
6mMxBQMB _2;QH2 /B pBbB#BHBi¨ /2;HB B/2MiB}+�iQ`B

o�`B�#BHB HQ+�HB

AH #HQ++Q +?2 +QbiBimBb+2 BH +Q`TQ /B mM� 7mMxBQM2fT`Q+2/m`� Tmǁ
+QMi2M2`2 /B+?B�`�xBQMB /B p�`B�#BHBX
1b2KTBQ,

bQMQ p�`B�#BHB T`QT`B2 /2HH� 7mMxBQM2
?�MMQ i2KTQ /B pBi� HBKBi�iQ �HH� /m`�i� /2HH� +?B�K�i�
TBɍ BM ;2M2`�H2, mM B/2MiB}+�iQ`2 /B+?B�`�iQ M2H +Q`TQ /B mM� 7mMxBQM2 ĕ
/2iiQ HQ+�H2 �HH� 7mMxBQM2 2 MQM ĕ pBbB#BH2 �HHǶ2bi2`MQ /2HH� 7mMxBQM2 U�/
2b2KTBQ M2H K�BMV- K� bQHQ M2H +Q`TQ /2HH� bi2bb�

AM `2�Hi¨- +Bǁ MQM ĕ �Hi`Q +?2 mM +�bQ T�`iB+QH�`2 /B `2;QH2 ;2M2`�HB +?2
;Qp2`M�MQ H� pBbB#BHBi¨ 2 BH i2KTQ /B pBi� /2;HB B/2MiB}+�iQ`B /B mM
T`Q;`�KK�X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jkj f jeN



6mMxBQMB _2;QH2 /B pBbB#BHBi¨ /2;HB B/2MiB}+�iQ`B

ai`miim`� ;2M2`�H2 /B mM T`Q;`�KK� *

T�`i2 /B`2iiBp�
T�`i2 /B+?B�`�iBp� ;HQ#�H2 +?2 +QKT`2M/2 U`B+Q`/�`bB HǶ�+`QbiB+Q G�
*Qb� h`2 oQHi2 SBɍ 6�+BH2V,

/B+?B�`�xBQMB /B *Qbi�MiB
/B+?B�`�xBQMB /B hBTB UHB p2/`2KQ ĘV
/B+?B�`�xBQMB /B o�`B�#BHB Up�`B�#BHB ;HQ#�HBV
T`QiQiBTB /B S`Q+2/m`2f6mMxBQMB

BH T`Q;`�KK� T`BM+BT�H2 UK�BMV
H2 /2}MBxBQMB /B 7mMxBQMBfT`Q+2/m`2

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jk9 f jeN



6mMxBQMB _2;QH2 /B pBbB#BHBi¨ /2;HB B/2MiB}+�iQ`B

1b2KTBQ

OBM+Hm/2 Ibi/BQX?= f T�`i2 /B`2iiBp�  f
O/27BM2 GlL: Ry

BMi B 4 Rc f p�`B�#BHB ;HQ#�HB  f
BMi D 4 kc

BMi ZUBMiVc f T`QiQiBTB /B 7mMxBQMB 2 T`Q+2/m`2  f
pQB/ _U7HQ�iVc

K�BMUV f T`Q;`�KK� T`BM+BT�H2  f
&
BMi t 4 Ryc
7HQ�i v 4 jX9c
+?�` + 4 ^�^c
t 4 ZUtVc
_UvVc
'

BMi ZUBMi pV & XXX ' f /27BMBxBQMB /B 7mMxBQMB 2 T`Q+2/m`2  f
pQB/ _U7HQ�i xV & XXX '

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jk8 f jeN



6mMxBQMB _2;QH2 /B pBbB#BHBi¨ /2;HB B/2MiB}+�iQ`B

"HQ++?B
BH +Q`TQ /B mM� 7mMxBQM2fT`Q+2/m`�- +QK2 BH +Q`TQ /2H T`Q;`�KK�
T`BM+BT�H2- ĕ mM #HQ++QX
AM * mM #HQ++Q ĕ +QbiBimBiQ /�

mM� T�`i2 /B+?B�`�iBp� UTmǁ MQM 2bb2`+BV
mM� T�`i2 2b2+miBp� Ub2[m2Mx� /B Bbi`mxBQMBV

L2H K�BM Q M2H +Q`TQ /2HH2 7mMxBQMB TQbbQMQ +QKT�`B`2 /Bp2`bB #HQ++?B-
+?2 TQbbQMQ 2bb2`2

�MMB/�iB, mM #HQ++Q ĕ mM� /2HH2 Bbi`mxBQMB /B mM �Hi`Q #HQ++Q
T�`�HH2HB, #HQ++?B +?2 7�MMQ T�`i2 /2HH� K2/2bBK� b2[m2Mx� /B Bbi`mxBQMB

& &
BMi tc BMi tc
t 4 Ryc t 4 Ryc
& XXX
BMi xc '
x 4 ky c &
XXX BMi xc

' x 4 kyc
XXX XXX

' '

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jke f jeN



6mMxBQMB _2;QH2 /B pBbB#BHBi¨ /2;HB B/2MiB}+�iQ`B

�M+?2 H� T�`i2 2b2+miBp� /2H T`Q;`�KK� T`BM+BT�H2 2 /B mM�
7mMxBQM2fT`Q+2/m`� ĕ mM #HQ++Q
:HB B/2MiB}+�iQ`B /B+?B�`�iB M2HH� T�`i2 /B+?B�`�iBp� /B mM #HQ++Q bQMQ
/2iiB MQKB HQ+�HB /2H #HQ++Q 2 /2pQMQ 2bb2`2 imiiB /Bp2`bB i`� HQ`Q

M2H +�bQ /B mM� 7mMxBQM2fT`Q+2/m`�- 7�MMQ T�`i2 /2B MQKB HQ+�HB �M+?2
;HB B/2MiB}+�iQ`B miBHBxx�iB T2` B T�`�K2i`B 7Q`K�HB

1b2KTBQ,
&
BMi tc f LP5 B/2MiB7B+�iQ`2 t /B+?B�`�iQ  f
+?�` tc f /m2 pQHi2 M2HHQ bi2bbQ #HQ++Q  f
XXX
'

pQB/ TUBMi t- +?�` vV
&
BMi tc f LP5 B/2MiB7B+�iQ`2 t ;B�^ mb�iQ T2` mM T�`�K2i`Q 7Q`K�H2  f
XXX
'

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jkd f jeN



6mMxBQMB _2;QH2 /B pBbB#BHBi¨ /2;HB B/2MiB}+�iQ`B

AM #HQ++?B /Bp2`bB TQbbQMQ 2bb2`2 miBHBxx�iB ;HB bi2bbB B/2MiB}+�iQ`B
1b2KTBQ,

K�BMUV
&
BMi tc f t- v, p�`B�#BHB HQ+�HB /2H K�BM  f
BMi vc
XXX

&
+?�` tc f t, p�`B�#BH2 HQ+�H2 /2H #HQ++Q �MMB/�iQ  f
XXX

'
XXX
'

pQB/ TUBMi tV
&
BMi vc f t-v, p�`B�#BHB HQ+�HB /2HH� T`Q+2/m`� T  f
XXX
'

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jk3 f jeN



6mMxBQMB _2;QH2 /B pBbB#BHBi¨ /2;HB B/2MiB}+�iQ`B

lM T`Q;`�KK� * Tmǁ �p2`2 mM� bi`miim`� KQHiQ +QKTH2bb� � b2;mBiQ
/2HHǶmbQ /B 7mMxBQMB- T`Q+2/m`2 2 #HQ++?BX
Ĕ M2+2bb�`BQ /2}MB`2 `2;QH2 T`2+Bb2 T2` `2;QH�K2Mi�`2 HǶmbQ /2B MQKB
miBHBxx�iB �HHǶBMi2`MQ /B mM T`Q;`�KK�X
� [m2biQ b+QTQ BMi`Q/m+B�KQ �H+mM2 /2}MBxBQMB miBHBX

�K#B2Mi2 ;HQ#�H2, ĕ HǶBMbB2K2 /B imiiB ;HB 2H2K2MiB UMQKBV /B+?B�`�iB
M2HH� T�`i2 /B+?B�`�iBp� ;HQ#�H2 /2H T`Q;`�KK�
�K#B2Mi2 HQ+�H2 /B mM� 7mMxBQM2, ĕ HǶBMbB2K2 /B imiiB ;HB 2H2K2MiB UMQKBV
/B+?B�`�iB M2HH� T�`i2 /B+?B�`�iBp� /2HH� 7mMxBQM2 2 M2HH� bm� BMi2bi�xBQM2
�K#B2Mi2 HQ+�H2 /B mM #HQ++Q, ĕ HǶBMbB2K2 /B imiiB ;HB 2H2K2MiB UMQKBV
/B+?B�`�iB M2HH� T�`i2 /B+?B�`�iBp� /2H #HQ++Q

Zm�MiQ /2iiQ BM7Q`K�HK2Mi2 BM T`2+2/2Mx� Tmǁ 2bb2`2 K2;HBQ
T`2+Bb�iQ,
=) ĕ TQbbB#BH2 /B+?B�`�`2 TBɍ pQHi2 HQ bi2bbQ B/2MiB}+�iQ`2 U�M+?2 +QM
bB;MB}+�iB /Bp2`bBV Tm`+?û BM �K#B2MiB /Bp2`bB
a2 +Bǁ 2pBi� BH T`QHB72`�`2 /B B/2MiB}+�iQ`B- +�mb� BH T`Q#H2K� /B bi�#BHB`2
BH bB;MB}+�iQ /B mM `B72`BK2MiQ �/ mM B/2MiB}+�iQ`2 BM mM ;2M2`B+Q
TmMiQ /2H T`Q;`�KK�

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jkN f jeN



6mMxBQMB _2;QH2 /B pBbB#BHBi¨ /2;HB B/2MiB}+�iQ`B

1b2KTBQ, _BT`2M/B�KQ HǶ2b2KTBQ T`2+2/2Mi2
K�BMUV
&
BMi tc f t- v, p�`B�#BHB HQ+�HB /2H K�BM  f
BMi vc
XXX

&
+?�` tc f t, p�`B�#BH2 HQ+�H2 /2H #HQ++Q �MMB/�iQ  f
XXX

'
XXX
'

pQB/ TUBMi tV
&
BMi vc f t-v, p�`B�#BHB HQ+�HB /2HH� T`Q+2/m`� T  f
XXX
'

a2 BM mM TmMiQ /2H T`Q;`�KK� pB2M2 2b2;mBi� HǶBbi`mxBQM2 t 4 XXX- �
[m�H2 /2HH2 i`2 /B+?B�`�xBQMB /B t +B bB `B72`Bb+2\
.BT2M/2 /�H TmMiQ BM +mB bB i`Qp� i�H2 �bb2;M�K2MiQ 2 /�HH2 `2;QH2 /B
pBbB#BHBi¨ UQ `2;QH2 /B b+QTBM;VX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jjy f jeN



6mMxBQMB _2;QH2 /B pBbB#BHBi¨ /2;HB B/2MiB}+�iQ`B

_2;QH2 /B pBbB#BHBi¨

:HB B/2MiB}+�iQ`B T`2b2MiB M2HHǶ�K#B2Mi2
;HQ#�H2 bQMQ pBbB#BHB BM imii2 H2 7mMxBQMB 2 BM imiiB B #HQ++?B /2H
T`Q;`�KK�X
LX"X :HB B/2MiB}+�iQ`B T`2/2}MBiB /2H HBM;m�;;BQ bB BMi2M/QMQ T�`i2
/2HHǶ�K#B2Mi2 ;HQ#�H2X
HQ+�H2 /B mM� 7mMxBQM2 bQMQ pBbB#BHB M2H +Q`TQ /2HH� 7mMxBQM2 UBpB
+QKT`2bB 2p2Mim�HB #HQ++?B BM 2bbQ +QMi2MmiBVX
HQ+�H2 /B mM #HQ++Q bQMQ pBbB#BHB M2HH� T�`i2 2b2+miBp� /2H #HQ++Q UBpB
+QKT`2bB 2p2Mim�HB #HQ++?B BM 2bb� +QMi2MmiBVX

a2 mM B/2MiB}+�iQ`2 ĕ /2}MBiQ BM TBɍ TmMiB- H� /2}MBxBQM2 p�HB/� ĕ [m2HH�
/2HHǶ�K#B2Mi2 TBɍ pB+BMQ �H TmMiQ /B miBHxxQX AM T�`iB+QH�`2- mM� p�`B�#BH2
HQ+�H2 ǳM�b+QM/2Ǵ mM� 2p2Mim�H2 p�`B�#BH2 QKQMBK� /2}MBi� M2HHǶ�K#B2Mi2
bmT2`BQ`2 Ub?�/QrBM; Q Qb+m`�K2MiQV T2` imiiQ BH #HQ++QX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jjR f jeN



6mMxBQMB _2;QH2 /B pBbB#BHBi¨ /2;HB B/2MiB}+�iQ`B

.2iiQ �Hi`BK2MiB- HǶ�K#BiQ /B pBbB#BHBi¨ /B mM B/2MiB}+�iQ`2 ĕ
/2i2`KBM�iQ /�HH� TQbBxBQM2 /2HH� bm� /B+?B�`�xBQM2,

;HB B/2MiB}+�iQ`B /B+?B�`�iB �HHǶBMi2`MQ /B mM #HQ++Q ?�MMQ �K#BiQ /B
pBbB#BHBi¨ � HBp2HHQ /B #HQ++Q
=) mM� p�`B�#BH2 /B+?B�`�i� BM mM #HQ++Q ĕ pBbB#BH2 bQHQ BM [m2H #HQ++Q
U+QKT`2bB 2p2Mim�HB #HQ++?B �MMB/�iBV
;HB B/2MiB}+�iQ`B /B+?B�`�iB �HHǶBMi2`MQ /B mM� 7mMxBQM2 U+QKT`2bB [m2HHB
M2HHǶBMi2bi�xBQM2V ?�MMQ �K#BiQ /B pBbB#BHBi¨ � HBp2HHQ /B 7mMxBQM2
=) mM� p�`B�#BH2 /B+?B�`�i� BM mM� 7mMxBQM2 ĕ pBbB#BH2 bQHQ M2H +Q`TQ
/2HH� 7mMxBQM2 U+QKT`2bB 2p2Mim�HB #HQ++?B �MMB/�iBV
;HB B/2MiB}+�iQ`B /B+?B�`�iB �HHǶ2bi2`MQ /2HH2 7mMxBQMB 2 /2H K�BM ?�MMQ
�K#BiQ /B pBbB#BHBi¨ � HBp2HHQ /B T`Q;`�KK�
=) mM� p�`B�#BH2 ;HQ#�H2 ĕ pBbB#BH2 QpmM[m2 M2H T`Q;`�KK�

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jjk f jeN



6mMxBQMB _2;QH2 /B pBbB#BHBi¨ /2;HB B/2MiB}+�iQ`B

1b2KTBQ,
BMi tR4Ry- tk4kyc
+?�` +4^�^c

BMi 7UBMiVc

K�BMUV
&
BMi tR4jyc f M�b+QM/2 H� p�`B�#BH2 ;HQ#�H2 tR  f
tk 4 tRYtkc f tR 2^ [m2HH� HQ+�H2- tk 2^ ;HQ#�H2  f
T`BMi7U]tR4W/ tk4W/$M]- tR- tkVc f bi�KT� tR4jy tk48y  f
& BMi tj48yc

tR47UtjVc f tR 2^ [m2HH� HQ+�H2 �H T`BKQ #HQ++Q  f
T`BMi7U]tR4W/ tk4W/$M]- tR- tkVc f bi�KT� tR4R8y tk48y  f

'
'

BMi 7UBMi tRV f M�b+QM/2 H� p�`B�#BH2 ;HQ#�H2 tR  f
& BMi tkc f M�b+QM/2 H� p�`B�#BH2 ;HQ#�H2 tk  f
tk 4 tR Y Ryyc f tR 2^ BH T�`�K2i`Q 7Q`K�H2- tk H� p�`X HQ+�H2  f
`2im`M tkc

'

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jjj f jeN



6mMxBQMB _2;QH2 /B pBbB#BHBi¨ /2;HB B/2MiB}+�iQ`B

_�TT`2b2Mi�xBQM2 :`�}+�, JQ/2HHQ � +QMiQ`MB
aB `�TT`2b2Mi� Q;MB �K#B2Mi2 K2/B�Mi2 mM `2ii�M;QHQ +QM ;HB
B/2MiB}+�iQ`B BM 2bbQ +QMi2MmiBX

tR- tk- + ;HQ#�HB

tR K�BM

tR- tk 7

tj #HQ++Q

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jj9 f jeN



6mMxBQMB .m`�i� /2HH2 p�`B�#BHB

.m`�i� /2HH2 p�`B�#BHB

lM� p�`B�#BH2 ?� mM bmQ i2KTQ /B pBi�X
• pB2M2 +`2�i� UQpp2`Q �/ 2bb� pB2M2 `Bb2`p�i� mMQ bT�xBQ /B K2KQ`B�V
• pB2M2 UQ Tmǁ 2bb2`2V /Bbi`mii� UQpp2`Q pB2M2 `BH�b+B�iQ BH
+Q``BbTQM/2Mi2 bT�xBQ /B K2KQ`B�VX

aB /BbiBM;mQMQ /m2 +H�bbB /B p�`B�#BHB,
p�`B�#BHB �miQK�iB+?2, p2M;QMQ +`2�i2 Q;MB pQHi� +?2 bB 2Mi`� M2H HQ`Q
�K#B2Mi2 /B pBbB#BHBi¨ 2 p2M;QMQ /Bbi`mii2 �HHǶmb+Bi� /B i�H2 �K#B2Mi2

2bX p�`B�#BHB HQ+�HB /B mM #HQ++Q, p2M;QMQ +`2�i2 �HHǶBM;`2bbQ /2H #HQ++Q-
&- 2 /Bbi`mii2 �HHǶmb+Bi� /�H #HQ++Q- 'X
2bX p�`B�#BHB HQ+�HB /B mM� 7mMxBQM2, p2M;QMQ +`2�i2 �H KQK2MiQ /2HH�
+?B�K�i� 2 /Bbi`mii2 �HHǶmb+Bi�

p�`B�#BHB bi�iB+?2, p2M;QMQ +`2�i2 mM� bQH� pQHi� 2 p2M;QMQ /Bbi`mii2
bQHQ �H i2`KBM2 /2HHǶ2b2+mxBQM2 /2H T`Q;`�KK� UMQM M2 7�`2KQ mbQ XXXV

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jj8 f jeN



6mMxBQMB .m`�i� /2HH2 p�`B�#BHB

.m`�i� /2HH2 p�`B�#BHB U+QMiXV

L2H +�bQ /B 7mMxBQMBf#HQ++?B 2b2;mBiB TBɍ pQHi2 U2bX 7mMxBQM2 +?B�K�i� BM
TmMiB /Bp2`bB- #HQ++Q �HHǶBMi2`MQ /B mM +B+HQV,

H2 p�`B�#BHB �miQK�iB+?2 +Q``BbTQM/2MiB TQbbQMQ 2bb2`2 �bbQ+B�i2 /B
pQHi� BM pQHi� � HQ+�xBQMB /B K2KQ`B� /Bp2`b2- [mBM/B
BH HQ`Q p�HQ`2 MQM T2`bBbi2 i`� mM� 2b2+mxBQM2 2 H� bm++2bbBp�

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jje f jeN



6mMxBQMB .m`�i� /2HH2 p�`B�#BHB

:2biBQM2 /2HH� K2KQ`B� � i2KTQ /B 2b2+mxBQM2 U`mM@iBK2V

G� K2KQ`B� T2`
BH +Q/B+2 K�++?BM� ĕ }bb�i� � i2KTQ /B +QKTBH�xBQM2
B /�iB UBM T�`iB+QH�`2 T2` H2 p�`B�#BHB �miQK�iB+?2V +`2b+2 2 /2+`2b+2
/BM�KB+�K2Mi2 /m`�Mi2 HǶ2b2+mxBQM2, pB2M2 ;2biBi� � TBH�

_B+Q`/B�KQ +?2 mM� TBH� UQ bi�+FV ĕ mM� bi`miim`� /�iB +QM �++2bbQ
GA6P, G�bi AM 6B`bi Pmi UmHiBKQ 2Mi`�iQ- T`BKQ b2`pBiQV- +QK2 �/ 2bX
H� TBH� /B TB�iiB /� H�p�`2 Q /B T`�iB+?2 /� bpQH;2`2X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jjd f jeN



6mMxBQMB .m`�i� /2HH2 p�`B�#BHB

SBH� /2B `2+Q`/ /B �iiBp�xBQM2

AH bBbi2K� ;2biBb+2 BM K2KQ`B� H� TBH� /2B `2+Q`/ /B �iiBp�xBQM2 U_.�V
T2` Q;MB +?B�K�i� /B 7mMxBQM2 pB2M2 +`2�iQ U2 �HHQ+�iQV mM MmQpQ _.�
BM +BK� �HH� TBH�
�H i2`KBM2 /2HH� +?B�K�i� /2HH� 7mMxBQM2 BH _.� pB2M2 `BKQbbQ /�HH� TBH�

P;MB _.� +QMiB2M2,
H2 HQ+�xBQMB /B K2KQ`B� T2` B T�`�K2i`B 7Q`K�HB Ub2 T`2b2MiBV
H2 HQ+�xBQMB /B K2KQ`B� T2` H2 p�`B�#BHB HQ+�HB Ub2 T`2b2MiBV
�Hi`2 BM7Q`K�xBQMB +?2 MQM �M�HBxxB�KQ

�M+?2 ;HB �K#B2MiB HQ+�HB /2B #HQ++?B p2M;QMQ �HHQ+�iBf/2�HHQ+�iB bmHH�
TBH�X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jj3 f jeN



6mMxBQMB .m`�i� /2HH2 p�`B�#BHB

SBH� /2B `2+Q`/ /B �iiBp�xBQM2, +QK2 7mMxBQM�MQ

AH T`BKQ `2+Q`/ /B �iiBp�xBQM2 U_.�V ĕ T2` BH K�BMUV
�/ Q;MB �iiBp�xBQM2 pB2M2 �HHQ+�iQ mM _.�
�H i2`KBM2 /2HHǶ�iiBp�xBQM2 BH `2+Q`/ pB2M2 `BH�b+B�iQ UHB#2`�M/Q H�
K2KQ`B� +?2 Q++mT�p�V
G� /BK2MbBQM2 /2HHǶ_.� ĕ MQi� BM 7�b2 /B +QKTBH�xBQM2
AH MmK2`Q /B �iiBp�xBQMB /2HH� 7mMxBQM2 MQM ĕ MQiQ

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jjN f jeN



6mMxBQMB .m`�i� /2HH2 p�`B�#BHB

1b2KTBQ,
BMi 7UBMiVc
K�BMUV
&
BMi t- v- xc
t4Ryc
v4kyc f #HQ++Q T`BM+BT�H2  f SlLhP R

x 4 7UtVc f T`BK� +?B�K�i� /B 7  f SlLhP k

&
BMi t48yc f mb+Bi� /� 7 2 BM;`2bbQ M2H #HQ++Q �MMB/�iQ f SlLhP j

v47UtVc f b2+QM/� +?B�K�i� /B 7  f SlLhP 9

x4vc f mb+Bi� /� 7  f SlLhP 8

'
XXX f mb+Bi� /�H #HQ++Q  f SlLhP e

'
BMi 7UBMi �V
&
BMi xc
x 4 � Y Rc
`2im`M xc

'

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j9y f jeN



6mMxBQMB .m`�i� /2HH2 p�`B�#BHB

1pQHmxBQM2 /2HH� TBH�

t Ry
v ky
x \

SlLhP R

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j9R f jeN



6mMxBQMB .m`�i� /2HH2 p�`B�#BHB

1pQHmxBQM2 /2HH� TBH�

� Ry
x \
t Ry
v ky
x \

SlLhP k

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j9R f jeN



6mMxBQMB .m`�i� /2HH2 p�`B�#BHB

1pQHmxBQM2 /2HH� TBH�

t 8y
t Ry
v ky
x RR

SlLhP j

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j9R f jeN



6mMxBQMB .m`�i� /2HH2 p�`B�#BHB

1pQHmxBQM2 /2HH� TBH�

� 8y
x \
t 8y
t Ry
v ky
x RR

SlLhP 9

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j9R f jeN



6mMxBQMB .m`�i� /2HH2 p�`B�#BHB

1pQHmxBQM2 /2HH� TBH�

t 8y
t Ry
v 8R
x RR

SlLhP 8

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j9R f jeN



6mMxBQMB .m`�i� /2HH2 p�`B�#BHB

1pQHmxBQM2 /2HH� TBH�

t Ry
v 8R
x 8R

SlLhP e

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j9R f jeN



6mMxBQMB .m`�i� /2HH2 p�`B�#BHB

o�`B�#BHB bi�iB+?2, mM 2b2KTBQ /ǶmbQ
lM� p�`B�#BH2 bi�iB+�- mM� pQHi� +`2�i�- `BK�M2 BM pBi� T2` imiiQ BH
i2KTQ /B 2b2+mxBQM2 /2H T`Q;`�KK�X
1b2KTBQ, 7UpQB/V & bi�iB+ BMi tc XXX '

H� p�`B�#BH2 pB2M2 BMBxB�HBxx�i� �HH� T`BK� �iiBp�xBQM2 /2HH� 7mMxBQM2
+QMb2`p� BH bmQ p�HQ`2 i`� �iiBp�xBQMB bm++2bbBp2
ĕ HQ+�H2- [mBM/B pBbB#BH2 bQHQ �HHǶBMi2`MQ /2HH� 7mMxBQM2 BM +mB ĕ /B+?B�`�i�

1b2KTBQ, 6mMxBQM2 +?2 `2biBimBb+2 BH MmK2`Q /B pQHi2 +?2 ĕ bi�i�
�iiBp�i�X
BMi 7mMRUpQB/V &

bi�iB+ BMi +QMi� 4 yc
f p�`B�#BH2 HQ+�H2 bi�iB+� pBbB#BH2 bQHQ BM 7mMRc

+QMi�iQ`2 /2H MmK2`Q /B �iiBp�xBQMB /B 7mMR  f
XXXXX
+QMi�YYc
`2im`M +QMi�c
'

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j9k f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

_B+Q`bBQM2, *Ƕ2`� mM� pQHi� mM _2

*Ƕ2`� mM� pQHi� mM _2
b2/miQ bmH bQ7¨
+?2 /Bbb2 �HH� bm� b2`p�
`�++QMi�KB mM� biQ`B�
2 H� b2`p� BM+QKBM+Bǁ,

*Ƕ2`� mM� pQHi� mM _2
b2/miQ bmH bQ7¨
+?2 /Bbb2 �HH� bm� b2`p�
`�++QMi�KB mM� biQ`B�
2 H� b2`p� BM+QKBM+Bǁ,

*Ƕ2`� mM� pQHi� mM _2
b2/miQ bmH bQ7¨XXX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j9j f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

AH i`B�M;QHQ /B aB2`TBMbFvB

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j99 f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

S`Q;`�KK�xBQM2 `B+Q`bBp�, +2MMB

AM [m�bB imiiB B HBM;m�;;B /B T`Q;`�KK�xBQM2 2pQHmiB ĕ �KK2bb� H�
TQbbB#BHBi¨ /B /2}MB`2 7mMxBQMBfT`Q+2/m`2 `B+Q`bBp2, /m`�Mi2
HǶ2b2+mxBQM2 /B mM� 7mMxBQM2 6 ĕ TQbbB#BH2 +?B�K�`2 H� 7mMxBQM2 6
bi2bb�X
*Bǁ Tmǁ �pp2MB`2

/B`2ii�K2Mi2, BH +Q`TQ /B 6 +QMiB2M2 mM� +?B�K�i� � 6 bi2bb�X
BM/B`2ii�K2Mi2, 6 +QMiB2M2 mM� +?B�K�i� � : +?2 � bm� pQHi� +QMiB2M2
mM� +?B�K�i� � 6X

Zm2biQ Tmǁ b2K#`�`2 bi`�MQ, b2 T2MbB�KQ +?2 mM� 7mMxBQM2 ĕ
/2biBM�i� � `BbQHp2`2 mM bQiiQT`Q#H2K� P- mM� /2}MBxBQM2 `B+Q`bBp�
b2K#`� BM/B+�`2 +?2 T2` `BbQHp2`2 P /Q##B�KQ Ęb�T2` `BbQHp2`2 P5

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j98 f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

AM `2�Hi¨- H� T`Q;`�KK�xBQM2 `B+Q`bBp� bB #�b� bmHHǶQbb2`p�xBQM2 +?2 T2`
KQHiB T`Q#H2KB H� bQHmxBQM2 T2` mM +�bQ ;2M2`B+Q Tmǁ 2bb2`2 `B+�p�i�
bmHH� #�b2 /2HH� bQHmxBQM2 /B mM �Hi`Q +�bQ- ;2M2`�HK2Mi2 TBɍ b2KTHB+2-
/2HHQ bi2bbQ T`Q#H2K�X
G� T`Q;`�KK�xBQM2 `B+Q`bBp� i`Qp� `�/B+B i2Q`B+?2 M2H T`BM+BTBQ /B
BM/mxBQM2 #2M 7QM/�i� +?2 Tmǁ 2bb2`2 pBbiQ +QK2 mM� ;2M2`�HBxx�xBQM2
/2H T`BM+BTBQ /B BM/mxBQM2 bmB M�im`�HB
G� bQHmxBQM2 /B mM T`Q#H2K� pB2M2 BM/BpB/m�i� bmTTQM2M/Q /B b�T2`HQ
`BbQHp2`2 bm +�bB TBɍ b2KTHB+BX
"BbQ;M� TQB 2bb2`2 BM ;`�/Q /B `BbQHp2`2 /B`2ii�K2Mi2 BH T`Q#H2K� bmB
+�bB TBɍ b2KTHB+B /B [m�HmM[m2 �Hi`QX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j9e f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

1b2KTBQ, hQ``2 /B >�MQB UH2;;2M/� oB2iM�KBi�VX

A B C

TBH� /B /Bb+?B /B /BK2MbBQM2 /2+`2b+2Mi2 bm mM T2`MQ �
pQ;HB�KQ bTQbi�`H� bmH T2`MQ *- mb�M/Q mM T2`MQ /B �TTQ;;BQ "
pBM+QHB,

TQbbB�KQ bTQbi�`2 mM bQHQ /Bb+Q �HH� pQHi�
mM /Bb+Q TBɍ ;`�M/2 MQM Tmǁ K�B bi�`2 bm mM /Bb+Q TBɍ TB++QHQ

b2+QM/Q H� H2;;2M/�, B KQM�+B bi�MMQ bTQbi�M/Q e9 /Bb+?B,
[m�M/Q �p`�MMQ }MBiQ- +B b�`¨ H� }M2 /2H KQM/Q

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j9d f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

*QK2 BM/BpB/m�`2 mM� bQHmxBQM2 T2` mM MmK2`Q L /B /Bb+?B �`#Bi`�`BQ\
T2` L4R H� bQHmxBQM2 ĕ BKK2/B�i�, bTQbiB�KQ HǶmMB+Q /Bb+Q /� � � *
b2 b�TTB�KQ `BbQHp2`2 BH T`Q#H2K� T2` L4R HQ b�TTB�KQ `BbQHp2`2 �M+?2
T2` L4k, +QK2\

A B CA B C

BA C A CB

LQiB�KQ HǶmiBHBxxQ /2H T2`MQ �mbBHB�`BQ "

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j93 f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

SQbbB�KQ ;2M2`�HBxx�`2 BH `�;BQM�K2MiQ\ a2 b�TTB�KQ `BbQHp2`2 BH
T`Q#H2K� T2` L /Bb+?B- TQbbB�KQ BM/BpB/m�`2 mM� bQHmxBQM2 T2` HQ
bi2bbQ T`Q#H2K� K� +QM LYR /Bb+?B\

BA C

CBAB

N

A C

N

A B C

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j9N f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

6Q`K�HBxxB�KQ BH `�;BQM�K2MiQ
AM/B+?B�KQ +QM ?�MQBUL- SR- Sk- SjV BH T`Q#H2K�,ǳbTQbi�`2 L /Bb+?B
/�H T2`MQ SR �H T2`MQ Sk miBHBxx�M/Q Sj +QK2 T2`MQ /Ƕ�TTQ;;BQǴX

?�MQBUL- SR- Sk- SjV
B7 UL4RV

bTQbi� /� SR � Skc
2Hb2

&
?�MQBUL@R- SR- Sj- SkVc
bTQbi� /� SR � Skc
?�MQBUL@R- Sj- Sk- SRVc

'

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j8y f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

1b2KTBQ, aQHmxBQM2 /B ?�MQBUj-�-*-"V

?�MQBUR-�-*-"V 4 bTQbi�U�-*V
?�MQBUk-�-"-*V 4 bTQbi�U�-"V

?�MQBUR-*-"-�V 4 bTQbi�U*-"V
?�MQBUj-�-*-"V 4 bTQbi�U�- *V

?�MQBUR-"-�-*V 4 bTQbi�U"-�V
?�MQBUk-"-*-�V 4 bTQbi�U"-*V

?�MQBUR-�-*-"V 4 bTQbi�U�-*V

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j8R f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

Zm�Mi2 KQbb2 T2` L /Bb+?B\

aB Tmǁ /BKQbi`�`2- T2` BM/mxBQM2 bmH MmK2`Q /B /Bb+?B L- +?2 BH MmK2`Q /B
KQbb2 ĕ,

JQbb2(L) =

(
R b2 L = R U+�bQ #�b2V
kL � R b2 L > R U+�bQ BM/miiBpQV

amTTQM2M/Q +?2 Q;MB KQbb� /m`B mM b2+QM/Q- B KQM�+B �p`2##2`Q /�
H�pQ`�`2 T2` TBɍ /B 83y KBHB�`/B /B �MMBX
a�T2M/Q +?2 HǶmMBp2`bQ ?� +B`+� mM� p2MiBM� /B KBHB�`/B /B �MMB- TQbbB�KQ
/B`2 +?2 B KQM�+B M2 �p`�MMQ �M+Q`� T2` KQHiQ ,

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j8k f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

G2 7mMxBQMB `B+Q`bBp2 bQMQ +QMp2MB2MiB T2` BKTH2K2Mi�`2 7mMxBQMB
K�i2K�iB+?2 /2}MBi2 BM KQ/Q BM/miiBpQX
1b2KTBQ, .2}MBxBQM2 BM/miiBp� /B bQKK� i`� /m2 BMi2`B MQM
M2;�iBpB,

bQKK�(t , v) =
(

t b2 v4y
R+ (bQKK�(t , v � R)) b2 v > y

G� bQKK� /B t +QM y pB2M2 /2}MBi� BM KQ/Q BKK2/B�iQc
H� bQKK� /B t +QM BH bm++2bbQ`2 /B v pB2M2 /2}MBi� +QK2 BH bm++2bbQ`2
/2HH� bQKK� i`� t 2 vX

1b2KTBQ, bQKK� /B j 2 k,

bQKK�(j, k) = R+ (bQKK�(j, R)) =
R+ (R+ (bQKK�(j, y))) =
R+ (R+ (j)) =
R+ 9 =
8

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j8j f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

1b2KTBQ, 6mMxBQM2 7�iiQ`B�H2X
/2}MBxBQM2 Bi2`�iBp�, 7�ii(M) = M · (M � R) · (M � k) · · · k · R
/2}MBxBQM2 BM/miiBp�,

7�ii(M) =
(
R b2 M = y U+�bQ #�b2V
M · 7�ii(M � R) b2 M > y U+�bQ BM/miiBpQV

Ĕ 2bb2MxB�H2 BH 7�iiQ +?2- �TTHB+�M/Q `BT2imi�K2Mi2 BH +�bQ BM/miiBpQ- +B
`B+QM/m+B�KQ T`BK� Q TQB �H +�bQ #�b2X

7�ii(j) = j · 7�ii(k) =
j · (k · 7�ii(R)) =
j · (k · (R · 7�ii(y))) =
j · (k · (R · R)) =
j · (k · R) =
j · k =
e

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j89 f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

AH +Q/B+2 /2HH2 /m2 /Bp2`b2 p2`bBQMB
/2}MBxBQM2 Bi2`�iBp�,
BMi 7�iiUBMi MV &

BMi B-`Bbc

`Bb4Rc
7Q` UB4RcBI4McBYYV
`Bb4`Bb Bc

`2im`M `Bbc
'

/2}MBxBQM2 `B+Q`bBp�,
BMi 7�ii`B+UBMi MV &

B7 UM 44 yV
`2im`M Rc

2Hb2
`2im`M M  7�ii`B+UM@RVc

'
*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j88 f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

1b2KTBQ, S`Q;`�KK� +?2 mb� mM� 7mMxBQM2 `B+Q`bBp�X
OBM+Hm/2 Ibi/BQX?=

BMi 7�ii`B+ UBMiVc

K�BMUV
&
BMi t- 7c
b+�M7U]W/]- �tVc
7 4 7�ii`B+UtVc
T`BMi7U]6�iiQ`B�H2 /B W/, W/$M]- t- 7Vc
'

BMi 7�ii`B+UBMi MV &
BMi `Bbc
B7 UM 44 yV
`Bb 4 Rc

2Hb2
`Bb 4 M  7�ii`B+UM@RVc

`2im`M `Bbc
'

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j8e f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

1pQHmxBQM2 /2HH� TBH� UbmTTQM2M/Q t4jVX
t j
7 \

M j
`Bb \
t j
7 \

M k
`Bb \
M j
`Bb \
t j
7 \

M R
`Bb \
M k
`Bb \
M j
`Bb \
t j
7 \

M y
`Bb \
M R
`Bb \
M k
`Bb \
M j
`Bb \
t j
7 \

M y
`Bb R
M R
`Bb \
M k
`Bb \
M j
`Bb \
t j
7 \

M R
`Bb R
M k
`Bb \
M j
`Bb \
t j
7 \

M k
`Bb k
M j
`Bb \
t j
7 \

M j
`Bb e
t j
7 \

t j
7 e

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j8d f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

1b2KTBQ, G2;;2`2 mM� b2[m2Mx� /B +�`�ii2`B i2`KBM�i� /� ^\M^ 2
bi�KT�`H� BMp2`iBi�X �/ 2b2KTBQ, `Qb� =) �bQ`

S`Q#H2K�, T`BK� /B TQi2` BMBxB�`2 � bi�KT�`2 /Q##B�KQ �p2` H2iiQ 2
K2KQ`Bxx�iQ imii� H� b2[m2Mx�,

R mb�M/Q mM� bi`miim`� /�iB QTTQ`imM� K� /BM�KB+� UHBbi2- H2 p2/`2KQ
TBɍ �p�MiBV

k mb�M/Q mM T`Q+2/BK2MiQ `B+Q`bBpQX
H2;;B�KQ mM +�`�ii2`2 /2HH� b2[m2Mx�- +R- H2;;B�KQ 2 bi�KTB�KQ
`B+Q`bBp�K2Mi2 BH `2biQ /2HH� b2[m2Mx� +kXXX+M 2 BM}M2 bi�KTB�KQ +Rc
BH +�bQ #�b2 ĕ H� H2iim`� /2H +�`�ii2`2 /B }M2 b2[m2Mx�X

pQB/ BMp2`iAMTmi_B+UV
& +?�` +?c

+? 4 ;2i+?�`UVc
B7 U+? 54 ^$M^V
&
BMp2`iAMTmi_B+UVc
Tmi+?�`U+?Vc
'

2Hb2
T`BMi7U]a2[m2Mx� BMp2`iBi�, ]Vc

'

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j83 f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

K�BMUV
&
T`BMi7U]AKK2iiB mM� b2[m2Mx� /B +�`�ii2`B$M]Vc
BMp2`iAMTmi_B+UVc
T`BMi7U]$M]Vc

'

o2/B�KQ +QK2 bB 2pQHp2 H� TBH� T2` HǶBMTmi �"*\M
+? � +? "

+? �
+? *
+? "
+? �

+? \M
+? *
+? "
+? �

+? *
+? "
+? �

+? "
+? �

+? �

GǶQmiTmi T`Q/QiiQ ĕ BH b2;m2Mi2
a2[m2Mx� BMp2`iBi�, *"�

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 j8N f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

_B+Q`bBQM2 KmHiBTH�

aB ?� `B+Q`bBQM2 KmHiBTH� [m�M/Q mMǶ�iiBp�xBQM2 /B mM� 7mMxBQM2 Tmǁ
+�mb�`2 TBɍ /B mM� �iiBp�xBQM2 `B+Q`bBp� /2HH� bi2bb� 7mMxBQM2 U2bX iQ``2
/B >�MQBV
1b2KTBQ, .2}MBxBQM2 BM/miiBp� /2B MmK2`B /B 6B#QM�++BX

6 (y) = y
6 (R) = R
6 (M) = 6 (M � k) + 6 (M � R) b2 M > R

6 (y)- 6 (R)- 6 (k)- Ę ĕ /2ii� b2[m2Mx� /2B MmK2`B /B 6B#QM�++B,
y, R, R, k, j, 8, 3, Rj, kR, . . .

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jey f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

OBM+Hm/2 Ibi/BQX?=

BMi 7B#QM�++B UBMiVc

K�BMUV &
BMi Mc

T`BMi7U]AMb2`B`2 mM BMi2`Q =4 y, ]Vc
b+�M7U]W/]- �MVc
T`BMi7U]LmK2`Q W/ /B 6B#QM�++B, W/$M]- M- 7B#QM�++BUMVVc

'

BMi 7B#QM�++BUBMi BV
&
BMi `Bbc
B7 UB 44 yV

`Bb 4 yc
2Hb2 B7 UB 44 RV

`Bb 4 c
2Hb2

`Bb 4 7B#QM�++BUB@RV Y 7B#QM�++BUB@kVc
`2im`M `Bbc
'

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 jeR f jeN



6mMxBQMB *2MMB /B T`Q;`�KK�xBQM2 `B+Q`bBp�

1b2KTB /B 7mMxBQMB `B+Q`bBp2
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