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Instructions

Design and implement a reservation system for a medium-sized organization. The provided solution should
be customizable for the individual needs of asset owners. Asset owners should be isolated from each other
in multitenant meaner. The result should be a web application. API for further customization of front end
and 3rd party integration is a must. Demonstrate solution as a pilot in the Silicon Hill student club at
Strahov dormitory.

Thesis realization process requirements:
1) analysis of the current situation in the organization and existing solutions,
2) design of the system,
3) implementation of the system,
4) testing and the documentation,
5) pilot deployment.
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AMi`Q/m+iBQM R
�BK Q7 i?2 h?2bBb X X X X X X X X X X X X X X X X X X X X X X X X X X X X k
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R �M�HvbBb j
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RXk _2[mB`2K2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X j

RXkXR 6mM+iBQM�H _2[mB`2K2Mib X X X X X X X X X X X X X X X X X 9
RXkXk LQM@6mM+iBQM�H _2[mB`2K2Mib X X X X X X X X X X X X X X X 8
RXkXj *QMbi`�BMib X X X X X X X X X X X X X X X X X X X X X X X X X d

RXj .QK�BM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d
RXjXR "QmM/2/ *QMi2tib X X X X X X X X X X X X X X X X X X X X X d
RXjXk *QM+2Tim�H JQ/2H X X X X X X X X X X X X X X X X X X X X X 3
RXjXj .QK�BM 1p2Mib X X X X X X X X X X X X X X X X X X X X X X X 3
RXjX9 �;;`2;�i2b X X X X X X X X X X X X X X X X X X X X X X X X X N
RXjX8 _2b2`p�iBQM ai�i2 X X X X X X X X X X X X X X X X X X X X X X Ry

RX9 1tBbiBM; bQHmiBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X RR
RX9XR 1�bv5�TTQBMiK2Mib X X X X X X X X X X X X X X X X X X X X X RR
RX9Xk "QQF2/ X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk
RX9Xj q2#*�H2M/�` X X X X X X X X X X X X X X X X X X X X X X X X Rk
RX9X9 _2b2`pBQ X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk
RX9X8 amKK�`v X X X X X X X X X X X X X X X X X X X X X X X X X X Rk

k �`+?Bi2+im`2 R8
kXR avbi2K *QMi2ti X X X X X X X X X X X X X X X X X X X X X X X X X X X R8
kXk avbi2K �`+?Bi2+im`2 X X X X X X X X X X X X X X X X X X X X X X X X Re
kXj *HB2Mi �`+?Bi2+im`2 X X X X X X X X X X X X X X X X X X X X X X X X X Re

kXjXR *HB2Mi �TTHB+�iBQMb X X X X X X X X X X X X X X X X X X X X X Re
kX9 a2`p2` �`+?Bi2+im`2 X X X X X X X X X X X X X X X X X X X X X X X X X Rd
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kX9XR �SA :�i2r�v X X X X X X X X X X X X X X X X X X X X X X X X Rd
kX9Xk JQMQHBi?B+ pbX JB+`Qb2`pB+2b �`+?Bi2+im`2 X X X X X X X X Rd
kX9Xj JQ/mH�`Bx�iBQM X X X X X X X X X X X X X X X X X X X X X X X R3
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kX8 .�i� JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR
kX8XR *_l. X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR
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j h2+?MQHQ;B2b lb2/ k8
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jXe .�i�#�b2 AMi2;`�iBQM X X X X X X X X X X X X X X X X X X X X X X X X kd
jXd 1K�BH AMi2;`�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X kd
jX3 *QMiBMmQmb AMi2;`�iBQM X X X X X X X X X X X X X X X X X X X X X X X kd
jXN *QMi�BM2`Bx�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X kd

9 AKTH2K2Mi�iBQM kN
9XR qQ`FbT�+2 AbQH�iBQM X X X X X X X X X X X X X X X X X X X X X X X X kN

9XRXR 1MiBiv AbQH�iBQM X X X X X X X X X X X X X X X X X X X X X X X kN
9XRXk *`2/2MiB�Hb AbQH�iBQM X X X X X X X X X X X X X X X X X X X X kN
9XRXj .QK�BM AbQH�iBQM X X X X X X X X X X X X X X X X X X X X X X jy

9Xk �mi?2MiB+�iBQM �M/ �mi?Q`Bx�iBQM X X X X X X X X X X X X X X X X X jy
9XkXR �mi?2MiB+�iBQM X X X X X X X X X X X X X X X X X X X X X X X jy
9XkXk �mi?Q`Bx�iBQM X X X X X X X X X X X X X X X X X X X X X X X X jy
9XkXj �mi?Q`Bx�iBQM hQF2Mb X X X X X X X X X X X X X X X X X X X jR
9XkX9 1K�BH o2`B}+�iBQM X X X X X X X X X X X X X X X X X X X X X jk
9XkX8 AMi2;`�iBQM rBi? aBHB+QM >BHH P�mi?kXy X X X X X X X X X X jk

9Xj S2`bQM�H .�i� �M/ �MQMvKBx�iBQM X X X X X X X X X X X X X X X X j9
9XjXR S2`bQM�H .�i� aiQ`�;2 X X X X X X X X X X X X X X X X X X X j9
9XjXk .�i� �MQMvKBx�iBQM X X X X X X X X X X X X X X X X X X X X j9

9X9 _1ah �SA X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8
9X9XR �mi?Q`Bx�iBQM X X X X X X X X X X X X X X X X X X X X X X X X j8
9X9Xk �SA o2`bBQMBM; X X X X X X X X X X X X X X X X X X X X X X X j8
9X9Xj *QMbQH2 �SA X X X X X X X X X X X X X X X X X X X X X X X X j8
9X9X9 a2imT �SA X X X X X X X X X X X X X X X X X X X X X X X X X X j3
9X9X8 qQ`FbT�+2 �SA X X X X X X X X X X X X X X X X X X X X X X X jN

9X8 1p2Mi aQm`+BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X 9e
9X8XR Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X X X X X 9e
9X8Xk �;;`2;�i2 a2`pB+2 X X X X X X X X X X X X X X X X X X X X X 9e
9X8Xj �;;`2;�i2 _2TQbBiQ`v X X X X X X X X X X X X X X X X X X X 93
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9XeXj AM#Qt X X X X X X X X X X X X X X X X X X X X X X X X X X X X 89
9XeX9 1p2Mi *QMbmK2`b X X X X X X X X X X X X X X X X X X X X X X 8e

9Xd q2#?QQFb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 83
9XdXR amTTQ`i2/ 1p2Mib X X X X X X X X X X X X X X X X X X X X X 83
9XdXk q2#?QQF _2�HBx�iBQM X X X X X X X X X X X X X X X X X X X X 83
9XdXj S�vHQ�/ o�HB/�iBQM X X X X X X X X X X X X X X X X X X X X X 83
9XdX9 h2biBM; Q7 q2#?QQFb X X X X X X X X X X X X X X X X X X X X 83

9X3 h2biBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8N
9X3XR *HB2Mi h2biBM; X X X X X X X X X X X X X X X X X X X X X X X X 8N
9X3Xk a2`p2` h2biBM; X X X X X X X X X X X X X X X X X X X X X X X 8N
9X3Xj lb2` h2biBM; X X X X X X X X X X X X X X X X X X X X X X X X ej
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"B#HBQ;`�T?v ed

� .QK�BM 1p2Mib dj
�XR .B�;`�K MQi�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X dj
�Xk GBbi Q7 .QK�BM 1p2Mib X X X X X X X X X X X X X X X X X X X X X X X dj

�XkXR qQ`FbT�+2 _2[m2bi GB72 +v+H2 X X X X X X X X X X X X X X X dj
�XkXk qQ`FbT�+2 GB72 +v+H2 X X X X X X X X X X X X X X X X X X X X de
�XkXj _2bQm`+2 GB72 +v+H2 X X X X X X X X X X X X X X X X X X X X X dd
�XkX9 _2b2`p�iBQM GB72 *v+H2 1p2Mib X X X X X X X X X X X X X X X d3
�XkX8 _2b2`p�iBQM *QKK2Mib X X X X X X X X X X X X X X X X X X X 3y
�XkXe lb2` GB72 +v+H2 X X X X X X X X X X X X X X X X X X X X X X X 3k
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GBbi Q7 6B;m`2b

RXR *QM+2Tim�H .B�;`�K X X X X X X X X X X X X X X X X X X X X X X X X X X N
RXk _2b2`p�iBQM ai�i2 .B�;`�K X X X X X X X X X X X X X X X X X X X X X X RR

kXR avbi2K *QMi2ti .B�;`�K X X X X X X X X X X X X X X X X X X X X X X X Re
kXk a2`p2` �SA :�i2r�v S�ii2`M X X X X X X X X X X X X X X X X X X X X X Rd
kXj JQ/mH2 G�v2`b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RN
kX9 JQ/mH2 BMi2`�+iBQMb r?2M +`2�iBM; � `2b2`p�iBQM X X X X X X X X X X ky
kX8 1p2Mi 2KBbbBQM ?�M/HBM; +�mb2/ #v �M 2ti2`M�H biBKmHmb X X X X X X kR
kXe .�i� KQ/2H b2T�`�iBQM QM KQ/mH2 H2p2H X X X X X X X X X X X X X X X kk
kXd .2`Bp�iBQM Q7 _2b2`p�iBQM 7`QK _2b2`p�iBQM 1p2Mib X X X X X X X X X kj

9XR lb2` 1MiBiv _2H�iBQM rBi? qQ`FbT�+2 X X X X X X X X X X X X X X X X kN
9Xk aBHB+QM >BHH P�mi?kXy �mi?2MiB+�iBQM X X X X X X X X X X X X X X X X X jj
9Xj A/2MiBiv h�#H2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9
9X9 1p2Mi aQm`+BM; Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X X 9d
9X8 a2`pB+2@_2TQbBiQ`v *QKK�M/ 2t2+miBQM X X X X X X X X X X X X X X X 9d
9Xe �;;`2;�i2 _2TQbBiQ`v X X X X X X X X X X X X X X X X X X X X X X X X X 93
9Xd *QKK�M/ >�M/H2` X X X X X X X X X X X X X X X X X X X X X X X X X X X 93
9X3 1p2Mi >�M/H2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9N
9XN 1p2Mi aiQ`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8y
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bT�+2 mb2`b U2t+2Ti i?2 rQ`FbT�+2 QrM2`VX

L6_RR qQ`FbT�+2 mb2` b?�HH MQi #2 �#H2 iQ �++2bb Qi?2` mb2`bǶ T2`bQM�H
BM7Q`K�iBQMX

L6_Rk qQ`FbT�+2 mb2`fK�BMi�BM2`f�/KBMBbi`�iQ`fQrM2` b?�HH #2 �#H2 iQ
�++2bb QMHv i?2 rQ`FbT�+2 i?2v #2HQM; iQX

L6_Rj h?2 +Q``2+iM2bb Q7 �Mv +QKKmMB+�iBQM rBi? �M 2ti2`M�H bvbi2K Kmbi
#2 p2`B}�#H2X

L6_R9 L2irQ`F +QKKmMB+�iBQM rBi?BM i?2 bvbi2K Kmbi mb2 >hhSaX

RXkXkXj AMi2`QT2`�#BHBiv

L6_R8 h?2 bvbi2K b?�HH �HHQr aBHB+QM >BHH K2K#2`b iQ mb2 aBHB+QM >BHH
P�mi?kXy �SA (j) iQ �mi?2MiB+�i2X

L6_Re h?2 bvbi2K b?�HH �HHQr rQ`FbT�+2 �/KBMBbi`�iQ`b iQ +QM};m`2 r2#@
?QQFb iQ #2 /BbT�i+?2/ r?2M � `2b2`p�iBQM Bb +`2�i2/- `2D2+i2/- +�M@
+2H2/- Q` +QKTH2i2/X

L6_Rd h?2 bvbi2K b?�HH 2tTQb2 � _1ah �SAX

e



RXjX .QK�BM

RXkXkX9 .2#m;;�#BHBiv

L6_R3 h?2 bvbi2K b?�HH T`QpB/2 HQ;;BM; Q7 i?2 bvbi2K #2?�pBQ`X

L6_RN h?2 bvbi2K b?�HH BM+Hm/2 ?B;? i2bi +Qp2`�;2X

RXkXj *QMbi`�BMib
*ayR h?2 bvbi2K b?�HH #2 /2THQv2/ QM i?2 aBHB+QM >BHH BM7`�bi`m+im`2X

*ayk h?2 bvbi2K b?�HH mb2 JvaZG 7Q` Bib /�i�#�b2X

*ayj h?2 bvbi2K b?�HH #2 � r2# �TTHB+�iBQMX

*ay9 h?2 bvbi2K b?�HH #2 /2p2HQT2/ #v CmM2 R- kykyX

*ay8 h?2 bvbi2K b?�HH #2 �++2bbB#H2 mM/2` � `QQi /QK�BM `b.b?.+pmi.+xX

RXj .QK�BM
.2}MBiBQM, � bT?2`2 Q7 FMQrH2/;2- BM~m2M+2- Q` �+iBpBivX h?2 bm#D2+i �`2�
iQ r?B+? i?2 mb2` �TTHB2b � T`Q;`�K Bb i?2 /QK�BM Q7 i?2 bQ7ir�`2X (R)

h?2 7QHHQrBM; b2+iBQM 2tTHQ`2b +Q`2 /QK�BM �bT2+ib bm+? �b 2MiBiB2b- `2H�iBQM@
b?BTb #2ir22M i?2K- �M/ /QK�BM 2p2MibX h?2 T`Q+2bb2b mb2/ iQ 2tTHQ`2- /2@
b+`B#2- �M/ KQ/2H i?2 /QK�BM- i�F2 BMbTB`�iBQM 7`QK i?2 .QK�BM@.`Bp2M .2@
bB;M U...V (R)X �Mv MQM@2bb2MiB�H 2H2K2Mib Q7 i?2 bvbi2K U2X;X- BMi2;`�iBQMb
rBi? 2ti2`M�H bvbi2KbV �`2 QKBii2/ 7Q` +H�`BivX

RXjXR "QmM/2/ *QMi2tib
.2}MBiBQM, � /2b+`BTiBQM Q7 � #QmM/�`v UivTB+�HHv � bm#bvbi2K- Q` i?2 rQ`F
Q7 � T�`iB+mH�` i2�KV rBi?BM r?B+? � T�`iB+mH�` KQ/2H Bb /2}M2/ �M/ �TTHB+�#H2X
(R)

h?2 �M�HvbBb Q7 i?2 /QK�BM `2p2�H2/ i?�i i?2 /QK�BM +QmH/ #2 bTHBi BMiQ 7Qm`
#QmM/2/ +QMi2tib,

_2bQm`+2@_2b2`p�iBQM h?2 T`BK�`v /QK�BM 2MiBiB2b 7Q`KBM; i?Bb #QmM/2/
+QMi2ti �`2 _2bQm`+2- _2b2`p�iBQM- �bbB;M22- �M/ _2b2`p�iBQM J�M�;2`X �HH Q7
i?2 2MiBiB2b BM i?Bb #QmM/2/ +QMi2ti �`2 b+QT2/ iQ � bBM;H2 rQ`FbT�+2X _2b2`@
p�iBQM J�M�;2`b +�M +`2�i2 �M/ 2/Bi _2b2`p�iBQMb 7Q` QM2 Q` KQ`2 _2bQm`+2bX
1�+? _2b2`p�iBQM Kmbi #2 �bbB;M2/ iQ � bBM;H2 �bbB;M22X _2b2`p�iBQMb +�M #2
�bbB;M2/ _2b2`p�iBQM *QKK2Mib #v *QKK2Mi �mi?Q`bX qQ`FbT�+2 _2bQm`+2b
+�M #2 K�M�;2/ #v _2bQm`+2 J�M�;2`bX

d
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RX �M�HvbBb

lb2`@�++2bb h?Bb #QmM/2/ +QMi2ti 2M+�TbmH�i2b lb2`b- i?2B` A/2MiBiB2b- �M/
lb2` _QH2bX �HH Q7 i?2 2MiBiB2b BM i?Bb #QmM/2/ +QMi2ti �`2 b+QT2/ iQ � bBM;H2
rQ`FbT�+2X 1�+? lb2` Kmbi ?�p2 � bBM;H2- mMB[m2 A/2MiBivX 1�+? lb2` Kmbi
�HbQ ?�p2 � lb2` _QH2 �bbB;M2/X

qQ`FbT�+2@J�M�;2K2Mi hQ +`2�i2 � qQ`FbT�+2 � qQ`FbT�+2 _2[m2bi2`
Kmbi }`bi QT2M � qQ`FbT�+2 _2[m2biX q?2M � qQ`FbT�+2 _2[m2bi Bb QT2M2/-
� avbi2K �/KBMBbi`�iQ` +�M +QM}`K Q` /2+HBM2 BiX A7 qQ`FbT�+2 _2[m2bi Bb
+QM}`K2/- i?2M � qQ`FbT�+2 Bb +`2�i2/- K�FBM; Bib qQ`FbT�+2 _2[m2bi2` i?2
qQ`FbT�+2 PrM2` Q7 i?2 qQ`FbT�+2X A7- ?Qr2p2`- � qQ`FbT�+2 _2[m2bi Bb
/2+HBM2/- MQ qQ`FbT�+2 Bb +`2�i2/- �M/ �HH BM7Q`K�iBQM `2H�i2/ iQ i?2 qQ`FbT�+2
_2[m2bi2` Bb /2bi`Qv2/X

*QMbQH2 h?Bb #QmM/2/ +QMi2ti 2M+�TbmH�i2b bvbi2K K�M�;2K2MiX Ai ?QH/b
*QMbQH2 �++QmMi 2MiBiB2b- r?B+? �`2 `2bTQMbB#H2 7Q` i?2 +`2�iBQM �M/ /2H2iBQM
Q7 Qi?2` *QMbQH2 �++QmMibX h?2`2 Kmbi #2 �i H2�bi QM2 *QMbQH2 �++QmMi BM
i?2 bvbi2KX

RXjXk *QM+2Tim�H JQ/2H

.B�;`�K BM };m`2 RXR +�Tim`2b � +QM+2Tim�H KQ/2H Q7 2MiBiB2b /2b+`B#2/ BM
bm#b2+iBQM RXjXR �M/ `2H�iBQMb?BTb #2ir22M i?2KX h?2 2MiBiB2b +�Tim`2/ BM i?2
/B�;`�K �`2 ;`QmT2/ #v i?2 #QmM/2/ +QMi2ti i?2v #2HQM; iQX

RXjXj .QK�BM 1p2Mib

.2}MBiBQM, .QK�BM 2p2Mi +�Tim`2b i?2 K2KQ`v Q7 bQK2i?BM; BMi2`2biBM;
r?B+? �z2+ib i?2 /QK�BMX (9)

h?2 T`2pBQmb bm#b2+iBQMb- RXjXR �M/ RXjXk- +�Tim`2 i?2 bi`m+im`2 Q7 i?2 /QK�BMX
h?Bb bm#b2+iBQM- ?Qr2p2`- 7Q+mb2b QM i?2 #2?�pBQ` Q7 i?2 /QK�BM- r?B+? Bb
mbm�HHv /QM2 #v B/2MiB7vBM; i?2 /QK�BM 2p2Mib BM i?2 bvbi2KX

h?2`2 �`2 K�Mv i2+?MB[m2b 7Q` B/2MiB7vBM; /QK�BM 2p2Mib- QM2 Q7 r?B+? Bb
+�HH2/ 1p2Mi aiQ`KBM; (8)(e)X h?2 B/2� Q7 2p2Mi biQ`KBM; Bb }`bi iQ B/2MiB7v
r?�i ?�TT2Mb BM i?2 bvbi2K- i?2 2p2Mib- i?2M /2i2`KBM2 r?�i �+iBQMb +�mb2
i?2b2 2p2Mib iQ #2 T`Q/m+2/- i?2 +QKK�M/b- �M/ H�biHv- r?�i i`B;;2`b i?Qb2
+QKK�M/b- i?2 �+iQ`bX � 7mHH HBbi Q7 B/2MiB}2/ /QK�BM 2p2Mib rBi? /B�;`�Kb
+�M #2 7QmM/ BM �TT2M/Bt �X

3



RXjX .QK�BM

6B;m`2 RXR, *QM+2Tim�H .B�;`�K

RXjX9 �;;`2;�i2b
.2}MBiBQM �;;`2;�i2 Bb � +Hmbi2` Q7 /QK�BM Q#D2+ib i?�i +�M #2 i`2�i2/ �b �
bBM;H2 mMBiX (d)

h?2 /QK�BM KQ/2H B/2MiB}2/ BM bm#b2+iBQMb RXjXR- �M/ RXjXj- Bb [mBi2 +QKTH2t-
r?B+? rQmH/ K�F2 Bi ?�`/ iQ K�BMi�BM +QMbBbi2M+v �+`Qbb i?2 2MiB`2 bvbi2KX
h?2 ...- ?Qr2p2`- bm;;2bib +Hmbi2`BM; 2MiBiB2b rBi? i?2B` p�Hm2 Q#D2+ib iQ
�;;`2;�i2b (R) �M/ /2}MBM; +QMbBbi2M+v #QmM/�`B2b �`QmM/ i?2KX

lbBM; i?2 2MiBiB2b 7`QK i?2 +QMi2ti /B�;`�K U};m`2 kXRV �M/ i?2 /QK�BM 2p2Mib
�bbQ+B�i2/ rBi? i?2K- H2�/ iQ B/2MiB}+�iBQM Q7 i?2 7QHHQrBM; �;;`2;�i2b,

Ç _2b2`p�iBQM

Ç _2b2`p�iBQM *QKK2Mi

N



RX �M�HvbBb

Ç _2bQm`+2

Ç lb2`

Ç qQ`FbT�+2

Ç qQ`FbT�+2 _2[m2bi

Ç *QMbQH2 �++QmMi

RXjX8 _2b2`p�iBQM ai�i2
h?2 KQbi BKTQ`i�Mi 2MiBiv Q7 i?2 /QK�BM- r?B+? i?2 2MiB`2 bvbi2K Bb #mBHi
�`QmM/- Bb _2b2`p�iBQMX _2b2`p�iBQMb `2T`2b2Mi � iBK2 +QMbi`�BM2/ �HHQ+�iBQM
Q7 QM2 Q` KQ`2 _2bQm`+2b #v �M �bbB;M22X PM+2 � _2b2`p�iBQM Bb +`2�i2/- Bi
+�MMQi #2 /2H2i2/- QMHv Bib bi�i2 +�M #2 +?�M;2/ U};m`2 RXkVX

q?2M � _2b2`p�iBQM Bb +`2�i2/- Bib bi�i2 Bb b2i iQ i?2 `2[m2bi2/ bi�i2Ĝi?Bb `2T@
`2b2Mib �M �bbB;M22 r�MiBM; iQ K�F2 � +H�BK 7Q` b2H2+i2/ _2bQm`+2 BM ;Bp2M iBK2
`�M;2X �i i?Bb TQBMi- i?2 _2b2`p�iBQM +�M #2 2Bi?2` +�M+2H2/ #v i?2 �bbB;M22-
Q` +QM}`K2/ Q` `2D2+i2/ #v i?2 _2b2`p�iBQM J�M�;2`bX q?2M i?2 �bbB;M22
+�M+2Hb i?2 _2b2`p�iBQM- i?2 _2b2`p�iBQM `2�+?2b � i2`KBM�H- +�M+2H2/- bi�i2X
q?2M � _2b2`p�iBQM J�M�;2` `2D2+ib i?2 _2b2`p�iBQM- Bi `2�+?2b � i2`KBM�H-
`2D2+i2/- bi�i2X

*QM}`K�iBQM Q7 i?2 _2b2`p�iBQM KQp2b i?2 _2b2`p�iBQM iQ i?2 +QM7B`K2/
bi�i2X AM 2�+? qQ`FbT�+2 i?2`2 Kmbi #2 �i KQbi QM2 +QM7B`K2/ _2b2`p�iBQM
�HHQ+�iBM; �Mv ;Bp2M b2i Q7 _2bQm`+2b �i �Mv TQBMi BM iBK2X PM+2 � _2b2`p�iBQM
Bb +QM}`K2/- Bi +�M #2 +�M+2H2/ #v 2Bi?2` Bib �bbB;M22 Q` �Mv Q7 i?2 _2b2`p�iBQM
J�M�;2`b- �i r?B+? TQBMi i?2 _2b2`p�iBQM `2�+?2b � i2`KBM�H- +�M+2H2/- bi�i2X
A7 i?2 _2b2`p�iBQMǶb 2M/ /�i2 `2�+?2b i?2 T`2b2Mi- Bi Bb �miQK�iB+�HHv +QKT2i2/-
`2�+?BM; � i2`KBM�H- +QKTH2i2/- bi�i2X

�Mv bi�i2 i`�MbBiBQMb MQi K2MiBQM2/ BM i?Bb b2+iBQM- bm+? �b 7`QK +�M+2H2/
#�+F iQ `2[m2bi2/- �`2 +QMbB/2`2/ BMp�HB/ bi�i2 i`�MbBiBQMb �M/ �`2 MQi T2`@
KBii2/X 1�+? _2b2`p�iBQM BM 2Bi?2` `2[m2bi2/ Q` +QM7B`K2/ bi�i2 +�M #2
+?�M;2/ #v i?2B` �bbB;M22 Q` �Mv _2b2`p�iBQM J�M�;2`X

Ry



RX9X 1tBbiBM; bQHmiBQMb

6B;m`2 RXk, _2b2`p�iBQM ai�i2 .B�;`�K

RX9 1tBbiBM; bQHmiBQMb
h?2`2 �`2 K�Mv `2b2`p�iBQM bvbi2Kb `�M;BM; 7`QK QT2M@bQm`+2 iQ T�B/ a��a
bQHmiBQMbX h?2 T`BK�`v Bbbm2 rBi? i?2 K�DQ`Biv Q7 i?2K Bb i?�i i?2v �`2 Q7i2M
bBM;H2@Tm`TQb2 bvbi2Kb- 2X;X- `2bi�m`�Mif?Qi2H #QQFBM; bvbi2Kb Q` �TTQBMiK2Mi
bvbi2KbX PMHv � bK�HH MmK#2` Q7 i?2K �`2 ;2M2`�H 2MQm;? iQ #2 mb2/ #v �M
Q`;�MBx�iBQM �b H�`;2 �b aBHB+QM >BHHX

RX9XR 1�bv5�TTQBMiK2Mib
1�bv5�TTQBMiK2Mib (3) Bb �M QT2M@bQm`+2 r2# �TTHB+�iBQM 7Q+mb2/ QM #QQFBM;
�TTQBMiK2Mib rBi? Qi?2` T2QTH2X Ai Bb r2HH K�BMi�BM2/ rBi? KQ`2 i?�M � i?Qm@
b�M/ bi�`b QM :Bi?m# (N)X Ai Bb ?B;?Hv +mbiQKBx�#H2 rBi? QTiBQM�H BMi2;`�iBQM
rBi? 2ti2`M�H b2`pB+2b bm+? �b 2K�BH �M/ :QQ;H2 *�H2M/�`X Ai �HbQ T`QpB/2b
.Q+F2` BK�;2b 7Q` 2�bv /2THQvK2MiX

>Qr2p2`- Bi /Q2b MQi T`QpB/2 mb2` �mi?2MiB+�iBQMX Ai �HbQ /Q2b MQi Qz2` �
r�v iQ b+QT2f;`QmT `2bQm`+2b UT2QTH2 BM i?Bb +�b2V- r?B+? rQmH/ `2[mB`2 �M

RR



RX �M�HvbBb

BMbi�M+2 Q7 i?2 �TTHB+�iBQM iQ #2 /2THQv2/ T2` 2�+? aBHB+QM >BHH /2T�`iK2Mi-
r?B+? Bb i?2 T`BK�`v Bbbm2 rBi? i?2 +m``2Mi �TT`Q�+?X

RX9Xk "QQF2/
"QQF2/ (Ry) Bb � ;2M2`�H@Tm`TQb2 b+?2/mHBM; bvbi2K rBi? � ?B;? /2;`22 Q7
+mbiQKBx�iBQMX Ai �HHQrb i?2 +QM};m`�iBQM Q7 /Bz2`2Mi `2bQm`+2b �M/ i?2B`
mb�;2 HBKBibX Ai �HbQ T`QpB/2b mb2` �mi?2MiB+�iBQM Qmi Q7 i?2 #Qt �M/ i?2 �#BHBiv
iQ ;`QmT �M/ K�M�;2 mb2`bX Ai ?�b �M �+iBp2 +QKKmMBiv Q7 +QMi`B#miQ`b 7Q`K2/
�`QmM/ i?2 a��a p2`bBQM Q7 i?2 �TTHB+�iBQMX

PM i?2 Qi?2` ?�M/- i?2 �TTHB+�iBQM /Q2b MQi T`QpB/2 � ;`QmTBM; Q7 `2bQm`+2b-
r?B+? K2�Mb i?2 �TT +QmH/ MQi #2 mb2/ �b � aBHB+QM >BHH@rB/2 `2b2`p�iBQM
bvbi2KX Ai �HbQ /Q2b MQi Qz2` � r�v iQ �HHQr mb2` �++2bb b+QT2/ iQ bT2+B}+
`2bQm`+2bX lbBM; "QQF2/ rQmH/- i?2`27Q`2- `2bmHi BM �M BMbi�M+2 Q7 i?2 �TTHB+�@
iBQM M22/2/ iQ #2 /2THQv2/ T2` 2�+? /2T�`iK2Mi rBi?Qmi � r�v iQ K�M�;2 i?2
BMbi�M+2b 2�bBHvX h?2 �TT Bb �HbQ 2tT2+i2/ iQ #2 `mM BM � M�iBp2 2MpB`QMK2Mi-
r?B+? �//b �//BiBQM�H +QKTH2tBivX

RX9Xj q2#*�H2M/�`
q2#*�H2M/�` (RR) Bb �MQi?2` QT2M@bQm`+2 b+?2/mHBM; bvbi2K 7Q+mb2/ QM K�BM@
i�BMBM; T2`bQM�H Q` ;`QmT b+?2/mH2bX Ai /Q2b ?�p2 ek `2pB2rb QM aQm`+2 6Q`;2-
�M/ KQ`2 i?�M 3y bi�`b QM :Bi?m# (Rk)X >Qr2p2`- Bi b22Kb HBF2 Bi Bb MQi r2HH
K�BMi�BM2/ �MvKQ`2RX Ai �HbQ /Q2b MQi T`QpB/2 �Mv BMi2;`�iBQM rBi? 2ti2`M�H
b2`pB+2b MQ` mb2` �mi?2MiB+�iBQMX

RX9X9 _2b2`pBQ
_2b2`pBQ (Rj) Bb � +HQb2/@bQm`+2- a��a@#�b2/- ;2M2`�H@Tm`TQb2 `2b2`p�iBQM bvb@
i2KX Ai /Q2b T`QpB/2 � KmHiBim/2 Q7 +mbiQKBx�iBQM �M/ BMi2;`�iBQM QTiBQMbX
h?2v Qz2` � i?`22@iB2` T`Q;`�K rBi? �M QTiBQM iQ �// �//BiBQM�H 72�im`2bX
h?2`2 �`2 irQ Bbbm2b- ?Qr2p2`X h?2`2 Bb MQ QTiBQM iQ ?Qbi i?2 bQ7ir�`2 QM@
T`2KBb2 �b aBHB+QM >BHH `2[mB`2b- �M/ Bi /Q2b MQi T`QpB/2 � 7`22 iB2`X

RX9X8 amKK�`v
Pp2`�HH- MQM2 Q7 i?2 +QMbB/2`2/ bQHmiBQMb }ib �HH +`Bi2`B� 7Q` i?2 bvbi2K- �b +�M
#2 b22M BM i�#H2 RXRX *QMbB/2`2/ r�b �HbQ 2ti2M/BM; QM2 Q7 i?2 2tBbiBM; aBHB+QM
>BHHǶb `2b2`p�iBQM bvbi2Kb- bm+? �b a>2`M� (R9)X >Qr2p2`- �HH Q7 i?2K r2`2
2Bi?2` iQQ BM~2tB#H2 Q` H�+F2/ BM /2p2HQTK2Mi bmTTQ`iX

R�i i?2 iBK2 Q7 r`BiBM; i?2 i?2bBb- Bi b22Kb i?�i i?2 q2#*�H2M/�` ?�b TB+F2/ mT bQK2
M2r /2p2HQTK2Mi �+iBpBivX >Qr2p2`- �i i?2 iBK2 Q7 i?2 `2b2�`+?- i?2 H�i2bi +QKKBi Q7 q2#@
*�H2M/�` r�b KQ`2 i?�M bBt KQMi?b QH/- rBi?Qmi �Mv bB;Mb Q7 �+iBp2 /2p2HQTK2MiX

Rk



RX9X 1tBbiBM; bQHmiBQMb

L�K2 6`22 �mi?2MiB+�iBQM _2bQm`+2 a+QTBM;
1�bv5�TTQBMiK2Mib u2b LQ LQ

"QQF2M/ u2b u2b LQ
q2#*�H2M/�` u2b u2b LQ

_2b2`pBQ LQ u2b u2b
h�#H2 RXR, 1tBbiBM; avbi2Kb *QKT�`BbQM

Rj





*?�Ti2` k
�`+?Bi2+im`2

.2}MBiBQM, h?2 bQ7ir�`2 �`+?Bi2+im`2 Q7 � bvbi2K Bb i?2 b2i Q7 bi`m+im`2b
M22/2/ iQ `2�bQM �#Qmi i?2 bvbi2K- r?B+? +QKT`Bb2b bQ7ir�`2 2H2K2Mib- `2H�@
iBQMb �KQM; i?2K- �M/ T`QT2`iB2b Q7 #Qi?X (k)

1p2`v bQ7ir�`2 bvbi2K ?�b �M �`+?Bi2+im`2- 2Bi?2` QM2 i?�i r�b TH�MM2/ 7Q`
Q` QM2 i?�i 2K2`;2/ Qp2` i?2 HB72iBK2 Q7 i?2 bvbi2KX h?2 �`+?Bi2+im`2 ;Q�H
Bb iQ b?�T2 i?2 bvbi2K iQ �+?B2p2 MQM@7mM+iBQM�H `2[mB`2K2Mib URXkXkV r?BH2
MQi #`2�FBM; �Mv +QMbi`�BMib URXkXjVX h?Bb +?�Ti2` /2}M2b i?2 �`+?Bi2+im`2 Q7
Qm` bvbi2K- /2b+`B#2b /2+BbBQMb i?�i r2`2 K�/2- �M/ 2tTHQ`2b i?2 i`�/2Qzb Q7
i?Qb2 /2+BbBQMbX

kXR avbi2K *QMi2ti
�HKQbi MQ bQ7ir�`2 bvbi2K rQ`Fb QM Bib QrM- #mi `�i?2` Bi Bb b2i BM �M 2M@
pB`QMK2Mi BM r?B+? Bi ?�b iQ BMi2`�+i rBi? p�`BQmb 2ti2`M�H 2MiBiB2b Q` Qi?2`
bvbi2KbX h?2 +QMi2ti Q7 i?2 _a��a Bb +�Tim`2/ BM i?2 /B�;`�K BM };m`2 kXR-
r?B+? +H2�`Hv /2}M2b i?2 bvbi2KǶb #QmM/�`vX

R8



kX �`+?Bi2+im`2

6B;m`2 kXR, avbi2K *QMi2ti .B�;`�K

kXk avbi2K �`+?Bi2+im`2
h?2 +QMbi`�BMi *ayj /2}M2/ i?2 r2# iQ #2 � i�`;2i TH�i7Q`KX h?2 irQ KQbi
+QKKQMHv mb2/ iQT@H2p2H r2# �`+?Bi2+im`2b �`2 *HB2Mi@a2`p2` �M/ S22`@iQ@
S22` (k)X h?2 *HB2Mi@a2`p2` Bb- ?Qr2p2`- � #2ii2` }i #2+�mb2 Q7 Bib +2Mi`�HBx2/
M�im`2- r?B+? Bb 2bb2MiB�H iQ BKTH2K2Mi `2[mB`2K2Mib L6_R8- L6_Re- �M/
L6_RdX

kXj *HB2Mi �`+?Bi2+im`2
AM *HB2Mi@a2`p2` �`+?Bi2+im`2- i?2`2 �`2 irQ �TT`Q�+?2b iQ /2}M2 i?2 +HB2MiǶb
�`+?Bi2+im`2, h?BM *HB2Mi (R8) �M/ h?B+F *HB2Mi (Re)X hQ K�F2 i?2 bvbi2K
/2+QmTH2/ 2p2M QM i?Bb �#bi`�+iBQM H2p2H �M/ iQ }i `2[mB`2K2Mib L6_yR �M/
L6_yk- h?B+F *HB2Mi r�b +?Qb2MX

kXjXR *HB2Mi �TTHB+�iBQMb
h?2 +HB2Mi Bb bTHBi BMiQ i?`22 b2T�`�i2 �TTHB+�iBQMb �++Q`/BM; iQ i?2B` `2bTQM@
bB#BHBiB2bX

G�M/BM; G�M/BM; �TTHB+�iBQM Bb i?2 2Mi`v TQBMi iQ i?2 bvbi2KX Ai HBbib 2tBbiBM;
rQ`FbT�+2b �M/ �HHQrb mb2`b iQ QT2M `2[m2bib 7Q` M2r rQ`FbT�+2bX

*QMbQH2 *QMbQH2 �TTHB+�iBQM Bb mb2/ #v bvbi2K �/KBMBbi`�iQ`b iQ K�M�;2
rQ`FbT�+2 `2[m2bib- BMbT2+i 2tBbiBM; rQ`FbT�+2b- �M/ +?�M;2 i?2B` QrM2`bX

qQ`FbT�+2 qQ`FbT�+2 �TTHB+�iBQM Bb mb2/ #v rQ`FbT�+2 mb2`b iQ +`2�i2 `2b2`@
p�iBQMb 7Q` b2H2+i2/ `2bQm`+2b �b r2HH �b rQ`FbT�+2 K�BMi�BM2`b- �/KBMBbi`�@

Re



kX9X a2`p2` �`+?Bi2+im`2

iQ`b- �M/ QrM2`b- iQ +QM};m`2 �M/ �ii2M/ i?2 rQ`FbT�+2X Ai Bb i?2 T`BK�`v
�TTHB+�iBQM mb2`b mb2 iQ BMi2`�+i rBi? i?2 bvbi2KX

kX9 a2`p2` �`+?Bi2+im`2
kX9XR �SA :�i2r�v
h?2 T`BK�`v �`+?Bi2+im`�H /`Bp2` 7Q` +?QQbBM; i?2 iQT@H2p2H �`+?Bi2+im`2 Q7 i?2
b2`p2` r�b +QMbi`�BMi *ay8- r?B+? 2z2+iBp2Hv `2[mB`2b i?2 bvbi2K iQ ?�p2 �
bBM;H2 2Mi`v TQBMiX h?2 *ay8 H2/ iQ i?2 b2+QM/�`v �`+?Bi2+im`�H /`Bp2`- r?B+?
r�b iQ 2ti`�+i +HB2Mi �bb2ib b2`pBM; 7`QK ?�M/HBM; i?2 _1ah �SA `2[m2bib bBM+2
aBHB+QM >BHH BM7`�bi`m+im`2 /Q2b MQi T`QpB/2 �Mv bQHmiBQM 7Q` b2`pBM; bi�iB+ }H2bX
h?Bb M�im`�HHv H2/ iQ � T�ii2`M +�HH2/ :�i2r�v S�ii2`M (Rd)(R3) +�Tim`2/ BM
i?2 /B�;`�K BM };m`2 kXkX

kX9Xk JQMQHBi?B+ pbX JB+`Qb2`pB+2b �`+?Bi2+im`2
h?2`2 �`2 K�Mv #2M2}ib �M/ /`�r#�+Fb iQ #Qi? �TT`Q�+?2b (RN)(ky)X JB@
+`Qb2`pB+2b T`QpB/2 � ;`2�i r�v iQ /2+QmTH2 i?2 bvbi2K BMiQ b2T�`�i2 mMBib-
BM/2T2M/2MiHv /2p2HQT- �M/ b+�H2 i?2K- �M/ T`QpB/2 � ?B;? /2;`22 Q7 7�mHi
BbQH�iBQMX hQ;2i?2` rBi? i?2 `2[mB`2K2Mib L6_yR- �M/ L6_yk- i?2v b22K
HBF2 � #2ii2` +?QB+2X

>Qr2p2`- MQi �HH Q7 i?2 #2M2}ib �`2 �TTHB+�#H2 BM i?2 +QMi2ti Q7 Qm` bvbi2KX
AM/2T2M/2Mi /2p2HQTK2Mi �M/ /2THQvK2Mi Q7 i?2 b2`pB+2b K�F2 b2Mb2 T`BK�`BHv
BM Q`;�MBx�iBQMb rBi? � H�`;2 MmK#2` Q7 /2p2HQTK2Mi i2�Kb (kR)X aBM+2 i?2
bvbi2K Bb /2p2HQT2/ #v � bBM;H2 T2`bQM �M/ Bb 2tT2+i2/ iQ #2 K�BMi�BM2/

6B;m`2 kXk, a2`p2` �SA :�i2r�v S�ii2`M

Rd



kX �`+?Bi2+im`2

#v MQ KQ`2 i?�M i2M T2QTH2- i?2 QT2`�iBQM�H +QKTH2tBiv Q7 i?2 KB+`Qb2`pB+2b
�TT`Q�+? Qmir2B;?b i?Bb #2M2}iX AM/2T2M/2Mi b+�HBM; Q7 i?2 KB+`Qb2`pB+2b /Q2b
MQi �TTHv 2Bi?2`X h?2 iQi�H MmK#2` Q7 `2bB/2Mib �i ai`�?Qp /Q`KBiQ`B2b- i?2
bvbi2KǶb TQi2MiB�H mb2`b- Bb H2bb i?�M }p2 i?Qmb�M/- K�FBM; ?Q`BxQMi�H b+�HBM;
TQbbB#H2 rBi? � KQMQHBi?- KQ`2 i?�M bm{+B2MiX

.2+QKTQbBM; i?2 bvbi2K BMiQ BM/2T2M/2MiHv /2THQv�#H2 mMBib �M/ BMi2;`�iBM;
i?2K Qp2` �M 2tTHB+BiHv /2}M2/ BMi2`7�+2 bB;MB}+�MiHv /2+QmTH2b i?2 bvbi2KǶb
T�`ibX � bBKBH�` /2;`22 Q7 b2T�`�iBQM +�M �HbQ #2 �+?B2p2/ BM i?2 KQMQHBi?B+
bvbi2K #v T`QT2` KQ/mH�`Bx�iBQM UkX9XjVX PM i?2 Qi?2` ?�M/- i?2 b�K2 /2;`22
Q7 7�mHi BbQH�iBQM Bb MQiX

h?2 KQMQHBi?B+ �TT`Q�+? ?�b K�Mv �/p�Mi�;2b- �b r2HHX h?2 KQMQHBi?B+ �T@
T`Q�+? vB2H/b � bBM;H2 �TTHB+�iBQM �M/ Bb /2p2HQT2/ BM � bBM;H2 +Q/2#�b2X h?2`2@
7Q`2 Bi Bb Km+? 2�bB2` iQ i2bi- /2#m;- �M/ /2THQv i?2 �TTHB+�iBQMX "mi- KQ`2
BKTQ`i�MiHv- Bi ?�b � Km+? HQr2` QT2`�iBQM�H Qp2`?2�/ +QKT�`2/ iQ i?2 KB@
+`Qb2`pB+2b �TT`Q�+?X

�7i2` 2p�Hm�iBM; #Qi? K2i?Q/b �M/ 7QHHQrBM; ;mB/2HBM2b 7Q` +?QQbBM; �TT`Q@
T`B�i2 �`+?Bi2+im`2 (kk)- i?2 KQMQHBi?B+ �TT`Q�+? r�b +?Qb2M- K�FBM; Bib H�+F
Q7 7�mHi BbQH�iBQM- i?2 QMHv bB;MB}+�Mi i`�/2Qz i?�i r�b K�/2X

kX9Xj JQ/mH�`Bx�iBQM
JQ/mH�` JQMQHBi? UbQK2iBK2b `272``2/ iQ �b J�D2biB+ JQMQHBi? (kR)V bm;;2bib
KQ/mH�`Bx�iBQM Q7 i?2 bvbi2KX h?2`2 �`2 K�Mv KQ/mH�`Bx�iBQM T�ii2`Mb- bm+?
�b G�v2`2/ T�ii2`M (k)- JmHiB@iB2` T�ii2`M (k)- SBT2b �M/ 6BHi2`b (kj)- o2`iB+�H
aHB+2b (k9)(k8)- �M/ K�Mv Qi?2`bX

1�`Hv BM i?2 /2p2HQTK2Mi T`Q+2bb- i?2 o2`iB+�H aHB+2b T�ii2`M r�b +?Qb2M #2@
+�mb2 Bi `2bmHib BM � bvbi2K rBi? ?B;? +Q?2bBQMX >Qr2p2`- i?2 +QmTHBM; #2ir22M
i?2 KQ/mH2b bi�`i2/ iQ #2 T`Q#H2K�iB+ �7i2` i?2 bvbi2K `2�+?2/ � +2`i�BM bBx2-
`2[mB`BM; +?�M;2b iQ KQ`2 i?�M QM2 KQ/mH2 iQ #2 K�/2X h?2`27Q`2 Bi r�b /2@
+B/2/ iQ `27�+iQ` Qmi Q7 i?Bb �TT`Q�+? �M/ +`2�i2 KQ/mH2b ;`QmT2/ BMiQ i?`22
H�v2`b, 2/;2- +Q`2- �M/ BM7`�bi`m+im`2 `2~2+iBM; i?2 PMBQM �`+?Bi2+im`2 T�ii2`M
(ke) QM i?2 KQ/mH2 H2p2H +�Tim`2/ BM i?2 /B�;`�K BM };m`2 kXjX qBi?BM 2�+?
H�v2`- ?Qr2p2`- i?2 KQ/mH2b biBHH 7QHHQr i?2 o2`iB+�H aHB+2b T�ii2`MX

*Q`2 G�v2` JQ/mH2b BM i?2 +Q`2 H�v2` K�T /B`2+iHv iQ i?2 #QmM/2/ +QMi2tib
B/2MiB}2/ BM b2+iBQM RXjXRX h?2v �`2 �iQKB+- b2H7@+QMi�BM2/- �M/ /Q MQi /2T2M/
QM �Mv Q7 i?2 2/;2- BM7`�bi`m+im`2- Q` Qi?2` +Q`2 KQ/mH2bX h?2v ?QH/ �HH Q7 i?2
+Q`2 /QK�BM HQ;B+X �Hi?Qm;? +Q`2 KQ/mH2b /Q MQi +QKKmMB+�i2 /B`2+iHv- i?2v
+�M HBbi2M 7Q` /QK�BM 2p2Mib URXjXjV 2KBii2/ #v Qi?2` KQ/mH2b UkX9X9VX

R3



kX9X a2`p2` �`+?Bi2+im`2

6B;m`2 kXj, JQ/mH2 G�v2`b

1/;2 G�v2` JQ/mH2b BM i?2 2/;2 H�v2` �`2 `2bTQMbB#H2 7Q` BMi2`�+iBM; rBi?
2ti2`M�H bvbi2Kb U2X;X- bm+? BMi2`�+iBQM Bb +�Tim`2/ BM };m`2 kX9VX h?2v 2tTQb2
Tm#HB+ �SA �HHQrBM; +HB2Mib iQ +QKKmMB+�i2 rBi? i?2 bvbi2K �b r2HH �b �HHQrBM;
i?2 bvbi2K iQ BMi2`�+i rBi? 2ti2`M�H bvbi2KbX aBM+2 i?2v /Q MQi ?QH/ �Mv
#mbBM2bb HQ;B+ `2H�i2/ iQ i?2 +Q`2 /QK�BM- i?2v +QKKmMB+�i2 rBi? +Q`2 Q`
Qi?2` 2/;2 KQ/mH2bX h?2b2 KQ/mH2b +QMi�BM �HH p�HB/�iBQM HQ;B+ i?�i 2Mbm`2b
i?2 p�HB/Biv Q7 i?2 2MiBiB2b mb2/ #v i?2 +Q`2 H�v2` KQ/mH2bX

AM7`�bi`m+im`2 G�v2` JQ/mH2b BM i?2 BM7`�bi`m+im`2 H�v2` �`2 `2bTQMbB#H2 7Q`
#QQibi`�TTBM; i?2 2MiB`2 bvbi2K �M/ BKTH2K2Mi�iBQM Q7 mM/2`HvBM; T`QiQ+QHb-
bm+? �b K2bb�;2 #`QF2` BMi2;`�iBQMX h?2v /Q MQi ?QH/ �Mv #mbBM2bb HQ;B+X

kX9X9 *Q`2 JQ/mH2 AMi2;`�iBQM
"2bB/2b i?2 `2bi`B+iBQMb Tmi BM TH�+2 BM i?2 bm#b2+iBQM kX9Xj- 2/;2 Q` Qi?2`
+Q`2 KQ/mH2b M22/ iQ `2�+i iQ /QK�BM 2p2Mib T`Q/m+2/ #v Qi?2` +Q`2 KQ/mH2bX
>�M/HBM; i?2b2 +�b2b bvM+?`QMQmbHv rQmH/ `2[mB`2 2�+? +QKK�M/ 2Mi`v@TQBMi
KQ/mH2 iQ FMQr �#Qmi 2p2`v KQ/mH2 BMi2`2bi2/ BM 2p2Mib TQbbB#Hv T`Q/m+2/
#v i?2 +QKK�M/X S`Q+2bbBM; 2p2Mib BM bm+? � r�v rQmH/ +�mb2 iQQ Km+?
+QmTHBM; #2ir22M i?2 KQ/mH2b- r?B+? Bb r?v i?2 �bvM+?`QMQmb �TT`Q�+? r�b
+?Qb2MX

RN



kX �`+?Bi2+im`2

/B`2+i +�HHb iQ ;Bp2M KQ/mH2b
�bvM+?`QMQmb 2p2Mi +QMbmKTiBQM

6B;m`2 kX9, JQ/mH2 BMi2`�+iBQMb r?2M +`2�iBM; � `2b2`p�iBQM

h?2 BMi2;`�iBQM Bb `2�HBx2/ #v � K2bb�;2 #`QF2` (kd) U};m`2 kX8V- r?B+? �H@
HQrb KQ/mH2b iQ Tm#HBb? �M/ bm#b+`B#2 iQ i?2 /QK�BM 2p2MibX �Hi?Qm;? �bvM@
+?`QMQmb BMi2;`�iBQM Bb � #2ii2` }i 7Q` i?2 bvbi2K- mbBM; � K2bb�;2 #`QF2`
+QK2b rBi? /`�r#�+Fb- iQQ- T`BK�`BHv- 2p2Mim�H +QMbBbi2M+v (k3) #2ir22M i?2
KQ/mH2bX hQ KBMBKBx2 i?Bb /`�r#�+F- KQ/mH2b ?QH/ bi`QM; +QMbBbi2M+v rBi?BM
i?2B` #QmM/�`B2bX

ky



kX8X .�i� JQ/2H

+�HHb i?�i Q++m` 2t�+iHv QM+2 T2` 2p2Mi 2KBbbBQM
+�HHb i?�i Q++m` �i H2�bi QM+2 T2` 2p2Mi 2KBbbBQM

6B;m`2 kX8, 1p2Mi 2KBbbBQM ?�M/HBM; +�mb2/ #v �M 2ti2`M�H biBKmHmb

kX8 .�i� JQ/2H
hvTB+�HHv /�i� KQ/2H Bb b?�`2/ i?`Qm;?Qmi i?2 2MiB`2 bvbi2KX >Qr2p2`- mbBM;
i?2 p2`iB+�H bHB+2b T�ii2`M (k8) QM i?2 KQ/mH2 H2p2H- 2�+? KQ/mH2 /2}M2b �M/
K�BMi�BMb Bib QrM /�i� KQ/2H U};m`2 kXeVX AM i?2Q`v- 2�+? Q7 i?2 KQ/mH2b
+QmH/ 2p2M mb2 � /Bz2`2Mi biQ`�;2 K2+?�MBbK- /�i�#�b2- Q` b+?2K�X

kX8XR *_l.
lbm�HHv- i?2 /�i� KQ/2H Bb /2`Bp2/ 7`QK i?2 +QM+2Tim�H KQ/2H U};m`2 RXRV Q7
i?2 bvbi2K K�TTBM; Bib 2MiBiB2b iQ `2bT2+iBp2 /�i�#�b2 i�#H2b rBi? �bbQ+B�i2/
*_l. QT2`�iBQMbX h?Bb �TT`Q�+? �HHQrb mb iQ KQ/2H `B+? `2H�iBQMb?BTb #2@
ir22M i?2 i�#H2b �M/ iQ T2`7Q`K p�`BQmb +QKTH2t [m2`B2b QM i?2KX h?2 KQbi
bB;MB}+�Mi /`�r#�+Fb Q7 i?Bb �TT`Q�+? �`2 i?2 BM~2tB#BHBiv Q7 i?2 KQ/2H �M/
i?2 HQbb Q7 /�i�X h?Bb �TT`Q�+? r�b +?Qb2M 7Q` 2MiBiB2b i?�i �`2 2Bi?2` MQi T�`i

kR



kX �`+?Bi2+im`2

6B;m`2 kXe, .�i� KQ/2H b2T�`�iBQM QM KQ/mH2 H2p2H

Q7 i?2 +Q`2 /QK�BM Q` r2`2 B/2MiB}2/ �b mMHBF2Hv iQ +?�M;2- bm+? �b *QMbQH2
�++QmMiX

kX8Xk 1p2Mi aQm`+BM;
�MQi?2` r�v iQ biQ`2 i?2 /�i� Bb 1p2Mi aQm`+BM; (kN)- r?B+?- BMbi2�/ Q7 +�T@
im`BM; i?2 +m``2Mi bi�i2 Q7 i?2 bvbi2K- b�p2b i?2 /QK�BM 2p2Mib URXjXjV- H2�/BM;
mT iQ i?2 +m``2Mi bi�i2 BM �M �TT2M/@QMHv 2p2Mi HQ;X

1p2Mi aQm`+BM; Qz2`b K�Mv �/p�Mi�;2b (jy)- bm+? �b ~2tB#BHBiv Q7 i?2 KQ/2HX
aBM+2 i?2 bi�i2 Q7 i?2 bvbi2K Bb /2`Bp2/ 7`QK i?2 /QK�BM 2p2Mib U};m`2 kXdV-
r?B+? i2M/ iQ +?�M;2 � HQi H2bb Q7i2M i?�M i?2 r�v i?2v �`2 T2`+2Bp2/- i?2
bvbi2K QMHv M22/b iQ +?�M;2 ?Qr i?2 bvbi2K bi�i2 Bb /2`Bp2/ 7`QK i?2 2p2MibX

�MQi?2` ;`2�i �/p�Mi�;2 Q7 2p2Mi bQm`+BM; Bb /2#m;;�#BHBivX aBM+2 �HH Q7 i?2
2p2Mib H2�/BM; mT iQ � ;Bp2M bi�i2 �`2 T2`bBbi2/- i?2M Bi Bb 2�bv iQ };m`2 Qmi
?Qr i?2 bvbi2K 2M/2/ mT BM bm+? � bi�i2 B7 � 7�mHiv bi�i2 Bb 2M+QmMi2`2/X

1p2Mi aQm`+BM; +QK2b rBi? /`�r#�+Fb �b r2HHX aBM+2 i?2 2p2Mib �`2 BKKmi�#H2-
i?2 bvbi2K +�MMQi +�Tim`2 mb2` T2`bQM�H Q` Qi?2` b2MbBiBp2 BM7Q`K�iBQM mbBM;
i?2 2p2MibX �HbQ- � +�`2H2bb BKTH2K2Mi�iBQM K�v `2bmHi BM T2`7Q`K�M+2 Bbbm2bX

�7i2` +�`27mH +QMbB/2`�iBQM- 2p2Mi bQm`+BM; r�b +?Qb2M �b i?2 /�i� KQ/2H 7Q`
i?2 +Q`2 /QK�BM 2MiBiB2b KQbi HBF2Hv iQ +?�M;2 BM i?2 7mim`2- T`BK�`BHv #2+�mb2
Q7 i?2 ~2tB#BHBiv Bi T`QpB/2b- KBiB;�iBM; bQK2 Q7 i?2 /`�r#�+Fb- �b /2b+`B#2/
BM b2+iBQM 9X8X

kk



kX8X .�i� JQ/2H

6B;m`2 kXd, .2`Bp�iBQM Q7 _2b2`p�iBQM 7`QK _2b2`p�iBQM 1p2Mib

kj





*?�Ti2` j
h2+?MQHQ;B2b lb2/

h?Bb +?�Ti2` HBbib i?2 mb2/ i2+?MQHQ;B2b �M/ /2b+`B#2b r?v i?2v r2`2 +?Qb2M
#�b2/ QM i?2 `2[mB`2K2Mib URXkV �M/ i?2 �`+?Bi2+im`2 Q7 i?2 bvbi2K UkVX

jXR S`Q;`�KKBM; G�M;m�;2

h?2`2 �`2 K�Mv H�M;m�;2b bT2+B�HBx2/ 7Q` T`Q;`�KBM; #Qi? b2`p2` �M/ +HB2Mi@
bB/2 �TTHB+�iBQMbX

"�b2/ QM i?2 /2+BbBQMb i�F2M BM b2+iBQM kXj- �M/ #�b2/ QM i?2 KQbi TQTmH�`
T`Q;`�KKBM; H�M;m�;2b �i i?2 iBK2 Q7 i?2 #2;BMMBM; Q7 i?2 T`QD2+i UbmKK2` Q7
kyR3V (jR)- C�p�b+`BTik b22K2/ HBF2 i?2 #2bi +?QB+2X >Qr2p2`- #2+�mb2 Q7 Bib `Bb2
BM TQTmH�`Biv- bmTTQ`i Q7 bi�iB+ ivTBM;- �M/ BMi2`QT2`�#BHBiv rBi? C�p�b+`BTi-
hvT2b+`BTij r�b +?Qb2M 7Q` i?2 +HB2Mi BKTH2K2Mi�iBQMX

"2+�mb2 Q7 Bib HB;?ir2B;?i `mMiBK2 �M/ `Bb2 BM TQTmH�`Biv (jR)- LQ/2XDb9 r�b
+?Qb2M �b i?2 i�`;2i #�+F2M/ TH�i7Q`KX 6m`i?2`KQ`2- mbBM; LQ/2XDb QM #�+F2M/
�HHQrb mbBM; i?2 b�K2 H�M;m�;2- hvT2b+`BTi- i?`Qm;?Qmi i?2 2MiB`2 �TTHB+�iBQM
bi�+F- HQr2`BM; i?2 #�``B2` 7Q` �MvQM2 iQ #2 �#H2 iQ +QMi`B#mi2 Q` bmTTQ`i i?2
T`QD2+i BM i?2 7mim`2X

*?QQbBM; C�p�b+`BTifhvT2b+`BTi im`M2/ Qmi iQ #2 i?2 `B;?i /2+BbBQMX C�p�b+`BTi
`2K�BM2/ i?2 KQbi TQTmH�` T`Q;`�KKBM; H�M;m�;2- r?BH2 hvT2b+`BTi ;�BM2/
bB;MB}+�Mi TQTmH�`Biv (jk) Qp2` i?2 T�bi irQ v2�`bX

k?iiTb,ff/2p2HQT2`.KQxBHH�.Q`;f2M@laf/Q+bfq2#fD�p�b+`BTi
j?iiTb,ffrrr.ivT2b+`BTiH�M;.Q`;f
9?iiTb,ffMQ/2Db.Q`;f2Mf

k8

https://developer.mozilla.org/en-US/docs/Web/javascript
https://www.typescriptlang.org/
https://nodejs.org/en/


jX h2+?MQHQ;B2b lb2/

jXk *HB2Mi h2+?MQHQ;B2b
h?2`2 Bb � H�`;2 p�`B2iv Q7 7`QMi@2M/ HB#`�`B2bf7`�K2rQ`Fb iQ +?QQb2 7`QK- 2�+?
rBi? i?2B` #2M2}ibX

�i i?2 iBK2 Q7 i?2 #2;BMMBM; Q7 i?2 T`QD2+i- i?2 irQ KQbi TQTmH�` r2`2 �M;m@
H�`f�M;mH�`XDb �M/ _2�+iXDb (jR)X h?2 KQbi bB;MB}+�Mi �/p�Mi�;2 Q7 �M;mH�`8

Bb Bib M�iBp2 hvT2b+`BTi BKTH2K2Mi�iBQM �M/ i?2 7�+i i?�i Bi Bb � 7`�K2rQ`FX
�M;mH�` BM+Hm/2b 2M/@iQ@2M/ bmTTQ`i 7Q` r`BiBM; +HB2Mi@bB/2 �TTHB+�iBQMb- 7`QK
pB2r ;2M2`�iBQM- �M/ bi�i2 K�M�;2K2Mi- iQ M2irQ`F BMi2`�+iBQMbX >Qr2p2`-
�M;mH�` #2BM; � 7`�K2rQ`F- Bb �HbQ Bib #B;;2bi /`�r#�+FX

_2�+iXDbe- QM i?2 Qi?2` ?�M/- Bb Dmbi � HB#`�`v- r?B+? K2�Mb Bi Bb MQi �b QTBM@
BQM�i2/ �b �M;mH�` r?2M Bi +QK2b iQ bi`m+im`BM; i?2 �TTHB+�iBQM �M/ +?QQbBM;
Qi?2` i2+?MQHQ;B2bX Ai T`QpB/2b QMHv � HB;?ir2B;?i r`�TT2` �`QmM/ i?2 .PJ
BMi2`�+iBQMb BM � `2�+iBp2 r�v- rBi?Qmi 7Q`+BM; i?2 /2p2HQT2` iQ mb2 �Mv bT2+B}+
i2+?MQHQ;v 7Q` i?2 bi�i2 K�M�;2K2Mi Q` M2irQ`F BMi2`�+iBQMbX

�7i2` 2p�Hm�iBM; #Qi?- i?2 _2�+iXDb r�b +?Qb2M- r?B+? T`Qp2/ iQ #2 i?2 `B;?i
/2+BbBQM- #2+�mb2 Q7 Bib ~2tB#BHBiv �M/ bBKTHB+BivX h?`Qm;?Qmi #mBH/BM; i?2
T`QD2+i- Bi �HbQ #2+�K2 i?2 KQbi TQTmH�` 7`QMi@2M/ HB#`�`vf7`�K2rQ`F (jk)X

jXj �SA :�i2r�v
AM b2+iBQM kX9XR- Bi r�b /2+B/2/ iQ mb2 i?2 �SA :�i2r�v T�ii2`MX h?2 }`bi
[m2biBQM i?�i M22/2/ iQ #2 `2bQHp2/ r�b r?2i?2` iQ mb2 Qz@i?2@b?2H7 bQ7ir�`2
Q` r?2i?2` iQ #mBH/ � +mbiQK bQHmiBQM 7Q` Bi (jj)X

q?2M 2p�Hm�i2/ i?2 #2M2}ib �M/ /`�r#�+Fb Q7 #Qi? �TT`Q�+?2b- Bi r�b /2+B/2/
iQ mb2 L;BMtd #2+�mb2 Bi rQmH/ K2�M H2bb +Q/2 iQ K�BMi�BM �M/ #2+�mb2 L;BMt
im`M2/ Qmi iQ #2 i?2 KQbi bi`�B;?i7Q`r�`/ Qz@i?2@b?2H7 TB2+2 Q7 bQ7ir�`2 iQ
+QM};m`2 �M/ b2i mT +QKT�`2/ iQ �Hi2`M�iBp2b- bm+? �b ?iiT/3X

jX9 .2T2M/2M+v AMD2+iBQM
h?2 T`BK�`v ;Q�H 7Q` TmiiBM; � /2T2M/2M+v BMD2+iBQM K2+?�MBbK BM TH�+2 r�b
�+?B2pBM; `2[mB`2K2Mib L6_yR- �M/ L6_yk- r?BH2 MQi b�+`B}+BM; i?2 +H�`Biv
Q7 i?2 BKTH2K2Mi�iBQMX GB#`�`B2bf7`�K2rQ`Fb +QMbB/2`2/ r2`2, hav`BM;2N-

8?iiTb,ff�M;mH�`.BQf
e?iiTb,ff`2�+iDb.Q`;f
d?iiTb,ffM;BMt.Q`;f
3?iiTb,ff?iiT/.�T�+?2.Q`;f
N?iiTb,ff;Bi?m#.+QKfJB+`QbQ7ifibv`BM;2

ke

https://angular.io/
https://reactjs.org/
https://nginx.org/
https://httpd.apache.org/
https://github.com/Microsoft/tsyringe


jX8X .�i� aiQ`�;2

BMD2+iBQM@DbRy- �M/ L2biXDbRRX

�HH Q7 i?2 HB#`�`B2b mb2 /2+Q`�iQ`b iQ bmTTQ`i /2T2M/2M+v BMD2+iBQMX �7i2`
/2p2HQTBM; � bTBF2 bQHmiBQM (j9) mbBM; 2�+? K2i?Q/- L2biXDb r�b +?Qb2M #2+�mb2
Q7 Bib bBKTHB+Biv Q7 mb2 �M/ i?2 [m�HBiv Q7 /Q+mK2Mi�iBQMX h?2 �//2/ #2M2}i
Q7 mbBM; i?2 L2biXDb im`M2/ Qmi iQ #2 �M BMi2;`�i2/ r2# 7`�K2rQ`F Bi T`QpB/2b
#mBHi QM iQT Q7 i?2 /2T2M/2M+v BMD2+iBQM bvbi2KX

jX8 .�i� aiQ`�;2
h?2 bvbi2K mb2b JvaZGRk- #2+�mb2 Q7 i?2 +QMbi`�BMi *aykX

jXe .�i�#�b2 AMi2;`�iBQM
hvT2Q`KRj HB#`�`v r�b +?Qb2M 7Q` i?2 /�i�#�b2 BMi2;`�iBQM- #2+�mb2 Q7 L2biXDbǶ
M�iBp2 bmTTQ`iR9X �HbQ- #2+�mb2 Q7 Bib /2+Q`�iQ`@bivH2 BMi2;`�iBQM- Bi }ib BM
Km+? #2ii2` rBi? i?2 `2bi Q7 i?2 bvbi2K +QKT�`2/ iQ Qi?2` HB#`�`B2b- bm+? �b
a2[m2HBx2R8X

jXd 1K�BH AMi2;`�iBQM
h?2 QMHv K�im`2 HB#`�`v 7Q` 2K�BH b2M/BM; i?�i r�b 7QmM/ �M/ 2p2Mim�HHv mb2/
r�b LQ/2K�BH2`ReX

jX3 *QMiBMmQmb AMi2;`�iBQM
*QMiBMmQmb BMi2;`�iBQM Q7 i?2 bvbi2K Bb `2[mB`2/ #v L6_yjX 6Q` Bib BKTH2@
K2Mi�iBQM Bb mb2/ :BiH�# *Af*.Rd- #2+�mb2 Bi Bb i?2 QMHv +QMiBMmQmb BMi2;`�@
iBQM iQQH �p�BH�#H2 �b T�`i Q7 aBHB+QM >BHH BM7`�bi`m+im`2X

jXN *QMi�BM2`Bx�iBQM
Ai r�b /2+B/2/ iQ +QMi�BM2`Bx2 TB2+2b Q7 i?2 �TTHB+�iBQM mbBM; .Q+F2`R3 iQ
�+?B2p2 2�bv /2THQvK2Mi `2[mB`2/ #v L6_y9-

Ry?iiTb,ff;Bi?m#.+QKfK;2+?2pfBMD2+iBQM@Db
RR?iiTb,ffM2biDb.+QKf
Rk?iiTb,ffrrr.Kvb[H.+QKf
Rj?iiTb,ffivT2Q`K.BQf
R9?iiTb,ff/Q+b.M2biDb.+QKfi2+?MB[m2bf/�i�#�b2
R8?iiTb,ffb2[m2HBx2.Q`;f
Re?iiTb,ffMQ/2K�BH2`.+QKf�#Qmif
Rd?iiTb,ff/Q+b.;BiH�#.+QKf22f+Bf
R3?iiTb,ffrrr./Q+F2`.+QKf

kd

https://github.com/mgechev/injection-js
https://nestjs.com/
https://www.mysql.com/
https://typeorm.io/
https://docs.nestjs.com/techniques/database
https://sequelize.org/
https://nodemailer.com/about/
https://docs.gitlab.com/ee/ci/
https://www.docker.com/


jX h2+?MQHQ;B2b lb2/

h?Bb T`Qp2/ iQ #2 p2`v #2M2}+B�H 7`QK i?2 p2`v #2;BMMBM;X lbBM; .Q+F2`- Bi
Bb TQbbB#H2 iQ `mM i?2 �TT BM i?2 T`Q/m+iBQM 2MpB`QMK2Mi 2p2M HQ+�HHvX

Ai �HbQ �HHQr2/ KQpBM; 7`QK ?QbiBM; i?2 bvbi2K QM � bBM;H2 pB`im�H K�+?BM2
iQ � oA* +Hmbi2`RNX h?Bb +?�M;2 r�b `2[mB`2/ #2+�mb2 Q7 i?2 T`Q#H2K rBi?
aBHB+QM >BHH BM7`�bi`m+im`2- i?�i +Q``mTi2/ i?2 pB`im�H K�+?BM2 i?2 �TTHB+�iBQM
r�b `mMMBM; QMX

RN?iiTb,ffpKr�`2.;Bi?m#.BQfpB+@T`Q/m+if

k3

https://vmware.github.io/vic-product/


*?�Ti2` 9
AKTH2K2Mi�iBQM

h?Bb +?�Ti2` /2b+`B#2b i?2 KQbi BKTQ`i�Mi �bT2+ib �M/ 72�im`2b Q7 i?2 bvbi2KX

9XR qQ`FbT�+2 AbQH�iBQM
� rQ`FbT�+2 `2T`2b2Mib �M BMbi�M+2 Q7 i?2 `2b2`p�iBQM bvbi2KX aBM+2 2�+? mb2`
Q7 i?2 bvbi2K K�v ?�p2 �++QmMib- 2�+? rBi? � /Bz2`2Mi `QH2 URXRV �bbB;M2/- BM
KmHiBTH2 bvbi2Kb �i QM+2- i?2 bvbi2K M22/b iQ BbQH�i2 i?2 rQ`FbT�+2bX

h?2 bBKTH2bi r�v iQ �+?B2p2 bm+? BbQH�iBQM rQmH/ #2 7Q` i?2 bvbi2K iQ #2
bBM;H2@i2M�Mi (j8)X h?2 bBM;H2@i2M�M+v Bb ?Qr2p2` MQi 72�bB#H2- bBM+2 Bi `2[mB`2b
?B;? BM7`�bi`m+im`2 Qp2`?2�/X h?2`27Q`2- i?2 bvbi2K Bb KmHiB@i2M�MiX

9XRXR 1MiBiv AbQH�iBQM
1�+? 2MiBiv �bbQ+B�i2/ rBi? � rQ`FbT�+2 Bb B/2MiB}2/ MQi QMHv #v Bib B/2MiB}2`
#mi �HbQ #v i?2 rQ`FbT�+2 B/ Bi #2HQM;b iQX 6Q` 2t�KTH2- lb2` 2MiBiv ?�b irQ
T`BK�`v B/2MiB}2`b- lb2`A/ �M/ qQ`FbT�+2A/ U};m`2 9XRVX

9XRXk *`2/2MiB�Hb AbQH�iBQM
6m`i?2` BbQH�iBQM H2p2H Bb �+?B2p2/ #v b+QTBM; �mi?Q`Bx�iBQM +`2/2MiB�Hb U9XkX9V
iQ � bBM;H2 rQ`FbT�+2X h?2`27Q`2 B7 � mb2` rBb?2b iQ �++2bb KmHiBTH2 rQ`FbT�+2b-

6B;m`2 9XR, lb2` 1MiBiv _2H�iBQM rBi? qQ`FbT�+2

kN



9X AKTH2K2Mi�iBQM

i?2v M22/ iQ mb2 KmHiBTH2 +`2/2MiB�Hb- 2�+? b+QT2/ iQ � bBM;H2 rQ`FbT�+2X

9XRXj .QK�BM AbQH�iBQM
h?2 i?B`/ H2p2H Q7 BbQH�iBQM Bb �+?B2p2/ #v �bbB;MBM; 2�+? Q7 i?2 rQ`FbT�+2 +HB2Mi
�TTHB+�iBQM UkXjXRV- � mMB[m2 /QK�BMX h?Bb Bb �++QKTHBb?2/ #v T`2@T2M/BM; i?2
`QQi /QK�BM i?2 rQ`FbT�+2 Bb ?Qbi2/ QM- rBi? i?2 M�K2 Q7 i?2 rQ`FbT�+2kyX
6Q` 2t�KTH2- � rQ`FbT�+2 rBi? � M�K2 i2bi rQmH/ #2 �++2bbB#H2 QM /QK�BM
i2bi.`b.b?.+pmi.+xX

9Xk �mi?2MiB+�iBQM �M/ �mi?Q`Bx�iBQM
h?Bb b2+iBQM /2b+`B#2b �mi?2MiB+�iBQM �M/ �mi?Q`Bx�iBQM K2+?�MBbKb i?2 bvb@
i2K mb2b iQ 2Mbm`2 T`QT2` mb2` �++2bb iQ Bib `2bQm`+2bX

9XkXR �mi?2MiB+�iBQM
"27Q`2 ;`�MiBM; bvbi2K �++2bb �mi?Q`Bx�iBQM- i?2 bvbi2K `2[mB`2b 2�+? mb2`
iQ �mi?2MiB+�i2X h?2`2 �`2 KmHiBTH2 K2i?Q/b Q7 �mi?2MiB+�iBQM #�b2/ QM i?2
�mi?Q`Bx�iBQM `2[m2bi2/X

PT2MBM; � qQ`FbT�+2 _2[m2bi q?2M � mb2` rBb?2b iQ QT2M � `2[m2bi 7Q`
� M2r rQ`FbT�+2- i?2v �`2 `2[mB`2/ iQ p2`B7v i?2B` 2K�BH �//`2bbX h?Bb Bb /QM2
2Bi?2` #v b2M/BM; � p2`B}+�iBQM 2K�BH U9XkX9V Q` mbBM; aBHB+QM >BHH AM7Q`K�iBQM
avbi2K U9XkX8VX �7i2` mb2` 2K�BH Bb p2`B}2/- i?2v �`2 ;`�Mi2/ �mi?Q`Bx�iBQM iQ
QT2M � rQ`FbT�+2 `2[m2biX

GQ;;BM; BM iQ � qQ`FbT�+2 "27Q`2 �mi?Q`BxBM; mb2` �++2bb iQ � rQ`FbT�+2-
i?2v M22/ iQ �mi?2MiB+�i2 rBi? 2Bi?2`- p�HB/ 2K�BH �M/ T�bbrQ`/ +QK#BM�@
iBQM �bbQ+B�i2/ rBi? i?2B` rQ`FbT�+2 �++QmMi- Q` #v �mi?2MiB+�iBM; i?2Kb2Hp2b
�;�BMbi aBHB+QM >BHH AM7Q`K�iBQM avbi2KX

GQ;;BM; BM iQ *QMbQH2 �TTHB+�iBQM 1�+? avbi2K �/KBMBbi`�iQ` ?�b �M
�++QmMi rBi? � mMB[m2 mb2`M�K2 �M/ T�bbrQ`/ +QK#BM�iBQM- r?B+? i?2v M22/
iQ �mi?2MiB+�i2 rBi? BM Q`/2` iQ ;�BM �mi?Q`Bx�iBQM iQ �++2bb i?2 *QMbQH2
�TTHB+�iBQMX

9XkXk �mi?Q`Bx�iBQM
�7i2` � mb2` �mi?2MiB+�i2b i?2Kb2Hp2b- i?2v �`2- /2T2M/BM; QM i?2B` BMi2Mi-
;`�Mi2/ � bT2+B}+ �mi?Q`Bx�iBQM iQF2MX h?2`2 �`2 i?`22 ivT2b Q7 �mi?Q`Bx�iBQM
iQF2M mb2`b +�M `2[m2biX

kyh?Bb /Q2b MQi #`2�F i?2 +QMbi`�BMi *ay8- bBM+2 2�+? Q7 i?2 rQ`FbT�+2b Bb Dmbi � bm#@
/QK�BM Q7 i?2 `QQi /QK�BM `b.b?.+pmi.+xX

jy

test.rs.sh.cvut.cz
rs.sh.cvut.cz


9XkX �mi?2MiB+�iBQM �M/ �mi?Q`Bx�iBQM

qQ`FbT�+2 �++2bb hQF2M h?Bb iQF2M �mi?Q`Bx2b mb2` iQ �++2bb � bT2+B}+
rQ`FbT�+2 �M/ Bb ;`�i2/ iQ � mb2` �7i2` HQ;;BM; BM iQ � rQ`FbT�+2 rBi? i?2B`
rQ`FbT�+2 �++QmMiX

*QMbQH2 �++2bb hQF2M h?Bb iQF2M �mi?Q`Bx2b mb2` iQ T2`7Q`K bvbi2K �/@
KBMBbi`�iBQM �M/ Bb ;`�Mi2/ iQ � mb2` �7i2` HQ;;BM; BM iQ � bvbi2K mbBM; i?2B`
+QMbQH2 �++QmMiX

1K�BH o2`B}+�iBQM hQF2M h?Bb iQF2M �mi?Q`Bx2b mb2` iQ QT2M � rQ`FbT�+2
`2[m2bi �M/ Bb ;`�i2/ iQ � mb2` #v b2M/BM; Bi BM �M 2K�BH iQ i?2B` 2K�BH �//`2bbX

9XkXj �mi?Q`Bx�iBQM hQF2Mb
h?2`2 �`2 irQ ivTB+�H r�vb iQ BKTH2K2Mi �mi?Q`Bx�iBQM BM r2# bvbi2Kb, b2bbBQM
+QQFB2b- �M/ CaPL r2# iQF2Mb UCqhbV (je)X "Qi? ?�p2 i?2B` QrM #2M2}ibX
>Qr2p2`- i?2 KQbi bB;MB}+�Mi /2+B/BM; 7�+iQ` i?�i `mH2/ BM 7�pQ` Q7 mbBM;
Cqhb- r�b i?�i bBM+2 Cqhb �`2 b2H7@+QMi�BM2/- i?2v �HHQr i?2 b2`p2` iQ `2K�BM
bi�i2H2bbX

q?2M i?2 �mi?2MiB+�iBQM T`Q+2bb +QKTH2i2b- i?2 bvbi2K b2M/b i?2 +HB2Mi � T�B`
Q7 �++2bb �M/ `27`2b? iQF2M UHBbiBM; 9XRVX

�++2bb hQF2M � b?Q`i@HBp2/ iQF2M U}p2 KBMmi2bV i?�i Bb mb2/ iQ �mi?Q`Bx2
+HB2Mi `2[m2bibX

_27`2b? hQF2M � HQM;@HBp2/ iQF2M UQM2 /�vV Bb mb2/ iQ `2[m2bi � M2r �++2bb
iQF2M rBi?Qmi M22/BM; iQ `2@�mi?2MiB+�i2 i?2 mb2`X

*HB2Mi �TTHB+�iBQMb biQ`2 i?2b2 iQF2Mb BM i?2 #`Qrb2`Ƕb HQ+�H biQ`�;2 (jd) �M/
�ii�+? �++2bb iQF2M iQ 2�+? `2[m2bi Bi K�F2bX

R &
k ]�++2bbniQF2M], I�++2bb iQF2M Cqh=-
j ]2tTB`2bnBM], jeyy-
9 ]iQF2MnivT2], ]"2�`2`]-
8 ]`27`2b?niQF2M], I`27`2b? iQF2M Cqh=-
e ]b+QT2], ]]-
d ]rQ`FbT�+2], ]i2bi]
3 '

GBbiBM; 9XR, �mi?2MiB+�iBQM _2bTQMb2 7Q` rQ`FbT�+2 M�K2/ i2bi

1�+? Cqh ?QH/b BM7Q`K�iBQM �#Qmi r?�i FBM/ Q7 iQF2M Bi Bb- Bib 2tTB`�iBQM-
�M/ i?2 mb2` Bi r�b Bbbm2/ 7Q` UHBbiBM; 9XkVX

jR



9X AKTH2K2Mi�iBQM

R &
k ]DBi], IQT�[m2 iQF2M p�Hm2=-
j ]bm#], Imb2` B/=-
9 ]2tT], R8338NNkdd-
8 ]B�i], R8338N8edd-
e ]b+QT2], ()-
d ]FBM/], ]�++2bbniQF2M]-
3 ]mb2`], &
N ]B/], Imb2` B/=-

Ry ]rQ`FbT�+2], ]i2bi]-
RR ]`QH2], ]�/KBM]-
Rk ]BbPrM2`], i`m2-
Rj '-
R9 '

GBbiBM; 9Xk, �++2bb hQF2M Cqh 7Q` qQ`FbT�+2 i2bi

9XkX9 1K�BH o2`B}+�iBQM
lb2` 2K�BH Bb p2`B}2/ 2Bi?2` mbBM; aBHB+QM >BHHǶb P�mi?kXy �SA U9XkX8V- Q` #v
b2M/BM; � p2`B}+�iBQM 2K�BH iQ mb2`Ƕb 2K�BH �//`2bbX h?2 2K�BH +QMi�BMb � l_G
HBMF i?�i +QMi�BMb mb2`Ƕb 2K�BH �//`2bb- 2tTB`�iBQM iBK2- mMB[m2 rQ`FbT�+2 B/-
�M/ >J�* bB;M�im`2 (j3) Q7 i?2 l_G i?�i Bb �TT2M/2/ �b [m2`v T�`�K2i2`bX
PM+2 mb2` M�pB;�i2b iQ i?2 HBMF- i?2v +�M QT2M i?2 rQ`FbT�+2 `2[m2bi �mi?2M@
iB+�iBM; i?2Kb2Hp2b rBi? i?2 2K�BH �//`2bb- b2Mi rQ`FbT�+2 B/- 2tTB`�iBQM /�i2
�M/ bB;M�im`2-

9XkX8 AMi2;`�iBQM rBi? aBHB+QM >BHH P�mi?kXy
h?2 bvbi2K H2p2`�;2b aBHB+QM >BHHǶb P�mi?kXy (jN) �SA 7Q` mb2` �mi?2MiB+�iBQM
iQ �HHQr aBHB+QM >BHH K2K#2`b 2�bB2` �++2bbX h?2 2MiB`2 �mi?2MiB+�iBQM ~Qr Bb
+�Tim`2/ BM i?2 /B�;`�K BM };m`2 9XkX

h?2 BKTH2K2Mi2/ ~Qr bHB;?iHv /Bz2`b 7`QK � ivTB+�H QM2X h?2`2 Bb �M 2ti`�
bi2T i?�i `2bQHp2b i?2 `2/B`2+i l_A #�b2/ QM i?2 rQ`FbT�+2 i?2 mb2` Bb i`vBM;
iQ HQ; BM- r?B+? Bb �+?B2p2/ #v biQ`BM; rQ`FbT�+2 BM7Q`K�iBQM BM i?2 bi�i2
T�`�K2i2` (9y)X

A7 Bi Bb i?2 mb2`Ƕb }`bi iBK2 HQ;;BM; BM iQ � ;Bp2M rQ`FbT�+2- i?2M � rQ`FbT�+2
mb2` �++QmMi rBi? i?2 BM7Q`K�iBQM 72i+?2/ 7`QK i?2 aBHB+QM >BHH Bb +`2�i2/
#27Q`2 i?2 �mi?Q`Bx�iBQM iQF2M T�B` Bb b2Mi iQ i?2 mb2`X

jk



9XkX �mi?2MiB+�iBQM �M/ �mi?Q`Bx�iBQM

6B;m`2 9Xk, aBHB+QM >BHH P�mi?kXy �mi?2MiB+�iBQM

jj



9X AKTH2K2Mi�iBQM

9Xj S2`bQM�H .�i� �M/ �MQMvKBx�iBQM
lb2 Q7 T2`bQM�H /�i� Bb 2bb2MiB�H 7Q` i?2 bvbi2KX �b K2MiBQM2/ BM b2+iBQM RXjXR-
2�+? qQ`FbT�+2 lb2` 2MiBiv Bb �bbB;M2/ �M A/2MiBiv- +QKT`Bb2/ Q7 KmHiBTH2
T2`bQM�H BM7Q`K�iBQM- bm+? �b 2K�BH- }`bi �M/ H�bi M�K2- �M/ T?QM2 MmK#2`kRX

9XjXR S2`bQM�H .�i� aiQ`�;2
LQM2 Q7 i?2 T2`bQM�H BM7Q`K�iBQM Bb biQ`2/ BM 2p2Mib i?�i �`2 BKKmi�#H2 iQ
2Mbm`2 i?Bb /�i� +�M #2 /2bi`Qv2/X AMbi2�/- 2�+? B/2MiBiv Bb K�TT2/ iQ � `Qr
BM i?2 B/2MiBiv i�#H2 BM i?2 /�i�#�b2 U};m`2 9XjVX

9XjXk .�i� �MQMvKBx�iBQM
aBM+2 /QK�BM@bT2+B}+ mb2` BM7Q`K�iBQM- bm+? �b mb2` `QH2- Bb biQ`2/ BM 2p2Mib-
i?2 bvbi2K +�MMQi �+im�HHv /2H2i2 i?2 mb2`X � mb2` Bb /2H2i2/ QM+2 � mb2`
/2H2i2/ 2p2Mi U�XkXeV Bb `2+Q`/2/ BM i?2 2p2Mi biQ`2 U9X8X9VX h?2`27Q`2- T2`bQM�H
mb2` /�i� M22/b iQ #2 /2bi`Qv2/ BM Qi?2` r�vX hQ K�BMi�BM mb2` 2MiBiv HBMF iQ
Bib B/2MiBiv- �M/- �i i?2 b�K2 iBK2- +QKTHB�M+2 rBi? :.S_ (9R)- i?2 T2`bQM�H
/�i� Bb �MQMvKBx2/X

�MQMvKBx�iBQM Bb /QM2 #v 2M+`vTiBM; T2`bQM�H BM7Q`K�iBQM rBi? � `�M/QKHv
;2M2`�i2/- k8e@#Bi 2M+`vTiBQM F2v- mbBM; �M �1a +BT?2` (9k)- �M/ i?`QrBM;
�r�v i?2 2M+`vTiBQM F2vX h?Bb r�v- bBM+2 i?2`2 Bb MQ r�v iQ `2+Qp2` i?2
mb2/ 2M+`vTiBQM F2v- �HH Q7 i?2 /�i� Bb 2z2+iBp2Hv /2bi`Qv2/X u2i- i?2 bvbi2K
K�BMi�BMb BM7Q`K�iBQM �#Qmi r?�i FBM/ Q7 BM7Q`K�iBQM r�b �bbQ+B�i2/ rBi?
2�+? mb2` B/2MiBivX

kR1K�BH Bb i?2 QMHv TB2+2 Q7 T2`bQM�H BM7Q`K�iBQM- i?�i Bb `2[mB`2/X 6B`bi �M/ H�bi M�K2-
T�bbrQ`/- �M/ T?QM2 MmK#2`- +�M #2 QTiBQM�HHv }HH2/ #v 2Bi?2` i?2 mb2`- Q` �`2 �miQK�iB+�HHv
}HH2/ BM B7 T`QpB/2/ #v i?2 aBHB+QM >BHH P�mi?kXy �SAX

O T`BK�`v +QHmKM
Q MmHH�#H2 +QHmKM

6B;m`2 9Xj, A/2MiBiv h�#H2

j9



9X9X _1ah �SA

9X9 _1ah �SA
hQ bm{+2 `2[mB`2K2Mi L6_Rd- �b r2HH �b- iQ T`QpB/2 � mMB}2/ BMi2`7�+2 7Q`
bBKTH2 +HB2Mi BMi2`QT2`�#BHBiv- i?2 b2`p2` 2tTQb2b � _1ah �SA mbBM; CaPLX
h?2 �SA Bb #mBHi �`QmM/ `2bQm`+2b �M/ 7QHHQrb #�bB+ _1ah T`BM+BTH2b (9j)X

aBKBH�`Hv iQ i?2 b2T�`�iBQM Q7 +HB2Mi �TTHB+�iBQMb- i?2 _1ah �SA Bb bTHBi BMiQ
i?`22 ;`QmTb, +QMbQH2- b2imT- �M/ rQ`FbT�+2X

9X9XR �mi?Q`Bx�iBQM
.2T2M/BM; QM i?2 `2[mB`2/ �mi?Q`Bx�iBQM K2i?Q/ �M/ i?2 `2[m2bi2/ �SA- 2�+?
`2[m2bi Kmbi BM+Hm/2 �M �mi?Q`Bx�iBQM iQF2M U9XkXkVX h?2 b2imT �SA `2[mB`2b
�M 2K�BH p2`B}+�iBQM iQF2M iQ #2 BM+Hm/2/ �b T�`i Q7 i?2 `2[m2bi BM Q`/2` iQ
QT2M � rQ`FbT�+2 `2[m2bi U9XkX9VX AMbi2�/- i?2 +QMbQH2 �M/ rQ`FbT�+2 �SAb
2tT2+i �M �++2bb iQF2M iQ #2 T`2b2Mi BM i?2 `2[m2biX h?2 bvbi2K ?�b `2H�t2/
`mH2b- �b 7Q` ?Qr i?2 �++2bb iQF2M Bb BM+Hm/2/ BM i?2 `2[m2biX lb2`b +�M �ii�+?
i?2 �++2bb iQF2M BM i?2 �mi?Q`Bx�iBQM ?2�/2` Q7 `2[m2bi U"2�`2` IiQF2M=V-
Q` BM+Hm/2 Bi BM i?2 [m2`v T�`�K2i2`b U�++2bbniQF2M4IiQF2M=V- Q` 2p2M BM
i?2 #Q/v Q7 i?2 `2[m2bi U]�++2bbniQF2M], IiQF2M=VX

h?2 �SA `Qmi2b /2b+`B#2/ BM i?2 7QHHQrBM; bm#b2+iBQMb �MMQi�i2/ #v �M �bi2`BbF
bvK#QH U V `2[mB`2 bm+? �mi?Q`Bx�iBQMX

9X9Xk �SA o2`bBQMBM;
6Q` 7mim`2 #�+Fr�`/ +QKT�iB#BHBiv- �HH �SA `Qmi2b �`2 T`2}t2/ rBi? � f�TBfpR
iQ 2Mbm`2 i?�i �Mv M2r K�DQ` �SA mT/�i2 rQmH/ `2[mB`2 mb2`b iQ Dmbi brBi+?
i?2 `Qmi2 T`2}t- 2X;X- f�TBfpkX

9X9Xj *QMbQH2 �SA
h?2b2 `Qmi2b �`2 T`2}t2/ rBi? f+QMbQH2- �M/ �HH `2H�i2 iQ bvbi2K �/KBMBb@
i`�iBQMX h?2`27Q`2- i?2 +HB2Mi �TTHB+�iBQM mb2b i?Qb2 �SA `Qmi2b T`BK�`BHvX
�++2bbB#BHBiv Q7 i?2b2 `Qmi2b Bb T`2/B+�i2/ QM +QMbQH2 �++QmMi �mi?2MiB+�iBQMX

9X9XjXR �mi?2MiB+�iBQM

hQ `2i`B2pBM; �M �++2bb iQF2M 7Q` i?2 +QMbQH2 �SA- � mb2` M22/b iQ �mi?2MiB+�i2
i?2Kb2Hp2b rBi? +QMbQH2 �++QmMi +`2/2MiB�HbX h?2 �mi?2MiB+�iBQM `2bTQMb2 Q7
i?2 b2`p2` Bb � T�B` Q7 �mi?Q`Bx�iBQM iQF2Mb U9XkXjVX

9X9XjXk �mi?2MiB+�iBQM �SA _Qmi2b

h?2b2 `Qmi2b 2tTQb2 7mM+iBQM�HBiv 7Q` Q#i�BMBM; +QMbQH2 �++QmMi �mi?2MiB+�iBQM
�M/ `2;Bbi`�iBQM- �M/ �mi?Q`Bx�iBQM iQF2M K�M�;2K2MiX

j8



9X AKTH2K2Mi�iBQM

Ç SPah f+QMbQH2fHQ;BM h?Bb `Qmi2 Bb mb2/ 7Q` mb2`b iQ HQ; BM rBi? i?2B`
+QMbQH2 �++QmMi mb2`M�K2 �M/ T�bbrQ`/ +`2/2MiB�Hb T�bb2/ BM i?2 #Q/v
Q7 i?2 `2[m2biX A7 i?Bb `2[m2bi bm++22/b- i?2 �SA `2bTQM/b rBi? �M �m@
i?Q`Bx�iBQM iQF2M T�B` �M/ >hhS bi�imb +Q/2 kyy- A7 i?2 mb2`M�K2 Q`
T�bbrQ`/ /Q MQi K�i+? �Mv Q7 i?2 `2;Bbi2`2/ �++QmMib- i?2 �SA `2bTQM/b
rBi? bi�imb +Q/2 9yyX

Ç SPah f+QMbQH2f`2;Bbi2` h?Bb `Qmi2 Bb mb2/ iQ +`2�i2 � M2r +QMbQH2
�++QmMi rBi? i?2 ;Bp2M T�B` Q7 mb2`M�K2 �M/ T�bbrQ`/X A7 i?2 +`2�iBQM
Q7 i?2 M2r +QMbQH2 �++QmMi bm++22/b- i?2 �SA `2bTQM/b rBi? � `2bTQMb2
+Q/2 kyRX A7 �M 2``Q` Q++m`b- bm+? �b mb2`M�K2 Bb �H`2�/v i�F2M- i?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 9yyX

Ç SPah f+QMbQH2fiQF2Mf`27`2b? h?Bb `Qmi2 Bb mb2/ iQ `2[m2bi � M2r
�++2bb iQF2M mbBM; � `27`2b? iQF2MX A7 i?2 `27`2b? iQF2M Bb p�HB/- i?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 kyy- �ii�+?BM; �M �mi?Q`Bx�iBQM iQF2M T�B` BM
i?2 `2bTQMb2 #Q/vX A7 � `27`2b? iQF2M Bb BMp�HB/ U+Q``mTi2/- `2pQF2/- Q`
2tTB`2/V- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9yyX

Ç SPah f+QMbQH2fiQF2Mf`2pQF2 h?Bb `Qmi2 Bb mb2/ iQ `2pQF2 �M 2tBbiBM;
`27`2b? iQF2M T`QpB/2/ BM i?2 `2[m2biX A7 i?2 `27`2b? iQF2M Bb p�HB/- i?2
�SA `2bTQM/b rBi? bi�imb +Q/2 ky9 �M/ �M 2KTiv `2bTQMb2 #Q/vX A7 � `2@
7`2b? iQF2M Bb BMp�HB/ U+Q``mTi2/- `2pQF2/- Q` 2tTB`2/V- i?2 �SA `2bTQM/b
rBi? bi�imb +Q/2 9yyX

9X9XjXj *QMbQH2 �++QmMi �SA _Qmi2b

h?2b2 `Qmi2b 2tTQb2 7mM+iBQM�HBiv 7Q` i?2 K�M�;2K2Mi Q7 +QMbQH2 �++QmMibX

Ç :1h f+QMbQH2f�++QmMi h?Bb `Qmi2 Bb mb2/ 7Q` HBbiBM; �HH 2tBbiBM; +QM@
bQH2 �++QmMib BM i?2 bvbi2KX h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 kyy-
BM+Hm/BM; �HH +QMbQH2 �++QmMib BM Bib #Q/vX

Ç .1G1h1 f+QMbQH2f�++QmMif&mb2`M�K2' h?Bb K2i?Q/ Bb mb2/ 7Q` /2H2i@
BM; 2tBbiBM; +QMbQH2 �++QmMib #v i?2B` mb2`M�K2 BM+Hm/2/ BM i?2 �SA
`Qmi2 �b � T�`�K2i2`X A7 � +QMbQH2 �++QmMi rBi? i?2 mb2`M�K2 2tBbib-
i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 ky9 �M/ �M 2KTiv #Q/vX A7 � mb2`
i`B2b iQ /2H2i2 i?2B` QrM �++QmMi- r?B+? i?2v �`2 HQ;;2/ BM �b- i?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 9yjX A7 � T`QpB/2/ mb2`M�K2 Bb MQi �bbQ+B�i2/
rBi? �Mv +QMbQH2 �++QmMi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

9X9XjX9 qQ`FbT�+2 �SA _Qmi2b

h?2b2 `Qmi2b 2tTQb2 7mM+iBQM�HBiv 7Q` i?2 HBbiBM; Q7 2tBbiBM; rQ`FbT�+2b �M/
i?2B` QrM2`b?BT i`�Mb72`X

je



9X9X _1ah �SA

Ç :1h f+QMbQH2frQ`FbT�+2 h?Bb `Qmi2 Bb mb2/ 7Q` HBbiBM; �HH 2tBbiBM;
rQ`FbT�+2bX h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 kyy- BM+Hm/BM; �HH
rQ`FbT�+2b BM Bib #Q/vX

Ç SPah f+QMbQH2f&rQ`FbT�+2nB/'fi`�Mb72` h?Bb K2i?Q/ Bb mb2/ 7Q`
i`�Mb72``BM; QrM2`b?BT Q7 i?2 rQ`FbT�+2 iQ � /Bz2`2Mi rQ`FbT�+2 mb2`-
r?Qb2 B/ Bb 2tT2+i2/ iQ #2 T`2b2Mi BM i?2 #Q/v Q7 i?2 `2[m2biX A7 i?2 mb2`
2tBbib- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 kyy- �ii�+?BM; i?2 mT/�i2/
rQ`FbT�+2 BM Bib #Q/vX A7 i?2 B/ T`QpB/2/ BM i?2 `2[m2bi Bb MQi �bbQ+B�i2/
rBi? �Mv mb2` BM i?2 ;Bp2M rQ`FbT�+2- Q` B7 i?2 rQ`FbT�+2 B/ Bb MQi
�bbQ+B�i2/ rBi? �Mv rQ`FbT�+2- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç :1h f+QMbQH2f&rQ`FbT�+2nB/'fmb2` h?Bb K2i?Q/ Bb mb2/ 7Q` HBbiBM;
rQ`FbT�+2 mb2`b Q7 i?2 rQ`FbT�+2- r?B+? B/ Bb T�bb2/ �b `Qmi2 T�`�K2i2`X
A7 i?2 rQ`FbT�+2 2tBbib- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 kyy- �ii�+?BM;
Bib mb2`b BM i?2 #Q/v Q7 i?2 `2bTQMb2X A7 i?2 rQ`FbT�+2 /Q2b MQi 2tBbi-
i?2 �SA `2bTQMb2 rBi? bi�imb +Q/2 9y9X

9X9XjX8 qQ`FbT�+2 _2[m2bi �SA _Qmi2b

h?2b2 `Qmi2b 2tTQb2 7mM+iBQM�HBiv 7Q` i?2 HBbiBM; Q7 2tBbiBM; rQ`FbT�+2 `2[m2bib
�M/ i?2B` +QM}`K�iBQM �M/ /2+HBM2X

Ç :1h f+QMbQH2frQ`FbT�+2f`2[m2bi h?Bb `Qmi2 Bb mb2/ 7Q` HBbiBM; �HH
2tBbiBM; rQ`FbT�+2 `2[m2bibX h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 kyy-
BM+Hm/BM; �HH rQ`FbT�+2 `2[m2bib BM Bib #Q/vX

Ç SPah f+QMbQH2f`2[m2bif&`2[m2binB/'f+QM7B`K h?Bb `Qmi2 Bb mb2/
7Q` +QM}`K�iBQM Q7 rQ`FbT�+2 `2[m2bibX h?2 �SA `2bTQM/b rBi? bi�imb
+Q/2 kyy- �ii�+?BM; i?2 mT/�i2/ rQ`FbT�+2 `2[m2bi BM Bib #Q/vX A7 i?2
rQ`FbT�+2 `2[m2bi ?�b �H`2�/v #22M +HQb2/kk- i?2 �SA `2bTQM/b rBi?
bi�imb +Q/2 9yyX A7 i?2 B/ /Q2b MQi +Q``2bTQM/ iQ �Mv 2tBbiBM; rQ`FbT�+2
`2[m2bi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç SPah f+QMbQH2f`2[m2bif&`2[m2binB/'f/2+HBM2 h?Bb `Qmi2 Bb mb2/
7Q` /2+HBMBM; Q7 rQ`FbT�+2 `2[m2bibX h?2 �SA `2bTQM/b rBi? bi�imb +Q/2
kyy- �ii�+?BM; i?2 mT/�i2/ rQ`FbT�+2 `2[m2bi BM Bib #Q/vX A7 i?2 rQ`F@
bT�+2 `2[m2bi ?�b �H`2�/v #22M +HQb2/- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2
9yyX A7 i?2 B/ /Q2b MQi +Q``2bTQM/ iQ �Mv 2tBbiBM; rQ`FbT�+2 `2[m2bi-
i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

kkh?2 rQ`FbT�+2 `2[m2bi Bb +HQb2/- B7 Bi Bb +QM}`K2/ Q` /2+HBM2/

jd



9X AKTH2K2Mi�iBQM

9X9X9 a2imT �SA
h?2b2 `Qmi2b �`2 T`2}t2/ rBi? fb2imT- �M/ �HH `2H�i2 iQ i?2 QT2MBM; Q7 rQ`F@
bT�+2 `2[m2bibX h?2v 7Q`K i?2 T`BK�`v +QMbmK2` Q7 i?Bb �SA Bb i?2 H�M/BM;
�TTHB+�iBQMX

9X9X9XR 1K�BH o2`B}+�iBQM �SA _Qmi2b

h?2b2 `Qmi2b 2tTQb2 7mM+iBQM�HBiv `2H�i2/ iQ i?2 p2`B}+�iBQM Q7 i?2 mb2`Ƕb 2K�BH
�//`2bb U9XkX9VX

Ç SPah fb2imTfp2`B7vf2K�BH h?Bb `Qmi2 Bb mb2/ 7Q` p2`B7vBM; mb2`Ƕb 2K�BH
�//`2bb T�bb2/ BM i?2 #Q/v Q7 i?2 `2[m2bi mbBM; � p2`B}+�iBQM 2K�BHX h?2
�SA `2bTQM/b rBi? bi�imb +Q/2 kyk �M/ �M 2KTiv `2bTQMb2 #Q/vX

Ç :1h fb2imTfp2`B7vf�mi?Q`Bivf&�mi?Q`Biv' h?Bb `Qmi2 Bb mb2/ 7Q`
p2`B7vBM; mb2`Ƕb 2K�BH �//`2bb T�bb2/ BM i?2 #Q/v Q7 i?2 `2[m2bi mbBM;
�M 2ti2`M�H P�mi?kXy +QKTHB�Mi �mi?Q`BivkjX h?2 �SA 2tT2+ib i?2 �m@
i?Q`Biv B/2MiB}2` iQ #2 T`2b2Mi �b i?2 `Qmi2` T�`�K2i2`- �M/ i?2 BMBiB�H
bi�i2 Bb T�bb2/ �b i?2 `2[m2biǶb [m2`v T�`�K2i2`X h?2 �SA `2bTQM/b
rBi? bi�imb +Q/2 jyR- `2/B`2+iBM; i?2 +HB2Mi iQ +QKTH2i2 i?2 P�mi?kXy
�mi?2MiB+�iBQM rBi? i?2 2ti2`M�H �mi?Q`BivX A7 i?2 `272`2M+2/ �mi?Q`Biv
/Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

9X9X9Xk qQ`FbT�+2 _2[m2bi *QKTH2iBQM �SA _Qmi2b

h?2b2 `Qmi2b 2tTQb2 7mM+iBQM�HBiv 7Q` +QKTH2iBM; � b2imT T`Q+2bb Q7 QT2MBM; �
rQ`FbT�+2 `2[m2biX

Ç SPah fb2imTf+QKTH2i2f2K�BH h?Bb `Qmi2 Bb mb2/ 7Q` QT2MBM; � `2[m2bi
7Q` � rQ`FbT�+2 rBi? �M 2K�BH �//`2bb p2`B}2/ mbBM; � p2`B}+�iBQM 2K�BHX
h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 kyR- �ii�+?BM; i?2 QT2M2/ rQ`FbT�+2
`2[m2bi BM Bib #Q/vX A7 p2`B}+�iBQM BM7Q`K�iBQM T`QpB/2/ Bb BMp�HB/- i?2
�SA `2bTQM/b rBi? bi�imb +Q/2 9yRX A7 i?2 M�K2 Q7 i?2 rQ`FbT�+2 Bb
2Bi?2` BMp�HB/ Q` +QHHB/2b rBi? �M �H`2�/v 2tBbiBM; QM2- i?2 �SA `2bTQM/b
rBi? bi�imb +Q/2 9yyX

Ç SPah fb2imTf+QKTH2i2f�mi?Q`Biv h?Bb `Qmi2 Bb mb2/ 7Q` QT2MBM; �
rQ`FbT�+2 `2[m2bi mbBM; i?2 �mi?Q`Biv p2`B}+�iBQM T`Q+2bbX h?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 kyR- �ii�+?BM; i?2 +`2�i2/ rQ`FbT�+2 BM Bib
#Q/vX A7 p2`B}+�iBQM +QKTH2i2b rBi? �M 2``Q`- i?2 �SA `2bTQM/b rBi?
bi�imb +Q/2 9yRX A7 i?2 M�K2 Q7 i?2 rQ`FbT�+2 Bb 2Bi?2` BMp�HB/ Q` +QHHB/2b
rBi? �M �H`2�/v 2tBbiBM; QM2- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9yyX

kj*m``2MiHv i?2 QMHv �mi?Q`Biv BKTH2K2Mi2/ Bb aBHB+QM >BHH rBi? �mi?Q`Biv B/2MiB}2`
bBHB+QMn?BHHX

j3



9X9X _1ah �SA

9X9X8 qQ`FbT�+2 �SA
h?2b2 �`2 i?2 `2bi Q7 i?2 �SA `Qmi2b �M/ T`2b2Mi i?2 T`BK�`v r�v Q7 BMi2`�+iBM;
rBi? � bT2+B}+ rQ`FbT�+2X h?2`27Q`2- i?2 rQ`FbT�+2 �TTHB+�iBQM Bb i?2 T`BK�`v
+QMbmK2` Q7 i?2b2 `Qmi2bX h?2 �++2bb iQ K�DQ`Biv Q7 i?2b2 `Qmi2b Bb T`2/B+�i2/
QM rQ`FbT�+2 �++QmMi �mi?2MiB+�iBQMX

9X9X8XR �mi?2MiB+�iBQM �SA _Qmi2b

h?2b2 `Qmi2b �`2 mb2/ iQ �mi?2MiB+�i2 mb2`b rBi? i?2 bvbi2K mbBM; 2ti2`M�H
�mi?Q`BiB2b- �b r2HH �b iQ b2i mT �M/fQ` +?�M;2 mb2`bǶ T�bbrQ`/bX

Ç :1h fHQ;BMf&�mi?Q`Biv' h?Bb `Qmi2 Bb mb2/ 7Q` `2[m2biBM; i?2 mb2` �m@
i?2MiB+�iBQM mbBM; �M 2ti2`M�H P�mi?kXy +QKTHB�Mi �mi?Q`Bivk9X h?2
�SA 2tT2+ib i?2 �mi?Q`Biv B/2MiB}2` iQ #2 T`2b2Mi �b i?2 `Qmi2` T�@
`�K2i2` �M/ i?2 BMBiB�H bi�i2 T�bb2/ �b i?2 [m2`v T�`�K2i2` Q7 i?2 `2@
[m2biX h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 jyR- `2/B`2+iBM; i?2 +HB2Mi iQ
+QKTH2i2 i?2 P�mi?kXy �mi?2MiB+�iBQM rBi? i?2 �mi?Q`BivX A7- ?Qr2p2`-
i?2`2Ƕb MQ �mi?Q`Biv �bbQ+B�i2/ rBi? i?2 ;Bp2M �mi?Q`Biv B/2MiB}2`- i?2
�SA `2im`Mb bi�imb +Q/2 9y9X

Ç :1h f�mi?f&�mi?Q`Biv' 1ti2`M�H P�mi?kXy +QKTHB�Mi �mi?Q`BiB2b mb2
i?Bb `Qmi2 �b i?2 `2/B`2+i l_AX 1�+? bmTTQ`i2/ �mi?Q`Biv Bb `2;Bbi2`2/ �
p2`bBQM Q7 i?Bb `Qmi2 rBi? Bib bT2+B}+ �mi?Q`Biv B/2MiB}2`X h?Bb `2/B`2+ib
+HB2Mib iQ i?2 l_A 2M+Q/2/ BM i?2 bi�i2 [m2`v T�`�K2i2` Q7 i?2 `2[m2biX

Ç SPah fHQ;BMf�mi?Q`Biv h?Bb `Qmi2 Bb mb2/ iQ +QKTH2i2 i?2 HQ;BM mbBM;
�M 2ti2`M�H �mi?Q`Biv 2tT2+iBM; P�mi?kXy �mi?Q`Bx�iBQM +Q/2- �b r2HH �b
�mi?Q`Biv B/2MiB}2` �M/ i?2 bi�i2 T�bb2/ BM i?2 #Q/v Q7 i?2 `2[m2biX h?2
�SA `2bTQM/b rBi? bi�imb +Q/2 kyy �M/ � T�B` Q7 �mi?Q`Bx�iBQM iQF2Mb
U9XkXjV- +`2�iBM; � rQ`FbT�+2 mb2` �++QmMi B7 Bi Bb i?2 }`bi iBK2 7Q` i?2
mb2` HQ;;BM; BM i?2 ;Bp2M rQ`FbT�+2X A7 i?2 mb2` Bb #�MM2/- i?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 9yyX A7 i?2 rQ`FbT�+2 i?2 mb2` Bb i`vBM; iQ HQ;
BM- Q` �mi?Q`Biv �bbQ+B�i2/ rBi? i?2 ;Bp2M B/2MiB}2` /Q2b MQi 2tBbi- i?2
�SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç SPah fT�bbrQ`/ h?Bb `Qmi2 Bb mb2/ 7Q` b2iiBM; � M2r �++QmMi T�bbrQ`/-
T�bb2/ BM i?2 #Q/v Q7 i?2 `2[m2biX h?2 �SA `2bTQM/b rBi? bi�imb +Q/2
ky9 �M/ �M 2KTiv `2bTQMb2 #Q/vX

9X9X8Xk P�mi?kXy �SA _Qmi2b

h?2 bvbi2K BKTH2K2Mib � bm#b2i Q7 P�mi?kXy (jN)- M�K2Hv i?2 T�bbrQ`/ �M/
`27`2b?niQF2M ;`�Mi ivT2bX h?2 �SA �HbQ �HHQrb 7Q` `27`2b? iQF2M `2pQ+�iBQMX

k9*m``2MiHv i?2 QMHv �mi?Q`Biv BKTH2K2Mi2/ Bb aBHB+QM >BHH rBi? �mi?Q`Biv B/2MiB}2`
bBHB+QMn?BHHX

jN



9X AKTH2K2Mi�iBQM

Ç SPah fQ�mi?kfiQF2M h?Bb Bb � bi�M/�`/ P�mi?kXy `2[m2bi 2t+2Ti 7Q`
i?2 T�bbrQ`/ ;`�Mi ivT2- r?B+? BM �//BiBQM iQ mb2`M�K2 �M/ T�bbrQ`/
p�Hm2b �HbQ 2tT2+ib � rQ`FbT�+2 M�K2 T�bb2/ �b rQ`FbT�+2X h?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 kyy �M/ �M �mi?Q`Bx�iBQM iQF2M T�B` BM i?2
`2bTQMb2 #Q/vX A7 i?2 `2[m2bi Bb BMp�HB/- i?2 �SA `2bTQM/b rBi? bi�imb
+Q/2 9yyX A7 �M mMbmTTQ`i2/ ;`�Mi ivT2 Bb `2[m2bi2/- i?2 �SA `2bTQM/b
rBi? bi�imb +Q/2 8yRX AM +�b2 Q7 i?2 T�bbrQ`/ ;`�Mi ivT2- B7 � rQ`FbT�+2
M�K2 Bb BMp�HB/- i?2 rQ`FbT�+2 rBi? i?2 ;Bp2M M�K2 /Q2b MQi 2tBbi- i?2
mb2` Bb #�MM2/- Q` 2Bi?2` mb2`M�K2 Q` T�bbrQ`/ /Q MQi K�i+?- i?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 9yy- �b r2HHX AM +�b2 Q7 `27`2b?niQF2M ;`�Mi
ivT2- B7 ;Bp2M `27`2b? iQF2M Bb BMp�HB/- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2
9yy- iQQX

Ç SPah fQ�mi?kfiQF2Mf`2pQF2 h?Bb `Qmi2 Bb mb2/ 7Q` `27`2b? iQF2M `2@
pQ+�iBQMX h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 ky9 �M/ �M 2KTiv #Q/vX
AM +�b2 Q7 �M BMp�HB/ `27`2b? iQF2M #2BM; T`QpB/2/- i?2 �SA `2bTQM/b
rBi? bi�imb +Q/2 9yyX

9X9X8Xj qQ`FbT�+2 �SA _Qmi2b

h?2b2 `Qmi2b 2tTQb2 7mM+iBQM�HBiv 7Q` i?2 HBbiBM; Q7 2tBbiBM; rQ`FbT�+2b- i?2B`
QrM2`b?BT i`�Mb72`- �M/ /2H2iBQMX

Ç :1h frQ`FbT�+2 h?Bb `Qmi2 Bb mb2/ 7Q` i?2 HBbiBM; Q7 rQ`FbT�+2bX h?2
�SA `2bTQM/b rBi? bi�imb +Q/2 kyy �M/ � HBbi Q7 2tBbiBM; rQ`FbT�+2b BM Bib
#Q/vX h?2 `Qmi2 �HbQ bmTTQ`ib i?2 �//BiBQM Q7 � M�K2 [m2`v T�`�K2i2`-
BM r?B+? +�b2 i?2 �SA `2im`Mb Dmbi i?2 rQ`FbT�+2 rBi? i?2 ;Bp2M M�K2X
A7 bm+? rQ`FbT�+2 /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç SPah frQ`FbT�+2fi`�Mb72` h?Bb `Qmi2 Bb mb2/ #v rQ`FbT�+2 QrM2`b
iQ i`�Mb72` QrM2`b?BT Q7 i?2 rQ`FbT�+2 iQ � /Bz2`2Mi mb2`X h?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 ky9 �M/ �M 2KTiv `2bTQMb2 #Q/vX A7 � mb2`
i`vBM; iQ i`�Mb72` i?2 QrM2`b?BT Q7 i?2 rQ`FbT�+2 Bb MQi Bib QrM2`- i?2
�SA `2bTQM/b rBi? bi�imb +Q/2 9yRX A7 i?2 mb2` i?2 rQ`FbT�+2 Bb #2BM;
i`�Mb72``2/ iQ /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç .1G1h1 frQ`FbT�+2 h?Bb `Qmi2 Bb mb2/ 7Q` /2H2iBM; i?2 rQ`FbT�+2bX
h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 kyy �M/ �M mT/�i2/ rQ`FbT�+2 BM
Bib #Q/vX A7 � mb2` i`B2b iQ /2H2i2 i?2 rQ`FbT�+2 Bb MQi Bib QrM2`- i?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 9yRX

9X9X8X9 lb2` �SA _Qmi2b

h?2b2 `Qmi2b 2tTQb2 7mM+iBQM�HBiv 7Q` HBbiBM; rQ`FbT�+2 mb2`b- +?�M;BM; i?2B`
T2`KBbbBQMb- �M/ mb2` /2H2iBQMX

9y



9X9X _1ah �SA

Ç :1h fmb2` h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2 K�BMi�BM2`b- �/@
KBMb- �M/ i?2 rQ`FbT�+2 QrM2`X h?2 �SA `2bTQM/b rBi? bi�imb +Q/2
kyy- �ii�+?BM; � HBbi Q7 mb2`b BM i?2 #Q/v Q7 i?2 `2bTQMb2X

Ç :1h fmb2`fK2 h?Bb `Qmi2 `2bTQM/b rBi? bi�imb +Q/2 kyy- �ii�+?BM; i?2
+m``2MiHv HQ;;2/ BM mb2` BM Bib #Q/vX

Ç .1G1h1 fmb2`fK2 h?Bb `Qmi2 Bb mb2/ 7Q` /2H2iBM; i?2 mb2`Ƕb �++QmMiX
h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 ky9 �M/ �M 2KTiv `2bTQMb2 #Q/vX
A7 � rQ`FbT�+2 QrM2` i`B2b iQ /2H2i2 i?2Kb2Hp2b- i?2 �SA `2bTQM/b rBi?
bi�imb +Q/2 9yjX

Ç Slh fmb2`fK2fT`Q7BH2 h?Bb `Qmi2 mT/�i2b mb2`Ƕb T`Q}H2 iQ � M2r QM2-
T�bb2/ BM i?2 #Q/v Q7 i?2 `2[m2biX h?2 �SA `2bTQM/b rBi? bi�imb +Q/2
kyy- �ii�+?BM; i?2 mT/�i2/ mb2` BM Bib #Q/vX

Ç :1h fmb2`f&B/' h?Bb `Qmi2 `2im`Mb mb2`b `272`2M+2/ #v i?2B` B/- i?�i Bb
T�bb2/ �b i?2 `Qmi2 T�`�K2i2`X h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2
K�BMi�BM2`b- �/KBMb- �M/ i?2 rQ`FbT�+2 QrM2`X h?2 �SA `2bTQM/b rBi?
bi�imb +Q/2 kyy- �ii�+?BM; `272`2M+2/ mb2` BM Bib #Q/vX A7 i?2 `272`2M+2/
mb2` /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç S�h*> fmb2`f&B/'f`QH2 h?Bb `Qmi2 b2ib `272`2M+2/ mb2`Ƕb `QH2X h?Bb
`Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2 K�BMi�BM2`b- �/KBMb- �M/ i?2 rQ`F@
bT�+2 QrM2`X h?2 �SA `2im`Mb bi�imb +Q/2 kyy- �ii�+?BM; mT/�i2/ mb2`
BM Bib #Q/vX A7 � `2[m2bi2` i`B2b iQ /2KQi2 � mb2` rBi? ?B;?2` T`BpBH2;2b-
Q` i`B2b iQ ;`�Mi ?B;?2` T`BpBH2;2b i?�M i?2B` QrM- i?2 �SA `2bTQM/b rBi?
bi�imb +Q/2 9yRX A7 � `2[m2bi2` i`B2b iQ +?�M;2 i?2B` QrM `QH2- i?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 9yjX A7 i?2 `272`2M+2/ mb2` /Q2b MQi 2tBbi- i?2
�SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç S�h*> fmb2`f&B/'f#�M h?Bb `Qmi2 iQ;;H2b `272`2M+2/ i?2 mb2`Ƕb #�MX
h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2 K�BMi�BM2`b- �/KBMb- �M/ i?2
rQ`FbT�+2 QrM2`X h?2 �SA `2im`Mb bi�imb +Q/2 kyy- �ii�+?BM; mT/�i2/
mb2` BM Bib #Q/vX A7 � `2[m2bi2` i`B2b iQ iQ;;H2 i?2 #�M Q7 � mb2` rBi?
?B;?2` T`BpBH2;2b- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9yRX A7 � `2[m2bi2`
i`B2b iQ iQ;;H2 i?2B` QrM #�M bi�imb- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2
9yjX A7 i?2 `272`2M+2/ mb2` /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb
+Q/2 9y9X

9X9X8X8 _2bQm`+2 �SA _Qmi2b

h?2b2 `Qmi2b 2tTQb2 7mM+iBQM�HBiv 7Q` HBbiBM; �M/ K�M�;2K2Mi Q7 `2bQm`+2bX

Ç :1h f`2bQm`+2 h?Bb `Qmi2 HBbib �HH `2bQm`+2b BM i?2 rQ`FbT�+2 `2bTQM/@
BM; rBi? bi�imb +Q/2 kyyX

9R



9X AKTH2K2Mi�iBQM

Ç :1h f`2bQm`+2f&B/' h?Bb `Qmi2 Bb mb2/ iQ `2i`B2p2 � `2bQm`+2 `272`@
2M+2/ #v Bib B/ T�bb2/ �b i?2 `Qmi2 T�`�K2i2`X h?2 �SA `2bTQM/b rBi?
bi�imb +Q/2 kyy- �ii�+?BM; i?2 `2bQm`+2 BM Bib #Q/vX A7 i?2 `272`2M+2/
`2bQm`+2 /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç SPah f`2bQm`+2 h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2 K�BMi�BM@
2`b- �/KBMb- �M/ i?2 rQ`FbT�+2 QrM2`- �M/ Bi Bb mb2/ iQ +`2�i2 M2r
`2bQm`+2b rBi? ;Bp2M M�K2 �M/ /2b+`BTiBQM T�bb2/ BM i?2 #Q/v Q7 i?2
`2[m2biX h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 kyR- �ii�+?BM; i?2 +`2�i2/
`2bQm`+2 BM Bib #Q/vX

Ç Slh f`2bQm`+2f&B/' h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2 K�BM@
i�BM2`b- �/KBMb- �M/ i?2 rQ`FbT�+2 QrM2`- �M/ Bi Bb mb2/ iQ mT/�i2 i?2
`2bQm`+2 rBi? � ;Bp2M M�K2 �M/ /2b+`BTiBQM T�bb2/ BM i?2 #Q/v Q7 i?2
`2[m2biX h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 kyy- �ii�+?BM; i?2 mT/�i2/
`2bQm`+2 BM Bib #Q/vX A7 i?2 `272`2M+2/ `2bQm`+2 /Q2b MQi 2tBbi- i?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç .1G1h1 f`2bQm`+2f&B/' h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2
K�BMi�BM2`b- �/KBMb- �M/ i?2 rQ`FbT�+2 QrM2`- �M/ Bi Bb mb2/ iQ /2H2i2
i?2 `272`2M+2/ `2bQm`+2X h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 ky9 �M/ �M
2KTiv #Q/vX A7 i?2 `272`2M+2/ `2bQm`+2 /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b
rBi? bi�imb +Q/2 9y9X

Ç S�h*> f`2bQm`+2f&B/'fiQ;;H2 h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`F@
bT�+2 K�BMi�BM2`b- �/KBMb- �M/ i?2 rQ`FbT�+2 QrM2`- �M/ Bi Bb mb2/ iQ
iQ;;H2 i?2 �+iBp2 bi�imb Q7 i?2 `272`2M+2/ `2bQm`+2X h?2 �SA `2bTQM/b
rBi? bi�imb +Q/2 kyy- �ii�+?BM; i?2 mT/�i2/ `2bQm`+2 BM Bib #Q/vX A7 i?2
`272`2M+2/ `2bQm`+2 /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2
9y9X

9X9X8Xe _2b2`p�iBQM �SA _Qmi2b

h?2b2 `Qmi2b 2tTQb2 7mM+iBQM�HBiv iQ +`2�i2 �M/ K�M�;2 `2b2`p�iBQMbX

Ç :1h f`2b2`p�iBQM h?Bb `Qmi2 HBbib �HH `2b2`p�iBQMb BM i?2 rQ`FbT�+2
`2bTQM/BM; rBi? bi�imb +Q/2 kyyX h?2 `Qmi2 �HbQ T`QpB/2b QTiBQMb 7Q`
}Hi2`BM; #�b2/ QM i?2 `2b2`p�iBQM iBK2 T2`BQ/X � `2[m2bi2` +�M T`QpB/2
/�i2nbi�`i- /�i2n2M/- Q` #Qi? /�i2b �b [m2`v T�`�K2i2`b 7Q`KBM; �
BMi2`p�HX A7 }Hi2`BM; T�`�K2i2`b �`2 T`QpB/2/- i?2 �SA `2bTQM/b QMHv
rBi? `2b2`p�iBQMb- r?B+? BMi2`p�Hb BMi2`b2+i rBi? i?2 QM2 7Q`K2/ #v i?2
[m2`v T�`�K2i2`bX

Ç SPah f`2b2`p�iBQM h?Bb `Qmi2 Bb mb2/ 7Q` +`2�iBM; `2b2`p�iBQMb 7`QK
i?2 T`QT2`iB2b T�bb2/ BM i?2 #Q/v Q7 i?2 `2[m2biX h?2 �SA `2bTQM/b
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rBi? bi�imb +Q/2 kyR- �ii�+?BM; i?2 +`2�i2/ `2b2`p�iBQM BM Bib #Q/vX A7
� rQ`FbT�+2 mb2` i`B2b iQ +`2�i2 � `2b2`p�iBQM MQi �bbB;M2/ iQ i?2K- i?2
�SA `2bTQM/b rBi? bi�imb +Q/2 9yRX A7 �M BMp�HB/ /�i2 `�M;2 Bb b2H2+i2/-
bm+? �b `2b2`p�iBQM bi�`iBM; BM i?2 T�bi Q` 2M/BM; #27Q`2 Bi bi�`ib- i?2
�SA `2bTQM/b rBi? bi�imb +Q/2 9yyX

Ç :1h f`2b2`p�iBQMf&B/' h?Bb `Qmi2 Bb mb2/ 7Q` [m2`vBM; `2b2`p�iBQMb
#v i?2B` B/- r?B+? Bb T�bb2/ �b i?2 `Qmi2 T�`�K2i2` BM i?2 `2[m2biX h?2
�SA `2bTQM/b rBi? bi�imb +Q/2 kyy- �ii�+?BM; `272`2M+2/ `2b2`p�iBQM BM
Bib #Q/vX A7 i?2 `272`2M+2/ `2b2`p�iBQM /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b
rBi? bi�imb +Q/2 9y9X

Ç Slh f`2b2`p�iBQMf&B/' h?Bb `Qmi2 Bb mb2/ 7Q` mT/�iBM; `2b2`p�iBQMb
7`QK i?2 T`QT2`iB2b T�bb2/ BM i?2 #Q/v Q7 i?2 `2[m2biX h?2 �SA `2bTQM/b
rBi? bi�imb +Q/2 kyy- �ii�+?BM; mT/�i2/ `2b2`p�iBQM BM Bib #Q/vX A7 �
rQ`FbT�+2 mb2` i`B2b iQ `2�bbB;M � `2b2`p�iBQM iQ bQK2QM2 2Hb2 Q` i`v iQ
mT/�i2 i?2 `2b2`p�iBQM MQi �bbB;M2/ iQ i?2K- i?2 �SA `2bTQM/b rBi?
bi�imb +Q/2 9yRX A7 �M BMp�HB/ /�i2 `�M;2 Bb b2H2+i2/- bm+? �b `2b2`p�iBQM
bi�`iBM; BM i?2 T�bi Q` 2M/BM; #27Q`2 Bi bi�`ib- i?2 �SA `2bTQM/b rBi?
bi�imb +Q/2 9yyX A7 i?2 `2b2`p�iBQM ?�b �H`2�/v #22M +�M+2H2/- `2D2+i2/-
Q` +QKTH2i2/- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9yj URXjX8VX

Ç :1h f`2b2`p�iBQMf&B/'f2p2Mib h?Bb `Qmi2 Bb mb2/ 7Q` [m2`vBM; 2p2Mib
�bbQ+B�i2/ rBi? i?2 `272`2M+2/ `2b2`p�iBQM #v Bib B/- r?B+? Bb T�bb2/ �b
i?2 `Qmi2 T�`�K2i2` BM i?2 `2[m2biX h?2 �SA `2bTQM/b rBi? bi�imb +Q/2
kyy �ii�+?BM; � HBbi Q7 `272`2M+2/ `2b2`p�iBQM 2p2Mib- Q`/2`2/ BM �b+2M/@
BM; Q`/2` #v i?2B` 2p2Mi B/- BM Bib #Q/vX A7 i?2 `272`2M+2/ `2b2`p�iBQM
/Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç S�h*> f`2b2`p�iBQMf&B/'f+QM7B`K h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ
rQ`FbT�+2 K�BMi�BM2`b- �/KBMb- �M/ i?2 rQ`FbT�+2 QrM2`- �M/ Bi Bb mb2/
iQ +QM}`K � `2b2`p�iBQM `272`2M+2/ #v i?2 `Qmi2 T�`�K2i2`X h?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 kyy- �ii�+?BM; mT/�i2/ `2b2`p�iBQM BM Bib #Q/vX
A7 QM2 Q` KQ`2 `2bQm`+2b �`2 mM�p�BH�#H2 BM i?2 `2[m2bi2/ iBK2 `�M;2- Bi
#2;BMb BM i?2 T�bi- Q` i?2 +QM}`K�iBQM Q7 i?2 `2b2`p�iBQM rQmH/ +�mb2 �M
BMp�HB/ bi�i2 i`�MbBiBQM URXjX8V- i?2M i?2 �SA `2bTQM/b rBi? bi�imb +Q/2
9yjX A7 i?2 `272`2M+2/ `2b2`p�iBQM /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi?
bi�imb +Q/2 9y9X

Ç S�h*> f`2b2`p�iBQMf&B/'f+�M+2H h?Bb `Qmi2 Bb mb2/ iQ +�M+2H � `2b2`@
p�iBQM `272`2M+2/ #v i?2 `Qmi2 T�`�K2i2`X h?2 �SA `2bTQM/b rBi? bi�imb
+Q/2 kyy- �ii�+?BM; i?2 mT/�i2/ `2b2`p�iBQM BM Bib #Q/vX A7 � rQ`FbT�+2
mb2` i`B2b iQ +�M+2H � `2b2`p�iBQM i?�i Bb �bbB;M2/ iQ bQK2QM2 2Hb2- i?2
�SA `2bTQM/b rBi? bi�imb +Q/2 9yRX A7 i?2 +�M+2H�iBQM Q7 i?2 `2b2`p�iBQM
rQmH/ +�mb2 �M BMp�HB/ bi�i2 i`�MbBiBQM URXjX8V Q` i?2 `2b2`p�iBQM bi�`ib
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BM i?2 T�bi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9yjX A7 i?2 `272`2M+2/
`2b2`p�iBQM /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç S�h*> f`2b2`p�iBQMf&B/'f`2D2+i h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ
rQ`FbT�+2 K�BMi�BM2`b- �/KBMb- �M/ i?2 rQ`FbT�+2 QrM2`- �M/ Bi Bb mb2/
iQ `2D2+i � `2b2`p�iBQM `272`2M+2/ #v i?2 `Qmi2 T�`�K2i2`X h?2 �SA `2@
bTQM/b rBi? bi�imb +Q/2 kyy- �ii�+?BM; mT/�i2/ `2b2`p�iBQM BM Bib #Q/vX
A7 i?2 `2D2+iBQM Q7 i?2 `2b2`p�iBQM rQmH/ +�mb2 �M BMp�HB/ bi�i2 i`�MbB@
iBQM URXjX8V Q` i?2 `2b2`p�iBQM bi�`ib BM i?2 T�bi- i?2 �SA `2bTQM/b rBi?
bi�imb +Q/2 9yjX A7 i?2 `272`2M+2/ `2b2`p�iBQM /Q2b MQi 2tBbi- i?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 9y9X

9X9X8Xd _2b2`p�iBQM *QKK2Mi �SA _Qmi2b

h?2b2 `Qmi2b 2tTQb2 7mM+iBQM�HBiv 7Q` �//BM; +QKK2Mib iQ `2b2`p�iBQMb- i?2B`
2/BiBM;- �M/ /2H2iBQMX

Ç :1h f`2b2`p�iBQMf&`2b2`p�iBQMnB/'f+QKK2Mi h?Bb `Qmi2 HBbib +QK@
K2Mib �ii�+?2/ iQ i?2 `2b2`p�iBQM `272`2M+2/ #v i?2 `Qmi2 T�`�K2i2`-
`2bTQM/BM; rBi? bi�imb +Q/2 kyyX h?2 `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`F@
bT�+2 K�BMi�BM2`b- �/KBMb- �M/ i?2 rQ`FbT�+2 QrM2`bX A7 i?2 `2b2`p�iBQM
/Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç SPah f`2b2`p�iBQMf&`2b2`p�iBQMnB/'f+QKK2Mi h?Bb `Qmi2 Bb �++2b@
bB#H2 QMHv iQ rQ`FbT�+2 K�BMi�BM2`b- �/KBMb- �M/ i?2 rQ`FbT�+2 QrM2`b
�M/ Bi +`2�i2b � M2r +QKK2Mi 7`QK i?2 T`QT2`iB2b �ii�+?2/ BM i?2 `2@
[m2bi #Q/v 7Q` i?2 `272`2M+2/ `2b2`p�iBQMX h?2 �SA `2bTQM/b rBi? bi�imb
+Q/2 kyR- �ii�+?BM; i?2 +`2�i2/ `2b2`p�iBQM +QKK2Mi BM Bib #Q/vX A7 i?2
`2b2`p�iBQM /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç Slh f`2b2`p�iBQMf&`2b2`p�iBQMnB/'f+QKK2Mif&B/' PMHv iQ rQ`F@
bT�+2 K�BMi�BM2`b- �/KBMb- �M/ i?2 rQ`FbT�+2 QrM2`b +�M �++2bb i?Bb
`Qmi2- r?B+? Bb mb2/ iQ mT/�i2 `272`2M+2/ +QKK2Mi #v i?2 `Qmi2 T�`�K@
2i2` 7`QK i?2 T`QT2`iB2b �ii�+?2/ BM i?2 `2[m2bi #Q/vX h?2 �SA `2bTQM/b
rBi? bi�imb +Q/2 kyy- �ii�+?BM; i?2 mT/�i2/ `2b2`p�iBQM +QKK2Mi BM Bib
#Q/vX A7 i?2 mb2` i`vBM; iQ 2/Bi i?2 `272`2M+2/ +QKK2Mi Bb MQi Bib �mi?Q`-
i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9yRX A7 i?2 `272`2M+2/ +QKK2Mi Q`
i?2 `2b2`p�iBQM /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç .1G1h1 f`2b2`p�iBQMf&`2b2`p�iBQMnB/'f+QKK2Mif&B/' h?Bb `Qmi2
Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2 K�BMi�BM2`b- �/KBMb- �M/ i?2 rQ`FbT�+2
QrM2`b �M/ Bi Bb mb2/ iQ /2H2i2 `272`2M+2/ +QKK2Mi #v i?2 `Qmi2 T�`�K@
2i2`X h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 ky9 �M/ �M 2KTiv `2bTQMb2
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#Q/vX A7 i?2 mb2` i`vBM; iQ /2H2i2 i?2 `272`2M+2/ +QKK2Mi Bb MQi Bib �m@
i?Q`- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9yRX A7 i?2 `272`2M+2/ +QKK2Mi
Q` i?2 `2b2`p�iBQM /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

9X9X8X3 q2#?QQF �SA _Qmi2b

h?2b2 `Qmi2b 2tTQb2 7mM+iBQM�HBiv 7Q` +QM};m`BM; rQ`FbT�+2 r2#?QQFbX

Ç :1h fr2#?QQF h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2 �/KBMb �M/
i?2 rQ`FbT�+2 QrM2`- �M/ Bi Bb mb2/ 7Q` i?2 HBbiBM; Q7 r2#?QQFbX h?2
�SA `2bTQM/b rBi? bi�imb +Q/2 kyy- �ii�+?BM; �HH r2#?QQFb BM Bib #Q/vX

Ç SPah fr2#?QQF h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2 �/KBMb �M/
i?2 rQ`FbT�+2 QrM2`- �M/ Bi Bb mb2/ 7Q` +`2�iBM; r2#?QQFb 7`QK i?2
T`QT2`iB2b �ii�+?2/ BM i?2 #Q/v Q7 i?2 `2[m2biX h?2 �SA `2bTQM/b rBi?
bi�imb +Q/2 kyR- �ii�+?BM; i?2 +`2�i2/ r2#?QQF BM Bib #Q/vX

Ç :1h fr2#?QQFf&B/' h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2 �/KBMb
�M/ i?2 rQ`FbT�+2 QrM2`- �M/ Bi Bb mb2/ 7Q` [m2`vBM; r2#?QQFb #v i?2B`
B/- i?�i Bb T`2b2Mi �b i?2 `2[m2bi `Qmi2 T�`�K2i2`X h?2 �SA `2bTQM/b
rBi? bi�imb +Q/2 kyy- �ii�+?BM; `272`2M+2/ r2#?QQF BM Bib #Q/vX A7 i?2
`272`2M+2/ r2#?QQF /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2
9y9X

Ç Slh fr2#?QQFf&B/' h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2 �/KBMb
�M/ i?2 rQ`FbT�+2 QrM2`- �M/ Bi Bb mb2/ 7Q` mT/�iBM; r2#?QQFb #v i?2B`
B/- i?�i Bb T`2b2Mi �b i?2 `2[m2bi `Qmi2 T�`�K2i2`- mbBM; i?2 T`QT2`iB2b
7`QK i?2 #Q/v Q7 i?2 `2[m2biX h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 kyy-
�ii�+?BM; i?2 mT/�i2/ r2#?QQF BM Bib #Q/vX A7 i?2 `272`2M+2/ r2#?QQF
/Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

Ç .1G1h1 fr2#?QQFf&B/' h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2 �/@
KBMb �M/ i?2 rQ`FbT�+2 QrM2`- �M/ Bi Bb mb2/ 7Q` /2H2iBM; r2#?QQFb
#v i?2B` B/- i?�i Bb T`2b2Mi �b i?2 `2[m2bi `Qmi2 T�`�K2i2`X h?2 �SA
`2bTQM/b rBi? bi�imb +Q/2 ky9 rBi? �M 2KTiv `2bTQMb2 #Q/vX A7 i?2
`272`2M+2/ r2#?QQF /Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2
9y9X

Ç SPah fr2#?QQFf&B/'fi2bi h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`FbT�+2
�/KBMb �M/ i?2 rQ`FbT�+2 QrM2`- �M/ Bi Bb mb2/ 7Q` i2biBM; Q7 i?2 +QM@
};m`2/ r2#?QQF `272`2M+2/ i?2 #v Bib B/- i?�i Bb T`2b2Mi �b i?2 `2[m2bi
`Qmi2 T�`�K2i2`X h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 kyy- �ii�+?BM;
`2bTQMb2 7`QK i?2 `2KQi2 b2`p2` BM Bib #Q/vX A7 i?2 `272`2M+2/ r2#?QQF
/Q2b MQi 2tBbi- i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X
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Ç S�h*> fr2#?QQFf&B/'fiQ;;H2 h?Bb `Qmi2 Bb �++2bbB#H2 QMHv iQ rQ`F@
bT�+2 �/KBMb �M/ i?2 rQ`FbT�+2 QrM2`- �M/ Bi Bb mb2/ 7Q` iQ;;HBM; �+iBp@
Biv Q7 i?2 r2#?QQF `272`2M+2/ i?2 #v Bib B/- i?�i Bb T`2b2Mi �b i?2 `2[m2bi
`Qmi2 T�`�K2i2`X h?2 �SA `2bTQM/b rBi? bi�imb +Q/2 kyy- �ii�+?BM;
mT/�i2/ r2#?QQF BM Bib #Q/vX A7 i?2 `272`2M+2/ r2#?QQF /Q2b MQi 2tBbi-
i?2 �SA `2bTQM/b rBi? bi�imb +Q/2 9y9X

9X8 1p2Mi aQm`+BM;
�b Bi r�b K2MiBQM2/ BM bm#b2+iBQM kX9X9- i?2 bvbi2K mb2b 2p2Mi bQm`+BM; iQ
biQ`2 i?2 p�bi K�DQ`Biv Q7 i?2 +Q`2 /QK�BM /�i�X

h?2`2 �`2 K�Mv r�vb i?2 2p2Mi bQm`+BM; +QmH/ #2 BKTH2K2Mi2/ (kN)(99)X h?2
QM2 BKTH2K2Mi2/- i?�i }i i?2 Qp2`�HH /2bB;M Q7 Qm` bvbi2K- r�b ?B;?Hv BMbTB`2/
#v i?2 QM2 T`2b2Mi2/ #v S?BHHBT� �p2`v- �M/ _Q#2`i _2i�- BM i?2B` T`2b2Mi�iBQM
(98) QM BKTH2K2MiBM; .QrMHQ�/b 72�im`2 BM L2i~BtX

9X8XR Pp2`pB2r
h?2 2p2Mi bQm`+BM; �/QTi2/ #v _a��a Bb #mBHi �`QmM/ �;;`2;�i2bX �;;`2;�i2 Bb
�M 2MiBiv i?�i +�M #2 /2+QKTQb2/ BMiQ � b2[m2M+2 Q7 2p2Mib URXjXjVX 6Q` 2�+? Q7
i?2K- i?2`2 Bb �M �;;`2;�i2 b2`pB+2 i?�i ?QH/b #mbBM2bb HQ;B+ �bbQ+B�i2/ rBi?
i?2 �;;`2;�i2X 1�+? �;;`2;�i2 b2`pB+2 ?�b �M �;;`2;�i2 `2TQbBiQ`v- i?�i Bb
`2bTQMbB#H2 7Q` +QKKmMB+�iBQM rBi? 2p2Mi biQ`2- r?2`2 i?2 2p2Mib �`2 biQ`2/-
�TTHvBM; i?2 2p2Mib QMiQ �;;`2;�i2b- �M/ 2t2+miBM; +QKK�M/bX h?Bb ~Qr Bb
+�Tim`2/ BM i?2 };m`2 9X9X

9X8Xk �;;`2;�i2 a2`pB+2
�;;`2;�i2 b2`pB+2b �`2 BKTH2K2Mi2/ �b +H�bb2b 7QHHQrBM; *QKK�M/ Zm2`v a2T@
�`�iBQM U*ZaV (9e) T`BM+BTH2X h?2v 2tTQb2 K2i?Q/b 7Q` [m2`vBM; i?2 �;;`2@
;�i2b UHBbiBM; 9XjV- �b r2HH �b � K2i?Q/ 7Q` 2t2+miBM; +QKK�M/b QM i?2K
UHBbiBM; 9X9VX

q?2M 2t2+miBM; +QKK�M/b- � b2`pB+2 +�M [m2`v Qi?2` b2`pB+2b iQ 2Mbm`2 #mbB@
M2bb BMp�`B�MibX >Qr2p2`- Bi /Q2b MQi T2`7Q`K i?2 +QKK�M/b /B`2+iHvX AMbi2�/-
b2`pB+2b mb2 i?2B` �bbQ+B�i2/ `2TQbBiQ`B2b iQ 2t2+mi2 i?2 +QKK�M/b U};m`2 9X8VX

R Tm#HB+ �bvM+ ;2i"vA/U
k rQ`FbT�+2A/, bi`BM;-
j `2b2`p�iBQMA/, bi`BM;-
9 V, S`QKBb2I_2b2`p�iBQM= & XXX '

GBbiBM; 9Xj, _2b2`p�iBQM a2`pB+2 Zm2`v J2i?Q/

9e



9X8X 1p2Mi aQm`+BM;

6B;m`2 9X9, 1p2Mi aQm`+BM; Pp2`pB2r

6B;m`2 9X8, a2`pB+2@_2TQbBiQ`v *QKK�M/ 2t2+miBQM

R Tm#HB+ �bvM+ +QM7B`KU
k `2b2`p�iBQM, _2b2`p�iBQM-
j +?�M;2/"v, _2b2`p�iBQMJ�M�;2`-
9 V, S`QKBb2IpQB/= & XXX '

GBbiBM; 9X9, _2b2`p�iBQM a2`pB+2 *QKK�M/ J2i?Q/

9d



9X AKTH2K2Mi�iBQM

6B;m`2 9Xe, �;;`2;�i2 _2TQbBiQ`v

6B;m`2 9Xd, *QKK�M/ >�M/H2`

9X8Xj �;;`2;�i2 _2TQbBiQ`v
�;;`2;�i2 _2TQbBiQ`B2b U};m`2 9XeV �`2 BKTH2K2Mi2/ �b +H�bb2b- +QKTQb2/ Q7 �
T�B` Q7 +QKK�M/ U9X8XjXRV �M/ 2p2Mi ?�M/H2` U9X8XjXkVX _2TQbBiQ`B2b mb2 i?2b2
?�M/H2`b 7Q` +QKK�M/ 2t2+miBQM- �b r2HH �b �TTHvBM; 2p2Mib QMiQ �;;`2;�i2bX

1�+? i?2 �;;`2;�i2 `2TQbBiQ`v /2`Bp2b 7`QK i?2 #�b2 +H�bb- i?�i BKTH2K2Mib
#2?�pBQ` 7Q` +QKK�M/ 2t2+miBQM- 2p2Mi �TTHB+�iBQM- �M/ 2p2Mi biQ`2 +QK@
KmMB+�iBQMX h?2 /2`Bp2/ +H�bb2b T`QpB/2 � +mbiQK BKTH2K2Mi�iBQM Q7 i?Qb2
?�M/H2`b- bT2+B}+ iQ i?2 �bbQ+B�i2/ �;;`2;�i2X

9X8XjXR *QKK�M/ >�M/H2`

*QKK�M/ ?�M/H2`b �`2 `2bTQMbB#H2 7Q` 2t2+miBM; +QKK�M/b QM ;Bp2M �;;`2@
;�i2bX h?2 QmiTmi Q7 +QKK�M/ ?�M/H2`b Bb � HBbi Q7 2p2Mib H2�/BM; i?2 �;;`2;�i2
iQ � M2r- /2bB`2/ bi�i2 U};m`2 9XdVX A7- ?Qr2p2`- bm+? � bi�i2 Bb MQi TQbbB#H2
iQ �+?B2p2 U2X;X- 2t2+miBM; � +QM}`K +QKK�M/ QM `2D2+i2/ `2b2`p�iBQMV- i?2
?�M/H2` +�M `2D2+i bm+? +QKK�M/ #v i?`QrBM; �M 2t+2TiBQMX

93



9X8X 1p2Mi aQm`+BM;

6B;m`2 9X3, 1p2Mi >�M/H2`

*QKK�M/ ?�M/H2`b �`2 BKTH2K2Mi2/ �b +H�bb2b- r?B+? K2i?Q/b +�M #2 `2;@
Bbi2`2/ iQ ?�M/H2 bT2+B}+ +QKK�M/b UHBbiBM; 9X8VX 1�+? ?�M/H2` +H�bb /2`Bp2b
7`QK � #�b2 +H�bb i?�i BMbi`mK2Mib +QKK�M/ 2t2+miBQM mbBM; +H�bbǶ `2;Bbi2`2/
K2i?Q/bX

R !*QKK�M/>�M/H2`U_2b2`p�iBQM*QKK�M/hvT2X+`2�i2V
k Tm#HB+ 2t2+mi2*`2�i2U
j �;;`2;�i2, _2b2`p�iBQM-
9 +QKK�M/, _2b2`p�iBQM*`2�i2*QKK�M/-
8 V, _2b2`p�iBQM1p2Mi() & XXX '

GBbiBM; 9X8, _2b2`p�iBQM *QKK�M/ >�M/H2` J2i?Q/ _2;Bbi`�iBQM

9X8XjXk 1p2Mi >�M/H2`

1p2Mi ?�M/H2`b �`2 `2bTQMbB#H2 7Q` �TTHvBM; 2p2Mib iQ ;Bp2M �;;`2;�i2b- i�FBM;
� HBbi Q7 2p2Mib- �M/ �;;`2;�i2 �b i?2 BMTmi �M/ QmiTmib mT/�i2/ �;;`2;�i2 U};@
m`2 9X3VX �TTHB+�iBQM Q7 2p2Mib Bb �M QT2`�iBQM i?�i �Hr�vb bm++22/b- `2bmHiBM;
BM � M2r �;;`2;�i2 bi�i2X

1p2Mi ?�M/H2`b- bBKBH�`Hv iQ +QKK�M/ ?�M/H2`b- �`2 BKTH2K2Mi2/ �b +H�bb2b-
r?B+? K2i?Q/b +�M #2 `2;Bbi2`2/ iQ ?�M/H2 bT2+B}+ 2p2Mib UHBbiBM; 9XeVX 1�+?
2p2Mi ?�M/H2` +H�bb /2`Bp2b 7`QK � #�b2 +H�bb- i?�i BMbi`mK2Mib 2p2Mi �TTHB+�@
iBQM mbBM; +H�bbǶ `2;Bbi2`2/ K2i?Q/bX

R !1p2Mi>�M/H2`U_2b2`p�iBQM1p2MihvT2X+`2�i2/V
k Tm#HB+ �TTHv*`2�i2/U
j �;;`2;�i2, _2b2`p�iBQM-
9 2p2Mi, _2b2`p�iBQM*`2�i2/1p2Mi-
8 V, _2b2`p�iBQM & XXX '

GBbiBM; 9Xe, _2b2`p�iBQM 1p2Mi >�M/H2` J2i?Q/ _2;Bbi`�iBQM

9N



9X AKTH2K2Mi�iBQM

6B;m`2 9XN, 1p2Mi aiQ`2

9X8X9 1p2Mi aiQ`2
h?2 2p2Mi biQ`2 T`QpB/2b �M �#bi`�+iBQM H�v2` �`QmM/ i?2 biQ`BM; Q7 i?2 2p2MibX
h?2 2p2Mi biQ`2 7Q`Kb � F2v@p�Hm2 biQ`2 (9d) i?�i biQ`2b HBbib Q7 2p2Mib BM `Qrb
B/2MiB}2/ #v i?2B` `Qr B/ U};m`2 9XNVX

� `Qr B/ Bb � bi`m+im`2/ bi`BM;- 7Q`K2/ #v �M �;;`2;�i2 M�K2- �M/ �Mv MmK#2`
Q7 `2H�i2/ B/2MiB}2`b Ubm+? �b rQ`FbT�+2 B/V b2T�`�i2/ #v +QHQMb- i?�i HQ;B+�HHv
;`QmTb `2H�i2/ 2p2Mib iQ;2i?2`X _Qr B/ +�M #2 i?Qm;?i Q7 �b bQ`i Q7 �M BM/2t
iQ � bT2+B}+ ;`QmT Q7 2p2MibX 6Q` 2t�KTH2- 2�+? `2b2`p�iBQM 2p2Mi Bb �bbB;M2/
� `Qr B/ #�b2/ QM i?2 rQ`FbT�+2 i?2v #2HQM; iQX

1�+? `Qr rBi?BM i?2 2p2Mi biQ`2 +�M +QMi�BM 2p2Mib `2H�i2/ iQ KmHiBTH2 �;;`2@
;�i2bX >Qr2p2`- 2�+? Q7 i?2K Kmbi #2 Q7 i?2 b�K2 ivT2k8 U};m`2 9XRyVX h?2
2p2Mi biQ`2 Bb �TT2M/@QMHv r?B+? K2�Mb i?�i 2p2Mib +�M QMHv #2 �TT2M/2/ �i
i?2 2M/ Q7 2�+? `Qr- #mi MQi mT/�i2/- MQ` /2H2i2/X

9X8X9XR h�#mH�` _2T`2b2Mi�iBQM

aBM+2 i?2 bvbi2K mb2b JvaZG �b i?2 /�i�#�b2- i?2 2p2Mi biQ`2 Bb `2T`2b2Mi2/
#v � bBM;H2 i�#H2- i?2 2p2Mibni�#H2 U};m`2 9XRRV- rBi? i?2 2p2MiǶb T`QT2`iB2b
K�TT2/ iQ i�#H2Ƕb +QHmKMbX

1p2Mi A/ h?Bb Bb i?2 T`BK�`v F2v Q7 i?2 i�#H2X Ai Bb b2[m2MiB�HHv BM+`2K2Mi2/
�M/ �bbB;M2/ iQ 2�+? 2p2Mi mTQM Bib T2`bBbi2M+2 BM i?2 /�i�#�b2X lbBM; i?Bb
F2v- r2 +�M `2T`2b2Mi 2�+? 2p2Mi BM � bT2+B}+ `Qr- �b Dmbi �MQi?2` `Qr BM

k8h?Bb K2�Mb i?�i QM2 `Qr +�M biQ`2 2p2Mib Q7 KmHiBTH2 `2b2`p�iBQM �;;`2;�i2b- ?Qr2p2`
Bi +�MMQi biQ`2 2p2Mib Q7 `2b2`p�iBQMb �M/ mb2`b

8y



9X8X 1p2Mi aQm`+BM;

1p2Mib Q7 �;;`2;�i2 R
1p2Mib Q7 �;;`2;�i2 k

6B;m`2 9XRy, aBM;H2 _Qr Q7 1p2Mi aiQ`2

i?2 2p2Mibni�#H2X h?2 #2M2}i Q7 ?�pBM; � mMB[m2 B/2MiB}2` �bbB;M2/ iQ 2�+?
2p2Mi Bb �M mM�K#B;mQmb Q`/2`BM; Q7 2p2MibX

_Qr A/ h?Bb +QHmKM /B`2+iHv i`�MbH�i2b iQ i?2 `Qr B/ Q7 i?2 2p2Mi biQ`2X h?Bb
+QHmKM Bb BM/2t2/ �M/ +�M #2 mb2/ iQ [m2`v i?2 2p2MibX

�;;`2;�i2 A/ h?Bb +QHmKM +QMi�BMb i?2 B/2MiB}2`- � bi`BM;- Q7 i?2 �;;`2;�i2
Bi #2HQM;b iQX h?Bb +QHmKM Bb BM/2t2/ �M/ +�M #2 mb2/ iQ [m2`v i?2 2p2MibX

hBK2bi�KT h?Bb +QHmKM +QMi�BMb i?2 iBK2bi�KT Q7 2p2Mi +`2�iBQMX Ai Bb
BM/2t2/ �M/ Bb mb2/ iQ }Hi2` i?2 2p2MibX

hvT2 h?Bb +QHmKM ?QH/b i?2 BM7Q`K�iBQM �#Qmi i?2 2p2Mi ivT2X Ai Bb MQi
BM/2t2/ �M/ i?2`27Q`2 MQi bmTTQb2/ iQ #2 [m2`B2/ �;�BMbi #v i?2 bvbi2KX
>Qr2p2`- Bi +�M #2 mb2/ 7Q` /2#m;;BM; Tm`TQb2bX

S�vHQ�/ h?Bb +QHmKM ?QH/b i?2 CaPL@2M+Q/2/ T�vHQ�/ Q7 i?2 2p2MiX h?Bb
+QHmKM Bb MQi BM/2t2/X

9X8X8 aM�Tb?QiiBM;
AM b2+iBQM kX8Xk- r2 `�Bb2/ TQi2MiB�H T2`7Q`K�M+2 Bbbm2b i?�i TQQ` BKTH2K2M@
i�iBQM Q7 2p2Mi bQm`+BM; K�v +�mb2X aT2+B}+�HHv- T`Q+2bbBM; � H�`;2 MmK#2` Q7
2p2Mib iQ +QKTH2i2 � `2[m2biX

PM2 T`2+�miBQM i�F2M Bb � ;`QmTBM; Q7 2p2Mib BMiQ `Qrb BM/2t #v i?2B` `Qr B/- �b
r2 K2MiBQM2/ BM i?2 T`2pBQmb b2+iBQM- r?B+? bB;MB}+�MiHv /2+`2�b2b i?2 MmK#2`

8R



9X AKTH2K2Mi�iBQM

S`BK�`v F2v +QHmKM
AM/2t2/ +QHmKMb
SH�BM /�i� +QHmKM

6B;m`2 9XRR, 1p2Mib h�#H2 ai`m+im`2

6B;m`2 9XRk, aM�Tb?Qi aiQ`2

Q7 2p2Mib M22/2/ iQ #2 T`Q+2bb2/ T2` `2[m2biX >Qr2p2`- B7 i?2 MmK#2` Q7 2p2Mib
BM � `Qr BM+`2�b2b bB;MB}+�MiHv- Bi K�v MQ HQM;2` K�F2 b2Mb2 iQ T`Q+2bb 2p2`v
bBM;H2 2p2Mi i?�i ?�TT2M2/ bBM+2 i?2 #2;BMMBM; Q7 i?2 bvbi2KX h?2 bvbi2K
BKTH2K2Mib � i2+?MB[m2 +�HH2/ bM�Tb?QiiBM; (93) iQ �pQB/ i?Bb bBim�iBQMX

9X8X8XR aM�Tb?Qib

� bM�Tb?Qi Bb � K�i2`B�HBx2/ pB2r i?�i 2M+�TbmH�i2b i?2 2MiB`2 ?BbiQ`v mMiBH �
T�`iB+mH�` TQBMi BM iBK2X AM i?2 +�b2 Q7 Qm` bvbi2K- � bM�Tb?Qi +�Tim`2b � HBbi
Q7 �;;`2;�i2b rBi? i?2 b�K2 `Qr B/ U};m`2 9XRkVX

aM�Tb?Qib �`2 +`2�i2/ #v �M �;;`2;�i2 `2TQbBiQ`B2b r?2M +2`i�BM +`Bi2`B� i?�i
+�M #2 +mbiQKBx2/ #v 2�+? `2TQbBiQ`v �`2 K2iX PM+2 i?2 bT2+B}+ +`Bi2`B� �`2
K2i- i?2 `2TQbBiQ`v +�Tim`2b i?2 +m``2Mi bi�i2 Q7 i?2 �;;`2;�i2b BM � bM�Tb?Qi-
i?�i Bb b2`B�HBx2/ �M/ biQ`2/ BM i?2 bM�Tb?Qi biQ`2X 6`QK i?Bb KQK2Mi QMr�`/b-
i?2 `2TQbBiQ`v- }`bi +?2+Fb 7Q` i?2 2tBbi2M+2 Q7 i?2 bM�Tb?Qi- �M/ B7 Bi 2tBbib-
T`Q+2bb2b QMHv i?2 2p2Mib i?�i r2`2 �//2/ �7i2` i?2 bM�Tb?Qi r�b +`2�i2/X

8k



9XeX J2bb�;2 "`QF2`

S`BK�`v F2v +QHmKM
SH�BM /�i� +QHmKM

6B;m`2 9XRj, aM�Tb?Qi h�#H2

9X8X8Xk h�#mH�` _2T`2b2Mi�iBQM

h?2 bM�Tb?Qi biQ`2- �b i?2 2p2Mi biQ`2- Bb `2T`2b2Mi2/ #v � bBM;H2 i�#H2- i?2
bM�Tb?Qini�#H2 U};m`2 9XRjV- K�TTBM; bM�Tb?QiǶb T`QT2`iB2b iQ i?2 i�#H2Ƕb
+QHmKMbX

_Qr A/ h?Bb Bb i?2 T`BK�`v F2v Q7 i?2 i�#H2- `2T`2b2MiBM; i?2 F2v #v r?B+?
i?2 K�i2`B�HBx2/ �;;`2;�i2b �`2 biQ`2/X

1p2Mi A/ h?Bb +QHmKM `2T`2b2Mib i?2 H�i2bi 2p2Mi T`Q+2bb2/ i?�i H2/ iQ i?2
bi�i2 Q7 i?2 K�i2`B�HBx2/ pB2r Q7 i?2 �;;`2;�i2bX h?Bb +QHmKM Bb MQi BM/2t2/X

S�vHQ�/ h?Bb +QHmKM `2T`2b2Mib K�i2`B�HBx2/ �;;`2;�i2b- r?B+? �`2 b2`B�HBx2/
BMiQ �M �``�v Q7 CaPL Q#D2+ibX

9Xe J2bb�;2 "`QF2`
�b Bi r�b K2MiBQM2/ BM b2+iBQM kX9X9- i?2 bvbi2K mb2b � K2bb�;2 #`QF2` iQ `2�H@
Bx2 �bvM+?`QMQmb +QKKmMB+�iBQM #2ir22M i?2 KQ/mH2bX JmHiBTH2 Qz@i?2@b?2H7
bQHmiBQMb- HBF2 E�7F� (9N) �M/ _�##BiJZ (8y) r2`2 +QMbB/2`2/X h?2 bvbi2K
2p2M mb2/ _�##BiJZ 7Q` � #`B27 T2`BQ/ Q7 iBK2 i?`Qm;?Qmi i?2 /2p2HQTK2Mi
Q7 i?2 T`QD2+iX >Qr2p2`- bBM+2 aBHB+QM >BHH BM7`�bi`m+im`2 /Q2b MQi BM+Hm/2 bm+?
K2bb�;BM; bQHmiBQM- i?2 #m`/2M +�mb2/ #v K�BMi2M�M+2 �M/ +QM};m`�iBQM Q7 �M
2ti2`M�H bvbi2K /2T2M/2M+v r�b i?2 T`BK�`v /2+B/BM; 7�+iQ` 7Q` BKTH2K2MiBM;
� +mbiQK- BM@K2KQ`v bQHmiBQMX

9XeXR Pp2`pB2r
h?2 T`BK�`v ;Q�H Q7 i?2 K2bb�;2 #`QF2` r�b iQ �HHQr 2p2Mi +QMbmK2`b iQ
bm#b+`B#2 7Q` /QK�BM 2p2Mib 2KBii2/ BM i?2 bvbi2KX h?2 F2v [m�HBiB2b Q7 i?2

8j



9X AKTH2K2Mi�iBQM

*QHmKM M�K2 .2b+`BTiBQM
2p2MinB/ B/ Q7 i?2 2p2Mi i?�i b?QmH/ #2 Tm#HBb?2/

2p2Mi b2`B�HBx2/ 2p2Mi
h�#H2 9XR, Pmi#Qt h�#H2

*QHmKM M�K2 .2b+`BTiBQM
+QMbmK2`nM�K2 M�K2 Q7 i?2 2p2Mi +QMbmK2`

H�i2bin+QMbmK2/ B/ Q7 i?2 H�i2bi +QMbmK2/ 2p2Mi
h�#H2 9Xk, AM#Qt h�#H2

K2bb�;2 r2`2 `2HB�#H2 Tm#HBb?BM; Q7 i?Qb2 2p2Mib U9XeXkV- �b r2HH �b- 2t�+iHv@
QM+2 /2HBp2`v Q7 i?2K iQ i?2 2p2Mi +QMbmK2`b U9XeXjVX

9XeXk Pmi#Qt
h?2 `2HB�#H2 Tm#HBb?BM; Q7 i?2 2p2Mib Bb `2�HBx2/ mbBM; i?2 Qmi#Qt T�ii2`M (8R)X
Ai Bb BKTH2K2Mi2/ mbBM; � bBM;H2 /�i�#�b2 i�#H2 rBi? +QHmKMb +�Tim`2/ BM i�#H2
9XRX h?2 Tm#HBb?2` Q7 i?2 2p2Mi Bb `2[mB`2/ iQ BMb2`i i?2 2MiB`2b BM i?2 b�K2
i`�Mb�+iBQM �b i?2v �`2 biQ`2/ BM i?2 2p2Mi biQ`2 U9X8X9VX

h?2 Qmi#Qt i�#H2 7Q`Kb � [m2m2- r?B+? �M Qmi#Qt T`Q+2bbQ` TQHHb 2p2`v kyyKb
7Q` M2r 2Mi`B2bX A7 i?2`2 �`2 bQK2 2Mi`B2b BM i?2 Qmi#Qt i�#H2- i?2 T`Q+2bbQ`
`2�/b i?2K Q`/2`2/ #v i?2B` 2p2Mi B/- �M/ /BbT�i+?2b i?2K iQ i?2 K2bb�;2
#`QF2`X h?2 K2bb�;2 #`QF2` i?2M T�bb2b 2�+? Q7 i?2K iQ 2p2`v bm#b+`B#2`X
PM+2 �HH Q7 i?2 bm#b+`B#2`b bm++2bb7mHHv T`Q+2bb i?2 2Mi`v- i?2 Qmi#Qt T`Q+2bbQ`
`2KQp2b Bi 7`QK i?2 Qmi#Qt i�#H2 U};m`2 9XR9VX

A7- ?Qr2p2`- i?2 � 7�BHm`2 Bb Q++m`b U};m`2 9XR8V- i?2 K2bb�;2 Bb MQi /2H2i2/-
�M/ i?2 Qmi#Qt T`Q+2bbQ` +m``2Mi BMpQ+�iBQM �#Q`ibX h?Bb 2Mbm`2b i?2 2Mi`B2b
�`2 /2H2i2/ QMHv B7 i?2v �`2 bm++2bb7mHHv T`Q+2bb2/ #v i?2 K2bb�;2 #`QF2`X

9XeXj AM#Qt
h?2 bvbi2K BKTH2K2Mib � bBKTHB}2/ p2`bBQM Q7 i?2 BM#Qt T�ii2`M (8k)- BM r?B+?
2�+? 2p2Mi +QMbmK2` K�BMi�BMb i`�+F Q7 i?2 H�i2bi +QMbmK2/ 2p2Mi BM i?2 BM#Qt
i�#H2 9XkX

1�+? 2p2Mi +QMbmK2` Bb �bbB;M2/ iQ � bm#b+`B#2`- i?�i Bb `2;Bbi2`2/ BM i?2
K2bb�;2 #`QF2`X PM+2 i?2 bm#b+`B#2` `2+2Bp2b �M 2Mi`v iQ +QMbmK2- Bi +?2+Fb
r?2i?2` i?2 B/ Q7 i?2 2p2Mi Bb ?B;?2` i?�M i?2 H�i2bi +QMbmK2/ QM2 7Q` i?2
;Bp2M +QMbmK2`X

A7 i?2 p�Hm2 Bb BM/22/ ;`2�i2`- i?2 2p2Mi Bb /2b2`B�HBx2/ �M/ T�bb2/ iQ i?2 2p2Mi
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9XeX J2bb�;2 "`QF2`

6B;m`2 9XR9, Pmi#Qt S�ii2`M Ĝ am++2bb7mH S`Q+2bbBM; Q7 1p2Mi

6B;m`2 9XR8, Pmi#Qt S�ii2`M Ĝ 6�BHm`2 1M+QmMi2`2/ .m`BM; 1p2Mi S`Q+2bbBM;

88



9X AKTH2K2Mi�iBQM

6B;m`2 9XRe, AM#Qt S�ii2`M Ĝ 6B`bi .2HBp2`v Q7 1p2Mi

+QMbmK2` U};m`2 9XReVX A7 i?2 +QMbmK2` bm++2bb7mHHv T`Q+2bb2b i?2 2p2Mi- i?2
H�i2bi +QMbmK2/ 2p2Mi B/ BM i?2 +QMbmK2` BM#Qt Bb mT/�i2/X

A7- ?Qr2p2`- bm#b+`B#2` Bb ?�M/2/ �H`2�/v T`Q+2bb2/ 2p2Mi- i?2 2p2Mi Bb B;MQ`2/
U};m`2 9XRdVX h?Bb r�v bm#b+`B#2` 2Mbm`2b 2�+? 2p2Mi Bb +QMbmK2/ QMHv QM+2
#v i?2 +QMbmK2`X

9XeX9 1p2Mi *QMbmK2`b
�Mv +H�bb BM i?2 bvbi2K i?�i rBb?2b iQ +QMbmK2 2p2Mib M22/ iQ #2 �MMQi�i2/
rBi? �M 1p2Mi*QMbmK2` /2+Q`�iQ` UHBbiBM; 9XdV- r?B+? `2;Bbi2`b i?2 +H�bb 7Q`
2p2Mi +QMbmKTiBQMX �7i2` i?2 +H�bb Bb �MMQi�i2/- i?2B` K2i?Q/b +�M #2 �MMQ@
i�i2/ rBi? �Mv MmK#2` Q7 1p2MiS�ii2`M /2+Q`�iQ`b UHBbiBM; 9X3V- r?B+? bT2+B7v
r?�i ivT2 Q7 2p2Mib i?2 K2i?Q/b b?QmH/ T`Q+2bbX

R !1p2Mi*QMbmK2`UV
k +H�bb qQ`FbT�+2_2[m2bi*QM7B`K�iBQMAM;2biQ`a2`pB+2 &
j XXX
9 '

GBbiBM; 9Xd, 1p2Mi *QMbmK2` *H�bb _2;Bbi`�iBQM

8e



9XeX J2bb�;2 "`QF2`

6B;m`2 9XRd, AM#Qt S�ii2`M Ĝ am#b2[m2Mi .2HBp2`v Q7 1p2Mi

R !1p2MiS�ii2`MUqQ`FbT�+2_2[m2bi1p2MihvT2X+QM7B`K2/V
k Tm#HB+ �bvM+ +QMbmK2*QM7B`K2/U
j 2p2Mi, qQ`FbT�+2_2[m2bi*QM7B`K2/1p2Mi-
9 V, S`QKBb2IpQB/= & XXX '

GBbiBM; 9X3, 1p2Mi S�ii2`M J2i?Q/ _2;Bbi`�iBQM

8d



9X AKTH2K2Mi�iBQM

9Xd q2#?QQFb
q2#?QQFb �`2 2bb2MiB�HHv +QM};m`�#H2 +�HH#�+Fb iQ `2KQi2 b2`pB+2b- r?B+? +�M
#2 /BbT�i+?2/ r?2M bT2+B}+ 2p2Mib U9XdXRV Q++m` BM i?2 bvbi2KX

9XdXR amTTQ`i2/ 1p2Mib
*m``2MiHv- i?2 bvbi2K bmTTQ`ib i?2 7QHHQrBM; bm#b2i Q7 `2b2`p�iBQM HB72 +v+H2
2p2Mib U�XkX9V,

Ç _2b2`p�iBQM +`2�i2/

Ç _2b2`p�iBQM +QM}`K2/

Ç _2b2`p�iBQM `2D2+i2/

Ç _2b2`p�iBQM +�M+2H2/

1�+? r2#?QQF +�M #2 +QM};m`2/ iQ #2 /BbT�i+?2/ r?2M �Mv QM2- Q` KQ`2 Q7
i?2b2 2p2Mib Q++m` BM i?2 bvbi2KX AM i?2 7mim`2 Bi Bb TH�MM2/ iQ 2ti2M/ i?2b2
2p2Mib rBi? �HH Q7 i?2 `2b2`p�iBQM HB72 +v+H2 2p2Mib �M/ �HbQ BM+Hm/2 `2bQm`+2
�M/ `2b2`p�iBQM +QKK2Mi 2p2MibX

9XdXk q2#?QQF _2�HBx�iBQM
q2#?QQFb �`2 BKTH2K2Mi2/ �b `2KQi2 >hhS SPah `2[m2bib (8j)X 1�+? r2#@
?QQF +�M +QM};m`2 i?2 l_G i?2 `2[m2bi b?QmH/ #2 b2Mi iQ- �M/ T�vHQ�/ 2M@
+Q/BM; ivT2X h?2 r2#?QQF /BbT�i+?2` Bb BKTH2K2Mi2/ �b �M 2p2Mi +QMbmK2`X
h?2`27Q`2- Bi Bb ;m�`�Mi22/ i?�i 2�+? 2p2Mi `2bmHib BM �HH `2;Bbi2`2/ r2#?QQFb
#2BM; /BbT�i+?2/X 1�+? r2#?QQF `2[m2bi b?QmH/ `2bTQM/ rBi? � bm++2bb >hhS
bi�imb +Q/2 UkttV (89)- Qi?2`rBb2- i?2 `2[m2bi Bb `2i`B2/X 1�+? r2#?QQF `2[m2bi
Bb `2i`B2/ mT iQ i?`22 iBK2b rBi? iBK2Qmib Q7 Ryy- kyy- �M/ 9yyKbX

9XdXj S�vHQ�/ o�HB/�iBQM
1�+? r2#?QQF >hhS `2[m2bi �HbQ BM+Hm/2b �M s@_2b2`p2@aB;M�im`2 ?2�/2`
rBi? �M >J�* (j3) bB;M�im`2 Q7 i?2 `2[m2biǶb T�vHQ�/ mbBM; � b2+`2i F2v-
r?B+? Bb T�`i Q7 i?2 2�+? r2#?QQFǶb +QM};m`�iBQMX h?Bb bB;M�im`2 +�M #2 mb2/
iQ p�HB/�i2 i?2 +Q``2+iM2bb Q7 i?2 T�vHQ�/X

9XdX9 h2biBM; Q7 q2#?QQFb
h?2 bvbi2K 2tTQb2b i?2 �SA 7Q` i2biBM; i?2 r2#?QQFb rBi? �`#Bi`�`v T�vHQ�/bX
� mb2` +QM};m`BM; i?2 r2#?QQF +�M BMpQF2 Bi rBi? � +mbiQK T�vHQ�/X h?2
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9X3X h2biBM;

6B;m`2 9XR3, q2#?QQF h2biBM;

b2`p2` i?2M /BbT�i+?2b i?2 r2#?QQF rBi? i?2 ;Bp2M T�vHQ�/ T�bbBM; `2bTQMb2ke

Q7 i?2 `2KQi2 b2`p2` #�+F iQ i?2 mb2` BM i?2 #Q/v Q7 i?2 b2`p2` `2bTQMb2 U};m`2
9XR3VX

9X3 h2biBM;
h2biBM; Bb �M BMi2;`�H T�`i Q7 �Mv /2p2HQTK2Mi T`Q+2bbX h?2`2 �`2 K�Mv K2i?@
Q/b iQ i2bi i?2 bvbi2KX h?Bb b2+iBQM /2b+`B#2b ?Qr T�`ib Q7 i?2 bvbi2K �`2
i2bi2/X

9X3XR *HB2Mi h2biBM;
*HB2Mi �TTHB+�iBQMb `2Hv 2MiB`2Hv QM K�Mm�H lA i2biBM;X h?Bb /2+BbBQM r�b
T`2/B+�i2/ QM i?2 BKTH2K2Mi�iBQM �M/ iQQHBM; +QKTH2tBiv Q7 �miQK�i2/ lA
i2biBM;- r?B+? r�b 7QmM/ BM2z2+iBp2 i?`Qm;?Qmi i?2 /2p2HQTK2MiX 62�im`2b
T`QpB/2/ #v +HB2Mi �TTHB+�iBQM iQQHb- bm+? �b ?Qi `2HQ�/BM; (88)- T`QpB/2 �M
2{+B2Mi r�v iQ +?�M;2 �M/ /2#m; i?2 +Q/2X

9X3Xk a2`p2` h2biBM;
AMBiB�HHv- i?2 }`bi p2`bBQM Q7 i?2 b2`p2` T�`i Q7 i?2 bvbi2K r�b BKTH2K2Mi2/
rBi?Qmi �Mv �miQK�i2/ i2bibX �HH i2biBM; r�b /QM2 i?`Qm;? i?2 lA Q` i?2
_1ah �SAX h?Bb /2+BbBQM r�b K�/2 iQ KBMBKBx2 �Mv mMr�Mi2/ +QmTHBM; #2@
ir22M i?2 BKTH2K2Mi�iBQM �M/ +Q/2 BM i?2 #2;BMMBM; Q7 i?2 T`QD2+i- �M/ iQ
`2/m+2 i?2 iBK2 iQ /2HBp2`v Q7 Bib BMBiB�H p2`bBQMX

keAM+Hm/2/ �`2 i?2 `2bTQMb2 bi�imb +Q/2- ?2�/2`b �M/ Bib #Q/vX

8N



9X AKTH2K2Mi�iBQM

6B;m`2 9XRN, h2bi Sv`�KB/

>Qr2p2`- �7i2` i?2 i?2 bvbi2K ;`2r iQ � +2`i�BM bBx2- � H�`;2 MmK#2` Q7 `2@
;`2bbBQMb bi�`i2/ iQ bHQr /QrM i?2 /2p2HQTK2Mi bB;MB}+�MiHvX hQ KBMBKBx2
i?2 `2;`2bbBQMb �M/ iQ BKT`Qp2 Qp2`�HH +Q/2 [m�HBiv- i?2 i2+?MB[m2b bm+? �b
QTTQ`imMBbiB+ `27�+iQ`BM; (8e)- �//BM; i2bib iQ `27�+iQ`2/ TB2+2b Q7 +Q/2- �M/
h2bi@.`Bp2M .2p2HQTK2Mi Uh..V (8d)- r?2M �//BM; M2r 72�im`2b- ;Qi 2K@
THQv2/X

lbBM; i?2b2 i2+?MB[m2b- i?2 bvbi2K �+?B2p2/ ?B;? i2bi +Qp2`�;2- �b `2[mB`2/ #v
L6_RN- BM+`2�b2/ /2p2HQTK2Mi p2HQ+Biv- �b r2HH �b- `2/m+2/ /2#m;;BM; iBK2X
*m``2MiHv- i?2 b2`p2` i2bib 7Q`K � i2bi Tv`�KB/ U};m`2 9XRNV- r?2`2 i?2`2 Bb �
H�`;2 MmK#2` Q7 mMBi i2bib U9X3XkXRV- 7QHHQr2/ #v BMi2;`�iBQM i2bib U9X3XkXkV �M/
� bK�HH MmK#2` Q7 2M/@iQ@2M/ i2bib U9X3XkXjVX

9X3XkXR lMBi h2bib

.2}MBiBQM, � mMBi i2bi Bb �M �miQK�i2/ TB2+2 Q7 +Q/2 i?�i BMpQF2b i?2 mMBi
Q7 rQ`F #2BM; i2bi2/- �M/ i?2M +?2+Fb bQK2 �bbmKTiBQMb �#Qmi � bBM;H2 2M/
`2bmHi Q7 i?�i mMBiX � mMBi i2bi Bb �HKQbi �Hr�vb r`Bii2M mbBM; � mMBi i2biBM;
7`�K2rQ`FX Ai +�M #2 r`Bii2M 2�bBHv �M/ `mMb [mB+FHvX AiǶb i`mbirQ`i?v- `2�/�#H2-
�M/ K�BMi�BM�#H2X AiǶb +QMbBbi2Mi BM Bib `2bmHib �b HQM; �b T`Q/m+iBQM +Q/2 ?�bMǶi
+?�M;2/X (83)

h?2 bvbi2K /2HB#2`�i2Hv 7QHHQrb bm+? p�;m2 /2}MBiBQM- 2bT2+B�HHv �`QmM/ i?2

ey



9X3X h2biBM;

ǵmMBi Q7 rQ`FǶ mM/2` i2bi- #2+�mb2 Bi /2T2M/b QM 2�+? i2biǶb +QMi2tiX AM bQK2
+�b2b ǵmMBi Q7 rQ`FǶ `272`b iQ � bBM;H2 K2i?Q/ Q` � 7mM+iBQM- BM Qi?2`b iQ �
;`QmT Q7 K2i?Q/b Q` �M 2MiB`2 +H�bbX

lMBi i2bib 7Q+mb T`BK�`BHv QM i2biBM; i?2 #mbBM2bb HQ;B+ Q7 i?2 bvbi2K- �+?B2pBM;
� RyyW i2bi +Qp2`�;2 Q7 i?2 #mbBM2bb HQ;B+ +Q/2X h?2v 7Q`K i?2 K�DQ`Biv Q7
i?2 bvbi2K i2bib #2+�mb2 i?2v �`2 i?2 +?2�T2bi U7�bi2biV iQ `mMX

hQ K�BMi�BM i?2 +H�`Biv Q7 i?2 mMBi i2bib- �HH Q7 i?2K 7QHHQr �``�M;2@�+i@�bb2`i
U���V bi`m+im`2 (8N) U2t�KTH2 BM +Q/2 HBbiBM; 9XNVX

�``�M;2 h?2 �``�M;2 b2+iBQM Bb `2bTQMbB#H2 7Q` i?2 i2bi b2imTX h?Bb `�M;2b
7`QK K2i?Q/ �`;mK2Mi BMBiB�HBx�iBQM iQ BMbi�MiB�iBQM Q7 Q#D2+ib #2BM; i2bi2/X
h?2 F2v T`BM+BTH2 7QHHQr2/ Bb i?�i �HH K2i?Q/b Q` +QMbi`m+iQ`b mb2/ BM i?Bb
b2+iBQM b?QmH/ #2 T�`i Q7 i?2 Tm#HB+ �SA 2tTQb2/ #v i?2 +H�bb2bfKQ/mH2b mb2/
BM i?2 i2biX �HbQ- 7Q` i2bi BbQH�iBQM- mbBM; 7�F2b Bb T`272``2/ iQ mbBM; KQ+Fb
Q` bim#b bQ i?�i i?2 i2bib KBKB+ +QM/BiBQMb �b +HQb2 iQ i?2 `2�H- T`Q/m+iBQM
2MpB`QMK2Mi- �b TQbbB#H2X

�+i h?2 �+i b2+iBQM Bb `2bTQMbB#H2 7Q` T2`7Q`KBM; i?2 ǵrQ`FǶ mM/2` i2biX

�bb2`i h?2 �bb2`i b2+iBQM Bb `2bTQMbB#H2 7Q` p�HB/�iBM; i?2 `2bmHib Q7 i?2 i2bi
�;�BMbi i?2 2tT2+i�iBQMbX h?2 T`BM+BTH2 7QHHQr2/ BM i?Bb b2+iBQM Bb iQ ?�p2 Dmbi
QM2 �bb2`i r?2M2p2` TQbbB#H2X lbm�HHv- ?�pBM; KQ`2 i?�M QM2 �bb2`i BM � i2bi
bm;;2bib i?2 i2bi b?QmH/ #2 #`QF2M /QrM BMiQ KmHiBTH2 QM2bX

9X3XkXk AMi2;`�iBQM h2bib

.2}MBiBQM, AMi2;`�iBQM i2bib /2i2`KBM2 B7 BM/2T2M/2MiHv /2p2HQT2/ mMBib Q7
bQ7ir�`2 rQ`F +Q``2+iHv r?2M i?2v �`2 +QMM2+i2/ iQ 2�+? Qi?2`X (ey)

AM i?2 +QMi2ti Q7 Qm` bvbi2K- i?2 ǵBM/2T2M/2MiHv /2p2HQT2/Ƕ mMBib �`2 Bib KQ/@
mH2b UkX9XjVX

aBM+2 mMBi i2bib +Qp2` i?2 7mM+iBQM�HBiv rBi?BM 2�+? Q7 i?2 KQ/mH2b- BMi2;`�iBQM
i2bib /Q MQi M22/ iQ `2T2�i +Qp2`�;2 Q7 �HH Q7 i?2 2/;2 +QM/BiBQMb +Qp2`2/ #v
i?2 mMBi i2bibX AMbi2�/- i?2v 7Q+mb QM KQ/mH2 BMi2;`�iBQMX h?2b2 i2bib �`2
ivTB+�HHv 7QmM/ BM KQ/mH2b BM i?2 2/;2 KQ/mH2 H�v2` UkX9XjV i?�i BKTH2K2Mi
_1ah �SAX 6Q` 2t�KTH2- i?2 +Q/2 HBbiBM; 9XRy b?Qrb i?2 `2bQm`+2 _1ah �SA
+QMi`QHH2` #2BM; i2bi2/- i?�i mb2b #Qi?- mb2`@�++2bb �M/ `2bQm`+2@`2b2`p�iBQM
KQ/mH2bX

AMi2;`�iBQM i2bib- bBKBH�`Hv iQ mMBi i2bib- M22/ iQ #2 BbQH�i2/- bT2+B}+�HHv- 7`QK
2ti2`M�H b2`pB+2b U2X;X- /�i�#�b2VX 6Q` �+?B2pBM; i?Bb FBM/ Q7 BbQH�iBQM- BMi2@
;`�iBQM i2bib- HBF2 mMBi i2bib- �HbQ T`272` mbBM; 7�F2b iQ KQ+Fb Q` bim#bX

eR



9X AKTH2K2Mi�iBQM

R BiU^b?QmH/ +QM7B`K i?2 `2b2`p�iBQM^- �bvM+ UV 4= &
k ff �``�M;2
j +QMbi `2b2`p�iBQM 4 K�F2n/27�mHi_2b2`p�iBQM"mBH/2`UVX#mBH/UVc
9 +QMbi �bbB;M22 4 M2r �bbB;M22U^NN^Vc
8 +QMbi +?�M;2/"v 4 M2r _2b2`p�iBQMJ�M�;2`U
e ^NN^-
d lb2`_QH2XK�BMi�BM2`-
3 Vc
N �r�Bi 2772+in+`2�i2_2b2`p�iBQMU

Ry `2b2`p�iBQM-
RR K�F2n+`2�i2S�`�KbU^NN^- �bbB;M22- +?�M;2/"vV-
Rk Vc
Rj

R9 ff �+i
R8 �r�Bi `2b2`p�iBQMa2`pB+2X+QM7B`KU`2b2`p�iBQM- +?�M;2/"vVc
Re

Rd ff �bb2`i
R3 +QMbi `2bmHi 4 �r�Bi `2b2`p�iBQMa2`pB+2X;2i"vA/U^i2bi^- ^NN^Vc
RN 2tT2+iU`2bmHiX;2iai�i2UVVXiQ"2U_2b2`p�iBQMai�i2X+QM7B`K2/Vc
ky 'Vc

GBbiBM; 9XN, lMBi h2bi 1t�KTH2

R BiU^b?QmH/ +`2�i2 � M2r `2bQm`+2^- �bvM+ UV 4= &
k �r�Bi 2772+in+`2�i2PrM2`qBi?A/U^NN^Vc
j

9 +QMbi `2bmHi 4 �r�Bi +QMi`QHH2`X+`2�i2U
8 K�F2nQrM2`�mi?Q`Bx2/_2[m2biqBi?A/U^NN^V-
e M2r *`2�i2_2bQm`+2.hPU^i2bi `2bQm`+2^- ^i2bi /2b+`BTiBQM^V-
d Vc
3

N 2tT2+iU`2bmHiVXiQ1[m�HU
Ry M2r _2bQm`+2U
RR 2tT2+iX�MvUai`BM;V-
Rk ^i2bi^-
Rj ^i2bi `2bQm`+2^-
R9 ^i2bi /2b+`BTiBQM^-
R8 V-
Re Vc
Rd 'Vc

GBbiBM; 9XRy, AMi2;`�iBQM h2bi 1t�KTH2

ek



9X3X h2biBM;

9X3XkXj 1M/@iQ@1M/ h2bib

1M/@iQ@2M/ i2bib ivTB+�HHv 2t2`+Bb2 i?2 2MiB`2 �TTHB+�iBQM bi�+FX aBM+2 i?2
bvbi2K mb2b Tm`2Hv K�Mm�H i2biBM; 7Q` �HH +HB2Mi �TTHB+�iBQMb- 2M/@iQ@2M/ i2bib
QKBi i?2 lA �M/ 7Q+mb QM i2biBM; i?2 2MiB`2 b2`p2` T�`i Q7 i?2 bvbi2K i?`Qm;?
Bib _1ah �SAX

h?2 F2v T`BM+BTH2- 7QHHQr2/ #v 2M/@iQ@2M/ i2bib- Bb iQ KB``Q` i?2 bvbi2K 2MpB@
`QMK2Mi �b +HQb2 iQ i?2 T`Q/m+iBQM QM2 �b TQbbB#H2X h?Bb BM+Hm/2b mb�;2 Q7 i?2
b�K2 /�i�#�b2 UJvaZGV �M/ +QKKmMB+�iBM; rBi? i?2 bvbi2K QMHv i?`Qm;?
Tm#HB+Hv �++2bbB#H2 �SAbX

aBM+2 2M/@iQ@2M/ i2bib �`2 i?2 KQbi 2tT2MbBp2 iQ `mM- i?2v 7Q`K QMHv � bK�HH
T�`i Q7 i?2 bvbi2KǶb i2bibX

9X3XkX9 :QH/2M J�bi2` h2bi

:QH/2M K�bi2` i2biBM; Bb ivTB+�HHv mb2/ r?2M BMi2`�+iBM; rBi? � H2;�+v bvbi2K
Q` +Q/2#�b2X (eR)

lbm�HHv- i?2 i2bi 2t2+mi2b � p�HB/ b+2M�`BQ �;�BMbi i?2 bvbi2K- T2`bBbiBM; Bib
QmiTmibX h?2M- B7 � +?�M;2 iQ i?2 bvbi2K Q` +Q/2#�b2 Bb K�/2- i?2 b�K2 i2bi
b+2M�`BQ Bb `2@`mM +QKT�`BM; i?2 `2bmHibX h?2 T`BK�`v ;Q�H Q7 i?Bb i2bi Bb iQ
/2i2+i +?�M;2b BM #2?�pBQ` �M/ 2Mbm`2 i?�i �HH +?�M;2b �`2 �++QmMi2/ 7Q` #v
?�pBM; �M �+im�H T2`bQM p�HB/�i2 i?2 /Bz2`2M+2 BM `2bmHibX A7 � +?�M;2 BM i?2
`2bmHib Bb 2tT2+i2/- i?2 T2`bQM mT/�i2b i?2 `272`2M+2 `2bmHibX

h?2 _a��a mb2b � p2`bBQM Q7 i?2 ;QH/2M K�bi2` i2bi �b r2HHX h?2 7�+i i?�i
i?2 bvbi2KǶb +Q`2 KQ/mH2b �`2 2p2Mi@bQm`+2/ QT2Mb mT � TQbbB#BHBiv Q7 MQi
`2+Q`/BM; Dmbi i?2 +QKKmMB+�iBQM rBi? i?2 bvbi2K- #mi BMbi2�/ Bib 2p2Mi HQ;
U9X8X9VX h?2`27Q`2- �Mv /2pB�iBQM BM i?2 `2bmHib MQi QMHv K2�Mb i?�i bQK2i?BM;
BM i?2 bvbi2K +?�M;2/ #mi `�i?2` i?�i i?2 �+im�H bi�i2 Q7 i?2 bvbi2K +?�M;2/X

9X3Xj lb2` h2biBM;
lb2` i2biBM; r�b T�`i Q7 i?2 /2p2HQTK2Mi T`Q+2bb bBM+2 i?2 }`bi Tm#HB+Hv �++2b@
bB#H2 p2`bBQMX 6`QK i?2 p2`v #2;BMMBM; Q7 i?2 T`QD2+i- Bi r�b TH�MM2/ iQ /2THQv
i?2 bvbi2K 7Q` mb2`b iQ i`v �b bQQM �b TQbbB#H2- 2p2M r?2M i?2 bvbi2K r�b mM/2`
�+iBp2 /2p2HQTK2Mi- �M/ iQ `QHH Qmi #m; }t2b �M/ 72�im`2b +QMiBMmQmbHvX

h?2 T`BK�`v mb2`b Q7 i?2 bvbi2Kb r2`2 aBHB+QM >BHH /2T�`iK2Mi `2T`2b2Mi�iBp2b-
T`2b2Mi QM i?2 K22iBM;b �M/ /Bb+mbbBQMb i?�i r2`2 ?2H/ i?`Qm;?Qmi i?2 /2p2H@
QTK2Mi T`Q+2bb- T`QpB/BM; i?2B` 722/#�+F- �M/ `2TQ`iBM; 7QmM/ #m;bX 1p2M
rBi? � `Q#mbi i2bi bmBi2 BM TH�+2- � MmK#2` Q7 #m;b r2`2 `2TQ`i2/ QM i?2
K�DQ`Biv Q7 i?2 b2bbBQMb U2X;X- BMp�HB/ /�i�#�b2 bi`BM; 2M+Q/BM;VX

ej



9X AKTH2K2Mi�iBQM

.m`BM; i?2b2 b2bbBQMb- i?2`2 r2`2 �HbQ B/2MiB}2/ M2r `2[mB`2K2Mib �M/ /QK�BM
�bT2+ib Q7 i?2 bvbi2K- bm+? �b i?2 M22/ 7Q` rQ`FbT�+2 +`2�iBQM #2BM; T`2/B+�i2/
QM +QM}`K�iBQM Q7 � rQ`FbT�+2 `2[m2bi #v � bvbi2K �/KBMBbi`�iQ` Q` � M22/
7Q` `2b2`p�iBQM +QKK2MibX
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*QM+HmbBQM

h?2 K�BM ;Q�H Q7 i?Bb i?2bBb r�b iQ +`2�i2 � TH�i7Q`K 7Q` i?2 +`2�iBQM �M/
K�M�;2K2Mi Q7 ;2M2`�H@Tm`TQb2 `2b2`p�iBQM bvbi2KbX h?Bb ;Q�H r�b /2}MBi2Hv
K2iX .m`BM; i?2 TH�i7Q`K /2p2HQTK2Mi r2 rQ`F2/ +HQb2Hv rBi? p�`BQmb aBHB+QM
>BHH /2T�`iK2Mib- r?B+? �`2 i?2 T`BK�`v +HB2Mib Q7 i?2 bvbi2KǶb TBHQi p2`bBQMX
h?�MFb iQ i?2 �`+?Bi2+im`�H /2+BbBQMb K�/2 2�`Hv BM i?2 /2p2HQTK2Mi T`Q+2bb
r2 r2`2 �#H2 iQ `�TB/Hv BM+Q`TQ`�i2 i?2B` +QMiBMmQmb 722/#�+F- H2�/BM; iQ i?2
bvbi2KǶb +m``2Mi 72�im`2 b2iX

h?2 }`bi Tm#HB+Hv �++2bbB#H2 i2bi p2`bBQM Q7 i?2 TH�i7Q`K r�b /2THQv2/ QM i?2
aBHB+QM >BHH BM7`�bi`m+im`2 2�`Hv BM i?2 6�HH Q7 kyRNX q2 TH�MM2/ iQ `2H2�b2 i?2
TH�i7Q`KǶb #2i� p2`bBQM- KB;`�iBM; b2H2+i2/ `2b2`p�iBQM bvbi2Kb BM i?2 aT`BM;
Q7 kykyX >Qr2p2`- r2 r2`2 7Q`+2/ iQ TQbiTQM2 i?2 `2H2�b2 mMiBH i?2 amKK2` Q7
kyky #2+�mb2 Q7 i?2 +QKTHB+�iBQMb +�mb2/ #v i?2 +Q`QM�pB`mb Qmi#`2�F 2�`Hv
i?�i v2�`X

q2 TH�M iQ 2p�Hm�i2 i?2 bvbi2KǶb mb�;2 BM aBHB+QM >BHH BM i?2 6�HH Q7 kykyX
AM i?2 +�b2 Q7 i?2 TQbBiBp2 `2bmHib- aBHB+QM >BHH TH�Mb iQ KB;`�i2 �HH 2tBbiBM;
`2b2`p�iBQM bvbi2Kb iQ Qm` TH�i7Q`K- K�FBM; Bi i?2 T`BK�`v +?QB+2 7Q` �Mv
aBHB+QM >BHH /2T�`iK2Mi BM M22/ Q7 � M2r `2b2`p�iBQM bvbi2KX A7- ?Qr2p2`-
bB;MB}+�Mi r2�FM2bb2b �`2 7QmM/- Q`;�MBx�iBQM@rB/2 bvbi2Kb KB;`�iBQM rBHH #2
Tmi Qz mMiBH i?2 `�Bb2/ Bbbm2b rBHH #2 �//`2bb2/- �M/ i?2 M2ti `QmM/ Q7 i?2
2p�Hm�iBQM rBHH #2 +QM/m+i2/X

e8
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RX 1o�La- 1`B+X .QK�BM@/`Bp2M /2bB;M `272`2M+2X .2}MBiBQMb �M/ S�ii2`M
amKK�`B2bX J�`+?X kyR8X

kX "�aa- GXc *G1J1Lha- SXc E�wJ�L- _X aQ7ir�`2 �`+?Bi2+im`2 BM
S`�+iB+2, aQ7ir�`2 �`+?Bi2+i S`�+iB+2n+jX S2�`bQM 1/m+�iBQM- kyRkX a1A
a2`B2b BM aQ7ir�`2 1M;BM22`BM;X Aa"L Nd3yRjkN9kd3kX �p�BH�#H2 �HbQ
7`QK, ?iiTb,ff#QQFbX;QQ;H2X+xf#QQFb\B/4@AAdj`".s*u*X

jX aBHB+QM >BHH P�mi?kXy �SAX �p�BH�#H2 �HbQ 7`QK,
?iiTb,ffBbXb?X+pmiX+xfQ�mi?n�TBX

9X 6PqG1_- J�`iBMX .QK�BM 1p2MiX �p�BH�#H2 �HbQ 7`QK,
?iiTb,ffrrrXK�`iBM7QrH2`X+QKf2��.2pf.QK�BM1p2MiX?iKHX

8X � bi2T #v bi2T ;mB/2 iQ 1p2Mi aiQ`KBM; Ĝ Qm` 2tT2`B2M+2X �p�BH�#H2 �HbQ
7`QK, ?iiTb,ffrrrX#QH/�`2X+QKf#HQ;f2p2Mi@biQ`KBM;@;mB/2fX

eX � bi2T #v bi2T ;mB/2 iQ 1p2Mi aiQ`KBM; Ĝ Qm` 2tT2`B2M+2X �p�BH�#H2 �HbQ
7`QK, ?iiTb,ffrrrX2p2MibiQ`KBM;X+QKfX

dX 6PqG1_- J�`iBMX ... �;;`2;�i2X �p�BH�#H2 �HbQ 7`QK,
?iiTb,ffrrrXK�`iBM7QrH2`X+QKf#HBFBf...n�;;`2;�i2X?iKHX

3X 1�bv5�TTQBMiK2MibX �p�BH�#H2 �HbQ 7`QK,
?iiTb,ff2�bv�TTQBMiK2MibXQ`;fX

NX 1�bv5�TTQBMiK2MibX �p�BH�#H2 �HbQ 7`QK,
?iiTb,ff;Bi?m#X+QKf�H2tib2H2;B/Bbf2�bv�TTQBMiK2MibX

RyX "QQF2M/X �p�BH�#H2 �HbQ 7`QK, ?iiTb,ffrrrX#QQF2/b+?2/mH2`X+QKfX
RRX q2#*�H2M/�`X �p�BH�#H2 �HbQ 7`QK,

?iiTb,ffbQm`+27Q`;2XM2ifT`QD2+ibfr2#+�H2M/�`fX
RkX q2#*�H2M/�`X �p�BH�#H2 �HbQ 7`QK,

?iiTb,ff;Bi?m#X+QKf+`�B;F8Mfr2#+�H2M/�`X

ed

https://books.google.cz/books?id=-II73rBDXCYC
https://is.sh.cvut.cz/oauth_api
https://www.martinfowler.com/eaaDev/DomainEvent.html
https://www.boldare.com/blog/event-storming-guide/
https://www.eventstorming.com/
https://www.martinfowler.com/bliki/DDD_Aggregate.html
https://easyappointments.org/
https://github.com/alextselegidis/easyappointments
https://www.bookedscheduler.com/
https://sourceforge.net/projects/webcalendar/
https://github.com/craigk5n/webcalendar
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RjX _2b2`pBQX �p�BH�#H2 �HbQ 7`QK, ?iiTb,ffrrrX`2b2`pBQX+QKfX
R9X a>2`M�X �p�BH�#H2 �HbQ 7`QK,

?iiTb,ffb?2`M�XbBHB+QM?BHHX+xf`2x2`p�+2X
R8X h?BM *HB2MiX �p�BH�#H2 �HbQ 7`QK,

?iiTb,ffi2+?i2`KbX+QKf/27BMBiBQMfi?BM+HB2MiX
ReX h?B+F *HB2MiX �p�BH�#H2 �HbQ 7`QK,

?iiTb,ffi2+?i2`KbX+QKf/27BMBiBQMfi?B+F+HB2MiX
RdX _A*>�_.aPL- *?`BbX S�ii2`M, �SA :�i2r�v f "�+F2M/b 7Q`

6`QMi2M/bX �p�BH�#H2 �HbQ 7`QK,
?iiTb,ffKB+`Qb2`pB+2bXBQfT�ii2`Mbf�TB;�i2r�vX?iKHX

R3X h?2 �SA :�i2r�v S�ii2`MX �p�BH�#H2 �HbQ 7`QK,
?iiTb,ff7`22+QMi2MiXK�MMBM;X+QKfi?2@�TB@;�i2r�v@T�ii2`MfX

RNX E>�_1LEP- �MiQMX JQMQHBi?B+ pbX JB+`Qb2`pB+2b �`+?Bi2+im`2X
�p�BH�#H2 �HbQ 7`QK,
?iiTb,ff�`iB+H2bXKB+`Qb2`pB+2bX+QKfKQMQHBi?B+@pb@
KB+`Qb2`pB+2b@�`+?Bi2+im`2@8+939338378NX

kyX "1hha- h?QK�bX hQ JB+`Qb2`pB+2b �M/ "�+F �;�BM @ q?v a2;K2Mi
q2Mi "�+F iQ � JQMQHBi?X �p�BH�#H2 �HbQ 7`QK, ?iiTb,
ffrrrXBM7Q[X+QKfM2rbfkykyfy9fKB+`Qb2`pB+2b@#�+F@�;�BMfX

kRX >�LaaPL- .�pB/ >2BM2K2B2`X J�D2biB+ JQMQHBi?X �p�BH�#H2 �HbQ 7`QK,
?iiTb,ffKXbB;M�HpMQBb2X+QKfi?2@K�D2biB+@KQMQHBi?fX

kkX GlJ1hh�- C�F2X q?2M iQ ai�`i qBi? � JQMQHBi?X �p�BH�#H2 �HbQ
7`QK, ?iiTb,ffMQ`/B+�TBbX+QKfb?QmH/@vQm@bi�`i@rBi?@�@
KQMQHBi?@Q`@KB+`Qb2`pB+2bfOr?2MiQbi�`irBi?�KQMQHBi?X

kjX SBT2b �M/ 6BHi2`b T�ii2`MX �p�BH�#H2 �HbQ 7`QK,
?iiTb,ff/Q+bXKB+`QbQ7iX+QKf2M@
mbf�xm`2f�`+?Bi2+im`2fT�ii2`MbfTBT2b@�M/@7BHi2`bX

k9X E_1JA*- L2/X >Q`BxQMi�H �M/ o2`iB+�H lb2` aiQ`B2b @ aHB+BM; i?2 *�F2X
�p�BH�#H2 �HbQ 7`QK, ?iiT,ffrrrX/2Hi�K�i`BtX+QKf?Q`BxQMi�H@�M/@
p2`iB+�H@mb2`@biQ`B2b@bHB+BM;@i?2@+�F2fX

k8X "P:�_.- CBKKvX o2`iB+�H aHB+2 �`+?Bi2+im`2X �p�BH�#H2 �HbQ 7`QK,
?iiTb,ffDBKKv#Q;�`/X+QKfp2`iB+�H@bHB+2@�`+?Bi2+im`2fX

keX ah1L"1_:- C�MX .QK�BM@.`Bp2M .2bB;M rBi? PMBQM �`+?Bi2+im`2X
�p�BH�#H2 �HbQ 7`QK,
?iiTb,ffrrrXBM7Q[X+QKfM2rbfkyR9fRyf///@QMBQM@�`+?Bi2+im`2fX
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https://www.reservio.com/
https://sherna.siliconhill.cz/rezervace
https://techterms.com/definition/thinclient
https://techterms.com/definition/thickclient
https://microservices.io/patterns/apigateway.html
https://freecontent.manning.com/the-api-gateway-pattern/
https://articles.microservices.com/monolithic-vs-microservices-architecture-5c4848858f59
https://articles.microservices.com/monolithic-vs-microservices-architecture-5c4848858f59
https://www.infoq.com/news/2020/04/microservices-back-again/
https://www.infoq.com/news/2020/04/microservices-back-again/
https://m.signalvnoise.com/the-majestic-monolith/
https://nordicapis.com/should-you-start-with-a-monolith-or-microservices/%23whentostartwithamonolith
https://nordicapis.com/should-you-start-with-a-monolith-or-microservices/%23whentostartwithamonolith
https://docs.microsoft.com/en-us/azure/architecture/patterns/pipes-and-filters
https://docs.microsoft.com/en-us/azure/architecture/patterns/pipes-and-filters
http://www.deltamatrix.com/horizontal-and-vertical-user-stories-slicing-the-cake/
http://www.deltamatrix.com/horizontal-and-vertical-user-stories-slicing-the-cake/
https://jimmybogard.com/vertical-slice-architecture/
https://www.infoq.com/news/2014/10/ddd-onion-architecture/
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kdX �bvM+?`QMQmb K2bb�;2@#�b2/ +QKKmMB+�iBQMX �p�BH�#H2 �HbQ 7`QK,
?iiTb,ff/Q+bXKB+`QbQ7iX+QKf2M@
mbf/QiM2if�`+?Bi2+im`2fKB+`Qb2`pB+2bf�`+?Bi2+i@
KB+`Qb2`pB+2@+QMi�BM2`@�TTHB+�iBQMbf�bvM+?`QMQmb@K2bb�;2@
#�b2/@+QKKmMB+�iBQMO�bvM+?`QMQmb@2p2Mi@/`Bp2M@
+QKKmMB+�iBQMX

k3X "�AGAa- S2i2`c :>P.aA- �HBX 1p2Mim�H +QMbBbi2M+v iQ/�v, GBKBi�iBQMb-
2ti2MbBQMb- �M/ #2vQM/X Zm2m2X kyRj- pQHX RR- MQX jX

kNX 6PqG1_- J�`iBMX 1p2Mi aQm`+BM;X �p�BH�#H2 �HbQ 7`QK,
?iiTb,ffK�`iBM7QrH2`X+QKf2��.2pf1p2MiaQm`+BM;X?iKHX

jyX uPlL:- :`2;X q?v mb2 1p2Mi aQm`+BM;X �p�BH�#H2 �HbQ 7`QK,
?iiT,ff+Q/2#2ii2`X+QKf;`2;vQmM;fkyRyfykfkyfr?v@mb2@2p2Mi@
bQm`+BM;fX

jRX .2p2HQT2` am`p2v _2bmHib kyRdX �p�BH�#H2 �HbQ 7`QK,
?iiTb,ffBMbB;?ibXbi�+FQp2`7HQrX+QKfbm`p2vfkyRdOKQbi@
TQTmH�`@i2+?MQHQ;B2bX

jkX .2p2HQT2` am`p2v _2bmHib kyRNX �p�BH�#H2 �HbQ 7`QK,
?iiTb,ffBMbB;?ibXbi�+FQp2`7HQrX+QKfbm`p2vfkyRNOKQbi@
TQTmH�`@i2+?MQHQ;B2bX

jjX aqP_.a- aBKQMX Pz@i?2@b?2H7 aQ7ir�`2, �/p�Mi�;2b �M/
.Bb�/p�Mi�;2bX �p�BH�#H2 �HbQ 7`QK,
?iiTb,ffrrrX�iH�b+Q/2X+QKf#HQ;fi?2@�/p�Mi�;2b@�M/@
/Bb�/p�Mi�;2b@Q7@Q77@i?2@b?2H7@bQ7ir�`2fX

j9X q1GGa- .QMX aTBF2X �p�BH�#H2 �HbQ 7`QK,
?iiT,ffrrrX2ti`2K2T`Q;`�KKBM;XQ`;f`mH2bfbTBF2X?iKHX

j8X 61G.1_- A�MX a��a, aBM;H2 h2M�Mi pb JmHiB@h2M�Mi @ q?�iǶb i?2
.Bz2`2M+2\ �p�BH�#H2 �HbQ 7`QK,
?iiTb,ff/B;Bi�H;m�`/B�MX+QKf#HQ;fb��b@bBM;H2@i2M�Mi@pb@
KmHiB@i2M�Mi@r?�ib@/B772`2M+2X

jeX �>J1.- �M�KBF�X CaPL q2# hQF2Mb pbX a2bbBQM *QQFB2b 7Q`
�mi?2MiB+�iBQMX �p�BH�#H2 �HbQ 7`QK,
?iiTb,ffK2/BmKX+QKf#2ii2`@T`Q;`�KKBM;fDbQM@r2#@iQF2Mb@pb@
b2bbBQM@+QQFB2b@7Q`@�mi?2MiB+�iBQM@88�8//�7#9j8X

jdX GQ+�H aiQ`�;2X �p�BH�#H2 �HbQ 7`QK,
?iiTb,ff/2p2HQT2`XKQxBHH�XQ`;f2M@
laf/Q+bfq2#f�SAfqBM/QrfHQ+�HaiQ`�;2X

j3X E_�q*wuE- .`X >m;Qc "1GG�_1- JB?B`c *�L1hhA- _�MX >J�*,
E2v2/@>�b?BM; 7Q` J2bb�;2 �mi?2MiB+�iBQM (_6* kRy9)X _6* 1/BiQ`-
RNNdX �p�BH�#H2 7`QK .PA, RyXRd93df_6*kRy9X h2+?MB+�H `2TQ`iX
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https://docs.microsoft.com/en-us/dotnet/architecture/microservices/architect-microservice-container-applications/asynchronous-message-based-communication%23asynchronous-event-driven-communication
https://docs.microsoft.com/en-us/dotnet/architecture/microservices/architect-microservice-container-applications/asynchronous-message-based-communication%23asynchronous-event-driven-communication
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https://docs.microsoft.com/en-us/dotnet/architecture/microservices/architect-microservice-container-applications/asynchronous-message-based-communication%23asynchronous-event-driven-communication
https://martinfowler.com/eaaDev/EventSourcing.html
http://codebetter.com/gregyoung/2010/02/20/why-use-event-sourcing/
http://codebetter.com/gregyoung/2010/02/20/why-use-event-sourcing/
https://insights.stackoverflow.com/survey/2017%23most-popular-technologies
https://insights.stackoverflow.com/survey/2017%23most-popular-technologies
https://insights.stackoverflow.com/survey/2019%23most-popular-technologies
https://insights.stackoverflow.com/survey/2019%23most-popular-technologies
https://www.atlascode.com/blog/the-advantages-and-disadvantages-of-off-the-shelf-software/
https://www.atlascode.com/blog/the-advantages-and-disadvantages-of-off-the-shelf-software/
http://www.extremeprogramming.org/rules/spike.html
https://digitalguardian.com/blog/saas-single-tenant-vs-multi-tenant-whats-difference
https://digitalguardian.com/blog/saas-single-tenant-vs-multi-tenant-whats-difference
https://medium.com/better-programming/json-web-tokens-vs-session-cookies-for-authentication-55a5ddafb435
https://medium.com/better-programming/json-web-tokens-vs-session-cookies-for-authentication-55a5ddafb435
https://developer.mozilla.org/en-US/docs/Web/API/Window/localStorage
https://developer.mozilla.org/en-US/docs/Web/API/Window/localStorage
http://dx.doi.org/10.17487/RFC2104
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jNX >�_.h- .B+FX h?2 P�mi? kXy �mi?Q`Bx�iBQM 6`�K2rQ`F (_6* ed9N)X
_6* 1/BiQ`- kyRkX �p�BH�#H2 7`QK .PA, RyXRd93df_6*ed9NX h2+?MB+�H
`2TQ`iX
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*QKK�M/, .2H2i2 _2b2`p�iBQM *QKK2MiX

1p2Mib S`Q/m+2/, _2b2`p�iBQM *QKK2Mi .2H2i2/X

3R



�X .QK�BM 1p2Mib

6QHHQrBM; MQi�iBQM 7`QK b2+iBQM �XR

6B;m`2 �X8, _2b2`p�iBQM *QKK2Mi GB72 +v+H2

�XkXe lb2` GB72 +v+H2

h?2 `2[mB`2K2Mib 6_yN- 6_kyĜ6_kk- �M/ 6_k9Ĝ6_ke /2b+`B#2 �+iBQMb
�bbQ+B�i2/ rBi? mb2`b +�Tim`2/ BM i?2 /B�;`�K BM };m`2 �XeX

hQ;;HBM; Q7 lb2` "�M

�+iQ`, � qQ`FbT�+2 J�BMi�BM2`f�/KBMBbi`�iQ`fPrM2` 2MiBivX

*QKK�M/, hQ;;H2 lb2` "�MX

1p2Mib S`Q/m+2/, lb2` "�M GB7i2/ B7 i?2 lb2` Bb +m``2MiHv #�MM2/- lb2`
"�M SH�+2/ Qi?2`rBb2X

*?�M;BM; Q7 lb2` _QH2

�+iQ`, � qQ`FbT�+2 J�BMi�BM2`f�/KBMBbi`�iQ`fPrM2` 2MiBivX

*QKK�M/, *?�M;2 lb2` _QH2X

1p2Mib S`Q/m+2/, lb2` _QH2 *?�M;2/X

3k



�XkX GBbi Q7 .QK�BM 1p2Mib

lb2` *`2�iBQM

�+iQ`, � lb2` 2MiBivX

*QKK�M/, *`2�i2 lb2`X

1p2Mib S`Q/m+2/, lb2` *`2�i2/X

lb2` .2H2iBQM

�+iQ`, � lb2` 2MiBivX

*QKK�M/, .2H2i2 lb2`X

1p2Mib S`Q/m+2/, lb2` .2H2i2/X

lb2` A/2MiBiv �MQMvKBx�iBQM

�+iQ`, � lb2` .2H2i2/ 2p2MiX

*QKK�M/, �MQMvKBx2 lb2` A/2MiBivX

1p2Mib S`Q/m+2/, LQM2X

3j



�X .QK�BM 1p2Mib

6QHHQrBM; MQi�iBQM 7`QK b2+iBQM �XR

6B;m`2 �Xe, lb2` GB72 +v+H2
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�TT2M/Bt "
�+`QMvKb

�*A. �iQKB+Biv- *QMbBbi2M+v- AbQH�iBQM- .m`�#BHBiv

�SA �TTHB+�iBQM S`Q;`�KKBM; AMi2`7�+2

*. *QMiBMmQmb .2HBp2`v

*A *QMiBMmQmb AMi2;`�iBQM

*Za *QKK�M/ Zm2`v a2T�`�iBQM

*_l. *`2�i2- _2�/- lT/�i2- .2H2i2

... .QK�BM@.`Bp2M .2bB;M

.PJ .Q+mK2Mi P#D2+i JQ/2H

:lA :`�T?B+�H mb2` BMi2`7�+2

>hhS >vT2`i2ti h`�Mb72` S`QiQ+QH

_1ah _2T`2b2Mi�iBQM�H ai�i2 h`�Mb72`

_a��a _2b2`p�iBQM avbi2K �b � a2`pB+2

a��a avbi2K �b � a2`pB+2

l_G lMB7Q`K _2bQm`+2 GQ+�iQ`

l_G lMB7Q`K _2bQm`+2 A/2MiB}2`

sJG 1ti2MbB#H2 K�`FmT H�M;m�;2
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