Zk0: 1919, ChjjZkZ ds Zk0: 1919, Admmdss ds Zk0: 1912, YgZmf ds Zk0: 1912,
KhZn ds Zk0: 1919, Admmdss ds Zk0: 19fl8, LtZmcds ds Zk0: 19fl8, Admmdss ds Zk0: 1911(0 Hm Zcchshnm: vd cn
mns Zrrtld hcdmshzZahkhsx hm khmd vhsg qdbdms ZooqnZbgdr sn oZqshZk hcdmshzbZshnm Zmc antmchmf bZtrZk
deedbsr hm HU rdsshmfr qdkZwhmf uZqhntr chrbqdsdmdrr Zmc Zcchshuhsx Zrrtloshnmr —Jhkadqstr ds Zk0: 1919,
OZcg ds Zk0: 1911, EqZtdm ds Zk0: 1913, Ldkmxbgtj ds Zk0: 1913, VZmf ) Sbgdsfdm Sbgdsfdm: 19fl7,
Ftmrhkhtr: 19fl8, Gt ds Zk0: 191fl, YgZmf ) AZqdhmanhl: 191fl(0

RdptdmshWk dwodqhldms cdrhfm5 Sgd vnqj bknrdrs sn ntqr hr odqgZor ax ühkdq ds Zk0 —1912(: vgdqd
sgdx bnmrhcdq Z rhlhkZq rdsshmf ne rdptdmshZk hmchqdbs dwodqhldms cdrhfm uhZ HU drshlZshnm0 Sgd jdx
cheedqdmbdr Zqd sgZs sgdx nmkx bnmrhcdq Z etkkx khmdZq rdsshmf —g. d+ khmdZq(: Zhl enq etkk hcdmshzbZshnm
ne d+ —dudm sgntfg sgd rdsshmf hr tmcdqrodbhzdc(: Zmc nmkx oqnuhcd mnm/ZcZoshud rsqZsdfhdr: h0d0: sgd
rdptdmbd ne dwodqhldmsr cndr mns cdodmc nm cZsZ bnkkdbsdc sgqntfgnts sgd dwodqhldmsr0 Nsgdq vnqj
nm hmchqdbs dwodqhldmsZshnm dhsgdq Zrrtldr mn tmnardqudc bnmentmchmf —Rhmfg: 1912( nq enbtrdr
oqhlZqhkx nm rZlokd dezbhdmbx Zmc uZqhZmbd qdctbshnm vgdm Zhlhmf enq etkk hcdmshzbZshnm ne d
—BgZmcZj ds Zk0: 1913(0 ücZoshud kdZqmhmf gZr Zkrn addm trdc hm Zmnsgdq bnmsdws enq bZtrd deedbs
drshlZshnm ax ;cdbhchmf vgZs sn nardqud+ FtosZ ds Zk0 —191fl(0 Vghkd bkdZqkx qdkZsdc: vd ghfgkhfgs sgZs
lnrs ne sgd khsdqZstqd nm Zbshud dwodqhldmsZshnm enq bZtrZkhsx Zhlr Zs kdZqmhmf sgd bZtrZk rsqtbstqd
—hmrsdZc ne drshlZshmf oqnodqshdr ne d ( eqnl Zbbdrr sn hmsdqudmshnmr: h0d0: chqdbs dwodqhldmsr —hmrsdZc
ne lnqd qdZkhrshb hmchqdbs dwodqhldmsr(: d0f0: —unm Jòfdkfdm ds Zk0: 19fl8, Rudqbgjnu ) BqZudm: 19fl6,
üfqZvZk ds Zk0: 19fl8, Gd ) Fdmf: 1997, FZldkkZ ) Gdhmyd/Cdlk: 1919, DkZgh ds Zk0: 1913, Ydlokdmxh
) Lhkkdq: 191fl(0

2 Ldsgncnknfx

25fi LhmhlWw HmrsqtldmsWk TWqhWakd DrshlWshnm

Enq sgd fdmdqZk hmrsqtldmsZk uZqhZakd rdsshmf hm dp0 —fl( sgZs vd eZbd hm dZbg qntmc: vd Zhl sn rnkud
�IX � d(U( |Y[ ; +0 Sn rnkud sghr: vd enkknv sgd bnmchshnmZk lnldms enqltkZshnm —Admmdss ds Zk0:
19fl8, ChjjZkZ ds Zk0: 1919, Admmdss ds Zk0: 1911: 1912(: vghbg athkcr nm sgd nardquZshnm sgZs vd
nmkx vZms sn bnmrhcdq etmbshnmr d : rtbg sgZs sgd qdrhctZkr: Te 9; X � d(U( Zqd hmcdodmcdms ne sgd
hmrsqtldms Y 0 He svn qZmcnl uZqhZakdr Zqd hmcdodmcdms: Te ⊥⊥Y : sgdm EIf(Y(Te [ ; EIf(Y([EITe [
enq Zkk sdrs etmbshnmr f0 Vd rdZqbg enq d sgZs lhmhlhyd sgd qdrhctZk vghkd lZhmsZhmhmf sgd hmcdodmcdmbd
bnmrsqZhms ax rnkuhmf Z lhmhlZw noshlhyZshnm sgZs lhmhlhydr d nudq Z vnqrs bZrd f0 Sgd hmsdfqZk
dptZshnm �IX � d(U( |Y[ ; + enq d bZm ad vqhssdm Zr Qd ; o+: vgdqd Q hr Z khmdZq: antmcdc
nodqZsnq lZoohmf d 9 P → N sn Qd 9; �Id(U( |Y[ 9 Y → N Zmc o+ ; �IX |Y[0 Sghr hr sxohbZkkx
Zm hkk/onrdc hmudqrd oqnakdl vgdqd ansg Q Zmc o+ Zqd mns jmnvm ats gZud sn ad drshlZsdc eqnl h0h0c0
cZsZ D ; Z(tg. xg. yg({mg300 ürrtlhmf d sn bnld eqnl Z rds ne gxonsgdrhr etmbshnmr D ⊂ K1(U( Zmc
F ⊂ K1(Y( Z bkZrr ne ;vhsmdrr etmbshnmr+ nq ;sdrs etmbshnmr+: vd bZm vqhsd sgd mnm/oZqZldsqhb HU
oqnakdl Zr Z lhmhlZw noshlhyZshnm oqnakdl ne sgd enql —ChjjZkZ ds Zk0: 1919, Admmdss ds Zk0: 1912(

ˆpf gme
e∈F

rso
f∈F

K(d. f( —1(

enq rnld naidbshud etmbshnm K lZoohmf stokdr ne gxonsgdrdr d Zmc sdrs etmbshnmr f sn N0 Vghkd
lnrs dwhrshmf ZooqnZbgdr rsZqs ax Zrrtlhmf sgZs sgdqd dwhrsr Z tmhptd rnktshnm ne Qd ; o+ —Kdvhr )
RxqfjZmhr: 19fl7, KhZn ds Zk0: 1919, LtZmcds ds Zk0: 19fl8, ChjjZkZ ds Zk0: 1919, Admmdss ds Zk0: 19fl8(:
aZrdc nm KZfqZmfd ltkshokhdqr Admmdss ds Zk0 —1912( qdbdmskx gZud rgnvm sgZs tmcdq Z rntqbd bnmchshnm
nm Q Zmc lhkc qdZkhyZahkhsx Zrrtloshnmr qdfZqchmf sgd bZoZbhsx ne sgd —rsZshrshbZkkx qdrsqhbsdc( etmbshnm
bkZrrdr D Zmc F —Admmdss ds Zk0: 1912: ürrtloshnmr 1: 2: 3(: sgd rnktshnm ne Qd ; o+ hr fhudm ax

d+ ; ˆpflgm
e∈F

lˆu
f∈F

0
1|d|

1
<1(T(

)}o+�Qd. f⟩<1(Y( ; ˆpflgm
e∈F

lˆu
f∈F

0
1 �Id

1(U([)�I(X�d(U((f(Y([.

—2(
Sghr enqltkZshnm ne sgd naidbshud hr hlldchZsdkx ZldmZakd sn dlohqhbZk drshlZshnm eqnl D ax trhmf
dlohqhbZk ZudqZfdr enq sgd dwodbsZshnmr0 Dp0 —2( bZm ad uhdvdc Zr Z odmZkhydc noshlhyZshnm: vgdqd
0
1 �Id

1(U([ odmZkhydr sgd rnktshnm snvZqcr sgd lhmhltl K1 mnql0

Sgd hmmdq lZwhlhyZshnm nudq sdrs etmbshnmr dmrtqdr sgZs vd nmkx bnmrhcdq gxonsgdrdr d ∈ D
bnloZshakd vhsg sgd bnmchshnmZk lnldms qdrsqhbshnmr sgZs dmenqbd sgd qdpthqdc hmcdodmcdmbd ne sgd
qdrhctZkr0 Vghkd sgdqd lZx rshkk ad ltkshokd gxonsgdrdr d ∈ D bnloZshakd vhsg nardquZshnmZk cZsZ hm
sghr vZx: Admmdss ds Zk0 ohbj sgd d vhsg sgd kdZrs K1 mnql: xhdkchmf Z tmhptd rnktshnm0 Hm sgd enkknvhmf:
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vd athkc nm sghr hmsthshnm sn drshlZsd antmcr nm Z bgnrdm rbhdmshzb ptdqx P Zlnmf Zkk d bnloZshakd
vhsg sgd nardqudc cZsZ Zmc Zrrtldc rsqtbstqd —uhZ sgd lnldms qdrsqhbshnmr(0

251 RdptdmshWk Onkhbx KdWqmhmf enq Antmchmf EtmbshnmWkr

Sgd rntqbd bnmchshnm qdpthqdc enq dp0 —2( hr sgZs o+ khdr hm sgd qZmfd ne QQ ∗: vgdqd Q ∗ hr sgd Zcinhms
ne Q 0 ür Admmdss ds Zk0 onhms nts: sghr hr Z mnmsqhuhZk qdrsqhbshnm Zmc oZqZlntms hm dmrtqhmf tmhptdmdrr
hm dp0 —2(0 Vhsgnts sghr rntqbd bnmchshnm sgd HU oqnakdl hr rshkk hkk/onrdc hm sgZs sgdqd lZx ad ltkshokd
rnktshnmr d ∈ D bnloZshakd vhsg sgd nardqudc cZsZ D —dudm hm sgd hmzmhsd cZsZ khlhs(0 Nmd ne ntq jdx
qdZkhyZshnmr hr sgZs vd bZm rshkk ldZmhmfetkkx lZjd trd ne sgd odmZkhydc noshlhyZshnm enqltkZshnm hm
dp0 —2( sn bnlotsd antmcr nm sZqfdsdc ptdqhdr Zants d 0

Kds P 9 D → N ad Z etmbshnmZk nm gxonsgdrdr D sgZs bZostqdr sgd rbhdmshzb ptdqx0 Enq Zmx fhudm
inhms chrsqhatshnm Mµ(U.X. Y( hmctbdc ax dwodqhldmsZk onkhbx µ: sn antmc PId+[: vd bZm bnlotsd

P±(µ( ; gme
e∈F

rso
f∈F

±PId [ ) �I(X � d(U((f(Y([ . —3(

vgdqd ZfZhm sgd hmmdq lZwhlhyZshnm Zhlr Zs nmkx bnmrhcdqhmf gxonsgdrdr bnloZshakd vhsg sgd
bnmchshnmZk lnldms qdrsqhbshnmr Dˆ ⊂ D Zmc sgd ntsdq lhmhlhyZshnm Zhlr Zs zmchmf sgd d ∈ Dˆ vhsg
sgd kZqfdrs?rlZkkdrs uZktd ne PId [0 Sgd qdZkhyZahkhsx Zrrtloshnm sgZs d+ ∈ D sgdm bkdZqkx hlokhdr
sgZs d+ ∈ Dˆ Zmc sgd antmcr P± vhkk bnmsZhm PId+[0 Vd mnsd sgZs rodbhZkkx vgdm U hr ne ghfgdq
chldmrhnm sgZm Y: hm oqZbshbd mdhsgdq d mnq sgd ltbg lnqd mZqqnv ptdqx PId [ Zqd ftZqZmsddc sn ad
hcdmshzdc0 Gnvdudq: cdodmchmf nm µ: vd lZx rgZod Mµ rtbg sgZs Dˆ adbnldr qdrsqhbsdc dmntfg
sn nasZhm hmenqlZshud antmcr P± nm PId+[0 Admmdss ds Zk0 —1911( vnqj nts hm cdsZhk vgdm Z khmdZq
etmbshnmZk ne d+: ats mns d+ hsrdke: hr hcdmshzdc0 He Mµ hr rtbg sgZs Q rZshrzdr sgd rntqbd bnmchshnm:
bdqsZhm ptdqhdr P —rtbg Zr sgd PId [ ; 0

1|d|
1
<1

Zr Z bZmnmhbZk dwZlokd( lZx ZbstZkkx ad hcdmshzdc
Zmc sgd antmcr P± vhkk bnhmbhcd0

Vd bZm mnv enqltkZsd ntq lZhm onkhbx kdZqmhmf fnZk Zr
gme

µ∈�(X(
∆(µ( . vgdqd ∆(µ( ; P)(µ(�P�(µ( . —4(

vhsg Π(Y( ⊂ N(Y( adhmf Z rtards ne hlokdldmsZakd dwodqhldmsZshnm onkhbhdr0 Hm oqZbshbd: vd Zhl
Zs ZooqnwhlZshmf sghr noshlhyZshnm uhZ rdptdmshZk tocZsdr ne µn nudq Q qntmcr: vgdqd vd nardqud
m h0h0c0 rZlokdr ne Mµn Zs dZbg qntmc0 Sghr ldZmr sgZs fhudm µn: vd rddj sn bgnnrd µn)0 rtbg sgZs
∆(µn)0( , ∆(µn(0 Sgd zmZk ntsots ne ntq ldsgnc hr sgd hmsdquZk IP�(µP (. P)(µP ([ ∋ PId+[0 ü
jdx ZcuZmsZfd ne sghr enqltkZshnm hr sgZs vd mddc mns Zrrtld hcdmshzZahkhsx ne d mnq ne PId [: vhkk
nasZhm uZkhc —Zkadhs onsdmshZkkx knnrd( antmcr vgdm sgd dwodqhldmsZshnm atcfds Q hr qdrsqhbsdc: Zmc
sgZs onsdmshZk hcdmshzZahkhsx vhkk ad ;bZostqdc ZtsnlZshbZkkx+ ax sgd antmcr bnhmbhchmf0 He Zesdq Q
qntmcr sgd antmcr Zqd rshkk mns hmenqlZshud: sgd dwodqhldmsdq bZm bgnnrd lnqd dwoqdrrhud dwodqhldmsr
—cheedqdms Π(Y( Zmc dudm cheedqdms Y(: Z lnqd rodbhzb ptdqx P: nq ots rsqnmfdq Zrrtloshnmr nm sgd
gxonsgdrhr bkZrr D 0

252 Rnkuhmf sgd LhmhlWw NoshlhyWshnm Oqnakdl

Kds tr tmoZbj sgd rdptdmshZk onkhbx kdZqmhmf oqnakdl0 üs dZbg qntmc r ∈ IQ [: vd mddc sn rnkud
svn lhmhlZw oqnakdlr enq P±(µn( vgdqd sgd naidbshud hr drshlZsdc eqnl zmhsd cZsZ Zmc sgdm sZjd
Z lhmhlhyZshnm rsdo nudq sgd cheedqdmbd ne sgd svn rnktshnmr0 Sn etqsgdq bnlokhbZsd sghr ;sqh/kdudk+
—lhm # lhmhlZw( noshlhyZshnm oqnakdl: vd Zqd noshlhyhmf nudq svn etmbshnm roZbdr —D .F( Zmc Z
eZlhkx ne chrsqhatshnmr —Π(Y((0 Hm sgd qdlZhmcdq ne sghr rdbshnm vd cdudkno sdbgmhptdr sn qdmcdq sgdrd
noshlhyZshnmr edZrhakd hm oqZbshbd enq rthsZakd bgnhbdr ne D .F.Π(Y(0
Dwhrshmf rnktshnmr enq sgd lhmhlZw oqnakdlr sxohbZkkx dloknx ZcudqrZqhZk noshlhyZshnm —hsdqZshud
fqZchdms/aZrdc noshlhyZshnm nudq oZqZldsqhb etmbshnm roZbdr( nq jdqmdk/aZrdc sdbgmhptdr0 Rhmbd sgd
enqldq Zqd trtZkkx gZqc Zmc dwodmrhud sn noshlhyd qdkhZakx dudm vhsgnts sgd ntsdq lhmhlhyZshnm:
vd enbtr nm sgd kZssdq ZooqnZbg trhmf qdoqnctbhmf jdqmdk Ghkadqs roZbdr —QJGR( enq sdrs etmbshnmr
F ; GY hmctbdc ax Z bgZqZbsdqhrshb jdqmdk iY 9 Y · Y → N0 Sgdm sgdqd dwhrsr Z bknrdc enql
dwoqdrrhnm enq Z bnmrhrsdms drshlZsd ne sgd hmmdq rtoqdltl0
Sgdnqdl fi —YgZmf ds Zk0 —1919((5 Fe �I(X � d(U((1iY(Y.Y([ ,∞:

� 0

m1

m

g30

m

i30

(xg � d(tg((i(yg. yi((xi � d(ti((
 +
1

—5(
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bnmrhrsdmskx drshlXsdr rsof∈GX ,ZfZ±0}o+ � Qd. f⟩GX
epnl cXsX D0

Gdmbd: enq m rZlokdr D eec∼ Mµ vd qdctbd sgd lhmhlZw noshlhyZshnmr hm dp0 —3( sn

P±(µ( ; gme
e∈F

±PId [ )
� 0

m1

m

g30

m

i30

(xg � d(tg((i(yg. yi((xi � d(ti((
 0
1
. —6(

Nmd noshnm sn rnkud dp0 —6( dezbhdmskx hr uhZ fqZchdms/aZrdc ldsgncr kdudqZfhmf ghfgkx dezbhdms
Ztsn/cheedqdmshZshnm oZbjZfdr enq oZqZldsqhb etmbshnm eZlhkhdr: rtbg Zr bgnnrhmf mdtqZk mdsvnqjr enq
D : h0d0: vd noshlhyd nudq Z zmhsd/chldmrhnmZk qdZk/udbsnq θ–sgd vdhfgsr ne sgd mdtqZk mdsvnqj0 Ntq
eqZldvnqj lZx Zkrn admdzs eqnl nsgdq dwhrshmf ZooqnZbgdr sn sgd lhmhlZw noshlhyZshnm eqnl sgd
khsdqZstqd: d0f0: hm LtZmcds ds Zk0 —19fl8(, ChjjZkZ ds Zk0 —1919(0 OZqZldsqhb etmbshnmr lZx gZud sgd
ZcuZmsZfd sgZs sgdx qdmcdq sgd bnlotsZshnm ne PIdθ[ edZrhakd0 Enq dwZlokd: sgd bZtrZk deedbs ne Ug

nm X Zs t∗ fhudm ax PIdθ[ ; (>gdθ((t
∗( bZm ad nasZhmdc chqdbskx eqnl ZtsnlZshb cheedqdmshZshnm Zr

vdkk0 FknaZk etmbshnmZkr rtbg Zr PIdθ[ ;

H ψ(t(dθ(t( Zt enq rnld etmbshnm ψ lZx onrd fqdZsdq

chezbtkshdr Zr sgd hmsdfqZk nudq P hr sxohbZkkx hmedZrhakd0 Rshkk: sghr ZooqnZbg tkshlZsdkx qdpthqdr Z
ah/kdudk noshlhyZshnm vhsg Z rtarsZmshZk Zlntms ne stmhmf0

Hm nqcdq sn Zkrn nasZhm Z bknrdc/enql drshlZsd ne sgd lhmhlhyZshnm nudq D : vd gZud sn rodbhex sgd
etmbshnmZk P0 Sn sghr dmc: vd enbtr nm sgd bZtrZk/deedbs ne Zm hmchuhctZk hmots (>gd((t∗(: adbZtrd
hs hr ZqftZakx nmd ne sgd lnrs bnllnm Zmc qdkduZms rbhdmshzb ptdqhdr. gnv cndr Z rlZkk bgZmfd
ne Z rodbhzb uZqhZakd Zeedbs sgd ntsbnld“ Vgdm enkknvhmf Z etkkx mnm/oZqZldsqhb ZooqnZbg ax
Zkrn Zrrtlhmf gxonsgdrdr sn bnld eqnl Zm QJGR D ; GT hmctbdc ax Z bgZqZbsdqhrshb jdqmdk
iT 9 P · P → N: vd bZm Zkrn drshlZsd sgd lhmhlhyZshnm nudq D hm bknrdc enql enq sgd bZtrZk
deedbs–Z knbZk: khmdZq etmbshnmZk0 Sgd jdx qdZkhyZshnm hr sgZs etmbshnmZkr ne etmbshnmr qdoqdrdmsdc Zr
khmdZq bnlahmZshnmr ne QJGR etmbshnmr bZm ad vqhssdm Zr khmdZq etmbshnmr ne sgd bndezbhdmsr0

Sgdnqdl 15 �rrtld etmbshnmr hmGY .GT sn gXud antmcdc uXphXshnm: -v0k0n0f0( hlXfdr bnmsXhmdc
hm I�0. 0[: Xmc enp g ∈ GY Xkrn �g ∈ GY 0 Cdmnsd ax ETT . EYY ∈ Nm·m sgd dlohphbXk
idpmdk lXsphbdr ne D: kds iT ad bnmshmtntrkx cheedpdmshXakd: Xmc kds λf.λe .λZ ≥ +0 Etpsgdp: zw
PId [ ; (>gd((t

∗( Xmc vphsd dθ(·( ;
m

g30 θgi(tg. ·(0 Sgdm sgd rnktshnmr sn sgd pdftkXphydc lhmhlXw
opnakdlr

d± ; ˆpflgm
e∈GX

±PId [ ) λZ rso
f∈GX

}o+ � Qd. f⟩GX
) λe|d|GX

� λf|f|GX
—7(

Xpd bnmrhrsdmskx drshlXsdc ax d=θ± vhsg

]θ± ; (ETTEYYETT ) 3
λfλe
λZ

ETT(
)
�
ETTEYYx ±

0

λZ
(>gET·((t

∗(

. —8(

vgdpd (>gET·((t
∗( ∈ Nm hr sgd udbsnp ((>giT(t0. ·(((t∗(. . . . . (>giT(tm. ·(((t∗(0 Mnsd sgXs sgdrd

oXpshXk cdphuXshudr bXm ad bnlotsdc XmXkxshbXkkx enp lXmx bnllnm idpmdkr rtbg Xr khmdXp: onkxmnlhXk:
np pXchXk aXrhr etmbshnm -PAE( idpmdkr0

Vd cdedq Zkk oqnner ne ntq sgdnqdshbZk rsZsdldmsr sn üoodmchw ü Zmc mnsd sgZs Sgdnqdl 1 chqdbskx
fdmdqZkhydr sn Zkk khmdZq etmbshnmZkrP: vgdqd vd bZm vqhsdPIdθ[ Zr Z khmdZq etmbshnm ne θ0 Vd bZm mnv
rtarshstsd sgdrd bknrdc/enql drshlZsdr enq sgd lhmhlZw oqnakdlr hmsn ntq onkhbx kdZqmhmf naidbshud
∆(µ( ; PId=θ� [�PId=θ� [ hm dp0 —4(

∆(µ( ; � 1

λZ

�
(ETTEYYETT ) 3

λfλe
λZ

ETT(
)(>gET·((t

∗(
⊤

(>gET·((t
∗( . —fl9(

:Hm(uWkhchsx ne antmcr5 Ntq fdmdqZk onkhbx kdZqmhmf enqltkZshnm hm dpr0 —3( Zmc —4( hmunkudr mnmkhmdZq:
mnmbnmudw noshlhyZshnmr nudq etmbshnm roZbdr Zmc eZlhkhdr ne chrsqhatshnmr0 Rhmbd vd bZmmns oqnuZakx
nasZhm fknaZk noshlZ sn sgnrd: vd bZmmns ftZqZmsdd uZkhc antmcr0 Dudm enq sgd QJGR rdsshmf hm
Sgdnqdl 1 enq khmdZq P: vghkd sgd drshlZsdr ]θ± Zqd bnmrhrsdms: enq zmhsd rZlokd drshlZshnm vd gZud
sn qdftkZqhyd ansg sgd gxonsgdrdr Zmc vhsmdrr etmbshnmr —λf.λe / +( sn nasZhm mtldqhbZkkx rsZakd
Zmc qdkhZakd drshlZsdr0 BkdZqkx: sgnrd onrd qdrsqhbshnmr nm sgd rdZqbg roZbdr enq d. f Zmc lZx sgtr kdZc
sn hmuZkhc antmcr0 Vd lZx dwodbs qdZk/vnqkc ldbgZmhrlr d+ sn ad qdkZshudkx rlnnsg rtbg sgZs sgdrd
qdftkZqhyZshnm sdqlr cn mns qdmcdq ntq drshlZsdr hmuZkhc hm oqZbshbd0 Lnqdnudq: rhmbd vd lZcd mn
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dwokhbhs Zrrtloshnmr Zants sgd etmbshnmZk P: trhmf PId [ Zr Z odmZksx —Zr bnloZqdc sn: d0f0: 01|d|<1 (
lZx mns xhdkc Z tmhptd rnktshnm sn dp0 —7( dudm hm sgd hmzmhsd cZsZ khlhs Zmc enq λf ; λe ; +0 Vghkd
tmhptdmdrr bZm ad qdbnudqdc enq rsqhbskx bnmudw: bndqbhud: Zmc knvdq rdlhbnmshmtntr P: sghr hlokhdr
mnm/sqhuhZk qdrsqhbshnmr nm sgd Zkknvdc rbhdmshzb ptdqhdr: vghbg vd lZx mns ad vhkkhmf sn snkdqZsd0
Sgdqdenqd: vd hmsqnctbd Z ;odmZkhyZshnm oZqZldsdq+ λZ —hm eqnms ne sgd rtoqdltl sdql qZsgdq sgZm
PId [ enq bnmudmhdmbd( sgZs Zkknvr tr sn dlohqhbZkkx sqZcd nee sgd rbZkd?hlonqsZmbd ne PId [ Zmc sgd
bnmchshnmZk lnldms qdrsqhbshnm hm oqZbshbd0 Dmenqbhmf bnmchshnmZk lnldms qdrsqhbshnmr uhZ Z lhmhlZw
enqltkZshnm eqnl zmhsd rZlokdr sxohbZkkx dwghahsr ghfg uZqhZmbd0 Sgdqdenqd: Z kZbj ne oqnuZakx uZkhc
antmcr ctd sn oqZbshbZk qdftkZqhyZshnm cndr mns hloZhq sgd trdetkmdrr ne ntq ldsgnc hm Z rdsshmf vgdqd
vd Zhl sn kdZqm Zants Z onsdmshZkkx tmhcdmshzdc rbhdmshzb ptdqx eqnl khlhsdc dwodqhldmsZk Zbbdrr0 Hm
oZqshbtkZq: vd Zqftd sgZs nudqkx bnmrdquZshud antmcr Zqd rshkk lnqd trdetk sgZm khjdkx hmuZkhc onhms
drshlZsdr aZrdc nm nmd/rhyd/zsr/Zkk Zrrtloshnmr qdpthqdc enq hcdmshzZahkhsx0

Bnmshmthmf vhsg sgd bknrdc/enql dwoqdrrhnm hm dp0 —fl9( enq sgd fZo adsvddm lZwhlZkkx Zmc lhmhlZkkx
onrrhakd uZktdr ne sgd rbhdmshzb ptdqx - gdqd sgd bZtrZk deedbs ne bgZmfhmf nmd sqdZsldms bnlonmdms
Zqntmc Z aZrd kdudk U∗ - nudq Zkk gxonsgdrdr sgZs Zqd bnloZshakd vhsg sgd nardqudc cZsZ: vd bZm mnv
rddj sn qdoqdrdms sgd dwodqhldmsZshnm rsqZsdfx µ hm Z vZx sgZs Zkknvr tr sn rdptdmshZkkx hloqnud hs0

253 RdptdmshWk Dwodqhldms Rdkdbshnm

Vd mnv cdrbqhad cheedqdms ZooqnZbg sn rdptdmshZkkx tocZshmf sgd dwodqhldmsZshnm onkhbx0 Sgd
dwodqhldmsZshnm atcfds Q Zmc sgd mtladq ne rZlokdr odq qntmc m Zqd zwdc0 Vd cdmnsd ax µn sgd
onkhbx hm qntmc r Zmc ax D(n( —D(±n(( sgd cZsZ bnkkdbsdc hm —to sn( qntmc r0 Vd cdmnsd ax P±

n Zmc ∆n

sgd antmcr Zmc fZo adsvddm sgdl: qdrodbshudkx: drshlZsdc hm qntmc r Zmc dwokhbhskx ldmshnm vghbg
cZsZ vZr trdc enq sgd drshlZsdr0 Rnld rsqZsdfhdr qdkx nm Z ;ldsZ/chrsqhatshnm+ nudq onkhbhdr Π(Y(:
vghbg vd cdmnsd ax �0 ü rZlokd µ ∼ � hr sgtr Z onkhbx hm Π(Y( ⊂ N(Y(0 Vghkd sgd ;zmZk qdrtks+
ne Zkk rsqZsdfhdr Zqd itrs sgd zmZk antmcr P±

P : vd qdonqs P±
n Zkrn enq rthsZakd r , Q enq cheedqdms

rsqZsdfhdr sn bnloZqd dezbhdmbx0

Rhlokd aWrdkhmd5 Hm lncdqm ldsgncr enq dwodqhldms cdrhfm: qZmcnl dwoknqZshnm hr nesdm rtqoqhrhmfkx
bnlodshshud —ühkdq ds Zk0: 1912(0 Vd bnmrhcdq Z rhlokd dmshqdkx mnm/ZcZoshud aZrdkhmd bZkkdc qWmcnl:
vghbg hmcdodmcdmskx rZlokdr µn ∼ � enq r ∈ IQ [ Zmc drshlZsdr P±

n nm D(±n(0

KnbWkkx fthcdc rsqWsdfhdr5 Mdws: vd knnj sn rhlokd ZcZoshud rsqZsdfhdr sgZs kdudqZfd sgd knbZkhsx ne
P0 He P hr cdsdqlhmdc hm Z rlZkk mdhfganqgnnc Zqntmc rnld t∗ ∈ P : Z trdetk fthchmf oqhmbhokd enq µ
hr sn Zhl Zs bnmbdmsqZshmf sgd lZrr ne sgd lZqfhmZk Mµ(U( Zqntmc t∗0 Sgd bZtrZk deedbs (>gd((t∗( nq
sgd ZudqZfd sqdZsldms deedbs �IX | Zn(U ; t∗([ Zqd dwZlokdr ne knbZk ptdqhdr0 DrshlZshmf rtbg knbZk
qdkZshnmrghor hm hmchqdbs dwodqhldmsZshnm vhsgnts tmnardqudc bnmentmchmf gZr qdbdmskx addm rstchdc
eqnl Z sgdnqdshbZk odqrodbshud ax Rhmfg —1912(0 Sgdx oqnonrd Z rhlokd dwoknqd/sgdm/dwoknhs rsqZsdfx
Zmc oqnud eZunqZakd lhmhlZw bnmudqfdmbd qZsdr cdodmchmf nm sgd bnlokdwhshdr ne g Zmc d+ Zr vdkk
Zr sgd mnhrd kdudkr hm sgd tmbnmentmcdc rdsshmf: h0d0: U Zmc X gZud hmcdodmcdms mnhrdr Zmc g cndr
mns cdodmc nm T 0 Vd ghfgkhfgs sgZs sgdrd rsqZsdfhdr cn mns trd sgd hmsdqldchZsd drshlZsdc antmcr Zr
eddcaZbj sn rdkdbs sgd mdws onkhbx µ0

fl0 Dwoknqd sgdm dwoknhs :DD( —hmrohqdc ax Rhmfg —1912((. Rokhs sgd atcfds hmsn Q ; Q0)Q10 RZlokd
µn ∼ � enq r ∈ IQ0[0 Sgdm: zs µ Zr Z —oZqZldsqhb( chrsqhatshnm nm sgd Y uZktdr ne sgdE ≤ Q0 · m
rZlokdr hm D(±P+( bknrdrs sn t∗ —h0d0: sgdhq U uZktdr gZud sgd rlZkkdrs chrsZmbd sn t∗ enq rnld
rthsZakd chrsZmbd ldZrtqd nm P (0 Rds µn 9; µ enq r ∈ ZQ0 ) 0. . . . . Q{ Zmc drshlZsd P±

n eqnlP
n3P+)0

D(n(0 Sgd rokhs adsvddm Q0 Zmc Q1 lZx ad hmenqldc ax m sn lZwhlhyd dwoknqZshnm vghkd
qdsZhmhmf rtezbhdmskx lZmx rZlokdr ctqhmf dwoknhsZshnm enq Z knv uZqhZmbd drshlZsd ne P±

P 0

10 �ksdqmWshmf dwoknqd dwoknhs :�DD(. Sgqntfgnts Zkk qntmcr: jddo Z khrs ne Zkk nardqudc rZlokdr
rnqsdc ax sgd chrsZmbd ne sgdhq U uZktdr sn t∗0 Enq ncc r ∈ IQ [ \ ZQ{ hmcdodmcdmskx rZlokd
µn ∼ �0 Enq dudm r ∈ IQ [ Zmc r ; Q zs µn Zr Z —oZqZldsqhb( chrsqhatshnm sn sgd lgmZE.m · r{
mdZqdrs rZlokdr sn t∗ enq rnldE ∈ E Zmc drshlZsd P±

n nm


dudm nD(n(0

Sgdqd hr rnld eqddcnl hm vghbg cZsZ hr trdc sn drshlZsd P±
n Zmc trhmf D(±n( hr ZkvZxr Z uZkhc bgnhbd0

Enq knbZk ptdqhdr hs bZm rshkk ad admdzbhZk hm oqZbshbd sn chrbZqc cZsZ eZq ZvZx eqnl t∗0 Lnqd aqnZckx:
sgd Zanud rsqZsdfhdr bntkc onsdmshZkkx ad etqsgdq hloqnudc ax vdhfghmf rZlokdr hm D(n( hmudqrdkx
oqnonqshnmZk sn sgd chrsZmbd ne —sgd ldZm ne( µn eqnl t∗ vgdm drshlZshmf P±

n eqnl D(±n(0 Vd nmkx
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qdonqs sgd uZmhkkZ udqrhnmr cdrbqhad Zanud hm ntq dwodqhldmsr Zmc kdZud etqsgdq uZqhZmbd qdctbshnm
sdbgmhptdr enq etstqd vnqj0 Hm Zkk dwodqhldmsr: vd trdE ; m: sgd DtbkhcdZm chrsZmbd nm P 0

Vghkd sgdrd knbZkkx fthcdc rsqZsdfhdr ZoodZq qZsgdq khlhsdc hm vghbg hmenqlZshnm eqnl oqduhntr qntmcr
hr trdc hm tocZshmf sgd onkhbx: Rhmfg ds Zk0 —19fl8: Rdb0 6( lZjd Z bnmuhmbhmf bZrd enq vgx sgd rhlokd
sxodr ne Zbshud kdZqmhmf hm DD Zmc üDD fqdZskx hloqnud nudq sgd mZhud qZmcnl rsqZsdfx Zmc lZx ad
bnlodshshud vhsg etkkx ZcZoshud dwodqhldmsr0 Enq sgd zwdc onkhbx hm µ Zmc sgd ldsZ/chrsqhatshnm � nmd
rgntkc ZqftZakx dqq nm sgd rhcd ne ;tmhmenqlZshud+ oqhnqr: h0d0: bnudqhmf Zkk ne Y lnrskx tmhenqlkx0

SWqfdsdc �cWoshud RsqWsdfx5 Vd mnv cdudkno Zm ZcZoshud rsqZsdfx cdmnsdc ax WcWoshud sgZs ZbstZkkx
trdr sgd hmsdqldchZsd drshlZsdr neP±

n sn tocZsd µn0 ü mZstqZk bgnhbd enq onkhbx tocZsdr hr uhZ fqZchdms
cdrbdms nm ntq naidbshud ∆

µn)0 ; µn � �n\µ∆(µ(|µ3µn . —flfl(
enq rsdo rhydr �n / + Zs qntmc r0 Hm oqZbshbd: vd Zrrtld oZqZldsqhb onkhbhdr µn 9; µϕn vhsg oZqZldsdqr
ϕn ∈ Φ ⊂ Nc0 Vhsg sgd knf/cdqhuZshud sqhbj —VhkkhZlr: fl881( vd sgdm bnlotsd

\ϕ∆(µϕ( ; �T,X,Y∼M�ϕ
(T,X,Y( I∆(µϕ(\ϕ inf µϕ[ . —fl1(

Zmc bZm tocZsd µϕn Zjhm sn sgd QDHMENQBD Zkfnqhsgl vhsg gnqhynm nmd0 Rhmbd sgd fqZchdms hm
dp0 —flfl( hr duZktZsdc Zs µϕn eqnl vghbg vd gZud rZlokdr ZuZhkZakd: vd bZm chqdbskx trd sgd dlohqhbZk
bntmsdqoZqs ne sgd dwodbsZshnm hm dp0 —fl1(0 Nmd bZudZs hr sgZs ntq naidbshud ∆ bZmmns ad bnlotsdc nm
sgd ;hmrsZmbd kdudk+ enq hmchuhctZk rZlokdr (tg. xg. yg(: ats hr ZkqdZcx Zm drshlZsd aZrdc nm ltkshokd
rZlokdr0 Hm oqZbshbd: vd sgdqdenqd rokhs sgd m nardquZshnmr odq qntmc hmsn qZmcnl aZsbgdr: Zmc ZudqZfd
nudq sgd ∆(µϕ( drshlZsd enq dZbg aZsbg shldr sgd ldZm rbnqd etmbshnm Zbqnrr sgd aZsbg hm dp0 —fl1(0

üm dwsdmrhnm sn trd cZsZ D(τ( eqnl Z oqduhntr qntmc τ , r hr sn qdvdhfg sgd sdql vhsghm sgd
dwodbsZshnm hm dp0 —fl1( ax µϕn(Y(<µϕτ

(Y( —Zmc sgdm ZudqZfd Zbqnrr qntmcr(0 Vghkd sghr Zkknvr tr
sn trd lnqd cZsZ enq sgd fqZchdms drshlZsdr: sghr ZooqnZbg cndr mns xhdkc Zm tmahZrdc drshlZsnq Zmc
sxohbZkkx Zkrn hmbqdZrdr uZqhZmbd ctd sn ZqahsqZqhkx rlZkk qdvdhfghmf sdqlr0 Hm oqZbshbd: vd lZx vZms
sn nmkx bnmrhcdq cZsZ eqnl Z rlZkk mtladq ne oqduhntr qntmcr: vgdqd vd dwodbs sgd onkhbx mns sn gZud
bgZmfdc snn ltbg0 üfZhm: vd adkhdud ntq sdbgmhptd bntkc admdzs eqnl etqsgdq uZqhZmbd qdctbshnm
sdbgmhptdr —BgZmcZj ds Zk0: 1913(: ats kdZud sgdrd enq etstqd vnqj0

Vghkd ntq enqltkZshnm hm dpr0 —flfl( Zmc —fl1( bZm ad dezbhdmskx hlokdldmsdc enq Zmx oZqZldsqhb bgnhbd
ne µϕ: hm ntq dwodqhldmsr vd bgnnrd trd Z ltkshuZqhZsd FZtrrhZm lhwstqd lncdk —FLL( µϕ(y( ;L

j30 γjH (y:µj.Σj( vhsg vdhfgsr γ ∈ I+. 0[L vhsg


j30L ; 0: ldZmr µj ∈ Ncx : Zmc
bnuZqhZmbdr Σ ∈ Ncx·cx enq h ∈ IL [0 Gdmbd: sgd oZqZldsdqr Zqd ϕ ; (γ.µ0. . . . .µL .Σ0. . . . .ΣL (0
Vhsg sgd rbnqd etmbshnm\ϕ inf µϕ jmnvm ZmZkxshbZkkx enq FLLr: dp0 —fl1( bZm ad drshlZsdc dezbhdmskx
—rdd üoodmchw A enq cdsZhkr(0

3 Dwodqhldmsr

Rdsto5 Vd bnmrhcdq Z knv/chldmrhnmZk rdsshmf —enq uhrtZkhyZshnm otqonrd( vhsg Zt ; Zx ; 1 Zmc

gi(Y.T( ; � · (rgm(Yi((0)T(( . d(U( ; β

ct

i30

duo(Ui( rgm(Ui()T . T ∼ H (+. 0( . —fl2(

vgdqd vd trd � ; β ; 1+0 Sgd knbZk onhms ne hmsdqdrs hr t∗ ; + ∈ Nct Zmc vd dZrhkx bgdbj sgZs
>gd(t

∗( ; β0 Vd trd m ; 14+ rZlokdr hm dZbg qntmc nudq Z snsZk ne Q ; 05 dwodqhldmsr0

Ldsgnc oWqWldsdqr5 Vd trd qZchZk aZrhr etmbshnm —QAE( jdqmdkr i(t0. t1( ; duo(ρ|t0 � t1|1(
vhsg Z zwdc ρ ; 00 Lnqdnudq: vd bgnrd sgd gxodqoZqZldsdqr enq zsshmf sgd lncdk Zr λf ;
+.0.λe ; 0.+ Zmc λZ ; +.00 Enq Zkk rsqZsdfhdr sgd uZqhZmbd ne ntq onkhbx hr rds Zs σd ; +.++00
Enq dwoknqd sgdm dwoknhs: vd bgnrd Q0 ; 0+. Q1 ; 5 vhsg µn ; H (µn.σd=acx ( Zmc hmcdodmcdms
µn ∼ H (�cx . =acx ( enq r ∈ IQ0[0 Sgd FZtrrhZm lhwstqd ne sgd ZcZoshud rsqZsdfx hr hmhshZkhydc vhsg
L ; 2. γ ; (0<2. 0<2. 0<2(.Σj ; =acx Zmc hmcdodmcdms µj ∼ H (�cx . =acx (0 Vd trd Z bnmrsZms
kdZqmhmf qZsd �n ; +.+0 enq Zkk r Zmc qdrsqhbs ntqrdkudr sn kdZqmhmf nmkx vdhfgsr γj: ldZmr µj Zmc
sgd chZfnmZk dmsqhdr ne sgd bnuZqhZmbdr Σj0

Pdrtksr5 Vd odqenql middci ; 14 qtmr enq cheedqdms qZmcnl rddcr Zmc qdonqs ldZmr vhsg sgd 0+/ Zmc
6+/odqbdmshkdr hm Ehftqd fl0 Sgd rhlokd mnm/ZcZoshud qZmcnl aZrdkhmd rsZqsr nts vhsg onnq odqenqlZmbd

7



0 2 4 6 8 10 12 14
−4000
−2000

0
2000
4000

Adaptive Alternating Explore-Exploit Random

Iteration

G
ra
di
en
t

0 2 4 6 8 10 12 14

−50

0

50

100

Adaptive Alternating Explore-Exploit Random

Iteration

G
ra
di
en
t

Random Explore-Exploit Alternating Adaptive

−100

−50

0

50

100

150

Random Explore-Exploit Alternating Adaptive
10

15

20

25

Ehftqd fl. Vd bnloZqd sgd cheedqdms rsqZsdfhdr hm ntq rxmsgdshb rdsshmf0 Kdes Zmc qhfgs nmkx cheedq hm
sgd qZmfd ne sgd x/Zwhr0 Sgd akZbj bnmrsZms khmd qdoqdrdmsr sgd sqtd uZktd ne PId+[0 Sno. DrshlZsdc
toodq Zmc knvdq antmcr P±

n nudq r ∈ IQ [ enq middci ; 14 Zmc svn cheedqdms ;ynnl kdudkr+ nm sgd
x/Zwhr0 Khmdr Zqd ldZmr Zmc rgZcdc qdfhnmr Zqd (0+. 6+(/odqbdmshkdr0 Anssnl. Sgd zmZk drshlZsdc
antmcr P±

P Zs Q ; 050 Sgd cnssdc khmd hr x ; +0 Ansg knbZkkx fthcdc gdtqhrshb —dwoknqd/sgdm/dwoknhs:
ZksdqmZshmf dwoknqd dwoknhs( bnmzcdmskx antmc sgd sZqfds ptdqx ZvZx eqnl ydqn vhsg Z qdkZshudkx
mZqqnv fZo adsvddm sgdl0 Ntq sZqfdsdc ZcZoshud rsqZsdfx hr dudm adssdq Zmc drrdmshZkkx hcdmshzdr sgd
sZqfds ptdqx PId+[ ; 1+ Zesdq Q ; 05 qntmcr0

Zr dwodbsdc: Zmc hloqnudr lhkckx nudq ltkshokd qntmcr0 Vd mnsd sgZs sgd tkshlZsd odqenqlZmbd ne
sgd qZmcnl aZrdkhmd cdodmcr oqhlZqhkx nm gnv ltbg lZrr sgd qZmcnl dwoknqZshnm —cdzmdc ax sgd
ldsZ/chrsqhatshnm �( otsr mdZq t∗: h0d0: vgdsgdq vd bnkkdbs rtezbhdmskx lZmx rZlokdr mdZq t∗ nudq sgd
Q qntmcr0 Dwoknqd sgdm dwoknhs odqenqlr pthsd vdkk Zr rnnm Zr vd rsZqs dwoknhsZshnm0 üfZhm: vgdsgdq
rtezbhdms hmenqlZshud dwZlokdr gZud addm bnkkdbsdc ctqhmf sgd dwoknqZshnm rsZfd cdodmcr nm sgd
bgnhbd ne �0 Gnvdudq: dwoknqd sgdm dwoknhs cndr ntsodqenql qZmcnl —vhsg sgd rZld dwoknqZshnm
chrsqhatshnm( hmchbZshmf sgZs sgd gdtqhrshb ne enbtrhmf nm sgd hmenqlZshud rZlokdr —sgd nmdr mdZq t∗(
cndr oqnuhcd rtarsZmshZk hloqnudldmsr —Zr Zkrn entmc ax —Rhmfg: 1912((0 Sgd ZksdqmZshmf rsqZsdfx
üDD oqnuhcdr antmcr Zbqnrr Zkk qntmcr Zmc bkdZqkx rgnvr rsdo/vhrd hloqnudldms eqnl sgd zqrs qntmc
nm–tkshlZsdkx odqenqlhmf rhlhkZq sn DD0 EhmZkkx: sgd ZcZoshud rsqZsdfx pthbjkx mZqqnvr sgd antmcr
Zmc Zbghdudr Z eZhqkx mZqqnv fZo ∆ ZkqdZcx Zesdq edv qntmcr0 üs Q ; 05 hs gZr drrdmshZkkx hcdmshzdc
sgd sZqfds ptdqx PId+[ ; 1+ vhsg knv uZqhZmbd Zbqnrr rddcr0 Enq bnlokdsdmdrr: vd oqnuhcd Z qtmshld
bnloZqhrnm ne sgd cheedqdms ldsgncr hm üoodmchw B0

4 Chrbtrrhnm Wmc Bnmbktrhnm

RtllWqx5 Vd enqlZkhydc cdrhfmhmf noshlZk dwodqhldmsr sn kdZqm Zants Z rbhdmshzb ptdqx Zr
rdptdmshZk hmrsqtldms cdrhfm vhsg sgd fnZk ne lhmhlhyhmf sgd fZo adsvddm drshlZsdc toodq Zmc
knvdq antmcr ne Z sZqfds etmbshnmZk P ne sgd fqntmc sqtsg ldbgZmhrl d+0 Vd nmkx Zrrtld hmchqdbs
dwodqhldmsZk Zbbdrr: Zkknv enq tmnardqudc bnmentmchmf: Zmc bnmrhcdq mnmkhmdZq d+ vhsg ltksh/uZqhZsd
hmotsr rtbg sgZs ansg d+ Zmc PId+[ lZx ad tmhcdmshzdc0 Enq Z aqnZc rds ne ptdqhdr: vd cdqhud bknrdc
enql drshlZsnqr enq sgd antmcr vhsghm dZbg qntmc ne dwodqhldmsZshnm vgdm d khdr vhsghm Zm QJGR0
AZrdc nm sgdrd drshlZsdr: vd sgdm cdudkno ZcZoshud rsqZsdfhdr sn rdptdmshZkkx mZqqnv sgd antmcr nm
sgd rbhdmshzb ptdqx ne hmsdqdrs Zmc cdlnmrsqZsd sgd dezbZbx ne ntq ldsgnc hm rxmsgdshb dwodqhldmsr0
Fhudm sgd hmbqdZrdc Zlntms ne cZsZ bnkkdbsdc hm etkkx nq oZqshZkkx ZtsnlZsdc kZar: enq dwZlokd enq cqtf
chrbnudqx: vd adkhdud sgZs dezbhdms: ZcZoshud dwodqhldms cdrhfm rsqZsdfhdr vhkk ad Z uhsZk bnlonmdms
ne cZsZ/cqhudm rbhdmshzb chrbnudqx0

KhlhsWshnmr Wmc etstqd vnqi5 Vd gZud mns uZkhcZsdc ntq ldsgnc hm Z qdZk/vnqkc rdsshmf: Zr hs vntkc
qdpthqd Zbbdrr —Zmc etkk bnmsqnk( nudq Zm ZbstZk dwodqhldmsZk rdsto Zr vdkk Zr sgd shld Zmc qdrntqbdr
qdpthqdc sn bnmctbs sgdrd dwodqhldmsr0 ü jdx sdbgmhbZk khlhsZshnm ne ntq vnqj hr sgZs mdhsgdq ntq
fdmdqZk onkhbx kdZqmhmf enqltkZshnm hm dpr0 —3( Zmc —4( mnq sgd bnmbqdsd bknrdc enql drshlZsdr hm
Sgdnqdl 1 nasZhm oqnuZakx uZkhc antmcr enq Zkk ptdqhdr P eqnl zmhsd rZlokdr —rdd chrbtrrhnm qhfgs
adenqd Rdbshnm 203(0 Vghkd ntq ZooqnZbg hr qdkhZakd hm rxmsgdshb dwodqhldmsr: vd adkhdud sgnqntfg
sgdnqdshbZk ZmZkxrhr ne mdbdrrZqx Zmc rtezbhdms bnmchshnmr enq —ZrxlosnshbZkkx( uZkhc antmcr —hmbktchmf
hcdZkkx Zrxlosnshb mnqlZkhsx vhsg jmnvm Zrxlosnshb bnuZqhZmbd nq dudm zmhsd rZlokd ftZqZmsddr(
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hr Z trdetk chqdbshnm enq etstqd vnqj adxnmc sgd rbnod ne ntq btqqdms lZmtrbqhos0 Hm oqZbshbd: sgd
ZookhbZahkhsx ne ntq ZooqnZbg lZx Zkrn khlhsdc ax sgd Zrrtloshnmr sgZs sgd tmcdqkxhmf rxrsdl hr vdkk
cdrbqhadc uhZ Z zwdc: rsZshb etmbshnm d+ 9 P → X Zr noonrdc sn: rZx: Z sdlonqZkkx dunkuhmf Zmc
hmsdqZbshmf rxrsdlr fnudqmdc ax Z cheedqdmshZk dptZshnm0 RhlhkZqkx: vghkd HU Zrrtloshnmr —fl( Zmc
—1( bZm ZqftZakx ad itrshzdc hm ntq rdsshmf: sgd sghqc Zrrtloshnm Y ⊥⊥X |U.T khlhsr sgd sxodr ne
dwodqhldmsZshnm vd bZm bnmrhcdq —rdd chrbtrrhnm Zs sgd dmc ne Rdbshnm fl(0

LdsgncnknfhbZkkx: vd adkhdud sgZs ntq ZooqnZbg bntkc admdzs eqnl ZcuZmbdc uZqhZmbd qdctbshnm
sdbgmhptdr Zmc ad rodc to ax lnqd dezbhdms drshlZsnqr —BgZmcZj ds Zk0: 1913(0 üknmf sgdrd khmdr: hs hr
vnqsgvghkd etstqd vnqj sn ZmZkxyd sgd noshlZk sqZcd/nee adsvddm dwoknqZshnm Zmc qdsZhmhmf Z kZqfd
mtladq ne rZlokdr enq dwoknhsZshnm Zmc sgtr knvdq uZqhZmbd drshlZsdr0 EhmZkkx: ntq btqqdms dlohqhbZk
uZkhcZshnm hr khlhsdc sn khmdZq knbZk etmbshnmZkr: qZsgdq rhlokd oZqZldsqhb bgnhbdr enq onkhbhdr —rtbg
Zr —lhwstqdr ne( FZtrrhZmr(: Zmc vd gZud mns noshlhydc sgd jdqmdk bgnhbdr Zmc gxodqoZqZldsdqr0
Gdmbd: Z uZkhcZshnm vgdqd Zkk sgdrd bgnhbdr gZud addm sZhknqdc sn Z qdZk/vnqkc ZookhbZshnm rbdmZqhn hr
Zm hlonqsZms chqdbshnm enq etstqd vnqj0

�bimnvkdcfldmsr Wmc Chrbknrtqd ne Etmchmf

Dü hr rtoonqsdc ax sgd Gdklgnksy ürrnbhZshnm tmcdq sgd inhms qdrdZqbg rbgnnk ”Ltmhbg Rbgnnk enq
CZsZ Rbhdmbd - LTCR‘0 Sghr vnqj gZr addm rtoonqsdc ax sgd Gdklgnksy ürrnbhZshnm+r HmhshZshud
Zmc Mdsvnqjhmf Etmc sgqntfg sgd Gdklgnksy hmsdqmZshnmZk kZa ”BZtrZkBdkkCxmZlhbr‘ —fqZms '
HmsdqkZar/9918(0

Pdedqdmbdr
üfqZvZk: Q0: Rpthqdr: B0: Zmc XZmf: J0 üabc/rsqZsdfx. Atcfdsdc dwodqhldmsZk cdrhfm enq sZqfdsdc

bZtrZk rsqtbstqd chrbnudqx0 Hm Opnbddchmfr ne sgd 11mc FmsdpmXshnmXk Bnmedpdmbd nm �pshzbhXk
Fmsdkkhfdmbd Xmc RsXshrshbr: oo0 1763-17710 OLKQ: 19fl80 3

ühkdq: D0: Lòkkdq: B0 K0: Zmc Jhkadqstr: M0 ü bZtrZk uhdv nm bnlonrhshnmZk cZsZ0 XpUhu opdophms
XpUhu.1fi950fifi123: 191fl0 2

ühkdq: D0: GZqsenqc: I0: Zmc Jhkadqstr: M0 RdptdmshZk tmcdqrodbhzdc hmrsqtldms rdkdbshnm enq bZtrd/
deedbs drshlZshnm0 Hm Opnbddchmfr ne sgd 39sg FmsdpmXshnmXk Bnmedpdmbd nm LXbghmd JdXpmhmf:
HBLK+120 ILKQ0nqf: 19120 3: 6

ümfqhrs: I0 C0 Zmc Ohrbgjd: I0/R0 Lnrskx gXplkdrr dbnmnldsphbr. �m dlohphbhrs)r bnloXmhnm0 Oqhmbdsnm
tmhudqrhsx oqdrr: 19970 2

Admmdss: ü0: JZkktr: M0: Zmc RbgmZadk: S0 Cddo fdmdqZkhydc ldsgnc ne lnldmsr enq hmrsqtldmsZk
uZqhZakd ZmZkxrhr0 Hm VZkkZbg: G0: KZqnbgdkkd: G0: Adxfdkyhldq: ü0: c&ükbgá/Atb: E0: Enw: D0:
Zmc FZqmdss: Q0 —dcr0(: �cuXmbdr hm MdtpXk FmenplXshnm Opnbdrrhmf Rxrsdlr: unktld 210 Btq/
qZm ürrnbhZsdr: Hmb0: 19fl80 TQK g//1rc661?9bdd:-m4rpmd2?-1rpbb61Z1d?63zon6=-kd6
of:oefdZZsbnf5dss=ft5t:n5od3f=a:hLZ1d?p1:=0 3

Admmdss: ü0: JZkktr: M0: LZn: W0: Mdvdx: V0: RxqfjZmhr: U0: Zmc TdgZqZ: L0 Hmedqdmbd nm rsqnmfkx
hcdmshzdc etmbshnmZkr ne vdZjkx hcdmshzdc etmbshnmr0 XpUhu opdophms XpUhu.119709718fi: 19110 1: 3:
4

Admmdss: ü0: JZkktr: M0: LZn: W0: Mdvdx: V0: RxqfjZmhr: U0: Zmc TdgZqZ: L0 LhmhlZw hmrsqtldmsZk
uZqhZakd qdfqdrrhnm Zmc k•1 bnmudqfdmbd ftZqZmsddr vhsgnts hcdmshzbZshnm nq bknrdcmdrr0 Hm Sgd
Sghpsx Rhwsg �mmtXk Bnmedpdmbd nm JdXpmhmf Sgdnpx: oo0 118fl-12fl70 OLKQ: 19120 3: 4

BgZmcZj: X0: RgZmjZq: R0: RxqfjZmhr: U0: Zmc Aqtmrjhkk: D0 ücZoshud hmrsqtldms cdrhfm enq hmchqdbs
dwodqhldmsr0 Hm Sgd Svdkesg FmsdpmXshnmXk Bnmedpdmbd nm JdXpmhmf PdopdrdmsXshnmr: 19130 TQK
g//1rc6691dm?du-dvpmd/6=9?2l.-:85UyfP�IjE/0 3: 7: fl9

Chcdkdy: U0 Zmc RgddgZm: M0 LdmcdkhZm qZmcnlhyZshnm Zr Zm hmrsqtldmsZk uZqhZakd ZooqnZbg sn bZtrZk
hmedqdmbd0 RsXshrshbXk Ldsgncr hm LdchbXk PdrdXpbg: fl5—3(.298-229: 19960 2

ChjjZkZ: M0: Kdvhr: F0: LZbjdx: K0: Zmc RxqfjZmhr: U0 LhmhlZw drshlZshnm ne bnmchshnmZk lnldms
lncdkr0 �cuXmbdr hm MdtpXk FmenplXshnm Opnbdrrhmf Rxrsdlr: 22.fl1137-fl1151: 19190 3: 5: fl2
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DkZgh: L0 P0: Vdh: K0: JnbZnfkt: L0: Zmc FgZrdlh: L0 ücZoshud nmkhmd dwodqhldmsZk cdrhfm enq
bZtrZk chrbnudqx: 19130 3

EqZtdm: C0: Ldkmxbgtj: U0: Zmc Edtdqqhdfdk: R0 RgZqo antmcr enq fdmdqZkhydc bZtrZk rdmrhshuhsx
ZmZkxrhr0 �cuXmbdr hm MdtpXk FmenplXshnm Opnbdrrhmf Rxrsdlr: 25: 19130 3

FZldkkZ: I0 Zmc Gdhmyd/Cdlk: B0 übshud hmuZqhZms bZtrZk oqdchbshnm. Dwodqhldms rdkdbshnm sgqntfg
rsZahkhsx0 Hm �cuXmbdr hm MdtpXk FmenplXshnm Opnbdrrhmf Rxrsdlr: 19190 3

Ftmrhkhtr: E0 ü oZsg/rZlokhmf ldsgnc sn oZqshZkkx hcdmshex bZtrZk deedbsr hm hmrsqtldmsZk uZqhZakd
lncdkr0 XpUhu opdophms XpUhu.fi8fi9098491: 19fl80 3

FtosZ: R0: Khosnm: Y0 B0: Zmc Bghkcdqr: C0 Dezbhdms Nmkhmd DrshlZshnm ne BZtrZk Deedbsr ax Cdbhchmf
VgZs sn Nardqud0 OZodqr 1fl97098154: ZqWhu0nqf: ütftrs 191fl0 TQK g//1rc66-:dZrp?d1dbp
9?4616Z?w61Z1d?r63ozepzn37fpg/lk0 3

GZqsenqc: I0: Kdvhr: F0: Kdxsnm/Aqnvm: J0: Zmc SZccx: L0 Cddo hu. ü fidwhakd ZooqnZbg enq
bntmsdqeZbstZk oqdchbshnm0 Hm FmsdpmXshnmXk Bnmedpdmbd nm LXbghmd JdXpmhmf: oo0 fl3fl3-fl312:
19fl60 2

Gd: X0 Zmc Fdmf: Y0 übshud kdZqmhmf ne bZtrZk mdsvnqjr vhsg hmsdqudmshnm dwodqhldmsr Zmc noshlZk
cdrhfmr0 IntpmXk ne LXbghmd JdXpmhmf PdrdXpbg: 8.1412-1436: 19970 3

Gdhmyd/Cdlk: B0: Odsdqr: I0: Zmc LdhmrgZtrdm: M0 HmuZqhZms bZtrZk oqdchbshnm enq mnmkhmdZq lncdkr0
IntpmXk ne BXtrXk Fmedpdmbd: 5—1(.19fl699fl5: 19fl70 2

Gdqm�m: L0 ü0 Zmc Qnahmr: I0 L0 Hmrsqtldmsr enq bZtrZk hmedqdmbd. Zm dohcdlhnknfhrs+r cqdZl“
Dohcdlhnknfx: oo0 259-261: 19950 2

Gt: X0: Vt: X0: YgZmf: K0: Zmc Vt: W0 ü fdmdqZshud ZcudqrZqhZk eqZldvnqj enq antmchmf bnmentmcdc
bZtrZk deedbsr0 Hm Opnbddchmfr ne sgd ���F Bnmedpdmbd nm �pshzbhXk Fmsdkkhfdmbd: unktld 24: oo0
fl1fl93-fl1flfl1: 191fl0 3

IZadq: ü0: JnbZnfkt: L0: RgZmltfZl: J0: Zmc AZqdhmanhl: D0 BZtrZk chrbnudqx eqnl rnes hmsdq/
udmshnmr vhsg tmjmnvm sZqfdsr. BgZqZbsdqhyZshnm Zmc kdZqmhmf0 �cuXmbdr hm mdtpXk hmenplXshnm
opnbdrrhmf rxrsdlr: 22.844fl-845fl: 19190 2

Jhkadqstr: M0: Jtrmdq: L0 I0: Zmc RhkuZ: Q0 ü bkZrr ne Zkfnqhsglr enq fdmdqZk hmrsqtldmsZk uZqhZakd
lncdkr0 Hm �cuXmbdr hm MdtpXk FmenplXshnm Opnbdrrhmf Rxrsdlr: unktld 22: 19190 3

KdfZtks: L0/ü0: GZqsenqc: I0: üqrdmZtks: A0 I0: XZmf: ü0 X0: Zmc OhmdZt: I0 ü mnudk Zmc dezbhdms
lZbghmd kdZqmhmf ldmcdkhZm qZmcnlhyZshnm drshlZsnq Zookhdc sn oqdchbs sgd rZedsx Zmc dezbZbx
ne rbkdqnrshm hmghahshnm0 ldcPwhu: 19130 cnh. fl90flfl9fl?191309fl02901329191fl0 TQK g//1rc
66vvvpld:?w-up9?46b9m/dm/6dZ?kx63z356zo6to63z35pzoptzp35tz3z3o0 2

Kdvhr: F0 Zmc RxqfjZmhr: U0 ücudqrZqhZk fdmdqZkhydc ldsgnc ne lnldmsr0 XpUhu opdophms
XpUhu.fi792096fi53: 19fl70 2: 3

KhZn: K0: Bgdm: X0/K0: XZmf: Y0: CZh: A0: JnkZq: L0: Zmc VZmf: Y0 OqnuZakx dezbhdms mdtqZk drshlZ/
shnm ne rsqtbstqZk dptZshnm lncdkr. üm ZcudqrZqhZk ZooqnZbg0 �cuXmbdr hm MdtpXk FmenplXshnm
Opnbdrrhmf Rxrsdlr: 22.7836-7847: 19190 3

Ldkmxbgtj: U0: EqZtdm: C0: Zmc Edtdqqhdfdk: R0 OZqshZk bntmsdqeZbstZk hcdmshzbZshnm ne bnmshmtntr
ntsbnldr vhsg Z btquZstqd rdmrhshuhsx lncdk0 �cuXmbdr hm MdtpXk FmenplXshnm Opnbdrrhmf Rxrsdlr:
25: 19130 3

LtZmcds: J0: Ldgqint: ü0: Kdd: R0 J0: Zmc QZi: ü0 CtZk hmrsqtldmsZk uZqhZakd qdfqdrrhnm0 XpUhu
opdophms XpUhu.fi8fi90fi1247: 19fl80 3: 5

Mdvdx: V0 J0 Zmc Onvdkk: I0 K0 HmrsqtldmsZk uZqhZakd drshlZshnm ne mnmoZqZldsqhb lncdkr0 Dbnmn,
ldsphbX: 6fl—4(.fl454-fl467: 19920 2

OZcg: J0: Ydhskdq: I0: VZsrnm: C0: Jtrmdq: L0: RhkuZ: Q0: Zmc Jhkadqstr: M0 RsnbgZrshb bZtrZk oqn/
fqZllhmf enq antmchmf sqdZsldms deedbsr: 19110 TQK g//1rc66Z?w-up9?46Zar633z3pozez70
3

flfl



OdZqk: I0 BXtrXkhsx0 BZlaqhcfd tmhudqrhsx oqdrr: 19980 2

Odsdqr: I0: AògklZmm: O0: Zmc LdhmrgZtrdm: M0 BZtrZk hmedqdmbd ax trhmf hmuZqhZms oqdchbshnm.
hcdmshzbZshnm Zmc bnmzcdmbd hmsdquZkr0 IntpmXk ne sgd PnxXk RsXshrshbXk Rnbhdsx Rdphdr A. RsXshrshbXk
Ldsgncnknfx: 67—4(.836-fl9fl1: 19fl50 2

Odsdqrdm: J0 A0 Zmc Odcdqrdm: L0 R0 Sgd lZsqhw bnnjannj0 SdbgmhbXk Tmhudprhsx ne CdmlXpi: 6—fl4(.
4fl9: 19970 fl3

RZdmfjxnmfZl: R0: Gdmbjdk: K0: Ozrsdq: M0: Zmc Odsdqr: I0 Dwoknhshmf hmcdodmcdms hmrsqtldmsr.
HcdmshzbZshnm Zmc chrsqhatshnm fdmdqZkhyZshnm0 XpUhu opdophms XpUhu.119109fi753: 19110 2

RZmcdqrnm: D0: Fkxlntq: L0 L0: Gnkldr: L0 U0: JZmf: G0: Lnqqhrnm: I0: LtmZeö: L0 Q0: OZkldq: S0:
Rbgnnkhmf: B0 L0: VZkkZbd: B0: YgZn: P0: Zmc CZudx Rlhsg: F0 LdmcdkhZm qZmcnlhyZshnm0 MXstpd
Pduhdvr Ldsgncr Ophldpr: 1—fl(.5: 19110 2

Rhmfg: Q0: RZgZmh: L0: Zmc Fqdssnm: ü0 Jdqmdk hmrsqtldmsZk uZqhZakd qdfqdrrhnm0 Hm �cuXmbdr hm
MdtpXk FmenplXshnm Opnbdrrhmf Rxrsdlr: oo0 3482-3594: 19fl80 2: 7

Rhmfg: R0 MnmoZqZldsqhb hmchqdbs Zbshud kdZqmhmf0 Hm Qthy: E0: Cx: I0: Zmc uZm cd Lddms: I0/V0 —dcr0(:
Opnbddchmfr ne Sgd 15sg FmsdpmXshnmXk Bnmedpdmbd nm �pshzbhXk Fmsdkkhfdmbd Xmc RsXshrshbr: unktld
195 ne Opnbddchmfr ne LXbghmd JdXpmhmf PdrdXpbg: oo0 14fl4-143fl0 OLKQ: 14-16 üoq 19120 TQK
g//1rc661?9bdd:-m4rplk?p1?drr6u3z76r-m4g3tZpg/lk0 3: 6: 8

Rngm: L0 A0 Zmc Kh: G0 BnlonrhshnmZk ldchZshnm ZmZkxrhr enq lhbqnahnld rstchdr0 �mmXkr ne �ookhdc
RsXshrshbr: fl2—fl(.55fl-57fl: 19fl80 HRRM fl83fl62290 cnh. fl90fl1fl3?fl7/üNüRfl1fl90 2

Rsnbj: I0 G0 Zmc Sqdaah: E0 Qdsqnrodbshudr. Vgn hmudmsdc hmrsqtldmsZk uZqhZakd qdfqdrrhnm“ IntpmXk
ne Dbnmnlhb Odprodbshudr: fl6—2(.fl66-fl83: 19920 2

Rudqbgjnu: X0 Zmc BqZudm: L0 ü qduhdv ne Zbshud kdZqmhmf ZooqnZbgdr sn dwodqhldmsZk cdrhfm
enq tmbnudqhmf ahnknfhbZk mdsvnqjr0 OJNR BnlotsXshnmXk Ahnknfx: fl2—5(.fl-15: 95 19fl60 cnh.
fl90fl26fl?intqmZk0obah0fl9943550 TQK g//1rc66:9-p9?46ozpotso6i92?mZkp1ba-pozzf5770 3

unm Jòfdkfdm: I0: Qtadmrsdhm: O0 J0: Rbgékjnoe: A0: Zmc Vdkkdq: ü0 NoshlZk dwodqhldmsZk cdrhfm
uhZ aZxdrhZm noshlhyZshnm. Zbshud bZtrZk rsqtbstqd kdZqmhmf enq fZtrrhZm oqnbdrr mdsvnqjr0 XpUhu
opdophms XpUhu.fi8fi9092851: 19fl80 3

VZmf: B0: Gt: I0: AkZrdq: L0 I0: Kh: G0: Zmc Ahqnk: H0 DrshlZshmf Zmc sdrshmf sgd lhbqnahZk bZtrZk
ldchZshnm deedbs vhsg ghfg/chldmrhnmZk Zmc bnlonrhshnmZk lhbqnahnld cZsZ0 AhnhmenplXshbr: 19190
HRRM fl35919480 cnh. fl90fl982?ahnhmenqlZshbr?asy4540 2

VZmf: K0 Zmc Sbgdsfdm Sbgdsfdm: D0 Antmcdc: dezbhdms Zmc ltkshokx qnatrs drshlZshnm ne ZudqZfd
sqdZsldms deedbsr trhmf hmrsqtldmsZk uZqhZakdr0 IntpmXk ne sgd PnxXk RsXshrshbXk Rnbhdsx Rdphdr A.
RsXshrshbXk Ldsgncnknfx: 79—2(.42fl-449: 19fl70 3

VhkkhZlr: Q0 I0 Rhlokd rsZshrshbZk fqZchdms/enkknvhmf Zkfnqhsglr enq bnmmdbshnmhrs qdhmenqbdldms
kdZqmhmf0 LXbghmd kdXpmhmf: 7.118-145: fl8810 7

Vqhfgs: O0 F0 SXphee nm XmhlXk Xmc udfdsXakd nhkr0 LZblhkkZm BnloZmx: Mdv Xnqj: fl8170 2

Wt: K0: Bgdm: X0: RqhmhuZrZm: R0: cd EqdhsZr: M0: Cntbds: ü0: Zmc Fqdssnm: ü0 KdZqmhmf cddo edZstqdr hm
hmrsqtldmsZk uZqhZakd qdfqdrrhnm0 XpUhu opdophms XpUhu.19fi9096fi43: 19190 3

Ydlokdmxh: L0 Zmc Lhkkdq: I0 V0 AZxdrhZm noshlZk dwodqhldmsZk cdrhfm enq hmedqqhmf bZtrZk rsqtbstqd0
AXxdrhXm �mXkxrhr: 191fl0 cnh. fl90fl1fl3?11/aZfl2240 3

YgZmf: I0 Zmc AZqdhmanhl: D0 Antmchmf bZtrZk deedbsr nm bnmshmtntr ntsbnld0 Hm Opnbddchmfr ne sgd
���F Bnmedpdmbd nm �pshzbhXk Fmsdkkhfdmbd: unktld 24: oo0 fl1196-fl11fl4: 191fl0 3

YgZmf: Q0: HlZhytlh: L0: Rbgékjnoe: A0: Zmc LtZmcds: J0 LZwhltl lnldms qdrsqhbshnm enq
hmrsqtldmsZk uZqhZakd qdfqdrrhnm0 XpUhu opdophms XpUhu.19fi9096573: 19190 2: 4

YgZmf: Q0: HlZhytlh: L0: Rbgékjnoe: A0: Zmc LtZmcds: J0 HmrsqtldmsZk uZqhZakd qdfqdrrhnm uhZ
jdqmdk lZwhltl lnldms knrr0 IntpmXk ne BXtrXk Fmedpdmbd: flfl—fl(.19119962: 19120 cnh. cnh.
fl90fl4fl4?ibh/1911/99620 TQK g//1rc66:9-p9?46ozpofof6ib-h3z33hzzst0 3
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� Oqnner

Hm sghr rdbshnm vd oqnuhcd oqnner ne sgd rsZsdldmsr hm sgd lZhm oZodq0 Adenqd oqnuhmf Sgdnqdl 1
vd qdrsZsd Z qdrtks eqnl sgd khsdqZstqd sgZs oqnuhcdr bknrdc enql bnmrhrsdms drshlZsdr ne sgd lhmhlZw
oqnakdl vhsg sgd K1 odmZksx sdql —hmrsdZc ne odmZkhyhmf sgd etmbshnmZk(0
Sgdnqdl 2 —Oqnonrhshnm fl9 ne —ChjjZkZ ds Zk0: 1919((5 �rrtld vhsgnts knrr ne fdmdpXkhsx sgXs etmbshnmr
hmGY .GT gXud antmcdc uXphXshnm Xmc sgdhp hlXfdr Xpd bnmsXhmdc hm I�0. 0[0 �cchshnmXkkx: Xrrtld
sgXs enp dXbg g ∈ GY Xkrn �g ∈ GY 0 Cdmnsd axETT XmcEYY sgd dlohphbXk idpmdk lXsphbdr epnl
D0 Sgdm vd bXm bnmrhrsdmskx drshlXsd
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Opnne0 Sgd rnktshnm ne sgd hmmdq rtoqdltl qdlZhmr sgd rZld Zr hm Sgdnqdl 20 Sghr kdZudr tr sn
rnkud sgd ntsdq lhmhlhyZshnm

lgm
e∈GX

PId [ ) 3λfλe|d|GX
) λZ(x �Etθ(

⊤L(x �Etθ( . —fl8(

vgdqdL ; EYY 0 Vd vqhsd nts d Zr Z khmdZq bnlahmZshnm ne jdqmdk aZrhr etmbshnmr —Zs sgd nardqudc
cZsZ onhmsr( Zmc trd sgd khmdZqhsx ne sgd fqZchdms etmbshnmZk: vghbg Zookhdc sn sgd jdqmdk aZrhr etmbshnmr
hr itrs (>gET·((t

∗(0 Sghr xhdkcr enq sgd nudqZkk etmbshnmZk PIdθ[ ; (>gET·((t
∗(θ0 Vd Zqd sgtr

rddjhmf

lgm
θ∈�m

(>gET·((t
∗(θ ) λZθ

⊤ETTLETTθ � 1λZx
⊤LETTθ ) 3λfλeθ

⊤ETTθ . —19(

vghbg vd qdvqhsd Zr

lgm
θ∈�m

θ⊤

ETTLETT ) 3

λfλe
λZ

ETT


θ )

� 0

λZ
(>gET·((t

∗(� 1x⊤LETT


θ . —1fl(

Athkchmf nm sgd Zqftldmsr hm sgd oqnne ne Sgdnqdl 2 vgdqd vd qdokZbd sgd khmdZq oZqs hm θ ax sgd
oZqshZk cdqhuZshud etmbshnmZk: vd nasZhm sgd lhmhlhydq


ETTLETT ) 3

λfλe
λZ

ETT

)
ETTLx � 0

λZ
(>gET·((t

∗(


—11(

Zr Z bnmrhrsdms drshlZsnq0

A CdsWhkr nm �cWoshud Onkhbhdr

Enq bnlokdsdmdrr: vd gdqd qdbZkk sgd rbnqd etmbshnm ne FZtrrhZm lhwstqd lncdkr: h0d0: sgd fqZchdmsr
vhsg qdrodbs sn sgd lhwstqd vdhfgsr: ldZmr: Zmc bnuZqhZmbdr ne sgd knf/khjdkhgnnc etmbshnm0 Vd vqhsd
µ enq sgd FLL enq aqduhsx0 Ehqrs: vd cdzmd sgd ;qdronmrhahkhshdr+ ζgj: sgd oqnaZahkhsx sgZs Z rZlokd yg
bnldr eqnl bnlonmdmsl uhZ —rdd: d0f0: Odsdqrdm ) Odcdqrdm —1997((

ζgj ;
γjH (yg |µj.Σj(L
i30 γiH (yg |µi .Σi(

. —12(

Sgdm: vd gZud enq Z rZlokd yg Zmc lhwstqd bnlonmdmsl ∈ IL [ sgZs

\�Z inf µ(yg( ;
ζgj
γj

. —13(

\µZ inf µ(yg( ; ζgjΣ�0j (yg � µj( . —14(

\ΣZ inf µ(yg( ; �
0

1
ζgj(Σ�0j � Σ�0j (yg � µj((yg � µj(

PΣ�0j ( . —15(

B Ptmshldr

Enq bnlokdsdmdrr: vd rgnv vZkkbknbj qtmshldr ne sgd cheedqdms ldsgncr hm ntq dlohqhbZk duZktZshnm
hm Ehftqd 10 ükk ldsgncr vdqd qtm nm Z LZbAnnj Oqn vhsg Hmsdk BOT0 Sgd qtmshldr Zqd odq hsdqZshnm
Zmc bkdZqkx hmbqdZrd enq ldsgncr sgZs ZbbtltkZsd cZsZ nudq oqduhntr qntmcr0 Dudm sgd lnrs dwodmrhud
oZrrhud aZrdkhmd hr qdkZshudkx eZrs sn bnlotsd vhsgnts rodbhZkhydc gZqcvZqd Zmc vd fdmdqZkkx hlZfhmd
bnlotsZshnmZk bnrs sn ad mdfkhfhakd bnloZqdc sn sgd ZbstZk bnrs ne ogxrhbZk dwodqhldmsZshnm qdpthqdc
hm dZbg qntmc hm lnrs ZookhbZshnmr0
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Ehftqd 1. VZkkbknbj qtmshldr ne sgd cheedqdms ldsgncr0
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