
Instructions

LearnShell is a modular system for managing and performing exams with programming assignments 

in scripting languages, especially Shell. LearnShell currently offers basic functionality for grading 

which is only visible for teachers and students inside LearnShell.

Create a LearnShell integration with Grades service:

1. Analyze Grades API and pinpoint the methods that you’ll use in your solution.

2. Analyze the current state and architecture of grading in LearnShell and propose the communication 

protocol for connection to Grades.

3. Implement the communication between LearnShell and Grades.

4. Make sure you document your code and cover it with tests (mainly unit tests).
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�+FMQrH2/;2K2Mib

A rQmH/ HBF2 iQ i?�MF AM;X C�Fm# ʇBiMɷ- i?2 bmT2`pBbQ` Q7 i?Bb i?2bBb- 7Q` ?Bb
;mB/�M+2 �M/ bmTTQ`iX A rQmH/ �HbQ HBF2 iQ i?�MF Kv 7�KBHv �M/ 7`B2M/b 7Q`
i?2B` bmTTQ`iX





.2+H�`�iBQM

A ?2`2#v /2+H�`2 i?�i i?2 T`2b2Mi2/ i?2bBb Bb Kv QrM rQ`F �M/ i?�i A ?�p2
+Bi2/ �HH bQm`+2b Q7 BM7Q`K�iBQM BM �++Q`/�M+2 rBi? i?2 :mB/2HBM2 7Q` �/?2`BM;
iQ 2i?B+�H T`BM+BTH2b r?2M 2H�#Q`�iBM; �M �+�/2KB+ }M�H i?2bBbX

A �+FMQrH2/;2 i?�i Kv i?2bBb Bb bm#D2+i iQ i?2 `B;?ib �M/ Q#HB;�iBQMb biBT@
mH�i2/ #v i?2 �+i LQX RkRfkyyy *QHHX- i?2 *QTv`B;?i �+i- �b �K2M/2/- BM
T�`iB+mH�` i?�i i?2 *x2+? h2+?MB+�H lMBp2`bBiv BM S`�;m2 ?�b i?2 `B;?i iQ +QM@
+Hm/2 � HB+2Mb2 �;`22K2Mi QM i?2 miBHBx�iBQM Q7 i?Bb i?2bBb �b � b+?QQH rQ`F
mM/2` i?2 T`QpBbBQMb Q7 �`iB+H2 ey URV Q7 i?2 �+iX

AM S`�;m2 QM J�v Rj- kykR X X XX X XX X XX X XX X XX X XX X X



*x2+? h2+?MB+�H lMBp2`bBiv BM S`�;m2
6�+mHiv Q7 AM7Q`K�iBQM h2+?MQHQ;v
Ü kykR C�`QbH�p >�KT2DbX �HH `B;?ib `2b2`p2/X
h?Bb i?2bBb Bb b+?QQH rQ`F �b /2}M2/ #v *QTv`B;?i �+i Q7 i?2 *x2+? _2Tm#HB+X
Ai ?�b #22M bm#KBii2/ �i *x2+? h2+?MB+�H lMBp2`bBiv BM S`�;m2- 6�+mHiv Q7
AM7Q`K�iBQM h2+?MQHQ;vX h?2 i?2bBb Bb T`Qi2+i2/ #v i?2 *QTv`B;?i �+i �M/ Bib
mb�;2 rBi?Qmi �mi?Q`Ƕb T2`KBbbBQM Bb T`Q?B#Bi2/ UrBi? 2t+2TiBQMb /2}M2/ #v i?2
*QTv`B;?i �+iVX

*Bi�iBQM Q7 i?Bb i?2bBb
>�KT2Db- C�`QbH�pX � KQ/mH2 7Q` ;`�/BM; BM G2�`Ma?2HHX "�+?2HQ`Ƕb i?2bBbX
*x2+? h2+?MB+�H lMBp2`bBiv BM S`�;m2- 6�+mHiv Q7 AM7Q`K�iBQM h2+?MQHQ;v-
kykRX



�#bi`�Fi

S`�+2 b2 x�#ɷp� pɷpQD2K M�bi`QD2 T`Q FQKmMBF�+B K2xB FH�bB}F�ÍMőK bvbiû@
K2K :`�/2b � �THBF�+ő G2�`Ma?2HHX G2�`Ma?2HH- D�FQʈiQ M2x�pBbH� px/ÿH�p�+ő
TH�i7Q`K�- bT`�pmD2 bp� /�i� BMi2`MÿX .ɩbH2/F2K D2 M2/QbimTMQbi FH�bB}F�Í@
Mő+? /�i bim/2Miɩ p :`�/2bX L�pő+- i2MiQ T`Q#HûK b2 M2iɷF� TQmx2 �THBF�+2
G2�`Ma?2HHX

C2 TǼ2/HQʈ2M M�p`? � BKTH2K2Mi�+2 KQ/mHm mKQʈƚmDő+ő D2/MQ/m+?Qm BMi2@
;`�+B :`�/2b /Q D�FûFQHB LQ/2XDb �THBF�+2X SǼ2/HQʈ2Mɷ M�p`? KQ/mHm D2 x�HQʈ2M
M� `2Ȓ2`ȒB � �M�Hɷx2 :`�/2b �SA � `2H2p�MiMő+? r2#Qpɷ+? i2+?MQHQ;BőX AKTH2@
K2MiQp�Mɷ KQ/mH D2 /�H2 TQ/`Q#2M mMBi i2biQp�Mő � BMi2;`Qp�M /Q i2biQp�+ő
�THBF�+2X ovpBMmiɷ KQ/mH D2 p2Ǽ2DMÿ � x/�`K� /QbimTMɷ bF`x2 LSJX C2 TǼBHQ@
ʈ2M K�Mm�H TQTBbmDő+ő BMbi�H�+B- M�bi�p2Mő � TQmʈBiő KQ/mHmX

EHőÍQp� bHQp� FH�bB}F�+2- :`�/2b- G2�`Ma?2HH- a.E- �SA- LSJ- KQ/mH-
hvT2a+`BTi- C�p�a+`BTi
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�#bi`�+i

h?Bb i?2bBb 7Q+mb2b QM /2p2HQTBM; � iQQH 7Q` +QKKmMB+�iBQM #2ir22M i?2 :`�/2b
�bb2bbK2Mi bvbi2K �M/ i?2 G2�`Ma?2HH �TTHB+�iBQMX G2�`Ma?2HH- #2BM; �M BM@
/2T2M/2Mi 2/m+�iBQM�H TH�i7Q`K- K�M�;2b �HH Bib /�i� BMi2`M�HHvX �b � `2bmHi-
MQM2 Q7 i?2 G2�`Ma?2HH +H�bbB}+�iBQM /�i� Bb �++2bbB#H2 pB� :`�/2bX JQ`2Qp2`-
i?Bb T`Q#H2K Bb MQi mMB[m2 iQ G2�`Ma?2HHX

.2bB;M �M/ BKTH2K2Mi�iBQM Q7 � KQ/mH2 �HHQrBM; 2�bv BMi2;`�iBQM Q7 :`�/2b
BMiQ �Mv LQ/2XDb@#�b2/ �TTHB+�iBQM Bb T`2b2Mi2/X h?2 T`QTQb2/ /2bB;M Q7 i?2
KQ/mH2 Bb #�b2/ QM i?2 `2b2�`+? �M/ �M�HvbBb Q7 :`�/2b �SA �M/ `2H2p�Mi r2#
i2+?MQHQ;B2bX h?2 BKTH2K2Mi2/ KQ/mH2 Bb 7m`i?2` bm#D2+i2/ iQ mMBi i2biBM;c Bi
Bb �HbQ BMi2;`�i2/ BMiQ � i2bi �TTHB+�iBQMX h?2 /2p2HQT2/ KQ/mH2 Bb Tm#HB+Hv
�p�BH�#H2 �M/ 7`22Hv Q#i�BM�#H2 pB� LSJX � K�Mm�H /2b+`B#BM; i?2 T`Q+2bb Q7
BMbi�HH�iBQM- b2iiBM;@mT- �M/ mb�;2 Bb BM+Hm/2/X

E2vrQ`/b �bb2bbK2Mi- :`�/2b- G2�`Ma?2HH- a.E- �SA- LSJ- KQ/mH2- hvT2@
a+`BTi- C�p�a+`BTi
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*QMi2Mib

AMi`Q/m+iBQM R

R _2b2�`+? j
RXR 1H2+i`QMB+ aim/2Mi �bb2bbK2Mib �i 6Ah *hl X X X X X X X X X X j

RXRXR :`�/2b 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
RXRXk G2�`Ma?2HH 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 8

RXk JQ/mH�` S`Q;`�KKBM; X X X X X X X X X X X X X X X X X X X X X X X 8
RXkXR JQ/mH2 /2bB;M X X X X X X X X X X X X X X X X X X X X X X X e

RXj _1ah7mH r2# b2`pB+2b 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 *_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 d
RXjXk _1ah 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
RXjXj _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 3

RX9 *QKKmMB+�iBQM rBi? _1ah �SAb X X X X X X X X X X X X X X X X X N
RX9XR sJG>iiT_2[m2bi X X X X X X X X X X X X X X X X X X X X X N
RX9Xk 62i+? �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 N
RX9Xj �tBQb 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 Ry

RX8 Svi?QM 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 RR
RX8XR Svi?QM S�+F�;2 AMbi�HH2` UTBTV X X X X X X X X X X X X X X RR

RXe .D�M;Q 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 RR
RXd C�p�a+`BTi � hvT2a+`BTi X X X X X X X X X X X X X X X X X X X X X X Rk

RXdXR LQ/2 S�+F�;2 J�M�;2` ULSJV X X X X X X X X X X X X X X Rk
RX3 _2�+i � L2tiXDb 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 R9

k �M�HvbBb R8
kXR a2H2+iBM; � G�M;m�;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 R8
kXk .2}MBM; i?2 6mM+iBQM�HBiv X X X X X X X X X X X X X X X X X X X X X Re
kXj *QMM2+iBM; :`�/2b 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
kX9 J2�Mb Q7 .Bbi`B#miBQM X X X X X X X X X X X X X X X X X X X X X X X Re
kX8 6mM+iBQM�H _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 Re

Bt



kXe LQM@7mM+iBQM�H _2[mB`2K2Mib X X X X X X X X X X X X X X X X X X X Rd
kXd .QK�BM 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 R3
kX3 amKK�`v �M/ :Q�H 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 R3

j .2bB;M RN
jXR JQ/mH2 ai`m+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 X kk

jXRXR *H�bb2b 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 kk
jXRXk AMi2`7�+2b 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 k9

9 AKTH2K2Mi�iBQM jR
9XR JQ/mH2 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 jR

9XRXR S`QD2+i a2imT X X X X X X X X X X X X X X X X X X X X X X X X jR
9XRXk :Bi _2TQbBiQ`v � lb2` .Q+mK2Mi�iBQM X X X X X X X X X X jR
9XRXj a2iiBM; mT hvT2a+`BTi X X X X X X X X X X X X X X X X X X X jk
9XRX9 �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 jj
9XRX8 AKTH2K2Mi�iBQM X X X X X X X X X X X X X X X X X X X X X X X jj

9Xk .2T2M/2M+B2b 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
9Xj S`QQ7@Q7@*QM+2Ti �TTHB+�iBQM X X X X X X X X X X X X X X X X X X X j8

8 h2biBM; �M/ .Bbi`B#miBQM jN
8XR h2biBM; i?2 JQ/mH2 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 jN
8Xk Sm#HBb?BM; i?2 JQ/mH2 X X X X X X X X X X X X X X X X X X X X X X X 9y

*QM+HmbBQM 9j

"B#HBQ;`�T?v 98

� �ii�+?K2Mib 9N

" �+`QMvKb 8j

* *QMi2Mib Q7 1M+HQb2/ *. 88

t



GBbi Q7 6B;m`2b

RXR G2�`Ma?2HH /�i�#�b2 b+?2K�c bQm`+2/ 7`QK i?2 Ga *Q`2 T`QD2+i �i
?iiTb,ff;BiH�#.7Bi.+pmi.+xfH2�`Mb?2HH@k.yfHb X X X X X X X X X e

RXk S`QKBb2 bi�i2b �M/ +?�BMBM; X X X X X X X X X X X X X X X X X X X X X X Ry
RXj "�bB+ Jho �`+?Bi2+im`2 Q7 � .D�M;Q T`QD2+i X X X X X X X X X X X X X Rj

kXR aBKTHB}2/ /B�;`�K Q7 i?2 `2H2p�Mi /QK�BMb X X X X X X X X X X X X X R3

jXR :`�/2ba.E KQ/mH2 BMi2;`�i2/ BMiQ �TTHB+�iBQMb X X X X X X X X X X RN
jXk *H�bb /B�;`�K Q7 i?2 iQT@H2p2H #HQ+Fb Q7 i?2 KQ/mH2 X X X X X X X X X kd
jXj *H�bb /B�;`�K Q7 i?2 KB//H2@H2p2H #HQ+Fb Q7 i?2 KQ/mH2 X X X X X X X k3
jX9 .B�;`�K Q7 i?2 .hP U/�i� i`�Mb72` Q#D2+iV BMi2`7�+2b X X X X X X X kN

9XR :`�/2ba.E T`QD2+i BM i?2 �TTb J�M�;2` X X X X X X X X X X X X X X j9
9Xk a2`pB+2b i�# BM i?2 �TTb J�M�;2` X X X X X X X X X X X X X X X X X X j8
9Xj oB2rBM; +Qm`b2Ƕb /2}MBiBQM ?B2`�`+?v BM i?2 SQ* �TTHB+�iBQM X X X X je
9X9 oB2rBM; +Qm`b2Ƕb /2}MBiBQM ?B2`�`+?v pB� :`�/2b r2# BMi2`7�+2 X X X je
9X8 oB2rBM; bim/2MiǶb 2p�Hm�iBQMb BM i?2 SQ* �TTHB+�iBQM X X X X X X X X jd

8XR C2bi i2biBM; `2TQ`i rBi? +Qp2`�;2 7Q` i?2 KQ/mH2 X X X X X X X X X X 9R

�XR oB2rBM; +Qm`b2 K2i�/�i� BM i?2 SQ* �TTHB+�iBQM X X X X X X X X X X 9N
�Xk h?2 7Q`K 7Q` �//BM; � /2}MBiBQM BMiQ i?2 ?B2`�`+?v X X X X X X X X X 8y
�Xj oB2rBM; bim/2Mi ;`QmTǶb +H�bbB}+�iBQMb pB� :`�/2b r2# BMi2`7�+2 X X 8y
�X9 oB2rBM; /2i�BH2/ 2p�Hm�iBQMb BM i?2 SQ* �TTHB+�iBQM X X X X X X X X 8R

tB





GBbi Q7 h�#H2b

jXR :`�/2b �SA *QMi`QHH2`b _2H2p�M+2 U*Ga `272`b iQ +H�bbB}+�iBQMb-
.16 iQ /2}MBiBQMb- Ph> iQ Qi?2` 7mM+iBQM�HBivV X X X X X X X X X X ky

jXk J�TTBM; Q7 i?2 :`�/2b �SA 2M/TQBMib iQ i?2 7mM+iBQM�H `2[mB`2K2Mib kR
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AMi`Q/m+iBQM

J�M�;BM; � mMBp2`bBiv +Qm`b2 Bb MQi �M 2�bv i�bFX .Qx2Mb Q` bQK2iBK2b 2p2M
?mM/`2/b Q7 bim/2Mib +�M #2 �bbQ+B�i2/ rBi? � bBM;H2 +Qm`b2 �i �Mv ;Bp2M
b2K2bi2`X *QMbB/2`BM; i?2 MmK#2` Q7 �bbB;M2/ i�bFb i?`Qm;?Qmi � +Qm`b2 `mM-
Bi Bb MQi /B{+mHi iQ BK�;BM2 i?2 2MQ`KQmb �KQmMi Q7 /�i� i?�i M22/b iQ #2
K�M�;2/X h?Bb /�i� �HbQ BM+Hm/2b bim/2Mi �bb2bbK2MibX

J�Mv r2# b2`pB+2b �M/ �TTHB+�iBQMb ?�p2 #22M +`2�i2/ iQ ?2HT rBi? +Qm`b2
Q`;�MBx�iBQM- 7Q` 2t�KTH2- EPa- S`QD2+ib 6Ah- �M/ :`�/2bX AM bQK2 +�b2b-
�M �TTHB+�iBQM r�b +`2�i2/ /B`2+iHv iQ bmTTQ`i � bT2+B}+ +Qm`b2 Q` � b2i Q7
+Qm`b2b- 7Q` 2t�KTH2- S`Q;i2bi- J�_�ah- :`�/2b- �M/ G2�`Ma?2HHX S`Q;i2bi
bmTTQ`ib +Qm`b2b i�m;?i #v i?2 .2T�`iK2Mi Q7 h?2Q`2iB+�H *QKTmi2` a+B2M+2-
r?2`2�b J�_�ah bmTTQ`ib K�i?@Q`B2Mi2/ +Qm`b2b i�m;?i #v i?2 .2T�`iK2Mi
Q7 �TTHB2/ J�i?2K�iB+bX :`�/2b �TTHB+�iBQM T`QpB/2b � +2Mi`�H ?m# 7Q` bim/2Mi
�bb2bbK2MibX

h?Bb i?2bBb 7Q+mb2b QM G2�`Ma?2HH Ĝ � r2# �TTHB+�iBQM /2p2HQT2/ iQ bmTTQ`i
i?2 "A@SaR US`Q;`�KKBM; BM a?2HHV +Qm`b2X �M BM+QMp2MB2M+2 �`Qb2- ?Qr2p2`X
1p2M i?Qm;? :`�/2b r�b K2�Mi iQ #2 i?2 +2Mi2` 7Q` bim/2Mi �bb2bbK2Mib- bQK2
�TTHB+�iBQMb /Q MQi bvM+?`QMBx2 i?2 bim/2Mi /�i� rBi? :`�/2bX *QMb2[m2MiHv-
i?2`2 Bb MQ bBM;H2 TH�+2 7Q` bim/2Mib iQ b22 i?2B` �bb2bbK2Mib `2;�`/BM; �HH i?2B`
+Qm`b2bX

h?2 ;Q�H Q7 i?Bb i?2bBb Bb iQ T`QpB/2 � r�v iQ +QMM2+i BM/2T2M/2Mi 2/m+�@
iBQM�H TH�i7Q`Kb rBi? :`�/2bX h?2 BMBiB�H `2b2�`+? 7Q+mb2b QM i?2 r�v bim/2Mi
;`�/2b �`2 +m``2MiHv K�M�;2/ �i 6Ah *hlX SQbbB#H2 r�vb Q7 `2KQi2 +QKKm@
MB+�iBQM �M/ /�i� biQ`�;2 �`2 /Bb+mbb2/ rBi? `2bT2+i iQ i?2 2tBbiBM; bi`m+im`2
Q7 G2�`Ma?2HH �M/ :`�/2bX

h?2 �M�HvbBb 7Q+mb2b QM i?2 :`�/2b �bb2bbK2Mi bvbi2K �M/ Bib Tm#HB+ �SAX
"�b2/ QM i?2 �M�HvbBb- i?2 /2bB;M Q7 � iQQH 7Q` 2�bv BMi2;`�iBQM Q7 :`�/2b BMiQ
G2�`Ma?2HH �M/ Qi?2` +Qm`b2@bmTTQ`iBM; �TTHB+�iBQMb Bb T`QTQb2/X 6BM�HHv- i?2
BKTH2K2Mi2/ iQQH Bb i2bi2/ mbBM; mMBi i2bib- �M/ i?2 /Bbi`B#miBQM Q7 i?2 iQQH Bb
/Bb+mbb2/X

R



AMi`Q/m+iBQM

hQ bmKK�`Bx2- i?2 K�BM ;Q�Hb Q7 i?Bb i?2bBb Bb iQ +`2�i2 � iQQH i?�i,

Ç �HHQrb 2ti2M/BM; G2�`Ma?2HH �M/ Qi?2` 2/m+�iBQM�H TH�i7Q`Kb #v T`QpB/@
BM; :`�/2b bvM+?`QMBx�iBQM bmTTQ`i-

Ç T`QpB/2b �miQK�iB+ �mi?2MiB+�iBQM 7Q` +QKKmMB+�iBQM rBi? :`�/2b- �M/

Ç Qz2`b � bmBi�#H2 BMi2`7�+2 7Q` /�i� 2t+?�M;2 #2ir22M :`�/2b �M/ G2�`M@
a?2HHX

k



*?�Ti2` R
_2b2�`+?

h?Bb +?�Ti2` 7Q+mb2b QM i?2 K2�Mb Q7 2H2+i`QMB+ 2/m+�iBQM�H �bb2bbK2Mi �i
6Ah *hl- BM+Hm/BM; i?2 :`�/2b �M/ G2�`Ma?2HH �TTHB+�iBQMbc � /2b+`BTiBQM Q7
i?2B` bi`m+im`2- 72�im`2b- �M/ mb�;2 Bb T`2b2Mi2/X 6m`i?2`KQ`2- i?Bb +?�Ti2`
iQm+?2b QM KQ/mH�` T`Q;`�KKBM;- _1ah7mH r2# b2`pB+2b- �M/ TQTmH�` r2#
/2p2HQTK2Mi 7`�K2rQ`FbX

RXR 1H2+i`QMB+ aim/2Mi �bb2bbK2Mib �i 6Ah *hl
�b K2MiBQM2/ #27Q`2- K�Mv r2# �TTHB+�iBQMb �M/ H2�`MBM; 2MpB`QMK2Mib ?�p2
+QK2 BMiQ 2tBbi2M+2 iQ 2M?�M+2 i?2 H2�`MBM; 2tT2`B2M+2 �i 6Ah *hlX aQK2 Q7
i?2b2 �TTHB+�iBQMb rQ`F rBi? �bb2bbK2Mi /�i�X :`�/2b �TTHB+�iBQM r�b #mBHi
iQ ?2HT +Qm`b2b K�M�;2 i?2 bim/2Mi ;`�/2b #v +`2�iBM; �M QMHBM2 +2Mi2` 7Q` �HH
i?2 �bb2bbK2Mi /�i� �i 6Ah *hlX

lM7Q`imM�i2Hv- KQbi Q7 i?2 2/m+�iBQM�H �TTHB+�iBQMb K2MiBQM2/ BM i?2 BM@
i`Q/m+iBQM UJ�_�ah- S`Q;i2bi- G2�`Ma?2HHV K�M�;2 i?2 �bb2bbK2Mi /�i� BM@
/2T2M/2MiHvX h?2 �bb2bbK2Mib �`2 2Bi?2` i`�Mb72``2/ iQ :`�/2b K�Mm�HHv Q`
�`2 MQi bvM+?`QMBx2/ rBi? :`�/2b �i �HHX JQ`2 BKTQ`i�MiHv- :`�/2b T`QpB/2b
� Tm#HB+ �SA i?�i +�M #2 mb2/ 7Q` bvM+?`QMBx�iBQM rBi? Qi?2` �TTHB+�iBQMbX

RXRXR :`�/2b
h?Bb b2+iBQM /2b+`B#2b i?2 :`�/2b �bb2bbK2Mi bvbi2K- Bib bi`m+im`2- i?2 /�i�
Bi K�M�;2b- �M/ i?2 �SA Bi T`QpB/2bX h?2 T`BK�`v bQm`+2 Q7 BM7Q`K�iBQM mb2/
BM i?Bb b2+iBQM Bb i?2 �SAǶb /Q+mK2Mi�iBQM r2#bBi2 (R)X

ai`m+im`2 �M/ .�i� :`�/2b biQ`2b �M/ K�M�;2b � p�bi �``�v Q7 /�i�-
`�M;BM; 7`QK +Qm`b2 K2i�/�i�- /2}MBiBQMb- �M/ bim/2Mi ;`QmTb- iQ bim/2Mi �b@
b2bbK2Mi /�i�X Ai �HbQ K�M�;2b mb2` b2iiBM;b- /Q+mK2Mib- `QH2b- 2tT`2bbBQMb-
MQiB}+�iBQMb- +Qm`b2 bFBHHb- bi�iBbiB+b- mb2` HQ;BM- �M/ 2ti2`M�H �TTHB+�iBQM �+@
+2bbX *Qm`b2 K�M�;2K2Mi `2[mB`2b �++2bb QMHv iQ i?2 /�i� HBbi2/ #2HQrX

j



RX _2b2�`+?

*Qm`b2 h?2 +Qm`b2 K2i�/�i� BM+Hm/2b i?2 +Qm`b2 M�K2 �M/ +Q/2- i?2
ivT2b Q7 +H�bb2b- +QKTH2iBQM +QM/BiBQMb- �M/ i?2 MmK#2` Q7 +`2/Bib bim/2Mib
rBHH `2+2Bp2 �7i2` +QKTH2iBM; i?2 +Qm`b2X

.2}MBiBQM ?B2`�`+?v h?2 +Qm`b2 /2}MBiBQM ?B2`�`+?v +QMi�BMb /�i� `2@
;�`/BM; �HH 2p�Hm�i2/ i�bFb BM � ;Bp2M +Qm`b2X � bBM;H2 /2}MBiBQM `2T`2b2Mib
� bBM;H2 2p�Hm�#H2 i�bFX h?2 KQbi +QKKQM i�bFb �`2 ?QK2rQ`F- [mBxx2b-
i2bib- �M/ }M�H 2t�KbX 1�+? /2}MBiBQM BM i?2 ?B2`�`+?v +�M ?QH/ i?2 7QH@
HQrBM; /�i�, /2}MBiBQM B/2MiB}2` �M/ M�K2- i�bF ivT2- 2p�Hm�iBQM ivT2-
KBMBKmK p�Hm2- KBMBKmK `2[mB`2/ p�Hm2- K�tBKmK p�Hm2- b2K2bi2` +Q/2-
+Qm`b2 +Q/2- �M/ K�Mv KQ`2X L2bi2/ /2}MBiBQMb �`2 �HbQ bmTTQ`i2/X

aim/2Mi ;`QmTb aim/2Mib Q7 � +Qm`b2 �`2 /BpB/2/ BMiQ ;`QmTb 7Q` 2�bB2`
K�M�;2K2MiX �M BKTQ`i�Mi ;`QmT +�HH2/ i2bi bim/2Mib Bb �p�BH�#H2 7Q`
i2biBM; �M/ /2p2HQTK2Mi Tm`TQb2bX

�bb2bbK2Mib h?2 �bb2bbK2Mi /�i� 7Q` � ;Bp2M i�bF BM+Hm/2b i?2 M�K2 Q7
i?2 �bbQ+B�i2/ /2}MBiBQM- p�Hm2- MQi2- iBK2bi�KT- �M/ i?2 i2�+?2`Ƕb mb2`@
M�K2X

h?2 :`�/2b /�i� Bb biQ`2/ BM � `2KQi2 /�i�#�b2X h?2 �TTHB+�iBQM@/�i�#�b2
+QKKmMB+�iBQM Bb #�b2/ QM 7mM/�K2Mi�H T`Q+2/m`2b +�HH2/ *_l. QT2`�iBQMb
(k)X h?2b2 QT2`�iBQMb �`2 7m`i?2` /2b+`B#2/ BM b2+iBQM RXjX

�SA :`�/2b Qz2`b � Tm#HB+ �SAX h?�i K2�Mb :`�/2bǶ 7mM+iBQM�HBiv +�M #2
BMi2;`�i2/ BMiQ Qi?2` �TTHB+�iBQMbX h?2 �SA Bb /BpB/2/ BMiQ }7i22M +QMi`QHH2`b-
2�+? 7Q+mbBM; QM � bT2+B}+ T�`i Q7 i?2 /�i� :`�/2b K�M�;2bX 1�+? +QMi`QHH2`
T`QpB/2b b2p2`�H 2M/TQBMib- 2�+? �++2bbB#H2 pB� Bib QrM l_GX AM i2`Kb Q7 K�M@
�;BM; i?2 bim/2Mi �bb2bbK2Mib- i?2 7QHHQrBM; i?`22 +QMi`QHH2`b /2b+`B#2/ BM i?2
HBbi #2HQr �`2 2bb2MiB�HX

.2}MBiBQM +QMi`QHH2` h?2 /2}MBiBQM +QMi`QHH2` K�M�;2b +Qm`b2 /2}MB@
iBQMbX Ai +�M #2 mb2/ 7Q` K�M�;BM; BM/BpB/m�H /2}MBiBQMb Q` i?2 /2}MBiBQM
?B2`�`+?v �i QM+2X Ai +�M �HbQ #2 miBHBx2/ 7Q` `2i`B2pBM; i?2 7QHHQrBM; /�i�,

Ç � bBM;H2 bT2+B}+ /2}MBiBQM
Ç i?2 /2}MBiBQM ?B2`�`+?v
Ç � HBbi Q7 /2}MBiBQMb BM � bT2+B}2/ Q`/2`

aim/2Mi@:`QmT +QMi`QHH2` h?2 aim/2Mi@:`QmT +QMi`QHH2` K�M�;2b i?2
bim/2Mi ;`QmTb Q7 � ;Bp2M +Qm`b2X Ai +�M QMHv #2 mb2/ 7Q` `2i`B2pBM; �p�BH�#H2
/�i�c MQ +`2�i2- mT/�i2- Q` /2H2i2 7mM+iBQM�HBiv Bb T`QpB/2/X

aim/2Mi@*H�bbB}+�iBQM +QMi`QHH2` h?2 aim/2Mi@*H�bbB}+�iBQM +QMi`QHH2`
K�M�;2b bim/2Mi �bb2bbK2MibX Ai bmTTQ`ib +`2�iBM;- mT/�iBM;- �M/ `2i`B2p@
BM; i?2 �bb2bbK2Mib BM b2p2`�H 7Q`Kb,

9



RXkX JQ/mH�` S`Q;`�KKBM;

Ç �HH �bb2bbK2Mib Q7 �HH bim/2Mib BM � ;Bp2M bim/2Mi ;`QmT
Ç �bb2bbK2Mib Q7 � bT2+B}+ i�bF 7Q` �HH Q7 i?2 bim/2Mib BM � ;Bp2M ;`QmT
Ç �HH �bb2bbK2Mib Q7 � bT2+B}+ bim/2Mi
Ç bim/2MiǶb �bb2bbK2Mi Qp2`pB2r

LQi �HH `2bQm`+2b �`2 �++2bbB#H2 Tm#HB+HvX 6Q` 2t�KTH2- iQ ;�BM �++2bb iQ i?2
/2}MBiBQM ?B2`�`+?v- bim/2Mi ;`QmTb- �M/ +H�bbB}+�iBQMb- Bi Bb }`bi M2+2bb�`v iQ
�mi?2MiB+�i2 �M/ Q#i�BM �M �++2bb iQF2M i?�i +�M i?2M #2 mb2/ iQ �++2bb i?2
/2bB`2/ `2bQm`+2bX

RXRXk G2�`Ma?2HH
G2�`Ma?2HH Bb �M 2/m+�iBQM�H r2# TH�i7Q`K 7Q+mb2/ QM i?2 "A@SaR US`Q;`�K@
KBM; BM a?2HHV +Qm`b2X h?Bb b2+iBQM T`2b2Mib i?2 7mM+iBQM�HBiv Q7 G2�`Ma?2HH
�M/ i?2 r�v Bi +m``2MiHv ?�M/H2b �bb2bbK2MibX

*�T�#BHBiB2b G2�`Ma?2HH �HHQrb i2�+?2`b iQ �bbB;M �M/ 2p�Hm�i2 i�bFb bm+?
�b ?QK2rQ`F �M/ i2bibX aim/2Mib mb2 i?2 �TT iQ bm#KBi �bbB;M2/ i�bFb �M/
iQ T`�+iB+2 /m`BM; +H�bb Q` �i ?QK2X �//BiBQM�HHv- G2�`Ma?2HH Qz2`b r�vb iQ
�miQK�i2 i?2 2p�Hm�iBQM T`Q+2bb 7Q` bT2+B}+ i�bFbX

AMi2`M�H �bb2bbK2Mib h?2 �bb2bbK2Mi /�i� Bb biQ`2/ BM i?2 G2�`Ma?2HH
/�i�#�b2- �++2bbB#H2 iQ i?2 bim/2Mib QMHv pB� i?2 G2�`Ma?2HH r2# BMi2`7�+2X
h?2 BMi2`M�H bi`m+im`2 Q7 i?2 �bb2bbK2Mi /�i� biQ`2/ BM G2�`Ma?2HH Bb T`2b2Mi2/
BM };m`2 RXRX h?2 2p�Hm�#H2 i�bFb BM i?2 G2�`Ma?2HH bvbi2K BM+Hm/2 irQ FBM/b
Q7 2MiBiB2b Ĝ �bbB;MK2Mib �M/ 2t�KbX � *Q``2+iBQM 2MiBiv `2T`2b2MiBM; i?2
i�bF 2p�Hm�iBQM #2HQM;b iQ 2�+? 2p�Hm�#H2 i�bFX h?2`27Q`2- Bi Bb BKTQ`i�Mi iQ
+QMbB/2` :`�/2b bvM+?`QMBx�iBQM 7mM+iBQM�HBiv 7Q` i?2 �bbB;MK2Mib �M/ 2t�K
�bb2bbK2Mi /�i�X

RXk JQ/mH�` S`Q;`�KKBM;
JQ/mH�` T`Q;`�KKBM; Bb � bQ7ir�`2 /2bB;M i2+?MB[m2 #�b2/ QM i?2 B/2� Q7
+QMM2+iBM; KmHiBTH2 bQ7ir�`2 KQ/mH2bR BMiQ � KQ`2 +QKTH2t �TTHB+�iBQMX a2T@
�`�iBM; i?2 �TTHB+�iBQM +Q/2 BMiQ KQ/mH2b +�M bB;MB}+�MiHv bT22/ mT i?2 /2@
p2HQTK2Mi �M/ 2M?�M+2 i?2 bmbi�BM�#BHBiv Q7 i?2 �TTHB+�iBQM bBM+2 2�+? KQ/mH2
+�M #2 2�bBHv mT/�i2/- bTHBi- 2ti2M/2/- Q` +QKTH2i2Hv `2TH�+2/ rBi?Qmi +?�M;@
BM; i?2 `2bi Q7 i?2 �TTHB+�iBQMX �//BiBQM�HHv- /BpB/BM; i?2 �TTHB+�iBQM BMiQ
KQ/mH2b K�F2b 7Q` 2�bB2` /2#m;;BM;- �HHQrb 7Q` KQ`2 2z2+iBp2 i2�K +QQT2`@
�iBQM- 2M?�M+2b +Q/2 `2mb�#BHBiv- �M/ BKT`Qp2b `2�/�#BHBiv- `2HB�#BHBiv- �M/
K�M�;2�#BHBiv Q7 i?2 +Q/2 (j)X

RTB2+2b Q7 bQ7ir�`2- 2�+? `2bTQMbB#H2 7Q` � T�`iB+mH�` 7mM+iBQM�HBiv #mi MQi 7mM+iBQM�H #v
Bib2H7
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RX _2b2�`+?

6B;m`2 RXR, G2�`Ma?2HH /�i�#�b2 b+?2K�c bQm`+2/ 7`QK i?2 Ga *Q`2 T`QD2+i �i
?iiTb,ff;BiH�#.7Bi.+pmi.+xfH2�`Mb?2HH@k.yfHb

RXkXR JQ/mH2 /2bB;M
hQ +`2�i2 � KQ/mH2- /2+B/BM; QM i?2 7QHHQrBM; i?`22 TQBMib Bb 2bb2MiB�H, i?2
i2+?MB+�H /2i�BHb Q7 i?2 /2p2HQTK2Mi UT`Q;`�KKBM; H�M;m�;2- 7`�K2rQ`FV- i?2
Tm`TQb2 Q7 i?2 KQ/mH2- �M/ i?2 r�v Q7 /Bbi`B#miBQMX h?2 7QHHQrBM; T�`�;`�T?b
;Q BMiQ KQ`2 /2i�BH �#Qmi r?v i?2b2 bi2Tb �`2 M2+2bb�`vX

S`Q;`�KKBM; H�M;m�;2 .2+B/BM; QM i?2 T`Q;`�KKBM; H�M;m�;2 iQ #2
mb2/ iQ /2p2HQT i?2 KQ/mH2 Bb pBi�HX lbm�HHv- i?2 H�M;m�;2 +?Qb2M 7Q` i?2
KQ/mH2 +Q``2bTQM/b rBi? i?2 H�M;m�;2 mb2/ iQ r`Bi2 i?2 �TTHB+�iBQM i?2
KQ/mH2 Bb iQ #2 BMi2;`�i2/ BMiQX AM bQK2 +�b2b- i?2 H�M;m�;2b K�v /Bz2`-
?Qr2p2`X �M 2t+2HH2Mi 2t�KTH2 Q7 i?Bb Bb � +QKTmi2` ;`�T?B+b bQ7ir�`2
+�HH2/ "H2M/2`- � +QKTH2t �TTHB+�iBQM +QMbBbiBM; Q7 K�Mv /Bz2`2Mi T�`ib
�M/ KQ/mH2b r`Bii2M BM *- *YY- �M/ Svi?QM (9)X

e
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RXjX _1ah7mH r2# b2`pB+2b

J�BM 7mM+iBQM hQ 2Mbm`2 � bKQQi? /2p2HQTK2Mi T`Q+2bb- Bi Bb +`BiB+�H iQ
/2}M2 i?2 KQ/mH2Ƕb Tm`TQb2X h?2 7mM+iBQM�HBiv Q7 i?2 /2p2HQT2/ KQ/mH2
b?QmH/ #2 T`2iiv 2�bv iQ 2tTH�BMc Qi?2`rBb2- Bi Bb M2+2bb�`v iQ /BpB/2 i?2
KQ/mH2 BMiQ b2p2`�H bm#@KQ/mH2bX

.Bbi`B#miBQM h?2 /Bbi`B#miBQM K2i?Q/ /2T2M/b QM i?2 KQ/mH2 T`Q;`�K@
KBM; H�M;m�;2 �M/ 2MpB`QMK2MiX

6BM/BM; i?2 +Q``2+i �Mbr2`b iQ i?2b2 i?`22 F2v [m2biBQMb b?QmH/ bBKTHB7v i?2
bm#b2[m2Mi /2p2HQTK2Mi �M/ 2Mbm`2 i?2 KQ/mH2Ƕb [m�HBiv �M/ 2�b2 Q7 mb2X

RXj _1ah7mH r2# b2`pB+2b
h?2`2 �`2 � 72r +QKKQM �TT`Q�+?2b 7Q` /2�HBM; rBi? `2KQi2 BMi2`7�+2bX �
ivTB+�H �`+?Bi2+im`2 mb2/ 7Q` `2KQi2 `2bQm`+2 K�M�;2K2Mi Bb _1ah- #�b2/ QM
� b2i Q7 QT2`�iBQMb +�HH2/ *_l.X h?Bb b2+iBQM T`2b2Mib i?2 7mM/�K2Mi�Hb Q7
_1ah �M/ *_l.- i?2 +QMM2+iBQM #2ir22M i?2 irQ- �M/ i?2B` `2H2p�M+2 iQ i?Bb
i?2bBbX

RXjXR *_l.
*_l. Bb � b2i Q7 QT2`�iBQMb mb2/ 7Q` rQ`FBM; rBi? `2KQi2 /�i� bQm`+2b (8)X
h?2 b2i +QMbBbib Q7 7Qm` QT2`�iBQMb,

*_1�h1 +`2�i2b � M2r `2bQm`+2 BM i?2 T2`bBbi2Mi biQ`�;2

_1�. UbQK2iBK2b _1h_A1o1V `2i`B2p2b � /2bB`2/ `2bQm`+2 7`QK i?2
T2`bBbi2Mi biQ`�;2

lS.�h1 mT/�i2b i?2 `2bQm`+2 BM i?2 T2`bBbi2Mi biQ`�;2

.1G1h1 `2KQp2b i?2 `2bQm`+2 7`QK i?2 T2`bBbi2Mi biQ`�;2

RXjXk _1ah
_1ah- Q` _2T`2b2Mi�iBQM�H ai�i2 h`�Mb72`- Bb �M �`+?Bi2+im`2 i?�i �HHQrb �
bBKTH2 `2�HBx�iBQM Q7 i?2 *_l. QT2`�iBQMb /2b+`B#2/ 2�`HB2` (e)X >hhS `2@
[m2bib �M/ `2bTQMb2b �`2 mb2/ iQ K�M�;2 `2KQi2 `2bQm`+2bX PM2 Q7 i?2 K�BM
T�`�K2i2`b Q7 i?2 >hhS `2[m2bi Bb � K2i?Q/X h?2 K2i?Q/ bT2+B}2b i?2 /2bB`2/
�+iBQM iQ #2 T2`7Q`K2/ rBi? i?2 ;Bp2M `2bQm`+2X o�`BQmb K2i?Q/b +�M #2 bT2+B@
}2/, PShAPLa- >1�.- :1h- SPah- Slh- .1G1h1- h_�*1- *PLL1*h
(d)X LQi �HH i?2 K2MiBQM2/ K2i?Q/b �`2 `2H2p�Mi iQ i?Bb i?2bBbX � /2b+`BTiBQM
Q7 i?2 `2H2p�Mi K2i?Q/b �M/ i?2B` K�TTBM; iQ i?2 *_l. QT2`�iBQMb 7QHHQrb,

SPah 7Q` i?2 *_1�h1 QT2`�iBQM

d



RX _2b2�`+?

:1h 7Q` i?2 _1�.f_1h_A1o1 QT2`�iBQM

Slh 7Q` i?2 lS.�h1 QT2`�iBQM

.1G1h1 7Q` i?2 .1G1h1 QT2`�iBQM

q?2M �M �TTHB+�iBQM r�Mib iQ rQ`F rBi? � `2KQi2 `2bQm`+2- Bi b2M/b �M >hhS
`2[m2bi iQ i?2 b2`p2` i?�i K�M�;2b BiX h?2 b2`p2` T`Q+2bb2b i?2 `2[m2bi �M/
b2M/b � `2bTQMb2 #�+F iQ i?2 �TTHB+�iBQMX lbBM; >hhS �b i?2 K2�M Q7 +QKKm@
MB+�iBQM K�F2b i?2 r?QH2 bvbi2K p2`v bi�M/�`/ �M/ bi`�B;?i7Q`r�`/- i?�MFb
iQ i?2 `2[m2bif`2bTQMb2 r�v Q7 +QKKmMB+�iBQM (e)X 6QHHQrBM; �`2 2t�KTH2b Q7
�M >hhS `2[m2bi �M/ � `2bTQMb2X

"�bB+ >hhS `2[m2bi 2t�KTH2 (3),

:1h f >hhSfRXR
lb2`@�;2Mi, JQxBHH�f8Xy
>Qbi, HQ+�H?Qbi,3yyy
�++2Ti, �TTHB+�iBQMfDbQM
�++2Ti@G�M;m�;2, 2M@mb
�++2Ti@1M+Q/BM;, ;xBT- /27H�i2
*QMM2+iBQM, E22T@�HBp2

"�bB+ >hhS `2bTQMb2 2t�KTH2 (3),

>hhSfRXR kyy PE
a2`p2`, �T�+?2
.�i2, q2/- Ry �m; kyRe yd,98,Ry :Jh
*QMi2Mi@hvT2, �TTHB+�iBQMfDbQM
*QMM2+iBQM, E22T@�HBp2
*QMi2Mi@G2M;i?, RNy

&M�K2, C�M2- bm`M�K2, _2vMQH/b- XXX'

_1ah pb _S* h?2`2 �`2 Qi?2` r�vb Q7 rQ`FBM; rBi? `2KQi2 `2bQm`+2b
�M/ r2# b2`pB+2b- 7Q` 2t�KTH2- sJG@_S* UaP�SV Q` CaPL@_S*X h?2b2 �H@
i2`M�iBp2b �`2 #�b2/ QM i?2 _S* U_2KQi2 S`Q+2/m`2 *�HHV i2+?MQHQ;v mb2/
iQ 2t2+mi2 `QmiBM2b QM � `2KQi2 +QKTmi2` Ĝ � +HB2Mi +QKTmi2` Q` � b2`p2` (N)X
aQK2 b?Q`i+QKBM;b Q7 _S* ?�p2 H2/ iQ KQ`2 rB/2bT`2�/ _1ah bmTTQ`i BM
ivTB+�H mb2 +�b2b (Ry)X

RXjXj _1ah �SA
�M �TTHB+�iBQMǶb �SA U�TTHB+�iBQM S`Q;`�KKBM; AMi2`7�+2V Bb � +QKKmMB+�@
iBQM H�v2` i?�i 2tTQb2b i?2 �TTHB+�iBQM 7mM+iBQM�HBiv iQ i?2 QmibB/2X _1ah
�SA UQ` _1ah7mH �SAV Bb �M BMi2`7�+2 i?�i +QM7Q`Kb iQ i?2 _1ah �`+?Bi2+@
im`2- r?B+? +QMbBbib Q7 i?2 +QMbi`�BMib HBbi2/ #2HQr (RR)X

3



RX9X *QKKmMB+�iBQM rBi? _1ah �SAb

*HB2Mi@a2`p2` �`+?Bi2+im`2 .2+QmTHBM; i?2 +HB2Mi �M/ b2`p2` bB/2b Q7
i?2 +QKKmMB+�iBQM +`2�i2b � bvbi2K r?2`2 i?2 7mM+iBQM�H `2bTQMbB#BHBiB2b
Q7 i?2 b2`p2` �M/ i?2 +HB2Mi �`2 b2T�`�i2/X JQ`2Qp2`- K�Mv /Bz2`2Mi +HB2Mib
+�M mb2 i?2 b2`pB+2b T`QpB/2/ #v i?2 b2`p2`@bB/2X

ai�i2H2bbM2bb hQ �+?B2p2 bi�i2H2bb +QKKmMB+�iBQM- 2p2`v `2[m2bi T�bb2/
7`QK i?2 +HB2Mi iQ i?2 b2`p2` Kmbi #2 BM/2T2M/2Mi �M/ mM/2`bi�M/�#H2
rBi?Qmi 7m`i?2` +QMi2tiX � TQbBiBp2 2z2+i Q7 i?Bb �TT`Q�+? Bb b2`p2` HQ�/
`2/m+iBQM `2bmHiBM; BM � T2`7Q`K�M+2 BM+`2�b2X

*�+?2�#BHBiv h?2 `2[m2bib ?�p2 iQ #2 H�#2H2/ 2Bi?2` �b +�+?2�#H2 Q` MQM@
+�+?2�#H2X qBi? i?Bb BM7Q`K�iBQM- bQK2 Q7 i?2 b2`p2`@+HB2Mi BMi2`�+iBQMb
+�M #2 2HBKBM�i2/- r?B+? H2�/b iQ � 7m`i?2` T2`7Q`K�M+2 BM+`2�b2X

G�v2`2/ bvbi2K G�v2`BM; �HHQrb Qi?2` +QKTQM2Mib iQ #2 T`2b2Mi #2@
ir22M i?2 +HB2Mi �M/ i?2 b2`p2`- 7Q` 2t�KTH2- T`Qtv b2`p2`b Q` HQ�/ #�H@
�M+2`bX h?Bb �TT`Q�+? Bb i`�MbT�`2Mi iQ #Qi? i?2 +HB2Mi �M/ i?2 b2`p2` �M/
�HHQrb 7Q` 7m`i?2` b+�H�#BHBiv �M/ b2+m`Biv 2M?�M+2K2MibX

lMB7Q`K BMi2`7�+2 E22TBM; i?2 BMi2`7�+2 mMB7Q`K ?2HTb /2+QmTH2 i?2 �`@
+?Bi2+im`2- K2�MBM; 2�+? T�`i Q` +QKTQM2Mi +�M 2pQHp2 BM/2T2M/2MiHvX

RX9 *QKKmMB+�iBQM rBi? _1ah �SAb
AMi2`�+iBM; rBi? � _1ah �SA �Hr�vb BMpQHp2b `�r >hhS `2[m2bibc ?Qr@
2p2`- i?2 HQr@H2p2H `2[m2bif`2bTQMb2 ?�M/HBM; Bb K�M�;2/ mbBM; p�`BQmb HB@
#`�`B2b BM /2p2HQTK2MiX h?Bb b2+iBQM T`QpB/2b � +HQb2` HQQF �i +QKKmMB+�iBQM
rBi? _1ah �SAb 7`QK � C�p�a+`BTifhvT2a+`BTi 2MpB`QMK2Mi bBM+2 i?2b2 �`2
�KQM;bi i?2 KQbi TQTmH�` H�M;m�;2b 7Q` r2# /2p2HQTK2MiX h?`22 TQbbB#H2
r�vb Q7 K�M�;BM; �M/ ?�M/HBM; >hhS `2[m2bib �M/ i?2 `2bT2+iBp2 `2bTQMb2b
�`2 /2b+`B#2/ BM i?2 7QHHQrBM; b2+iBQMbX

RX9XR sJG>iiT_2[m2bi
h?2 KQbi #�bB+ +QKKmMB+�iBQM rBi? �M �SA pB� `�r >hhS Bb mbBM; sJG@
>iiT_2[m2bib UQ` s>_bVX s>_ Bb � C�p�a+`BTi Q#D2+i i?�i ?�M/H2b i?2 BM@
i2`�+iBQMb #2ir22M � #`Qrb2` �M/ � b2`p2`X h?2 bi�M/�`/ s>_ Ca Q#D2+i
bmTTQ`ib #Qi? bvM+?`QMQmb �M/ �bvM+?`QMQmb `2[m2bib- i?2 H�ii2` rBi? i?2
mb2 Q7 +�HH#�+Fb- � Ca i2+?MB[m2 Q7 T�bbBM; 7mM+iBQMb �b T�`�K2i2`b iQ Qi?2`
7mM+iBQMb (Rk- Rj)X

RX9Xk 62i+? �SA
h?2 62i+? �SA Bb � M�iBp2 Ca �SA #�b2/ QM i?2 S`QKBb2 i2+?MQHQ;v mb2/
7Q` K�FBM; �bvM+?`QMQmb `2[m2bib �M/ ?�M/HBM; i?2 `2bTQMb2bX G2p2`�;BM;

N



RX _2b2�`+?

6B;m`2 RXk, S`QKBb2 bi�i2b �M/ +?�BMBM;

S`QKBb2b 2HBKBM�i2b i?2 M2+2bbBiv iQ /2�H rBi? +�HH#�+Fb /B`2+iHvX JQ`2 /2@
i�BH2/ BM7Q`K�iBQM �#Qmi i?2 S`QKBb2 i2+?MQHQ;v Bb T`QpB/2/ BM b2+iBQM RX9XjX
h?2 62i+? �SA Bb r2HH bmTTQ`i2/ �+`Qbb #`Qrb2`b �M/ T`QpB/2b �M 2�bv@iQ@mb2
Q#D2+i@#�b2/ BMi2`7�+2 �M/ � 72i+?@i?2M bvMi�t (R9- R8)X

RX9Xj �tBQb
�tBQb Bb � C�p�a+`BTi HB#`�`v 7Q` �bvM+?`QMQmb >hhS `2[m2bi K�M�;2K2MiX
Ai +`2�i2b �M �//BiBQM�H H�v2` #2ir22M �M �TTHB+�iBQMǶb +Q/2 �M/ i?2 HQr@H2p2H
sJG>iiT_2[m2bib- T`QpB/BM; i?2 /2p2HQT2` rBi? � bBKTH2- 2�bv@iQ@mb2 BMi2`@
7�+2 7Q` BMi2`�+iBM; rBi? _1ah �SAbX 6Q` i?Bb i?2bBb- i?2 7QHHQrBM; �`2 i?2
KQbi +`m+B�H T`QT2`iB2b Q7 �tBQb,

S`QKBb2 �SA bmTTQ`i �tBQb Bb � S`QKBb2@#�b2/ HB#`�`vc Bi ?�M/H2b i?2
bm++2bb Q` 7�BHm`2 Q7 �bvM+?`QMQmb QT2`�iBQMb pB� S`QKBb2 Q#D2+ibX h?2
S`QKBb2 Q#D2+i Bb �M �#bi`�+iBQM Qp2` i?2 bi�i2 Q7 �M �bvM+?`QMQmb `2bTQMb2
�M/ Bib TQi2MiB�H p�Hm2X h?2`2 �`2 i?`22 TQbbB#H2 bi�i2b Q7 � S`QKBb2 Q#D2+i
(Re- Rd),

Ç T2M/BM; UBMBiB�H bi�i2 �7i2` BMBiB�HBb�iBQMV
Ç 7mH}HH2/ U`2[m2bi r�b bm++2bb7mHV
Ç �M/ `2D2+i2/ U`2[m2bi 7�BH2/V

S`QKBb2b +�M #2 +?�BM2/- �b b?QrM BM };m`2 RXk (Rd)X

AbQKQ`T?BbK "2BM; BbQKQ`T?B+ �HHQrb �tBQb iQ `mM #Qi? QM i?2 #�+F@
2M/ �M/ BM i?2 #`Qrb2` U7`QMi@2M/V mbBM; i?2 b�K2 +Q/2 #�b2- `2bmHiBM; BM
#`Q�/2` bmTTQ`i �M/ ~2tB#BHBivX

�miQK�iB+ CaPL i`�Mb7Q`K�iBQMb �tBQb +�M �miQK�iB+�HHv i`�Mb7Q`K
`2+2Bp2/ i2ti /�i� BMiQ CaPL Q#D2+ib �M/ pB+2 p2`b�- TQi2MiB�HHv 2HBKBM�i@
BM; /Qx2Mb Q7 HBM2b Q7 B/2MiB+�H +Q/2X

Ry



RX8X Svi?QM

�tBQb bmTTQ`ib irQ bvMi�t 7Q`Kb, � i?2M@+�i+? bvMi�t bBKBH�` iQ i?2 62i+?
�SA �M/ �M �bvM+f�r�Bi bvMi�t mb�#H2 rBi?BM �bvM+?`QMQmb 7mM+iBQMbX lb@
BM; �bvM+f�r�Bi +�M 2M?�M+2 `2�/�#BHBiv- i?�MFb iQ i?2 2HBKBM�iBQM Q7 K�Mv
#`�+F2ibX

6mM/�K2Mi�H i2+?MQHQ;B2b Q7 G2�`Ma?2HH �M/ :`�/2b h?Bb +?�Ti2`
BMi`Q/m+2b i2+?MQHQ;B2b �M/ 7`�K2rQ`Fb mb2/ rBi?BM :`�/2b �M/ G2�`Ma?2HH
�TTHB+�iBQMb- bT2+B}+�HHv Svi?QM- C�p�a+`BTi- hvT2a+`BTi- .D�M;Q- L2tiXDb-
_2�+i- _1ah �M/ *_l.X

RX8 Svi?QM
Svi?QM Bb �M BMi2`T`2i2/ /vM�KB+�HHv ivT2/ T`Q;`�KKBM; H�M;m�;2 bmTTQ`i@
BM; KmHiBTH2 T`Q;`�KKBM; T�`�/B;Kb- 7Q` 2t�KTH2- Q#D2+i@Q`B2Mi2/ T`Q;`�K@
KBM;- T`Q+2/m`�H T`Q;`�KKBM;- �M/ 7mM+iBQM�H T`Q;`�KKBM;X AM `2+2Mi v2�`b-
Svi?QM ?�b #2+QK2 p2`v TQTmH�` BM i?2 �A U�`iB}+B�H BMi2HHB;2M+2V BM/mbi`vX
Ai Bb �HbQ [mBi2 TQTmH�` BM i?2 r2# /2p2HQTK2Mi b2+iQ` 7Q` +`2�iBM; i?2 b2`p2`
bB/2 Q7 �TTHB+�iBQMb �M/ b2`pB+2b (R3)X

RX8XR Svi?QM S�+F�;2 AMbi�HH2` UTBTV
SBT Bb � T�+F�;2 BMbi�HH2` 7Q` Svi?QMX Ai T`QpB/2b �++2bb iQ MmK2`Qmb T�+F@
�;2b 7Q` Svi?QM �TTHB+�iBQMb- ?2HTBM; iQ �++2H2`�i2 /2p2HQTK2Mi #v T`QpB/BM;
/2p2HQT2`b rBi? `2�/v@iQ@mb2 iQQHbX SBT Bib2H7 �HHQrb HQQFBM; mT- BMbi�HHBM;-
K�BMi�BMBM;- �M/ mMBMbi�HHBM; i?2 T�+F�;2bX Ai �HbQ K�M�;2b i?2 /2T2M/2M+B2b
Q7 i?2 T�+F�;2b iQ 2Mbm`2 T`QT2` 7mM+iBQM�HBivX

RXe .D�M;Q
.D�M;Q Bb �M QT2M@bQm`+2 7`�K2rQ`F 7Q` +`2�iBM; r2# �TTHB+�iBQMbX Ai Bb
K�BMi�BM2/ #v � MQM@T`Q}i Q`;�MBx�iBQM +�HH2/ .D�M;Q aQ7ir�`2 6QmM/�iBQMX
h?2 /2p2HQTK2Mi Q7 r2# �TTb mbBM; .D�M;Q Bb /`Bp2M #v i?2 Jho UJQ/2H@
h2KTH�i2@oB2rV �`+?Bi2+im`2X Jho +QMbBbib Q7 i?`22 K�BM H�v2`bX

JQ/2H h?2 KQ/2H H�v2` +QMi�BMb Svi?QM +H�bb2b i?�i /2}M2 i?2 bi`m+im`2
Q7 ;Bp2M Q#D2+i ivT2bX Ai +�M ;2M2`�HHv #2 b�B/ i?�i i?2b2 +H�bb2b `2T`2b2Mi
`Qrb 7`QK � /�i�#�b2 (RN)X

h2KTH�i2 h?2 i2KTH�i2 H�v2` +QMi�BMb bi�iB+ i2KTH�i2b 7Q` +`2�iBM; i?2
mM/2`HvBM; >hJG 7Q` i?2 }M�H T�;2bX AM+Hm/2/ rBi? i?2 7`�K2rQ`F Bb �
i2KTH�iBM; H�M;m�;2 +�HH2/ .hG U.D�M;Q i2KTH�iBM; H�M;m�;2V i?�i �HHQrb
/vM�KB+ BM+HmbBQM Q7 /�i� BMiQ i?2 i2KTH�i2b (ky)X

RR



RX _2b2�`+?

oB2r h?2 pB2r H�v2` +QMi�BMb +H�bb2b �M/ 7mM+iBQMb `2T`2b2MiBM; i?2 #mbB@
M2bb HQ;B+X h?Bb H�v2` �++2Tib `2[m2bib 7`QK i?2 +HB2Mi@bB/2- 2Mbm`2b i?2
`2[m2bi ;2ib T`Q+2bb2/- �M/ i?�i � `2bTQMb2 Bb +`2�i2/ �M/ b2M/ #�+F (kR)X

h?2 #�+F@2M/ Q7 i?2 G2�`Ma?2HH T`QD2+i- +�HH2/ Ga *Q`2- r�b BKTH2K2Mi2/
mbBM; i?2 .D�M;Q 7`�K2rQ`FX h?2 bQm`+2 +Q/2 Q7 i?2 T`QD2+i Bb �p�BH�#H2 QM
:BiG�#kX

RXd C�p�a+`BTi � hvT2a+`BTi
C�p�a+`BTi Bb � b+`BTiBM; H�M;m�;2 i?�i +�M `mM QM #Qi? i?2 #�+F@2M/ Ub2`p2`@
bB/2V �M/ i?2 7`QMi@2M/ U#`Qrb2`V- K�FBM; Bi � ~2tB#H2 r2# /2p2HQTK2Mi i2+?@
MQHQ;vX "2BM; � b+`BTiBM; H�M;m�;2- Bi /Q2b MQi `2[mB`2 �Mv +QKTBH�iBQM Q`
i`�MbTBH�iBQMX JQ`2Qp2`- MmK2`Qmb 7`�K2rQ`Fb �M/ HB#`�`B2b �`2 �p�BH�#H2 7Q`
C�p�a+`BTi- T`QpB/BM; /2p2HQT2`b rBi? +QmMiH2bb 2ti2MbBQMb 7Q` i?2B` T`QD2+ib
(k9)X

hvT2a+`BTi hvT2a+`BTi Bb � bQ@+�HH2/ bmT2`b2i Q7 C�p�a+`BTiX Ai Bb �M QT@
iBQM�HHv ivT2/ H�M;m�;2 rBi? 7mHH C�p�a+`BTi bmTTQ`i- T`QpB/BM; bi`B+i +QMi`QH
Qp2` i?2 +Q/2 r?2`2 M2+2bb�`vX >Qr2p2`- bBM+2 Bi Bb � ivT2/ H�M;m�;2- Bi M22/b
iQ #2 i`�MbTBH2/ BMiQ C�p�a+`BTi #v � hvT2a+`BTi +QKTBH2` (k8)X

RXdXR LQ/2 S�+F�;2 J�M�;2` ULSJV
LSJ Bb � T�+F�;2 K�M�;2` 7Q` C�p�a+`BTiX Cmbi HBF2 SBT- LSJ T`QpB/2b r2#
/2p2HQT2`b rBi? �M 2ti2MbBp2 HB#`�`v Q7 KQ/mH2bX h?2 LSJ b2`pB+2 +QMbBbib Q7
i?`22 K�BM +QKTQM2Mib (ke),

h?2 r2#bBi2 h?2 r2#bBi2 �HHQrb #`QrbBM; i?2 �p�BH�#H2 T�+F�;2b- +`2�i@
BM; � mb2` T`Q}H2- �M/ K�M�;BM; +mbiQK T�+F�;2bX

h?2 *GA h?2 *GA U*QKK�M/ GBM2 AMi2`7�+2V Bb i?2 T`BK�`v r�v Q7 BM@
i2`�+iBM; rBi? i?2 b2`pB+2 7Q` KQbi mb2`b- mb2/ 7Q` Tm#HBb?BM; �M mT/�i2/
p2`bBQM Q7 i?2 mb2`Ƕb +mbiQK T�+F�;2 Q` BMbi�HHBM; Qi?2` T�+F�;2bX

h?2 `2;Bbi`v h?2 `2;Bbi`v Bb � /�i�#�b2 Q7 i?2 �p�BH�#H2 T�+F�;2b- #Qi?
7`22 �M/ T�B/- �M/ i?2B` K2i�/�i�- bm+? �b HBMFb iQ i?2 /2p2HQT2`Ƕb r2#@
bBi2- /Q+mK2Mi�iBQM Q7 i?2 T�+F�;2- BMbi�HH�iBQM BMbi`m+iBQMb- �M/ bi�iBbiB+b
�#Qmi Bib TQTmH�`BivX

�HH T�+F�;2b �p�BH�#H2 i?`Qm;? LSJ �`2 �TTHB+�#H2 BM i?2 LQ/2XDb 2MpB`QMK2Mi
�M/ Qi?2` 2MpB`QMK2Mib #�b2/ QM LQ/2XDbX �M 2t�KTH2 rQ`i? K2MiBQMBM; Bb
i?2 L2tiXDb 7`�K2rQ`F T`2b2Mi2/ BM b2+iBQM RX3X

kb22 ?iiTb,ff;BiH�#.7Bi.+pmi.+xfH2�`Mb?2HH@k.yfHb

Rk

https://gitlab.fit.cvut.cz/learnshell-2.0/ls


RXdX C�p�a+`BTi � hvT2a+`BTi

U�V � bBKTH2` pB2r �i Jho (kk)

U#V .2i�BH Q7 i?2 Jho �`+?Bi2+im`2 (kj)

6B;m`2 RXj, "�bB+ Jho �`+?Bi2+im`2 Q7 � .D�M;Q T`QD2+i

Rj



RX _2b2�`+?

RX3 _2�+i � L2tiXDb
_2�+i
_2�+i Bb � C�p�a+`BTi HB#`�`v 7Q` +`2�iBM; i?2 mb2` BMi2`7�+2 Q7 r2# �TTHB+�iBQMbX
Ai +�M #2 mb2/ 7Q` bBM;H2@T�;2 �TTHB+�iBQM /2p2HQTK2MiX am+? �TTHB+�iBQMb /Q
MQi `2[mB`2 `2HQ�/BM; i?2 r2# T�;2 iQ +?�M;2 i?2 /BbTH�v2/ /�i�X AMbi2�/- i?2
7`�K2rQ`F miBHBx2b i?2 �/p�Mi�;2b Q7 C�p�a+`BTi �M/ �HHQrb `2@/`�rBM; QMHv
i?2 2H2K2Mib i?�i M22/ iQ #2 mT/�i2/X h?Bb �TT`Q�+? +�M b�p2 #Qi? iBK2 �M/
`2bQm`+2bX "2BM; #mBHi QM C�p�a+`BTi �M/ 2�bv@iQ@mb2 ~2tB#H2 /2+H�`�iBp2 +Q/2
#HQ+Fb +�HH2/ +QKTQM2Mib ?�b ?2HT2/ _2�+i `2�+? i?2 iQT Q7 i?2 HBbi Q7 i?2
KQbi 7�pQ`Bi2 r2# 7`�K2rQ`Fb (kd)X

L2tiXDb
L2tiXDb Bb � _2�+i@#�b2/ 7`�K2rQ`F 7Q` /2p2HQTBM; r2# �TTHB+�iBQMbX Ai r`�Tb
i?2 _2�+i HB#`�`v /Bb+mbb2/ BM i?2 T`2pBQmb b2+iBQM- ;BpBM; Bi �M �//BiBQM�H H�v2`
Q7 �#bi`�+iBQM i?�i K�F2b bT2+B}+ i�bFb KQ`2 K�M�;2�#H2- bm+? �b `QmiBM;-
a1P- #`Q�/2` *aa bmTTQ`i- �M/ `2KQi2 /�i� bQm`+2 +QKKmMB+�iBQMX PM iQT
Q7 i?�i- L2tiXDb #`BM;b b2`p2`@bB/2 `2M/2`BM; (k3- kN)X h?2 7`�K2rQ`F Bb #�b2/
QM i?2 LQ/2XDb TH�i7Q`K- �M/ Bi bmTTQ`ib i?2 mb2 Q7 KQ/mH2b �p�BH�#H2 i?`Qm;?
LSJX h?2 7`QMi@2M/ Q7 i?2 G2�`Ma?2HH T`QD2+i UGa q2#V r�b #mBHi mbBM; i?2
L2tiXDb 7`�K2rQ`F �M/ miBHBx2b bQK2 Q7 Bib �/p�M+2/ 72�im`2b HBF2 b2`p2`@bB/2
`2M/2`BM;X h?2 bQm`+2 +Q/2 Q7 i?2 T`QD2+i Bb �p�BH�#H2 i?`Qm;? :BiG�#jX

jb22 ?iiTb,ff;BiH�#.7Bi.+pmi.+xfH2�`Mb?2HH@k.yfHb@r2#

R9

https://gitlab.fit.cvut.cz/learnshell-%202.0/ls-web


*?�Ti2` k
�M�HvbBb

�7i2` `2b2�`+?BM; i?2 K2�Mb Q7 2H2+i`QMB+ �bb2bbK2Mi �i 6Ah *hl- KQ/mH�`
T`Q;`�KKBM; i2+?MB[m2- �M/ i?2 +Q`2 i2+?MQHQ;B2b Q7 :`�/2b �M/ G2�`Ma?2HH-
Bi #2+�K2 �TT�`2Mi i?�i i?2 T`BK�`v ;Q�H Q7 i?Bb i?2bBb rQmH/ #2 iQ /2bB;M-
BKTH2K2Mi �M/ i2bi � KQ/mH2 i?�i +QmH/ #2 BMi2;`�i2/ BMiQ r2# �TTHB+�iBQMb
iQ T`QpB/2 :`�/2b bmTTQ`iX

h?2 M2ti bi2T Bb iQ �M�Hvx2 i?2 TQbbB#H2 r�vb Q7 /2p2HQTBM; �M/ /Bbi`B#miBM;
i?2 KQ/mH2X h?Bb BM+Hm/2b b2H2+iBM; � bmBi�#H2 T`Q;`�KKBM; H�M;m�;2- /2}MBM;
i?2 KQ/mH2Ƕb 7mM+iBQM�HBiv- �M/ }M/BM; i?2 `B;?i r�v Q7 /Bbi`B#miBQMX h?2b2
�bT2+ib �`2 /Bb+mbb2/ 7m`i?2` BM i?Bb +?�Ti2`X

kXR a2H2+iBM; � G�M;m�;2
h?Bb b2+iBQM 7Q+mb2b QM b2H2+iBM; � bmBi�#H2 T`Q;`�KKBM; H�M;m�;2 7Q` /2p2H@
QTBM; i?2 KQ/mH2X Svi?QM �M/ C�p�a+`BTifhvT2a+`BTi +QK2 iQ KBM/- �b i?2b2
�`2 �KQM;bi i?2 KQbi TQTmH�` H�M;m�;2b mb2/ 7Q` r2# /2p2HQTK2MiX 6Q` i?2
`2�bQMb MQi2/ #2HQr- hvT2a+`BTi r�b +?Qb2M iQ #2 i?2 /2p2HQTK2Mi H�M;m�;2
7Q` i?2 KQ/mH2,

Ç �#BHBiv iQ `mM QM #Qi? i?2 7`QMi@2M/ �M/ i?2 #�+F@2M/ Bb 2�bv iQ �+?B2p2
mbBM; hac mbBM; Svi?QM 7Q` i?Bb Tm`TQb2 rQmH/ #2 mMBK�;BM�#H2

Ç BMi2;`�iBQM BMiQ i?2 G2�`Ma?2HH TH�i7Q`K Ui?2 Ga q2# T`QD2+iV `2[mB`2b
+QKT�iB#BHBiv rBi? ha Q` Ca

Ç ivT2 bmTTQ`i

R8



kX �M�HvbBb

kXk .2}MBM; i?2 6mM+iBQM�HBiv
h?2 KQ/mH2 rBHH T`QpB/2 � +QKKmMB+�iBQM +?�MM2H rBi? :`�/2bX "�b2/ QM
i?2 BMi2`M�H bi`m+im`2 Q7 G2�`Ma?2HH T`2b2Mi2/ BM b2+iBQM RXRXk- i?2 +QKKmMB@
+�iBQM rBHH K�BMHv BMpQHp2 K�M�;2K2Mi Q7 i?2 /2}MBiBQM ?B2`�`+?v �M/ bim/2Mi
�bb2bbK2MibX

kXj *QMM2+iBM; :`�/2b
h?2 QMHv r�v iQ BMi2`�+i rBi? :`�/2b 7`QK �M 2ti2`M�H KQ/mH2 Bb #v mbBM; Bib
Tm#HB+ _1ah �SA- r?B+? BMpQHp2b rQ`FBM; rBi? >hhS `2[m2bib- �b K2MiBQM2/
BM i?2 `2b2�`+? b2+iBQM RX9X Ai Bb �/pBb�#H2 iQ mb2 �M >hhS +HB2Mi- bm+? �b
�tBQbX h?Bb HB#`�`v Bb 2�bv iQ mb2- ?�b � #`Q�/ mb2` #�b2- �M/ Qz2`b � KQ/2`M
BMi2`7�+2 #�b2/ QM S`QKBb2bX

kX9 J2�Mb Q7 .Bbi`B#miBQM
aBM+2 Bi r�b /2+B/2/ i?�i i?2 KQ/mH2 rBHH #2 /2p2HQT2/ BM hvT2a+`BTi- LSJ
Bb � bi`�B;?i7Q`r�`/ +?QB+2 7Q` Tm#HBb?BM; �M/ /Bbi`B#miBQMX LSJ T`QpB/2b
iQQHb 7Q` 2�bv K�BMi2M�M+2 UTmb?BM; KQ/mH2 mT/�i2bV �M/ ;m�`�Mi22b #`Q�/
�p�BH�#BHBivX

kX8 6mM+iBQM�H _2[mB`2K2Mib
h?2 7QHHQrBM; �`2 i?2 7mM+iBQM�H �M/ MQM@7mM+iBQM�H `2[mB`2K2Mib 7Q` i?2 KQ/@
mH2X

6R Ĝ S`QpB/2 �++2bb iQ +Qm`b2 K2i�/�i� h?2 KQ/mH2 rBHH T`QpB/2
+Qm`b2 K2i�/�i� 7Q` � ;Bp2M +Qm`b2X

6k Ĝ S`QpB/2 �++2bb iQ +Qm`b2Ƕb /2}MBiBQM ?B2`�`+?v h?2 KQ/mH2
rBHH T`QpB/2 �++2bb iQ i?2 /2}MBiBQM ?B2`�`+?v Q7 � ;Bp2M +Qm`b2X JQ`2
bT2+B}+�HHv- i?2 7QHHQrBM; QT2`�iBQMb `2;�`/BM; +Qm`b2 /2}MBiBQMb rBHH #2
bmTTQ`i2/,

RX ;2iiBM; � /2}MBiBQM h?2 KQ/mH2 rBHH #2 �#H2 iQ `2i`B2p2 � bT2+B}2/
/2}MBiBQM 7`QK i?2 /2}MBiBQM ?B2`�`+?vX

kX ;2iiBM; /2}MBiBQM ?B2`�`+?v h?2 KQ/mH2 rBHH 2M�#H2 `2i`B2pBM;
i?2 /2}MBiBQM ?B2`�`+?v Q7 � bT2+B}2/ +Qm`b2X

jX ;2iiBM; �HH /2}MBiBQMb h?2 KQ/mH2 rBHH #2 �#H2 iQ `2i`B2p2 � HBbi
Q7 �HH i?2 /2}MBiBQMb #2HQM;BM; iQ � bT2+B}2/ +Qm`b2X

Re



kXeX LQM@7mM+iBQM�H _2[mB`2K2Mib

9X �//BM; � /2}MBiBQM iQ /2}MBiBQM ?B2`�`+?v h?2 KQ/mH2 rBHH #2
�#H2 iQ �// � /2}MBiBQM BMiQ i?2 /2}MBiBQM ?B2`�`+?v Q7 � bT2+B}2/
+Qm`b2X

8X mT/�iBM; � /2}MBiBQM h?2 KQ/mH2 rBHH �HHQr mT/�iBM; BM/BpB/m�H
/2}MBiBQMbX

eX �M/ `2KQpBM; � /2}MBiBQM h?2 KQ/mH2 rBHH �HHQr /2H2iBM; �
bT2+B}2/ /2}MBiBQMX

6j Ĝ S`QpB/2 b2K2bi2` +Q/2b 7Q` +m``2Mi- T`2pBQmb �M/ 7QHHQrBM;
b2K2bi2` h?2 KQ/mH2 rBHH #2 �#H2 iQ T`QpB/2 +m``2Mi- T`2pBQmb- �M/
7QHHQrBM; b2K2bi2` +Q/2bX

69 Ĝ S`QpB/2 � HBbi Q7 bim/2Mi ;`QmTb Q7 � +Qm`b2 h?2 KQ/mH2 rBHH
#2 �#H2 iQ `2i`B2p2 i?2 bim/2Mi ;`QmTb Q7 � bT2+B}2/ +Qm`b2X

68 Ĝ S`QpB/2 bim/2Mi �bb2bbK2Mi /�i� h?2 KQ/mH2 rBHH T`QpB/2
�++2bb iQ bim/2Mi �bb2bbK2Mi /�i�X h?2 7QHHQrBM; QT2`�iBQMb rBHH #2
bmTTQ`i2/,

RX ;2iiBM; �HH �bb2bbK2Mib Q7 � bim/2Mi ;`QmT h?2 KQ/mH2 rBHH
#2 �#H2 iQ `2i`B2p2 �HH �bb2bbK2Mib Q7 i?2 bim/2Mib #2HQM;BM; iQ �
bT2+B}2/ ;`QmTX

kX ;2iiBM; � bT2+B}+ �bb2bbK2Mi 7`QK 2p2`v bim/2Mi Q7 � ;`QmT
h?2 KQ/mH2 rBHH #2 �#H2 iQ `2i`B2p2 � bT2+B}+ �bb2bbK2Mi 7Q` 2p2`v
bim/2Mi Q7 � bT2+B}2/ ;`QmTX

jX ;2iiBM; �HH �bb2bbK2Mib Q7 � bim/2Mi h?2 KQ/mH2 rBHH �HHQr
`2i`B2pBM; � HBbi Q7 �HH �bb2bbK2Mib #2HQM;BM; iQ � bT2+B}2/ bim/2MiX

9X �//BM; bim/2Mi �bb2bbK2Mib h?2 KQ/mH2 rBHH 2M�#H2 �//BM; M2r
�bb2bbK2Mib iQ � bT2+B}2/ bim/2MiX

8X mT/�iBM; bim/2Mi �bb2bbK2Mib h?2 KQ/mH2 rBHH �HHQr mT/�iBM;
BM/BpB/m�H �bb2bbK2MibX

kXe LQM@7mM+iBQM�H _2[mB`2K2Mib
LR Ĝ �p�BH�#BHBiv BM i?2 7Q`K Q7 �M LSJ KQ/mH2 h?2 KQ/mH2
rBHH #2 7`22Hv �p�BH�#H2 i?`Qm;? LSJ 7Q` mb2 BM LQ/2XDb 2MpB`QMK2MibX

Lk Ĝ lb2` .Q+mK2Mi�iBQM � mb2` K�Mm�H rBHH #2 T`QpB/2/ rBi? i?2
KQ/mH2X

Rd



kX �M�HvbBb

6B;m`2 kXR, aBKTHB}2/ /B�;`�K Q7 i?2 `2H2p�Mi /QK�BMb

kXd .QK�BM JQ/2H
.B�;`�K kXR b?Qr+�b2b i?2 /QK�BM KQ/2H Q7 2H2+i`QMB+ �bb2bbK2Mi �i 6Ah
*hlX h?2 b+?2K2 Bb `2H�iBp2Hv bBKTH2 �M/ +QMbBbib Q7 }p2 /QK�BM +H�bb2bX 1�+?
bim/2Mi Bb � K2K#2` Q7 QM2 Q` KQ`2 bim/2Mi ;`QmTb BM � T�`iB+mH�` +Qm`b2X �
i�bF `2T`2b2Mib �M 2t�K- ?QK2rQ`F- � [mBx- Q` �MQi?2` 2p�Hm�#H2 �bbB;MK2Mi-
�M/ i?2 bim/2Mi `2+2Bp2b �M �bb2bbK2Mi 7Q` 2�+? bm#KBii2/ i�bFX

kX3 amKK�`v �M/ :Q�H
h?2 �M�HvbBb BM+Hm/2/ /2}MBM; i?2 7mM+iBQM�HBiv Q7 i?2 KQ/mH2 �M/ HBbiBM; i?2
7mM+iBQM�H �M/ MQM@7mM+iBQM�H `2[mB`2K2MibX � }M�H 7Q`K Q7 i?2 KQ/mH2 r�b
/2`Bp2/c i?2 KQ/mH2 rBHH #2 r`Bii2M BM hvT2a+`BTi �M/ /Bbi`B#mi2/ pB� LSJX

hQ bmKK�`Bx2- i?2 K�BM ;Q�H Q7 i?Bb i?2bBb Bb iQ /2bB;M- BKTH2K2Mi- �M/
i2bi � hvT2a+`BTi LSJ KQ/mH2 i?�i T`QpB/2b +QKKmMB+�iBQM rBi? :`�/2b
�SA �M/ Bb +QKT�iB#H2 rBi? LQ/2XDb 2MpB`QMK2MibX

R3



*?�Ti2` j
.2bB;M

h?2 KQ/mH2Ƕb K�BM 7mM+iBQM�HBiv Bb K2/B�iBM; i?2 +QKKmMB+�iBQM #2ir22M i?2
:`�/2b �SA �M/ �TTHB+�iBQMb BMiQ r?B+? i?2 KQ/mH2 Bb BMi2;`�i2/X � bBKTH2
/2TB+iBQM Q7 bm+? bi`m+im`2 +�M #2 b22M BM };m`2 jXRX

:`�/2b �SA Qz2`b K�Mv 2M/TQBMib iQ BMi2`�+i rBi?- Q`;�MBx2/ BMiQ +QM@
i`QHH2`bX hQ bQK2 2ti2Mi- i?2 2M/TQBMib `2~2+i i?2 KQbi +QKKQM �+iBQMb M2+@
2bb�`v iQ K�M�;2 � +Qm`b2- BM+Hm/BM; i?2 K�M�;2K2Mi Q7 /2}MBiBQM ?B2`�`+?v-
bim/2Mi ;`QmTb- �M/ bim/2Mi �bb2bbK2MibX �M Qp2`pB2r Q7 i?2 �SA +QMi`QHH2`b

6B;m`2 jXR, :`�/2ba.E KQ/mH2 BMi2;`�i2/ BMiQ �TTHB+�iBQMb

RN



jX .2bB;M

:`�/2b �SA *QMi`QHH2` _2H2p�Mi 7Q` .QK�BM .2b+`BTiBQM*Ga .16 Ph>
+Qm`b2@+QMi`QHH2` Ç Ç ! S`QpB/2b +Qm`b2 BM7Q`K�iBQM
+Qm`b2@bi�iBbiB+b@+QMi`QHH2` Ç Ç Ç S`QpB/2b bi�iBbiB+b `2H�i2/ iQ +Qm`b2b
/2}MBiBQM@+QMi`QHH2` Ç ! Ç J�M�;2b +Qm`b2Ƕb /2}MBiBQMb
/Q+mK2Mi@+QMi`QHH2` Ç Ç Ç S`QpB/2b /Q+mK2Mi�iBQM
2tT`2bbBQM@+QMi`QHH2` Ç Ç Ç S`QpB/2b 2tT`2bbBQM K�M�;2K2Mi
2ti2`M�H@�TTHB+�iBQM@+QMi`QHH2` Ç Ç Ç J�M�;2b 2ti2`M�H �TTHB+�iBQMb
BMi2`M�H@`QH2@+QMi`QHH2` Ç Ç Ç J�M�;2b BMi2`M�H `QH2b
HQ;BM@+QMi`QHH2` Ç Ç Ç S`QpB/2b `2[m2biBM; mb2` BM7Q
MQiB}+�iBQM@+QMi`QHH2` Ç Ç Ç J�M�;2b MQiB}+�iBQMb
b2K2bi2`@+QMi`QHH2` ! ! Ç S`QpB/2b b2K2bi2` +Q/2 p�HB/�iBQM
b2iiBM;b@+QMi`QHH2` Ç Ç Ç J�M�;2b b2iiBM;b
bFBHH@+QMi`QHH2` Ç Ç Ç J�M�;2b bFBHHb
bFBHHb@/�i�@2tTQ`i@+QMi`QHH2` Ç Ç Ç aFBHHb .�i� 1tTQ`i *QMi`QHH2`
bim/2Mi@+H�bbB}+�iBQM@+QMi`QHH2` ! Ç Ç J�M�;2b +H�bbB}+�iBQM Q7 bim/2Mib
bim/2Mi@;`QmT@+QMi`QHH2` ! Ç Ç J�M�;2b bim/2Mi ;`QmTb

h�#H2 jXR, :`�/2b �SA *QMi`QHH2`b _2H2p�M+2 U*Ga `272`b iQ +H�bbB}+�iBQMb-
.16 iQ /2}MBiBQMb- Ph> iQ Qi?2` 7mM+iBQM�HBivV

Bb b?QrM BM i�#H2 jXRX h?2 i�#H2 �HbQ K�`Fb i?2 +QMi`QHH2`b /B`2+iHv Q` BM/B`2+iHv
`2H�i2/ iQ K�M�;BM; i?2 `2bQm`+2b `2H2p�Mi iQ i?2 bm#D2+i Q7 i?Bb i?2bBbX

"�b2/ QM i�#H2 jXR- i?2b2 +QMi`QHH2`b rBHH #2 M22/2/ 7Q` #�bB+ +Qm`b2 K�M@
�;2K2Mi, +Qm`b2@+QMi`QHH2`- /2}MBiBQM@+QMi`QHH2`- b2K2bi2`@+QMi`QHH2`- bim/2Mi@
+H�bbB}+�iBQM@+QMi`QHH2` �M/ bim/2Mi@;`QmT@+QMi`QHH2`X h�#H2 jXk HBbib �HH i?2
2M/TQBMib Q7 i?2 b2H2+i2/ +QMi`QHH2`bX "�b2/ QM i?2 7mM+iBQM�H `2[mB`2K2Mib
T`2b2Mi2/ BM b2+iBQM kX8- i?2 2M/TQBMib H2p2`�;2/ #v i?2 KQ/mH2 �`2 ?B;?@
HB;?i2/X

AM Q`/2` iQ Q`;�MBx2 i?2 2M/TQBMib ?B;?HB;?i2/ BM i�#H2 jXk- Bi Bb +QMp2MB2Mi
iQ bTHBi i?2K BMiQ i?`22 b2ibX 6B`bi- � b2i Q7 2M/TQBMib `2;�`/BM; i?2 +Qm`b2
/2}MBiBQMbc b2+QM/- � b2i Q7 2M/TQBMib `2;�`/BM; i?2 bim/2Mi �bb2bbK2Mibc �M/
i?B`/- � ;`QmT Q7 2M/TQBMib `2;�`/BM; Qi?2` M2+2bb�`v 7mM+iBQM�HBiB2b HBF2 K�M@
�;BM; +Qm`b2 �M/ b2K2bi2` +Q/2bX
h?2 2M/TQBMib BM 2�+? b2i `2[mB`2 i?2 +Qm`b2 +Q/2 T�`�K2i2`X amTTQb2 2�+?
2M/TQBMi Bb K�TT2/ iQ � bBM;H2 7mM+iBQMc Bi Bb M2+2bb�`v iQ bmTTHv i?2 b�K2
T�`�K2i2`b iQ 2�+? +�HHX AMbi2�/ Q7 ?�pBM; K�Mv 7mM+iBQMb `2[mB`BM; i?2 b�K2
T�`�K2i2`b- +H�bb2b rBHH #2 miBHBx2/ iQ biQ`2 i?2 b?�`2/ /�i� �M/ K�F2 Bi �p�BH@
�#H2 iQ �HH i?2B` K2i?Q/b `2T`2b2MiBM; i?2 2M/TQBMi +�HHbX h?2 T`BK�`v +H�bb2b
�`2 /2b+`B#2/ BM i?2 7QHHQrBM; HBbiX

*Qm`b2.2}MBiBQMb h?2 *Qm`b2.27BMBiBQMb +H�bb K�M�;2b i?2 /2}MB@
iBQM ?B2`�`+?vX Aib Tm#HB+ K2i?Q/b +Q``2bTQM/ iQ i?2 b2H2+i2/ :`�/2b 2M/@
TQBMib `2;�`/BM; i?2 /2}MBiBQMbX

*Qm`b2*H�bbB}+�iBQMb h?2 *Qm`b2*H�bbB7B+�iBQMb +H�bb +QMi�BMb Tm#@
HB+ K2i?Q/b +Q``2bTQM/BM; iQ i?2 b2H2+i2/ :`�/2b 2M/TQBMib `2;�`/BM; bim@
/2Mi �bb2bbK2MibX

ky



:`�/2b �SA 2M/TQBMib Q7 �HH i?2 `2H2p�Mi +QMi`QHH2`b 6R 6k 6j 69 68
:1h XXXf&+Qm`b2@+Q/2'fBM7Q`K�iBQM ! Ç Ç Ç Ç
:1h XXXfBM7Q`K�iBQM Ç Ç Ç Ç Ç
:1h XXXf&+Qm`b2@+Q/2'f/2}MBiBQM@?B2`�`+?v Ç ! Ç Ç Ç
SPah XXXf&+Qm`b2@+Q/2'f/2}MBiBQM@?B2`�`+?v Ç ! Ç Ç Ç
:1h XXXf&+Qm`b2@+Q/2'f/2}MBiBQMb Ç ! Ç Ç Ç
Slh XXXf&+Qm`b2@+Q/2'f/2}MBiBQMb Ç ! Ç Ç Ç
:1h XXXf&+Qm`b2@+Q/2'f/2}MBiBQMbf&B/2MiB}2`' Ç ! Ç Ç Ç
.1G1h1 XXXf&+Qm`b2@+Q/2'f/2}MBiBQMbf&B/2MiB}2`' Ç ! Ç Ç Ç
Slh XXXf&+Qm`b2@+Q/2'f/2}MBiBQMbfQ`/2` Ç Ç Ç Ç Ç
Slh XXXf&bQm`+2@+Qm`b2@+Q/2'f/2}MBiBQMbf+HQM2bf&i�`;2i@+Qm`b2@+Q/2'f Ç Ç Ç Ç Ç
:1h fTm#HB+fb2K2bi2`@+Q/2 Ç Ç ! Ç Ç
:1h XXXf&+Qm`b2@+Q/2'f;`QmTf&;`QmT@+Q/2'fbim/2Mi@+H�bbB}+�iBQMb Ç Ç Ç Ç !
:1h XXXf&+Qm`b2@+Q/2'f;`QmTf&;`QmT@+Q/2'fbim/2Mi@+H�bbB}+�iBQMbf&B/2MiB}2`' Ç Ç Ç Ç !
:1h XXXf&+Qm`b2@+Q/2'fbim/2Mi@+H�bbB}+�iBQMb Ç Ç Ç Ç Ç
Slh XXXf&+Qm`b2@+Q/2'fbim/2Mi@+H�bbB}+�iBQMb Ç Ç Ç Ç !
:1h XXXf&+Qm`b2@+Q/2'fbim/2Mi@+H�bbB}+�iBQMbf&bim/2Mi@mb2`M�K2' Ç Ç Ç Ç !
:1h XXXf&+Qm`b2@+Q/2'fbim/2Mi@+H�bbB}+�iBQMbf&bim/2Mi@mb2`M�K2'fH�i2bi Ç Ç Ç Ç Ç
:1h XXXf+H�bbB}+�iBQM@Qp2`pB2rf&bim/2Mi@mb2`M�K2' Ç Ç Ç Ç Ç
:1h fTm#HB+f+Qm`b2f&+Qm`b2*Q/2'fbim/2Mi@;`QmTb Ç Ç Ç ! Ç

h�#H2 jXk, J�TTBM; Q7 i?2 :`�/2b �SA 2M/TQBMib iQ i?2 7mM+iBQM�H `2[mB`2@
K2Mib

*Qm`b2 h?2 *Qm`b2 +H�bb biQ`2b i?2 +Qm`b2 +Q/2 �M/ T`QpB/2b BMbi�M+2b
Q7 *Qm`b2.27BMBiBQMb �M/ *Qm`b2*H�bbB7B+�iBQMb +H�bb2b iQ K�M�;2
i?2 `2bT2+iBp2 `2bQm`+2bX Ai �HbQ T`QpB/2b i?2 +Qm`b2 K2i�/�i� �M/ bim/2Mi
;`QmTbX

h?2b2 �M/ Qi?2` #mBH/BM; #HQ+Fb Q7 i?2 KQ/mH2 �`2 7m`i?2` /2b+`B#2/ BM b2+iBQM
jXR �M/ /2TB+i2/ BM };m`2b jXk- jXj- �M/ jX9X
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jX .2bB;M

jXR JQ/mH2 ai`m+im`2
� iQi�H Q7 MBM2 +H�bb2b �M/ MBM2 BMi2`7�+2b rBHH K�F2 mT i?2 KQ/mH2X h?2
7QHHQrBM; b2+iBQMb /2b+`B#2 i?2B` bi`m+im`2 �M/ 7mM+iBQM�HBivX 6Q` KQ`2 /2i�BH-
b22 };m`2b jXk- jXj- �M/ jX9X

jXRXR *H�bb2b
:`�/2ba.E h?2 :`�/2ba.E +H�bb Bb i?2 K�BM 2Mi`v TQBMi iQ i?2 KQ/mH2Ƕb
7mM+iBQM�HBivX Ai +QMi�BMb irQ Tm#HB+ K2i?Q/b i?�i �`2 `2bTQMbB#H2 7Q` i?2 #�bB+
QT2`�iBQMbX � KQ`2 /2i�BH2/ /2b+`BTiBQM Q7 i?2 +H�bb +�M #2 b22M BM };m`2 jXkX

;2i*Qm`b2 S`QpB/2b � *Qm`b2 BMbi�M+2 i?�i +�M #2 mb2/ iQ K�M�;2 +Qm`b2
/2}MBiBQMb �M/ bim/2Mi �bb2bbK2MibX

;2ia2K2bi2`*Q/2 S`QpB/2b #�bB+ 7mM+iBQM�HBiv 7Q` 72i+?BM; i?2 b2K2bi2`
+Q/2- BM+Hm/BM; ;2iiBM; i?2 +m``2Mi- 7QHHQrBM;- �M/ T`2pBQmb b2K2bi2` +Q/2b
�M/ +?2+FBM; i?2 p�HB/Biv Q7 � T`QpB/2/ b2K2bi2` +Q/2X

*Qm`b2 h?2 *Qm`b2 +H�bb `2T`2b2Mib � bBM;H2 +Qm`b2 `2;Bbi2`2/ rBi?BM :`�/2b-
�M/ Bi Bb i?2 K�BM �++2bb TQBMi 7Q` K�M�;BM; i?2 +Qm`b2 /2}MBiBQMb �M/ bim/2Mi
�bb2bbK2Mib mbBM; i?2 7QHHQrBM; K2i?Q/bX 6Q` KQ`2 /2i�BHb- b22 };m`2 jXkX

+Q/2 _2im`Mb i?2 +Qm`b2 +Q/2 �b � bi`BM; p�Hm2X

+H�bbB}+�iBQMb _2im`Mb � *Qm`b2*H�bbB7B+�iBQMb BMbi�M+2 7Q` K�M�;@
BM; i?2 bim/2Mi �bb2bbK2Mib `2;�`/BM; i?2 +Qm`b2X

/2}MBiBQMb _2im`Mb � *Qm`b2.27BMBiBQMb BMbi�M+2 7Q` K�M�;BM; i?2
/2}MBiBQM ?B2`�`+?v Q7 i?2 +Qm`b2X

;2i*Qm`b2AM7Q _2im`Mb � *Qm`b2AM7Q Q#D2+i +QMi�BMBM; i?2 +Qm`b2 K2i�@
/�i�X

;2iaim/2Mi:`QmTb _2im`Mb �M �``�v Q7 aim/2Mi:`QmT Q#D2+ib `2T`2@
b2MiBM; i?2 bim/2Mi ;`QmTb �bbQ+B�i2/ rBi? i?2 +Qm`b2X

*Qm`b2*H�bbB}+�iBQMb h?2 *Qm`b2*H�bbB7B+�iBQMb +H�bb K�M�;2b bim@
/2Mi �bb2bbK2Mib 7Q` � ;Bp2M +Qm`b2X Aib BMi2`7�+2 +QMbBbib Q7 i?2 7QHHQrBM;
K2i?Q/bX a22 };m`2 jXk 7Q` KQ`2 /2i�BHbX

;2iaim/2Mi*H�bbB}+�iBQMb _2im`Mb � aim/2Mi BMbi�M+2 +QMi�BMBM; BM@
7Q`K�iBQM �#Qmi i?2 bim/2Mi �M/ i?2B` �bb2bbK2Mib `2;�`/BM; i?2 +Qm`b2X

;2iaim/2Mi*H�bbB}+�iBQMb6Q`:`QmT _2im`Mb �M �``�v Q7 aim/2Mi BM@
bi�M+2b `2T`2b2MiBM; i?2 K2K#2` bim/2Mib Q7 � ;Bp2M ;`QmT rBi? i?2B` �b@
b2bbK2MibX

kk



jXRX JQ/mH2 ai`m+im`2

;2iaim/2Mi*H�bbB}+�iBQMb6Q`:`QmT�M/.2}MBiBQM _2im`Mb �M �``�v
Q7 aim/2Mi BMbi�M+2b- 2�+? +QMi�BMBM; � bBM;H2 *H�bbB7B+�iBQM BMbi�M+2
+Q``2bTQM/BM; iQ i?2 bT2+B}2/ /2}MBiBQMX

b�p2aim/2Mi*H�bbB}+�iBQMb lb2b i?2 T`QpB/2/ *H�bbB7B+�iBQM BMbi�M+2b
�M/ i`�Mb7Q`Kb i?2 +QMi�BM2/ /�i� BMiQ Q#D2+ib i?�i BKTH2K2Mi i?2
*H�bbB7B+�iBQM.hP BMi2`7�+2 #27Q`2 b2M/BM; i?2 T`Q+2bb2/ /�i� iQ :`�/2bX

*Qm`b2.2}MBiBQMb h?2 *Qm`b2.27BMBiBQMb +H�bb +�M #2 mb2/ iQ K�M�;2
i?2 +Qm`b2Ƕb /2}MBiBQM ?B2`�`+?v mbBM; i?2b2 Tm#HB+ K2i?Q/bX a22 };m`2 jXk 7Q`
KQ`2 /2i�BHbX

+`2�i2.2}MBiBQMb lb2b i?2 T`QpB/2/ .27BMBiBQM BMbi�M+2UbV �M/ i`�Mb@
7Q`Kb i?2 +QMi�BM2/ /�i� BMiQ Q#D2+ib i?�i BKTH2K2Mi i?2 .27BMBiBQM.hP
BMi2`7�+2 #27Q`2 b2M/BM; i?2 T`Q+2bb2/ /�i� iQ :`�/2bX

;2i.2}MBiBQM _2im`Mb � .27BMBiBQM BMbi�M+2 `2T`2b2MiBM; i?2 /2bB`2/
/2}MBiBQM 7`QK i?2 +Qm`b2 /2}MBiBQM ?B2`�`+?vX

;2i.2}MBiBQMGBbi _2im`Mb �M �``�v Q7 .27BMBiBQM BMbi�M+2b `2T`2b2Mi@
BM; �HH /2}MBiBQMb i?�i K�F2 mT i?2 +Qm`b2 /2}MBiBQM ?B2`�`+?vX

;2i.2}MBiBQM>B2`�`+?v _2im`Mb �M �``�v Q7 .27BMBiBQMqBi?*?BH/`2M
BMbi�M+2b `2T`2b2MiBM; i?2 /2}MBiBQM ?B2`�`+?v Q7 i?2 +Qm`b2X

mT/�i2.2}MBiBQMb lT/�i2b i?2 +Qm`b2 /2}MBiBQM ?B2`�`+?v #�b2/ QM i?2
T`QpB/2/ .27BMBiBQM BMbi�M+2bUbVX

/2H2i2.2}MBiBQMb .2H2i2b /2}MBiBQMUbV 7`QK i?2 +Qm`b2 /2}MBiBQM ?B2`@
�`+?v #�b2/ QM i?2 T`QpB/2/ B/2MiB}2` Q` .27BMBiBQM BMbi�M+2bUbVX

�TB_2[m2biQ` h?2 �TB_2[m2biQ` +H�bb Bb mb2/ 7Q` i?2 BMi2`M�H Tm`TQb2b
Q7 i?2 KQ/mH2X �i i?2 #�b2 Q7 �HKQbi 2p2`v 7mM+iBQM�HBiv T`QpB/2/ #v i?2
KQ/mH2 Bb �M >hhS `2[m2biX AM Q`/2` iQ �pQB/ `2T2iBiBp2 +Q/2 �M/ bBKTHB7v
i?2 /2p2HQTK2Mi Q7 i?2 KQ/mH2- i?2 �TB_2[m2biQ` +H�bb T`QpB/2b 7Qm` K2i?@
Q/b `2;�`/BM; M2irQ`FBM; �M/ +QKKmMB+�iBQM rBi? :`�/2b �SAX h?2b2 7Qm`
K2i?Q/b �`2, ;2i- Tmi- TQbi- �M/ /2H2i2X 1�+? Q7 i?2b2 T`QpB/2b � r�v Q7
+`2�iBM; �M/ b2M/BM; �M >hhS `2[m2bi Q7 i?2 `2bT2+iBp2 K2i?Q/ mbBM; i?2
�tBQb T�+F�;2 K2MiBQM2/ BM b2+iBQM RX9XjX .2i�BHb �#Qmi i?2 bi`m+im`2 Q7 i?2
�TB_2[m2biQ` +H�bb +�M #2 b22M BM };m`2 jXkX

.2}MBiBQM h?2 .27BMBiBQM +H�bb `2T`2b2Mib � /2}MBiBQM 7`QK i?2 +Qm`b2
/2}MBiBQM ?B2`�`+?vX Ai BKTH2K2Mib i?2 .27BMBiBQMAMi2`7�+2 BMi2`7�+2 /2@
b+`B#2/ BM T�`�;`�T? jXRXk �M/ i?2`27Q`2 +QMi�BMb �HH Bib T`QT2`iB2bX a22 };m`2
jXj 7Q` KQ`2 /2i�BHbX

kj



jX .2bB;M

.2}MBiBQMqBi?*?BH/`2M h?2 .27BMBiBQMqBi?*?BH/`2M +H�bb `2T`2b2Mib
� /2}MBiBQM 7`QK i?2 +Qm`b2Ƕb /2}MBiBQM ?B2`�`+?v- iQ;2i?2` rBi? Bib +?BH/ /2}@
MBiBQMb BM i?2 +?BH/`2M T`QT2`ivX �M �//*?BH/ K2i?Q/ Bb T`QpB/2/ iQ 2M�#H2
�//BM; +?BH/ /2}MBiBQM 2H2K2MibX a22 };m`2 jXj 7Q` KQ`2 /2i�BHbX

aim/2Mi h?2 aim/2Mi +H�bb +QMi�BMb /�i� �#Qmi � bim/2Mi �M/ i?2B` �bb2bb@
K2Mib `2;�`/BM; � ;Bp2M +Qm`b2X h?Bb +H�bb BKTH2K2Mib i?2 aim/2MiAMi2`7�+2
BMi2`7�+2 /2b+`B#2/ BM T�`�;`�T? jXRXk �M/ i?2`27Q`2 +QMi�BMb �HH Bib T`QT2`iB2bX
JQ`2 /2i�BHb �p�BH�#H2 BM };m`2 jXjX

*H�bbB}+�iBQM h?2 *H�bbB7B+�iBQM +H�bb `2T`2b2Mib � bBM;H2 �bb2bbK2Mi
UBM Qi?2` rQ`/b- �M 2p�Hm�i2/ i�bFV Q7 � ;Bp2M bim/2MiX h?2 +H�bb BKTH2K2Mib
i?2 *H�bbB7B+�iBQMAMi2`7�+2 BMi2`7�+2 /2b+`B#2/ BM T�`�;`�T? jXRXk �M/
i?2`27Q`2 +QMi�BMb �HH Q7 Bib T`QT2`iB2bX a22 };m`2 jXj 7Q` KQ`2 /2i�BHbX

jXRXk AMi2`7�+2b
a2p2`�H Q#D2+i BMi2`7�+2b �`2 �HbQ T�`i Q7 i?2 KQ/mH2 iQ 2M?�M+2 mb�#BHBiv �M/
2Mbm`2 i?2 M2+2bb�`v /�i� Bb T`2b2MiX

*Qm`b2AM7Q h?2 *Qm`b2AM7Q BMi2`7�+2 /2b+`B#2b � bi`m+im`2 Q7 �M Q#D2+i
`2T`2b2MiBM; i?2 K2i�/�i� Q7 � ;Bp2M +Qm`b2X h?2 BMi2`7�+2 +QMbBbib Q7 i?2
7QHHQrBM; T`QT2`iB2bX a22 };m`2 jXk 7Q` KQ`2 /2i�BHX

+Qm`b2L�K2 � bi`BM; p�Hm2c i?2 M�K2 Q7 i?2 +Qm`b2 BM � H�M;m�;2 bT2+B@
}2/ BM i?2 `2[m2bi

+Qm`b2*Q/2 � bi`BM; p�Hm2c i?2 +Q/2 Q7 i?2 +Qm`b2 BM i?2 bi�M/�`/ 7Q`K�i

+H�bb2bhvT2 � bi`BM; �``�vc ?QH/b i?2 +H�bb ivT2b Q7 i?2 +Qm`b2

+QKTH2iBQM � bi`BM; p�Hm2 7`QK � T`2/2}M2/ HBbic /2b+`B#2b i?2 ivT2 Q7
+Qm`b2 +QKTH2iBQM

+`2/Bib � MmK#2` p�Hm2c i?2 MmK#2` Q7 +`2/Bib i?2 bim/2Mi rBHH #2 �r�`/2/
7Q` bm++2bb7mH +QKTH2iBQM Q7 i?2 +Qm`b2

.2}MBiBQMAMi2`7�+2 h?2 .27BMBiBQMAMi2`7�+2 BMi2`7�+2 /2b+`B#2b � bi`m+@
im`2 Q7 �M Q#D2+i `2T`2b2MiBM; � bBM;H2 /2}MBiBQM 7`QK i?2 /2}MBiBQM ?B2`�`+?v
Q7 � ;Bp2M +Qm`b2 mbBM; i?2 7QHHQrBM; T`QT2`iB2bX JQ`2 /2i�BHb +�M #2 7QmM/ BM
};m`2 jXjX

T�`2MiA/2MiB}2` � bi`BM; p�Hm2c ?QH/b i?2 B/2MiB}2` Q7 � T�`2Mi /2}MBiBQM

b2K2bi2`*Q/2 � bi`BM; p�Hm2c ?QH/b i?2 b2K2bi2` +Q/2 7Q` r?B+? i?2 /27@
BMBiBQM Bb p�HB/
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M�K2b6Q`GQ+�H2b �M Q#D2+i +QMi�BMBM; i?2 M�K2fiBiH2 Q7 i?2 /2}MBiBQM
QTiBQM�HHv BM KmHiBTH2 H�M;m�;2b U*x2+? Q` 1M;HBb?V

KBMBKmK_2[mB`2/o�Hm2 � MmK#2` p�Hm2 /2b+`B#BM; i?2 HQr2bi b+Q`2
`2[mB`2/ iQ T�bb i?2 `2bT2+iBp2 i�bF

KBMBKmKo�Hm2 � MmK#2` p�Hm2 /2b+`B#BM; i?2 HQr2bi TQbbB#H2 b+Q`2 iQ
#2 Q#i�BM2/ 7`QK i?2 `2bT2+iBp2 i�bF

K�tBKmKo�Hm2 � MmK#2` p�Hm2 /2b+`B#BM; i?2 ?B;?2bi TQbbB#H2 b+Q`2 iQ
#2 Q#i�BM2/ 7`QK i?2 `2bT2+iBp2 i�bF

p�Hm2hvT2 � bi`BM; p�Hm2 /2b+`B#BM; i?2 7Q`K Q7 i?2 �bb2bbK2Mic +�M #2
2Bi?2` ǶLlJ"1_Ƕ Q` Ƕah_AL:Ƕ Q` Ƕ"PPG1�LǶ

B/2MiB}2` � bi`BM; p�Hm2 `2T`2b2MiBM; i?2 B/2MiB}2` Q7 i?2 /2}MBiBQM

?B//2M � #QQH2�M p�Hm2 /2b+`B#BM; r?2i?2` i?2 /2}MBiBQM Bb ?B//2M rBi?BM
i?2 ?B2`�`+?v Q` MQi

2tT`2bbBQM � bi`BM; p�Hm2c ?QH/b i?2 2tT`2bbBQMb i?�i +�M #2 2t2+mi2/
mTQM i?2 /2}MBiBQMUbV

2p�Hm�iBQMhvT2 � bi`BM; p�Hm2 /2b+`B#BM; i?2 r�v Q7 T`Q+2bbBM; i?2 `2@
bT2+iBp2 +H�bbB}+�iBQMbc ǶJ�Ll�GǶ Q` Ƕ1sS_1aaAPLǶ Bb bmTTQ`i2/

+Qm`b2*Q/2 � bi`BM; p�Hm2 +QMi�BMBM; i?2 +Q/2 Q7 � +Qm`b2 i?2 /2}MBiBQM
#2HQM;b iQ

+H�bbB}+�iBQMhvT2 � bi`BM; p�Hm2c /2b+`B#2b i?2 ivT2 Q7 i?2 i�bF +Q``2@
bTQM/BM; iQ i?2 /2}MBiBQMc 2tX Ƕ>PJ1qP_EǶ- Ƕ�*hAoAhuǶ- ǶZlAwǶ-
Ƕ�aa1aaJ1LhǶ �M/ KQ`2

.2}MBiBQMqBi?*?BH/`2MAMi2`7�+2 h?2 BMi2`7�+2 2ti2M/b i?2 �H`2�/v K2M@
iBQM2/ .27BMBiBQMAMi2`7�+2 BMi2`7�+2 #v �//BM; � +?BH/`2M T`QT2`iv i?�i
?QH/b .27BMBiBQM BMbi�M+2b `2T`2b2MiBM; i?2 +?BH/ /2}MBiBQMbX 6Q` KQ`2 BM@
7Q`K�iBQM- b22 };m`2 jXjX

aim/2MiAMi2`7�+2 h?2 aim/2MiAMi2`7�+2 BMi2`7�+2 /2b+`B#2b i?2 bi`m+im`2
Q7 �M Q#D2+i `2T`2b2MiBM; � bim/2Mi rBi? i?2B` �bb2bbK2Mib mbBM; i?2 7QHHQrBM;
T`QT2`iB2bX JQ`2 /2i�BHb �`2 T`2b2Mi2/ BM };m`2 jXjX

+H�bbB}+�iBQMb �M Q#D2+i +QMi�BMBM; *H�bbB7B+�iBQM BMbi�M+2b BM/2t2/
#v i?2 p�Hm2 Q7 i?2 `2bT2+iBp2 /27BMBiBQMA/2MiB7B2` T`QT2`iv

mb2`M�K2 � bi`BM; p�Hm2c `2T`2b2Mib i?2 bim/2Mi mb2`M�K2

}`biL�K2 � bi`BM; p�Hm2c ?QH/b i?2 }`bi M�K2 Q7 i?2 bim/2Mi
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H�biL�K2 � bi`BM; p�Hm2c ?QH/b i?2 H�bi M�K2 Q7 i?2 bim/2Mi

2K�BH � bi`BM; p�Hm2c ?QH/b i?2 +QMi�+i 2K�BH Q7 i?2 bim/2Mi

T2`bQM�HLmK#2` � bi`BM; p�Hm2c ?QH/b i?2 T2`bQM�H B/2MiB}+�iBQM MmK@
#2` Q7 i?2 bim/2Mi

aim/2Mi:`QmT h?2 aim/2Mi:`QmT BMi2`7�+2 /2b+`B#2b i?2 bi`m+im`2 Q7 i?2
/�i� biQ`2/ �#Qmi � ;Bp2M bim/2Mi ;`QmT mbBM; i?2 7QHHQrBM; T`QT2`iB2bX JQ`2
/2i�BHb �`2 T`2b2Mi2/ BM };m`2 jXjX

bim/2Mi:`QmTA/ � bi`BM; p�Hm2c ?QH/b i?2 B/2MiB}2` Q7 i?2 bim/2Mi ;`QmT

M�K2 � bi`BM; p�Hm2c ?QH/b i?2 M�K2 Q7 i?2 bim/2Mi ;`QmT

/2b+`BTiBQM � bi`BM; p�Hm2c ?QH/b �//BiBQM�H BM7Q`K�iBQM �#Qmi i?2 ;`QmT

ivT2 � bi`BM; p�Hm2c ?QH/b BM7Q`K�iBQM �#Qmi i?2 ivT2 Q7 i?2 bim/2Mi
;`QmTc 7Q` 2t�KTH2- ǶG1*hl_1Ƕ

*H�bbB}+�iBQMAMi2`7�+2 h?2 *H�bbB7B+�iBQMAMi2`7�+2 BMi2`7�+2 /2b+`B#2b
i?2 /�i� biQ`2/ �#Qmi � bBM;H2 bim/2Mi �bb2bbK2Mic bT2+B}+�HHv,

/2}MBiBQMA/2MiB}2` � bi`BM; p�Hm2c `2T`2b2Mib i?2 `2bT2+iBp2 i�bF

bim/2Milb2`M�K2 � bi`BM; p�Hm2c ?QH/b i?2 `2bT2+iBp2 bim/2Mi mb2`M�K2

p�Hm2 � bi`BM;- MmK#2`- Q` � #QQH2�M p�Hm2 `2T`2b2MiBM; i?2 bim/2Mi b+Q`2

MQi2 � bi`BM; p�Hm2 Q` MmHHc ?QH/b i2ti MQi2

iBK2bi�KT � bi`BM; p�Hm2 Q` MmHHc +QMi�BMb i?2 iBK2 Q7 bm#KBbbBQM

6Q` KQ`2 /2i�BH `2;�`/BM; i?2 BMi2`7�+2 �M/ Qi?2` BMi2`M�H �M/ mMHBbi2/ bi`m+@
im`2b- b22 };m`2b jXj �M/ jX9X
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6B;m`2 jXj, *H�bb /B�;`�K Q7 i?2 KB//H2@H2p2H #HQ+Fb Q7 i?2 KQ/mH2
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6B;m`2 jX9, .B�;`�K Q7 i?2 .hP U/�i� i`�Mb72` Q#D2+iV BMi2`7�+2b
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*?�Ti2` 9
AKTH2K2Mi�iBQM

h?Bb +?�Ti2` /2b+`B#2b i?2 MTK KQ/mH2 BKTH2K2Mi�iBQM T`Q+2bbX h?2 KQ/mH2
Bb BKTH2K2Mi2/ BM hvT2a+`BTi �M/ Tm#HBb?2/ �b �M LSJ KQ/mH2X AM Q`/2`
iQ BMi2;`�i2 i?2 KQ/mH2 BMiQ i?2 bvbi2K Q7 mMBp2`bBiv �TTHB+�iBQMb �M/ Q#i�BM
�++2bb iQ :`�/2b �SA- `2;Bbi`�iBQM BMiQ i?2 mMBp2`bBiv �TTb J�M�;2` r�b `2@
[mB`2/X h?2 KQ/mH2 ?�b b2p2`�H /2p2HQT2` /2T2M/2M+B2bc ?Qr2p2`- i?2 #mBHi
/Bbi`B#mi�#H2 QMHv `2HB2b QM QM2 /2T2M/2M+v Ĝ �tBQbX 6m`i?2`KQ`2- i?2 KQ/mH2
7mM+iBQM�HBiv Bb /2KQMbi`�i2/ mbBM; � +mbiQK T`QQ7@Q7@+QM+2Ti �TTHB+�iBQMX

9XR JQ/mH2
h?2 7QHHQrBM; b2+iBQMb /2b+`B#2 i?2 BKTH2K2Mi�iBQM T`Q+2bb- BM+Hm/BM; b2iiBM;
mT i?2 T`QD2+i- Bib :Bi `2TQbBiQ`v- �M/ hvT2a+`BTi /2T2M/2M+vX

9XRXR S`QD2+i a2imT
�7i2` i?2 BMBiB�H BMbi�HH�iBQM Q7 i?2 LQ/2XDb 7`�K2rQ`F mbBM; i?2 �TT`QT`B�i2 BM@
bi�HH2`9- �M 2KTiv MTK T`QD2+i r�b +`2�i2/ mbBM; i?2 +QKK�M/ MTK BMBi @vX
h?2 +QKK�M/ +`2�i2/ � T�+F�;2XDbQM }H2 biQ`BM; i?2 KQ/mH2Ƕb K2i�/�i�-
BM+Hm/BM; i?2 M�K2- /2b+`BTiBQM- �M/ p2`bBQM MmK#2`- �b b?QrM BM HBbiBM; RX

9XRXk :Bi _2TQbBiQ`v � lb2` .Q+mK2Mi�iBQM
� :Bi `2TQbBiQ`v M22/2/ iQ #2 +`2�i2/ 7Q` +Q/2 K�M�;2K2Mi �M/ /Bbi`B#miBQMc
i?2`27Q`2- _1�.J1XK/ �M/ X;BiB;MQ`2 }H2b r2`2 �//2/ iQ i?2 T`QD2+iX h?2
_1�.J1XK/ }H2 b2`p2b �b � mb2` ;mB/2- T`QpB/BM; i?2 b2imT �M/ BMbi�HH�iBQM BM@
bi`m+iBQMb �M/ BMi`Q/m+BM; KQ/mH2 7mM+iBQM�HBiv �M/ mb�;2X h?2 X;BiB;MQ`2
}H2 +QMi�BMb T�i?b iQ }H2b �M/ /B`2+iQ`B2b i?�i :Bi b?QmH/ B;MQ`2c i?Bb BM+Hm/2b

9�p�BH�#H2 7`QK ?iiTb,ffMQ/2DbXQ`;f2Mf/QrMHQ�/f

jR



9X AKTH2K2Mi�iBQM

&
]M�K2], ]i2bi]-
]p2`bBQM], ]RXyXy]-
]/2b+`BTiBQM], ]]-
]K�BM], ]BM/2tXDb]-
]b+`BTib], &]i2bi], ]2+?Q $]1``Q`, MQ i2bi bT2+X$] �� 2tBi R]'-
]F2vrQ`/b], ()-
]�mi?Q`], ]]-
]HB+2Mb2], ]Aa*]

'

GBbiBM; R, h?2 T�+F�;2XDbQM }H2 Q7 i?2 2KTiv MTK T`QD2+i

�Mv #mBH/ /�i�- i?2 MQ/2nKQ/mH2b /B`2+iQ`v U+QMi�BMb i?2 BMbi�HH2/ /2T2M@
/2M+B2bV- �Mv }H2b �M/ 7QH/2`b +QMi�BMBM; i2bi `2TQ`ib- �M/ }M�HHv- i?2 ?B//2M
}H2b �M/ /B`2+iQ`B2b +`2�i2/ #v i?2 /2p2HQTK2Mi 2MpB`QMK2Mi Q` i?2 PaX �
`2TQbBiQ`v i�; r�b �//2/ BMiQ i?2 T�+F�;2XDbQM }H2- �b b?QrM BM HBbiBM; k- iQ
+QMM2+i i?2 :Bi `2TQbBiQ`v rBi? i?2 KQ/mH2 T`QD2+iX

]`2TQbBiQ`v], &
]ivT2], ];Bi]-
]m`H], ]?iiTb,ff;BiH�#X7BiX+pmiX+xf?�KT2D�`f;`�/2b@b/F]

'

GBbiBM; k, *QMM2+iBM; i?2 T`QD2+i rBi? � :Bi `2TQbBiQ`v

9XRXj a2iiBM; mT hvT2a+`BTi

hvT2a+`BTi Bb mb2/ �b i?2 T`BK�`v /2p2HQTK2Mi H�M;m�;2X h?2 mb�;2 Q7 hvT2@
a+`BTi `2[mB`2b �//BM; hvT2a+`BTi �b � /2p2HQT2` /2T2M/2M+v iQ i?2 T`QD2+iX
.2T2M/2M+B2b +�M #2 2�bBHv �//2/fBMbi�HH2/ BMiQ �M 2tBbiBM; T`QD2+i mbBM;
i?2 MTK BMbi�HH ]T�+F�;2@M�K2] +QKK�M/X h?2 hvT2a+`BTi /2T2M/2M+v
Bb QMHv `2H2p�Mi /m`BM; i?2 /2p2HQTK2Mi bBM+2 i?2 /Bbi`B#mi2/ p2`bBQM Q7 i?2
KQ/mH2 Bb i`�MbTBH2/ BMiQ C�p�a+`BTiX �//BM; �M �`;mK2Mi @@b�p2@/2p iQ i?2
BMbi�HH +QKK�M/ 2Mbm`2b i?2 /2T2M/2M+v rBHH MQi #2 BM+Hm/2/ BM i?2 Tm#HBb?2/
KQ/mH2X �7i2` BMbi�HHBM; hvT2a+`BTi #v mbBM; i?2 MTK BMbi�HH @@b�p2@/2p
ivT2b+`BTi +QKK�M/- Bi Bb M2+2bb�`v iQ �// � ib+QM7B;XDbQM }H2X h?Bb
}H2 BM+Hm/2b i?2 BM7Q`K�iBQM M22/2/ 7Q` i?2 hvT2a+`BTi i`�MbTBH2`X h?2 }M�H
bi`m+im`2 �M/ +QMi2Mib Q7 i?2 }H2 +�M #2 b22M BM HBbiBM; jX

jk



9XRX JQ/mH2

&
]+QKTBH2`PTiBQMb], &

]i�`;2i], ]1ae]-
]KQ/mH2], ]+QKKQMDb]-
]bi`B+i], i`m2-
]/2+H�`�iBQM], i`m2-
]Qmi.B`], ]XfHB#]

'-
]BM+Hm/2], (]b`+])-
]2t+Hm/2], (]MQ/2nKQ/mH2b]- ]i2bib])

'

GBbiBM; j, ai`m+im`2 �M/ +QMi2Mib Q7 i?2 ib+QM};XDbQM }H2

9XRX9 �mi?2MiB+�iBQM

�i i?2 #2;BMMBM; Q7 i?2 KQ/mH2 BKTH2K2Mi�iBQM- � r�v Q7 �mi?2MiB+�iBM; i?2
KQ/mH2 M22/2/ iQ #2 `2bQHp2/ iQ ;�BM 7mHH �++2bb iQ :`�/2b �SAX Ai r�b }`bi
M2+2bb�`v iQ +`2�i2 � T`QD2+i BM i?2 �TTb J�M�;2` Ub22M BM };m`2 9XRV K�M@
�;BM; mMBp2`bBiv@H2p2H �TTHB+�iBQM �++2bb iQ *hl �SAbX �7i2` +`2�iBM; i?2
T`QD2+i- �M B/2MiB}2` �M/ � b2+`2i �`2 �bbB;M2/ iQ i?2 T`QD2+iX �++2bb iQ i?2
M2+2bb�`v b2`pB+2b +�M #2 b2i mT BM i?2 a2`pB+2b i�# Q7 i?2 �TTb J�M�;2`-
b?QrM BM };m`2 9XkX 6Q` i?Bb T`QD2+i- i?2 *Qm`b2b b2`pB+2 r�b `2H2p�MiX h?2
*Qm`b2 b2`pB+2 Qz2`b b2p2`�H b+QT2 H2p2Hb 7Q` rQ`FBM; rBi? :`�/2b �SAX 6Q`
i?2 /2p2HQT2/ KQ/mH2- i?2 +pmi,;`�/2b,+Qm`b2@`2bi`B+i2/ b+QT2 r�b bm7@
}+B2MiX h?2 �bbB;M2/ B/2MiB}2` �M/ b2+`2i +�M H�i2` #2 mb2/ iQ Q#i�BM i?2 }M�H
�++2bb iQF2M M2+2bb�`v 7Q` �mi?2MiB+�iBQM rBi? :`�/2b �SAX

9XRX8 AKTH2K2Mi�iBQM

h?2 BKTH2K2Mi�iBQM Q7 i?2 KQ/mH2 7mM+iBQM�H �bT2+ib 7QHHQr2/ �7i2` i?2 BMBiB�H
b2imTX h?2 bi`m+im`2 Q7 i?2 BKTH2K2Mi2/ KQ/mH2 +Q``2bTQM/b iQ i?2 /2bB;M
T`2b2Mi2/ BM i?2 T`2pBQmb +?�Ti2`X � b`+ /B`2+iQ`v r�b +`2�i2/ iQ biQ`2 i?2
bQm`+2 +Q/2X �b b22M BM i?2 +QM};m`�iBQM }H2 BM HBbiBM; j- QMHv i?2 b`+ /B`2+@
iQ`v Bb pBbB#H2 iQ i?2 i`�MbTBH2` �M/ rBHH #2 T`2b2Mi BM i?2 Tm#HBb?2/ KQ/mH2
BM i?2 i`�MbTBH2/ 7Q`KX h?2 T`QD2+i +�M #2 #mBHi #v `mMMBM; i?2 +QKK�M/
MTK `mM #mBH/X h?2 #mBHi }H2b Q++mTv i?2 HB# /B`2+iQ`v- �b bT2+B}2/ BM i?2
ib+QM7B;XDbQM }H2X

jj



9X AKTH2K2Mi�iBQM

6B;m`2 9XR, :`�/2ba.E T`QD2+i BM i?2 �TTb J�M�;2`

9Xk .2T2M/2M+B2b
h?2 BKTH2K2Mi2/ KQ/mH2 /2T2M/b QM � bBM;H2 2ti2`M�H T�+F�;2- i?2 �tBQb
T�+F�;2 K�M�;BM; i?2 >hhS `2[m2bib �M/ `2bTQMb2bX h?2 �TB_2[m2biQ`
+H�bb BKTH2K2Mib +QKKmMB+�iBQM rBi? :`�/2b �SA �M/ mb2b �tBQbX a2p2`�H
�//BiBQM�H /2T2M/2M+B2b r2`2 �HbQ miBHBx2/ /m`BM; i?2 /2p2HQTK2Mi �M/ �`2 MQi
T`2b2Mi BM i?2 `2H2�b2/ KQ/mH2,

ivT2b+`BTi h?2 ivT2b+`BTi T�+F�;2 r�b mb2/ iQ #`BM; ivT2b+`BTi 72�@
im`2b BMiQ i?2 /2p2HQTK2Mi- K�BMHv ivT2 bmTTQ`i- �HHQrBM; ;`2�i2` +QMi`QH
Qp2` i?2 /�i� ~Qr BMbB/2 i?2 KQ/mH2X

/Qi2Mp h?2 /Qi2Mp T�+F�;2 �HHQrb 7Q` biQ`BM; �M/ HQ�/BM; 2MpB`QMK2Mi
p�`B�#H2bX Ai Bb miBHBx2/ BM i?2 SQ* �TTHB+�iBQM 7Q` biQ`BM; i?2 +HB2MiA.
�M/ +HB2Mia2+`2i p�`B�#H2b mb2/ 7Q` �+[mB`BM; i?2 �++2bb iQF2M M2+2bb�`v iQ
�++2bb i?2 7mHH 7mM+iBQM�HBiv Q7 :`�/2b �SAX

D2bi- ib@D2bi �M/ !ivT2bfD2bi C2bi T�+F�;2b r2`2 mb2/ BM i?2 i2biBM;
bi�;2b Q7 i?2 /2p2HQTK2Mi 7Q` lLAh i2biBM; i?2 /2p2HQT2/ KQ/mH2X

ivT2/Q+ h?2 ivT2/Q+ T�+F�;2 r�b mb2/ iQ ;2M2`�i2 i?2 BKTH2K2Mi�iBQM
/Q+mK2Mi�iBQM Q7 i?2 }M�H KQ/mH2X h?Bb /Q+mK2Mi�iBQM Bb �ii�+?2/ BM i?2
�TT2M/Bt �M/ +�M �HbQ #2 7QmM/ QM i?2 :BiG�# T�;2 Q7 i?2 KQ/mH2X

j9



9XjX S`QQ7@Q7@*QM+2Ti �TTHB+�iBQM

6B;m`2 9Xk, a2`pB+2b i�# BM i?2 �TTb J�M�;2`

9Xj S`QQ7@Q7@*QM+2Ti �TTHB+�iBQM
� T`QQ7@Q7@+QM+2Ti LQ/2XDb �TTHB+�iBQM r�b /2p2HQT2/ iQ +?2+F i?2 7mM+iBQM�H@
Biv �M/ mb�#BHBiv Q7 i?2 BKTH2K2Mi2/ KQ/mH2X h?2 �TTHB+�iBQM b?Qr+�b2b i?2
72�im`2b 2[mBp�H2Mi iQ i?2 7mM+iBQM�H `2[mB`2K2Mib T`2b2Mi2/ BM b2+iBQM kX8X
h?2 72�im`2b Q7 i?2 SQ* �TTHB+�iBQM BM+Hm/2,

oB2rBM; +Qm`b2 K2i�/�i� �b b?QrM BM };m`2 �XR- i?2 �TT +�M /BbTH�v
BM7Q`K�iBQM �#Qmi � +Qm`b2 BM � bT2+B}2/ b2K2bi2`X

J�M�;BM; +Qm`b2 /2}MBiBQM ?B2`�`+?v h?2 };m`2 9Xj b?Qrb i?2 �TT
T`2b2MiBM; i?2 /2}MBiBQM ?B2`�`+?v- };m`2 �Xk b?Qrb � 7Q`K 7Q` �//BM;
� M2r /2}MBiBQM BMiQ i?2 ?B2`�`+?vX 6BM�HHv- };m`2 9X9 b?Qrb i?2 b�K2
/2}MBiBQM ?B2`�`+?v pB� :`�/2bX

J�M�;BM; bim/2Mi �bb2bbK2Mib h?2 SQ* �TT �HbQ �HHQrb K�M�;BM;
bim/2Mi �bb2bbK2Mib �b b?QrM BM };m`2 9X8c i?2 b�K2 /�i� pB2r2/ pB�
:`�/2b +�M #2 b22M BM };m`2 �XjX .BbTH�vBM; �bb2bbK2Mi /2i�BHb- BM+Hm/BM;
MQi2b- Bb �HbQ TQbbB#H2- �b b?QrM BM };m`2 �X9X

j8



9X AKTH2K2Mi�iBQM

6B;m`2 9Xj, oB2rBM; +Qm`b2Ƕb /2}MBiBQM ?B2`�`+?v BM i?2 SQ* �TTHB+�iBQM

6B;m`2 9X9, oB2rBM; +Qm`b2Ƕb /2}MBiBQM ?B2`�`+?v pB� :`�/2b r2# BMi2`7�+2

je



9XjX S`QQ7@Q7@*QM+2Ti �TTHB+�iBQM

6B;m`2 9X8, oB2rBM; bim/2MiǶb 2p�Hm�iBQMb BM i?2 SQ* �TTHB+�iBQM

jd





*?�Ti2` 8
h2biBM; �M/ .Bbi`B#miBQM

h?Bb +?�Ti2` /2b+`B#2b i?2 KQ/mH2 i2biBM; T`Q+2bb �M/ iQm+?2b QM b2iiBM; mT
i?2 i2biBM; bQ7ir�`2 �M/ Bib bm#b2[m2Mi mb2X 6m`i?2`KQ`2- i?Bb +?�Ti2` T`2b2Mib
i?2 r�v Q7 Tm#HBb?BM; i?2 }M�HBx2/ KQ/mH2 iQ i?2 LSJ `2;Bbi`vX

8XR h2biBM; i?2 JQ/mH2
hQ i2bi i?2 KQ/mH2 7mM+iBQM�HBiv- � C�p�a+`BTi mMBi i2biBM; 7`�K2rQ`F- C2bi-
Bb mb2/X hvT2a+`BTi bmTTQ`i 7Q` i?2 i2bib Bb �//2/ #v BMbi�HHBM; �//BiBQM�H
/2p2HQT2` /2T2M/2M+B2b 7Q` i?2 C2bi 7`�K2rQ`F- BM+Hm/BM; !ivT2bfD2bi �M/
ib@D2biX

h?2 K�BM Q#D2+iBp2 Q7 mMBi i2biBM; Bb iQ i2bi i?2 BM/BpB/m�H T�`ibfmMBib Q7
i?2 bQ7ir�`2X Ai Bb 2bb2MiB�H iQ �pQB/ i2biBM; i?2 mMBib i?�i �`2 MQi T�`i Q7
i?2 /2p2HQT2/ bQ7ir�`2X h?2`27Q`2- 7Q` i2biBM; Tm`TQb2b- Bi Bb }`bi M2+2bb�`v iQ
bm#biBimi2 i?2 :`�/2b �SAX AM Q`/2` iQ b?B2H/ Qz i?2 M2irQ`FBM;- i?2 M2+2bb�`v
7mM+iBQM�HBiv Q7 i?2 �tBQb T�+F�;2 Bb KQ+F2/- BX2X- i2KTQ`�`BHv `2BKTH2K2Mi2/
HQ+�HHv- r?B+? BM+Hm/2b �tBQbǶ ;2i- TQbi- Tmi- �M/ /2H2i2 K2i?Q/bX

� /B`2+iQ`v iBiH2/ i2bib +QMi�BMb }H2b `2[mB`2/ 7Q` i2biBM;X h?2 +QM};m@
`�iBQM }H2 D2bi+QM7B;XDbQM biQ`2b b2iiBM;b 7Q` i?2 C2bi 7`�K2rQ`FX � iQi�H
Q7 MBM2i22M i2bib- BM+Hm/BM; i?2 7QHHQrBM; QM2b- +Qp2` �HH Q7 i?2 7mM+iBQM�HBiv Q7
i?2 KQ/mH2,

a?QmH/ ;2i b2K2bi2` +Q/2 h2bib r?2i?2` Q` MQi i?2 KQ/mH2 `2im`Mb i?2
+Q``2+i +Q/2b 7Q` i?2 T`2pBQmb- +m``2Mi- �M/ 7QHHQrBM; b2K2bi2`bX

a?QmH/ ;2i +Qm`b2 BM7Q`K�iBQM h2bib r?2i?2` Q` MQi i?2 KQ/mH2 `2@
im`Mb r2HH@7Q`K�ii2/ +Qm`b2 K2i�/�i�X

a?QmH/ ;2i /2}MBiBQM ?B2`�`+?v h2bib r?2i?2` Q` MQi i?2 KQ/mH2 `2@
im`Mb � r2HH@7Q`K�ii2/ Q#D2+i `2T`2b2MiBM; i?2 /2}MBiBQM ?B2`�`+?v Q7 �
;Bp2M +Qm`b2X

jN



8X h2biBM; �M/ .Bbi`B#miBQM

a?QmH/ /2H2i2 /2}MBiBQM h2bib r?2i?2` Q` MQi i?2 KQ/mH2 �ii2KTib iQ
/2H2i2 � bT2+B}2/ /2}MBiBQM 7`QK i?2 +Qm`b2Ƕb /2}MBiBQM ?B2`�`+?vX

a?QmH/ ;2i �HH /2}MBiBQMb h2bib r?2i?2` Q` MQi i?2 KQ/mH2 `2im`Mb �
~�ii2M2/ �``�v +QMi�BMBM; /2}MBiBQMb 7`QK i?2 +Qm`b2Ƕb /2}MBiBQM ?B2`�`+?vX

a?QmH/ +`2�i2 � /2}MBiBQM h2bib r?2i?2` Q` MQi i?2 KQ/mH2 �ii2KTib
iQ +`2�i2 �M/ �// � M2r /2}MBiBQM iQ i?2 +Qm`b2Ƕb /2}MBiBQM ?B2`�`+?vX

a?QmH/ b�p2 KmHiBTH2 bim/2Mi +H�bbB}+�iBQMb h2bib r?2i?2` Q` MQi i?2
KQ/mH2 ?�M/H2b +`2�iBM;fmT/�iBM; KmHiBTH2 +H�bbB}+�iBQMb �i QM+2X

a?QmH/ ;2i bim/2Mi ;`QmTb h2bib r?2i?2` Q` MQi i?2 KQ/mH2 `2im`Mb
i?2 bim/2Mi ;`QmTb Q7 � ;Bp2M +Qm`b2X

a?QmH/ i?`Qr �M �mi?2MiB+�iBQM 2``Q` h2bib r?2i?2` Q` MQi i?2 KQ/@
mH2 `2bTQM/b �b /2}M2/ iQ �M �mi?2MiB+�iBQM 2``Q`X

�HH i2bib �`2 T�bbBM;X h?2 }M�H `2TQ`i rBi? BM+Hm/2/ +Qp2`�;2 `2bmHib +�M #2
b22M BM };m`2 8XRX

8Xk Sm#HBb?BM; i?2 JQ/mH2
�7i2` Tmb?BM; i?2 H�i2bi +?�M;2b Q7 i?2 bQm`+2 +Q/2 iQ i?2 :Bi `2TQbBiQ`v
UBM+Hm/BM; mT/�iBM; i?2 p2`bBQM MmK#2` Q7 i?2 KQ/mH2 BM i?2 T�+F�;2XDbQM
}H2V- i?2 KQ/mH2 Bb Tm#HBb?2/ #v `mMMBM; i?2 MTK Tm#HBb? +QKK�M/X h?2
b�K2 +QKK�M/ rBi? � @@/`v@`mM �`;mK2Mi +�M #2 2t2+mi2/ #27Q`2?�M/ iQ
T`2pB2r i?2 HBbi Q7 }H2b iQ #2 Tm#HBb?2/X h?2 MTK T�;2 Q7 i?2 KQ/mH2 Bb
�p�BH�#H2 �i ?iiTb,ffrrr.MTKDb.+QKfT�+F�;2f;`�/2b@b/FX
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*QM+HmbBQM

h?2 K�BM ;Q�H Q7 i?Bb i?2bBb r�b iQ T`QpB/2 � r�v iQ +QMM2+i BM/2T2M/2Mi
2/m+�iBQM�H TH�i7Q`Kb rBi? :`�/2bX Ai r�b M2+2bb�`v iQ �M�Hvx2 i?2 +m``2Mi
bi�i2 Q7 2/m+�iBQM�H r2# �TTHB+�iBQMb �M/ b2`pB+2b �i 6Ah *hl �M/ /2bB;M �M/
BKTH2K2Mi � iQQH i?�i rQmH/ �HHQr bBKTH2 BMi2;`�iBQM Q7 i?2 :`�/2b �bb2bbK2Mi
bvbi2K BMiQ 2tBbiBM; �M/ 7mim`2 2/m+�iBQM�H �TTHB+�iBQMb- BM+Hm/BM; G2�`Ma?2HHX

h?2 `2b2�`+? 7Q+mb2/ QM i?2 +m``2Mi bi�i2 Q7 2H2+i`QMB+ �bb2bbK2Mi �i 6Ah
*hl- i?2 :`�/2b �M/ G2�`Ma?2HH �TTHB+�iBQMb- KQ/mH�` T`Q;`�KKBM;- _1ah
�M/ _1ah �SAb- �M/ Qi?2` `2H2p�Mi r2# i2+?MQHQ;B2bX

AM i?2 �M�HvbBb- i?2 M2+2bb�`v 7mM+iBQM�HBiB2b Q7 i?2 :`�/2b bvM+?`QMBx�iBQM
iQQH r2`2 /2}M2/X h?2 b2H2+iBQM Q7 �TT`QT`B�i2 i2+?MQHQ;B2b 7Q` i?2 /2p2HQT@
K2Mi �M/ TQbbB#BHBiB2b Q7 +Q/2 /Bbi`B#miBQM r2`2 �HbQ /Bb+mbb2/X hQ 2Mbm`2
`2mb�#BHBiv- 2�b2 Q7 mb2- �M/ bBKTH2 BMi2;`�iBQM rBi? T`2b2Mi 2/m+�iBQM�H �TTb-
i?2 /2bB;M Q7 i?2 T`QTQb2/ iQQH mb2b �M Q#D2+i@Q`B2Mi2/ BMi2`7�+2 �M/ Bb BKTH2@
K2Mi2/ �b � hvT2a+`BTi LSJ KQ/mH2 H2p2`�;BM; i?2 :`�/2b _1ah �SAX

h?2 KQ/mH2 +�M #2 2�bBHv BMi2;`�i2/ BMiQ �Mv C�p�a+`BTi Q` hvT2a+`BTi �T@
THB+�iBQM Q` b2`pB+2 BM i?2 LQ/2XDb 2MpB`QMK2MiX h?2 KQ/mH2 r�b Tm#HBb?2/ iQ
i?2 LSJ `2;Bbi`v �M/ Bb 7`22Hv �p�BH�#H2X lMBi i2bib +Qp2`BM; Qp2` N8W Q7 i?2
KQ/mH2Ƕb 7mM+iBQM�HBiv �M/ BMi2`M�H /�i� K�M�;2K2Mi �`2 �p�BH�#H2X *QM+m`@
`2MiHv- � T`QQ7@Q7@+QM+2Ti �TTHB+�iBQM r�b �HbQ /2p2HQT2/ iQ i2bi �M/ b?Qr+�b2
i?2 KQ/mH2Ƕb BMi2`7�+2 7mM+iBQM�HBiv �M/ mb�#BHBivX h?2 KQ/mH2 +�M #2 2�bBHv
BMbi�HH2/ BMiQ i?2 G2�`Ma?2HH T`QD2+i #v 7QHHQrBM; i?2 /B`2+iBQMb T`QpB/2/ QM
i?2 KQ/mH2Ƕb LSJ Q` :Bi>m# r2# T�;2bX

h?2 KQ/mH2 /Q2b MQi bmTTQ`i b2p2`�H 7mM+iBQM�HBiB2b T`QpB/2/ #v :`�/2b
�i i?Bb bi�;2 bBM+2 i?2v r2`2 MQi +QMbB/2`2/ iQ #2 +`m+B�H 7Q` 2bb2MiB�H +Qm`b2
K�M�;2K2MiX �//BM; bmTTQ`i 7Q` i?2b2 b2;K2Mib Q7 i?2 :`�/2b �SA Bb bm#@
D2+i iQ 7m`i?2` /2p2HQTK2MiX h?2 T`QQ7@Q7@+QM+2Ti �TTHB+�iBQM �M/ mMBi i2biBM;
`2bmHib b?Qr i?�i �HH i?2 `2[mB`2K2Mib /2}M2/ BM i?2 i?2bBb �bbB;MK2Mi- BMi`Q@
/m+iBQM- �M/ �M�HvbBb ?�p2 #22M K2iX
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(R) 6Ah *hlX 6Ah *H�bbB}+�iBQM _1ah �SA (QMHBM2)X (+BiX kykR@y9@R8)X �p�BH@
�#H2 7`QK, ?iiTb,ff;`�/2b.7Bi.+pmi.+xf�TBfpRfbr�;;2`@mB.?iKH

(k) :lh>- PX _1ah7mH r2# b2`pB+2bX AM, 6Ah *hl *Qm`b2b (QMHBM2)-
kyky- (+BiX kyky@RR@k8)X �p�BH�#H2 7`QK, ?iiTb,ff+Qm`b2b.7Bi.+pmi.+xf
"A@hCofH2+im`2bf7BH2bf#B@iDp@T@`2bi.T/7

(j) *G�_EaPL- JX _X 6mM+iBQM�H S`Q;`�KKBM; BM P*�KH
(QMHBM2)X kyRN- (+BiX kykR@y9@ky)X �p�BH�#H2 7`QK, ?iiTb,
ffrrr.+b.+Q`M2HH.2/mf+Qm`b2bf+bjRRyfkyRNbTfi2ti#QQFfKQ/mH2bf
KQ/mH�`nT`Q;`�KKBM;.?iKH

(9) #H2M/2`XQ`;X JQ/mH2b (QMHBM2)X kykR- (+BiX kykR@y9@ky)X �p�BH�#H2 7`QK,
?iiTb,ffrBFB.#H2M/2`.Q`;frBFBfJQ/mH2b

(8) *`2�i2- `2�/- mT/�i2 �M/ /2H2i2X AM, qBFBT2/B�- h?2 6`22 1M+v@
+HQT2/B� (QMHBM2)- kyky- (+BiX kyky@RR@kd)X �p�BH�#H2 7`QK, ?iiTb,
ff2M.rBFBT2/B�.Q`;frfBM/2t.T?T\iBiH24*`2�i2,n`2�/,nmT/�i2n�M/n
/2H2i2�QH/B/4NNyeydky9

(e) qAG.1_Jlh>- aX _1ah K�ii2`b U�M/ vQm M22/ KQ`2 Q7
BiV (QMHBM2)X SHm`�HbB;?i- kyR8- (+BiX kyky@RR@ke)X �p�BH�#H2 7`QK,
?iiTb,ffrrr.THm`�HbB;?i.+QKf#HQ;fimiQ`B�Hbf`2T`2b2Mi�iBQM�H@
bi�i2@i`�Mb72`@iBTb

(d) _6* keReX >vT2`i2ti h`�Mb72` S`QiQ+QH ě >hhSfRXR (QMHBM2)X qj*-
kyy9- `2pX RX3X (+BiX kyky@RR@ke)X �p�BH�#H2 7`QK, ?iiTb,ffrrr.rj.Q`;f
S`QiQ+QHbf`7+keRef`7+keRe.?iKH

(3) hmiQ`B�HbTQBMiX >hhSĜ_2[m2bib (QMHBM2)X kyky- (+BiX kyky@RR@jy)X �p�BH�#H2
7`QK, ?iiTb,ffrrr.imiQ`B�HbTQBMi.+QKf?iiTf?iiTn`2[m2bib.?iK
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https://grades.fit.cvut.cz/api/v1/swagger-ui.html
https://courses.fit.cvut.cz/BI-TJV/lectures/files/bi-tjv-p-rest.pdf
https://courses.fit.cvut.cz/BI-TJV/lectures/files/bi-tjv-p-rest.pdf
https://www.cs.cornell.edu/courses/cs3110/2019sp/textbook/modules/modular_programming.html
https://www.cs.cornell.edu/courses/cs3110/2019sp/textbook/modules/modular_programming.html
https://www.cs.cornell.edu/courses/cs3110/2019sp/textbook/modules/modular_programming.html
https://wiki.blender.org/wiki/Modules
https://en.wikipedia.org/w/index.php?title=Create,_read,_update_and_delete&oldid=990607204
https://en.wikipedia.org/w/index.php?title=Create,_read,_update_and_delete&oldid=990607204
https://en.wikipedia.org/w/index.php?title=Create,_read,_update_and_delete&oldid=990607204
https://www.pluralsight.com/blog/tutorials/representational-state-transfer-tips
https://www.pluralsight.com/blog/tutorials/representational-state-transfer-tips
https://www.w3.org/Protocols/rfc2616/rfc2616.html
https://www.w3.org/Protocols/rfc2616/rfc2616.html
https://www.tutorialspoint.com/http/http_requests.htm


"B#HBQ;`�T?v

(N) "GPPJ1_- CX SQr2` S`Q;`�KKBM; rBi? _S* (QMHBM2)X Lmib?2HH
?�M/#QQF- PǶ_2BHHv J2/B�- AM+Q`TQ`�i2/- RNNk- Aa"L Nd3yNjdRd8dd9-
(+BiX kykR@y9@kR)X �p�BH�#H2 7`QK, ?iiTb,ff#QQFb.;QQ;H2.+xf#QQFb\B/4
SLk?+_.kNCl*

(Ry) ahl_:1PL- SX lM/2`bi�M/BM; _S* ob _1ah 6Q` >hhS �SAbX
aK�b?BM; J�;�xBM2 (QMHBM2)- kyRe- (+BiX kyky@RR@kd)X �p�BH�#H2
7`QK, ?iiTb,ffrrr.bK�b?BM;K�;�xBM2.+QKfkyRefyNfmM/2`bi�M/BM;@
`2bi@�M/@`T+@7Q`@?iiT@�TBbf

(RR) 6A1G.AL:- _X hX �`+?Bi2+im`�H aivH2b �M/ i?2 .2bB;M Q7 L2irQ`F@
#�b2/ aQ7ir�`2 �`+?Bi2+im`2bX .Bbb2`i�iBQM i?2bBb- lMBp2`bBiv Q7 *�H@
B7Q`MB�- A`pBM2- kyyy- (+BiX kykR@y9@kR)X �p�BH�#H2 7`QK, ?iiTb,ff
rrr.B+b.m+B.2/mf�7B2H/BM;fTm#bf/Bbb2`i�iBQMfiQT.?iK

(Rk) J.L +QMi`B#miQ`bX avM+?`QMQmb �M/ �bvM+?`QMQmb `2[m2bib
(QMHBM2)X kyky- (+BiX kykR@y9@R3)X �p�BH�#H2 7`QK, ?iiTb,
ff/2p2HQT2`.KQxBHH�.Q`;f2M@laf/Q+bfq2#f�SAfsJG>iiT_2[m2bif
avM+?`QMQmbn�M/n�bvM+?`QMQmbn_2[m2bib

(Rj) J.L +QMi`B#miQ`bX sJG>iiT_2[m2bi (QMHBM2)X kykR- (+BiX kykR@y9@R3)X
�p�BH�#H2 7`QK, ?iiTb,ff/2p2HQT2`.KQxBHH�.Q`;f2M@laf/Q+bfq2#f
�SAfsJG>iiT_2[m2bi

(R9) "�L:�_1- aX h?2 62i+? �SA ě � KQ/2`M `2TH�+2K2Mi
7Q` sJG>iiT_2[m2bi (QMHBM2)X kyR3- (+BiX kykR@y9@R3)X �p�BH�#H2
7`QK, ?iiTb,ffK2/BmK.+QKf#2;BMM2`b@;mB/2@iQ@KQ#BH2@r2#@
/2p2HQTK2Mifi?2@72i+?@�TB@k+Nek8NR78+

(R8) J.L +QMi`B#miQ`bX lbBM; 62i+? (QMHBM2)X kykR- (+BiX kykR@y9@R3)X �p�BH�#H2
7`QK, ?iiTb,ff/2p2HQT2`.KQxBHH�.Q`;f2M@laf/Q+bfq2#f�SAf62i+?n
�SAflbBM;n62i+?

(Re) C�p�a+`BTiXAM7QX S`QKBb2 (QMHBM2)X kykR- (+BiX kykR@y9@R3)X �p�BH�#H2 7`QK,
?iiTb,ffD�p�b+`BTi.BM7QfT`QKBb2@#�bB+b

(Rd) J.L +QMi`B#miQ`bX S`QKBb2 (QMHBM2)X kykR- (+BiX kykR@y9@R3)X �p�BH@
�#H2 7`QK, ?iiTb,ff/2p2HQT2`.KQxBHH�.Q`;f2M@laf/Q+bfq2#f
C�p�a+`BTif_272`2M+2f:HQ#�HnP#D2+ibfS`QKBb2

(R3) h�L1C�- aXc :lSh�- SX _X Svi?QM �b � hQQH 7Q` q2# a2`p2` �TTHB+�@
iBQM .2p2HQTK2MiX CAJa 3B@AMiǶH CX Q7 AM7X *QKKX � *QKTmiBM; h2+?MQH@
Q;vUACA**hV (QMHBM2)- pQHmK2 k- MQX R- kyR9, TTX ddĜ3j- (+BiX kykR@y9@R3)X
�p�BH�#H2 7`QK, ?iiTb,ffrrr.DBKbBM/B�.Q`;f3BnCQm`M�HfoQHmK2AAf
Svi?QM@�b@�@iQQH@7Q`@r2#@b2`p2`@�TTHB+�iBQM@/2p2HQTK2Mi.T/7
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https://books.google.cz/books?id=PN2hcRD29JUC
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https://developer.mozilla.org/en-US/docs/Web/API/Fetch_API/Using_Fetch
https://developer.mozilla.org/en-US/docs/Web/API/Fetch_API/Using_Fetch
https://javascript.info/promise-basics
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Promise
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https://www.jimsindia.org/8i_Journal/VolumeII/Python-as-a-tool-for-web-server-application-development.pdf
https://www.jimsindia.org/8i_Journal/VolumeII/Python-as-a-tool-for-web-server-application-development.pdf
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(RN) .D�M;Q aQ7ir�`2 6QmM/�iBQMX JQ/2Hb (QMHBM2)X kyky- (+BiX kyky@RR@k3)X
�p�BH�#H2 7`QK, ?iiTb,ff/Q+b./D�M;QT`QD2+i.+QKf2Mfj.RfiQTB+bf/#f
KQ/2Hbf

(ky) .D�M;Q aQ7ir�`2 6QmM/�iBQMX h2KTH�i2b (QMHBM2)X kyky- (+BiX kyky@RR@
k3)X �p�BH�#H2 7`QK, ?iiTb,ff/Q+b./D�M;QT`QD2+i.+QKf2Mfj.RfiQTB+bf
i2KTH�i2bf

(kR) .D�M;Q aQ7ir�`2 6QmM/�iBQMX *H�bb@#�b2/ pB2rb (QMHBM2)X kyky- (+BiX
kyky@RR@k3)X �p�BH�#H2 7`QK, ?iiTb,ff/Q+b./D�M;QT`QD2+i.+QKf2Mfj.Rf
iQTB+bf+H�bb@#�b2/@pB2rbf

(kk) :1P_:1- LX � bHB;?iHv /Bz2`2Mi pB2r Q7 .D�M;QǶb Jho ǳbi�+FǴ (QMHBM2)X
kyky- (+BiX kyky@RR@kd)X �p�BH�#H2 7`QK, ?iiTb,ff/D�M;Q#QQF.+QKfrT@
+QMi2MifmTHQ�/bfKipn/`�rBM;RnM2r.TM;

(kj) :1P_:1- LX � KQ`2 ?QHBbiB+ pB2r Q7 .D�M;QǶb �`+?Bi2+im`2 (QMHBM2)X
kyky- (+BiX kyky@RR@kd)X �p�BH�#H2 7`QK, ?iiTb,ff/D�M;Q#QQF.+QKfrT@
+QMi2MifmTHQ�/bfKipn/`�rBM;knM2r.TM;

(k9) CP>�LaaPL- �X 8 _2�bQMb C�p�a+`BTi Ab aiBHH "2ii2` h?�M
Svi?QM (QMHBM2)X kykR- (+BiX kykR@y9@R3)X �p�BH�#H2 7`QK, ?iiTb,
ffrrr.+QKTmi2`.Q`;fTm#HB+�iBQMbfi2+?@M2rbf#mBH/@vQm`@+�`22`f
8@`2�bQMb@D�p�b+`BTi@Bb@biBHH@#2ii2`@i?�M@Tvi?QM

(k8) hvT2a+`BTiX AM, qBFBT2/B�- h?2 6`22 1M+v+HQT2/B� (QMHBM2)- kykR-
(+BiX kykR@y9@R3)X �p�BH�#H2 7`QK, ?iiTb,ff2M.rBFBT2/B�.Q`;frf
BM/2t.T?T\iBiH24hvT2a+`BTi�QH/B/4RyRdekey9e

(ke) MTK- AM+X .Q+mK2Mi�iBQM 7Q` i?2 MTK `2;Bbi`v- r2#bBi2- �M/ +QKK�M/@
HBM2 BMi2`7�+2 (QMHBM2)X (+BiX kykR@y9@RN)X �p�BH�#H2 7`QK, ?iiTb,ff
/Q+b.MTKDb.+QK

(kd) ai�+F Pp2`~QrX .2p2HQT2` am`p2v _2bmHib kyRN (QMHBM2)X kyRN- (+BiX
kykR@y9@Re)X �p�BH�#H2 7`QK, ?iiTb,ffBMbB;?ib.bi�+FQp2`7HQr.+QKf
bm`p2vfkyRNOi2+?MQHQ;v@n@KQbi@HQp2/@/`2�/2/@�M/@r�Mi2/@r2#@
7`�K2rQ`Fb

(k3) o2`+2H- AM+X *`2�i2 � L2tiXDb �TT (QMHBM2)X kyky- (+BiX kyky@RR@k3)X �p�BH�#H2
7`QK, ?iiTb,ffM2tiDb.Q`;fH2�`Mf#�bB+bf+`2�i2@M2tiDb@�TT

(kN) EPLa>AL- EX L2tiXDb ZmB+F ai�`i :mB/2, a2`p2`@bB/2 `2M/2`BM; /QM2
`B;?i (QMHBM2)X S�+Fi Sm#HBb?BM; Gi/- kyR3- Aa"L Nd3@R@d33NN@jee@R- (+BiX
k3X RRX kyky)X �p�BH�#H2 7`QK, ?iiTb,ff#QQFb.;QQ;H2.+xf#QQFb\?H4
+b�H`4�B/4@`"K.r��Z"�C�QB47M/�T;4SSR�/[4M2ti.Db�Qib4
t/"Latv_6?�bB;4jr;nq�n:eRGHR`jv6EpEd?3DPeF�`2/B`n2b+4vOp4
QM2T�;2�[4M2ti.Db�747�Hb2
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