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0– uAGDnMHyGRnA

bNG T xN w ¨NUz wAz � xN wA ;NGwUN T]wUPNxEwfi R–N– w CEBzHyG BO ¨ARGN FNCwEwxUN ¨NUz NKGNAFRBAF BO T– jgN ABEV

BAN GBEHF P� #´ h=0(�.T’ V( RF w URANwE wUPNxEwRy PEBHC BINE T– uGF CBRAGF wEN PRINA xL GgN OBEVHUw

P�’h( ´ aNE’dh⊗j�.h # h ⊗T �→ h(m

OHAyGBERwU RA GgN yBVVHGwGRIN T]wUPNxEw h JgNEN dh⊗j�.h RF GgN ABEV BO GgN ¨ARGN OENN h]wUPNxEw h⊗T �.h–
dBEV BAN GBER gwIN xNNA RAGNAFRINUL FGHzRNzfi NFCNyRwUUL JRGg ENPwEzF GB EwGRBAwURGL DHNFGRBAFfi wF JNUU wF GB BGgNE

RAGNENFGRAP RAIwERwAGF wAz yUwFFRywU wERGgVNGRy DHNFGRBAF ’N–P– h]NDHRIwUNAyN wAz twFFN ABEV CERAyRCUN(– uA GgRF

CwCNEfi JN RAINFGRPwGN FBVN VNwARAPOHU FRGHwGRBAFfi JgNEN CEBCNEGRNF BO wUPNxEwRy GBER wEN CENFNEINz HCBA GdAFBE

CEBzHyGfi RA GJB zRffNENAG JwLF– jB OBEVHUwGN GgRF ERPBEBHFULfi yBAFRzNE GgN OBUUBJRAP DHNFGRBA–

gHNFGRBA- bdG H xd w CEBCdEGL GgwG wA wkPdxEwRy TflIwERdGL n VwL CBFFdFF ’eBE RAFGwAydfi FGwxkd TflEwGRBAwkRGL(-

�FFHVd GgwG H gBkzF eBE GvB wkPdxEwRy TflGBER j0 wAz j1- pBdF H gBkz eBE Ggd GdAFBE CEBzHyG TflGBEHF j0 ⊗ j1(
ue j0 ´ P� wAz j1 ´ PX ’eBE ;dGwkd wkPdxEwF � wAz X(fi zBdF H gBkz eBE P�⊗jX(

uA PNANEwUfi xBGg DHNFGRBAF wEN BO yBHEFN wAFJNENz RA GgN ANPwGRIN– tBJNINEfi JgNA H RF /FGwxUN EwGRBAwURGL= BE

/ENGEwyG EwGRBAwURGL=fi GgNEN wEN RAGNENFGRAP FRGHwGRBAF JgNEN wAFJNEF wEN CBFRGRIN– �yyBEzRAPULfi BHE ¨EFG VwRA ENFHUG

RF jgNBENV 5–04– uG FGwGNF GgwG j0 ⊗ j1 RAzNNz gwF H fi CEBIRzNz GgN CNEVHGwGRBA BEzNEF BO GgN ygwEwyGNE UwGGRyNF
BO j0 wAz j1 wEN yBCERVN– eHE FNyBAz VwRA ENFHUG RF jgNBENV 6–3– uG PRINF w FHffiyRNAG yBAzRGRBA BA GgN ;NGwUN

T]wUPNxEwF � wAz X ’FwGRF¨Nz RO GgNRE zNPENNF wEN yBCERVN(fi NAFHERAP w CBFRGRIN wAFJNE GB GgN FNyBAz DHNFGRBA

wxBIN– fEBBOF wEN yBAFGEHyGRINfi xL NKCURyRG wAz NUNVNAGwEL VwARCHUwGRBAF BO ,wxxL ENFBUHGRBAF BO s]UwGGRyNF ’JRGg

s w ¨ARGN PEBHC(– uA GgwG CEByNFFfi JN RAGEBzHyN w HFNOHU RAIwERwAG BO w s]UwGGRyN# RGF CdEVHGwGRBA BEzdE ’FNN

ZN¨ARGRBA 5–1(– jB BHE TABJUNzPNfi GgRF RAIwERwAG gwz ABG LNG xNNA FLFGNVwGRywUUL FGHzRNz–

�F wA wCCURywGRBAfi JN CEBIRzN ANJ NKwVCUNF BO FGwxUL T]EwGRBAwU ABEV BAN GBER PJ JgNEN a.T wEN ¨ARGN FNCwEwxUN
¨NUz NKGNAFRBAF– uO T RF w PUBxwU ¨NUzfi JN ABGN GgwG GgN twFFN ABEV CERAyRCUN gBUzF OBE GgNFN a.T–

jgN CwCNE RF FGEHyGHENz wF OBUUBJF– iNyGRBA 1 PwGgNEF zN¨ARGRBAF wAz ENyBUUNyGRBAF BO JNUU]TABJA yBAyNCGF wAz

’yBgBVBUBPRywU( GNygARDHNF– jgNFN wEN HFNz UwGNE BAfi GB RAINFGRPwGN EwGRBAwURGL CEBCNEGRNF BO wUPNxEwRy T]GBER– rBE

GgN ENwzNE=F yBAINARNAyNfi VBFG TABJA ENFHUGF BA GgwG GBCRyfi wEN ENywUUNz RA iNyGRBA 2– iRVRUwEULfi iNyGRBA 3 yBAGwRAF

yUwFFRywU VwGNERwU BA GgN twFFN ABEV CERAyRCUN ’OBE GBEFBEF HAzNE wUPNxEwRy T]GBER BINE PUBxwU ¨NUzF(– uA iNyGRBA 4fi

w xHAyg BO ANJ yBgBVBUBPRywU GBBUF wEN zNINUBCNz wVBAP JgRyg NKCURyRG ENFHUGF BA GNAFBE CEBzHyGF BO NKGNAFRBAF BO

s]UwGGRyNF– mN GLCRywUUL CNEOBEV yBAyENGN yBAFGEHyGRBAF wG GgN UNINU BO FHyg NKGNAFRBAFfi EwGgNE GgwA VNENUL zNwURAP

JRGg GgNRE RFBVBECgRFV yUwFFNF ’URIRAP RA FHRGwxUN yBgBVBUBPL PEBHCF(– jgRF RF w yBVCHGNE]OERNAzUL wCCEBwyg GB

GgN yBgBVBUBPL GgNBEL BO ¨ARGN PEBHCF– uA iNyGRBA 5fi JN wCCUL GgNFN yBAFGEHyGRBAF GB ,wxxL ENFBUHGRBAFfi RA BEzNE

GB CEBIN BHE ¨EFG VwRA ENFHUGfi jgNBENV 5–04– uA iNyGRBA 6fi OByHF RF UwRz BA ABEV BAN GBERfi RA BEzNE GB CEBIN BHE

FNyBAz VwRA ENFHUGfi jgNBENV 6–3– YBAyENGN NKwVCUNF wEN CEBIRzNz– rRAwUULfi iNyGRBA ! RF wA wCCURywGRBA BO GgRF

JBETfi GB GgN twFFN ABEV CERAyRCUN OBE yBVCBFRGN ¨NUz NKGFAFRBAF BO yBCERVN zNPENN BO PUBxwU ¨NUzF–

1– dnGwGRnA wAM DNynUUNyGRnAF

uA GgRF CwCNEfi T RF w ¨NUzfi JRGg ¨KNz FNCwEwxUN yUBFHEN T– bNG � ´ swU’T.T( xN GgN wxFBUHGN swUBRF PEBHC BO T–

1–0– s,FNGF wAM s,UwGGRyNF- bNG s xN w CEB¨ARGN PEBHC ’BOGNA w ¨ARGN PEBHC(– � s]FNG RF w FNG n fi NDHRCCNz

JRGg w yBAGRAHBHF wyGRBA BO s– tNEN /yBAGRAHBHF= VNwAF GgwG GgN FGwxRURFNE BO NINEL NUNVNAG BO n RF BCNA RA s–

jgRF yBAzRGRBA RF NVCGL RO s RF ¨ARGN– uA GgRF CwCNEfi wUU wyGRBAF BO CEB¨ARGN PEBHCF wEN yBAGRAHBHF–

� s]UwGGRyN RF w OENN ]VBzHUN c fi NAzBJNz JRGg w ’yBAGRAHBHF( s]wyGRBA– )jgHFfi FBVN BCNA FHxPEBHC s. ⊂ s

wyGF GERIRwUUL BA c –fl jgN UwGGRyN zHwU GB c RF c◦ #´ tBV ]UBM’cm (fi NDHRCCNz JRGg RGF s]wyGRBAfi PRINA xL

’Pφ(’V( ´ φ’P−0V( ’P ∈ smφ ∈ c◦mV ∈ c (– cBEN PNANEwUULfi OBE wABGgNE s]UwGGRyN d fi tBV ’cmd( RF w

s]UwGGRyNfi IRw GgN s]wyGRBA

’PH(’V( ´ P

H’P−0V(


’P ∈ sm H ∈ tBV’cmd(mV ∈c (,

�yyBEzRAPULfi GgN GNAFBE CEBzHyG s]UwGGRyN c ⊗d ’JgNEN ⊗ ´ ⊗ ( RF w s]UwGGRyN wF JNUUfi JRGg s]wyGRBA PRINA xL

P’V⊗ A( ´ ’PV(⊗ ’PA(– jgN OBUUBJRAP xwFRy yBAFGEHyGRBA RF NFFNAGRwU–
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pNWARGRBA 1-0- bNG n xN w ¨ARGN s]FNG– ZNABGN xL )n fl GgN s]UwGGRyN JgRyg RF GgN OENN ]VBzHUN JRGg xwFRF

·)Kfl { K ∈ n|fi BA JgRyg s wyGF xL CNEVHGwGRBA– YBAFRzNE GgN NKwyG FNDHNAyN BO s]UwGGRyNF
’qn( # ‘→ un → )n fl

ε−→ → ‘

JgNEN ε’

K∈n wK)Kfl( ´


K∈n wK RF GgN wHPVdAGwGRBA VwC wAz un #´ aNE’ε(– jwTN vn #´ u

◦
n fi RGF zHwU FNDHNAyN

ENwzF wF

’rn( # ‘→ ◦ ≃ ε◦−→ )n fl◦ ≃ )n fl→ vn → ‘

JRGg

ε◦ # → )n flm

A → Adn

JgNEN dn #´

K∈n )Kfl RF ywUUNz GgN ABEV ’NUNVNAG(–

iwL GgwG ’qn( ’ENFC– ’rn (( RF GgN wHPVNAGwGRBA ’ENFC– yB]wHPVNAGwGRBA( FNDHNAyNfi J–E–G– GgN ¨ARGN s]FNG n –

hNVwET 1-1- rBE GJB ¨ARGN s]FNGF n wAz o fi GgNEN RF wA RFBVBECgRFV

ϕ # )n fl⊗ )o fl
∼−→ )n } o flm

’


K∈n
wK)Kfl(⊗ ’



L∈B
xL)Lfl( →



K∈n



L∈B
wKxL)’Km L(fl,

pNWARGRBA 1-2 ’jgN s]UwGGRyN cs BO w ¨ARGN FHxPEBHC s BO sb’Am ((- bNG s xN w ¨ARGN FHxPEBHC BO sb’Am (–

jgN s]UwGGRyN cs BO EwAT A RF zN¨ANz GB xN GgN s]UwGGRyN JRGg ]xwFRF ·H0m , , , m HA|fi BA JgRyg s wyGF xL HσR ´A
S´0 wRmSHS OBE wAL σ ´ )wRmS fl ∈ s–

pNWARGRBA 1-3- bNG s0 ’ENFC– s1( xN w ¨ARGN PEBHC wAz c0 ’ENFC– c1( xN w s0]UwGGRyN ’ENFC– s1]UwGGRyN(– bNG

s ≤ s0 } s1 xN w FHxzRENyG CEBzHyG BO s0m s1 JRGg FHESNyGRBAF ϕ0 # s → s0 wAz ϕ1 # s → s1– mN zN¨AN GgN

s]UwGGRyN c0 ⊗c1fi GdAFBE CEBzHyG Be c0fi c1fi xL P’V0 ⊗V1( ´ ϕ0’P(’V0( ⊗ ϕ1’P(’V1( ’V0 ∈ c0mV1 ∈ c1(–

dBGN GgwG GgN wyGRBA BO s BA c0⊗c1 VwL ABG xN OwRGgOHU wAz c0⊗c1 VwL xN ENPwEzNz wF s.d ]UwGGRyN JgNEN

d ⊳s RF GgN wyGRBA TNEANU BO s–

pNWARGRBA 1-4- bNG s0 ≤ sb’Vm ( wAz s1 ≤ sb’Am (– bNG s ≤ s0 } s1 xN FHyg GgwG xBGg CEBSNyGRBAF
ϕ0 # s→ s0fi ϕ1 # s→ s1 wEN FHESNyGRIN– iHyg w s RF ywUUNz w FHxzREdyG CEBzHyG BO s0m s1– rBE P0 ∈ s0fi P1 ∈ s1fi
yBAFRzNE GgN aEBANyTNE CEBzHyG P0 ⊗ P1 ∈ sb’VAm (fi R–N–

P0 ⊗ P1 ´



w00 P1 ± ± ± w0V P1
–––

– – –
–––

wV0 P1 ± ± ± wVV P1


 ∈ sb’VAm (

JgNEN P0 ´ )wRS fl0≤RmS≤V ∈ sb’Vm ( wAz P1 ∈ sb’Am ( JRGg ’P0 ⊗ P1(’P′0 ⊗ P′1( ´ ’P0P′0(⊗ ’P1P′1( ∈ sb’VAm (–

Z¨AN

s0 ⊗s1 ´ ·P0 ⊗ P1 { P0 ´ ϕ0’P( ∈ s0m P1 ´ ϕ1’P( ∈ s1| ≤ sb’VAm (,

bNG cs0⊗s1 xN wF RA ZN¨ARGRBA 1–2– dBGN GgwG GgN wyGRBA BO s BA cs0⊗s1 VwL ABG xN OwRGgOHU– rBE NKwVCUNfi

JgNA V ´ A ´ 0fi GgNEN RF w FHESNyGRBA s → s0 ⊗ s1fi JgBFN TNEANU RF yBAGwRANz RA ·’\0(| ≤ sb’0m (– �F

s]UwGGRyNFfi

cs0 ⊗cs1 ≃cs0⊗s1 ,

uA GgN FNDHNUfi GgN UNGGNE s wUJwLF zNABGNF w ¨ARGN PEBHC–

1–1– YUwFFRywU GNEVRABUBPL OBE s,UwGGRyNFfi wAM ENUwGNM xwFRy ENFHUGF- � s]UwGGRyN c RF w CdEVHGwGRBA s]

UwGGRyN RO RG gwF w ]xwFRF CNEVHGNz xL s– jgRF VNwAF GgwGc ≃ ⊕0≤R≤V )s.tRfl OBE FBVN FHxPEBHCF t0m , , , m tV
BO s– qDHRIwUNAGULfi RA VBEN yBAyRFN GNEVFfi c ≃ )n flfi OBE w ¨ARGN s]FNG n –

jgN s]UwGGRyN c RF ywUUNz FGwxkL CdEVHGwGRBA RO c ⊕ f ≃ f ′ OBE FBVN CNEVHGwGRBA s]UwGGRyNF f wAz f ′–
jgN s]UwGGRyN c RF ywUUNz RAIdEGRxkd RO RG RF w zRENyG FHVVwAz BO w CNEVHGwGRBA s]UwGGRyNfi R–N– f ≃ c ⊕c ′ OBE
FBVN CNEVHGwGRBA s]UwGGRyN f wAz w s]UwGGRyN c ′–
jgN s]UwGGRyN c RF ywUUNz ,wxxL ’BE ,wFDHd( RO t−0’tmc ( ´ ‘ OBE wAL FHxPEBHC t BO s ’gNEN t zNABGNF jwGN

VBzR¨Nz yBgBVBUBPL(– uG RF ywUUNz yB,wxxL ’BE yB,wFDHd( RO t0’tmc ( ´ ‘ OBE wAL FHxPEBHC t BO s–

iwL GgwG GJB s]UwGGRyNFc0 wAzc1 wEN FRVRkwE RO GgNEN NKRFG CNEVHGwGRBAs]UwGGRyNF f0 wAz f1 FHyg GgwGc0⊕f0 ≃
c1⊕f1– jgN FNG BO FRVRUwERGL yUwFFNF RF w yBVVHGwGRIN VBABRz JRGg ENFCNyG GB GgN FHV )c0flW )c1fl #´ )c0⊕c1fl
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wAz GgN MNEB ‘ ´ )f fl JgNEN f RF w CNEVHGwGRBA s]UwGGRyN–

rBE w s]UwGGRyN c fi GgNEN NKRFGF w ,wxxL EdFBkHGRBA BO c ` GgwG RFfi wA NKwyG FNDHNAyN BO s]UwGGRyNF

‘→c → f → r → ‘

JgNEN f RF CNEVHGwGRBA wAz r RF ,wxxL– rUwxxUL ENFBUHGRBAF ywA xN yBAFGEHyGNz NKCURyRGUL` FNN qAzB wAz cRLwGw

)qc64fi bNVVw 0–0flfi YBUURBG]jg;NU:NAN wAz iwAFHy )Yji66fi bNVVw 2flfi cwARA )cwA!5fi �CCNAzRKfi CwPN 1!5fl– jgN

FRVRUwERGL yUwFF )r fl BO r RF zNGNEVRANz HARDHNUL wAz RF ywUUNz Ggd ,wxxL ykwFF BO c – mN zNABGN GgN ,wxxL yUwFF

)r fl BO c xL )c flek– mN FwL GgwG )c flek RF RAINEGRxUN RO )c flek ´ )qfl OBE FBVN RAINEGRxUN s]UwGGRyN q– rBE w s]UwGGRyN

c fi RG RF ABG zRffiyHUG GB FNN GgwG

CNEVHGwGRBA ⇒ FGwxUL CNEVHGwGRBA ⇒ RAINEGRxUN ⇒ ,wxxL wAz yB,wxxL

⇓ ⇓
)c flek ´ ‘ ⇒ )c flek RF RAINEGRxUN,

jgN wxBIN RVCURywGRBAF RA Nwyg FGNC ywAABG xN ENINEFNz ’FNNfi OBE NKwVCUNfi )to06fi iNyGRBA 0fl(– rBE xwFRy OwyGF BA

,wxxL s]UwGGRyNFfi FNN YBUURBG]jg;NU:NAN wAz iwAFHy )Yji66flfi iJwA )iJw!2flfi )iJw0‘flfi lBFTENFNAFTRR )lBF8!fi YgwCGNE

1flfi bBENAM )bBE‘4fi YgwCGNE 1flfi tBFgR wAz owVwFwTR )to06fi YgwCGNE 1fl–

1–2– 9DGwUN T,wUPNxEwF- jgRF ABGRBA RF wA NAgwAyNVNAG BO swUBRF yBEENFCBAzNAyN– bNG � xN w yBVVHGwGRIN T]

wUPNxEw wAz n’�( #´ tBVT’�m T( xN GgN FNG BO T]wUPNxEw gBVBVBECgRFVF OEBV � GB T– jgNA n’�( xNyBVNF w

�]FNGfi IRw GgN �]wyGRBA BA GgN GwEPNG– YBAINEFNULfi UNG n xN w WARGd s]FNG– jgNEN RF w �]wyGRBA BA Tn ´ cwCF’nm T(–
ZN¨AN GgN T]wUPNxEw T·n| #´ t.’�m Tn(fi GB xN GgN FHx]T]wUPNxEw BO �]¨KNz CBRAGF– jgNA T·n| ≃ a0} ± ± ± }aq
JgNEN NwygaR.T RF w ¨ARGN FNCwEwxUN ¨NUz NKGNAFRBA– iHyg w T]wUPNxEw RF ywUUNz ;dGwkd– jgN wFFByRwGRBAF � → n’�(

wAz n → T·n| wEN VHGHwUUL RAINEFN wAGR]NDHRIwUNAyNFfi OEBV GgN ywGNPBEL BO ;NGwUN T]wUPNxEwF ’VBECgRFVF xNRAP

T]wUPNxEw gBVBVBECgRFVF( wAz GgwG BO ¨ARGN �]FNGF ’VBECgRFVF xNRAP �]NDHRIwERwAG VwCF(– rHEGgNEVBENfi GgRF
NDHRIwUNAyN RF yBVCwGRxUN GB VBABRzwU FGEHyGHENF– cBEN CENyRFNULfi RG GHEAF w CEBzHyG ’ENFC– GNAFBE CEBzHyG( BO

T]wUPNxEwFfi RAGB w zRFSBRAG HARBA ’ENFC– CEBzHyG( BO �]FNGF– jgRF RF NKCENFFNz xL GgN yBEENFCBAzNAyNF
n’�}X(↔ n’�( ∪n’X(m
n’�⊗X(↔ n’�(}n’X(,

rBE zNGwRUF ’wAz VBEN( FNN XBHExwTR )XBH!0fi l– ��5-!flfi )XBH8‘fi l– ��5-!flfi mwGNEgBHFN )mwG68fi jgNBENVfi CwPN

36fi CwPN 3!flfi aAHFfi cNETHESNIfi hBFG wAz jRPABU )achj8!fi fEBCBFRGRBA 0!–2fi jgNBENV 0!–3fl– � OHAzwVNAGwU

BxFNEIwGRBA ’GB xN HFNz GwyRGUL GgEBHPgBHG( RF GgwG GgN �]wyGRBA BA n’�( RF GEwAFRGRIN RO wAz BAUL RO � RF w ¨NUz–
cBEN CENyRFNULfi OBE w ¨ARGN NKGNAFRBA b.Tfi JRGg b ⊂ Tfi BAN gwF n’b( ´ �.G JgNEN G ´ swU’T.b(–

1–3– lwERNGRNF BINE T- uA GgRF CwCNEfi w T]IwERNGL RF w T]FygNVN n GgwG RF ENzHyNzfi FNCwEwGNz wAz BO ¨ARGN]GLCN–

rHEGgNEVBENfi JN wUJwLF wFFHVN GgwG n RF DHwFR]CEBSNyGRIN ’´ wA BCNA FHxIwERNGL BO w CEBSNyGRIN T]IwERNGL(–

1–4– �UPNxEwRy GBER- �A wUPNxEwRy T]GBEHF j ’BO zRVNAFRBA A( RF w T]PEBHC FygNVNfi FHyg GgwG GgN xwFN]ygwAPN

j }T T #´ j }iCNLT iCNy T RF RFBVBECgRy GB ’ VmT(
A wF w T]PEBHC FygNVN– qDHRIwUNAGULfi RG RF w T]OBEV BO GgN FCURG

GBEHF ’ VmT(
A– exFNEIN GgwG wA wUPNxEwRy T]GBEHF RF wA wffiAN T]IwERNGL–

bNG j xN wA wUPNxEwRy T]GBEHF– uGF ygwEwyGdE VBzHkd RF j #´ tBV’j }T Tm VmT( ’gBVBVBECgRFVF BO T]PEBHC

FygNVNF(– uG RF w �]UwGGRyN ’ABGN GgwG tBV’ VmTm VmT( ≃ (– XL swUBRF yBEENFCBAzNAyNfi GgNEN RF w ¨ARGN swUBRF

NKGNAFRBA b.Tfi JRGg swUBRF PEBHC GgN ¨ARGN PEBHC s #´ swU’b.T(fi FHyg GgwG j wERFNF OEBV w s]UwGGRyN– jgRF RF

NDHRIwUNAG GB GgN OwyG GgwG j FCURGF BINE bfi R–N– j }T b ≃ ’ Vmx(
A– jgN TNEANU BO GgN �]wyGRBA BA j LRNUzF GgN

VRARVwU FHyg NKGNAFRBA b.afi ywUUNz Ggd VRARVwk FCkRGGRAP Wdkz BO j – jgN wFFByRwGRBA j → j RF wA wAGR]NDHRIwUNAyN
’zHwURGL(fi xNGJNNA GgN ywGNPBEL BO wUPNxEwRy T]GBER JgRyg FCURG BINE b ’VBECgRFVF wEN gBVBVBECgRFVF BO T]PEBHC

FygNVNF(fi wAz GgN ywGNPBEL BO s]UwGGRyNF ’VBECgRFVF wEN )sfl]URANwE VwCF(– uA OwyGfi RO j RF wA wUPNxEwRy T]GBEHF

FCURGF xL b.Tfi GgNA GgN ygwEwyGNE VBzHUN j ´ tBV’j}Tbm Vmx( VwL xN ENPwEzNz wF w s]UwGGRyN JgNEN s ≃ �.G
wAz G ´ swU’T.b(– YBAINEFNULfi OBE w PRINA s]UwGGRyN c fi j #´ iCNy’b)c fls( xNyBVNF wA wUPNxEwRy T]GBEHF JgRyg

FCURGF BINE bfi wAz FHyg GgwG j ≃ c wF s]UwGGRyNF– tNEN b)c fls zNABGNF GgN RAIwERwAG ERAP BO GgN PEBHC wUPNxEw

b)c flfi HAzNE GgN wyGRBA BO s– rBE zNGwRUFfi FNN eAB )eAB50fi iNyGRBA 0–1flfi lBFTENFNAFTRR )lBF8!fi CwPN 16fi qKwVCUN

5fl wAz aAHFfi cNETHESNIfi hBFG wAz jRPABU )achj8!fi CwPN 222fi fEBCBFRGRBA 1‘–06fl(–

jgNEN RF w HFNOHU RAGNECENGwGRBA BO GgN CENyNzRAP NDHRIwUNAyN– dwVNULfi RFBVBECgRFV yUwFFNF BO T]GBER BO zRVNAFRBA

A yBEENFCBAz xRSNyGRINUL GB GgN NUNVNAGF BO GgN FNG t0’TmsbA’ (( #´ t
0’�msbA’ ((fi xNywHFN �HG’’ VmT(

A( ´

sbA’ (– jgHFfi wA wUPNxEwRy T]GBEHF j BO zRVNAFRBA A RF HARDHNUL zNGNEVRANz xL RGF wFFByRwGNz ’yBAGRAHBHF(

RAGNPEwU ENCENFNAGwGRBA Q # � → sbA’ ( ’zN¨ANz HC GB yBASHPwyL(– tNEN GgN PEBHC s ´ Q’�( RF w ¨ARGN FHxPEBHC
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BO sbA’ ( ’FNN lBFTENFNAFTRR )lBF8!fi CwPN 46fi iNyGRBA 3–8fl(– jgN VRARVwU FCURGGRAP ¨NUz b BO j yBEENFCBAzF GB

G ´ aNE’Q(–

1–5– mNRU ´FywUwE( ENFGERyGRBA- bNG a.T xN w ¨ARGN FNCwEwxUN NKGNAFRBA BO T– bNG o xN w a]IwERNGL ’ENywUU GgwG

o RF DHwFR]CEBSNyGRIN xL yBAINAGRBA(– ZNABGN xL hJ.T’o ( GgN mNRU ’FywUwE( ENFGERyGRBA BO o ’FNN eAB )eAB50fi

iNyGRBA 0–3flfi lBFTENFNAFTRR )lBF8!fi CwPN 26fi iNyGRBA 2–01fl(– uG RF w T]IwERNGLfi ygwEwyGNERFNz xL GgN OBEVHUwfi OBE

NINEL T]wUPNxEw �#

hJ.T’o (’�( ´ o ’�⊗T a(,
uA CwEGRyHUwEfi w T]CBRAG BO hJ.T’o ( RF GgN FwVN GgRAP wF w a]CBRAG BO o –

jgN T]IwERNGL hJ.T’o (}T T RF ywABARywUUL RFBVBECgRy GgN CEBzHyG GgN T]IwERNGRNF oσfi OBE wUU σ ∈ n’a(– tNEN oσ
zNABGNF GgN T]IwERNGL BxGwRANz OEBV GgN a]IwERNGL o fi HCBA GgN xwFN]ygwAPN a

σ−→ T–

jgN OHAyGBERwU AwGHEN BO GgN mNRU ’FywUwE( ENFGERyGRBAfi NAFHENF GgwG RO o RF w a]PEBHC FygNVNfi GgNA hJ.T’o ( RF w

T]PEBHC FygNVN– rEBV GgNENfi BAN FNNF GgwG RO j RF wA wUPNxEwRy a]GBEHFfi GgNA hJ.T’j ( RF wA wUPNxEwRy T]GBEHF– uA

ywFN j ´ VmJ fi GgN wUPNxEwRy T]GBEHF hJ.T’ VmJ( JRUU xN BO RAGNENFG GB HF– uG RF FBVNGRVNF ywUUNz w DHwFRflGERIRwk

GBEHFfi wAz RF FRVCUL zNABGNz xL hJ.T’ V(– uGF ygwEwyGNE VBzHUN RF GgN CNEVHGwGRBA s]UwGGRyN )n flfi OBE n ´

n’a(– uG RF FGEwRPgGOBEJwEzfi GgwG GgRF yBAFGEHyGRBA PNANEwURFNF GB wA ;NGwUN T]wUPNxEw�fi RA CUwyN BOa– rBE NKwVCUNfi

RO � ´ a0}± ± ±}aq ’OBEaR.T ¨ARGN FNCwEwxUN ¨NUz NKGNAFRBAF(fi GgNA h�.T’ V( ´ hJ0.T’ V(}± ± ±}hJp.T’ V(–

1–6– dBEV BAN GBER PJ ´ h=0(J.T’ V( BO WNUM NaGNAFRBAF a.T wAM P� ´ h=0(�.T’ V( BO 9NGwUN wUPNxEwF �.T-

� ENONENAyN OBE GgRF yBAFGEHyGRBA RF eAB )eAB50fi iNyGRBA 0–3fl– aNNC ABGwGRBA BO GgN CENyNzRAP CwEwPEwCgF– bNG �

xN wA ;NGwUN T]wUPNxEw– YBAFRzNE GgN ¨ARGN s]FNG n #´ n’�(–

lRw GgN zHwURGL xNGJNNA wUPNxEwRy T]GBER JgRyg FCURGF b wAz s]UwGGRyNF JgNEN s ´ swU’b.T(fi GgN FNDHNAyN ’rn (

wF RA ZN¨ARGRBA 1–0 LRNUzF wA NKGNAFRBA BO wUPNxEwRy T]GBERfi zNABGNz xL

0→ P� #´ h=0(�.T’ V(→ h�.T’ V(
d�mj−−−→ VmT → 0,

tNEN d�.T RF GgN VHkGRflABEV ’BE SHFG ABEV(– uG RF w gBVBVBECgRFV BO wUPNxEwRy T]GBER– uGF NffNyG BA T]EwGRBAwU

CBRAGF RF GgN ’HFHwU( ABEV BO GgN ¨ARGN T]wUPNxEw �fi wUFB zNABGNz xL d�.T # �
} → T}– jgN wUPNxEwRy T]GBEHF

P� ´ h=0(�.T’ V( RF GgN ’VHkGRfl(ABEV BAd GBEHF BO GgN ;NGwUN wUPNxEw �.T– uGF ygwEwyGNE VBzHUN j RF GgN s]UwGGRyN
vn – jgN OHAyGRBA ¨NUz T’P�( BO P� RF RFBVBECRy GB GgN ¨KNz ¨NUz b’vn(s–
iRVRUwEULfi GgN FNDHNAyN ’qn ( wF RA ZN¨ARGRBA 1–0 LRNUzF wA NKGNAFRBA ’BO wUPNxEwRy T]GBER(fi GgwG ENwzF wF

0→ VmT
ι−→ h�.T’ V(→ h�.T’ V(. VmT → 0

JgNEN ι RF GgN AwGHEwU NVxNzzRAP– jgHFfi GgN ygwEwyGNE VBzHUN BO GgN wUPNxEwRy T]GBEHF h�.T’ V(. VmT RF GgN

s]UwGGRyN un wAz GgN OHAyGRBA ¨NUz T’h�.T’ V(. VmT( RF RFBVBECgRy GB GgN ¨KNz ¨NUz b’un (
s–

1–6–0– YwFd Be Wdkz daGdAFRBAF a.T- �FFHVN GgwG � ´ a ⊂ T RF w ¨NUzfi JRGg swUBRF yUBFHEN b ⊂ T– ZN¨AN

s #´ swU’b.T(fi t #´ swU’b.a( wAz PJ #´ h=0(J.T’ V(– jgN T]IwERNGL j RF xRENPHUwEUL RFBVBECgRy GB GgN ABEV

gLCNEFHEOwyN

e’K0m , , , m KA( ´ 0

JgNEN e’K0m , , , m KA( ∈ T)K0m , , , m KAfl RF GgN CBULABVRwU BO GBGwU zNPENN A ´ {s.t { zN¨ANz wF

e’K0m , , , m KA( ´ dJ.T’K0J0 W ± ± ±W KAJA( ´


P∈s.t
P’K0J0 W ± ± ±W KAJA(

JRGg ·J0m , , , m JA| w xwFRF BO a.T wAz dJ.T # a} → T} RF GgN ABEV VwC–

1–6–1– YwFd Be ;dGwkd wkPdxEwF �.T- bNG � xN wA ;NGwUN T]wUPNxEw JRGg zRVT � ´ A– mERGN � ´
q
R´0aR JgNEN

aR.T ’0 ≤ R ≤ E( RF w ¨ARGN FNCwEwxUN ¨NUz NKGNAFRBA JRGg )aR # Tfl ´ AR– eAN gwF
q
R´0 AR ´ A– bNG bR.T

’0 ≤ R ≤ E( xN GgN swUBRF yUBFHEN BO aR.T RA Tfi JRGg swUBRF PEBHCF sR ´ swU’bR.T(fi tR ´ swU’bR.aR(– jgNA JN

gwIN


σ∈se t
σ
R ´ ·0| JgNEN tσ

R ´ σ−0tRσ wAz gNAyN tR yBAGwRAF AB ABA]GERIRwU ABEVwU FHxPEBHC BO sR– bNG

b ´ b0 ± ± ±bq ⊂ T xN GgN yBVCBFRGN ¨NUz BO b0m , , , m bqfi R–N– GgN FVwUUNFG ¨NUz JgRyg yBAGwRAF wUU bRfi JRGg swUBRF

PEBHC s ´ swU’b.T(– mN FNN GgwG s RF w FHxzRENyG CEBzHyG BO s0m , , , m sqfi R–N– w FHxPEBHC s ≤ s0 } ± ± ± } sq
JRGg FHESNyGRBAF ϕR # s → sR ’0 ≤ R ≤ E(– mN VwL ENPwEz n’�( ´ tBV’�m T( wF w s]FNGfi R–N– s wyGF BA

n’�( ´
q
R´0n’aR( IRw GgN FHESNyGRBAF ϕR– mN gwIN s ≃ �.G JgNEN G ´ swU’T.b(–

mgNA E ´ 1fi GgN FNG BO wUU FHxzRENyG CEBzHyGF s0fi s1 ywA xN zNFyERxNz NKCURyRGLfi FNN bNVVw !–1–
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jgNEN RF wUFB wA NKCURyRG zNFyERCGRBA BO GgN ’VHUGR](ABEV BAN GBEHF P� ´ h=0(�.T’ V( JRGg P� ≃ vn wF w ABEV

gLCNEFHEOwyN– uG RF BxGwRANz wF RA GgN ¨NUz ywFN– vHFG ENCUwyN dJ.T xL dJ0.T } ± ± ± }dJp.T– dwVNULfi GgN ABEV
BAN GBEHF P� ´ h=0(�.T’ V( RF xRENPHUwEUL RFBVBECgRy GB GgN ABEV gLCNEFHEOwyN

q

R´0

eR’KRm0m , , , m KRmAe( ´ 0

JgNEN eR’KRm0m , , , m KRmAe( ∈ T)KRm0m , , , m KRmAe fl ’0 ≤ R ≤ E( RF GgN CBULABVRwU BO GBGwU zNPENN AR zN¨ANz wF

eR’KRm0m , , , m KRmAe( ´ dJe.T’KRm0JRm0 W ± ± ±W KRmAeJRmAe( ´


P∈se.te

P’KRm0JRm0 W ± ± ±W KRmAeJRmAe (

JRGg ·JRm0m , , , m JRmAe| w xwFRF BO aR.T wAz dJe.T # a}
R → T} RF GgN ABEV VwC–

1–!– hwGRBAwURGL wAM IwERwAGF- bNG a wAz a ′ xN ¨ARGNUL PNANEwGNz ¨NUz NKGNAFRBAF BO T–
jgN GJB ¨NUzF a wAz a ′ wEN ywUUNz FGwxkL TflRFBVBECgRy RO a’L0m , , , m LV( ≃ a ′’M0m , , , m MA( BINE Tfi OBE FBVN
wUPNxEwRywUUL RAzNCNAzNAG NUNVNAGF L0m , , , m LV BINE a wAz M0m , , , m MA BINE a

′–
jgN ¨NUz a RF ywUUNz EwGRBAwk BIdE T ’BE TflEwGRBAwk OBE FgBEG( RO a RF CHENUL GEwAFyNAzNAGwU BINE Tfi R–N– a RF

RFBVBECgRy GB T’K0m , , , m KA(fi GgN EwGRBAwU OHAyGRBA ¨NUz BINE T JRGg A IwERwxUNF K0m , , , m KA OBE FBVN RAGNPNE A–

jgN ¨NUz a RF ywUUNz FGwxkL TflEwGRBAwk RO RG RF FGwxUL RFBVBECgRy GB w T]EwGRBAwU ¨NUz–

jgN ¨NUz a RF w zREdyG ewyGBE Be w TflEwGRBAwk Wdkz ’BE ewyGBE TflEwGRBAwk OBE FgBEG( RO GgNEN NKRFGF w ¨NUz a ′ FHyg
GgwG a ⊗T a ′ RF w zBVwRA JgBFN DHBGRNAG ¨NUz RF T]EwGRBAwU ’FNN wUFB awAP )awA01fi CwPN 12fl(–
mgNA T RF wA RA¨ARGN ¨NUzfi a RF ywUUNz EdGEwyG TflEwGRBAwk RO GgNEN NKRFGF w T]wUPNxEw h yBAGwRANz RA a FHyg GgwG

’R( a RF GgN DHBGRNAG ¨NUz BO hfi wAz ’RR( GgN RzNAGRGL VwC 0h # h→ h OwyGBEF GgEBHPg w UBywURMNz CBULABVRwU ERAP

BINE T– YBAzRGRBA ’RR( VNwAF GgNEN NKRFGF wA NUNVNAG e ∈ T)K0m , , , m KAfl ’CBULABVRwU ERAP BINE T( wAz T]wUPNxEw
gBVBVBECgRFVF ϕ # h → T)K0m , , , m KAfl)0.e fl wAz ψ # T)K0m , , , m KAfl)0.e fl → h FwGRFOLRAP ψ ◦ ϕ ´ 0h ’FNN iwUGVwA
)iwU!3fi ZN¨ARGRBA 2–0fi CwPN 0!‘fl(–

jgN ¨NUz a RF ywUUNz TflHAREwGRBAwk RO T ⊂ a ⊂ T’K0m , , , m KA( OBE FBVN RAGNPNE A– uG RF JNUU]TABJA GgwG

T]EwGRBAwU ⇒ FGwxUL T]EwGRBAwU ⇒ OwyGBE T]EwGRBAwU ⇒ ENGEwyG T]EwGRBAwU ⇒ T]HAREwGRBAwU–

rBE wA RAGNPEwU T]IwERNGL n fi BAN FwLF GgwG n RF T]EwGRBAwU RO wAz BAUL RO RGF OHAyGRBA ¨NUz a ´ T’n( RF T]EwGRBAwUfi

wAz FRVRUwEUL OBE wUU IwERwAGF ENywUUNz wxBIN– rBE NKwVCUNfi n RF FGwxUL T]xREwGRBAwU GB n ′ RO wAz BAUL RO GgN OHAyGRBA
¨NUzF a ´ T’n( wAz a ′ ´ T’n ′( wEN FGwxUL T]RFBVBECgRy– mN ENywUU GgwG n RF T]EwGRBAwU RO wAz BAUL RO n RF

xREwGRBAwU GB GgN CEBSNyGRIN FCwyN A BO zRVNAFRBA A OBE FBVN RAGNPNE A– n RF FGwxUL T]EwGRBAwU RO wAz BAUL RO

n } V RF T]EwGRBAwU OBE FBVN RAGNPNE V– n RF OwyGBE T]EwGRBAwU RO wAz BAUL RO GgNEN NKRFGF wA RAGNPEwU T]IwERNGL

o FHyg GgwG n } o RF T]EwGRBAwU– n RF ENGEwyG T]EwGRBAwU RO wAz BAUL RO GgNEN NKRFGF w zBVRAwAG EwGRBAwU VwC

e # A
�� n OBE FBVN RAGNPNE A wAz w EwGRBAwU VwC P # n ��

A FHyg GgwG e ◦P ´ uzn – n RF T]HAREwGRBAwU RO wAz

BAUL RO GgNEN NKRFGF w zBVRAwAG EwGRBAwU VwC e # A �� n OBE FBVN RAGNPNE A– rBE NDHRIwUNAG zN¨ARGRBAF RA GgN

UwAPHwPN BO wUPNxEwRy PNBVNGELfi FNN N–P– cwARA )cwA63flfi )cwA!5flfi cwARA wAz jFOwFVwA )cj!5flfi YBUURBG]jg;NU:NAN

wAz iwAFHy )Yji‘6fi iNyGRBA 0flfi awAP )awA01flfi XNwHIRUUN )XNw05flfi cNETHESNI )cNE06fi iNyGRBA 2fl–

1–8– iBVN CEBCNEGRNF BO wUPNxEwRy GBER ENUwGNM GB EwGRBAwURGL- bNG j xN wA wUPNxEwRy T]GBEHF JRGg ygwEwyGNE

VBzHUN j ´ tBV’j }T bm Vmx( ≃ c JgNEN b RF GgN VRARVwU FCURGGRAP ¨NUz BO j – uG RF JNUU]TABJA GgwG j RF

T]HAREwGRBAwU ’FNN lBFTENFNAFTRR )lBF8!fi CwPN 3‘fi qKwVCUN 10fl(–

uG RF TABJA GgwG j RF ENGEwyG T]EwGRBAwU RO wAz BAUL RO j RF OwyGBE T]EwGRBAwU RO wAz BAUL RO GgNEN NKRFGF wA wUPNxEwRy

T]GBEHF j ′ FHyg GgwG j } j ′ RF T]EwGRBAwU xL YBUURBG]jg;NU:NAN wAz iwAFHy )Yji!6fi fEBCBFRGRBA 6–3fl–
jgN ,wxxL yUwFF )c flek CUwLF w yEHyRwU EBUN RA GgN EwGRBAwURGL CEBxUNV OBE b’c (s ≃ T’j ( wF OBUUBJF ’FNN YBUURBG]

jg;NU:NAN wAz iwAFHy )Yji66fi iNyGRBA 1flfi )Yji!6fi fEBCBFRGRBA 6–3flfi lBFTENFNAFTRR )lBF8!fi iNyGRBA 3–5flfi aHALwIFTRR

)aHA‘6fi jgNBENV 0–6flfi YBUURBG]jg;NU:NAN )Yj‘6fi jgNBENV 4–3flfi tBFgR wAz owVwFwTR )to06fi iNyGRBA 0flfi )to0fi

iNyGRBA 0fl(–

SQNBENV 1-5 ’lBFTENFNAFTRR )lBF58fi iNyGRBA 3fi CwPN 0102flfi )lBF6‘fi iNyGRBA 2fi CwPN 6flfi FNN wUFB )lBF63flfi )lBF8!fi

iNyGRBA 3–5flfi aHALwIFTRR )aHA‘6fi jgNBENV 0–8fl wAz YBUURBG]jg;NU:NAN )Yj‘6fi jgNBENV 4–0fi CwPN 08fl OBE wAL ¨NUz

T(- bdG T xd w Wdkz wAz � ´ swU’T.T(- bdG j xd wA wkPdxEwRy TflGBEHFfi n xd w FVBBGg TflyBVCwyGRWywGRBA Be j wAz

n ´ n }T T- jgdA GgdEd daRFGF wA dawyG FdDHdAyd Be �flkwGGRydF

‘→ j → g→ fRyn → ‘

vgdEd g RF CdEVHGwGRBA wAz fRy n RF ,wxxL-
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bNG b xN GgN VRARVwU FCURGGRAP ¨NUz BO j JRGg swUBRF PEBHC s ´ swU’b.T( ≃ �.G JgNEN � ´ swU’T.T( wAz
G ´ swU’T.b(– XL jgNBENV 1–5fi JN BxGwRA w ,wxxL ENFBUHGRBA BO j ´ tBV’j }T bm Vmx(#

‘→ j → g→ fRynx → ‘

wF s]UwGGRyNF JRGg ) j flek ´ )fRy nxfl JgNEN g RF CNEVHGwGRBA wAz nx ´ n }T b ’FNN wUFB lBFTENFNAFTRR )lBF63fi
iNyGRBA 0fl(– XL GgN RA,wGRBA]ENFGERyGRBA NKwyG FNDHNAyN ‘ → t0’smfRynx(

RAO−−→ t0’TmfRyn(
ENF−−→ t0’bmfRyn(fi

JN PNG RAO # t0’smfRynx(
∼−→ t0’TmfRyn( xNywHFN t0’bmfRyn( ´ ‘–

SQNBENV 1-6- bdG b.T xd w WARGd swkBRF daGdAFRBA vRGg swkBRF PEBHC s ´ swU’b.T( wAz c wAz c ′ xd sfl

kwGGRydF- bdG j wAz j ′ xd wkPdxEwRy TflGBER vRGg j ≃c wAz j ′ ≃c ′fi R-d- b’c (s ≃ T’j ( wAz b’c ′(s ≃ T’j ′(-
’0( ’qAzB wAz cRLwGw )qc62fi jgNBENV 0–5fl( )c flek ´ ‘ Re wAz BAkL Re T’j ( RF FGwxkL TflEwGRBAwk-

’1( ’lBFTENFNAFTRR )lBF63fi jgNBENV 1fl( )c flek ´ )c ′flek Re wAz BAkL Re T’j ( wAz T’j ′( wEd FGwxkL TflRFBVBECgRy-
’2( ’iwUGVwA )iwU!3fi jgNBENV 2–03fl( )c flek RF RAIdEGRxkd Re wAz BAkL Re T’j ( RF EdGEwyG TflEwGRBAwk-

hNVwET 1-7- rBE wUPNxEwRy T]GBERfi ENGEwyG T]EwGRBAwURGL RF NwFRNE GB zNyRzNfi GgwA FGwxUN T]EwGRBAwURGL– XL jgNBENV

1–6fi ENGEwyG T]EwGRBAwURGL ’ENFC– FGwxUN T]EwGRBAwURGL( wVBHAGF GB ygNyTRAP JgNGgNE FBVN s]UwGGRyN r RF RAINEGRxUN

’ENFC– FGwxUL CNEVHGwGRBA(– rBE s]UwGGRyNFfi RAINEGRxRURGL RF /UBywU=fi RA GgN FNAFN GgwG r RF s]RAINEGRxUN RO wAz BAUL

RO r RF sC]RAINEGRxUN OBE NINEL C]iLUBJ FHxPEBHC sC ≤ s ’FNN qAzB wAz cRLwGw )qc64fi bNVVw 0–3fl(– �FFHVRAP

GgwG r RF RAINEGRxUNfi r xNRAP FGwxUL CNEVHGwGRBA RF GgNA w VHyg FGEBAPNE CEBCNEGLfi JgRyg RF ABG UBywU– �yGHwUULfi

GgNEN RF AB TABJA PNANEwU CEByNzHEN GB ygNyT RG– uA FCNyR¨y FRGHwGRBAF ’N–P– OBE ABEV BAN GBER RA jgNBENV 2–00(fi

FGwxUN T]EwGRBAwURGL ywA xN zRFCEBINz xL yBVCHGRAP ENUNIwAG yBgBVBUBPL PEBHCF–

hNVwET 1-8- jgNEN RF AB TABJA yERGNERBA OBE wA wUPNxEwRy T]GBEHF j GB xN T]EwGRBAwU– jgN OwyG GgwG j RF ’BE ABG(

FGwxUL.ENGEwyG T]EwGRBAwUfi RF zNGNEVRANz xL GgN �]UwGGRyN j – jB BHE TABJUNzPNfi RG RF INEL VHyg HAyUNwEfi GgwG FHyg
FgBHUz xN GgN ywFN OBE T]EwGRBAwURGL– lBFTENFNAFTRR yBASNyGHENz GgwG FGwxUL T]EwGRBAwU GBER FgBHUz xN T]EwGRBAwU–

mgRUN AB yBHAGNE]NKwVCUNF wEN TABJAfi GgNEN RF AB NIRzNAyN GB FHCCBEG GgRF JRzNUL BCNA yBASNyGHEN–

uO c0 ⊕c1 ≃ c2 RF wA NKwyG FNDHNAyN BO s]UwGGRyNFfi GgNA b’c1(
s ≃ b’c0 ⊕c2(

sfi R–N– T’j1( ≃ T’j0 } j2(
JRGg jR ´ cR ’R ´ 0m 1m 2(fi GgRF VNwAF GgwG j1 wAz j0 } j2 wEN xREwGRBAwUUL T]NDHRIwUNAG– uA CwEGRyHUwEfi JN gwIN
)c1fl

ek ´ )c0fl
ek W )c2fl

ek–

uA PNANEwUfi RG OBUUBJF OEBV bNAFGEw )bNA63fi fEBCBFRGRBA 0–4fl GgwG RO ‘ → c0 → c1 → c2 → ‘ RF wA NKwyG

FNDHNAyN BO s]UwGGRyNF JRGg c2 RAINEGRxUNfi GgNA b’c1(
s ≃ b’c0 ⊕c2(

sfi R–N– T’j1( ≃ T’j0 } j2( JRGg jR ´ cR

’R ´ 0m 1m 2( ’FNN wUFB eAB )eAB52fi fEBCBFRGRBA 0–1–1flfi qAzB wAz cRLwGw )qc62fi jgNBENV 0–5fi fEBCBFRGRBA 0–0‘flfi

iJwA )iJw0‘fi bNVVw 2–0flfi tBFgRfi awAP wAz aRGwLwVw )taa03fi fEBBO BO jgNBENV 5–4fl(– uA CwEGRyHUwEfi JN gwIN

)c1fl
ek ´ )c0fl

ek W )c2fl
ek–

fEBCBFRGRBA 1-0/ ’qAzB wAz cRLwGw )qc62fi fEBCBFRGRBA 0–0fi YBEBUUwEL 0–2flfi bNAFGEw )bNA63fi fEBCBFRGRBA 0–4fl(-

bdG c xd w sflkwGGRyd wAz ‘ → c → f → r → ‘ xd w ,wxxL EdFBkHGRBA Be c vRGg f CdEVHGwGRBA wAz r ,wxxL-

bdG j wAz i xd wkPdxEwRy TflGBER vRGg j ≃c fi i ≃ r -
’0( ’qAzB wAz cRLwGw )qc62fl( ue r RF FGwxkL CdEVHGwGRBAfi GgdA j RF FGwxkL TflEwGRBAwk:

’1( ’bNAFGEw )bNA63fl( ue r RF RAIdEGRxkdfi GgdA i}j wAz jf wEd xREwGRBAwkkL TfldDHRIwkdAG vgdEd jf RF wA wkPdxEwRy
TflGBEHF vgRyg RF TflEwGRBAwk vRGg jf ≃ f wAz )f flek ´ ‘- uA CwEGRyHkwEfi i } j RF TflEwGRBAwk vRGg )i } j flek ´
) j flek W )iflek ´ )c flek W )r flek ´ )f flek ´ ‘-
bNG s xN w ¨ARGN PEBHC wAz c xN w s]UwGGRyN– mN zN¨AN

�
R
ω’smc ( #´ aNE



�t

R’smc (
ENF−−→



P∈s
t R’Pmc (



 ’R ≥ 0(,

bNG n xN w FVBBGg T]yBVCwyGR¨ywGRBA BO j fi R–N– FVBBGg CEBSNyGRIN T]IwERNGL n yBAGwRARAP j wF w zNAFN BCNA

FHxIwERNGLfi wAz FNG n ´ n }T T wAz nJ ´ n }T a– jgNEN NKRFGF FHyg w FVBBGg T]yBVCwyGR¨ywGRBA BO wA
wUPNxEwRy T]GBEHF j BINE wAL ¨NUz Tfi GgwG ywA xN yBAFGEHyGNz NKCURyRGULfi JRGgBHG GgN PNANEwU GgNBEL BO ENFBUHGRBA

BO FRAPHUwERGRNF ’FNN YBUURBG]jg;NU:NANfi twEwER wAz iTBEBxBPwGBI )Yjti‘4fi YBEBUUwREN 0fl(–

SQNBENV 1-00 ’YBUURBG]jg;NU:NAN wAz iwAFHy )Yji!6fi fEBCBFRGRBA 8–4 ’RR(flfi FNN wUFB )iwA!0fi fEBCBFRGRBA 8–!flfi

)lBF8!fi CwPN 8!flfi )Yjti‘4fi YBEBUUwREN 0flfi )Xf1‘fi jgNBENV 1–2fl(- bdG T xd w Wdkz wAz a.T xd w WARGd swkBRF

daGdAFRBA vRGg swkBRF PEBHC s ´ swU’a.T(- bdG j xd wA wkPdxEwRy TflGBEHF vgRyg FCkRGF BIdE a wAz n xd w FVBBGg

TflyBVCwyGRWywGRBA Be j - jgdA vd gwId

�
1
ω’sm

j ( ≃ t0’smfRynJ( ≃ XE’n(.XE’T(

vgdEd XE’n( RF Ggd nEwHdE PEBHC Be n ´RA ;dGwkd yBgBVBkBPL?-
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uA BGgNE JBEzFfi JN gwIN t0’TmfRyn( ≃ t0’smfRynJ( ≃ t0’sm ) j flek( ≃ �1
ω’sm j ( ≃ XE’n(.XE’T(– eO

RAGNENFG RF wUFB GgN HAEwVR¨Nz XEwHNE PEBHC XEAE’T’n(.T( ´ XE’n( ⊂ XE’T’n(( ’FNN YBUURBG]jg;NU:NAN wAz iTB]

EBxBPwGBI )Yji10fi fEBCBFRGRBA 5–1–6fl(– uA CwEGRyHUwEfi OBE wA wUPNxEwRy T]GBEHF j JgRyg FCURGF BINE afi JRGg

ygwEwyGNE VBzHUN j ´ tBV’j }T am VmJ(fi JN gwIN#

j RF ENGEwyG T]EwGRBAwU ⇒ �
1
ω’sm j ( ´ ‘,

2– aAnJA DNFHUGF ne FGwxUb.DNGDwyG T,DwGRnAwU wUPNxDwRy T,GnDR j

2–0– YwFN BO RAINEGRxUN yQwEwyGNE VBMHUNF j ´ tBV’j }T bm Vmx(- iRVCUN NKwVCUNF BO EwGRBAwU T]GBER j

JRGg zRVj ´ A wEN j ´ h�.T’ V(fi OBE wA A]zRVNAFRBAwU ;NGwUN T]wUPNxEw �– iNGGRAP n #´ n’�(fi BAN GgNA

gwF j ≃ )n fl wAz {n { ´ A– uA BGgNE JBEzFfi j ≃ ⊕qR´0 )s.tRfl OBE IwERBHF FHxPEBHCF tR ≤ s ≤ iAe fi JRGg

)s # tRfl ´ AR wAz A ´
q
R´0 AR– jgNEN NKRFGF NKwyGUL 0 ’ENFC– 1fi 3fi 00fi 08fi 45( FHyg T]GBER j ´ h�.T’ V( RA

zRVNAFRBA 0 ’ENFC– 1fi 2fi 3fi 4fi 5( ’FNN tBFgR wAz owVwFwTR )to06fi jgNBENV 5–2fi jwxUN !fl(– tBFgR wAz owVwFwTR

)to06fi jgNBENV 5–2fi jwxUN !fl wUFB zNGNEVRAN wUU BO GgN FGwxUL CNEVHGwGRBA s]UwGGRyN cs JRGg EwAT cs ≤ 5 wF

RA jgNBENV 2–0–

bNG iA ’ENFC– �Afi ZAfi YA( xN GgN FLVVNGERy ’ENFC– GgN wUGNEAwGRAPfi GgN zRgNzEwUfi GgN yLyURy( PEBHC BO zNPENN

A BO BEzNE A7 ’ENFC– A7.1fi 1Afi A(– bNG g3V xN GgN PNANEwURMNz DHwGNEARBA PEBHC BO BEzNE 3V ’V ≥ 1(– bNG C xN w

CERVN AHVxNE wAz rCk ≃ YC ⋊ Yk ’1 / U { C − 0( xN GgN rEBxNARHF PEBHC BO BEzNE CU JgNEN U { C− 0 VNwAF GgwG U
RF w ’CBFRGRIN( zRIRFBE BO C − 0–

SQNBENV 2-0 ’tBFgR wAz owVwFwTR )to06fi jgNBENV 5–1fi jgNBENV 5–2fi jwxUN !fl(- bdG s xd w WARGd FHxPEBHC Be

sb’Am ( wAz cs xd Ggd sflkwGGRyd wF RA pdWARGRBA 1-2- rBE 0 ≤ A ≤ 5fi Ggd eBkkBvRAP yBAzRGRBAF wEd dDHRIwkdAG8

’0( cs RF FGwxkL CdEVHGwGRBAfi R-d- )csfl ´ ‘:

’1( cs RF RAIdEGRxkd:

’2( cs RF ,wxxL wAz yB,wxxL-

uAzddzfi GgdEd daRFG 0 ´ 0 W ‘ ’EdFC- 1 ´ 1 W ‘fi 3 ´ 3 W ‘fi 04 ´ 00 W 3fi 12 ´ 08 W 3fi 0‘5 ´ 45 W 4‘( FGwxkL

CdEVHGwGRBA ’EdFC- RAIdEGRxkdfi ,wxxL wAz yB,wxxL( sflkwGGRydF Be EwAT A ´ 0 ’EdFC- 1fi 2fi 3fi 4fi 5(- jgdL yBAFRFG Be

0 ’EdFC- 1fi 3fi 00fi 08fi 45( CdEVHGwGRBA sflkwGGRydF cs ≃ ⊕qR´0 )s.tRfl vgdEd tR ≤ s ≤ iA vRGg )s # tRfl ´ AR Be

EwAT A ´
q
R´0 AR vRGg A ´ 0 ’EdFC- 1fi 2fi 3fi 4fi 5( vgRyg wEd PRIdA wF RA tBFgR wAz owVwFwTR )to06fi qKwVCUN

5–0fl wAz ‘ ’EdFC- ‘fi ‘fi 3fi 3fi 4‘( ABG CdEVHGwGRBA xHG FGwxkL CdEVHGwGRBA ’EdFC- RAIdEGRxkdfi ,wxxL wAz yB,wxxL(

sflkwGGRydF Be EwAT A ´ 0 ’EdFC- 1fi 2fi 3fi 4fi 5( vgRyg wEd PRIdA wF RA tBFgR wAz owVwFwTR )to06fi jwxUN !fl-

jgN yBEENFCBAzRAP wUPNxEwRy T]GBEHF j JRGg j ≃ cs wAz zRVT j ´ A wF RA jgNBENV 2–0 RF T]EwGRBAwU ’ENFC–

FGwxUL T]EwGRBAwU( RO cs RF CNEVHGwGRBA ’ENFC– cs RF FGwxUL CNEVHGwGRBA(–

2–1– YwFN BO MRV j ≤ 4- uG RF NwFL GB FNN GgwG wUU 0]zRVNAFRBAwU wUPNxEwRy T]GBER j wEN T]EwGRBAwU– jgNFN wEN#

GgN GERIRwU GBEHF VmT wAz GgN ABEV BAN GBEHF PJ ´ h=0(J.T’ VmJ( BO w FNCwEwxUN DHwzEwGRy ¨NUz NKGNAFRBA a.T–

lBFTENFNAFTRR )lBF56fl FgBJNz GgwG wUU 1]zRVNAFRBAwU wUPNxEwRy T]GBER j wEN T]EwGRBAwU– jgNEN NKRFG 02 ywFNF

BO wUPNxEwRy T]GBER BO zRVNAFRBA 1 JgRyg yBEENFCBAzF GB ]yUwFF BO FHxPEBHCF ’HC GB yBASHPwyL( s ≤ sb’1m (–

aHALwIFTRR )aHA8‘fl PwIN w EwGRBAwU ’FGwxUL EwGRBAwUfi ENGEwyG EwGRBAwU( yUwFFR¨ywGRBA BO 2]zRVNAFRBAwU wUPNxEwRy

T]GBER# wVBAP 62 ywFNFfi GgNEN NKRFG 4! ’ENFC– 04( T]EwGRBAwU ’ENFC– ABG ENGEwyG T]EwGRBAwU( ywFNF RA zRVNAFRBA 2–

SQNBENV 2-1 ’aHALwIFTRR )aHA8‘fi jgNBENV 0fi jgNBENV 1flfi FNN awAP )awA01fi CwPN 14fi ¨OGg CwEwPEwCgfl wAz

tBFgR wAz owVwFwTR )to0fi bNVVw 6–2fl OBE GgN UwFG FGwGNVNAG(- bdG b.T xd w WARGd swkBRF daGdAFRBA vRGg swkBRF

PEBHC s ´ swU’b.T( ≤ sb’2m ( wAz cs xd Ggd sflkwGGRyd wF RA pdWARGRBA 1-2- bdG j xd wA wkPdxEwRy TflGBEHF vRGg
j ≃ cs wAz zRVT j ´ 2- jgdA T’j ( ≃ b’cs(

s RF ABG TflEwGRBAwk Re wAz BAkL Re s RF yBASHPwGd GB BAd Be Ggd

04 PEBHCF vgRyg wEd PRIdA wF RA jwxUN 0- cBEdBIdEfi Re T’j ( ≃ b’cs(
s RF ABG TflEwGRBAwkfi GgdA RG RF ABG EdGEwyG

TflEwGRBAwkfi R-d- )csfl
ek RF ABG RAIdEGRxkd-

jwxUN 0# b’c (s ABG ENGEwyG T]EwGRBAwUfi EwAT c ´ 2fi c # RAzNyBVCBFwxUN ’04 ywFNF(

sD PA )IGA7]i D�K un D

S0 92W 2W 0W 2( A1
1

S1 92W 2W 2W 2( A2
1

S2 92W 3W 3W 1( C3

S3 92W 3W 5W 2( C3

S4 92W 6W 0W 1( �3

sD PA )IGA7]i D�K un D

S5 92W 3W 6W 1( C3 � A1

S6 92W 6W 1W 1( �3 � A1

S7 92W 6W 2W 2( G3

S8 92W 6W 2W 1( G3

S0� 92W 6W 3W 1( G3

sD PA )IGA7]i D�K un D

S00 92W 6W 4W 2( G3 � A1

S01 92W 6W 4W 1( G3 � A1

U0 92W 3W 2W 1( A3 � A1

U1 92W 2W 2W 3( A2
1

U2 92W 6W 1W 2( �3 � A1
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rBE GgN s�f uZfi FNN tBFgR wAz owVwFwTR )to06fi YgwCGNE 2flfi FNN wUFB tBFgR wAz owVwFwTR )to06fi jgNBENV

0–1fi jwxUN 0fi GgN FNyBAz CwEwPEwCg RA CwPN 2fi jgNBENV 02–3fi jwxUN 0‘fl– uA CwEGRyHUwEfi RO JN wzBCG GgN wyGRBA BO

s wF RA ZN¨ARGRBA 1–2fi JN FgBHUz GwTN GgN GEwAFCBFN Gs BO GgN VwGERK PEBHC s wF RA aHALwIFTRR )aHA8‘fl–

jgNEN NKRFG 60‘ ’ENFC– 5‘68( ywFNF BO wUPNxEwRy T]GBER BO zRVNAFRBA 3 ’ENFC– 4( JgRyg yBEENFCBAzF GB ]yUwFF

BO FHxPEBHCF ’HC GB yBASHPwyL( s ≤ sb’3m ( ’ENFC– sb’4m (((– tBFgR wAz owVwFwTR )to06fi jgNBENV 0–8 wAz

jgNBENV 0–01fl PwIN w FGwxUL EwGRBAwU ’ENGEwyG EwGRBAwU( yUwFFR¨ywGRBA BO wUPNxEwRy T]GBER BO zRVNAFRBA 3 wAz 4#

SQNBENV 2-2 ’tBFgR wAz owVwFwTR )to06fi jgNBENV 0–8fl(- bdG b.T xd w WARGd swkBRF daGdAFRBA vRGg swkBRF

PEBHC s ´ swU’b.T( ≤ sb’3m ( wAz cs xd Ggd sflkwGGRyd wF RA pdWARGRBA 1-2- bdG j xd wA wkPdxEwRy TflGBEHF vRGg
j ≃cs wAz zRVT j ´ 3- jgdA

’0( T’j ( ≃ b’cs(
s RF FGwxkL TflEwGRBAwkfi R-d- )csfl

ek ´ ‘fi Re wAz BAkL Re s RF yBASHPwGd GB BAd Be Ggd 3!6 PEBHCF

vgRyg wEd ABG RA )to06fi jwxUNF 1fi 2 wAz 3fl-

’1( T’j ( ≃ b’cs(
s RF ABG FGwxkL xHG EdGEwyG TflEwGRBAwkfi R-d- )csfl

ek RF ABG MdEB xHG RAIdEGRxkdfi Re wAz BAkL Re s RF

yBASHPwGd GB BAd Be Ggd 6 PEBHCF vgRyg wEd PRIdA wF RA )to06fi jwxUN 1fl-

’2( T’j ( ≃ b’cs(
s RF ABG EdGEwyG TflEwGRBAwkfi R-d- )csfl

ek RF ABG RAIdEGRxkdfi Re wAz BAkL Re s RF yBASHPwGd GB BAd Be

Ggd 105 PEBHCF vgRyg wEd PRIdA wF RA )to06fi jwxUNF 2 wAz 3fl-

SQNBENV 2-3 ’tBFgR wAz owVwFwTR )to06fi jgNBENV 0–01fl(- bdG b.T xd w WARGd swkBRF daGdAFRBA vRGg swkBRF

PEBHC s ´ swU’b.T( ≤ sb’4m ( wAz cs xd Ggd sflkwGGRyd wF RA pdWARGRBA 1-2- bdG j xd wA wkPdxEwRy TflGBEHF vRGg
j ≃cs wAz zRVT j ´ 4- jgdA

’0( T’j ( ≃ b’cs(
s RF FGwxkL TflEwGRBAwkfi R-d- )csfl

ek ´ ‘fi Re wAz BAkL Re s RF yBASHPwGd GB BAd Be Ggd 2‘40 PEBHCF

vgRyg wEd ABG RA )to06fi jwxUNF 00fi 01fi 02fi 03 wAz 04fl-

’1( T’j ( ≃ b’cs(
s RF ABG FGwxkL xHG EdGEwyG TflEwGRBAwkfi R-d- )csfl

ek RF ABG MdEB xHG RAIdEGRxkdfi Re wAz BAkL Re s RF

yBASHPwGd GB BAd Be Ggd 14 PEBHCF vgRyg wEd PRIdA wF RA )to06fi jwxUN 00fl-

’2( T’j ( ≃ b’cs(
s RF ABG EdGEwyG TflEwGRBAwkfi R-d- )csfl

ek RF ABG RAIdEGRxkdfi Re wAz BAkL Re s RF yBASHPwGd GB BAd Be

Ggd 2‘‘2 PEBHCF vgRyg wEd PRIdA wF RA )to06fi jwxUNF 01fi 02fi 03 wAz 04fl-

2–2– dBEV BAN GBER PJ ´ h
=0(
J.T’ V( BO WNUM NaGNAFRBAF a.T- jgN EwGRBAwURGL CEBxUNV OBE ABEV BAN GBER

PJ ´ h
=0(
J.T’ V( JRGg PJ ≃ vs.t wAz zRVT PJ ´ A − 0 RF RAINFGRPwGNz xL qAzB wAz cRLwGw )qc64flfi YBUURBG]

jg;NU:NAN wAz iwAFHy )Yji66flfi )Yji!6flfi t+HEURVwAA )t+HE!3flfi bN XEHLA )bNX84flfi YBEGNUUw wAz aHALwIFTRR )Ya‘‘flfi

bNVREN wAz bBENAM )bb‘‘flfi qAzB )qAz00flfi tBFgR wAz owVwFwTR )to06flfi )to10flfi )to13flfi )to0flfi )to1flfi twFNPwJwfi

tBFgR wAz owVwFwTR )tto1‘fl– bNG HF ENywUU FBVN FRPAR¨ywAG ENFHUGF–

SQNBENV 2-4 ’qAzB wAz cRLwGw )qc64fi jgNBENV 0–4flfi iwUGVwA )iwU!3fi jgNBENV 2–03fl(- bdG a.T xd w WARGd

swkBRF Wdkz daGdAFRBA vRGg swkBRF PEBHC s ´ swU’a.T(- jgdA Ggd eBkkBvRAP yBAzRGRBAF wEd dDHRIwkdAG8

’0( h
=0(
J.T

’ V( RF EdGEwyG TflEwGRBAwk:

’1( �kk iLkBv FHxPEBHCF Be s wEd yLykRy-

hNVwET 2-5- uO s RF w PEBHC JgBFN wUU GgN iLUBJ FHxPEBHCF wEN yLyURyfi GgNA s RF VNGwyLyURy ’FNN N–P– sBENAFGNRA

)sBE!‘fi jgNBENV 5–1fi CwPN 14!fl( wAz ywA xN CENFNAGNz wF

s ´ wm x { wV ´ 0m xA ´ 0m xwx−0 ´ wq ≃ YV ⋊ YA

JgNEN EA ≡ 0 ’VBz V(fi V RF Bzzfi ‘ ≤ E / Vfi Pyz’VmA( ´ Pyz’Vm E − 0( ´ 0 ’FNN pwFFNAgwHF )pwF24fi iwGM 4fi

CwPN 08!flfi FNN wUFB twUU )twU48fi jgNBENV 8–3–2flfi hBxRAFBA )hBx85fi 0‘–0–0‘fi CwPN 18‘fl(–

bNG Pyz’VmA( xN GgN PENwGNFG yBVVBA zRIRFBE BO RAGNPNEF VmA–

SQNBENV 2-6 ’qAzB wAz cRLwGw )qc64fi jgNBENV 1–2flfi YBUURBG]jg;NU:NAN wAz iwAFHy )Yji66fi fEBCBFRGRBA 2fl(- bdG

a.T xd w WARGd swkBRF Wdkz daGdAFRBA vRGg swkBRF PEBHC s ´ swU’a.T(- jgd eBkkBvRAP yBAzRGRBAF wEd dDHRIwkdAG8

’0( h
=0(
J.T’ V( RF FGwxkL TflEwGRBAwk:

’1( wkk iLkBv FHxPEBHCF Be s wEd yLykRy wAz t3’sm ( ≃ t.’sm ( vgdEd t zdABGdF jwGd yBgBVBkBPL:

’2( s ≃ YV BE s ≃ YA } σm τ { σT ´ τ1
t

´ 0m τστ−0 ´ σ−0 vgdEd z ≥ 0m T ≥ 2fi Am T8 Bzzfi wAz Pyz’Am T( ´ 0:

’3( s ´ Fm G { FV ´ G1t ´ 0m GFG−0 ´ FqmV # Bzzm E1 ≡ 0 ’VBz V(-
SQNBENV 2-7 ’qAzB )qAz00fi jgNBENV 1–0fl(- bdG a.T xd w WARGd ABAflswkBRFfi FdCwEwxkd Wdkz daGdAFRBA wAz b.T

xd Ggd swkBRF ykBFHEd Be a.T vRGg swkBRF PEBHC s ´ swU’b.T(- ue s RF ARkCBGdAGfi GgdA h
=0(
J.T

’ V RF ABG EdGEwyG

TflEwGRBAwk-

SQNBENV 2-8 ’qAzB )qAz00fi jgNBENV 2–0fl(- bdG a.T xd w WARGd ABAflswkBRFfi FdCwEwxkd Wdkz daGdAFRBA wAz b.T

xd Ggd swkBRF ykBFHEd Be a.T vRGg swkBRF PEBHCF s ´ swU’b.T( wAz ·0| P t ´ swU’b.a( P s- ue wkk iLkBv
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FHxPEBHCF Be s wEd yLykRyfi GgdA h
=0(
J.T

’ V( RF EdGEwyG TflEwGRBAwkfi wAz Ggd eBkkBvRAP yBAzRGRBAF wEd dDHRIwkdAG8

’0( h
=0(
J.T’ V( RF FGwxkL TflEwGRBAwk:

’1( s ≃ ZA vRGg A Bzz ’A ≥ 2( BE s ≃ YV }ZA vgdEd VmA wEd Bzzfi VmA ≥ 2fi Pyz’VmA( ´ 0fi wAz t ≤ ZA RF

Be BEzdE 1:

’2( t ≃ Y1 wAz s ≃ Yq ⋊tfi E ≥ 2 Bzzfi vgdEd t wyGF ABAflGERIRwkkL BA Yq-

hNVwET 2-0/- qAzB )qAz00fi CwPN !3fi URAN 6fl NKCUwRANz GgwG GgN ENGEwyG T]EwGRBAwURGL BO h
=0(
J.T’ V( RA jgNBENV

2–8 RF wUENwzL BxGwRANz RA qAzB wAz cRLwGw )qc64fi jgNBENV 0–4fl wAz iwUGVwA )iwU!3fi jgNBENV 2–03fl– uAzNNzfi

JN ywA ygNyT GgwG r ´ )vs.t fl
ek RF RAINEGRxUN xL yBVxRARAP GgN OBUUBJRAP ENFHUGF#

’0( ’)qc64fi bNVVw 0–3fl( r RF RAINEGRxUN RO wAz BAUL RO r {sC RF RAINEGRxUN OBE wAL C { {s{ JgNEN sC RF w C]iLUBJ
FHxPEBHC BO s`

’1( ’)qc64fi jgNBENV 0–4# ’0(⇔ ’1(fl( r {sC RF RAINEGRxUN RO wAz BAUL RO r {sC RF yB,wxxL xNywHFN sC RF yLyURy`
’2( r {sC RF yB,wxxL– uAzNNzfi FRAyN sC RF yLyURyfi RG RF FGwAzwEz GgwG t0’tmr ( ´ t−0’tmr ( OBE wAL t ≤ sC ’FNN

N–P– dNHTREygfi iygVRzG wAz mRAPxNEP )dim‘‘fi jgNBENV 0–5–01fi CwPN 5!fl(–

mgNA s ≃ iA BE �A wAz )s # t fl ´ )a # Tfl ´ Afi JN gwIN#

SQNBENV 2-00 ’YBUURBG]jg;NU:NAN wAz iwAFHy )Yji!6fi fEBCBFRGRBA 8–0flfi )bNX84fi jgNBENV 2–0flfi )Ya‘‘fi fEBCBFRGRBA

‘–1flfi )bb‘‘flfi qAzB )qAz00fi jgNBENV 3–0flfi FNN wUFB )qAz00fi hNVwET 3–1 wAz jgNBENV 3–2fl(- bdG a.T xd w ABAfl

swkBRF FdCwEwxkd Wdkz daGdAFRBA Be zdPEdd A wAz b.T xd Ggd swkBRF ykBFHEd Be a.T- �FFHVd GgwG swU’b.T( ´ iAfi

A ≥ 2fi wAz swU’b.a( ´ iA−0 RF Ggd FGwxRkRMdE Be BAd Be Ggd kdGGdEF RA iA- jgdA vd gwId8
’0( h

=0(
J.T’ V( RF EdGEwyG TflEwGRBAwk Re wAz BAkL Re A RF w CERVd AHVxdE:

’1( h
=0(
J.T’ V( RF ’FGwxkL( TflEwGRBAwk Re wAz BAkL Re A ´ 2-

SQNBENV 2-01 ’qAzB )qAz00fi jgNBENV 3–3flfi tBFgR wAz owVwFwTR )to06fi YBEBUUwEL 0–00fl(- bdG a.T xd w ABAfl

swkBRF FdCwEwxkd Wdkz daGdAFRBA Be zdPEdd A wAz b.T xd Ggd swkBRF ykBFHEd Be a.T- �FFHVd GgwG swU’b.T( ´ �Afi

A ≥ 3fi wAz swU’b.a( ´ �A−0 RF Ggd FGwxRkRMdE Be BAd Be Ggd kdGGdEF RA �A- jgdA vd gwId8
’0( h

=0(
J.T

’ V( RF EdGEwyG TflEwGRBAwk Re wAz BAkL Re A RF w CERVd AHVxdE-

’1( h
=0(
J.T’ V( RF FGwxkL TflEwGRBAwk Re wAz BAkL Re A ´ 4-

mgNA s ≤ iC JRGg CERVN )s # t fl ´ )a # Tfl ´ Cfi JN gwIN#

SQNBENV 2-02 ’tBFgR wAz owVwFwTR )to10fi jgNBENV 0–8flfi FNN jgNBENV 2–4 wAz jgNBENV 2–8 OBE ’0(fi FNN

jgNBENV 2–01 OBE ’3((- bdG C ≥ 2 xd w CERVd AHVxdEfi a.T xd w FdCwEwxkd Wdkz daGdAFRBA Be zdPEdd C wAz b.T xd

Ggd swkBRF ykBFHEd Be a.T- bdG s ´ swU’b.T( xd w GEwAFRGRId FHxPEBHC Be iC wAz t ´ swU’b.a( vRGg )s # t fl ´ C-

jgdA ABEV BAd GBER PJ ´ h=0(J.T’ V( vRGg PJ ≃ vs.t wAz zRVT PJ ´ C− 0 wEd EdGEwyG TflEwGRBAwkfi wAz w FGwxkL
EwGRBAwk ykwFFRWywGRBA Be PJ RF PRIdA wF eBkkBvF8

’0( PJ RF FGwxkL TflEwGRBAwk eBE s ≃ YC ≤ iC wAz s ≃ ZC ≤ iC:
’1( PJ RF ABG FGwxkL TflEwGRBAwk eBE s ≃ YC ⋊ YV ≤ iC vRGg 2 ≤ V { C− 0:
’2( PJ RF ABG FGwxkL TflEwGRBAwk eBE s ≃ iC vgdEd C ≥ 4:
’3( PJ RF FGwxkL TflEwGRBAwk eBE s ≃ �4 ≤ i4 wAz PJ RF ABG FGwxkL TflEwGRBAwk eBE s ≃ �C ≤ iC vgdEd C ≥ 6:
’4( PJ RF ABG FGwxkL TflEwGRBAwk eBE s ≃ fib1’ 00( ≤ i00:
’5( PJ RF ABG FGwxkL TflEwGRBAwk eBE s ≃c00 ≤ i00 wAz s ≃c12 ≤ i12:

’6( PJ RF ABG FGwxkL TflEwGRBAwk eBE fibM’ D( ≤ s ≤ fΓbM’ D( ≃ fsbM’ D( ⋊ YN vgdEd z ≥ 2fi C ´ Dt−0
D−0 wAz

D ´ UN RF w CERVd CBvdE:

’!( PJ RF ABG FGwxkL TflEwGRBAwk eBE fib1’ 1N( / s ≤ fΓb1’ 1N( ≃ fib1’ 1N(⋊YN vgdEd C ´ 1
NW0 RF w rdEVwG

CERVd-

hNVwET 2-03- mN zB ABG TABJ JgNGgNE PJ RF FGwxUL T]EwGRBAwU RA GgN ywFN ’!( RA jgNBENV 2–02 JgNA s ´

fib1’ 1N( wAz C ≥ 06– dBGN GgwG OBE rNEVwG CERVNF C ´ 2 wAz 4fi PJ RF FGwxUL T]EwGRBAwU OBE s ´ fib1’ 1N( xL

jgNBENV 2–02 ’0(fi ’3( ’ABGN GgwG fib1’ 1( ≃ Z2 ≃ i2fi fib1’ 3( ´ fsb1’ 3( ≃ �4(–

mgNA s ≤ i1N JRGg )s # t fl ´ )a # Tfl ´ 1N ’N ≥ 0(fi JN gwIN#

SQNBENV 2-04 ’twFNPwJwfi tBFgR wAz owVwFwTR )tto1‘fi jgNBENV 0–0fl(- bdG a.T xd w FdCwEwxkd Wdkz daGdAFRBA

Be zdPEdd A wAz b.T xd Ggd swkBRF ykBFHEd Be a.T- bdG s ´ swU’b.T( xd w GEwAFRGRId FHxPEBHC Be iA vgdEd A ´ 1
N

’N ≥ 0( wAz t ´ swU’b.a( vRGg )s # t fl ´ A- jgdA h
=0(
J.T’ V( RF FGwxkL TflEwGRBAwk Re wAz BAkL Re s ≃ YA-

cBEdBIdEfi Re h
=0(
J.T’ V( RF ABG FGwxkL TflEwGRBAwkfi GgdA RG RF ABG EdGEwyG TflEwGRBAwk-



degc edD SegH er SDdieg fgepTYSi er 9DS�KD �KsDng�i �dp t�iiD degc fgHdYHfKD 00

iBVN FCNyRwU ywFNF JgNEN s ≤ iA wEN wUFB PRINA RA twFNPwJwfi tBFgR wAz owVwFwTR )tto1‘fl#

SQNBENV 2-05 ’twFNPwJwfi tBFgR wAz owVwFwTR )tto1‘fi jgNBENV 0–2fl(- bdG a.T xd w FdCwEwxkd Wdkz daGdAFRBA

Be zdPEdd A wAz b.T xd Ggd swkBRF ykBFHEd Be a.T- bdG s ´ swU’b.T( xd w GEwAFRGRId FHxPEBHC Be iA wAz

t ´ swU’b.a( vRGg )s # t fl ´ A- �FFHVd GgwG A ´ D W 0 vgdEd D ´ UN ≡ 0 ’VBz 3( RF wA Bzz CERVd CBvdE wAz

fib1’ D( ≤ s ≤ fΓb1’ D( ≃ fsb1’ D(⋊ YN- jgdA h
=0(
J.T’ V( RF ABG EdGEwyG TflEwGRBAwk-

SQNBENV 2-06 ’twFNPwJwfi tBFgR wAz owVwFwTR )tto1‘fi jgNBENV 0–3fl(- bdG C xd w CERVd AHVxdEfi a.T xd w

FdCwEwxkd Wdkz daGdAFRBA Be zdPEdd 1C wAz b.T xd Ggd swkBRF ykBFHEd Be a.T- �FFHVd GgwG s ´ swU’b.T( RF w

CERVRGRId FHxPEBHC Be i1C wAz t ´ swU’b.a( vRGg )s # t fl ´ 1C- jgdA h
=0(
J.T’ V( RF ABG EdGEwyG TflEwGRBAwk-

cBEd CEdyRFdkLfi h
=0(
J.T’ V( RF ABG EdGEwyG TflEwGRBAwk eBE Ggd eBkkBvRAP CERVRGRId PEBHCF s ≤ i1C8

’0( s ´ i1C BE s ´ �1C ≤ i1C:
’1( s ´ i4 ≤ i0. BE s ´ �4 ≤ i0.:

’2( s ´c11 ≤ i11 BE s ´ �HG’c11( ≃c11 ⋊ Y1 ≤ i11 vgdEd c11 RF Ggd cwGgRdH PEBHC Be zdPEdd 11:

’3( fib1’ D( ≤ s ≤ fΓb1’ D( ≃ fsb1’ D(⋊ YN vgdEd 1C ´ D W 0 wAz D ´ UN RF wA Bzz CERVd CBvdE-

bNG AjV xN GgN V]Gg GEwAFRGRIN FHxPEBHC BO GgN FLVVNGERy PEBHC iA BO zNPENN A HC GB yBASHPwyL ’FNN XHGUNE

wAz cyawL )Xc!2flfi )s�ffl(– jgN AHVxNE BO GEwAFRGRIN FHxPEBHCF AjV BO iA ’1 ≤ A ≤ 05( HC GB yBASHPwyL

RF PRINA wF OBUUBJF ’FNN XHGUNE wAz cyawL )Xc!2fl OBE A ≤ 00fi hBLUN )hBL!6fl OBE A ´ 01fi XHGUNE )XHG82fl OBE

A ´ 03m 04fi tHUCTN )tHU85fi jwxNUUN 0flfi )tHU‘4fi jwxUN 0fl OBE A ´ 05 wAz )s�ffl(#

A 1 2 3 4 5 6 ! 8 0‘ 00 01 02 03 04 05

9 BO AjV 0 1 4 4 05 6 4‘ 23 34 ! 2‘0 8 52 0‘3 0843

� yUwFFR¨ywGRBA BO FGwxUL.ENGEwyG EwGRBAwU ABEV BAN GBER PJ ´ h=0(J.T’ V( RA zRVNAFRBA A − 0 JgNEN )a # Tfl ´

A ≤ 05 RF PRINA yBVCUNGNUL wF OBUUBJF#

SQNBENV 2-07 ’tBFgR wAz owVwFwTR )to06fi jgNBENV 0–0‘fi jgNBENV 0–03fi jgNBENV !–4fl OBE A ´ 4m 5m 6m 00fi

)to10fi jgNBENV 0–8fi jgNBENV 0–00fl OBE A ´ !m 8m 0‘m 02fi )to1fi jgNBENV 0–0fl OBE GgN FGwxUN T]EwGRBAwURGL BO

s ´ 8j 16 ≃ fib1’ 7(fi twFNPwJwfi tBFgR wAz owVwFwTR )tto1‘fi jgNBENV 0–1fl OBE A ´ 01m 03m 04m 05 wAz GgN

FGwxUN T]EwGRBAwURGL BO s ´ 0‘j 00 ≃ �4 } Y1(- bdG a.T xd w FdCwEwxkd Wdkz daGdAFRBA Be zdPEdd A wAz b.T xd
Ggd swkBRF ykBFHEd Be a.T- bdG s ´ swU’b.T( ´ AjV xd w GEwAFRGRId FHxPEBHC Be iA wAz t ´ swU’b.a( vRGg

)s # t fl ´ A- bdG PJ ´ h
=0(
J.T

’ V( xd ABEV BAd GBER Be a.T vRGg PJ ≃ vs.t wAz zRVT PJ ´ A − 0- �FFHVd
GgwG 1 ≤ A ≤ 05- jgdA
’0( PJ RF FGwxkL TflEwGRBAwk Re wAz BAkL Re s RF PRIdA wF RA jwxkd 1:

’1( PJ RF ABG FGwxkL xHG EdGEwyG TflEwGRBAwk Re wAz BAkL Re s RF PRIdA wF RA jwxkd 2:

’2( PJ RF ABG EdGEwyG TflEwGRBAwk Re wAz BAkL Re s RF ABG RA jwxkdF 1 wAz jwxkd 2:

jwxUN 1# PJ ´ h=0(J.T’ V( RF FGwxUL T]EwGRBAwU JgNEN s ´ swU’b.T( ´ AjV ≤ iA ’1 ≤ A ≤ 05(

s ´ AjV ’1 ≤ A ≤ 05(# PJ ´ h=0(J.T’ V( RF FGwxUL T]EwGRBAwU

1j 0 ≃ Y1
2j 0 ≃ Y2fi 2j 1 ≃ i2
3j 0 ≃ Y3
4j 0 ≃ Y4fi 4j 1 ≃ Z4fi 4j 3 ≃ �4
5j 0 ≃ Y5fi 5j 1 ≃ i2fi 5j 2 ≃ Z5
6j 0 ≃ Y6fi 6j 1 ≃ Z6
!j 0 ≃ Y7
8j 0 ≃ Y8fi 8j 2 ≃ Z8fi 8j 16 ≃ fib1’ 7(

0‘j 0 ≃ Y0.fi 0‘j 1 ≃ Z4fi 0‘j 2 ≃ Z0.fi 0‘j 00 ≃ �4 } Y1
00j 0 ≃ Y00fi 00j 1 ≃ Z00
01j 0 ≃ Y01fi 01j 4 ≃ g01 ≃ Y2 ⋊ Y3fi 01j 00 ≃ i2 } Y3
02j 0 ≃ Y02fi 02j 1 ≃ Z02
03j 0 ≃ Y03fi 03j 1 ≃ Z6fi 03j 2 ≃ Z03
04j 0 ≃ Y04fi 04j 1 ≃ Z04fi 04j 2 ≃ Z4 } Y2fi 04j 3 ≃ i2 } Y4fi 04j 4 ≃ �4fi 04j 6 ≃ Z4 } i2fi
04j 05 ≃ �4 } Y2 ≃ sb1’ 3(fi 04j 12 ≃ �4 } i2
05j 0 ≃ Y05
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jwxUN 2# PJ ´ h=0(J.T’ V( RF ABG FGwxUL xHG ENGEwyG T]EwGRBAwU JgNEN s ´ swU’b.T( ´ AjV ≤ iA ’1 ≤ A ≤ 05(

s ´ AjV ’1 ≤ A ≤ 05(# PJ ´ h=0(J.T’ V( RF ABG FGwxUL xHG ENGEwyG T]EwGRBAwU

4j 2 ≃ r1.fi 4j 4 ≃ i4
6j 2 ≃ r10fi 6j 3 ≃ r31fi 6j 4 ≃ fib1’ 6(fi 6j 5 ≃ �6fi 6j 6 ≃ i6
0‘j 3 ≃ r1.fi 0‘j 4 ≃ r1. } Y1fi 0‘j 01 ≃ i4fi 0‘j 11 ≃ i4 } Y1
00j 2 ≃ r44fi 00j 3 ≃ r00.fi 00j 4 ≃ fib1’ 00(fi 00j 5 ≃c00fi 00j 6 ≃ �00fi 00j ! ≃ i00
02j 2 ≃ r28fi 02j 3 ≃ r41fi 02j 4 ≃ r67fi 02j 5 ≃ r045fi 02j 6 ≃ fib1’ 02(fi 02j ! ≃ �02fi 02j 8 ≃ i02
03j 3 ≃ r31fi 03j 4 ≃ r10 } Y1fi 03j 6 ≃ r31 } Y1fi 03j 05 ≃ fib1’ 6(⋊ Y1fi
03j 08 ≃ fib1’ 6(} Y1fi 03j 35 ≃ i6fi 03j 36 ≃ �6 } Y1fi 03j 38 ≃ i6 } Y1
04j 5 ≃ Y04 ⋊ Y3fi 04j ! ≃ r1. } Y2fi 04j 0‘ ≃ i4fi 04j 00 ≃ r1. } i2fi
04j 11 ≃ ’�4 } Y2(⋊ Y1 ≃ sb1’ 3(⋊ Y1fi 04j 13 ≃ i4 } Y2fi 04j 18 ≃ i4 } i2

uA jwxUN 2fi rCk ≃ YC ⋊ Yk ’1 / U { C − 0( RF GgN rEBxNARHF PEBHC BO BEzNE CU JgNEN C RF w CERVN AHVxNE wAz
c00 RF GgN cwGgRNH PEBHC BO zNPENN 00–

rBE CwEGRyHUwE PEBHCF sfi wAz OBE PNANEwU t ≤ sfi JN gwIN#
SQNBENV 2-08 ’tBFgR wAz owVwFwTR )to1fi jgNBENV 0–0fl(- bdG T xd w Wdkzfi a.T xd w WARGd FdCwEwxkd Wdkz

daGdAFRBA Be zdPEdd A wAz b.T xd Ggd swkBRF ykBFHEd Be a.T vRGg s ´ swU’b.T( wAz t ´ swU’b.a( P s- bdG

PJ ´ h=0(J.T’ V( xd Ggd ABEV BAd GBEHF Be a.T vRGg PJ ≃ vs.t wAz zRVT PJ ´ A−0 ´ )a # Tfl−0 ´ )s # t fl−0-
’0( mgdA s ≃ �3 ≃ fib1’ 2(fi �4 ≃ fib1’ 4( ≃ fib1’ 3( ≃ fsb1’ 3( ≃ ib1’ 3(fi �5 ≃ fib1’ 8(fi PJ RF

ABG EdGEwyG TflEwGRBAwk daydCG eBE Ggd GvB ywFdF ’smt( ≃ ’�4m l3(fi ’�4m �3( vRGg {s{ ´ 5‘fi A ´ )s # t fl ´ 04fi 4-

rBE Ggd GvB daydCGRBAwk ywFdFfi PJ RF FGwxkL TflEwGRBAwk:

’1( mgdA s ≃ i2 ≃ fib1’ 1( ≃ fsb1’ 1( ≃ ib1’ 1( ≃ sb1’ 1(fi i3 ≃ fsb1’ 2(fi i4 ≃ fsb1’ 4(fi i5fi PJ RF

ABG EdGEwyG TflEwGRBAwk daydCG eBE Ggd FRa ywFdF ’smt( ≃ ’i2m ·0|(fi ’i2m Y1(fi ’i4m l3( FwGRFeLRAP l3 ≤ Z’i4( ≃ �4fi

’i4m Z3(fi ’i4m �3(fi ’i4m i3( vRGg {i2{ ´ 5fi A ´ )i2 # t fl ´ 5fi 2fi {i4{ ´ 01‘fi A ´ )i4 # t fl ´ 2‘fi 04fi 0‘fi 4- rBE Ggd
GvB daydCGRBAwk ywFdF ’i2m ·0|(fi ’i2m Y1(fi PJ RF FGwxkL TflEwGRBAwk- rBE Ggd eBHE daydCGRBAwk ywFdF ’i4m l3( FwGRFeLRAP
l3 ≤ Z’i4( ≃ �4fi ’i4m Z3(fi ’i4m �3(fi ’i4m i3(fi PJ RF ABG FGwxkL xHG EdGEwyG TflEwGRBAwk:

’2( mgdA s ≃ sb1’ 2(fi sb1’ 3( ≃ �4}Y2fi sb1’ 4(fi PJ RF ABG EdGEwyG TflEwGRBAwk daydCG eBE Ggd ywFd ’smt( ≃
’sb1’ 3(m �3( FwGRFeLRAP �3 ≤ Z’s( ≃ �4 vRGg {s{ ´ 0!‘fi A ´ )s # t fl ´ 04- rBE Ggd daydCGRBAwk ywFdfi PJ RF

FGwxkL TflEwGRBAwk:

’3( mgdA s ≃ ib1’ 2(fi ib1’ 4(fi ib1’ 6(fi PJ RF ABG EdGEwyG TflEwGRBAwk:

’4( mgdA s ≃ fib1’ 6( ≃ fib2’ 1(fi PJ RF ABG EdGEwyG TflEwGRBAwk daydCG eBE Ggd GvB ywFdF t ≃ Z3fi i3 vRGg

{s{ ´ 05!fi A ´ )s # t fl ´ 10m 6- rBE Ggd GvB daydCGRBAwk ywFdFfi PJ RF ABG FGwxkL xHG EdGEwyG TflEwGRBAwk:

’5( mgdA s ≃ fib1’ 7( ≃ fsb1’ 7( ≃ ib1’ 7(fi PJ RF ABG EdGEwyG TflEwGRBAwk daydCG eBE Ggd GvB ywFdF t ´

iL1’s( ≃ ’Y1(
2fi ds’iL1’s(( ≃ ’Y1(

2 ⋊ Y6 vRGg {s{ ´ 4‘3fi A ´ )s # t fl ´ 52fi 8- rBE Ggd GvB daydCGRBAwk ywFdFfi
PJ RF FGwxkL TflEwGRBAwk-

2–3– dBEV BAN GBER P� ´ h=0(�.T’ V( BO 9NGwUN wUPNxEwF �.T- dBEV BAN GBER h
=0(
�.T’ V( BO ;NGwUN wUPNxEwF �.T

’VHUGRABEV BAN GBER h
=0(
�.T’ V( RO E ≥ 1fi FNN iNyGRBA 1–6( wEN RAINFGRPwGNz xL YBUURBG]jg;NU:NAN wAz iwAFHy )Yji66fi

CwPN 1‘!flfi qAzB )qAz‘0flfi )qAz00fl–

SQNBENV 2-1/ ’qAzB )qAz‘0fi jgNBENV 1fl(- bdG C xd w CERVd AHVxdEfi f ´ ’ .C (⊕V wAz fR ≤ f ’0 ≤ R ≤ E(

xd zRFGRAyG FHxPEBHC Be RAzda C- bdG ε ´ ’εQ00 m , , , m ε
Qp
q ( # ⊕qR´0 )f.fRfl

⊕Qe → xd Ggd VHkGRwHPVdAGwGRBA VwC

vgdEd εR # )f.fRfl → ’0 ≤ R ≤ E( RF Ggd wHPVdAGwGRBA VwCfi u ´ aNE’ε( wAz v ´ ’u(◦ ´ tBV’um (- bdG b xd
w Wdkz vRGg swkBRF PEBHC swU’b.T( ≃ f wAz aR ´ bfe vRGg )aR # Tfl ´ C ’0 ≤ R ≤ E(- bdG P� ´ h

=0(
�.T

’ V( xd

Ggd ABEV BAd GBEHF Be wA ;dGwkd wkPdxEw �.T vgdEd � ´
q
R´0a

Qe
R wAz v ≃ P�- bdG b ´ a0 ± ± ±aq ⊂ T xd Ggd

yBVCBFRGd Wdkz Be a0m , , , m aq vRGg swkBRF PEBHC s ´ swU’b.T( ≃ f.f ′ vgdEd f ′ ´
q
R´0 fR-

’0( mgdA C ´ 1fi T’P�( ≃ b’ v(f ≃ b’v(s RF FGwxkL ’EdGEwyG( TflEwGRBAwk Re wAz BAkL Re E ´ 0m 1:
’1( mgdA C ≥ 2fi T’P�( ≃ b’ v(f ≃ b’v(s RF FGwxkL ’EdGEwyG( TflEwGRBAwk Re wAz BAkL Re E ´ 0-
SQNBENV 2-10 ’qAzB )qAz00fi fEBCBFRGRBA 0–2fi YBEBUUwEL 0–3flfi FNN wUFB qAzB wAz cRLwGw )qc62fi fEBCBFRGRBA

0–0flfi twSSw wAz awAP )ta84fi jgNBENV 0flfi cRLwGw )cRL60fi bNVVwflfi iwUGVwA )iwU!3fi fEBCBFRGRBA 2–5 ’w(fl(- bdG s

xd w WARGd PEBHCfi t0m , , , m tG ≤ s ’G ≥ 1( xd FHxPEBHCF vRGg tG−0 ≥ tG wAz ε ´ ’ε0m , , , m εG( # ⊕GR´0 )s.tRfl→ fi

ε′ ´ ’ε0m , , , m εG−0( # ⊕G−0R´0 )s.tRfl → xd Ggd VHkGRwHPVdAGwGRBA VwCF vgdEd εR # )s.tRfl → ’0 ≤ R ≤ G( RF

Ggd wHPVdAGwGRBA VwCfi u ´ aNE’ε(fi u ′ ´ aNE’ε′(fi v ´ u◦ ´ tBV’um ( wAz v ′ ´ ’u ′(◦ ´ tBV’u ′m (- jgdA vd

gwId u ≃ u ′ ⊕ )s.tGfl wAz v ≃ v ′ ⊕ )s.tGfl wAz gdAyd b’v(
s ≃ b’v ′(s’H0m , , , m HF( ’b’v(s RF EwGRBAwk BIdE
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b’v ′(( vgdEd F ´ )s # tGfl wAz swU’b.T( ≃ s- uA CwEGRyHkwEfi P� ´ h=0(�.T’ V( wAz P�′ ´ h
=0(
�′.T

’ V( wEd FGwxkL

xREwGRBAwkkL TfldDHRIwkdAG vgdEd � ´
G
R´0aRfi �

′ ´
G−0
R´0aRfi

j� ≃ v fi j�′ ≃ v ′- rBE dawVCkdfi Re tR ´ t eBE wAL

0 ≤ R ≤ Gfi R-d- aR ´ a eBE wAL 0 ≤ R ≤ Gfi GgdA v ≃ vs.t ⊕ )s.t fl⊕G−0 wAz gdAyd P� ´ h=0(�.T’ V( RF FGwxkL

’EdFC- EdGEwyG( TflEwGRBAwk Re wAz BAkL Re PJ ´ h=0(J.T’ V( RF FGwxkL ’EdFC- EdGEwyG( TflEwGRBAwk-

fEBCBFRGRBA 2-11 ’qAzB )qAz00fi fEBCBFRGRBA 0–2fl(- bdG P� ´ h
=0(
�.T’ V( xd Ggd ABEV BAd GBEHF Be wA ;dGwkd

wkPdxEw �.T vRGg zRVT � ´ A vgdEd � ´
q
R´0aR vRGg )aR # Tfl ´ AR- bdG n ´ n’�( ´ tBVT’�m T( xd Ggd

yBEEdFCBAzRAP sflFdG vRGg j� ≃ vn wAz {n { ´ A vgdEd n ´
q
R´0nR RF Ggd zRFSBRAG HARBA Be sflBExRGF vRGg

{nR{ ´ AR wAz A ´
q
R´0 AR- ue GgdEd daRFGF 0 ≤ R ≤ E FHyg GgwG AR ´ 0fi R-d- aR ´ Tfi GgwG RFfi nR ´ ·KR| vgdEd

KR RF w Wadz CBRAGfi GgdA vn ≃ )n T nRfl RF CdEVHGwGRBA- uA CwEGRyHkwEfi T’P�( ≃ b’vn(
s RF TflEwGRBAwk vgdEd

P� ´ h=0(�.T’ V(-

fEBBe- jgRF RF w FCNyRwU ywFN BO jgNBENV 2–10 ’qAzB )qAz00fi fEBCBFRGRBA 0–2fl(fi FNN wUFB qAzB wAz cRLwGw )qc62fi

fEBCBFRGRBA 0–0flfi twSSw wAz awAP )ta84fi jgNBENV 0flfi cRLwGw )cRL60fi bNVVwfl– mN PRIN wA wUGNEAwGRIN CEBBO

gNEN OBE GgN ENwzNE=F yBAINARNAyN– mN gwIN ‘ → un
ι−→ )n fl

ε−→ → ‘ JgNEN ε RF GgN wHPVNAGwGRBA VwC wAz

n ´ nR ∪ o JgNEN o ´ n TnR wAz nR ´ ·KR|– mN FNN GgwG GgN ENFGERyGRBA VwC BO ε GB nRfi ε{ne # )nRfl
∼−→ fi

wR)KRfl → wR xNyBVNF RFBVBECgRFV– rBE wL)Lfl ∈ )o flfi GgNEN NKRFGF −wL)KRfl ∈ )nRfl FHyg GgwG wL)Lfl− wL)KRfl ∈ un –
tNAyN JN ywA PNG GgN RFBVBECgRFV ϕ # )o fl

∼−→ un fi wL)Lfl → wL)Lfl− wL)KRfl JRGg ϕ ◦ ι ´ uzun #

‘



)o fl

≃


)o fl



‘  un
ι

 )n fl ≃ )nRfl⊕ )o fl
ε





 ‘,

)nRfl
ε{ne
≃





‘

jgRF RVCURNF GgwG vn ´ ’un (
◦ ≃ )o fl wAz gNAyN RG OBUUBJF OEBV qAzB wAz cRLwGw )qc62fi fEBCBFRGRBA 0–0fl GgwG

T’P�( ≃ b’vn(s RF T]EwGRBAwU ’FNN wUFB twSSw wAz awAP )ta84fi jgNBENV 0flfi cRLwGw )cRL60fi bNVVwfl(– 

3– twFFN AnDl CDRAyRCUN enD eRNUM NKGNAFRnAF a.T wAM 9NGwUN wUPNxDwF �.T

bNG T xN w PUBxwU ¨NUzfi R–N– w AHVxNE ¨NUz ’w ¨ARGN NKGNAFRBA BO ( BE w OHAyGRBA ¨NUz BO wA wUPNxEwRy yHEIN

BINE D ’w ¨ARGN NKGNAFRBA BO D’G((– bNG I xN w CUwyN BO T wAz TI xN GgN yBVCUNGRBA BO T wG I–

bNG n xN wA wUPNxEwRy T]IwERNGL– mN FwL GgwG twFFd CERAyRCkd gBkzF eBE n RO n gwF w TI]EwGRBAwU CBRAG OBE

wAL CUwyN I BO Tfi GgNA n gwF w T]EwGRBAwU CBRAG– twFFN]cRATBJFTR GgNBENV FwLF GgwG twFFN CERAyRCUN gBUzF OBE

n JgNEN n RF zN¨ANz wF g’K0m , , , m KA( ´ ‘ OBE w DHwzEwGRy OBEV g’K0m , , , m KA( RA
A−0 ’FNN twFFN )twF12wflfi

)twF12xflfi )twF13wflfi )twF13xfl BINE wAL AHVxNE ¨NUz T(– bRAz )bRA3‘fl wAz hNRygwEzG )hNR31fl PwIN w yBHAGNENKwVCUN

GB twFFN CERAyRCUN OBE n JgNEN n RF w PNAHF 0 yHEIN zN¨ANz wF 1L1 ´ 0 − 06K3 ’FNN wUFB YBUURBG]jg;NU:NAN wAz
fBBANA )Yjf‘‘flfi fBBANA )fBB‘0fl(– iNUVNE )iNU40fl wUFB PwIN w yBHAGNENKwVCUN GB twFFN CERAyRCUN OBE n JgNEN n

RF w CUwAN yHxRy yHEIN BO PNAHF 0 RA 1 zN¨ANz wF 2K2 W 3L2 W 4M2 ´ ‘–

pNWARGRBA 3-0- bNG j xN wA wUPNxEwRy T]GBEHF wAz j ’T( xN GgN PEBHC BO T]EwGRBAwU CBRAGF BO j – jgNA j ’T(

NVxNzF RAGB

I∈lj j ’TI( xL GgN zRwPBAwU VwC JgNEN lT RF GgN FNG BO wUU CUwyNF BO T wAz TI RF GgN yBVCUNGRBA BO

T wG I– bNG j ’T( xN GgN yUBFHEN BO j ’T( RA GgN CEBzHyG

I∈lj j ’TI(– jgN PEBHC

�’j ( ´



I∈lj
j ’TI(


.j ’T(

RF ywUUNz Ggd TdEAdk Be Ggd vdwT wCCEBaRVwGRBA BO j – mN FwL GgwG j gwF Ggd vdwT wCCEBaRVwGRBA CEBCdEGL RO

�’j ( ´ ‘–

pNWARGRBA 3-1- bNG q xN w CERAyRCwU gBVBPNANBHF FCwyN ’´ GBEFBE( HAzNE j – twFFd CERAyRCkd gBkzF eBE q VNwAF

GgwG RO q gwF w TI]EwGRBAwU CBRAG OBE wUU TIfi GgNA q gwF w T]EwGRBAwU CBRAG– jgN FNG t0’Tm j ( yUwFFR¨NF wUU FHyg
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GBEFBEF q HC GB ’ABA]HARDHN( RFBVBECgRFV– mN zN¨AN Ggd igwewEdIRygfljwGd PEBHC BO j #

�’j ( ´ aNE


t0’Tm j (

ENF−−→


I∈lj
t0’TI m j (


,

jgNA twFFN CERAyRCUN gBUzF OBE wUU GBEFBEF q HAzNE j RO wAz BAUL RO�’j ( ´ ‘–

SQNBENV 3-2 ’lBFTENFNAFTRR )lBF58fi jgNBENV 4fi CwPN 0102flfi )lBF6‘fi jgNBENV 5fi CwPN 8flfi FNN wUFB )lBF8!fi iNyGRBA

00–4fi CwPN 01‘fi iNyGRBA 00–5fi jgNBENVfi CwPN 01‘fl(- bdG T xd w PkBxwk Wdkzfi j xd wA wkPdxEwRy TflGBEHF wAz n xd w

FVBBGg TflyBVCwyGRWywGRBA Be j - jgdA GgdEd daRFGF wA dawyG FdDHdAyd

‘→ �’j (→ t0’TmfRyn(∨ →�’j (→ ‘

vgdEd c∨ ´ tBV’cm . ( RF Ggd fBAGELwPRA zHwk Be c - uA CwEGRyHkwEfi Re j RF EdGEwyG TflEwGRBAwkfi GgdA

t0’TmfRyn( ´ ‘ wAz gdAyd �’j ( ´ ‘ wAz �’j ( ´ ‘- cBEdBIdEfi Re b RF Ggd FCkRGGRAP Wdkz Be j wAz b.T RF

wA HAEwVRWdz daGdAFRBAfi GgdA �’j ( ´ ‘ wAz t0’TmfRyn(∨ ≃�’j (-

uG OBUUBJF GgwG t0’TmfRyn( ´ ‘ RO wAz BAUL RO �’j ( ´ ‘ wAz �’j ( ´ ‘fi R–N– j gwF GgN JNwT wCCEBKRVwGRBA

CEBCNEGL wAz twFFN CERAyRCUN gBUzF OBE wUU GBEFBEF q HAzNE j –

pNWARGRBA 3-3- bNG T xN w PUBxwU ¨NUzfi a.T xN w ¨ARGN NKGNAFRBA wAz }
J xN GgN RzNUN PEBHC BO a– bNG

� ´
q
R´0aR xN wA ;NGwUN wUPNxEw JgNEN aR.T ’0 ≤ R ≤ E( RF w ¨ARGN FNCwEwxUN ¨NUz NKGNAFRBA wAz }

� xN GgN RzNUN

PEBHC BO �–

’0( mN FwL GgwG Ggd twFFd ABEV CERAyRCkd gBkzF eBE a.T RO ’dJ.T’
}
J( ∩ T}(.dJ.T’a

}( ´ 0 JgNEN dJ.T RF GgN
ABEV VwC–

’1( mN FwL GgwG Ggd twFFd ABEV CERAyRCkd gBkzF eBE �.Tfi wUFB Ggd twFFd VHkGRABEV CERAyRCkd gBkzF eBE �T RO E ≥ 1fi
RO ’
q
R´0dJe.T’

}
Je
( ∩ T}(.

q
R´0dJe.T’a

}
R ( ´ 0 JgNEN dJe.T ’0 ≤ R ≤ E( RF GgN ABEV VwC–

twFFN )twF20fi iwGMfi CwPN 53fl CEBINz GgwG GgN twFFN ABEV CERAyRCUN gBUzF OBE wAL yLyURy NKGNAFRBA a.T xHG zBNF

ABG gBUz OBE xRyLyURy NKGNAFRBA ’
√
−28m

√
−2(. – rBE swUBRF NKGNAFRBAF a.Tfi jwGN )jwG56fl PwIN GgN OBUUBJRAP

GgNBENV#

SQNBENV 3-4 ’jwGN )jwG56fi CwPN 08!fl(- bdG T xd w PkBxwk Wdkzfi a.T xd w WARGd swkBRF daGdAFRBA vRGg swkBRF

PEBHC s ´ swU’a.T(- bdG lT xd Ggd FdG Be wkk CkwydF Be T wAz sI xd Ggd zdyBVCBFRGRBA PEBHC Be s wG I ∈ lT-
jgdA

’dJ.T’
}
J( ∩ T}(.dJ.T’a

}( ≃ YBTNE


I∈lj

t−2’sI m (
LBENF−−−→ t−2’sm (



vgdEd t RF Ggd jwGd yBgBVBkBPL- uA CwEGRyHkwEfi Ggd twFFd ABEV CERAyRCkd gBkzF eBE a.T Re wAz BAkL Re Ggd

EdFGERyGRBA VwC t2’sm (
ENF−−→ 

I∈lj t
2’sI m ( RF RASdyGRId- uA CwEGRyHkwEfi Re t2’sm ( ≃ c ’s( ´ ‘fi GgdA Ggd

twFFd ABEV CERAyRCkd gBkzF eBE a.T vgdEd c ’s( ´ t1’sm }( RF Ggd iygHE VHkGRCkRdE Be s-

uO s ≃ YA RF yLyURyfi GgNA t−2’sm ( ≃ t2’sm ( ≃ t0’sm ( ´ ‘ wAz gNAyN GgN twFFN=F BERPRAwU GgNBENV

OBUUBJF–

rBE wUPNxEwRy T]GBER j fi JN wUFB BxGwRA GgN PEBHC j ’T(.h BO h]NDHRIwUNAyN yUwFFNF BINE w UBywU ¨NUz T IRw

j ’T(.h ≃ t0’TmfRyn( ≃ t0’sm ) j flek( ’FNN YBUURBG]jg;NU:NAN wAz iwAFHy )Yji66fi YBEBUUwEL 4fi CwPN 1‘0flfi lBFTEN]
FNAFTRR )lBF8!fi iNyGRBA 06–1fl wAz tBFgRfi awAwR wAz owVwFwTR )tao11fi iNyGRBA 6fi �CCURywGRBA 0fl(–

eAB )eAB52fl NFGwxURFgNz GgN ENUwGRBAFgRC xNGJNNA GgN twFFN ABEV CERAyRCUN OBE a.T wAz GgN twFFN CERAyRCUN OBE

wUU GBEFBEF q HAzNE GgN ABEV BAN GBEHF h
=0(
J.T’ V( ’FNN fUwGBABI wAz hwCRAygHT )fh83fi iNyGRBA 5–2fl OBE E ≥ 1(#

SQNBENV 3-5 ’eAB )eAB52fi CwPN 6‘flfi FNN wUFB fUwGBABI )fUw!1fi CwPN 33flfi aHALwIFTRR )aHA!3fi hNVwET 2flfi

fUwGBABI wAz hwCRAygHT )fh83fi iNyGRBA 5–2fi CwPN 2‘6fi CwPN 202fl(- bdG T xd w PkBxwk Wdkz wAz � ´
q
R´0aR xd

wA ;dGwkd wkPdxEw vgdEd aR.T ’0 ≤ R ≤ E( RF w WARGd FdCwEwxkd Wdkz daGdAFRBA- jgdA

�’h
=0(
�.T’ V(( ≃ ’

q

R´0

dJe.T’
}
Je
( ∩ T}(.

q

R´0

dJe.T’a
}
R (,

uA CwEGRyHkwEfi �’h
=0(
�.T’ V(( ´ ‘ Re wAz BAkL Re Ggd twFFd ABEV CERAyRCkd gBkzF eBE �.T-
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rBE ABEV BAN GBER P� ´ h
=0(
�.T

’ V(fi ENywUU GgwG GgN OHAyGRBA ¨NUz T’P�( VwL xN ENPwEzNz wF b’c (s OBE GgN
ygwEwyGNE VBzHUN c ´ P� ≃ vn wAz gNAyN JN gwIN#

)vn fl
ek ´ ‘ ⇒ )vn fl

ek RF RAINEGRxUN ⇒ t0’sm )vn fl
ek( ´ ‘ ⇒ �’P�( ´ ‘ wAz�’P�( ´ ‘

 
P� RF FGwxUL T]EwGRBAwU ⇒ P� RF ENGEwyG T]EwGRBAwU

JgNEN GgN UwFG RVCURywGRBA gBUzF BINE w PUBxwU ¨NUz T ’FNN jgNBENV 3–2fi FNN wUFB YBUURBG]jg;NU:NAN wAz iwAFHy

)Yji66fi CwPN 18fl(– jgN UwFG yBAzRGRBAF VNwA GgwG P� gwF GgN JNwT wCCEBKRVwGRBA CEBCNEGLfi twFFN CERAyRCUN
gBUzF OBE wUU GBEFBEF q HAzNE P� wAz GgN twFFN ABEV CERAyRCUN gBUzF OBE �.T wF wxBIN–

XL fBRGBH]jwGN zHwURGL ’FNN cRUAN )cRU!5fi jgNBENV 3–1‘flfi fUwGBABI wAz hwCRAygHT )fh83fi jgNBENV 5–0‘flfi

dNHTREygfi iygVRzG wAz mRAPxNEP )dim‘‘fi jgNBENV !–5–!flfi twEwER )twE1‘fi jgNBENV 06–02fl(fi JN wUFB gwIN

�’j (∨ ≃�1’sm j (
JgNEN�’j (∨ ´ tBV’�’j (m . (fi

�
R’sm j ( ´ aNE


t R’sm j ( ENF−−→



I∈lj
t R’sI m j (


’R ≥ 0(

RF Ggd RflGg igwewEdIRygfljwGd PEBHC BO j ´ tBV’j }T bm Vmx(fi s ´ swU’b.T( wAz b RF GgN VRARVwU FCURGGRAP

¨NUz BO wUPNxEwRy T]GBEHF j – dBGN GgwG�’j ( ≃�0’sm j (– uA GgN FCNyRwU ywFN JgNEN PJ ´ h=0(J.T’ V( wAz a.T

RF swUBRF JRGg s ´ swU’a.T(fi JN gwIN PJ ≃ vs wAz t
1’sm vs( ≃ t2’sm ( wAz gNAyN JN PNG jwGN=F GgNBENV

’jgNBENV 3–4(–

XL GwTRAP GgN zHwUF BO lBFTENFNAFTRR=F NKwyG FNDHNAyN wF RA jgNBENV 3–2fi JN PNG GgN OBUUBJRAP NKwyG FNDHNAyN

‘→�1’sm j (→�1
ω’sm

j (→ �’j (∨ → ‘

JgNEN GgN VwC�1’sm j (→�1
ω’sm

j ( RF GgN AwGHEwU RAyUHFRBA wERFRAP OEBV GgN YgNxBGwENI zNAFRGL GgNBENV ’FNN
wUFB cwyNzB wAz dNJGBA )cd11fi fEBCBFRGRBA 1–3fl(–

3–0– YwFN BO WNUM NaGNAFRBAF a.T- jgN twFFN ABEV CERAyRCUN OBE swUBRF NKGNAFRBAF a.T JwF RAINFGRPwGNz xL

jwGN )jwG56flfi sNEGg )sNE66flfi )sNE6!fl wAz sHEwT )sHE6!wflfi )sHE6!xflfi )sHE!‘fl ’FNN wUFB )fh83fi CwPNF 2‘!-2‘8fl(–

sHEwT )sHE6!wfl FgBJNz GgwG GgN twFFN ABEV CERAyRCUN gBUzF OBE swUBRF NKGNAFRBA a.T RO wUU GgN iLUBJ FHxPEBHCF

BO s ´ swU’a.T( wEN yLyURy ’FNN wUFB hNVwET 2–5(– dBGN GgwG GgRF wUFB OBUUBJF OEBV jgNBENV 3–5 wAz GgN ENGEwyG

T]EwGRBAwURGL BO PJ ´ h=0(J.T’ V( zHN GB qAzB wAz cRLwGw )qc64fi jgNBENV 1–2fl–

rBE ABA]swUBRF NKGNAFRBA a.T BO zNPENN Afi GgN twFFN ABEV CERAyRCUN JwF RAINFGRPwGNz xL XwEGNUF )XwE!0wfl

’gBUzF OBE A ´ C` CERVN(fi )XwE!0xfl ’gBUzF OBE s ≃ ZA(fi lBFTENFNAFTRR wAz aHALwIFTRR )la!3fl ’gBUzF OBE s ≃ iA(fi

aHALwIFTRR )aHA!3fl ’A ´ 3(fi ZEwTBTgEHFG wAz fUwGBABI )Zf!6fl ’A ´ 5(fi cwyNzB )cwy1‘fl ’gBUzF OBE s ≃ �A
’A ´ 3((fi cwyNzB wAz dNJGBA )cd11fl ’s ≃ �3fi i3fi �4fi i4fi �5fi �6 ’PNANEwU A((fi tBFgRfi awAwR wAz owVwFwTR

)tao11fl ’A ≤ 04 ’A ´ 01(( ’gBUzF OBE s ≃ cA ’A ´ 00m 01m 11m 12m 13` 4 cwGgRNH PEBHCF((fi )tao12fl ’A ´ 01(fi

)tao14fl ’A ´ 05(fi )taofl ’s ≃ c00fi v0 ’PNANEwU A((fi tBFgR wAz owVwFwTR )to1fl ’gBUzF OBE s ≃ fib1’ 6(

’A ´ 10(fi fib1’ 7( ’A ´ 52((fi )to2fl ’gBUzF OBE VNGwyLyURy PEBHCF s JRGg GERIRwU iygHE VHUGRCURNE c ’s( ´ ‘

’PNANEwU A((fi )to3fl ’s ≃ ’YC(
1 ⋊ YC ’A ´ C1fi C ≥ 2` CERVN(( JgNEN s ´ swU’b.T( wAz b.T RF GgN swUBRF

yUBFHEN BO a.T– hNywUU GgwG GgN ywFN JgNEN A ´ C wUFB OBUUBJF OEBV jgNBENV 3–5 wAz GgN ENGEwyG T]EwGRBAwURGL BO

PJ ´ h=0(J.T’ V( zHN GB YBUURBG]jg;NU:NAN wAz iwAFHy )Yji!6fi fEBCBFRGRBA 8–0fl–

3–1– YwFN BO 9NGwUN wUPNxEwF �.T- mN yBUUNyG TABJA ENFHUGF wxBHG twFFN ABEV CERAyRCUN OBE ;NGwUN wUPNxEwF �.T#

SQNBENV 3-6 ’t+HEURVwAA )t+HE!3fi fEBCBFRGRBA 2–2flfi fEwFwz wAz hwCRAygHT )fh0‘fi fEBCBFRGRBA 3–1flfi fBUURB wAz

hwCRAygHT )fh02fi fEBCBFRGRBA 04fi iNyGRBA 4flfi YBUURBG]jg;NU:NAN )Yj03fi jg;NBE:NVN 3–0flfi mNR )mNR03fi YBEBUUwEL

2–2flfi ZNVwEygN wAz mNR )Zm03fi jgNBENV 0fi jgNBENV 5flfi XwLNE]rUHyTRPNEfi bNN wAz fwERVwUw )Xbf08fl(- bdG

� ´
q
R´0aR xd wA ;dGwkd TflwkPdxEw vRGg n ´ tBVT’�m T( wAz bR.T ’0 ≤ R ≤ E( xd Ggd swkBRF ykBFHEd Be aR.T vRGg

swkBRF PEBHCF sR ´ swU’bR.T(fi tR ´ swU’bR.aR( ≤ sR wAz nR ´ tBVT’aRm T( ’0 ≤ R ≤ E( vRGg n ´
q
R´0nR-

bdG b ´ b0 ± ± ±bq ⊂ T xd Ggd yBVCBFRGd Wdkz Be b0m , , , m bqfi R-d- Ggd FVwkkdFG Wdkz vgRyg yBAGwRAF wkk bRfi vRGg

swkBRF PEBHC s ´ swU’b.T( wAz P� ´ h=0(�.T’ V( xd Ggd ABEV BAd GBEHF Be �.T vRGg P� ≃ vn - bdG sI xd Ggd

zdyBVCBFRGRBA PEBHC Be s wG w Ckwyd I Be T- bdG C xd w CERVd AHVxdE-

’0( ’t+HEURVwAA )t+HE!3fl` E ´ 1( ue a0 ´ b0fi a1 ´ b1: swkBRFfi s0 ≃ YA: yLykRy wAz a0 ∩ a1 ´ Tfi GgdA

s ≃ YA }s1 wAz �1
ω’sm vn ( ´ ‘:

’1( ’fUwGBABI wAz hwCRAygHT )fh83fl` E ´ 1( ue T RF w PkBxwk Wdkzfi Ggd twFFd ABEV CERAyRCkd gBkzF eBE a0.T wAz
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b0 ∩ b1 ´ Tfi GgdA s ≃ s0 }s1 wAz �’P�( ´ ‘fi R-d- Ggd twFFd ABEV CERAyRCkd gBkzF eBE �.T:

’2( ’fEwFwz wAz hwCRAygHT )fh0‘fl` E ´ 1( ue T RF w PkBxwk Wdkzfi a0 ´ b0: swkBRFfi s0 ´ swU’b0.T(: wxdkfi Ggd

twFFd ABEV CERAyRCkd gBkzF eBE b0.T wAz a0 ∩a1 ´ Tfi GgdA s ≤ s0 }s1 RF w FHxzREdyG CEBzHyG Be s0fi s1 wAz
�’P�( ´ ‘fi R-d- Ggd twFFd ABEV CERAyRCkd gBkzF eBE �.T:

’3( ’fBUURB wAz hwCRAygHT )fh02fl( ue b0 ∩ b1 ´ Tfi GgdA s ≃ s0 } s1 wAz �1
ω’sm vn ( ´ ‘- uA CwEGRyHkwEfi Re

’b0 ± ± ±bR−0( ∩ bR ´ T eBE wAL 1 ≤ R ≤ Efi GgdA s ≃ s0 } ± ± ± }sq wAz �1
ω’sm vn ( ´ ‘:

’4( ’YBUURBG]jg;NU:NAN )Yj03fl` E ´ 2( ue a0 ´ b0m a1 ´ b1m a2 ´ b2fi s0 ≃ s1 ≃ s2 ≃ Y1fi b0 ∩ b1 ´ b0 ∩ b2 ´
b1 ∩ b2 ´ T wAz b0b1 ⊃ b2fi GgdA s ≃ Y1 } Y1 wAz �1

ω’sm vn ( ≃ .1 :

’5( ’mNR )mNR03fl: E ´ 1( ue a0∩b1 ´ Tfi GgdA s ≤ s0}s1 RF w FHxzREdyG CEBzHyG Be s0fi s1 wAz�1
ω’sm vn ( ´ ‘:

’6( ’ZNVwEygN wAz mNR )Zm03fl( �FFHVd GgwG ·0m , , , m E| ´ u ∪ v ’u ∩ v ´ ∅m um v ´ ∅( wAz r #´
q
R´0aR.T RF

swkBRF- bdG rR.aR xd w FdCwEwxkd Wdkz daGdAFRBA vRGg Ggd AwGHEwk VwC �HGT’rR( → �HGT’r ( FHESdyGRId- bdG ru
’EdFC- rv ( xd Ggd yBVCBFRGd Wdkz Be bR ’R ∈ u( ´EdFC- S ∈ v?fi R-d- Ggd FVwkkdFG Wdkz vgRyg yBAGwRAF wkk rR ’R ∈ u(
’EdFC- ’R ∈ v(( wAz bu.r ’EdFC- bv.r ( xd Ggd swkBRF ykBFHEd Be ru.r ’EdFC- rv.r ( vRGg su ´ swU’bu.r ( ’EdFC-
sv ´ swU’bv.r ((- ue ru ∩ bv ´ r fi GgdA t ´ swU’b.r ( ≤ su } sv RF w FHxzREdyG CEBzHyG Be su fi sv wAz
�
1
ω’sm vn( ≃�1

ω’sm
Pr ( vgdEd s ´ s.t wAz Pr ´ h=0(r.T’ V( RF Ggd ABEV BAd GBEHF Be r.T- �F Ggd FCdyRwk

ywFdfi Re r ´ T ’s ´ t(fi GgdA �1
ω’sm vn ( ´ ‘:

’!( ’XwLNE]rUHyTRPNEfi bNN wAz fwERVwUw )Xbf08fl( ue aR ´ bR: swkBRFfi sR ≃ YC ’0 ≤ R ≤ E(fi bR ∩ bS ´ T

’0 ≤ R / S ≤ E(fi GgdA

�’P�( ´

’ .C (⊕q−1 RO s ≃ YC } YCm sI ≃ YC OBE wAL CUwyN I BO T ’1 ≤ E ≤ C W 0(
‘ BGgNEJRFN,

uA CwEGRyHkwEfi xL jgdBEdV 3-2 ´Fdd wkFB idyGRBA 1 wAz idyGRBA 3?fi Re T RF w PkBxwk Wdkz wAz �1
ω’sm vn ( ≃

t0’TmfRyn( ≃ t0’smfRynJ( ≃ t0’sm )vn fl
ek( ≃ XE’n(.XE’T( ≃ XEAE’T’n((.XE’T( ´ ‘ vgdEd n RF w FVBBGg

TflyBVCwyGRWywGRBA Be P�fi GgdA �’P�( ´ ‘fi R-d- P� gwF Ggd vdwT wCCEBaRVwGRBA CEBCdEGLfi wAz �’P�( ´ ‘fi

R-d- Ggd twFFd ABEV CERAyRCkd gBkzF eBE �.T ’GgwG RFfi twFFd CERAyRCkd gBkzF eBE wkk GBEFBEF q HAzdE P�( vgdEd
�’P�(∨ ≤ �1

ω’sm vn ( wAz �’P�(∨ ´ tBV’�’P�(m . (- jgd yBAzRGRBA �’P�( ´ ‘ VdwAF GgwG eBE Ggd

yBEEdFCBAzRAP ABEV gLCdEFHEewyd

q

R´0

eR’KRm0m , , , m KRmAe( ´ xm

RG gwF w TflEwGRBAwk CBRAG Re wAz BAkL Re RG gwF w TIflEwGRBAwk CBRAG eBE wAL Ckwyd I Be T vgdEd eR’KRm0m , , , m KRmAe( ∈
T)KRm0m , , , m KRmAe fl ’0 ≤ R ≤ E( RF Ggd CBkLABVRwk Be GBGwk zdPEdd AR zdWAdz wF

eR’KRm0m , , , m KRmAe( ´ dJe.T’KRm0JRm0 W ± ± ±W KRmAeJRmAe( ´


P∈se.te

P’KRm0JRm0 W ± ± ±W KRmAeJRmAe (

vgdEd ·JRm0m , , , m JRmAe| RF w xwFRF Be aR.Tfi dJe.T # a} → T} RF Ggd ABEV VwC wAz x ∈ T} ’Fdd lBFTEdFdAFTRR

)lBF8!fi qKwVCUN 3fi CwPN 011fl(-

hNVwET 3-7- ’0( jgNBENV 3–6 ’5( RVCURNF GgwG RO �1
ω’sm

i( ´ ‘ JRGg s ´ s.t fi GgNA �1
ω’sm vn ( ´ ‘– rBE

NKwVCUNfi RG OBUUBJF OEBV GgN ENGEwyG T]EwGRBAwURGL BO Pr ´ h=0(r.T’ V( zHN GB qAzB wAz cRLwGw )qc64fi jgNBENV 1–2fl

’wUFB OBUUBJF OEBV sHEwT )sHE6!wfl( GgwG GgN twFFN ABEV CERAyRCUN gBUzF OBE swUBRF NKGNAFRBA r.T RO wUU GgN iLUBJ

FHxPEBHCF BO swU’r.T( wEN yLyURy ’FNN wUFB hNVwET 2–5(– cBENBINEfi xL jwGN=F GgNBENV ’jgNBENV 3–4(fi ROc ’s( ´ ‘fi

GgNA�’i( ´ ‘fi R–N– twFFN ABEV CERAyRCUN gBUzF OBE r.Tfi JgNENc ’s( RF GgN iygHE VHUGRCURNE BO s– uG wUFB OBUUBJF
OEBV lBUFTENFNAFTRR=F GgNBENV ’jgNBENV 3–2( GgwG RO c ’s( ´ ‘fi GgNA �1

ω’sm i( ´ t1’sm vs( ≃ c ’s( ´ ‘– iNN

tBFgR wAz owVwFwTR )to2fl OBE OHEGgNE NKwVCUNF–

’1( XL yBAFRzNERAP wA HAEwVR¨Nz NKGNAFRBA b.Tfi RG OBUUBJF OEBV jgNBENV 3–6 ’!( GgwG RO aR ´ bR` swUBRFfi sR ≃ YC
’0 ≤ R ≤ E(fi bR ∩ bS ´ T ’0 ≤ R / S ≤ E(fi GgNA

�
1
ω’sm vn( ´


’ .C (⊕q−1 RO s ≃ YC } YC ’1 ≤ E ≤ CW 0(

‘ BGgNEJRFN

’FNN wUFB cwyNzB )cwy14fi jgNBENV 3–8fl(–
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4– sDnHC yngnlnUnPb wAM GNAFnD CDnMHyGF ne NKGNAFRnAF ne s,UwGGRyNF

4–0– hNyBUUNyGRBAF OEBV PEBHC yBQBVBUBPL- bNG c xN w s]UwGGRyN wAz d xN w s]VBzHUN– rBE wAL R ≥ ‘fi RG

RF yUwFFRywU GgwG GgNEN NKRFGF wA RFBVBECgRFV

qKGR )s,’cmd(
∼−→ t R’smtBV ’cmd(( ≃ t R’smc◦ ⊗d(

JgNEN c◦ #´ tBV’cm ( wAz s wyGF BA tBV ’cmd( xL

’PH(’V( ´ P

H’P−0V(


’P ∈ sm H ∈ tBV’cmd(mV ∈c (

’FNN XEBJA )XEB!1fi fEBCBFRGRBA !–2 ’x(fi CwPN 1!fi CwPN 45fi fEBCBFRGRBA 1–1fi CwPN 50flfi FNN wUFB YBUURBG]jg;NU:NAN wAz

iwAFHy )Yji!6fi iNyGRBA ‘–4fi CwPN 044flfi lBFTENFNAFTRR )lBF8!fi CwPN 61fl(– bNG HF zNFyERxN RG NKCURyRGUL–

bNVVw 4-0- bdG � wAz Y xd sflkwGGRydF- rBE 0flyByLykd e ∈ p0’smtBV ’Ym�((fi vd zdWAd Ggd sflkwGGRyd Xe ´

�} Y xL Ggd sflwyGRBA

P’wm y( ´ ’PwW e’P(’Py(m Py( ’P ∈ sm w ∈ �m y ∈ Y(,
jgdA vd gwId wA dawyG FdDHdAyd Be sflkwGGRydF

’qe ( # ‘→ �
ι−→ Xe

π−→ Y → ‘

vgdEd

ι’w( ´ ’wm ‘(m

π’wm y( ´ y,

jgdAfi eBE 0flyByLykdF e0m e1 ∈ p0’smtBV ’Ym�((fi ’qe0( RF dDHRIwkdAG GB ’qe1( ’Fdd nEBvA )XEB!1fi YgwCGNE ulfi

CwPN !5fl( Re wAz BAkL Re e0 − e1 ∈ X0’smtBV ’Ym�((- uA CwEGRyHkwEfi Ggd wFFByRwGRBA

t0’smtBV ’Ym�(( → qKG0 )s,’Ym�(m )e fl → qe

RF xRSdyGRId-

fEBBe- iNN XEBJA )XEB!1fi ul–2fi CwPNF 80-83fl OBE GgN FRVRUwE ywFN JgNEN �fi Xe fi Y wEN PEBHCF wAz � RF Y]VBzHUN

’JN ywA VwTN w CEBBO xL HFRAP GgN FRVRUwE wEPHVNAGF(– 

pNWARGRBA 4-1- bNG ’q( # ‘→ �→ X → Y → ‘ xN wA NKwyG FNDHNAyN BO s]UwGGRyNF– jgd BEzdE BEz’q( Be ’q( RF

zN¨ANz GB xN GgN BEzNE BO ’q( wF wA NUNVNAG RA GgN PEBHC qKG0 )s,’Ym�( ≃ t0’smtBV ’Ym�((–

bNVVw 4-2- bdG ’q( # ‘→ �
ι−→ X

π−→ Y → ‘ xd wA dawyG FdDHdAyd Be sflkwGGRydF vRGg N #´ BEz’q(-

’0( bdG F ∈ tBV ’YmX( xd FHyg GgwG π ◦ F ∈ tBV )s,’YmY(- pdWAd eF ∈ cwC’smtBV ’Ym�(( xL

eF’P(’y( ´ ’PF(’y(− F’y( ´ P

F’P−0y(− F’y(


’P ∈ sm y ∈ Y(,

jgdA ’R( eF ´ ‘ Re wAz BAkL Re F ∈ tBV )s,’YmX(fi wAz ’RR( vd gwId eF ∈ p0’smtBV ’Ym�((-

’1( bdG Ffi F′ ∈ tBV�’YmX(fi xd FHyg GgwG π ◦ Ffi π ◦ F′ ∈ tBV )s,’YmY(- pdWAd eFfi eF′ ∈ p0’smtBV ’Ym�(( wF RA

’0(- jgdA π ◦ F ´ π ◦ F′ Re wAz BAkL Re ’eF − eF′( ∈ X0’smtBV ’Ym�((- YBAIdEFdkLfi Re e ∈ X0’smtBV ’Ym�((fi

GgdA GgdEd daRFGF F ∈ tBV ’YmX( FHyg GgwG π ◦ F ´ ‘ wAz eF ´ e -
’2( rBE F0 ∈ tBV ’YmX(fi vd wFFHVd GgwG π ◦ F0 ´ uzY ∈ tBV )s,’YmY( wAz gdAyd vd ywA GwTd Ggd HARDHd

dkdVdAG )eF0 fl ∈ t0’smtBV ’Ym�(( ´ p0’smtBV ’Ym�((.X0’smtBV ’Ym�(( vRGg BEz’)eF0 fl( ´ N wF RA ’0( wAz

’1(- jgdA GgdEd daRFGF F ∈ tBV )s,’YmX( FHyg GgwG )e�Ffl ´ )eNF0 fl ´ N)eF0 fl ´ ‘ wAz π ◦ F ´ N uzY - cBEdBIdEfi GgdEd
daRFGF F ∈ tBV )s,’YmX( FHyg GgwG π ◦ F ´ V uzY Re wAz BAkL Re N { Vfi R-d- N zRIRzdF V-

fEBBe- ’0( XL π ’eF’P(’y(( ´ ’π ◦ F(’y(− PP−0’π ◦ F(’y( ´ ‘fi JN VwL ENPwEz eF’P(’y( ∈ � ≃ ι’�( xL GgN NKwyGANFF

BO ’q( wAz gNAyN eF ∈ cwC’smtBV ’Ym�((– rBE wAL P0m P1 ∈ sfi y ∈ Yfi JN gwIN
eF’P0P1(’y( ´ P0P1


F’P−01 P−00 y(


− F’y(

´ P0P1

F’P−01 P−00 y(


− P0


F’P−00 y(


W P0


F’P−00 y(


− F’y(

´ ’P0eF(’P1(’y( W eF’P0(’y(,

tNAyN eF xNyBVNF w 0]yByLUN BO s RA tBV ’Ym�(fi R–N– eF ∈ p0’smtBV ’Ym�((–

’1( mN FNN GgwG π ◦ F ´ π ◦ F′ RO wAz BAUL RO ’F− F′(’y( ∈ ι’�( OBE wAL y ∈ Y– uG OBUUBJF OEBV
’eF − eF′(’P(’y( ´ P


’F− F′(’P−0y(


− ’F− F′(’y( ´ ’P’F− F′(( ’y(− ’F− F′(’y(
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GgwG eF − eF′ RF w 0]yBxBHAzwEL BO s RA tBV ’Ym�(fi R–N– eF − eF′ ∈ X0’smtBV ’Ym�((– YBAINEFNULfi RO e ∈
X0’smtBV ’Ym�((fi GgNA GgEN NKRFGF E ∈ tBV ’Ym�( FHyg GgwG

e’P(’y( ´ ’PE(’y( − E’y( ’P ∈ sm y ∈ Y(,

mN ywA GwTN F ´ R ◦ E ∈ tBV ’YmX( JRGg π ◦ F ´ ’π ◦ R( ◦ E ´ ‘ ◦ E ´ ‘ wAz eF ´ eR◦q ´ e xNywHFN ι’�( ≃ �–
’2( XNywHFN Y RF OENN wF w ]VBzHUNfi JN ywA GwTN F0 ∈ tBV ’YmX( JRGg π ◦ F0 ´ uzY – uG wUFB OBUUBJF OEBV

π ◦ F0 ´ uzY ∈ tBV )s,’YmY( wAz ’0( GgwG JN ywA PNG GgN HARDHN NUNVNAG )eF0 fl ∈ t0’smtBV ’Ym�((–

rBE V ∈ fi JN zN¨AN VF0 ∈ tBV ’YmX( xL ’VF0(’y( ´ V ’F0’y((– jgNA JN gwIN π ◦ ’VF0( ´ V’π ◦ F0( ´
V uzY – mN wUFB FNN GgwG

eVF0’P(’y( ´ P

’VF0(’P

−0y(

− ’VF0(’y( ´ VeF0’P(’y(,

uA CwEGRyHUwEfi OBE V ´ Nfi JN gwIN )eNF0 fl ´ N)eF0 fl ´ ‘ xNywHFN BEz’eF0( ´ N– tNAyN RG OBUUBJF OEBV ’1( GgwG GgNEN

NKRFGF F. ∈ tBV )s,’Ym�( FHyg GgwG eF� ´ eNF0 wAz π ◦ F. ´ ‘ JRGg )eF� fl ´ ‘– ZN¨AN F #´ NF0 − F.– jgNA JN PNG
e�F ´ eNF0 − eF� ´ ‘fi π ◦ F ´ π’NF0( − π’F.( ´ π’NF0( ´ N’π ◦ F0( ´ N uzY – rBE GgN UwFG FGwGNVNAGfi JN FNN GgwG

π ◦ F ´ V uzY RO wAz BAUL RO )eFfl ´ )eVF0 fl ´ V)eF0 fl ´ ‘ RO wAz BAUL RO N { V– 

bNVVw 4-3- bdG ’q( # ‘→ �
ι−→ X

π−→ Y → ‘ xd wA dawyG FdDHdAyd Be sflkwGGRydF-

jgd eBkkBvRAP yBAzRGRBAF wEd dDHRIwkdAG8

’0( N ´ BEz’q(fi R-d- Ggd BEzdE Be wA dkdVdAG ’q( ∈ qKG0 )s,’Ym�( ≃ t0’smtBV ’Ym�(( wF RA pdWARGRBA 4-1:

’1( jgd FVwkkdFG CBFRGRId RAGdPdE N ∈ FwGRFWdF GgwG GgdEd daRFGF F ∈ tBV )s,’YmX( FHyg GgwG π ◦ F ´ N uzY :
’2( jgd FVwkkdFG CBFRGRId RAGdPdE N ∈ FwGRFWdF GgwG GgdEd daRFGF G ∈ tBV )s,’Xm�( FHyg GgwG G ◦ ι ´ N uz�-

fEBBe- ’0(⇔ ’1(# jgRF OBUUBJF OEBV bNVVw 4–2 ’2(–

’0( ⇔ ’2(# mN ywA GwTN GgN zHwU ’r ( # ‘ → Y◦ π◦

−→ X◦ ι◦−→ �◦ → ‘ JRGg BEz’r ( ´ BEz’q( ´ N– jgNA xL

bNVVw 4–2 GgNEN NKRFGF F◦ ∈ tBV )s,’�
◦m X◦( FHyg GgwG ι◦ ◦ F◦ ´ N uz�◦ – XL GwTRAP GgN zHwU wPwRAfi JN gwIN

G ´ ’F◦(◦ ∈ tBV )s,’Xm�( FHyg GgwG G ◦ ι ´ G ◦ ’’ι◦(◦( ´ N uz=�◦(◦ ´ N uz�– 

4–1– SNAFBE CEBMHyGF BO NaGNAFRBAF BO s,UwGGRyNF-

fEBCBFRGRBA 4-4- YBAFRzdE GvB dawyG FdDHdAydF Be sflkwGGRydF

’q0( # ‘→ �0
ι0−→ X0

π0−→ Y0 → ‘m

’q1( # ‘→ �1
ι1−→ X1

π1−→ Y1 → ‘

vRGg N0 ´ BEz’q0(fi N1 ´ BEz’q1(- jgdA GgdEd daRFGF wA dawyG FdDHdAyd Be sflkwGGRydF

’q
=0(
0m1( # ‘→ �0 ⊗ �1 ι−→ X0 ⊗X1 e−→ ’Y0 ⊗X1(⊕ ’X0 ⊗ Y1( π−→ Y0 ⊗ Y1 → ‘

vgdEd

ι’w0 ⊗ w1( ´ ι0’w0(⊗ ι1’w1(m

e’x0 ⊗ x1( ´ ’π0’x0(⊗ x1m x0 ⊗ π1’x1((m

π’y0 ⊗ x1m x0 ⊗ y1( ´ y0 ⊗ π1’x1(− π0’x0(⊗ y1,

’0( ue Pyz’N0m N1( ´ 0fi GgdA Ggd eBkkBvRAP dawyG FdDHdAyd Be sflkwGGRydF FCkRGF8

’q
=0h(
0m1 ( # ‘→ uVwPN’e(→ ’Y0 ⊗X1(⊕ ’X0 ⊗ Y1(

π
⇄
F
Y0 ⊗ Y1 → ‘m

R-d- uVwPN’e(⊕’Y0⊗Y1( ≃ ’Y0⊗X1(⊕’X0⊗Y1(fi GgwG RFfi GgdEd daRFGF F ∈ tBV )s,’Y0⊗Y1m ’Y0⊗X1(⊕’X0⊗Y1((
FHyg GgwG π ◦ F ´ uzY0⊗Y1 -

’1( ue Pyz’N0m N1( ´ 0fi GgdA GgdEd daRFGF wA dawyG FdDHdAyd Be sflkwGGRydF

’q
=0hi(
0m1 ( # ‘→ �0 ⊗ �1

=ιm.(−−−→ ’X0 ⊗X1(⊕ ’Y0 ⊗ Y1(
=emF(−−−→ ’Y0 ⊗X1(⊕ ’X0 ⊗ Y1(→ ‘

vRGg BEz’q
=0hi(
0m1 ( { N0N1-

fEBBe- mN ¨EFG FgBJ GgwG ’q
=0(
0m1( RF NKwyG– mN FNN GgwG e ◦ ι ´ ‘fi π ◦ e ´ ‘ xNywHFN

e ◦ ι’w0 ⊗ w1( ´ e

ι0’w0(⊗ ι1’w1(


´

π0’ι0’w0((⊗ ι1’w1(m ι0’w0(⊗ π1’ι1’w1((


´

‘⊗ ι1’w1(m ι0’w0(⊗ ‘


´ ‘m

π ◦ e’x0 ⊗ x1( ´ π

π0’x0(⊗ x1m x0 ⊗ π1’x1(


´ π0’x0(⊗ π1’x1(− π0’x0(⊗ π1’x1( ´ ‘,
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’R( aNE’ι( ´ ‘– XNywHFN s]UwGGRyNF wEN ,wG ’FRAyN ]OENN(fi xL GNAFBERAP �1 wAz X0fi JN FNN GgwG ι ∈ tBV )s,’�0 ⊗
�1m X0 ⊗X1( RF RASNyGRIN xNywHFN ι RF GgN yBVCBFRGRBA BO GJB RASNyGRBAF#

ι # �0 ⊗ �1
ι0⊗HM�1−−−−−→ X0 ⊗ �1

HMX0⊗ι1−−−−−→ X0 ⊗X1,
’RR( uVwPN’ι( ´ aNE’e(– mN ywA GwTN w FNyGRBA FR ∈ tBV ’YRm XR( ’R ´ 0m 1( JRGg πR ◦ FR ´ uzYe xNywHFN YR RF OENN
wF w ]VBzHUN wAz gNAyN JN gwIN XR ≃ ιR’�R(⊕ FR’YR( ≃ �R ⊕ YR ’R ´ 0m 1( wF w ]VBzHUN– jgNA

e # X0 ⊗X1 → ’Y0 ⊗X1(⊕ ’X0 ⊗ Y1(
ywA xN JERGGNA wF

e # ’ι0’�0(⊕ F0’Y0(( ⊗ ’ι1’�1(⊕ F1’Y1((
´ ’ι0’�0(⊗ ι1’�1((⊕ ’ι0’�0(⊗ F1’Y1((⊕ ’F0’Y0(⊗ ι1’�1((⊕ ’F0’Y0(⊗ F1’Y1((

→ ’Y0 ⊗ ’ι1’�1(⊕ F1’Y1(((⊕ ’’ι0’�0(⊕ F0’Y0((⊗ Y1(
´ ’Y0 ⊗ ι1’�1((⊕ ’Y0 ⊗ F1’Y1((⊕ ’ι0’�0(⊗ Y1(⊕ ’F0’Y0(⊗ Y1(,

mN ¨Az GgwG

e {ι0=�0(⊗ι1=�1( ´ ‘m

e {ι0=�0(⊗F1=Y1( # ι0’�0(⊗ F1’Y1(
∼−→ ι0’�0(⊗ Y1m

e {F0=Y0(⊗ι1=�1( # F0’Y0(⊗ ι1’�1(
∼−→ Y0 ⊗ ι1’�1(m

e {F0=Y0(⊗F1=Y1( # F0’Y0(⊗ F1’Y1(→ ’Y0 ⊗ F1’Y1((⊕ ’F0’Y0(⊗ Y1(m
K →


’π0 ⊗ uzF1=Y1((’K(m ’uzF0=Y0( ⊗ π1(’K(


,

jgRF RVCURNF GgwG aNE’e( ´ ι0’�0(⊗ ι1’�1( ´ uVwPN’ι(–

’RRR( uVwPN’e( ´ aNE’π( wAz uVwPN’π( ´ Y0 ⊗ Y1– �F RA ’RR(fi JN ywA GwTN w FNyGRBA FR ∈ tBV ’YRm XR( ’R ´ 0m 1(

JRGg πR ◦ FR ´ uzYe xNywHFN YR RF OENN wF w ]VBzHUN wAz gNAyN JN gwIN XR ≃ ιR’�R(⊕ FR’YR( ≃ �R ⊕YR ’R ´ 0m 1(
wF w ]VBzHUN– jgNA

π # ’Y0 ⊗X1(⊕ ’X0 ⊗ Y1(→ Y0 ⊗ Y1
ywA xN JERGGNA wF

π # ’Y0 ⊗ ’ι1’�1(⊕ F1’Y1(((⊕ ’’ι0’�0(⊕ F0’Y0((⊗ Y1(
´ ’Y0 ⊗ ι1’�1((⊕ ’Y0 ⊗ F1’Y1((⊕ ’ι0’�0(⊗ Y1(⊕ ’F0’Y0(⊗ Y1(→ Y0 ⊗ Y1,

uG OBUUBJF OEBV ’RR( wAz

uzY0⊗Y1 # Y0 ⊗ Y1
F0⊗F1−−−−→

∼
F0’Y0(⊗ F1’Y1( π0⊗π1−−−−→

∼
Y0 ⊗ Y1’∗(

GgwG

uVwPN’e(
=RR(
´

’K0m K1m K2m K3( ∈ ’Y0 ⊗ ι1’�1((⊕ ’Y0 ⊗ F1’Y1((⊕ ’ι0’�0(⊗ Y1(⊕ ’F0’Y0(⊗ Y1(
{ ’F0 ⊗ uzF1=Y1((’K1( ´ ’uzF0=Y0( ⊗ F1(’K3(



=∗(
´

’K0m K1m K2m K3( ∈ ’Y0 ⊗ ι1’�1((⊕ ’Y0 ⊗ F1’Y1((⊕ ’ι0’�0(⊗ Y1(⊕ ’F0’Y0(⊗ Y1(
{ ’uzY0 ⊗ π1(’K1( ´ ’π0 ⊗ uzY1(’K3(



=∗∗(
´ aNE’π(,

jgN UwFG NDHwURGL ’∗∗( wAz uVwPN’π( ´ Y0 ⊗ Y1 OBUUBJ OEBV
π{Y0⊗ι1=�1( ´ ‘m

π{Y0⊗F1=Y1( # Y0 ⊗ F1’Y1(
∼−→ Y0 ⊗ Y1m K → ’uzY0 ⊗ π1(’K(m

π{ι0=�0(⊗Y1
´ ‘m

π{F0=Y0(⊗Y1
# F0’Y0(⊗ Y1 ∼−→ Y0 ⊗ Y1m K → −’π0 ⊗ uzY1(’K(,

’0( XL bNVVw 4–3fi JN ywA GwTN FR ∈ tBV )s,’YRm XR( FHyg GgwG πR ◦ FR ´ NR uzYe ’R ´ 0m 1(– XL GgN wFFHVCGRBA
Pyz’N0m N1( ´ 0fi GgNEN NKRFG RAGNPNEF Hm I FHyg GgwG IN1 − HN0 ´ 0– jgNA JN ywA zN¨AN GgN VwC

F # Y0 ⊗ Y1 → ’Y0 ⊗X1(⊕ ’X0 ⊗ Y1(
y0 ⊗ y1 → ’Iy0 ⊗ F1’y1(m HF0’y0(⊗ y1(
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JgRyg xNyBVNF w FCURGGRAP BO πfi R–N– π ◦ F ´ uzY0⊗Y1 – XL bNVVw 4–3fi GgRF RVCURNF GgwG ’q
=0h(
0m1 ( FCURGF–

’1( uG OBUUBJF OEBV YBTNE’e( ´ Y0 ⊗ Y1 wAz ’0( wxBIN GgwG ’q=0h(0m1 ( RF NKwyG– rBE GgN UwFG wFFNEGRBAfi xL bNVVw

4–3fi JN ywA GwTN GR ∈ tBV )s,’XRm �R( FHyg GgwG GR ◦ ιR ´ NR uz�e ’R ´ 0m 1(– jgNA JN FNN GgwG

�0 ⊗ �1
=ιm.(

⇄
=Gm.(

’X0 ⊗X1(⊕ ’Y0 ⊗ Y1(

JgNEN ’Gm ‘( #´ ’G0⊗G1m ‘( FwGRF¨NF GgwG ’Gm ‘(◦’ιm ‘( ´ N0N1 uz�0⊗�1 – XL bNVVw 4–3fi JN PNG BEz’q
=0hi(
0m1 ( { N0N1– 

mN wUFB PNG GgN zHwU INEFRBA BO fEBCBFRGRBA 4–4#

fEBCBFRGRBA 4-5- YBAFRzdE GvB dawyG FdDHdAydF Be sflkwGGRydF

’q0( # ‘→ �0
ι0−→ X0

π0−→ Y0 → ‘m

’q1( # ‘→ �1
ι1−→ X1

π1−→ Y1 → ‘

vRGg N0 ´ BEz’q0(fi N1 ´ BEz’q1(- jgdA GgdEd daRFGF wA dawyG FdDHdAyd Be sflkwGGRydF

’q
=1(
0m1( # ‘→ �0 ⊗ �1 ι−→ ’�0 ⊗X1(⊕ ’X0 ⊗ �1( e−→ X0 ⊗X1 π−→ Y0 ⊗ Y1 → ‘

vgdEd

ι’w0 ⊗ w1( ´ ’w0 ⊗ ι1’w1(m−ι0’w0(⊗ w1(m
e’w0 ⊗ x1m x0 ⊗ w1( ´ ι0’w0(⊗ x1 W x0 ⊗ ι1’w1(m

π’x0 ⊗ x1( ´ π0’x0(⊗ π1’x1(,

’0( ue Pyz’N0m N1( ´ 0fi GgdA Ggd eBkkBvRAP dawyG FdDHdAyd Be sflkwGGRydF FCkRGF8

’q
=1x(
0m1 ( # ‘→ �0 ⊗ �1

ι
⇄
G
’�0 ⊗X1(⊕ ’X0 ⊗ �1( e−→ uVwPN’e(→ ‘m

R-d- ’�0⊗�1(⊕uVwPN’e( ≃ ’�0⊗X1(⊕’X0⊗�1(fi GgwG RFfi GgdEd daRFGF G ∈ tBV )s,’’�0⊗X1(⊕’X0⊗�1(m �0⊗�1(
FHyg GgwG G ◦ ι ´ uz�0⊗�1 -

’1( ue Pyz’N0m N1( ´ 0fi GgdA GgdEd daRFGF wA dawyG FdDHdAyd Be sflkwGGRydF

’q
=1xi(
0m1 ( # ‘→ ’�0 ⊗X1(⊕ ’X0 ⊗ �1(

=Gme(−−−→ ’�0 ⊗ �1(⊕ ’X0 ⊗X1(
=.mπ(−−−→ Y0 ⊗ Y1 → ‘

vRGg BEz’q
=1xi(
0m1 ( { N0N1-

fEBBe- jgwG ’q
=1(
0m1( RF NKwyG RF w FGEwRPgGOBEJwEz INER¨ywGRBA– �UGNEAwGRINULfi JN ywA PNG GgwG ’q

=1(
0m1( RF NKwyG xL

GwTRAP GgN zHwU BO ’q
=0(
0m1( wF RA fEBCBFRGRBA 4–4 ’FNN wUFB GgN CEBBO BO fEBCBFRGRBA 4–4(–

’0( XL bNVVw 4–3fi JN ywA GwTN GR ∈ tBV )s,’XRm �R( FHyg GgwG GR ◦ ιR ´ NR uz�e ’R ´ 0m 1(– XL GgN wFFHVCGRBA

Pyz’N0m N1( ´ 0fi GgNEN NKRFG RAGNPNEF Hm I FHyg GgwG IN1 − HN0 ´ 0– jgNA JN ywA zN¨AN GgN VwC

G # ’�0 ⊗X1(⊕ ’X0 ⊗ �1(→ �0 ⊗ �1m
’w0 ⊗ x1m x0 ⊗ w1( → Iw0 ⊗ G1’x1( W HG0’x0(⊗ w1

JgRyg xNyBVNF w ENGEwyGRBA BO ιfi R–N– G ◦ ι ´ uz�0⊗�1 – XL bNVVw 4–3fi GgRF RVCURNF GgwG ’q
=1x(
0m1 ( FCURGF–

’1( uG OBUUBJF OEBV aNE’e( ´ uVwPN’ι( ≃ �0 ⊗�1 wAz ’0( wxBIN GgwG ’q=1xi(0m1 ( RF NKwyG– rBE GgN UwFG wFFNEGRBAfi xL

bNVVw 4–3fi JN ywA GwTN FR ∈ tBV )s,’YRm XR( FHyg GgwG πR ◦ FR ´ NR uzYe ’R ´ 0m 1(– jgNA JN FNN GgwG

X0 ⊗X1
π

⇄
F0⊗F1

’Y0 ⊗ Y1(

FwGRF¨NF GgwG π ◦ ’F0 ⊗ F1( ´ N0N1 uzY0⊗Y1 – XL bNVVw 4–3fi JN PNG BEz’q
=1xi(
0m1 ( { N0N1– 

pNWARGRBA 4-6- rBE wUPNxEwRy T]GBER j0fi j1 JRGg j0 ≃ c0fi j0 ≃ c1fi JN zN¨AN Ggd GdAFBE CEBzHyG j ´ j0 ⊗ j1
Be j0fi j1 xL j ≃ c0 ⊗c1 JgNEN c0 ⊗c1 RF GgN GNAFBE CEBzHyG BO c0fi c1 PRINA wF wxBIN ’JgRyg RF s]UwGGRyN

OBE FBVN FHxzRENyG CEBzHyG s BO s0fi s1 JRGg FHESNyGRBAF ϕ0 # s→ s0fi ϕ1 # s→ s1(–

�F wA wCCURywGRBA BO GgN CENyNzRAP yBAFGEHyGRBAF wF RA fEBCBFRGRBA 4–4fi JN zNERIN GgN OBUUBJRAP ENFHUG–
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SQNBENV 4-7 ’FNN wUFB lBFTENFNAFTRR )lBF8!fi iNyGRBA 5–2fi CwPNF 58-60fi qKwVCUN 5fi qKwVCUN 6fi CwPNF 0‘‘-0‘1fl(-

bdG T xd w Wdkz wAz s xd w WARGd PEBHC- bdG nR ’0 ≤ R ≤ E( xd w WARGd sflFdG vRGg {nR{ ´ AR- hdywkk Ggd dawyG

FdDHdAydF Be sflkwGGRydF

’qne ( # ‘→ une → )nRfl
εe−→ → ‘

wF RA pdWARGRBA 1-.- pdWAd Ggd CdEVHGwGRBA sflkwGGRydF

fm #´


�⊂·0m,,,mq|m {�{≡q=UBM 1(
)[R∈�nRfl ’N,P, fm ´ )n0 }n1fl⊕ RO E ´ 1(

wAz

f− #´


�⊂·0m,,,mq|m {�{≡qm0=UBM 1(
)[R∈�nRfl ’N,P, f− ´ )n0fl⊕ )n1fl RO E ´ 1(,

ue Pyz’ARm AS( ´ 0 eBE wAL 0 ≤ R / S ≤ Efi GgdA GgdEd daRFGF w AwGHEwk dawyG FdDHdAyd Be sflkwGGRydF

’qq( # ‘→ un0 ⊗ ± ± ±⊗ unp → fm → f− → ‘

vRGg BEz’qq( { A0 ± ± ±Aq- uA CwEGRyHkwEfi vd gwId )un0 ⊗ ± ± ±⊗ unp flek ´ )f−fl ´ ‘-
uA BGgdE vwEzFfi kdG Q # swU’T.T( → s xd w yBAGRAHBHF gBVBVBECgRFVfi �R ’0 ≤ R ≤ E( xd Ggd ;dGwkd TflwkPdxEw

yBEEdFCBAzRAP GB nR IRw Q wAz jR #´ h�e.T’ V(. VmT xd Ggd wkPdxEwRy TflGBEHF vRGg ygwEwyGdE VBzHkd jR ≃ une -

jgdA Ggd wkPdxEwRy TflGBEHF j #´ j0 ⊗ , , ,⊗ jq vRGg ygwEwyGdE VBzHkd j ≃ un0 ⊗ ± ± ±⊗ unp RF FGwxkL TflEwGRBAwk-

fEBBe- uO E ´ 1fi JN gwIN fm ´ )n0 }n1fl⊕ fi f− ´ )n0fl⊕ )n1fl wAz

’q1( # ‘→ un0 ⊗ un1 → )n0 }n1fl⊕ → )n0fl⊕ )n1fl→ ‘,

jgRF OBUUBF OEBV GgN NKwyG FNDHNAyN ’q
=0hi(
0m1 ( wF RA fEBCBFRGRBA 4–4 ’1( xL wCCULRAP ’qR( ´ ’qne ( ’R ´ 0m 1(– jgN

PNANEwU ywFN RF xL RAzHyGRBA BA E ≥ 1– rBE GgN RAzHyGRBA FGNCfi BxFNEIN GgwG Pyz’BEz’qq(fiBEz’qqm0(( ´ 0fi FB GgwG

BAN VwL wCCUL fEBCBFRGRBA 4–4 ’1( GB GgN NKGNAFRBAF ’qq( wAz ’qqm0(– uG RF w FGEwRPgGOBEJwEz INER¨ywGRBAfi GgwG

GgN ENFHUGRAP NKGNAFRBA RF GgN zNFRENz ’qqm0(– uA CwEGRyHUwEfi JN gwIN ) j flek ´ )un0 ⊗ ± ± ±⊗ unp flek ´ )f−fl ´ ‘ wAz
gNAyN RG OBUUBJF OEBV jgNBENV 1–6 GgwG j RF FGwxUL T]EwGRBAwU– 

hNVwET 4-8- mgNA E ´ 1fi RO Pyz’A0m A1( ´ 0 JgNEN AR ´ zRV ’�R( ’R ´ 0m 1(fi GgNA GgN wUPNxEwRy T]GBEHF

j ´ j0 ⊗ j1 wF RA jgNBENV 4–! RF T]EwGRBAwU xL w ENFHUG BO aULwygTB )aUL!!fl ’FNN wUFB rUBENAyN wAz IwA swEENU

)rIs06fi jgNBENV 1–0fl(– tBJNINEfi RG RF wA BCNA CEBxUNV JgNGgNE j ´ j0 ⊗ , , , ⊗ jq RF T]EwGRBAwU BE ABG JgNA
E ≥ 2 ’FNN lBFTENFNAFTRR )lBF8!fi iNyGRBA 5–2fi CwPN 60fl(–

jgN ENFHUGF PRINA RA iNyGRBA 5 wAz iNyGRBA 6 JRUU RVCEBIN BA jgNBENV 4–!fi HFRAP w FRVRUwE VNGgBz xwFNz BA

fEBCBFRGRBA 4–4– �CCURywGRBAF FgwUU xN PRINA GB GgN ywFN BO w GNAFBE CEBzHyG BO ABEV BAN GBER P�e ´ h=0(�e ’ V(fi

JgRyg RF wEPHwxUL VBEN RAGNENFGRAP GgwA GgN ’zHwU( ywFN BO h�e.T’ V(. VmTfi zNwUG wF RA jgNBENV 4–!–

4–2– SNAFBE CEBMHyGF BO YQNIwUUNL VBMHUNF vs.t wAM wA wCCURywGRBA BO SQNBENV 4-7 wAM hNVwET

4-8- mN gNEN yBUUNyG FBVN ENFHUGF JgRyg wEN ENUwGNz GB GgN GNAFBE CEBzHyGF BO YgNIwUUNL VBzHUNF vs.t wAz

xL wCCULRAP jgNBENV 4–! wAz hNVwET 4–8fi JN PNG GgN T]EwGRBAwURGL BO ABEV BAN GBER PJ ´ h
=0(
J.T

’ V( JRGg

swU’b.T( ≃ ZA OBE Bzz RAGNPNEF A ≥ 2–

SQNBENV 4-0/ ’qAzB wAz cRLwGw )qc!1fi bNVVw 1–2fl(- bdG s xd w WARGd PEBHC- md gwId wA dawyG FdDHdAyd Be

sflkwGGRydF

‘→ vs → )sfl⊕{s{−0 → ’vs(
⊗1 → ‘

wAz ’vs(
⊗1 RF ,wxxL wAz yB,wxxL- uA CwEGRyHkwEfi )vsflek ´ )’vs(⊗1fl-

SQNBENV 4-00 ’bNVREN )bNVfi fEBCBFRGRBA 4–00flfi FNN wUFB YBUURBG]jg;NU:NAN wAz iwAFHy )Yji!6fi fEBCBFRGRBA 8–0flfi

XNFFNAEBzG wAz bN XEHLA )XbX80fi CwPN 0!!fl(- bdG C xd w CERVd AHVxdE wAz iC xd Ggd FLVVdGERy PEBHC Be zdPEdd

C- jgdA vd gwId wA dawyG FdDHdAyd Be iCflkwGGRydF

‘→ viC.iC−0
→ )iC.iC−1fl→ ’viC.iC−0

(⊗1 → ‘

wAz ’viC.iC−0
(⊗1 RF RAIdEGRxkd- uA CwEGRyHkwEfi )viC.iC−0

flek ´ )’viC.iC−0
(⊗1fl RF RAIdEGRxkd wAz gdAyd Ggd ABEV BAd

GBEHF PJ vRGg PJ ≃ viC.iC−0
RF EdGEwyG TflEwGRBAwk-
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SQNBENV 4-01 ’XNANRFg )XNA8!fi CwPN 2461flfi bNVREN )bNVfi bNVVw 4–0flfi FNN wUFB XNFFNAEBzG wAz bN XEHLA

)XbX80fi CwPN 0!‘flfi bBENAM )bBE‘4fi CwPN 35fi CwPN 035fl(- bdG iA xd Ggd FLVVdGERy PEBHC Be zdPEdd A- bdG HR
’0 ≤ R ≤ A( xd w xwFRF Be )iA.iA−0fl vRGg σ’HR( ´ Hσ=R( eBE wAL σ ∈ iA- bdG LRmS ’0 ≤ Rm S ≤ Am R ´ S( xd w xwFRF
Be )iA.iA−1fl vRGg σ’LRmS( ´ Lσ=R(mσ=S( eBE wAL σ ∈ iA- jgdA vd gwId wA RFBVBECgRFV

e # uiA.iA−0
⊗ )iA.iA−0fl

∼−→ )iA.iA−1flm ’HR − HS(⊗ HR → LRmS ,

SQNBENV 4-02 ’XNANRFg )XNA8!fi fEBCBFRGRBA 0–0flfi FNN wUFB bBENAM )bBE‘4fi fEBCBFRGRBA 1–01–1flfi bNVREN )bNVfi

bNVVw 4–1fl(- bdG C xd w CERVd AHVxdE wAz iC xd Ggd FLVVdGERy PEBHC Be zdPEdd C- jgdA

’viC.iC−0
⊗ uiC.iC−0

(⊕ )iC.iC−0fl ≃ )iC.iC−1fl⊕ ,

fEBCBFRGRBA 4-03 ’bNVREN )bNVfi fEBCBFRGRBA 3–4fl(- bdG A ≥ 2 xd wA Bzz RAGdPdE wAz ZA xd Ggd zRgdzEwk PEBHC

Be BEzdE 1A- jgdA vpA.Y1
≃ upA.Y1

⊗ upA.YA -

XL yBVxRARAP jgNBENV 4–!fi hNVwET 4–8 wAz fEBCBFRGBA 4–03fi JN PNG GgN T]EwGRBAwURGL BO PJ ´ h
=0(
J.T’ V(

JRGg swU’b.T( ≃ ZA OBE Bzz RAGNPNEF A ≥ 2 ’FNN wUFB jgNBENV 2–8 OBE GgN FGwxUN T]EwGRBAwURGL(#

fEBCBFRGRBA 4-04- bdG A ≥ 2 xd wA Bzz RAGdPdE wAz ZA xd Ggd zRgdzEwk PEBHC Be BEzdE 1A- bdG a.T xd w FdCwEwxkd

Wdkz daGdAFRBA Be zdPEdd A wAz b.T xd Ggd swkBRF ykBFHEd Be a.T vRGg s ´ swU’b.T( ≃ ZA- bdG PJ ´ h=0(J.T’ V(

xd Ggd ABEV BAd GBEHF Be a.T vRGg PJ ≃ vpA.Y1
wAz j ′ ’EdFC- j ′′( xd wA wkPdxEwRy TflGBEHF vRGg j ′ ≃ upA.Y1

’EdFC- j ′′ ≃ upA.YA(- jgdA PJ ´ h=0(J.T’ V( ≃ j ′ ⊗ j ′′ vRGg PJ ≃ vpA.Y1
≃ upA.Y1

⊗ upA.YA RF TflEwGRBAwk-

5– hwGRnAwURGb ne GNAFnD CDnMHyGF j0 ⊗ j1 ne wUPNxDwRy T,GnDR j0 wAM j1
uA GgRF FNyGRBAfi s RF w ¨ARGN PEBHC–

5–0– fNEVHGwGRBA BEMNE C,BEz’c ( wAM RAINEGRxRURGL BO s,UwGGRyNF c - jgN OBUUBJRAP ygwEwyGNERFwGRBA BO

RAINEGRxUN s]UwGGRyNF RF JNUU]TABJA–

bNVVw 5-0 ’bNAFGEw )bNA63fi fEBCBFRGRBA 0–1flfi FNN wUFB qAzB wAz cRLwGw )qc64fi bNVVw 0–1flfi YBUURBG]jg;NU:NAN

wAz iwAFHy )Yji66fi bNVVN 8fi CwPN 0!1flfi iJwA )iJw0‘fi YBEBUUwEL 1–4fl(- bdG q xd w sflkwGGRyd- jgdA q RF

RAIdEGRxkd Re wAz BAkL Re wAL FgBEG dawyG FdDHdAyd ‘→ Y → d → q → ‘ Be sflkwGGRydF vRGg Y yB,wxxL FCkRGFfi R-d-

qKG0 )s,’qmY( ´ ‘ eBE wAL yB,wxxL sflkwGGRyd Y-

jgN OBUUBJRAP zN¨ARGRBA wCCNwEF GB xN ANJ–

pNWARGRBA 5-1- bNG c xN w s]UwGGRyN– jgd CdEVHGwGRBA BEzdE C]BEz’c ( BO c RF GgN FVwUUNFG RAGNPNE w ≥ 0 FHyg
GgwG w uzy # c → c OwyGBEF GgEBHPg w CNEVHGwGRBA s]UwGGRyN wF w )sfl]gBVBVBECgRFV JgNEN uzy # c → c

RF GgN RzNAGRGL VwC BO c fi R–N– GgNEN NKRFGF w CNEVHGwGRBA s]UwGGRyN f FHyg GgwG w uzy # c
e−→ f

P−→ c JRGg

P ◦ e ´ w uzy –
bNVVw 5-2- bdG c xd w sflkwGGRyd wAz c◦ ´ tBV’cm ( xd Ggd zHwk Be c - jgdA CflBEz’c ( ´ CflBEz’c◦(-

fEBBe- XL yBAFRzNERAP GgN zHwU uzy◦ # c◦ → f ◦ → c◦ BO uzy #c → f → c JgNEN f RF CNEVHGwGRBAfi JN FNN

GgN wFFNEGRBA xNywHFN f ◦ RF CNEVHGwGRBA– 

bNVVw 5-3- bdG s xd w WARGd PEBHCfi C xd w CERVd AHVxdE wAz sC ´ iLUC’s( xd w CfliLkBv FHxPEBHC Be s-

bdG c xd w sflkwGGRyd wAz c {sC xd w sCflkwGGRyd BxGwRAdz xL EdFGERyGRAP Ggd wyGRBA Be s BA c GB sC- jgdA

t0’smc (
⊕ENFC−−−−→ ⊕C{{s{t

0’sCmc {sC( xdyBVdF RASdyGRId- uA CwEGRyHkwEfi Re t0’sCmc {sC( ´ ‘ eBE wAL CERVd

zRIRFBE C { {s{fi GgdA t0’smc ( ´ ‘-

fEBBe- mN FNN GgwG GgN yBVCBFRGN VwC yBENFC ◦ ENFC # t0’smc (
ENFC−−→ t0’sCmc {sC(

LBENFC−−−−→c ’s( RF GgN VHUGRCUR]

ywGRBA xL )s # sCfl JgRyg RF yBCERVN GB C ’FNN N–P– iNEEN )iNE68fi fEBCBFRGRBA 3fi CwPN 02‘flfi dNHTREygfi iygVRzG wAz

mRAPxNEP )dim‘‘fi YBEBUUwEL 0–4–6fl(– uO < ∈ aNE·t0’smc ( ⊕ENFC−−−−→ ⊕C{{s{t
0’sCmc {sC(|fi GgNA )s # sCfl< ´ ‘ OBE

wUU C { {s{– jgRF RVCURNF GgwG < ´ ‘ ∈ t0’smc (– mN PNG GgN RASNyGRBA t0’smc ( →֒ ⊕C{{s{t
0’sCmc {sC(– 

fEBCBFRGRBA 5-4- bdG s xd w WARGd PEBHC wAz c fi d xd sflkwGGRydF- bdG ’q( # ‘→ Y
ι−→ d

π−→c → ‘ xd wA dawyG

FdDHdAyd Be sflkwGGRydF vRGg Y yB,wxxL- bdG C xd w CERVd AHVxdEfi sC ´ iLUC’s( xd w CfliLkBv FHxPEBHC Be s wAz

c {sC xd w sCflkwGGRyd BxGwRAdz xL EdFGERyGRAP Ggd wyGRBA Be s BA c GB sC- jgdA

’0( BEz’q( { {s{fi R-d- BEz’q( zRIRzdF {s{-
’1( BEz’q( { CflBEz’c (-
’2( CflBEz’c ( ´ BEz’q( Re d RF CdEVHGwGRBAfi R-d- ’q( RF w yB,wxxL EdFBkHGRBA Be c - uA CwEGRyHkwEfi Re w uzy #c →
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c ewyGBEF GgEBHPg w CdEVHGwGRBA sflkwGGRyd wF w )sflflgBVBVBECgRFVfi R-d- GgdEd daRFGF w CdEVHGwGRBA sflkwGGRyd f

FHyg GgwG w uzy #c
e−→ f

P−→c vRGg P ◦ e ´ w uzy fi GgdA CflBEz’c ( { w-
’3( CflBEz’c ( { {s{-
’4( CflBEz’c ( ´


C{{s{ CflBEz’c {sC( vgdEd CflBEz’c {sC( { {sC{-

’5( jgd eBkkBvRAP yBAzRGRBAF wEd dDHRIwkdAG8

’R( CflBEz’c ( ´ 0:

’RR( CflBEz’c {sC( ´ 0 eBE wAL CERVd AHVxdE C:
’RRR( CflBEz’c {sC( ´ 0 eBE wAL CERVd zRIRFBE C { {s{:
’RI( ’q( FCkRGF:

’I( c RF RAIdEGRxkd-

uA CwEGRyHkwEfi c RF RAIdEGRxkd Re wAz BAkL Re c {sC RF RAIdEGRxkd eBE wAL CERVd AHVxdE C Re wAz BAkL Re c {sC RF
RAIdEGRxkd eBE wAL CERVd zRIRFBE C { {s{ ’zHd GB qAzB wAz cRLwGw )qc64fi bNVVw 0–3fl(-
fEBBe- ZN¨AN z #´ C]BEz’c ( wAz N #´ BEz’q(fi R–N– GgN BEzNE BO ’q( wF wA NUNVNAG ’q( ∈ qKG0 )s,’cmY( ≃
t0’smtBV ’cmY((–

’0( mN FNN N { {s{ xNywHFN qKG0 )s,’cmY( ≃ t0’smtBV ’cmY(( RF TRUUNz xL {s{ ’FNN dNHTREygfi iygVRzG wAz
mRAPxNEP )dim‘‘fi fEBCBFRGRBA 0–5–0fl(–

’1( mN JRUU FgBJ N { z– uG wUFB OBUUBJF OEBV GgN zN¨ARGRBA BO z GgwG GgNEN NKRFG w CNEVHGwGRBA s]UwGGRyN gfi

ϕ ∈ tBV )s,’cmg(fi ψ ∈ tBV )s,’gmc ( FHyg GgwG z uzy ´ ψ ◦ ϕ #c ϕ−→ g
ψ−→ c – rBEV GgN CHUU]xwyT zRwPEwV

’FNN N–P– tRUGBA wAz iGwVVxwyg )ti60fi uu–5fi CwPN 48fl(#

’ψ ◦ ϕ(∗’q( # ‘  Y
=ψ◦ϕ(∗=ι(

 ’ψ ◦ ϕ(∗’d( =ψ◦ϕ(∗=π(


ϕd


c 

ϕ



‘

ψ∗’q( # ‘  Y
ψ∗=ι(

 ψ∗’d(
ψ∗=π(



ψd


g 

ψ



‘

’q( # ‘  Y
ι

 d
π

 c  ‘

JgNEN

ψ∗’d( ´ ·’Am D( ∈ d }g { π’A( ´ ψ’D(|m
ψd ’Am D( ´ Am ψ

∗’π(’Am D( ´ Dm ψ∗’ι(’y( ´

ι’y(m ‘


m

’ψ ◦ ϕ(∗’d( ´ ·’Am DmV( ∈ d }g}c { π’A( ´ ψ’D(m D ´ ϕ’V(|m
ϕd ’Am DmV( ´ ’Am D(m ’ψ ◦ ϕ(∗’π(’Am DmV( ´ Vm ’ψ ◦ ϕ(∗’ι(’y( ´


ι’y(m ‘m ‘


,

XNywHFN Y RF yB,wxxL wAz g RF CNEVHGwGRBAfi xL bNVVw 5–0fi ψ∗’q( FCURGFfi R–N– qKG0 )s,’gmY( ´ ‘– tNAyN

GgNEN NKRFGF G ∈ tBV )s,’gmψ
∗’d(( FHyg GgwG ψ∗’π( ◦ G ´ uzg– mN ywA GwTN ϕ∗’G( ∈ tBV )s,’cm ’ψ ◦ ϕ(∗’d((

wF ϕ∗’G(’V( ´ ’ψd ◦ G ◦ ϕ’V(mϕ’V(mV(– jgNA JN gwIN ’ψ ◦ ϕ(∗’π( ◦ ϕ∗’G( ´ uzy – dBJ JN ywA GwTN ψ∗’G( ∈
tBV )s,’cmd( zN¨ANz xL ψ∗’G(’V( ´ ψd ◦G◦ϕ’V( JgRyg FwGRF¨NF π◦ψ∗’G( ´ π◦’ψd ◦G◦ϕ( ´ ’ψ◦ψ∗’π((◦’G◦ϕ( ´
’ψ ◦ ϕ( ´ z uzy – jgRF RVCURNF GgwG ’ψ ◦ ϕ(∗’q( ´ z’q(– XNywHFN z’q( FCURGFfi JN yBAyUHzN GgwG N { z–
’2( XL ’1(fi JN FgBHUz CEBIN z ≤ N– uO d ´ f RF CNEVHGwGRBAfi GgNA RG OBUUBJF OEBV bNVVw 4–3 GgwG GgNEN NKRFGF

F ∈ tBV )s,’cmf ( FHyg GgwG π ◦ F ´ N uzy – jgRF RVCURNF z ≤ N OEBV GgN zN¨ARGRBA BO z– jgN UwFG FGwGNVNAG

OBUUBJF OEBV bNVVw 4–2 ’2(–

’3( RG OBUUBJF OEBV GgN NKRFGNAyN BO w yB,wxxL ENFBUHGRBA ’FNN qAzB wAz cRLwGw )qc64fi bNVVw 0–1fl(fi ’0( wAz ’2(

GgwG C]BEz’c ( { {s{–
’4( XL ’2(fi JN gwIN C]BEz’c ( ´ BEz’q( wAz C]BEz’c {sC( ´ BEz’q{sC(– tNAyN GgN wFFNEGRBA OBUUBJF OEBV bNVVw
5–3–

’5( XL ’4(fi JN gwIN ’R(⇔ ’RR(⇔ ’RRR(– XL ’2(fi JN gwIN ’R(⇔ ’RI(–

’RI(⇒ ’I(# XL ’2(fi RO BEz’q( ´ 0fi R–N– ’q( FCURGFfi GgNA Y ⊕c ≃ f wAz gNAyN c RF RAINEGRxUN–

’I( ⇒ ’R(# uO c RF RAINEGRxUNfi GgNA RG OBUUBJF OEBV bNVVw 5–0 GgwG ’q( FCURGF– tNAyN JN gwIN uzy # c
ι−→ f ≃

Y ⊕c π−→c JRGg π ◦ ι ´ uzy – XL ’2(fi JN gwIN C]BEz’c ( ´ 0–
jgN UwFG wFFNEGRBA OBUUBJF OEBV ’5(– 

bNG C xN w CERVN AHVxNE– bNG =C( xN GgN UBywURMwGRBA BO wG w CERVN RzNwU ’C( wAz C xN GgN yBVCUNGRBA BO

wG w CERVN C– uG RF TABJA GgwG aEHUU]iygVRzG]�MHVwLw GgNBENV gBUzF OBE C)sfl]UwGGRyNFfi R–N– C)sfl]UwGGRyNF gwIN

GgN HARDHN zNyBVCBFRGRBA RAGB RAzNyBVCBFwxUN BANF HC GB RFBVBECgRFV wAz AHVxNERAP ’FNN YHEGRF wAz hNRANE

)Yh!0fi jgNBENV 5–01flfi FNN wUFB �MHVwLw )�MH4‘fi jgNBENV 0flfi tBFgR wAz owVwFwTR )to06fi YgwCGNE 3flfi )to0fi



13 c- rKegDdYD+ �- teitH+ �dp �- o�c�i�IH

iNyGRBA 6fl( wUGgBHPg RG zBNF ABG gBUz OBE s]UwGGRyNF RA PNANEwU ’FNN iJwA )iJw5‘fi iNyGRBA 0‘flfi YHEGRF wAz hNRANE

)Yh!0fi iNyGRBA 25flfi tBFgR wAz owVwFwTR )to06fi CwPN 8 wAz YgwCGNE 3fl(– uO s RF w C]PEBHC JRGg C ´ 1fi GgNA

aEHUU]iygVRzG]�MHVwLw GgNBENV gBUzF OBE =C()sfl]UwGGRyNF ’FNN vBANF )vBA54fi jgNBENV 1 JRGg D ´ 0flfi YHEGRF wAz

hNRANE )Yh!0fi jgNBENV 25–0fl(–

fEBCBFRGRBA 5-5- bdG s xd w WARGd PEBHCfi c xd w sflkwGGRyd wAz ’q( # ‘ → Y
ι−→ f

π−→ c → ‘ xd w yB,wxxL

EdFBkHGRBA Be c wF sflkwGGRydF vRGg f CdEVHGwGRBA wAz Y yB,wxxL- bdG C xd w CERVd AHVxdE wAz sC ´ iLUC’s(

xd w CfliLkBv FHxPEBHC Be s- bdG c {sC xd w sCflkwGGRyd BxGwRAdz xL EdFGERyGRAP Ggd wyGRBA Be s BA c GB sC- bdG

’q{sC( # ‘→ Y{sC
ι{sC−−−→ f {sC

π{sC−−−→c {sC → ‘

xd w yB,wxxL EdFBkHGRBA Be c {sC wF sCflkwGGRydFfi

’q=C(( # ‘→ Y=C( #´ Y ⊗ =C(

ι=C(−−→ f=C( #´ f ⊗ =C(

π=C(−−→c=C( #´c ⊗ =C( → ‘

xd w yB,wxxL EdFBkHGRBA Be c=C( ´c ⊗ =C( wF =C()sflflkwGGRydF wAz

’qC( # ‘→ YC #´ Y ⊗ C
ιC−→ fC #´ f ⊗ C

πC−→cC #´c ⊗ C → ‘

xd w yB,wxxL EdFBkHGRBA Be cC ´ c ⊗ C wF C)sflflkwGGRydF- jgdA CflBEz’c {sC( ´ CflBEz’c=C(( ´ CflBEz’cC( ´

BEz’q{sC( ´ BEz’q=C(( ´ BEz’qC( vgRyg PRIdF Ggd CflCwEG Be CflBEz’c ( ´ BEz’q(-
fEBBe- rBE C]BEz’c {sC( ´ C]BEz’c=C(( ´ BEz’q{sC( ´ BEz’q=C((fi xL w FRVRUwE wEPHVNAG BO GgN CEBBO BO fEBCB]
FRGRBA 5–4 ’2(fi JN gwIN C]BEz’c {sC( ´ BEz’q{sC( wAz C]BEz’c=C(( ´ BEz’q=C((– XNywHFN BEz’q=C(( RF GgN

BEzNE wF wA NUNVNAG ’q=C(( ∈ qKG0
=C()s,

’c {=C(m Y{=C(( ≃ t0’smtBV
=C(
’c=C(m Y=C((( wAz BEz’q{sC( RF GgN BE]

zNE wF wA NUNVNAG ’q{sC( ∈ qKG0 )sC,’c {sC m Y{sC( ≃ t0’sCmtBV ’c {sC m Y{sC((fi GgN wFFNEGRBA OBUUBJF OEBV
t0’smtBV

=C(
’c=C(m Y=C((( ≃ t0’sCmtBV ’c {sC m Y{sC(( IRw RAIwERwAG OwyGBE GgNBEL–

rBE C]BEz’c {sC( ´ C]BEz’cC( ´ BEz’q{sC( ´ BEz’qC(fi JN PNG GgN wFFNEGRBA xL GgN FRVRUwE VwAANE– 

pNWARGRBA 5-6 ’iywIRw )iyw1‘fi ZN¨ARGRBA 1–0fl(- bNG s xN w ¨ARGN PEBHC wAz c xN w s]UwGGRyN– bNG C xN w CERVN

AHVxNE wAzc=C( ´c ⊗ =C( xN w =C()sfl]UwGGRyN– � s]UwGGRyN c RF ywUUNz C]RAINEGRxUN RO GgNEN NKRFGF CNEVHGwGRBA

s]UwGGRyN f FHyg GgwG c=C( RF w zRENyG FHVVwAz BO f=C( ´ f ⊗ =C(fi R–N– GgNEN NKRFGF =C()sfl]UwGGRyN c
′ FHyg GgwG

c=C( ⊕c ′ ≃ f=C(–

iywIRw )iyw1‘fi bNVVw 1–4fl FgBJNz GgwG c RF C]RAINEGRxUN RO wAz BAUL RO c {sC RF RAINEGRxUN– jgN yBAyNCG BO
C]RAINEGRxURGL BO w s]UwGGRyN c ywA xN JNUU]HAzNEFGBBz IRw GgN CNEVHGwGRBA BEzNE C]BEz’c ( BO c ’ABGN GgwG c

RF RAINEGRxUN RO wAz BAUL RO C]BEz’c ( ´ 0 xL fEBCBFRGRBA 5–4 ’5((#

fEBCBFRGRBA 5-7 ’FNN wUFB iywIRw )iyw1‘fi ZN¨ARGRBA 1–0fl(- bdG s xd w WARGd PEBHC wAz c xd w sflkwGGRyd- bdG C xd

w CERVd AHVxdE wAz sC ´ iLUC’s( xd w CfliLkBv FHxPEBHC Be s- bdG c {sC xd w sCflkwGGRyd BxGwRAdz xL EdFGERyGRAP
Ggd wyGRBA Be s BA c GB sC- jgd eBkkBvRAP yBAzRGRBAF wEd dDHRIwkdAG8

’R( c RF CflRAIdEGRxkd:

’RR( Pyz’Cm CflBEz’c (( ´ 0:

’RRR( C  { CflBEz’c (:
’RI( CflBEz’c {sC( ´ 0-
fEBBe- jgN wFFNEGRBA OBUUBJF OEBV fEBCBFRGRBA 5–4 ’2(fi ’5( wAz fEBCBFRGRBA 5–5– 

pNWARGRBA 5-8 ’cNETHESNI )cNE1‘fi iNyGRBA 1fl(- bNG T xN w ¨NUz– �A RAGNPEwU T]IwERNGL n RF ywUUNz CflEdGEwyG

TflEwGRBAwk RO GgNEN NKRFGF w EwGRBAwU zBVRAwAG VBECgRFV e # �A �� n OBE FBVN A FHyg GgwG OBE NINEL ABANVCGL

BCNA FHxFNG k ⊂ �A RA GgN zBVwRA BO zN¨ARGRBA BO e fi GgNEN RF w VBECgRFV P # o → �A FHyg GgwG uV’P( ⊂ k wAz

GgN yBVCBFRGRBA e ◦ P # o → n RF zBVRAwAG BO ¨ARGN zNPENN CERVN GB C#

o
P

����
�
�
�
�
�
�

BO MNPENN CERUN GB C



�A
e

❴❴❴ n,

jgN OBUUBJRAP ENFHUG RF zHN GB iywIRw )iyw1‘fl ’FNN wUFB fEBCBFRGRBA 5–4 ’4(fi ’5((#

SQNBENV 5-0/ ’iywIRw )iyw1‘fi fEBCBFRGRBA 2–0fi jgNBENV 0–0fl(- bdG j xd wA wkPdxEwRy TflGBEHF vRGg Ggd VRARVwk

FCkRGGRAP Wdkz b wAz Ggd sflkwGGRyd j ´ tBV’j }T bm Vmx( vgdEd s ´ swU’b.T(- jgdA j RF CflEdGEwyG TflEwGRBAwk

Re wAz BAkL Re ) j flek RF CflRAIdEGRxkd- uA CwEGRyHkwEfi j RF EdGEwyG TflEwGRBAwk Re wAz BAkL Re j RF CflEdGEwyG TflEwGRBAwk eBE
wAL CERVd AHVxdE C Re wAz BAkL Re j RF CflEdGEwyG TflEwGRBAwk eBE wAL CERVd zRIRFBE C { {s{-
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5–1– SNAFBE CEBMHyGF j0 ⊗ j1 BO wUPNxEwRy T,GBER j0 wAM j1-

bNVVw 5-00- bdG f xd w CdEVHGwGRBA sflkwGGRyd-

’0( ue f ′ RF w CdEVHGwGRBA sflkwGGRydfi GgdA f ⊗ f ′ RF w CdEVHGwGRBA sflkwGGRyd:
’1( ue i RF w FGwxkL CdEVHGwGRBA sflkwGGRydfi GgdA i ⊗ f RF w FGwxkL CdEVHGwGRBA sflkwGGRyd:

’2( ue ifi i′ wEd FGwxkL CdEVHGwGRBA sflkwGGRydFfi GgdA i ⊗ i′ RF w FGwxkL CdEVHGwGRBA sflkwGGRyd:
’3( ue u RF wA RAIdEGRxkd sflkwGGRydfi GgdA u ⊗ f RF wA RAIdEGRxkd sflkwGGRyd:

’4( ue ufi v wEd RAIdEGRxkd sflkwGGRydFfi GgdA u ⊗ v RF wA RAIdEGRxkd sflkwGGRyd:
’5( ue Y RF w yB,wxxL sflkwGGRydfi GgdA Y ⊗ f RF w yB,wxxL sflkwGGRyd:

’6( ue r RF w ,wxxL sflkwGGRydfi GgdA r ⊗ f RF w ,wxxL sflkwGGRyd-

fEBBe- ’0( uO f ≃ )n flfi f ′ ≃ )o fl wEN CNEVHGwGRBAfi GgNA GgNEN NKRFGF wA RFBVBECgRFV ϕ # )n fl ⊗ )o fl
∼−→

)n } o flfi ’K∈n wK)Kfl(⊗ ’

L∈B xL)Lfl( →


K∈n


L∈B wKxL)’Km L(fl– tNAyN f ⊗ f ′ ≃ )n } o fl RF CNEVHGwGRBA–

’1( uO i RF FGwxUL CNEVHGwGRBAfi GgNA GgNEN NKRFGF w CNEVHGwGRBA s]UwGGRyN g FHyg GgwG i ⊕g RF CNEVHGwGRBA– XL

’0(fi ’i ⊕g(⊗ f ≃ ’i ⊗ f (⊕ ’g ⊗ f ( wAz g⊗ f wEN CNEVHGwGRBA– tNAyN i ⊗ f RF FGwxUL CNEVHGwGRBA–
’2( uO ifi i′ wEN FGwxUL CNEVHGwGRBAfi GgNA GgNEN NKRFG CNEVHGwGRBA s]UwGGRyNF gfi g′ FHyg GgwG i ⊕ gfi i′ ⊕ g′

wEN CNEVHGwGRBA– XL ’0(fi ’i ⊕ g( ⊗ f fi ’i′ ⊕ g′( ⊗ f wEN CNEVHGwGRBA– mN gwIN ’i ⊕ g( ⊗ ’i′ ⊕ g′( ≃
’i ⊗ i′(⊕ ’i ⊗g′(⊕ ’g⊗ i′(⊕ ’g⊗g′(– XL ’0(fi ’1(fi JN ¨Az GgwG ’i ⊕g(⊗ ’i′ ⊕g′(fi i ⊗g′fi g⊗ i′fi g⊗g′

wEN CNEVHGwGRBA– tNAyN i ⊗ i′ RF FGwxUL CNEVHGwGRBA–
’3( uO u RF RAINEGRxUNfi GgNA GgNEN NKRFGF s]UwGGRyN u ′ FHyg GgwG u ⊕ u ′ RF CNEVHGwGRBA– XL ’0(fi ’u ⊕ u ′( ⊗ f RF

CNEVHGwGRBA– tNAyN u ⊗ f RF RAINEGRxUN xNywHFN ’u ⊕ u ′(⊗ f ≃ ’u ⊗ f (⊕ ’u ′ ⊗ f (–
’4( uO u RF RAINEGRxUNfi GgNA GgNEN NKRFGF s]UwGGRyN u ′ FHyg GgwG u⊕u ′ RF CNEVHGwGRBA– XL ’3(fi ’u⊕u ′(⊗v RF RAINEGRxUN–
tNAyN u⊗v RF RAINEGRxUN xNywHFN ’u⊕u ′(⊗v ≃ ’u⊗v(⊕’u ′⊗v(– �UGNEAwGRINULfi RO ufi v wEN RAINEGRxUNfi GgNA GgNEN NKRFG
s]UwGGRyN u ′fi v ′ FHyg GgwG u⊕u ′ ≃ f fi v⊕v ′ ≃ g wEN CNEVHGwGRBA– jgNA f⊗g ≃ ’u⊗v(⊕’u⊗v ′(⊕’u ′⊗v(⊕’u ′⊗v ′(–
XL ’0(fi f ⊗g RF CNEVHGwGRBA– tNAyN u ⊗ v RF RAINEGRxUN–
’5( bNG t ≤ s xN w FHxPEBHC– mN ANNz GB FgBJ GgwG t0’tmY ⊗ f ( ´ ‘– hNFGERyGNz GB wA t]UwGGRyNfi f ´

⊕qR´0 )t.tRfl OBE FHxPEBHCFtR ≤ t – XL igwCREB=F UNVVw ’FNN XEBJA )XEB!1fi fEBCBFRGRBA 5–1fi CwPN 62flfi dNHTREygfi

iygVRzG wAz mRAPxNEP )dim‘‘fi fEBCBFRGRBA 0–5–2fl(fi JN gwIN t0’tmY ⊗ f ( ´ t0’tmY ⊗ ’⊕qR´0 )t.tRfl(( ´

t0’tm⊕qR´0’Y ⊗ )t.tRfl(( ´ ⊕qR´0t0’tmY ⊗ )t.tRfl( ´ ⊕qR´0t0’tmY)t.tRfl( ´ ⊕qR´0t0’tRm Y( ´ ‘ xNywHFN
Y RF yB,wxxL–

’6( jgN CEBBO RF GgN FwVN wF OBE ’5(fi HFRAP t−0 RAFGNwz BO t0– 

SQNBENV 5-01- bdG c0 wAz c1 xd sflkwGGRydF vRGg z0 ´ CflBEz’c0( wAz z1 ´ CflBEz’c1(- md GwTd ,wxxL

EdFBkHGRBAF Be c0 wAz c1 EdFCdyGRIdkL8

’q0( # ‘→c0
ι0−→ f0

π0−→ r0 → ‘m

’q1( # ‘→c1
ι1−→ f1

π1−→ r1 → ‘

vRGg rR ,wxxL wAz fR CdEVHGwGRBA ’R ´ 0m 1(- jgdA GgdEd daRFGF wA dawyG FdDHdAyd Be sflkwGGRydF

’q
=0(
0m1( # ‘→c0 ⊗c1

ι−→ f0 ⊗ f1 e−→ ’r0 ⊗ f1(⊕ ’f0 ⊗ r1( π−→ r0 ⊗ r1 → ‘

vgdEd

ι’V0 ⊗V1( ´ ι0’V0(⊗ ι1’V1(m

e’C0 ⊗ C1( ´ ’π0’C0(⊗ C1m C0 ⊗ π1’C1((m

π’e0 ⊗ C1m C0 ⊗ e1( ´ e0 ⊗ π1’C1(− π0’C0(⊗ e1,
pdWAd

r #´ uVwPN’e( ´ aNE’π( ≤ ’r0 ⊗ f1(⊕ ’f0 ⊗ r1(,
’0( ue Pyz’z0m z1( ´ 0fi GgdA Ggd dawyG FdDHdAyd

’q
=0h(
0m1 ( # ‘→ r

e {r−−→ ’r0 ⊗ f1(⊕ ’f0 ⊗ r1( π−→ r0 ⊗ r1 → ‘

FCkRGFfi R-d- r ⊕ ’r0 ⊗ r1( ≃ ’r0 ⊗ f1(⊕ ’f0 ⊗ r1(- tdAyd Ggd sflkwGGRydF r wAz r0 ⊗ r1 wEd ,wxxL wAz Ggd dawyG
FdDHdAyd

’q
=0x(
0m1 ( # ‘→c0 ⊗c1

ι−→ f0 ⊗ f1 e−→ r → ‘

PRIdF w ,wxxL EdFBkHGRBA Be c0⊗c1 vRGg r ,wxxL wAz f0⊗f1 CdEVHGwGRBAfi R-d- )c0⊗c1fl
ek ´ r - uA CwEGRyHkwEfi

CflBEz’c0 ⊗c1( ´ BEz’q
=0x(
0m1 ( { z0z1-
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’1( ue Pyz’z0m z1( ´ 0 wAz r0 wAz r1 wEd FGwxkL CdEVHGwGRBAfi GgdA r RF FGwxkL CdEVHGwGRBAfi R-d- )r fl ´ ‘-

’2( ue Pyz’z0m z1( ´ 0 wAz r0 wAz r1 wEd RAIdEGRxkdfi GgdA r RF RAIdEGRxkd-

fEBBe- ’0( uG OBUUBJF OEBV bNVVw 5–2 wA fEBCBFRGRBA 5–4 GgwG z0 ´ BEz’q0( wAz z1 ´ BEz’q1(– jgNA GgN

wFFNEGRBA OBUUBJF OEBV fEBCBFRGRBA 4–4 JRGg GgN gNUC BO bNVVw 5–00 xNywHFN OBE s]UwGGRyNF c fi d fi JN gwIN
t−0’tmc ⊕d( ≃ t−0’tmc (⊕ t−0’tmd( OBE wAL t ≤ s– uA CwEGRyHUwEfi xL ’GgN zHwU INEFRBA BO( fEBCBFRGRBA

5–4 ’2(fi JN FNN GgwG C]BEz’c0 ⊗c1( ´ BEz’q
=0x(
0m1 ( { z0z1–

’1( XL bNVVw 5–00 ’2(fi r0 ⊗ r1 RF FGwxUL CNEVHGwGRBA– XL ’0(fi JN gwIN r ⊕ ’r0 ⊗ r1( ≃ ’r0 ⊗ f1(⊕ ’f0 ⊗ r1(–
kFN bNVVw 5–00 wPwRA– jgNA JN ¨Az GgwG r RF FGwxUL CNEVHGwGRBA–

’2( XL ’0( wAz bNVVw 5–00fi JN FNN r ⊕ ’r0 ⊗ r1( ≃ ’r0 ⊗ f1(⊕ ’f0 ⊗ r1( RF RAINEGRxUN– 

hNVwET 5-02- ’0( uA PNANEwUfi OBE s]UwGGRyNcR ’R ´ 0m 1( JRGg zR ´ C]BEz’cR(fi JN FNN GgwG C]BEz’c0⊗c1( { z0z1
JRGgBHG GgN wFFHVCGRBA Pyz’z0m z1( ´ 0 xNywHFN RO wR Rzye # cR

ee−→ fR
Pe−→ cR ’R ´ 0m 1(fi GgNA w0w1Rzy0⊗y1 ´

’w0Rzy0(⊗ ’w1Rzy1( #c0 ⊗c1
e0⊗e1−−−−→ f0 ⊗ f1 P0⊗P1−−−−→c0 ⊗c1 wAz ’P0 ⊗ P1( ◦ ’e0 ⊗ e1( ´ ’P0 ◦ e0(⊗ ’P1 ◦ e1(–

’1( mN JRUU FNN GgwG GgNEN NKRFG FGwxUL T]EwGRBAwU wUPNxEwRy T]GBER j0fi j1 FHyg GgwG j0⊗j1 RF ABG ENGEwyG T]EwGRBAwU
JgNA Pyz’z0m z1( ´ 0 ’FNN qKwVCUN 6–5(– jgRF PRINF wA NKwVCUN JgRyg ’q=0h(0m1 ( zBNF ABG FCURG wAz )r fl RF ABG GgN

,wxxL yUwFF BO c0 ⊗c1fi R–N– GgN wFFHVCGRBA Pyz’z0m z1( ´ 0 BO jgNBENV 5–01 RF ANyNFFwEL–

mN wUFB PNG GgN zHwU INEFRBA BO jgNBENV 5–01 xL GgN FwVN VwAANE–

SQNBENV 5-03- bdG c0 wAz c1 xd sflkwGGRydF vRGg z0 ´ CflBEz’c0( wAz z1 ´ CflBEz’c1(- md GwTd yB,wxxL

EdFBkHGRBAF Be c0 wAz c18

’q0( # ‘→ Y0
ι0−→ f0

π0−→c0 → ‘m

’q1( # ‘→ Y1
ι1−→ f1

π1−→c1 → ‘

vRGg YR yB,wxxL wAz fR CdEVHGwGRBA ’R ´ 0m 1(- jgdA GgdEd daRFGF wA dawyG FdDHdAyd Be sflkwGGRydF

’q
=1(
0m1( # ‘→ Y0 ⊗ Y1 ι−→ ’Y0 ⊗ f1(⊕ ’f0 ⊗ Y1( e−→ f0 ⊗ f1 π−→c0 ⊗c1 → ‘

vgdEd

ι’y0 ⊗ y1( ´ ’y0 ⊗ ι1’y1(m−ι0’y0(⊗ y1(m
e’y0 ⊗ C1m C0 ⊗ y1( ´ ι0’y0(⊗ C1 W C0 ⊗ ι1’y1(m

π’C0m C1( ´ π0’C0(⊗ π1’C1(,

pdWAd

Y #´ uVwPN’e( ´ aNE’π( ≤ f0 ⊗ f1,
’0( ue Pyz’z0m z1( ´ 0fi GgdA Ggd dawyG FdDHdAyd

’q
=1x(
0m1 ( # ‘→ Y0 ⊗ Y1 ι−→ ’Y0 ⊗ f1(⊕ ’f0 ⊗ Y1( e−→ Y → ‘

FCkRGFfi R-d- ’Y0 ⊗ Y1( ⊕ Y ≃ ’Y0 ⊗ f1( ⊕ ’f0 ⊗ Y1(- tdAyd Ggd sflkwGGRydF Y0 ⊗ Y1 wAz Y wEd yB,wxxL wAz Ggd

dawyG FdDHdAyd

’q
=1h(
0m1 ( # ‘→ Y

e {Y−−→ f0 ⊗ f1 π−→c0 ⊗c1 → ‘

PRIdF w yB,wxxL EdFBkHGRBA Be c0⊗c1 vRGg Y yB,wxxL wAz f0⊗f1 CdEVHGwGRBA- uA CwEGRyHkwEfi CflBEz’c0⊗c1( ´

BEz’q
=1h(
0m1 ( { z0z1-

’1( ue Pyz’z0m z1( ´ 0 wAz Y0 wAz Y1 wEd FGwxkL CdEVHGwGRBAfi GgdA Y RF FGwxkL CdEVHGwGRBAfi R-d- )Yfl ´ ‘-

’2( ue Pyz’z0m z1( ´ 0 wAz Y0 wAz Y1 wEd RAIdEGRxkdfi GgdA Y RF RAIdEGRxkd-

XL jgNBENV 5–01fi JN PNG BAN BO GgN VwRA yBAGERxHGRBA BO GgRF CwCNE ’FNN iNyGRBA 2 OBE NKwVCUNF BO FGwxUL ’ENFC–

ENGEwyG( T]EwGRBAwU wUPNxEwRy T]GBER j (#

SQNBENV 5-04- bdG j0 wAz j1 xd wkPdxEwRy TflGBER vRGg CdEVHGwGRBA BEzdE z0 ´ CflBEz’j0(fi z1 ´ CflBEz’j1(- ue
Pyz’z0m z1( ´ 0 wAz j0 wAz j1 wEd FGwxkL ’EdFC- EdGEwyG( TflEwGRBAwkfi GgdA j0⊗j1 RF FGwxkL ’EdFC- EdGEwyG( TflEwGRBAwk-
fEBBe- ZN¨AN cR #´ cse ´ jR ’R ´ 0m 1( JgNEN sR ≤ sb’ARm ( wF RA ZN¨ARGRBA 1–2fi wAz RAGEBzHyN w ,wxxL

ENFBUHGRBA BO cR JRGg )cRfl
ek ´ rR wF RA jgNBENV 5–01– �CCULRAP jgNBENV 5–01 LRNUzF w ,wxxL ENFBUHGRBA

’q
=0x(
0m1 ( # ‘→c0 ⊗c1

ι−→ f0 ⊗ f1 e−→ r → ‘,

�PwRAfi jgNBENV 5–01 ’1( ’ENFC– ’2(( FgBJF GgwGfi RO r0 wAz r1 wEN FGwxUL CNEVHGwGRBA ’ENFC– RAINEGRxUN(fi GgNA FB

RF r – XL jgNBENV 1–6fi GgN FGwxUN ’ENFC– ENGEwyG( T]EwGRBAwURGL BO j0 wAz j1fi RAzNNz RVCURNF GgwG BO j0 ⊗ j1– 



degc edD SegH er SDdieg fgepTYSi er 9DS�KD �KsDng�i �dp t�iiD degc fgHdYHfKD 16

jgNEN RF w FGEwRPgGOBEJwEz CwEGRwU yBAINEFN GB jgNBENV 5–04 ’JRGgBHG GgN wFFHVCGRBA Pyz’z0m z1( ´ 0(#

fEBCBFRGRBA 5-05- bdG sR ≤ sb’ARm ( ’R ´ 0m 1( xd w WARGd FHxPEBHC wAz cse xd Ggd sRflkwGGRyd wF RA pdWARGRBA

1-2- pdWAd s #´ s0 } s1- bdG Q # swU’T.T( → s xd w yBAGRAHBHF FHESdyGRId gBVBVBECgRFV wAz jR xd Ggd

wkPdxEwRy TflGBEHF vRGg jR ´cse ’IRw Q(- ue j0 ⊗ j1 RF EdGEwyG TflEwGRBAwkfi GgdA j0 wAz j1 wEd EdGEwyG TflEwGRBAwk-

fEBBe- YBAFRzNE w ,wxxL ENFBUHGRBA BO s]UwGGRyNF

‘→cs0 ⊗cs1 → f → r → ‘,

�FFHVN GgwG j RF ENGEwyG T]EwGRBAwUfi R–N– ’xL jgNBENV 1–6( GgwG )r fl RF wA RAINEGRxUN s]UwGGRyN– �OGNE ENFGERyGRAP

GgN wyGRBA BO s GB s0 ’´ s0 } ·uz|(fi JN PNG GgN NKwyG FNDHNAyN BO s0]UwGGRyNF
‘→ ’cs0(

⊕A1 → f {s0 → r {s0 → ‘

JgNEN f {s0 RF CNEVHGwGRBA wAz r {s0 RF RAINEGRxUN ’wF s0]UwGGRyNF(– jgHFfi )’cs0(
⊕A1 flek ´ A1)cs0 fl

ek RF RAINEGRxUN–

qDHRIwUNAGULfi )cs0 fl
ek RF RAINEGRxUN– jgHFfi xL jgNBENV 1–6fi GgN wUPNxEwRy T]GBEHF j0 RF ENGEwyG T]EwGRBAwU– 

6– hwGRnAwURGb ne AnDl nAN GnDR P�⊗X ´ h
=0(
�⊗X.T’ V( ne GNAFnD CDnMHyGF ne 9NGwUN wUPNxDwF �.T

wAM X.T

bNG �.T xN wA ;NGwUN T]wUPNxEw– mERGN � ´
q
R´0aR JgNEN aR.T ’0 ≤ R ≤ E( wEN ¨ARGN FNCwEwxUN ¨NUz NKGNAFRBAF

JRGg )aR # Tfl ´ AR– bNG b ⊂ T xN GgN FCURGGRAP ¨NUz BO �.T– uG RF GgN swUBRF yUBFHEN BO GgN yBVCBFRGHV BO GgN aR=Ffi

RAFRzN T ’FNN iNyGRBA 1–2 wAz iNyGRBA 1–6–1(– jgNA GgN ¨ARGN s]FNG n #´ n’�( ´ tBVT’�m T( RF w zRFSBRAG HARBA

BO s]BExRGF nRfi JRGg {nR{ ´ AR wAz A ´
q
R´0 AR–

bNG c xN w s]UwGGRyN– hNywUU GgwG GgN CNEVHGwGRBA BEzNE C]BEz’c ( BO c RF GgN FVwUUNFG RAGNPNE w ≥ 0 FHyg

GgwG w uzy #c →c OwyGBEF GgEBHPg w CNEVHGwGRBA s]UwGGRyN wF w )sfl]gBVBVBECgRFV ’FNN ZN¨ARGRBA 5–1(–

SQNBENV 6-0- bdG P� ´ h
=0(
�.T’ V( xd Ggd ABEV BAd GBEHF Be wA ;dGwkd wkPdxEw �.T vRGg zRVT � ´ A vgdEd

� ´
q
R´0aR vRGg )aR # Tfl ´ AR- bdG n ´ n’�( ´ tBVT’�m T( xd Ggd yBEEdFCBAzRAP sflFdG vRGg P� ≃ vn wAz

{n { ´ A vgdEd n ´
q
R´0nR RF Ggd zRFSBRAG HARBA Be sflBExRGF vRGg {nR{ ´ AR wAz A ´

q
R´0 AR- bdG

’qn( # ‘→ un
ι−→ )n fl

ε−→ → ‘

xd wA dawyG FdDHdAyd Be sflkwGGRydF wAz RGF zHwk

’rn ( # ‘→ ε◦−→ )n fl
ι◦−→ vn → ‘

PRIdA wF RA pdWARGRBA 1-.- jgdA

’0( CflBEz’un ( ´ CflBEz’vn( ´ BEz’qn ( ´ BEz’rn (- uA CwEGRyHkwEfi CflBEz’un ( { {s{-
’1( ue E ´ 0fi GgdA CflBEz’vn ( ´ A- uA CwEGRyHkwEfi vd gwId CflBEz’vs.t( ´ A vRGg vn ≃ vs.t vgdA s ≤ iA
GEwAFRGRId wAz )s # t fl ´ A-

’2( ue E ≥ 1fi GgdA CflBEz’vn( ´ Pyz’A0m , , , m Aq( { A-
’3( ue Pyz’A0m , , , m Aq( ´ 0fi d-P- A ´ C: CERVdfi GgdA ⊕ vn ≃ )n fl wAz gdAyd P� } VmT RF TflEwGRBAwk- uA

CwEGRyHkwEfi P� RF FGwxkL TflEwGRBAwk-
fEBBe- ZN¨AN z #´ C]BEz’vn ( wAz N #´ BEz’rn (fi R–N– GgN BEzNE BO ’rn( wF wA NUNVNAG ’rn ( ∈ qKG0 )s,’vn m ( ≃
t0’smtBV ’vn m ((–

’0( uG OBUUBJF OEBV fEBCBFRGRBA 5–4 GgwG z ´ N– tNAyN JN PNG GgN wFFNEGRBA xL bNVVw 5–2 wAz BEz’qn ( ´ BEz’rn (

xNywHFN ’rn ( RF GgN zHwU BO ’qn (– jgN UwFG wFFNEGRBA OBUUBJF OEBV fEBCBFRGRBA 5–4–

’1(fi ’2( ZN¨AN

P #´


A RO E ´ 0

Pyz’A0m , , , m Aq( RO E ≥ 1,

mN JRUU FgBJ GgwG ’R( N { P wAz ’RR( P { z– jgNA GgN wFFNEGRBA OBUUBJF OEBV ’0( xNywHFN z ´ N–

’R( uO E ≥ 1fi GgNA CRyT w X;NMBHG ENUwGRBA P ´ x0A0 W ± ± ±W xqAq ’xR ∈ (– XL GgN NKwyG FNDHNAyN ’qn (fi JN PNG w

UBAP NKwyG FNDHNAyN

t.’sm )n fl( ´ )n fls ´

q

R´0



K∈ne
)Kfl


≃ q ε−→ t.’sm ( ´ s ≃ /−→ t0’sm un (→ t0’sm )n fl( ´ ‘

JgNEN GgN VwC ε # q → RF PRINA xL

’λ0m , , , mλq( → λ0A0 W , , ,W λqAq,
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jgRF RVCURNF GgwG t0’sm un ( ≃ .uVwPN’ε( ≃ .P – XL ’0( wAz GgN yBVCHGwGRBA

’rn ( ∈ qKG0 )s,’vn m ( ≃ t0’smtBV ’vn m (( ≃ t0’sm ’vn(
◦( ≃ t0’sm un ( ≃ .P m

JN RAONE GgwG N { P–
’RR( rEBV GgN CEBBO BO ’R( wF wxBINfi JN gwIN qKG0 )s,’vn m ( ≃ .P wAz gNAyN GgNEN NKRFGF wA NKwyG FNDHNAyN

BO s]UwGGRyNF

’sn ( # ‘→ → d → vn → ‘

JRGg ’sn ( ´ qKG0 )s,’vn m ( wAz BEz’sn( ´ P– XL wCCULRAP fEBCBFRGRBA 5–4fi JN PNG P { z–
’3( uO Pyz’A0m , , , m Aq( ´ 0fi GgNA C]BEz’vn ( ´ 0 wAz gNAyN RG OBUUBJF OEBV fEBCBFRGRBA 5–4 GgwG vn RF RAINEGRxUN– XL

bNVVw 5–0fi ’rn ( FCURGF wAz gNAyN ⊕vn ≃ )n fl– jgRF RVCURNF GgwG vn ⊕ RF CNEVHGwGRBA wAz T’P�} VmT( ≃
b’vn ⊕ (s ≃ b’vn(s’G( RF T]EwGRBAwU– 

DawVCUN 6-1- bNG C xN w CERVN AHVxNE wAz n xN w s]FNG JRGg {n { ´ C– uG OBUUBJF OEBV jgNBENV 6–0 ’2( GgwG

C]BEz’vn( ´ C]BEz’un ( ´ C BE 0– mN FNN GgwG C]BEz’vn( ´ C RO wAz BAUL RO n RF GEwAFRGRINfi R–N– vn ≃ vs.t
JRGg s ≤ iC GEwAFRGRIN wAz )s # t fl ´ C– mgNA C]BEz’vn( ´ Cfi xL jgNBENV 2–00fi GgN ABEV BAN GBEHF P� JRGg
P� ≃ vn RF ENGEwyG T]EwGRBAwUfi R–N– )vn fl

ek RF RAINEGRxUN ’GgwG RFfi C]BEz’)vn fl
ek( ´ 0fi FNN fEBCBFRGRBA 5–4 ’5(– mgNA

C]BEz’vn( ´ 0fi xL jgNBENV 6–0fi P� RF FGwxUL T]EwGRBAwU–
XL fEBCBFRGRBA 4–5 ’fEBCBFRGRBA 4–4( wAz jgNBENV 6–0fi JN PNG w ENUwGRBA xNGJNNA vn}B wAz vn ⊗ vB #

SQNBENV 6-2- bdG n wAz o xd sflFdGF vRGg {n { ´ Vfi {o { ´ A wAz n ´
q
R´0nRfi o ´

F
S´0 oS xd Ggd zRFSBRAG

Ggd HARBAF Be sflBExRGF vRGg {nR{ ´ VRfi {oS { ´ AS wAz V ´
q
R´0VRfi A ´

F
S´0 AS - bdG

’qn ( # ‘→ un
ιn−−→ )n fl

εn−−→ → ‘m

’qB ( # ‘→ uB
ιB−→ )o fl

εB−−→ → ‘m

’qn}B ( # ‘→ un}B
ιn�B−−−−→ )n } o fl εn�B−−−−→ → ‘

xd dawyG FdDHdAydF Be sflkwGGRydF wF RA pdWARGRBA 1-.- jgdEd daRFG AwGHEwk RAykHFRBAF Be sflkwGGRydF

un ⊗ uB ⊂ )n fl⊗ uB ⊂ un}B ⊂ )n } o fl ≃ )n fl⊗ )o flm

un ⊗ uB ⊂ un ⊗ )o fl ⊂ un}B ⊂ )n } o fl ≃ )n fl⊗ )o fl

vgRyg vd HFd vRGgBHG eHEGgdE ABGRyd- jgdEd daRFGF wA dawyG FdDHdAyd Be sflkwGGRydF

’q
=1(
nmB ( # ‘→ un ⊗ uB ι−→ ’un ⊗ )o fl(⊕ ’ )n fl⊗ uB ( e−→ )n fl⊗ )o fl ≃ )n } o fl π−→ ⊗ ≃ → ‘

vgdEd

ι’ιK ⊗ ιL( ´ ’ιK ⊗ ιB ’ιL(m−ιn ’ιK(⊗ ιL( ´ ’ιK ⊗ ιLm−ιK ⊗ ιL(m

e’ιK ⊗ Lm K⊗ ιL( ´ ιn ’ιK(⊗ L W K⊗ ιB ’ιL( ´ ιK ⊗ L W K⊗ ιLm

π’Km L( ´ εn’K(⊗ εB ’L(,

jgdA vd gwId

uVwPN’e( ´ aNE’π( ´ un}B ≤ )n fl⊗ )o fl,

’0( ue Pyz’VRm AS { 0 ≤ R ≤ Em 0 ≤ S ≤ F( ´ 0fi d-P- Pyz’VmA( ´ 0fi GgdA Ggd dawyG FdDHdAyd Be sflkwGGRydF

’q
=1x(
nmB ( # ‘→ un ⊗ uB

ι
⇄
G
’un ⊗ )o fl(⊕ ’ )n fl⊗ uB ( e−→ un}B → ‘

FCkRGFfi R-d- ’un ⊗ uB ( ⊕ un}B ≃ ’un ⊗ )o fl( ⊕ ’ )n fl ⊗ uB (fi GgwG RFfi GgdEd daRFGF G ∈ tBV )s,’’un ⊗ )o fl( ⊕
’ )n fl⊗ uB (→ un ⊗ uB ( FHyg GgwG G◦ ι ´ uzun⊗uB - uA CwEGRyHkwEfi vd wkFB PdG Ggd zHwk dawyG FdDHdAyd Be sflkwGGRydF

’r
=0h(
nmB ( # ‘→ vn}B

e◦

−→ ’vn ⊗ )o fl(⊕ ’ )n fl⊗ vB (
ι◦

⇄
G◦
vn ⊗ vB → ‘

FCkRGFfi R-d- vn}B ⊕ ’vn ⊗ vB ( ≃ ’vn ⊗ )o fl(⊕ ’ )n fl⊗ vB (fi GgwG RFfi GgdEd daRFGF G◦ ∈ tBV )s,’vn ⊗ vB m ’vn ⊗
)o fl(⊕ ’ )n fl⊗ vB (( FHyg GgwG ι◦ ◦ G◦ ´ uzvn⊗vB -
’1( ue Pyz’VRm AS { 0 ≤ R ≤ Em 0 ≤ S ≤ F( ´ 0fi d-P- Pyz’VmA( ´ 0fi GgdA GgdEd daRFGF wA dawyG FdDHdAyd Be sflkwGGRydF

’q
=1xi(
nmB ( # ‘→ ’un ⊗ )o fl(⊕ ’ )n fl⊗ uB (

=Gme(−−−→ ’un ⊗ uB (⊕ ’ )n fl⊗ )o fl(
=.mπ(−−−→ ⊗ → ‘,

uA CwEGRyHkwEfi vd wkFB PdG Ggd zHwk dawyG FdDHdAyd Be sflkwGGRydF

’q
=0hi(
nmB ( # ‘→ ⊗ =π◦m.(−−−−→ ’ )n fl⊗ )o fl(⊕ ’vn ⊗ vB (

=e◦mG◦(−−−−→ ’vn ⊗ )o fl(⊕ ’ )n fl⊗ vB (→ ‘,
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fEBBe- jgRF RF w CwEGRyHUwE ywFN BO fEBCBFRGRBA 4–5fi wCCURNz GB ’q0( ´ ’qn ( wAz ’q1( ´ ’qB (– uAzNNzfi RO �0 ´ un fi

�1 ´ uB fi X0 ´ )n flfi X1 ´ )o flfi GgNA JN PNG GgwG ’q
=1(
0m1( ´ ’q

=1(
nmB ( wAz

uVwPN’e( ´ aNE’e( ´ un}B ,

jgN wFFNEGRBA OBUUBJF OEBV jgNBENV 6–0 xNywHFN JN gwIN BEz’qn ( ´ C]BEz’un ( ´ Pyz’V0m , , , mVq(fi BEz’qB ( ´ C]

BEz’uB ( ´ Pyz’A0m , , , m AF( wAz gNAyN Pyz’BEz’qn (m BEz’qB (( ´ Pyz’VRm AS { 0 ≤ R ≤ Em 0 ≤ S ≤ F(– jgN zHwU NKwyG
FNDHNAyN OBUUBJF OEBV ’c ⊗ d(◦ ≃ c◦ ⊗ d◦ wAz ’un (◦ ≃ vn fi ’uB (

◦ ≃ vB fi ’un}B (◦ ≃ vn}B fi )n fl◦ ≃ )n flfi

)o fl◦ ≃ )o fl JgNEN c◦ ´ tBV’cm ( RF GgN zHwU BO w s]UwGGRyN c ’FNN wUFB fEBCBFRGRBA 4–4(– 

jgN ANKG jgNBENV RF GgN VwRA wCCURywGRBA BO BHE ENFHUGF GB GgN wUPNxEwRy T]GBEHF P� ⊗ PX wAz GgN ABEV BAN

GBER P�⊗X JgNEN P� ´ h=0(�.T’ V( RF GgN ABEV BAN GBEHF BO GgN ;NGwUN wUPNxEw �.T–

SQNBENV 6-3- bdG T xd w Wdkz- bdG � ´
q
R´0aR wAz X ´

F
S´0 qS xd ;dGwkd TflwkPdxEwF vRGg zRVT � ´ Vfi

zRVT X ´ A vgdEd aR wAz qS wEd WARGd FdCwEwxkd Wdkz daGdAFRBAF Be T vRGg )aR # Tfl ´ VRfi )qS # Tfl ´ AS

wAz V ´
q
R´0VRfi A ´

F
S´0 AS - bdG P� ´ h

=0(
�.T’ V( xd Ggd ABEV BAd GBEHF Be Ggd ;dGwkd wkPdxEw �.T- ue

Pyz’VRm AS { 0 ≤ R ≤ Em 0 ≤ S ≤ F( ´ 0fi d-P- Pyz’VmA( ´ 0fi wAz P� wAz PX wEd FGwxkL ’EdFC- EdGEwyG( TflEwGRBAwkfi
GgdA Ggd wkPdxEwRy TflGBEHF P� ⊗ PX wAz Ggd ABEV BAd GBEHF P�⊗X wEd FGwxkL ’EdFC- EdGEwyG( TflEwGRBAwk-
uA CwEGRyHkwEfi Re E ´ F ´ 0fi R-d- �fi X wEd WARGd FdCwEwxkd Wdkz daGdAFRBAF Be Tfi GgdA �⊗X RF w WARGd FdCwEwxkd

Wdkz daGdAFRBA Be T vRGg )� ⊗ X # Tfl ´ VA wAz Ggd ABEV BAd GBEHF P�⊗X Be w Wdkz daGdAFRBA ’� ⊗ X(.T Be

zRVdAFRBA VA− 0 RF FGwxkL ’EdFC- EdGEwyG( TflEwGRBAwk-
fEBBe- iNG n #´ n’�( wAz o #´ n’X(– hNywUU GgwG GgN ygwEwyGNE VBzHUN BO P� ’ENFC– PX( RF vn ’ENFC– vB (

wAz GgN CNEVHGwGRBA BEzNE C]BEz’vn ( ’ENFC– C]BEz’vB (( gwF xNNA yBVCHGNz RA jgNBENV 6–0 ’2(– ZN¨AN zn #´ C]

BEz’vn ( ´ Pyz’VR { 0 ≤ R ≤ E( wAz zB #´ C]BEz’vB ( ´ Pyz’AS { 0 ≤ S ≤ F(– jgNA JN FNN Pyz’zn m zB ( ´

Pyz’VRm AS { 0 ≤ R ≤ Em 0 ≤ S ≤ F(–

XL GgN wFFHVCGRBA Pyz’zn m zB ( ´ 0fi RG OBUUBJF OEBV jgNBENV 5–04 GgwG RO P� wAz PX wEN FGwxUL ’ENFC– ENGEwyG(
T]EwGRBAwUfi GgNA P�⊗ PX RF FGwxUL ’ENFC– ENGEwyG( T]EwGRBAwUfi R–N– )vn ⊗vB flek ´ ‘ ’ENFC– )vn ⊗vB flek RF RAINEGRxUN(–
dNKGfi OBE GgN ABEV BAN GBEHF P�⊗X fi JN yBAFRzNE GgN NKGNAFRBAF BO s]UwGGRyNF

’rn( # ‘→ → )n fl→ vn → ‘

’rB ( # ‘→ → )o fl→ vB → ‘

JRGg Pyz’BEz’rn (m BEz’rB (( ´ 0 wF RA ZN¨ARGRBA 1–0– mN wCCUL jgNBENV 6–3– jgNA GgN RFBVBECgRFV BO s]UwGGRyNF

GgNENBOfi ywA xN ENJERGGNA gNEN wF#

vn}B ⊕ ’vn ⊗ vB ( ≃ ’vn ⊗ )o fl(⊕ ’ )n fl⊗ vB (,
uA CwEGRyHUwEfi JN gwIN

)vn}B fl
ek W )vn ⊗ vB flek ´ )vn ⊗ )o flflek W ) )n fl⊗ vB flek,

uA PNBVNGERy JBEzRAPfi GgRF yBEENFCBAzF GB wA RFBVBECgRFV BO T]GBER

P�⊗X } ’P� ⊗ PX( ≃ ’P� ⊗hX.T’ V((} ’h�.T’ V(⊗ PX(,
XL jgNBENV 5–04 wPwRAfi xNywHFNh�.T’ Vm�( JRGg ygwEwyGNE VBzHUN )n fl wAz C]BEz’ )n fl( ´ 0 wAzhX.T’ VmX(

JRGg ygwEwyGNE VBzHUN )o fl wAz C]BEz’ )o fl( ´ 0 wEN T]EwGRBAwUfi RO P� wAz PX wEN FGwxUL ’ENFC– ENGEwyG( T]

EwGRBAwUfi GgNA P�⊗hX.T’ VmX( wAz h�.T’ Vm�(⊗ PX wEN FGwxUL ’ENFC– ENGEwyG( T]EwGRBAwUfi R–N– )vn ⊗ )o flflek ´

) )n fl⊗ vB flek ´ ‘ ’ENFC– )vn ⊗ )o flflek wAz ) )n fl⊗ vB flek wEN RAINEGRxUN(–
jgRF RVCURNF GgwG RO Pyz’zn m zB ( ´ 0 wAz P� wAz PX wEN FGwxUL ’ENFC– ENGEwyG( T]EwGRBAwUfi GgNA P�⊗X RF FGwxUL

’ENFC– ENGEwyG( T]EwGRBAwUfi R–N– )vn}B flek ´ ‘ ’ENFC– )vn}B flek RF RAINEGRxUN(–
rBE GgN UwFG wFFNEGRBAfi RO E ´ F ´ 0fi GgNA �fi X wEN ¨ARGN FNCwEwxUN ¨NUz NKGNAFRBAF BO T– uO Pyz’VmA( ´ 0fi GgNA

GgN FHESNyGRIN VwC �⊗X → �X xNyBVNF RFBVBECgRy xNywHFN zRVT �⊗X ´ VA wAz RG OBUUBJF OEBV )� # Tfl ´ Vfi

)X # Tfl ´ Afi �∩X ´ T GgwG zRVT �X ´ )�X # Tfl ´ VA JgNEN �X RF GgN yBVCBFRGN ¨NUz BO �mXfi R–N– GgN FVwUUNFG

¨NUz JgRyg yBAGwRAF �fi X– 

jgNEN RF w CwEGRwU yBAINEFN GB jgNBENV 6–3#

fEBCBFRGRBA 6-4- bdG � wAz X xd ;dGwkd TflwkPdxEwF- pdABGd xL T ⊂ b0 ⊂ T ’EdFC- T ⊂ b1 ⊂ T( Ggd VRARVwk

swkBRF FCkRGGRAP Wdkz Be � ’EdFC- X(- pdWAd sR #´ swU’bR.T( ’R ´ 0m 1(- bdG P� ´ h=0(�.T’ V( xd Ggd ABEV BAd

GBEHF Be Ggd ;dGwkd wkPdxEw �.T- ue b0 wAz b1 wEd TflkRAdwEkL zRFSBRAGfi R-d- b0⊗b1 ´ b0b1 RF w swkBRF Wdkz daGdAFRBA
Be T vRGg swU’b0b1.T( ≃ s0}s1 wAz P�⊗X RF FGwxkL ’EdFC- EdGEwyG( TflEwGRBAwkfi GgdA P� wAz PX wEd FGwxkL ’EdFC-
EdGEwyG( TflEwGRBAwk-



2. c- rKegDdYD+ �- teitH+ �dp �- o�c�i�IH

fEBBe- mN ywA wCCUL jgNBENV 2–10 wAz HFN w GNygARDHN BO )qAz00fi jgN CEBBO BO jgNBENV 1–0fi CwPN !8fl xL igRMHB

qAzB– ZNABGN xL n #´ n’�( GgN s0]FNG wFFByRwGNz GB � wAz o #´ n’X( GgN s1]FNG wFFByRwGNz GB X JRGg

A0 #´ {n {fi A1 #´ {o {– ZN¨AN s #´ s0 } s1– jgN ygwEwyGNE VBzHUN BO GgN wUPNxEwRy T]GBEHF P� ⊗ PX RF GgN

s]UwGGRyN vn}B fi ¨GGRAP RAGB GgN NKGNAFRBA

’rn}B ( # ‘→ → )n } o fl→ vn}B → ‘,

hNFGERyGRAP GgN wyGRBA BO s GB s0fi JN PNG GgN NKwyG FNDHNAyN BO s0]UwGGRyNF#

‘→ → )n fl⊕A1 → vn}B {s0 → ‘,

XL jgNBENV 2–10fi JN PNG wA RFBVBECgRFV BO s0]UwGGRyNF

vn}B {s0 ≃ vn


)n fl⊕A1−0

wAz b’vn}B (s{s0 ´ b’vn(
s0’H0m , , , m HG(fi R–N– )vn}B flek{s0 ´ )vn fl

ek wF s0]UwGGRyNF– tNAyN RO )vn}B flek ´ ‘ ’ENFC–
)vn}B flek RF RAINEGRxUN( wF w s]UwGGRyNfi GgNA )vn flek ´ ‘ ’ENFC– )vn fl

ek RF RAINEGRxUN( wF w s0]UwGGRyN– jgRF RVCURNF

GgwG P� RF FGwxUL ’ENFC– ENGEwyG( T]EwGRBAwU ’IRw jgNBENV 1–6(– iRVRUwEULfi JN BxGwRA GgN FwVN ENFHUG OBE PX xL
ENFGERyGRAP GgN wyGRBA BO s GB s1– 

DawVCUN 6-5- jgN yBAzRGRBA Pyz’VmA( ´ 0 RA jgNBENV 6–3 RF ANyNFFwEL–

’0( V ´ C]BEz’vn ( ´ {n { ´ 2fi A ´ C]BEz’vB ( ´ {o { ´ 2fi Pyz’VmA( ´ 2 wAz T ´ fi JN FNN GgwG RO � ´ ’ 2
√
1(fi

X ´ ’θ( JRGg θ2 − θ − 0 ´ ‘ ’ENFC– � ´ ’ 2
√
1(fi X ´ ’ 2

√
4((fi GgNA swU’b. ( ≃ i2 } i2 ’ENFC– swU’b. ( ´

swU’ ’ 2
√
1m 2

√
4m
√
−2(. ( ≃ ’Y2}Y2(⋊Y1( wAz P�⊗PX BO zRVNAFRBA 1 ±1 ´ 3 RF ABG ENGEwyG T]EwGRBAwU wUGgBHPg

P� ´ h=0(�.T’ V( wAz PX ´ h=0(X.T’ V( wEN FGwxUL T]EwGRBAwU–

’1( V ´ C]BEz’vn( ´ {n { ´ 1fi A ´ C]BEz’vB ( ´ {o { ´ 1fi Pyz’VmA( ´ 1 wAz T ´ fi JN FNN GgwG RO � ´ ’
√
1(fi

X ´ ’
√
2(fi GgNA P�⊗X ´ h

=0(
�⊗X.T’ V( ´ h

=0(

=
√
1m
√
2(.

’ V( BO zRVNAFRBA 1 ± 1− 0 ´ 2 RF ABG ENGEwyG T]EwGRBAwU
’FNN aHALwIFTRR )aHA8‘fi jgNBENV 0flfi tBFgR wAz owVwFwTR )to06fi jgNBENV 0–1fl OBE GgN ywFN k0( wUGgBHPg

P� ´ h=0(�.T’ V( wAz PX ´ h=0(X.T’ V( wEN FGwxUL T]EwGRBAwU–

’2( bNG � ´ a0 ´ ’θ( ’ENFC– X ´ r0 ´ ’η(( xN GgN yLyURy yHxRy ¨NUz JRGg zRFyERVRAwAG 61 ’ENFC– 81( JgNEN

θ2W θ1−1θ−0 ´ ‘ ’ENFC– η2−2η−0 ´ ‘( JRGg )� # Tfl ´ )X # Tfl ´ 2fi swU’�.T( ≃ swU’X.T( ≃ Y2 wAz �∩X ´ T–
jgNA JN ¨Az GgwG s ´ swU’b.T( ≃ Y2 } Y2 wAz V ´ C]BEz’vn( ´ 2fi A ´ C]BEz’vB ( ´ 2fi Pyz’VmA( ´ 2– mN

FNN GgwG P� ⊗ PX BO zRVNAFRBA 1 ± 1 ´ 3 wAz P�⊗X ´ h
=0(
�⊗X.T’ V( BO zRVNAFRBA 2 ± 2 − 0 ´ ! wEN ABG ENGEwyG

T]EwGRBAwU wUGgBHPg P� ´ h=0(�.T’ V( wAz PX ´ h=0(X.T’ V( wEN FGwxUL T]EwGRBAwU–

mN ywA yBA¨EV GgN yUwRVF wxBIN xL HFRAP GgN s�f ’)s�ffl( OHAyGRBA uFu�IyosPaSyr wF RA tBFgR wAz owVwFwTR

)to06fi �UPBERGgV r1fi CwPN !3fl– jgN ENUwGNz s�f OHAyGRBAF wEN wUFB wIwRUwxUN RA )hwGfEBx�UPjBERfl–

DawVCUN 6-6- uO rS ´ T ’0 ≤ S ≤ F(fi GgNA X ´
F
S´0 T ≃ T } ± ± ± } T wAz � ⊗ X ≃ F

S´0 � ´ � } ± ± ± } �–
uG OBUUBJF OEBV AS ´ 0 ’0 ≤ S ≤ F( GgwG Pyz’VRm AS { 0 ≤ R ≤ Em 0 ≤ S ≤ F( ´ 0– XL jgNBENV 6–3fi JN FNN

GgwG RO P� ´ h=0(�.T’ V( RF FGwxUL ’ENFC– ENGEwyG( T]EwGRBAwUfi GgNA P�⊗X ´ h
=0(
=�⊗X(.T’ V( ≃ h

=0(
=
∏F
i30 �(.T

’ V( ≃
h
=0(
=�}���}�(.T’ V( RF FGwxUL ’ENFC– ENGEwyG( T]EwGRBAwU– jgRF RF w FCNyRwU ywFN BO w GgNBENV BO qAzB )qAz00fi

fEBCBFRGRBA 0–2fi YBEBUUwEL 0–3fl– mN ABGN GgwG GgN RAINEFN zRENyGRBA BO GgN FGwGNVNAG wUFB gBUzF xL qAzB=F GgNBENV–

rBE NKwVCUNfi RO � ´ ’
√
1( wAz X ´ }± ± ±} fi GgNA �⊗X ≃ ’

√
1(⊗ ’ }± ± ±} ( ≃ ’

√
1(}± ± ±} ’

√
1(

wAz P�⊗X ´ h
=0(

= =
√
1(}���} =

√
1((.

’ V( RF FGwxUL ]EwGRBAwU–

!– �CCURywGRnAF Gn twFFN AnDl CDRAyRCUN enD eRNUM NKGNAFRnAF a.T JgNDN a ´ a0 ⊗ ± ± ±⊗aG
mN GENwG GgN ywFN JgNEN E ´ F ´ 0fi R–N– � ´ a0fi X ´ a1fi BO jgNBENV 6–3 xHG OBE PNANEwU a ´ a0 ⊗ ± ± ±⊗aG–

SQNBENV 7-0- bdG T xd w Wdkzfi T xd w Wadz FdCwEwxkd ykBFHEd Be Tfi aR.T ’0 ≤ R ≤ G( xd w WARGd FdCwEwxkd Wdkz

daGdAFRBA vRGg )aR # Tfl ´ AR wAz bR.T xd Ggd swkBRF ykBFHEd Be aR.T RA T vRGg swkBRF PEBHCF sR ´ swU’bR.T( wAz

tR ´ swU’bR.aR( ≤ sR vRGg )sR # tRfl ´ AR- bdG b ´ b0 ± ± ±bG ⊂ T xd Ggd yBVCBFRGd Wdkz Be b0m , , , m bGfi R-d- Ggd

FVwkkdFG Wdkz vgRyg yBAGwRAF wkk bRfi vRGg swkBRF PEBHC s ´ swU’b.T( vgRyg RF w FHxzREdyG CEBzHyG Be s0m , , , m sGfi

R-d- w FHxPEBHC s ≤ s0 } ± ± ± }sG vRGg FHESdyGRBAF ϕR # s→ sR ’0 ≤ R ≤ G(-

�FFHVd GgwG Pyz’ARm AS( ´ 0 eBE wAL 0 ≤ R / S ≤ G- jgdA a #´ a0 ⊗ ± ± ±⊗aG ´ a0 ± ± ±aG RF w WARGd FdCwEwxkd
Wdkz daGdAFRBA Be T vRGg )a # Tfl ´ A #´ A0 ± ± ±AGfi s ´ swU’b.T( ´ AjV ≤ iA GEwAFRGRId wAz t ´ swU’b.a( ≤ s

vRGg t ´ ∩GR´0ϕ−0
R ’tR( wAz )s # t fl ´ A- bdG PJe ´ h

=0(
Je.T

’ V( ’0 ≤ R ≤ G( xd Ggd ABEV BAd GBEHF Be aR.T- ue

PJe RF FGwxkL ’EdFC- EdGEwyG( TflEwGRBAwk eBE wAL 0 ≤ R ≤ Gfi GgdA Ggd wkPdxEwRy TflGBEHF PJ0 ⊗ ± ± ±⊗PJG vRGg ygwEwyGdE
VBzHkd vs0.t0

⊗ ± ± ±⊗ vsG.tG wAz Ggd ABEV BAd GBEHF PJ vRGg PJ ≃ vs.t wEd FGwxkL ’EdFC- EdGEwyG( TflEwGRBAwk-
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uA CwEGRyHkwEfi xL jgdBEdV 3-2 ’Fdd wkFB idyGRBA 1 wAz idyGRBA 3(fi Re T RF w PkBxwk Wdkz wAz PJ ´ h
=0(
J.T

’ V(

RF FGwxkL ’EdFC- EdGEwyG( TflEwGRBAwkfi GgdA �1
ω’sm vs.t( ≃ t0’TmfRyn( ≃ t0’smfRynJ( ≃ t0’sm )vs.t fl

ek( ≃
XE’n(.XE’T( ≃ XEAE’T’n((.XE’T( ´ ‘ vgdEd n RF w FVBBGg TflyBVCwyGRWywGRBA Be PJ wAz gdAyd �’PJ( ´ ‘fi

R-d- PJ gwF Ggd vdwT wCCEBaRVwGRBA CEBCdEGLfi wAz �’PJ( ´ ‘fi R-d- Ggd twFFd ABEV CERAyRCkd gBkzF eBE �.T

’GgwG RFfi twFFd CERAyRCkd gBkzF eBE wkk GBEFBEF q HAzdE PJ( vgdEd �’PJ(∨ ≤ �1
ω’sm vs.t ( wAz �’PJ(∨ ´

tBV’�’PJ(m . (- jgd yBAzRGRBA �’PJ( ´ ‘ VdwAF GgwG eBE Ggd yBEEdFCBAzRAP ABEV gLCdEFHEewyd

e’K0m , , , m KA( ´ xm

RG gwF w TflEwGRBAwk CBRAG Re wAz BAkL Re RG gwF w TIflEwGRBAwk CBRAG eBE wAL Ckwyd I Be T vgdEd e’K0m , , , m KA( ∈
T)K0m , , , m KAfl RF Ggd CBkLABVRwk Be GBGwk zdPEdd A zdWAdz wF

e’K0m , , , m KA( ´ dJ.T’K0J0 W ± ± ±W KAJA( ´


P∈s.t
P’K0J0 W ± ± ±W KAJA(

vgdEd ·J0m , , , m JA| RF w xwFRF Be a.Tfi dJ.T # a} → T} RF Ggd ABEV VwC wAz x ∈ T} ’Fdd lBFTEdFdAFTRR )lBF8!fi

qKwVCUN 3fi CwPN 011fl(-

fEBBe- XL GgN wFFHVCGRBA Pyz’ARm AS( ´ 0 OBE wAL 0 ≤ R / S ≤ Gfi GgRF OBUUBJF OEBV jgNBENV 6–3 ENCNwGNzUL– 

mN JRRU HFN GgN OBUUBJRAP UNVVw JgRyg PRINF GgN FNG BO wUU FHxzRENyG CEBzHyGF BO s0fi s1–

bNVVw 7-1 ’tBFgR wAz owVwFwTR )to0fi fEBBO BO jgNBENV !–0 ’0(fl(- bdG s0 wAz s1 xd WARGd PEBHCF- rBE w

FHxzREdyG CEBzHyG s ≤ s0 }s1 Be s0fi s1 vRGg FHESdyGRBAF ϕ0 # s→ s0fi ϕ1 # s→ s1fi zdWAd

d0 #´ ϕ0’aNE’ϕ1((⊳s0m d1 #´ ϕ1’aNE’ϕ0((⊳s1mπ0 # s0 → s0.d0mπ1 # s1 → s1.d1,

jgdA vd gwId ϕ0 ´ π0 ◦ ϕ0 # s → s0.d0fi ϕ1 ´ π1 ◦ ϕ1 # s → s1.d1fi wAz ϕ ´ ’ϕ1(’ϕ0(
−0 # s0.d0

∼−→ s1.d1-

md WAz GgwG w FHxzREdyG CEBzHyG s ≤ s0 }s1 Be s0fi s1 vRGg FHESdyGRBAF ϕ0 # s→ s0fi ϕ1 # s→ s1 RF PRIdA xL

s ´ ·’P0m P1( ∈ s0 }s1 { ϕ’π0’P0(( ´ π1’P1(mϕ ´ ’ϕ1(’ϕ0(
−0 # s0.d0

∼−→ s1.d1|
wAz gdAyd GgdEd daRFGF w BAdflGBflBAd yBEEdFCBAzdAyd xdGvddA Ggd FdG Be wkk FHxzREdyG CEBzHyGF s Be s0fi s1 vRGg

FHESdyGRBAF ϕ0 # s→ s0fi ϕ1 # s→ s1 wAz

·’d0m d1mϕ( { d0 ⊳s0m d1 ⊳s1mϕ ´ ’ϕ1(’ϕ0(−0 # s0.d0
∼−→ s1.d1|,

!–0– iGwxUL T,EwGRBAwU ABEV BAN GBER PJ ´ h=0(J.T’ V( BO WNUM NaGNAFRBAF a.T vQNEN a ´ a0⊗ ± ± ±⊗aG-

SQNBENV 7-2 ’�CCURywGRBA BO jgNBENV !–0# iGwxUL T]EwGRBAwU ABEV BAN GBER PJ ´ h=0(J.T’ V( BO ¨NUz NKGNAFRBAF

a.T JgNEN a ´ a0 ⊗ ± ± ± ⊗ aG(- bdG Ggd ABGwGRBA xd PRIdA wF RA jgdBEdV 6-.- �FFHVd GgwG Pyz’ARm AS( ´ 0

eBE wAL 0 ≤ R / S ≤ G- jgdA a #´ a0 ⊗ ± ± ± ⊗ aG ´ a0 ± ± ±aG RF w WARGd FdCwEwxkd Wdkz daGdAFRBA Be T vRGg
)a # Tfl ´ A #´ A0 ± ± ±AGfi s ´ swU’b.T( ≤ s0 } ± ± ± } sAG fi s ´ AjV ≤ iA GEwAFRGRId wAz t ´ swU’b.a( ≤ s

vRGg t ´ ∩GR´0ϕ−0
R ’tR( wAz )s # t fl ´ A- ue vd ygBBFd sR ≤ iAe GEwAFRGRId wAz tR vRGg )sR # tRfl ´ AR ’0 ≤ R ≤ G(

wAz Pyz’ARm AS( ´ 0 eBE wAL 0 ≤ R / S ≤ G eEBV Ggd eBkkBvRAP Gwxkd

sR YVe ZVe ZVe cYHm1t �4 �4 fib1’ 7( fib1’ 7(

tR ·0| ·0| Y1 ·0| Y11 �3 Y21 Y21 ⋊ Y6
AR VR 1VR VR 1MH 04 4 52 8

vgdEd

cYHm1t ´ σm τ { σH ´ τ1
t

´ 0m τστ−0 ´ σ−0 ≃ YH ⋊ Y1t ’z ≥ 0m H ≥ 2 # Bzz(,

jgdA Ggd ABEV BAd GBEHF PJe ´ h=0(Je.T’ V( Be aR.T RF FGwxkL TflEwGRBAwk eBE wAL 0 ≤ R ≤ G wAz gdAyd Ggd ABEV

BAd GBEHF PJ ´ h=0(J.T’ V( Be a.T vRGg PJ ≃ vs.t RF FGwxkL TflEwGRBAwk- uA CwEGRyHkwEfi Re T RF w PkBxwk Wdkzfi GgdA

�
1
ω’vs.t( ´ ‘ wAz gdAyd PJ gwF Ggd vdwT wCCEBaRVwGRBA CEBCdEGL wAz Ggd twFFd ABEV CERAyRCkd gBkzF eBE a.T-

fEBBe- jgRF OBUUBJF OEBV jgNBENV !–0 JRGg GgN wRz BO jgNBENV 2–4fi jgNBENV 2–6fi jgNBENV 2–8fi jgNBENV 2–01fi

jgNBENV 2–02fi jgNBENV 2–0! wAz jgNBENV 2–08– 

DawVCUN 7-3 ’qKwVCUN BO jgNBENV !–2# FGwxUL T]EwGRBAwU GBER PJ ´ h=0(J.T’ V( OBE s ´ swU’b.T( ´ AjV ≤ iA
’1 ≤ A ≤ 04( wF RA jgNBENV 2–0! ’jwxUN 1((-

�FFHVN GgwG A ´ A0 ± ± ±AG JRGg Pyz’ARm AS( ´ 0 OBE wAL 0 ≤ R / S ≤ Gfi wAz GgwG Nwyg PJe ´ h=0(Je.T’ V( ’0 ≤ R ≤ G(

RF FGwxUL T]EwGRBAwU– XL wCCULRAP jgNBENV !–0fi JN FNN GgwG h
=0(
J.T’ V( JRGg a ´ a0⊗± ± ±⊗aG RF FGwxUL T]EwGRBAwU–

jgNA GgN swUBRF PEBHC s ´ swU’b.a( ´ AjV ≤ iA RF w FHxzRENyG CEBzHyG BO sR ´ swU’bR.T( ´ ARjVR ≤ iAe
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’0 ≤ R ≤ G(– XL bNVVw !–1fi wUU BO GgN FHxzRENyG CEBzHyG s ´ AjV ≤ iA ’A ´ 5fi 0‘fi 01fi 03fi 04( BO s0 ´ A0jV0 ≤
iA0 fi s1 ´ A1jV1 ≤ iA1 JRGg s ≤ s0 }s1fi A ´ A0A1 wAz Pyz’A0m A1( ´ 0 JgNA PJe ´ h=0(Je.T’ V( ’R ´ 0m 1( RF

FGwxUL T]EwGRBAwU wF RA jgNBENV 2–0! ’jwxUN 1( wEN PRINA wF OBUUBJF#

’0( ’A ´ 5 ´ A0A1 ´ 1 ± 2( s ´ 5jV ≤ i1 } i2`
5j 0 ≃ Y1 } Y2fi 5j 2 ≃ Y1 } i2fi 5j 1 ≃ i2 ≤ Y1 } i2 JRGg Y1 ≃ i2.Y2–

’1( A ´ 0‘ ´ A0A1 ´ 1 ± 4# s ´ 0‘jV ≤ i1 } i4`
0‘j 0 ≃ Y1 } Y4fi 0‘j 2 ≃ Y1 }Z4 ≃ Z0.fi 0‘j 00 ≃ Y1 } �4fi
0‘j 1 ≃ Z4 ≤ Y1 }Z4 JRGg Y1 ≃ Z4.Y4–

’2( A ´ 01 ´ A0A1 ´ 2 ± 3# s ´ 01jV ≤ i2 } i3`
01j 0 ≃ Y2 } Y3 ≃ Y01fi 01j 00 ≃ i2 } Y3fi
01j 4 ≃ g01 ≃ Y2 ⋊ Y3 ≤ i2 } Y3 JRGg i2.Y2 ≃ Y3.Y1–
’3( A ´ 03 ´ A0A1 ´ 1 ± 6# s ´ 03jV ≤ i1 } i6`
03j 0 ≃ Y1 } Y6 ≃ Y03fi 03j 2 ≃ Y1 }Z6 ≃ Z03fi

03j 1 ≃ Z6 ≤ Y1 }Z6 JRGg Y1 ≃ Z6.Y6–

’4( A ´ 04 ´ A0A1 ´ 2 ± 4# s ´ 04jV ≤ i2 } i4`
04j 0 ≃ Y2}Y4 ≃ Y04fi 04j 2 ≃ Y2}Z4fi 04j 3 ≃ i2}Y4fi 04j 6 ≃ i2}Z4fi 04j 05 ≃ Y2}�4fi 04j 12 ≃ i2}�4fi
04j 1 ≃ Z04 ≤ i2 }Z4 JRGg i2.Y2 ≃ Z4.Y4–

hNVwET 7-4- uA jgNBENV 2–0!fi GgN ywFN JgNEN 04j 4 ≃ �4 wF RA jwxUN 1 ’FGwxUL T]EwGRBAwU ywFNF( ywA ABG xN

BxGwRANz wF w FHxzRENyG CEBzHyG s ´ AjV ≤ iA BO s0 ´ A0jV0 ≤ iA0 fi s1 ´ A1jV1 ≤ iA1 JRGg A ´ A0A1 wAz

Pyz’A0m A1( ´ 0 wF RA qKwVCUN !–3–

!–1– hNGEwyG T,EwGRBAwU ABEV BAN GBER PJ ´ h=0(J.T’ V( BO WNUM NaGNAFRBAF a.T vQNEN a ´ a0⊗ ± ± ±⊗aG-

SQNBENV 7-5 ’�CCURywGRBA BO jgNBENV !–0# hNGEwyG T]EwGRBAwU ABEV BAN GBER PJ ´ h=0(J.T’ V( BO ¨NUz NKGNAFRBAF

a.T JgNEN a ´ a0 ⊗ ± ± ±⊗aG(- bdG Ggd ABGwGRBA xd PRIdA wF RA jgdBEdV 6-.- �FFHVd GgwG Pyz’ARm AS( ´ 0 eBE

wAL 0 ≤ R / S ≤ G- jgdA a #´ a0 ⊗ ± ± ± ⊗ aG ´ a0 ± ± ±aG RF w WARGd FdCwEwxkd Wdkz daGdAFRBA Be T vRGg
)a # Tfl ´ A #´ A0 ± ± ±AGfi s ´ swU’b.T( ≤ s0 } ± ± ± } sAG fi s ´ AjV ≤ iA GEwAFRGRId wAz t ´ swU’b.a( ≤ s

vRGg t ´ ∩GR´0ϕ−0
R ’tR( wAz )s # t fl ´ A- ue vd ygBBFd sR wAz tR vRGg )sR # tRfl ´ AR ’0 ≤ R ≤ G( wAz

Pyz’ARm AS( ´ 0 eBE wAL 0 ≤ R / S ≤ G eEBV Ggd eBkkBvRAP Gwxkd

sR YVe ZVe ZVe cYHm1t �4 �4 fib1’ 7( fib1’ 7( s′
R CRjVR i4 i4 i4 fib1’ 6(

tR ·0| ·0| Y1 ·0| Y11 �3 Y21 Y21 ⋊ Y6 t ′
R t ′′

R t ′′′
R Z3 �3 Z3

AR VR 1VR VR 1MH 04 4 52 8 AR CR 2‘ 04 0‘ 10

vgdEd

cYHm1t ´ σm τ { σH ´ τ1
t

´ 0m τστ−0 ´ σ−0 ≃ YH ⋊ Y1t ’z ≥ 0m H ≥ 2 # Bzz(m

s′
R RF w PEBHC vgBFd wkk Ggd iLkBv FHxPEBHCF wEd yLykRy ’Fdd wkFB hdVwET 2-5(fi t

′
R ≤ s′

R ≤ iAe vRGg )s
′
R # t

′
Rfl ´ ARfi

t ′′
R ´ iGwxCejke ’0(: Ggd FGwxRkRMdE Be 0 RA CRjVe ≤ iCe vRGg )CRjVe # t

′′
R fl ´ CR: CERVd wAz t

′′′
R ≃ l3 ≤ Z’i4( ≃

�4 ≤ i4- jgdA Ggd ABEV BAd GBEHF PJe ´ h
=0(
Je.T

’ V( Be aR.T RF EdGEwyG TflEwGRBAwk eBE wAL 0 ≤ R ≤ G wAz gdAyd

Ggd ABEV BAd GBEHF PJ ´ h=0(J.T’ V( Be a.T vRGg PJ ≃ vs.t RF EdGEwyG TflEwGRBAwk- uA CwEGRyHkwEfi Re T RF w PkBxwk

Wdkzfi GgdA �1
ω’vs.t( ´ ‘ wAz gdAyd PJ gwF Ggd vdwT wCCEBaRVwGRBA CEBCdEGL wAz Ggd twFFd ABEV CERAyRCkd

gBkzF eBE a.T-

fEBBe- jgRF OBUUBJF OEBV jgNBENV !–0 JRGg GgN wRz BO jgNBENV 2–4fi jgNBENV 2–6fi jgNBENV 2–8fi jgNBENV 2–01fi

jgNBENV 2–02fi jgNBENV 2–0! wAz jgNBENV 2–08– 

DawVCUN 7-6 ’qKwVCUN BO jgNBENV !–5# ENGEwyG T]EwGRBAwU GBER PJ ´ h=0(J.T’ V( OBE s ´ swU’b.T( ´ AjV ≤ iA
’1 ≤ A ≤ 04( wF RA jgNBENV 2–0! ’jwxUN 2((-

XL jgNBENV !–0fi JgNA A ´ A0 ± ± ±AG JRGg Pyz’ARm AS( ´ 0 OBE wAL 0 ≤ R / S ≤ Gfi RO PJe ´ h=0(Je.T’ V( ’0 ≤ R ≤ G(

RF ENGEwyG T]EwGRBAwUfi GgNA PJ ´ h
=0(
J.T’ V( JRGg a ´ a0 ± ± ±aG RF ENGEwyG T]EwGRBAwU– jgNA GgN swUBRF PEBHC

s ´ swU’b.a( ´ AjV ≤ iA RF w FHxzRENyG CEBzHyG BO sR ´ swU’bR.T( ´ ARjVR ≤ iAe ’0 ≤ R ≤ G(– XL bNVVw

!–1fi wUU BO GgN FHxzRENyG CEBzHyG s ´ AjV ≤ iA ’A ´ 0‘fi 03fi 04( BO s0 ´ A0jV0 ≤ iA0 fi s1 ´ A1jV1 ≤ iA1
JRGg s ≤ s0 } s1fi A ´ A0A1 wAz Pyz’A0m A1( ´ 0 JgNA PJe ´ h

=0(
Je.T

’ V( ’R ´ 0m 1( RF ABG FGwxUL xHG ENGEwyG

T]EwGRBAwU wF RA jgNBENV 2–0! ’jwxUN 2( wEN PRINA wF OBUUBJF#

’0( A ´ 0‘ ´ A0A1 ´ 1 ± 4# s ´ 0‘jV ≤ i1 } i4–
0‘j 4 ≃ Y1 } r1.fi 0‘j 11 ≃ Y1 } i4fi
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0‘j 3 ≃ r1. ≤ Y1 } r1. JRGg Y1 ≃ r1..Z4fi 0‘j 01 ≃ i4 ≤ Y1 } i4 JRGg Y1 ≃ i4.�4–
’1( A ´ 03 ´ A0A1 ´ 1 ± 6# s ´ 03jV ≤ i1 } i6–
03j 4 ≃ Y1 } r10fi 03j 6 ≃ Y1 } r31fi 03j 08 ≃ Y1 } fib2’ 1(fi 03j 36 ≃ Y1 } �6fi 03j 38 ≃ Y1 } i6fi
03j 3 ≃ r31 ≤ Y1 } r31 JRGg Y1 ≃ r31.r10fi 03j 35 ≃ i6 ≤ Y1 } i6 JRGg Y1 ≃ i6.�6–

’2( A ´ 04 ´ A0A1 ´ 2 ± 4# s ´ 04jV ≤ i2 } i4–
04j ! ≃ Y2 } r1.fi 04j 00 ≃ i2 } r1.fi 04j 13 ≃ Y2 } i4fi 04j 18 ≃ i2 } i4fi
04j 5 ≃ Y04 ⋊ Y3 ≤ i2 } r1. JRGg i2.Y1 ≃ r1..Z4fi 04j 11 ≃ ’�4 } Y2(⋊ Y1 ≤ i2 } i4 JRGg i2.Y2 ≃ i4.�4–

uG OBUUBJF OEBV fEBCBFRGRBA 6–4 GgwG RO s ´ s0 } s1fi GgNA PJ0J1 ´ h
=0(
J0J1.T

’ V( wF RA ’0(fi ’1(fi ’2( wxBIN RF

ABG FGwxUL T]EwGRBAwU– rBE GgN ENVwRARAP ywFNF s ´ 0‘j 3fi 0‘j 01fi 03j 3fi 03j 35fi 04j 5fi 04j 11 JgNEN s P s0}s1fi
PJ0J1 ´ h

=0(
J0J1.T

’ V( wF RA ’0(fi ’1(fi ’2( wxBIN RF wUFB ABG FGwxUL T]EwGRBAwUfi FNN jgNBENV 2–0! ’jwxUN 2(–

hNVwET 7-7- uA jgNBENV 2–0!fi GJB ywFNF 03j 05 ≃ fib1’ 6( ⋊ Y1 wAz 04j 0‘ ≃ i4 wF RA jwxUN 2 ’ABG FGwxUL

xHG ENGEwyG T]EwGRBAwU ywFNF( ywA ABG xN BxGwRANz wF w FHxzRENyG CEBzHyG s ´ AjV ≤ iA BO s0 ´ A0jV0 ≤ iA0 fi
s1 ´ A1jV1 ≤ iA1 JRGg A ´ A0A1 wAz Pyz’A0m A1( ´ 0 wF RA qKwVCUN 6–1–

!–2– iGwxUL.ENGEwyG T,EwGRBAwU ABEV BAN GBER PJ ´ h
=0(
J.T’ V( BO WNUM NaGNAFRBAF a.T vQNEN a ´

a0 ⊗ ± ± ±⊗aG vRGQ )a # Tfl ´ A ≤ 2‘- XL jgNBENV !–0fi JN BxGwRA GgN OBUUBJRAP GgNBENV OBE 0! ≤ A ≤ 2‘ JgRyg

RF ABG w CERVN CBJNEfi R–N– A ´ 0!fi 1‘fi 10fi 11fi 13fi 15fi 1!fi 2‘ ’FNN jgNBENV 2–0! OBE 1 ≤ A ≤ 05 wAz jgNBENV 2–02

OBE A ´ C` CERVN(#

SQNBENV 7-8 ’�CCURywGRBA BO jgNBENV !–0# iGwxUL.ENGEwyG T]EwGRBAwU ABEV BAN GBER PJ ´ h
=0(
J.T’ V( BO ¨NUz

NKGNAFRBAF a.T JgNEN a ´ a0 ⊗ ± ± ±⊗aG JRGg )a # Tfl ´ A ≤ 2‘(- bdG Ggd ABGwGRBA xd PRIdA wF RA jgdBEdV 6-.-

�FFHVd GgwG 0! ≤ A ≤ 2‘ wAz A RF ABG w CERVd CBvdEfi R-d- A ´ 0!fi 1‘fi 10fi 11fi 13fi 15fi 1!fi 2‘- �FFHVd wkFB

GgwG Pyz’ARm AS( ´ 0 eBE wAL 0 ≤ R / S ≤ G- jgdA a #´ a0 ⊗ ± ± ± ⊗ aG ´ a0 ± ± ±aG RF w WARGd FdCwEwxkd Wdkz
daGdAFRBA Be T vRGg )a # Tfl ´ A #´ A0 ± ± ±AGfi s ´ swU’b.T( ≤ s0 } ± ± ± } sAG fi s ´ AjV ≤ iA GEwAFRGRId wAz

t ´ swU’b.a( ≤ s vRGg t ´ ∩GR´0ϕ−0
R ’tR( wAz )s # t fl ´ A- jgdA wkk Be Ggd FHxzREdyG CEBzHyG s ´ AjV ≤ iA

’A ´ 0!fi 1‘fi 10fi 11fi 13fi 15fi 1!fi 2‘( Be s0m , , , m sG vRGg s ≤ s0 } ± ± ± }sGfi A ´ A0 ± ± ±AGfi sR ´ ARjVR ≤ iAe wAz

Pyz’ARm AS( ´ 0 ’0 ≤ R / S ≤ G( vgdA h
=0(
Je.T

’ V( ’0 ≤ R ≤ G( RF FGwxkL ’EdFC- EdGEwyG( TflEwGRBAwk wEd PRIdA wF RA

jwxkd 3 ’EdFC- jwxkd 3 wAz jwxkd 4(-

’0( PJ ´ h=0(J.T’ V( RF FGwxkL TflEwGRBAwk Re s RF PRIdA wF RA jwxkd 3:

’1( PJ ´ h=0(J.T’ V( RF ABG FGwxkL xHG EdGEwyG TflEwGRBAwk Re s RF PRIdA wF RA jwxkd 4-

uA CwEGRyHkwEfi Re T RF w PkBxwk Wdkz wAz PJ ´ h=0(J.T’ V( RF FGwxkL ’EdFC- EdGEwyG( TflEwGRBAwkfi GgdA�
1
ω’vs.t( ´ ‘

wAz gdAyd PJ gwF Ggd vdwT wCCEBaRVwGRBA CEBCdEGL wAz Ggd twFFd ABEV CERAyRCkd gBkzF eBE a.T-

fEBBe- XL jgNBENV !–0fi JgNA A ´ A0 ± ± ±AG JRGg Pyz’ARm AS( ´ 0 OBE wAL 0 ≤ R / S ≤ Gfi RO PJe ´ h
=0(
Je.T

’ V(

’0 ≤ R ≤ G( RF FGwxUL ’ENFC– ENGEwyG( T]EwGRBAwUfi GgNA PJ ´ h=0(J.T’ V( JRGg a ´ a0 ± ± ±aG RF FGwxUL ’ENFC– ENGEwyG(
T]EwGRBAwU– jgNA GgN swUBRF PEBHC s ´ swU’b.a( ´ AjV ≤ iA RF w FHxzRENyG CEBzHyG BO sR ´ swU’bR.T( ´

ARjVR ≤ iAe ’0 ≤ R ≤ G(– XL bNVVw !–1fi wUU BO GgN FHxzRENyG CEBzHyG s ´ AjV ≤ iA ’A ´ 0!fi 1‘fi 10fi 11fi

13fi 15fi 1!fi 2‘( BO s0m , , , m sG JRGg s ≤ s0 } ± ± ± } sGfi A ´ A0 ± ± ±AGfi sR ´ ARjVR ≤ iAe wAz Pyz’ARm AS( ´ 0

’0 ≤ R / S ≤ G( JgNA PJe ´ h=0(Je.T’ V( ’0 ≤ R ≤ G( RF FGwxUL ’ENFC– ENGEwyG( T]EwGRBAwU wEN PRINA wF RA jwxUN 3

’ENFC– jwxUN 3 wAz jwxUN 4(–

rBE ’1(fi JN FgBHUz ygNyT GgwG j ´ h
=0(
J.T’ V( RF ABG FGwxUL T]EwGRBAwU RA GgN ywFNF wF RA jwxUN 4– uG OBUUBJF

OEBV fEBCBFRGRBA 6–4 GgwG RO s ´ s0 } ± ± ± } sGfi GgNA PJ ´ h
=0(
J.T’ V( RF ABG FGwxUL T]EwGRBAwU– rBE GgN ywFNF

JRGg s P s0 } ± ± ± }sG ’GgN xBUz ywFNF wF RA jwxUN 4(fi JN FCURG GgNV RAGB GJB ywFNF#

’R( s ´ 10j 0‘fi 10j 4!fi 11j 3fi 11j 34fi 15j 5fi 15j !fi 15j !2fi 1!j 01fi 1!j 25‘– mN ywA ¨Az d ´ aNE’ϕ0(maNE’ϕ1(⊳
sfi d0 ´ ϕ0’aNE’ϕ1(( ⊳ s0fi d1 ´ ϕ1’aNE’ϕ0(( ⊳ s1 JRGg d ´ d0 } d1 wAz )s # d fl ´ 1 JgRyg FwGRFOL GgwG

)vs.t fl
ek{d ´ )vd.=t∩d(fl

ek ´ ‘– jgRF RVCURNF GgwG PJ ´ h=0(J.T’ V( RF ABG FGwxUL T]EwGRBAwU`

’RR( s ´ 1‘j 4fi 1‘j 8fi 1‘j 55fi 10j 1fi 10j 3fi 15j 3fi 2‘j 5fi 2‘j 12fi 2‘j 14fi 2‘j !8fi 2‘j 054– mN ywA yBA¨EV GgwG PJ ´
h
=0(
J.T’ V( RF ABG FGwxUL T]EwGRBAwU xL HFRAP GgN s�f ’)s�ffl( OHAyGRBA fnFFPaPSPsbeOisvaSbfyoltsvsPn�r wF RA

tBFgR wAz owVwFwTR )to06fi �UPBERGgV r3fi CwPN 8‘fl ’FNN wUFB twFNPwJwfi tBFgR wAz owVwFwTR )tto1‘fi �UPBERGgV

3–0fi CwPN 82‘fl(– jgN ENUwGNz s�f OHAyGRBAF wEN wUFB wIwRUwxUN RA )hwGfEBx�UPjBERfl– 
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jwxUN 3# PJ ´ h=0(J.T’ V( RF FGwxUL T]EwGRBAwU JgNEN s ´ swU’b.T( ´ AjV ≤ iA ’A ´ 0!fi 1‘fi 10fi 11fi 13fi 15fi 1!fi

2‘(

s ´ AjV ’A ´ 0!fi 1‘fi 10fi 11fi 13fi 15fi 1!fi 2‘(# PJ ´ h=0(J.T’ V( RF FGwxUL T]EwGRBAwU

0!j 0 ≃ Y07fi 07S4 ≃ Z8fi 0!j 02 ≃ Z8 } Y1 ≃ Z07fi 0!j 15‘ ≃ fib1’ 7(} Y1
1‘j 0 ≃ Y1.fi 1/S1 ≃ g1. ≃ Y4 ⋊ Y3fi 1‘j 5 ≃ Z4 } Y3fi 1‘j 52 ≃ �4 } Y3
10j 0 ≃ Y10fi 10j 2 ≃ Z6 } Y2fi 10S4 ≃ Z10fi 10j 5 ≃ Y6 } i2fi 10j ! ≃ Z6 } i2
11j 0 ≃ Y11fi 11S1 ≃ Z00fi 11j 2 ≃ Z00 } Y1 ≃ Z11
13j 0 ≃ Y13fi 13S7 ≃ Y2 ⋊ Y7fi 13j 21 ≃ i2 } Y7
15j 0 ≃ Y15fi 15S1 ≃ Z02fi 15j 2 ≃ Z02 } Y1 ≃ Z15
1!j 0 ≃ Y17fi 17S2 ≃ g17 ≃ Y6 ⋊ Y3fi 1!j ! ≃ Z6 } Y3
2‘j 0 ≃ Y2.fi 2‘j 1 ≃ Y4 } i2fi 2/S2 ≃ Z04fi 2‘j 3 ≃ Z4 } Y2fi 2‘j 4 ≃ Z4 } Y5fi
2‘j ! ≃ Z4 } i2fi 2‘j 0‘ ≃ Z4 } i2fi 2‘j 01 ≃ Y4 }Z5fi 2/S02 ≃ Z4 } i2fi
2‘j 03 ≃ Z2.fi 2‘j 10 ≃ Z4 }Z5fi 2‘j 2‘ ≃ �4 } Y1fi 2‘j !4 ≃ �4 } i2fi
2‘j !6 ≃ �4 } Y5fi 2‘j 066 ≃ �4 }Z5

jwxUN 4# PJ ´ h=0(J.T’ V( RF ABG FGwxUL xHG ENGEwyG T]EwGRBAwU JgNEN s ´ swU’b.T( ´ AjV ≤ iA ’A ´ 0!fi 1‘fi
10fi 11fi 13fi 15fi 1!fi 2‘(

s ´ AjV ’A ´ 0!fi 1‘fi 10fi 11fi 13fi 15fi 1!fi 2‘(# PJ ´ h=0(J.T’ V( RF ABG FGwxUL xHG ENGEwyG T]EwGRBAwU

1/S4 ≃ r1.fi 1/S8 ≃ r1. } Y1fi 1‘j 1‘ ≃ r1. } Y3fi 1/S55 ≃ �4 ⋊ Y3fi 1‘j 012 ≃ i4 } Y3
10S1 ≃ r10fi 10S3 ≃ r31fi 10j 6 ≃ r10 } Y2fi 10j 8 ≃ r31 } Y2fi 10S0/ ≃ Y6 ⋊ ’i2 } Y2(fi
10j 00 ≃ r10 } i2fi 10j 04 ≃ r31 } i2fi 10j 11 ≃ fib1’ 6(} Y2fi 10j 16 ≃ fib1’ 6(} i2fi
10j 33 ≃ �6 } Y2fi 10j 45 ≃ i6 } Y2fi 10j 46 ≃ �6 } i2fi 10S47 ≃ �6 ⋊ i2fi 10j 63 ≃ i6 } i2
11S3 ≃ r00.fi 11j 4 ≃ r44 } Y1fi 11j 5 ≃ r00. } Y1fi 11j 02 ≃ fib1’ 00(} Y1fi
11j 16 ≃c00 } Y1fi 11S34 ≃ i00fi 11j 35 ≃ �00 } Y1fi 11j 36 ≃ i00 } Y1
15S3 ≃ r41fi 15j 4 ≃ r28 } Y1fi 15S5 ≃ r67fi 15j 6 ≃ r41 } Y1fi 15S7 ≃ r045fi 15j 8 ≃ r67 } Y1fi
15j 0‘ ≃ r045 } Y1fi 15j 3! ≃ sb2’ 2(fi 15S72 ≃ i02fi 15j !3 ≃ �02 } Y1fi 15j !4 ≃ i02 } Y1
17S01 ≃ Y6 ⋊ Y01fi 1!j 02 ≃ r10 } Y3fi 1!j 15 ≃ r31 } Y3fi 1!j !6 ≃ fib1’ 6(} Y3fi
17S25/ ≃ �6 ⋊ Y3fi 1!j 251 ≃ �6 } Y3fi 1!j 318 ≃ i6 } Y3
2/S5 ≃ Y04 ⋊ Y3fi 2‘j 6 ≃ r1. } Y2fi 2‘j 06 ≃ ’Y04 ⋊ Y3(} Y1fi 2/S12 ≃ r1. } i2fi
2‘j 13 ≃ r1. } i2fi 2/S14 ≃ i4fi 2‘j 15 ≃ r1. } Y5fi 2‘j 21 ≃ r1. } Y2fi 2‘j 40 ≃ r1. }Z5fi
2‘j 5‘ ≃ i4 } Y1fi 2/S78 ≃ i4 ⋊ Y2fi 2‘j 0‘2 ≃ i4 } Y2fi 2/S054 ≃ i4 } i2fi 2‘j 056 ≃ i4 } i2fi
2‘j 05! ≃ ’�4 ⋊ i2(} Y1fi 2‘j 06‘ ≃ i4 } i2fi 2‘j 0!‘ ≃ i4 } Y5fi 2‘j 152 ≃ i4 }Z5

uA jwxUN 3 wAz jwxUN 4fi GQN xBUM VNwAF GgwG GgN ywFN JgRyg ywA ABG xN BxGwRANz wF w zRENyG CEBzHyG

s ´ AjV ≤ iA BO s0m , , , m sG JRGg s ´ s0 } ± ± ± } sGfi A ´ A0 ± ± ±AGfi sR ´ ARjVR ≤ iAe wAz Pyz’ARm AS( ´ 0

’0 ≤ R / S ≤ G(– uA jwxUN 4fi rCk ≃ YC ⋊ Yk ’1 / U { C − 0( RF GgN rEBxNARHF PEBHC BO BEzNE CU JgNEN C RF w CERVN
AHVxNE wAz c00 RF GgN cwGgRNH PEBHC BO zNPENN 00–

hNeNDNAyNF

)�EA73fl v– q– �EABUzfi vEfi sEBHCF BO CNEVHGwGRBA CEBSNyGRIN zRVNAFRBA GvBfi fEBy– �VNE– cwGQ– iBy– 80 ’0873( 4/4-4/8–

)�MH4/fl s– �MHVwLwfi oBEENyGRBAF wAz FHCCUNVNAGwERNF GB VL CwCNE yBAyNEARAP aEHUUflhNVwTfliyQVRzG´F GQNBENVfi dwPBLw

cwGQ– v– 0 ’084/( 006-013–

)XwE70wfl t–]v– XwEGNUFfi pHE �ERGQVNGRT IBA aBASHPwGRBAFTUwFFNA RA wUPNxEwRFyQNA sEHCCNAfi v– �UPNxEw 6/ ’0870( 068-088–

)XwE70xfl t–]v– XwEGNUFfi pHE �ERGQVNGRT IBA ZRNzNEPEHCCNANEvNRGNEHAPNAfi cwGQ– �AA– 145 ’0870( 354-362–

)Xb12fl q– XwLNE]rUHyTRPNEfi j–]o– bNNfi dBEV GBER BO ǸGwUN wUPNxEwF wAz HAEwVR¨Nz nEwHNE PEBHCFfi uFEwNU v– cwGQ– 146

’1/12( 0-12–

)Xbf08fl q– XwLNE]rUHyTRPNEfi j–]o– bNNfi h– fwERVwUwfi twFFN CERAyRCUNF OBE VHUGRABEV NDHwGRBAFfi �zI– cwGQ– 245 ’1/08(

�EGRyUN AB– 0/5707fi 24 CC–

)Xf1/fl q– XwLNE]rUHyTRPNEfi h– fwERVwUwfi eA HAEwVR¨Nz nEwHNE PEBHCF BO GBEFBEF BINE GBERfi ZBy– cwGQ– 14 ’1/1/( 0152-

0173–

)XNw05fl �– XNwHIRUUNfi jQN bWHEBGQ CEBxUNVfi hwGRBAwURGL CEBxUNVF RA wUPNxEwRy PNBVNGELfi 0-16fi bNyGHEN dBGNF RA cwGQ–fi

1061fi rBAz– Yucq.Yucq rBHAz– iHxFNE–fi iCERAPNEfi YQwVfi 1/05–

)XNA87fl q– XNANRFQfi uAzHyGRBA GQNBENVF BA GQN FGwxUN EwGRBAwURGL BO GQN yNAGNE BO GQN ERAP BO PNANERy VwGERyNFfi jEwAF– �VNE–

cwGQ– iBy– 24/ ’0887( 2460-2474–

)XbX80fl Y– XNFFNAEBzGfi b– bN XEHLAfi iGwxUN EwGRBAwURGL BO yNEGwRA NsbAflDHBGRNAGFfi uAINAG– cwGQ– 0/3 ’0880( 068-088–

)XBH70fl d– XBHExwTRfi q̀UǸVNAGF zN VwGQǸVwGRDHNfi ’rENAyQ( �UP:NxEN– YQwCRGENF 3 :w 6fi cwFFBAfi fwERFfi 0870– IRRW311 CC–

)XBH8/fl d– XBHExwTRfi �UPNxEw uufi oQwCGNEF —-4fi jEwAFUwGNz OEBV GQN rENAyQ xL f– c– YBQA wAz v– tBJRNfi qUNV– cwGQ–

’XNEURA(fi iCERAPNE]lNEUwPfi XNEURAfi 088/fi IRRW350 CC–



degc edD SegH er SDdieg fgepTYSi er 9DS�KD �KsDng�i �dp t�iiD degc fgHdYHfKD 24

)XEB71fl a– i– XEBJAfi oBQBVBUBPL BO PEBHCFfi sEwzHwGN jNKGF RA cwGQNVwGRyFfi 76fi iCERAPNE]lNEUwPfi dNJ oBET]XNEURAfi 0871fi

KW2/5 CC–

)XHG82fl s– XHGUNEfi jQN GEwAFRGRIN PEBHCF BO zNPENN OBHEGNNA wAz ¨OGNNAfi v– iLVxBURy YBVCHG– 05 ’0882( 302-311–

)Xc72fl s– XHGUNEfi v– cyawLfi jQN GEwAFRGRIN PEBHCF BO zNPENN HC GB NUNINAfi YBVV– �UPNxEw 00 ’0872( 752-800–

)Yj/6fl v–]b– YBUURBG]jQ;NU:NANfi bNyGHENF BA bRANwE �UPNxEwRy sEBHCFfi XNRSRAP UNyGHENFfi cBEARAP FRzN yNAGENfi �CERU 1//6fi

gssor9..JJJ-lwsg-tmortc-ep.3yBkkRBs.ndRiRAPbdystpdr1utRA/5-oce–

)Yj03fl v–]b– YBUURBG]jQ;NU:NANfi sEBHCN zN nEwHNE ABA EwVR¨Ǹ z´NFCwyNF QBVBP:NANF zN GBENFfi ’rENAyQ– qAPURFQfi rENAyQ

FHVVwEL( v– jQ;NBE– dBVxENF XBEzNwHK 15 ’1/03( 58-72–

)Yjti/4fl v–]b– YBUURBG]jQ;NU:NANfi Z– twEwERfi �– d– iTBEBxBPwGBIfi oBVCwyGR¨ywGRBA ǸDHRIwERwAGN z´HA GBEN ’z´wCE:NF nELURAFTR

NG aWHAANVwAA(fi qKCB– cwGQ– 12 ’1//4( 050-06/–

)Yjf//fl v–]b– YBUURBG]jQ;NU:NANfi X– fBBANAfi �UPNxEwRy OwVRURNF BO ABAMNEB NUNVNAGF BO iQwOwENIRyQfljwGN PEBHCFfi v– �VNE–

cwGQ– iBy– 02 ’1///( 72-88–

)Yji66fl v–]b– YBUURBG]jQ;NU:NANfi v–]v– iwAFHyfi bw hflǸDHRIwUNAyN FHE UNF GBENFfi �AA– iyR– ;qyBUN dBEV– iHC– ’3( 0/ ’0866(

064-118–

)Yji76fl v–]b– YBUURBG]jQ;NU:NANfi v–]v– iwAFHyfi fERAyRCwU QBVBPNANBHF FCwyNF HAzNE ,wFDHN GBER7 �CCURywGRBAFfi v– �UPNxEw

0/5 ’0876( 037-1/4–

)Yji/6fl v–]b– YBUURBG]jQ;NU:NANfi v–]v– iwAFHyfi jQN EwGRBAwURGL CEBxUNV OBE ¨NUzF BO RAIwERwAGF HAzNE URANwE wUPNxEwRy PEBHCF

’vRGQ FCNyRwU ENPwEzF GB GQN nEwHNE PEBHC(fi �UPNxEwRy PEBHCF wAz QBVBPNANBHF FCwyNFfi 002-075fi jwGw uAFG– rHAz–

hNF– iGHz– cwGQ–fi 08fi jwGw uAFG– rHAz– hNF–fi cHVxwRfi 1//6–

)Yji10fl v–]b– YBUURBG]jQ;NU:NANfi �– d– iTBEBxBPwGBIfi jQN nEwHNEflsEBGQNAzRNyT PEBHCfi qEPNx– cwGQ– sENAMPNx– ’2( 60fi

iCERAPNEfi YQwVfi 1/10fi KIW342 CC–

)Ya//fl �– YBEGNUUwfi X– aHALwIFTRRfi hwGRBAwURGL CEBxUNV OBE PNANERy GBER RA FRVCUN PEBHCFfi v– �UPNxEw 114 ’1///( 660-682–

)Yh70fl Y– m– YHEGRFfi u– hNRANEfi cNGQBzF BO ENCENFNAGwGRBA GQNBELfi IBU– ufi vRGQ wCCURywGRBAF GB ¨ARGN PEBHCF wAz BEzNEFfi

fHEN wAz �CCURNz cwGQNVwGRyF– � mRUNL]uAGNEFyRNAyN fHxURywGRBA– vBQA mRUNL ´ iBAFfi uAy–fi dNJ oBETfi 0870–

)Zm03fl Y– ZNVwEyQNfi Z– mNRfi twFFN CERAyRCUN wAz vNwT wCCEBKRVwGRBA OBE VHUGRABEV NDHwGRBAFfi uFEwNU v– cwGQ– 1/1

’1/03( 164-182–

)Zf76fl oH– �– ZEwTBTQEHFGfi l– f– fUwGBABIfi jQN twFFN ABEV CERAyRCUN OBE wUPNxEwRy AHVxNE ¨NUzFfi ’hHFFRwA( uMI– �Twz–

dwHT iiih iNE– cwG– 4/ ’0875( 835-857` GEwAFUwGRBA RA cwGQ– kiih]uMI– 18 ’0876( 188-211–

)qAz/0fl i– qAzBfi eA GQN EwGRBAwURGL BO wUPNxEwRy GBER BO ABEV GLCNfi v– �UPNxEw 124 ’1//0( 16-24–

)qAz00fl i– qAzBfi jQN EwGRBAwURGL CEBxUNV OBE ABEV BAN GBERfi dwPBLw cwGQ– v– 1/1 ’1/00( 72-0/5–

)qc62fl i– qAzBfi j– cRLwGwfi uAIwERwAGF BO ¨ARGN wxNURwA PEBHCFfi v– cwGQ– iBy– vwCwA 14 ’0862( 6-15–

)qc64fl i– qAzBfi j– cRLwGwfi eA w yUwFFR¨ywGRBA BO GQN OHAyGRBA ¨NUzF BO wUPNxEwRy GBERfi dwPBLw cwGQ– v– 45 ’0864( 74-0/3–

)qc71fl i– qAzBfi j– cRLwGwfi uAGNPEwU ENCENFNAGwGRBAF vRGQ GERIRwU ¨EFG yBQBVBUBPL PEBHCFfi dwPBLw cwGQ– v– 74 ’0871(

120-13/–

)rIs06fl c– rUBENAyNfi c– IwA swEENUfi � yBAFGEHyGRIN wCCEBwyQ GB w yBASNyGHEN xL lBFTENFNAFTRRfi iNUNyGw cwGQ– ’d–i–( 12

’1/06( 1788-18/5–

)s�ffl jQN s�f sEBHCfi s�f - sEBHCFfi �UPBERGQVFfi wAz fEBPEwVVRAPfi lNEFRBA 3–8–2` 1/07–

’gsso9..JJJ-PwomrLrsdl-BpP(–

)sNE66fl r– sNEGQ uuufi jQN twFFN ABEV CERAyRCUN RA VNGwyLyURy NKGNAFRBAF BO AHVxNE ¨NUzFfi v– bBAzBA cwGQ– iBy– ’1( 05

’0866( 1/2-1/7–

)sNE67fl r– sNEGQ uuufi jQN twFFN ABEV CERAyRCUN RA yLyUBGBVRy AHVxNE ¨NUzFfi v– hNRAN �APNJ– cwGQ– 2/2�2/3 ’0867(

138-141–

)sBE7/fl Z– sBENAFGNRAfi rRARGN PEBHCFfi iNyBAz NzRGRBAfi YQNUFNw fHxURFQRAP YB–fi dNJ oBETfi 087/fi KIRRW408 CC–

)sHE67wfl i– sHEwTfi eA GQN twFFN ABEV CERAyRCUNfi v– hNRAN �APNJ– cwGQ– 188�2// ’0867( 05-16–

)sHE67xfl i– sHEwTfi jQN twFFN ABEV CERAyRCUN RA ABAflwxNURwA NKGNAFRBAFfi v– hNRAN �APNJ– cwGQ– 2/2�2/3 ’0867( 203-207–

)sHE7/fl i– sHEwTfi jQN twFFN ABEV CERAyRCUN RA w yBVCBFRGHV BO EwzRywU NKGNAFRBAFfi v– bBAzBA cwGQ– iBy– ’1( 11 ’087/(

274-286–

)twU48fl c– twUUfi jQN GQNBEL BO PEBHCFfi jQN cwyVRUUwA YBVCwALfi dNJ oBETfi 0848fi KRRRW323 CC–

)twE1/fl Z– twEwERfi swUBRF yBQBVBUBPL wAz yUwFF ¨NUz GQNBELfi jEwAFUwGNz OEBV GQN 1/06 rENAyQ BERPRAwU xL �AzENR owOwNIfi

kARINEFRGNKGfi iCERAPNEfi YQwVfi 1/1/fi KRIW227 CC–

)tto1/fl i– twFNPwJwfi �– tBFQRfi �– owVwFwTRfi hwGRBAwURGL CEBxUNV OBE ABEV BAN GBER RA FVwUU zRVNAFRBAFfi cwGQ– YBVC–

78 ’1/1/( 812-83/–

)twF12wfl t– twFFNfi WkxNE zRN ZwEFGNUUxwETNRG IBA pwQUNA zHEyQ DHwzEwGRFyQN rBEVNA RV aWBECNE zNE EwGRBAwUNA pwQUNAfi

’sNEVwA( v– hNRAN �APNJ– cwGQ– 041 ’0812( 018-037–

)twF12xfl t– twFFNfi WkxNE zRN W�DHRIwUNAM DHwzEwGRFyQNE rBEVNA RV aWBECNE zNE EwGRBAwUNA pwQUNAfi ’sNEVwA( v– hNRAN �APNJ–

cwGQ– 041 ’0812( 1/4-113–

)twF13wfl t– twFFNfi iLVVNGERFyQN cwGERMNA RV aWBECNE zNE EwGRBAwUNA pwQUNAfi ’sNEVwA( v– hNRAN �APNJ– cwGQ– 042 ’0813(

01-32–

)twF13xfl t– twFFNfi ZwEFGNUUxwETNRG IBA pwQUNA zHEyQ DHwzEwGRFyQN rBEVNA RA NRANV xNURNxRPNA wUPNxEwRFyQNA pwQUTWBECNEfi

’sNEVwA( v– hNRAN �APNJ– cwGQ– 042 ’0813( 002-02/–

)twF20fl t– twFFNfi nNvNRF NRANF iwGMNF HAz mRNzNEUNPHAP NRANE lNEVHGHAP WHxNE zwF wUUPNVNRAN dBEVNAENFGFLVxBUfi

dwyQERyQGNA IBA zNE sNFNUUFyQwOG zNE mRFFNAFyQwOGNA MH s+BGGRAPNAfi cwGQNVwGRFyQ]fQLFRTwURFyQN aUwFFN ’0820(

53-58–

)ta84fl c– twSSwfi c– awAPfi iBVN wyGRBAF BO FLVVNGERy PEBHCFfi v– �UPNxEw 066 ’0884( 400-424–

)ti60fl f– v– tRUGBAfi k– iGwVVxwyQfi � yBHEFN RA QBVBUBPRywU wUPNxEwfi sEwz– jNKGF RA cwGQ–fi lBU– 3fi iCERAPNE]lNEUwPfi dNJ

oBET]XNEURAfi 0860fi RKW227 CC–



25 c- rKegDdYD+ �- teitH+ �dp �- o�c�i�IH

)tRE53fl t– tREBAwTwfi hNFBUHGRBA BO FRAPHUwERGRNF BO wA wUPNxEwRy IwERNGL BINE w ¨NUz BO yQwEwyGNERFGRy MNEB– ufi uu–fi �AA– BO

cwGQ– ’1( 68 ’0853( 0/8-1/2` 1/4-215–

)tao11fl �– tBFQRfi a– awAwRfi �– owVwFwTRfi dBEV BAN GBER wAz twFFN ABEV CERAyRCUNfi cwGQ– YBVC– 80 ’1/11( 1320-1347–

)tao12fl �– tBFQRfi a– awAwRfi �– owVwFwTRfi dBEV BAN GBER wAz twFFN ABEV CERAyRCUNfi uu7 ZNPENN 01 ywFNfi v– dHVxNE jQNBEL

133 ’1/12( 73-00/–

)tao14fl �– tBFQRfi a– awAwRfi �– owVwFwTRfi dBEV BAN GBER wAz twFFN ABEV CERAyRCUNfi uuu7 ZNPENN 05 ywFNfi v– �UPNxEw 555

’1/14( 683-71/–

)taofl �– tBFQRfi a– awAwRfi �– owVwFwTRfi twFFN ABEV CERAyRCUN OBE c00 wAz t0 NKGNAFRBAFfi wEnRI9110/–/8008–

)taa03fl �– tBFQRfi c– awAPfi t– aRGwLwVwfi gHwFRflVBABVRwU wyGRBAF wAz FBVN 3flzRVNAFRBAwU EwGRBAwURGL CEBxUNVFfi v–

�UPNxEw 3/2 ’1/03( 252-3//–

)to06fl �– tBFQRfi �– owVwFwTRfi hwGRBAwURGL CEBxUNV OBE wUPNxEwRy GBERfi cNV– �VNE– cwGQ– iBy– 137 ’1/06( AB– 0065fi

IW104 CC–

)to10fl �– tBFQRfi �– owVwFwTRfi hwGRBAwURGL CEBxUNV OBE ABEV BAN GBERfi uFEwNU v– cwGQ– 130 ’1/10( 738-756–

)to13fl �– tBFQRfi �– owVwFwTRfi hwGRBAwURGL CEBxUNV OBE ABEV BAN GBER OBE zRQNzEwU NKGNAFRBAFfi v– �UPNxEw 53/ ’1/13(

257-273–

)to0fl �– tBFQRfi �– owVwFwTRfi nREwGRBAwU yUwFFR¨ywGRBA OBE wUPNxEwRy GBERfi wEnRI91001–/117/–

)to1fl �– tBFQRfi �– owVwFwTRfi hwGRBAwURGL CEBxUNV OBE ABEV BAN GBER OBE �4 wAz fib1’ 7( NKGNAFRBAFfi wEnRI912/8–05076–

)to2fl �– tBFQRfi �– owVwFwTRfi twFFN ABEV CERAyRCUN OBE VNGwyLyURy NKGNAFRBAF vRGQ GERIRwU iyQHE VHUGRCURNEfi

wEnRI914/2–03254–

)to3fl �– tBFQRfi �– owVwFwTRfi twFFN ABEV CERAyRCUN OBE tNRFNAxNEP NKGNAFRBAF BO zNPENN B2fi wEnRI914/2–043/7–

)tHU85fl �– tHUCTNfi aBAFGEHTGRBA GEwAFRGRINE fNEVHGwGRBAFPEHCCNAfi fQ–Z jQNFRF– hQNRARFyQ]mNFGO=+wURFyQN jNyQARFyQN

tByQFyQHUNfi �wyQNAfi sNEVwALfi 0885–

)tHU/4fl �– tHUCTNfi oBAFGEHyGRAP jEwAFRGRIN fNEVHGwGRBA sEBHCFfi v– iLVxBURy YBVCHG– 28 ’1//4( 0-2/–

)t+HE73fl m– t+HEURVwAAfi eA wUPNxEwRy GBER BO ABEV GLCNfi YBVVNAG– cwGQ– tNUI– 48 ’0873( 428-438–

)vBA54fl �– vBANFfi eA ENCENFNAGwGRBAF BO ¨ARGN PEBHCF BINE IwUHwGRBA ERAPFfi uUURABRF v– cwGQ– 8 ’0854( 186-2/2–

)awA01fl c– awAPfi hNGEwyG EwGRBAwU ¨NUzFfi v– �UPNxEw 238 ’1/01( 11-26–

)aUL77fl �– �– aULwyQTBfi eA GQN EwGRBAwURGL BO GBER vRGQ yLyURy FCURGGRAP ¨NUzfi ’hHFFRwA( �ERGQVNGRy wAz PNBVNGEL BO VwAR]

OBUzF ’hHFFRwA(fi 62-67fi 001fi aHRxLFQNI– sBF– kARI–fi aHLxLFQNIfi 0877–

)achj87fl c–]�– aAHFfi �– cNETHESNIfi c– hBFGfi v–]f– jRPABUfi jQN xBBT BO RAIBUHGRBAFfi �VNERywA cwGQNVwGRywU iByRNGL

YBUUBDHRHV fHxURywGRBAFfi 33fi �VNERywA cwGQNVwGRywU iByRNGLfi fEBIRzNAyNfi hufi 0887fi KKRRW482 CC–

)aHA73fl X– q– aHALwIFTRRfi �ERGQVNGRy CEBCNEGRNF BO GQENNflzRVNAFRBAwU wUPNxEwRy GBERfi ’hHFFRwA( uAGNPEwU UwGGRyNF wAz ¨]

ARGN URANwE PEBHCFfi pwC– dwHyQA– iNV– bNARAPEwz– eGzNU– cwG– uAFG– iGNTUBI– ’becu( 005 ’0871( 0/1-0/6fi 052`

GEwAFUwGRBA RA v– iBIRNG cwGQ– 15 ’0873( 0787-08/0–

)aHA8/fl X– q– aHALwIFTRRfi jQENNflzRVNAFRBAwU wUPNxEwRy GBERfi iNUNyGw cwGQ– iBIRNG– 8 ’088/( 0-10–
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