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Flexible Smart Contract Interaction 

1. Quota management for smart contract’s running time�
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i?�i i?2 �ii�+F2` +�M MQi T`2/B+i i?2 M2ti �ii�+F i�`;2iX h?2 /Bb�/p�Mi�;2 Bb i?�i Bi +�MMQi �+?B2p2
?B;? i?`Qm;?Tmi rBi? HQr #�M/rB/i?X

.}MBiv(d) +QK#BM2/ `�M/QK #2�+QM �M/ LQi�`B2b iQ K�F2 2�+? T?�b2 Q7 K2K#2`b `�M/QKHv
b2H2+i2/X >Qr2p2`- � TQi2MiB�H 2+QMQKB+ ;�K2 i?2Q`v Bb i?�i i?2 i?`2b?QH/ bB;M�im`2 +�M #2 T`2/B+i2/
#v i?2 +QHHmbBQM Q7 KmHiBTH2 K2K#2`bX *QHHmbBQM K2K#2`b +�M +QHH�#Q`�iBp2Hv +�H+mH�i2 i?2 ;`QmT
T`Bp�i2 F2v �M/ [mB+FHv T`2/B+i i?2 M2ti T?�b2 Q7 `�M/QK MmK#2`bX "v .Pa �ii�+Fb QM i?2 T`QTQb2`b
Q7 i?2 M2ti T?�b2- i?2 +QMbTB`�iQ`b +�M mM/2`KBM2 i?2 7�B`M2bb Q7 i?2 M2irQ`FX

RXR *QMi`B#miBQM
lHi`�BM +QMb2Mbmb ?�b i?2 7QHHQrBM; 72�im`2b

Ç h�KT2`@T`QQ7 ?�`/r�`2 }M;2`T`BMib r?B+? Bb #�b2/ QM +QKTmiBM; TQr2` b+Q`2 �M/ ?BbiQ`B+�H
#2?�pBQ`b `�iBM;- iQ ;m�`�Mi22 i?�i i?2 T�`iB+BT�iBM; MQ/2b ?�p2 ?B;? T2`7Q`K�M+2 �M/ ;QQ/
`2Tmi�iBQMX

Ç AKT`Qp2/ 2{+B2M+v Q7 +QMb2Mbmb #v miBHBxBM; i?2 T�`�HH2HBbK BM i?2 "vx�MiBM2 +QMb2Mbmb T`Q+2bb-
�M/ BKT`Qp2/ `Q#mbiM2bb �;�BMbi K�HB+BQmb T`QTQb2`b

Ç PTiBKBx2/ +`vTiQ;`�T?B+ T`BKBiBp2b mbBM; HB;?ir2B;?i +`vTiQ;`�T?v (3- N) iQ `2/m+2 i?2 +QK@
Tmi�iBQM Qp2`?2�/

Ç .BpB/2/ K2bb�;2 i?`Qm;? `2/mM/�Mi 2M+Q/BM; (Ry)- BMbi2�/ Q7 K2bb�;2 #`Q�/+�biBM;- r?B+?
2Mbm`2b i?�i MQ/2b +�M mb2 i?2 HBKBi2/ M2irQ`F #�M/rB/i? iQ #`Q�/+�bi K�tBKmK [m�MiBiv Q7
K2bb�;2b �M/ BM+`2�b2 i?2 +QMb2Mbmb i?`Qm;?Tmi `�i2X

Ç h?`2b?QH/ bB;M�im`2 (RR) iQ ;`QmT KmHiBTH2 MQ/2b BMiQ � ;`QmT- 7Q` #2ii2` `Q#mbiM2bb- 7�B`M2bb
�M/ `2bTQMb2 bT22/ �;�BMbi � bBM;H2 MQ/2X

Ç h?`2b?QH/ 2M+`vTiBQM (Rk) iQ 2Mbm`2 i?�i 2�+? MQ/2 +�MMQi FMQr i?2 +QMi2Mi Q7 i?2 K2bb�;2
mMiBH Bi `2+2Bp2b 2MQm;? b?�`2b- 7Q` mM#B�b2/ /2HBp2`v Q7 +QMb2Mbmb K2bb�;2bX

k :HQbb�`v
kXR aB;M�im`2 �H;Q`Bi?K
lHi`�BM +?QQb2b 1.k88RN(Rj) #�b2/ QM i?2 7QHHQrBM; +QMbB/2`�iBQMb

Ç 1.k88RN Bb �M QT2M bQm`+2 +`vTiQ;`�T?B+ �H;Q`Bi?K T`QTQb2/ #v .�MB2H "2`Mbi2BMX �7i2` Mm@
K2`Qmb +`vTiQ;`�T?B+ 2tT2`i 2t�KBM�iBQMb- Bi r�b }M�HHv b2H2+i2/ BMiQ i?2 _6*dd93 bi�M/�`/X
Ai r�b �HbQ +QMbB/2`2/ �b �M BKT`Qp2K2Mi BM "Bi+QBM �M/ 1i?2`2mKX

j



Ç 1.k88RNǶb irBbi2/ 1/r�`/b +m`p2 Bb � `2H�iBp2Hv H�`;2 T2`7Q`K�M+2 BKT`Qp2K2Mi Qp2` i?2 LAah
S@k8e +m`p2Ƕb q2Bbi`�bb +m`p2- rBi? ?B;? p2`B}+�iBQM bT22/- r?B+? `2/m+2b MQ/2bǶ +QKTmi�iBQM
Qp2`?2�/X

Ç 1.k88RN ?�b �p�BH�#H2 2{+B2Mi �M/ b2+m`2 QT2M bQm`+2 �H;Q`Bi?K BKTH2K2Mi�iBQMb- �M/ i?2
�bb2K#Hv BKTH2K2Mi�iBQM bmTTQ`i2/ #v i?2 AMi2H �os BMbi`m+iBQM b2iX

AM i?2 7QHHQrBM; K�i?2K�iB+�H 2tT`2bbBQM-

Ç bB;M�im`2 Bb /2MQi2/ �b, SIGsk(m) = ED25519sig(sk,m)

Ç p2`B}+�iBQM Bb /2MQi2/ �b, V ERpk(SIGsk(m),m) = ED25519ver(pk, SIGsk(m),m)

q?2`2 (sk, pk) Bb � T�B` Q7 T`Bp�i2 F2v �M/ Tm#HB+ F2vX

kXk >�b? 6mM+iBQM
lHi`�BM i�F2b a>�k8e �b i?2 ?�b? 7mM+iBQM #�b2/ QM i?2 7QHHQrBM; +QMbB/2`�iBQMb,

Ç �Hi?Qm;? i?2 a>�j bi�M/�`/ ?�b #22M T`QTQb2/- +m``2MiHv i?2`2 Bb MQ �TT�`2Mi �ii�+F �;�BMbi
a>�k8eX

Ç a>�k8e T2`7Q`K�M+2 Bb `2H�iBp2Hv ?B;? +QKT�`2/ iQ a>�j- �M/ i?2`2 �`2 K�Mv bi�#H2 QT2M
bQm`+2 BKTH2K2Mi�iBQMbX

Ç a>�k8e ?�b �p�BH�#H2 ?�`/r�`2 �++2H2`�iQ`b i?�M a>�j Q` Qi?2` /B;2bi �H;Q`Bi?KbX

AM i?2 7QHHQrBM; K�i?2K�iB+�H 2tT`2bbBQM- ?�b? 7mM+iBQM Bb /2MQi2/ �b, SHA(m) : hash =
SHA256(m)

kXj o2`B}�#H2 _�M/QK 6mM+iBQMb
o2`B}�#H2 `�M/QK 7mM+iBQM `2[mB`2b i?2 7QHHQrBM; T`QT2`iB2b,

Ç .2i2`KBMBbiB+- Qi?2`rBb2 i?2 MQ/2 +�M F22T i`vBM; M2r `�M/QK MmK#2`b mMiBH i?2 o_6Ƕb `2bmHi
Bb #2M2}+B�H iQ Bib2H7X

Ç LQM@K�HH2�#H2- QM+2 i?2 bB;M�im`2 `2bmHi +�M #2 i`�Mb7Q`K2/ BMiQ � /Bz2`2Mi #mi p�HB/ QM2- i?2
MQ/2 +�M KQ/B7v i?2 `2bmHi iQ �+?B2p2 i?2 /2bB`2/ `2bmHiX

AM i?2 7QHHQrBM; K�i?2K�iB+�H 2tT`2bbBQM- o_6 Bb /2MQi2/ �b, proof = V RFsk(seed)

kX9 Zm�MimK _2bBbi�M+2
Zm�MimK +QKTmi2`b ?�p2 � K�DQ` BKT�+i QM �bvKK2i`B+ �H;Q`Bi?Kb �M/ F2v 2t+?�M;2b BM +`vT@
iQ;`�T?vX 6Q` 2t�KTH2- i?2 T`Q#H2K Q7 H�`;2 MmK#2` /2+QKTQbBiBQM r?B+? _a� Bb #�b2/ QM +�M
#2 2{+B2MiHv bQHp2/ mbBM; a+?Q`Ƕb �H;Q`Bi?K- �M/ i?2 b�K2 �b 2HHBTiB+ +m`p2 /Bb+`2i2 HQ;�`Bi?K U2;-
:11*JVX >Qr2p2`- Bi ?�b H2bb 2z2+i QM bvKK2i`B+ �H;Q`Bi?Kb �M/ QM2@r�v 7mM+iBQMb- r?B+? QMHv
M22/b iQ /Qm#H2 i?2 b2+m`Biv H2p2HX �i T`2b2Mi- lHi`�BM /Q2bMǶi +QMbB/2` [m�MimK@`2bBbi�Mi �H;Q`Bi?Kb-
#�b2/ QM i?2 7QHHQrBM; +QMbB/2`�iBQMb,

Ç h?2 /2p2HQTK2Mi Q7 [m�MimK +QKTmi2`b biBHH ?�b � +QMbB/2`�#H2 H2M;i? Q7 iBK2 (R9)X aQK2 Q7
i?2 F2v Bbbm2b �`2 i?2 bmT2`TQbBiBQM Q7 KmHiBTH2 [m�MimKb �M/ [m�MimK 2``Q` +Q``2+iBQMX

Ç h?2 +m``2Mi bi�M/�`/b 7Q` [m�MimK@`2bBbi�Mi �H;Q`Bi?Kb bm+? �b F2v 2t+?�M;2 �M/ �bvKK2i`B+
�H;Q`Bi?Kb �`2 MQi v2i K�im`2- �M/ LAahǶb }`bi T?�b2 Q7 +QKT2iBiBQM ?�b Dmbi #22M +QKTH2i2/X
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Ç Zm�MimK@`2bBbi�Mi �H;Q`Bi?Kb +m``2MiHv �`2 #�b2/ QM Gq1(R8) Q` +Q/2(Re)X h?2 2{+B2M+v Bb
;2M2`�HHv HQr- �M/ i?2 [m�MiBi�iBp2 �bb2bbK2Mi Q7 b2+m`Biv Bb +m``2MiHv BM+QM+HmbBp2 U bm+? �b
KQ`2 2{+B2Mi *oS �M/ aoS bQHmiBQMb (Rd)VX

Ç �H;Q`Bi?Kb #�b2/ QM i`�/BiBQM�H /B{+mHiv T`Q#H2Kb- bm+? �b i?`2b?QH/ bB;M�im`2b- i?`2b?QH/
2M+`vTiBQMb- �"1(R3)fA"1(RN) �M/ x2`Q@FMQrH2/;2 T`QQ7(ky)- �`2 /B{+mHi Q` BM2{+B2Mi iQ +QM@
bi`m+i rBi? [m�MimK@`2bBbi�Mi T`Q#H2KbX

Ç h?2 KB;`�iBQM iQ [m�MimK@`2bBbi�Mi r�HH2ib Bb MQi /B{+mHi �M/ +�M #2 /QM2 �i i?2 /�rM Q7
[m�MimK +QKTmi2`bX J2`FH2 i`22- +2`iB}+�i2b- 2i+ +�M #2 KB;`�i2/ rBi? x2`Q FMQrH2/;2 T`QQ7bX

kX8 "HQ+F
h?2 #HQ+F +QMbBbib Q7 i?2 7QHHQrBM; bi`m+im`2

Ç #HQ+F ?2B;?i- �##`2pB�i2/ �b bh

Ç h?2 ?2�/2` Q7 i?2 T`2pBQmb #HQ+F- /2MQi2/ �b hprevbhX

Ç i?2 K2`FH2 `QQi Q7 i`�Mb�+iBQMb- /2MQi2/ �b hrootbhX

Ç h?2 K2`FH2 `QQi Q7 i?2 rQ`H/ bi�i2 �7i2` 2t2+miBQM- /2MQi2/ �b hstatebhX

Ç h?2 K2`FH2 `QQi Q7 T`QTQb2`b- /2MQi2/ �b hProposerbhX
h?2 Qp2`�HH #HQ+F 7Q`K�i Bb

(bh, hprevbh, hrootbh, hstatebh, hProposerbh) URV

*QMbB/2`BM; i?�i i?2 :2M2bBb #HQ+F Bb bT2+B�H- r2 /2}M2 Bi �b

(0, 0, hroot0, hstate0, 0) UkV

hstate0 +QMi�BMb �++QmMib �M/ bi�F2 /Bbi`B#miBQM Q7 BMBiB�H K2K#2`bX

kXe LQ/2 A/2MiBiv
.m`BM; i?2 QT2`�iBQM Q7 i?2 #HQ+F+?�BM bvbi2K- �Mv MQ/2 #2HQM;b iQ QM2 Q7 i?2 7QHHQrBM; `QH2b,

Ç S`QTQb2`, T`QTQb2 i`�Mb�+iBQM #�i+?2b iQ #2 T�+F2/ BMiQ i?2 M2ti #HQ+F

Ç oQi2`, *QM}`K i?2 i`�Mb�+iBQM �M/ pQi2 iQ �TT`Qp2

Ç GBbi2M2`, >2HT /2HBp2` K2bb�;2b
�HH MQ/2b BM/2T2M/2MiHv T`Q/m+2 i?2 M2ti #HQ+FX

kXd J2bb�;2 hvT2
.m`BM; i?2 +QMb2Mbmb T`Q+2/m`2- i?2`2 �`2 irQ ivT2b Q7 K2bb�;2b,

Ç S_PSPa1, S`QTQb2`bU2�+? rBi? � F2v T�B` (skp, pkp)V T`QTQb2 i`�Mb�+iBQMb iQ #2 T�+F2/ BM
i?2 M2ti #HQ+F- BM i?2 7Q`K�i Q7

(PROPOSE, shard, txs, bh, hprevbh, phase, txshash, proofpkp, SIGskp, pkp) UjV

r?2`2 shard Bb i?2 b?�`/ r?B+? i?2 T`QTQb2` #2HQM;b iQ- txs Bb � i`�Mb�+iBQM #�i+?- txshash =
SHA(txs)- SIGskp = SIGskp(shard||hprevbh||bh||phase||txshash)- �M/ proofpkp Bb i?2 T`QQ7
i?�i i?2 S`QTQb2` Bb b2H2+i2/X
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Ç 1*>P, oQi2`bU2�+? rBi? � F2v T�B` UbFp- TFpVV pQi2 7Q` T`QTQb2/ i`�Mb�+iBQM #�i+?2b- BM i?2
7Q`K�i Q7

(ECHO, shard, bh, phase, txshash, proofpkp, SIGskp, pkp, proofpkv, SIGskv, pkv) U9V

r?2`2 SIGskv = SIGskv(bh||phase||txshash) Bb i?2 pQi2X proofpkv Bb i?2 T`QQ7 i?�i i?2 oQi2`
Bb b2H2+i2/X h?2 `2bi �`2 i?2 b�K2 �b �#Qp2X

j �`+?Bi2+im`2
1�+? T?�b2 Q7 lHi`�BM +QMb2Mbmb Bb /BpB/2/ BMiQ i?2 7QHHQrBM; bi2Tb

RX "�b2/ QM ?�`/r�`2 }M;2`T`BMib �M/ bi�F2b- mb2 p2`B}�#H2 `�M/QK 7mM+iBQM Uo_6V iQ b2H2+i �
+2`i�BM MmK#2` Q7 S`QTQb2`b �M/ oQi2`bX

kX S`QTQb2`b T`QTQb2 i`�Mb�+iBQM #�i+?2b i?�i M22/ iQ #2 T�+F2/ BM i?2 #HQ+FX oQi2`b +QM}`Kb
rBi? 2�+? Qi?2` 7Q` r?B+? i`�Mb�+iBQM #�i+? iQ �++2TiX

jX LQ/2b 2t2+mi2b i?2 i`�Mb�+iBQM #�i+? �M/ i?2M mb2 o_6 iQ b2H2+i � M2r b2i Q7 oQi2`b iQ
bvM+?`QMBx2 i?2 2t2+miBQM `2bmHib rBi? "� U#BM�`v �;`22K2MiV T`QiQ+QHX

9X LQ/2b T�+F i?2 i`�Mb�+iBQM #�i+? �M/ i?2 TQbi@2t2+miBQM bi�i2 BM/2T2M/2MiHv BMiQ i?2 M2ti
#HQ+F- i?2M bi�`i +QMb2Mbmb 7Q` i?2 M2ti #HQ+FX

AM Q`/2` iQ �+?B2p2 T�`�HH2H 2t2+miBQM �M/ `2/m+2 MQ/2 `2bQm`+2 +QMbmKTiBQM- lHi`�BM mb2b b?�`/@
BM; i2+?MQHQ;v iQ `�M/QKHv bTHBi MQ/2b BMiQ /Bz2`2Mi b?�`/b �M/ +`Qbb@b?�`/b bQ i?�i r?2M MQ/2b
T`Q+2bb2b Bib b?�`/- Bi �bvM+?`QMQmbHv �++2Tib i?2 bi�imb 7`QK Qi?2` b?�`/b- �M/ }M�HHv Bi rBHH T�+Fb
BM7Q`K�iBQM 7`QK �HH b?�`/b BMiQ QM2 #HQ+FX

jXR A/2MiBiv G�v2`
1�+? MQ/2 i?�i T�`iB+BT�i2b BM +QMb2Mbmb ?�b �M QM+?�BM �++QmMi rBi? � F2v T�B` (sk, pk)X h?2
T`Q#�#BHBiv i?�i � MQ/2 Bb b2H2+i2/ �b � +QMb2Mbmb +QKKBii22 K2K#2` /2T2M/b QM i?2 +QK#BM2/ b+Q`2
Q7 i?2 7QHHQrBM; i?`22 `�iBM;bX

Ç ai�F2 QM i?2 +?�BMX �HH �bb2ib +Q``2bTQM/BM; iQ i?2 Tm#HB+ F2v +�M #2 [m2`B2/ QM i?2 #HQ+F+?�BM-
bQ i?2 T2`+2Mi�;2 Q7 bi�F2b ?2H/ Bb wstakeX aQK2 MQ/2b K�v ?QH/ � +2`i�BM �KQmMi Q7 bi�F2b- #mi
i?2v �`2 `2Hm+i�Mi iQ T�`iB+BT�i2 BM +QMb2Mbmb- bQ i?2v +�M /2H2;�i2 iQ Qi?2` `2HB�#H2 ?�`/r�`2
T`QpB/2`b- bBKBH�` iQ .SPaX "2bB/2b- � MQ/2 ?QH/BM; � H�`;2 MmK#2` Q7 bi�F2b K�v /Bbi`B#mi2
bi�F2b �KQM; KmHiBTH2 �++QmMib- r?B+? rBHH MQi �z2+i Bib b2H2+i2/ T`Q#�#BHBiv- #2+�mb2 i?2
T`Q#�#BHBiv Q7 b2H2+iBQM Q7 KmHiBTH2 �++QmMib Bb T`QTQ`iBQM�H iQ iQi�H MmK#2` Q7 bi�F2b U�bbmKBM;
i?�i i?2 ?�`/r�`2 /2pB+2 Q7 �HH �++QmMib �`2 i?2 b�K2VX h?Bb b+Q`2 Bb b2i iQ wstakeX

Ç >�`/r�`2 72�im`2bX 6Q` 2�+? /2pB+2 pQHmMi�`BHv T�`iB+BT�iBM; BM i?2 +QMb2Mbmb- i?2 ?�`/@
r�`2 +?�`�+i2`BbiB+ b+Q`2 +�M #2 Q#i�BM2/X h?Bb b+Q`2 K�v ?�p2 KmHiBTH2 /BK2MbBQMb- bm+?
�b *SlfK2KQ`vf/BbF- r?B+? �`2 bmBi�#H2 7Q` /Bz2`2Mi `QH2b BM i?2 +QKKBii22X h?Bb b+Q`2 Bb b2i
iQ whardwareX

Ç _2Tmi�iBQMX �++Q`/BM; iQ i?2 MQ/2 �++QmMiǶb �;2 U#HQ+F ?2B;?iV Q7 i?2 bi�F2- i?2 ?BbiQ`B+�H
T�`iB+BT�iBQM `2+Q`/- i?2 bvbi2K �miQK�iB+�HHv +�H+mH�i2b i?2 `2Tmi�iBQMX h?2 b+Q`2 Bb b2i iQ
wreputationX

1�+? Tm#HB+ F2v +Q``2bTQM/b iQ � r2B;?i Q7 w = r1 ∗ wstake + r2 ∗ whardware + r3 ∗ wreputation- r?2`2
r1, r2, r3 �`2 bvbi2K +QMbi�Mib mb2/ iQ b2i 2�+? r2B;?i `�iBQX Pi?2` r2B;?i +�H+mH�iBQM K2i?Q/ �`2
�HbQ mM/2` 2t�KBM�iBQMX

e



jXk o_6 G�v2`
lHi`�BM +?QQb2b T`Bp�i2 `�M/QK MmK#2` ;2M2`�iBQM- `�i?2` i?�M Tm#HB+ K2i?Q/b �b .}MBiv Q` _�M/�Q-
7Q` i?2 7QHHQrBM; `2�bQMbX

Ç Sm#HB+ b2H2+iBQM rBi? bi�iB+ i?`2b?QH/ bB;M�im`2b- B7 2MQm;? MQ/2b +QHHm/2- Q` � mb2` r?Q +QMi`QHb
� H�`;2 MmK#2` Q7 bi�F2b 2Mi`B2b- i?2 M2ti T?�b2 Q7 `�M/QK MmK#2`b +�M #2 T`2/B+i2/X "2bB/2b-
�HH b2H2+i2/ `QH2b �`2 Tm#HB+Hv `2p2�H2/- bQ i?2`2 Bb � iBK2 rBM/Qr 7Q` �ii�+F2`bX

Ç h?Bb K2i?Q/ ?�b � `2H�iBp2Hv ?B;? /2H�v- bBM+2 � bm{+B2Mi MmK#2` Q7 MQ/2 `2bTQMb2b �`2 `2[mB`2/
iQ /2i2`KBM2 i?2 M2ti `�M/QK MmK#2`X h?2 M2irQ`F i`�{+ K�v #2 � T`Q#H2KX

Ç h?2 i?`2b?QH/ #�b2/ K2i?Q/ mb2b "Ga �H;Q`Bi?K #�b2/ QM i?2 2HHBTiB+ +m`p2 T�B`BM;- r?B+? Bb
`2H�iBp2Hv bHQr +QKT�`2/ rBi? i?2 ;2M2`�H 2HHBTiB+ +m`p2 QT2`�iBQMb bm+? �b TQBMi KmHiBTHB+�iBQMX
_a� #�b2/ i?`2b?QH/ bB;M�im`2b `2[mB`2b MQ/2 BMi2`�+iBQMbX

AM Q`/2` iQ 2Mbm`2 i?2 +Q``2+iM2bb Q7 o_6 H�v2`- lHi`�BMǶb o_6 7mM+iBQM Bb /2bB;M2/ iQ K22i i?2
7QHHQrBM; +?�`�+i2`BbiB+b,

Ç 1�+? MQ/2 i?�i ?QH/b � bi�F2 �KQmMi Q7 s- i?`Qm;? i?2 o_6 2H2+iBQM K2+?�MBbK- ?�b � T`Q#@
�#BHBiv p(s) Q7 #2BM; b2H2+i2/X o_6 ;2M2`�i2b /2i2`KBMBbiB+ �M/ mMT`2/B+i�#H2 Ub�K2 2z2+i �b
`�M/QK Q`�+H2 �++2bbV T`QQ7b 7Q` bm+? 2H2+iBQM T`Q+2/m`2X

Ç 6Q` �Mv MmK#2` sx- sy- p(sx) + p(sy) = p(sx + sy)X h?Bb Bb /2bB;M2/ iQ 2Mbm`2 7�B`M2bb �M/
T`2p2Mi bv#BH �ii�+Fb- r?B+? K2�Mb i?�i � bi�F2 ?QH/2` +�MMQi Q#i�BM � ;`2�i2` T`Q#�#BHBiv Q7
#2BM; b2H2+i2/ #v bTHBiiBM; BMiQ KmHiBTH2 B/2MiBiB2b i?�i ?QH/ � bK�HH �KQmMi Q7 bi�F2bX h?Bb
�HbQ T`2p2Mib i?�i T2QTH2 rBi? H2bb i?�M Rfj bi�F2b +QHH�#Q`�i2 iQ Q#i�BM KQ`2 i?�M Rfj Q7 i?2
pQiBM; T`Q#�#BHBiv- r?B+? �z2+ib i?2 b2+m`Biv Q7 i?2 bvbi2KX

Ç h?2 bvbi2K +�M +QMi`QH i?2 MmK#2` Q7 b2H2+i2/ MQ/2b i?`Qm;? bi�iB+ Q` /vM�KB+ T�`�K2i2`
b2iiBM;bX

� bi`�B;?i7Q`r�`/ 2t�KTH2 Bb p(s) = B−1(r; s,λ)- r?2`2 b Bb i?2 MmK#2` Q7 bi�F2b ?2H/ #v i?2 MQ/2
�M/ λ ∈ [0, 1] Bb i?2 `�iBQ Q7 b2H2+i2/ K2K#2`b- r ∈ [0, 1] Bb � `�M/QK MmK#2`- �M/ B Bb � #BMQKB�H
/Bbi`B#miBQMX �bbmKBM; r Bb � mMB7Q`KHv /Bbi`B#mi2/- i?2 2tT2+i�iBQM E(p(s)) = s ∗ λX

aBM+2 B(v1 : s1,λ) + B(v2 : s2,λ) = B(v1 + v2 : s1 + s2,λ)- B7 i?2 bi�F2 s Bb bTHBii2/ BMiQ irQ
b?�`2b s1 �M/ s2- i?2 2tT2+i2/ pQiBM; `B;?ib �`2 E(p(s1)) = s1 ∗λ �M/ E(p(s2)) = s2 ∗λ `2bT2+iBp2Hv-
s1 ∗ λ+ s2 ∗ λ = s ∗ λ- bQ Bi Bb i?2 b�K2 �b i?�i � MQ/2 rBi? i?2 bi�F2 s #2BM; b�KTH2/ BM/BpB/m�HHvX

jXj *QMb2Mbmb G�v2`
jXjXR a?�`/BM;
*QMbB/2`BM; i?2 +QMb2Mbmb T`Q+2bb- 2t+2Ti 7Q` S_PSPa1 K2bb�;2- 1*>P K2bb�;2 Bb bK�HH- #mi Bi
i�F2b iBK2 iQ T`QT�;�i2X AM Q`/2` iQ K�F2 7mHH mb2 Q7 #�M/rB/i?- lHi`�BM +QMb2Mbmb ?�b Re b?�`/b
`mMMBM; �i i?2 b�K2 iBK2- �M/ 2�+? b?�`/ +QMi�BMb /Bz2`2Mi i`�Mb�+iBQM ivT2b Q` i`�Mb�+iBQMb 7`QK
/Bz2`2Mi �++QmMibX AM7Q`K�iBQM 7`QK �HH b?�`/b �`2 �;;`2;�i2/ BMiQ QM2 #HQ+F �i i?2 2M/ Q7 +QMb2Mbmb
T?�b2bX

Ç 6Q` � MQ/2 i?�i QMHv T�`iB+BT�i2b BM shardi- Bi K�v MQi #2 �#H2 iQ p2`B7v i?2 bi�imb Q7 Qi?2`
b?�`/X AM i?Bb +�b2- Bi QMHv M22/b iQ KQMBiQ` i?2 K2bb�;2b BM i?2 M2irQ`F �M/ �++2Ti i?2 Qi?2`
b?�`/Ƕb +QM+Q`/�H 2t2+miBQM `2bmHibX

d



ƘƘƘƘ

shard1

shard2

shard3

shard0

EORFN tx state

shard0
shard01
shard03

shard1
shard12

shard2
shard23
shard12

shard3
shard31

shard0
shard01
shard03

shard1
shard12

shard2
shard23
shard12

shard3
shard31

ƘƘƘƘ

6B;m`2 R, biQ`2 �M/ 2t2+mi2 b?�`/
ƘƘƘƘ

Ç P7 +Qm`b2- 7Q` +QMi`�+i 2t2+miBQM i?�i `2[mB`2b irQ b?�`/b- r2 �HHQ+�i2 i?2 C2
N +`Qbb@bT�M b?�`/

2t2+miBQM i`�Mb�+iBQM 2p2MHv iQ /Bz2`2Mi b?�`/b BM i?2 M2irQ`F- bQ 2�+? b?�`/ 2t2+mi2b irQ
b?�`/b �M/ C2

N/N +`Qbb@b?�`/Ƕb i`�Mb�+iBQM- bm+? i?�i i?2 MQ/2 M22/b iQ biQ`2 �TT`QtBK�i2Hv
((C2

N)/N +N)/N b?�`/ bi�i2bX

Ç � i`�Mb�+iBQM Bb MQi �HHQr2/ iQ +`Qbb KmHiBTH2 b?�`/bX 1p2M B7 bmTTQ`i2/- bm+? i`�Mb�+iBQMb
M22/ iQ #2 +QKTH2i2/ BM KmHiBTH2 +QMb2Mbmb +v+H2b- �M/ 2�+? +QMb2Mbmb +v+H2 +QKTH2i2b � +`Qbb
b?�`/ QT2`�iBQMX 6Q` 2�b2 Q7 mb2- #�bB+ +QMi`�+ib b?QmH/ #2 BM+Hm/2/ BM 2�+? b?�`/- �M/ +`Qbb
b?�`/ i`�Mb�+iBQMb �`2 2tT2MbBp2 �M/ +�HH2/ �b H2bb �b TQbbB#H2X

LQ/2b �`2 `�M/QKHv �bbB;M2/ iQ � b?�`/X A7 b?�`/b �`2 7`22Hv b2H2+i2/- � MQ/2 ?QH/BM; � bK�HH
MmK#2` Q7 bi�F2b K�v +QM+2Mi`�i2 QM � b?�`/(kR) �M/ 2�bBHv ;�BMb +QMi`QH Qp2` BiX

h?2 #2?�pBQ` BM QM2 b?�`/ Bb /2b+`B#2/ �b 7QHHQrbX

Node 0

Vote

Relay

GetCoin()
Timeout

GetCoin()

GetCoin()

Proposers_sh2

Proposers_sh1

Voters_sh2_r1

Voters_pro2_r1

Voters_sh1_r1

Voters_sh1_r1

Voters_sh2_r1

Voters_sh1_r1

TH2 votes

Voters_pro1_r2

Voters_pro2_r2

Voters_pro2_r2

Timeout

round 0 round 1 round 2

Timeout

Voters_pro1_r2

Voters_pro2_r2

Voters_pro1_r2

TH2 votes
TH1 votes

Node 1

VRF
VRF

Voters_sh1_r0

Voters_sh2_r0

Node 2

Node 3

Node 4

Node 5

Node 6

Timeout

round 3

Voters_pro1_r3

Voters_pro1_r3

Voters_pro1_r3

GetCoin()
Voters_pro2_r3

GetCoin()
Voters_pro2_r3

GetCoin()
Voters_pro2_r3

exe()

exe()

exe()

exe()

exe()

exe()

exe()

6B;m`2 k, +QMb2Mbmb Qp2`pB2r

h?2 #2?�pBQ` Q7 MQ/2b BM QM2 b?�`/ Bb /2b+`B#2/ �b 7QHHQrbX

Ç S`QTQb2 T?�b2 U"�yVX "�b2/ QM i?2 T`2pBQmb #HQ+F ?2�/2`- 2�+? MQ/2 BM/2T2M/2MiHv /2i2`KBM2b
r?2i?2` Bi Bb b2H2+i2/ �b S`QTQb2` Q` oQi2`X h?Bb T?�b2 2Mbm`2b i?�i i?2 T`QTQb2/ #�i+?
i`�Mb�+iBQMb �`2 /2HBp2`2/ iQ i?2 K�DQ`Biv Q7 MQ/2bX

Ĝ S`QTQb2` #`Q�/+�bib S_PSPa1 rBi? #�i+?2/ i`�Mb�+iBQMb �M/ 1*>P rBi? i`�Mb�+iBQM
?�b? iQ bT22/ mT i?2 T`QT�;�iBQMX hQ KBMBKBx2 #�M/rB/i? +QMbmKTiBQM- S_PSPa1

3



K2bb�;2b �`2 2M+Q/2/ rBi? 2`�bm`2 +Q/BM; �M/ b2Mi iQ KmHiBTH2 MQ/2bX 1�+? S`QTQb2` +�M
QMHv #`Q�/+�bi QM+2- �M/ KmHiBTH2 #`Q�/+�bib �`2 +QMbB/2`2/ �b K�HB+BQmb MQ/2bX

Ĝ oQi2` r�Bib 7Q` TPROP iBK2- �M/ +?2+Fb �HH `2+2Bp2/ S_PSPa1 K2bb�;2b- i?2M pQi2b 7Q`
i?2 QM2 rBi? KBMBKmK T`QQ7 BM i?2 7Q`K�i Q7 1*>P K2bb�;2X

Ĝ �7i2` `2+2BpBM; TH1 K2bb�;2b- oQi2` #`Q�/+�bib 1*>P K2bb�;2b 2p2M B7 Bi /Q2b MQi `2+2Bp2
� S_PSPa1 K2bb�;2- �M/ �bF 7Q` +Q``2bTQM/BM; S_PSPa1 7`QK M2B;?#Q`bX

Ĝ �HH MQ/2b }MBb? i?Bb T?�b2 �7i2` `2+2BpBM; TH2 1*>P Q` TIMEOUT X

Ç 1t2+mi2 T?�b2X 1�+? MQ/2 2t2+mi2b #�b2/ QM i?2 +m``2Mi bi�i2 state1 �M/ i?2 QmiTmi Q7 Bib
b2H2+i2/ i`�Mb�+iBQM #�i+?- �M/ ;2ib i?2 QmiTmi bi�i2 state2X

Ç "� T?�b2- h?Bb T?�b2 2Mbm`2b i?�i ?QM2bi MQ/2b �;`22 QM r?2i?2` Q` MQi iQ �++2Ti i?2 2t2+miBQM
`2bmHiX

Ĝ �HH MQ/2b BM/2T2M/2MiHv /2i2`KBM2 r?2i?2` Bi Bb b2H2+i2/ �b oQi2`X A7 bQ- pQi2`b #`Q�/+�bib
�M 1*>P K2bb�;2 rBi? i?2 /B;2bi Q7 state2X

Ĝ LQ/2b }MBb? i?Bb T?�b2 �7i2` `2+2BpBM; TH2 1*>P- Q` iBK2Qmi �M/ `2im`M 2KTiv `2bmHiX
Ĝ A7 i?2 H�bi T?�b2 iBK2b Qmi- � M2r T?�b2 #2;BMb- 2�+? MQ/2 `2@Dm/;2b r?2i?2` Bi Bb � pQi2`X

A7 bQ- /2i2`KBM2 r?2i?2` iQ `�Bb2 �M 1*>P K2bb�;2 +QMi�BMBM; i?2 /B;2bi Q7 state2 Q` �M
2KTiv K2bb�;2 #�b2/ QM *QKKQM*QBMX

Ĝ �HH MQ/2b }MBb? i?Bb T?�b2 �7i2` `2+2BpBM; TH2 1*>PX Pi?2`rBb2- +QMiBMm2 iQ mb2 *QK@
KQM*QBM iQ /2i2`KBM2 i?2 M2ti T?�b2Ƕb 1*>P K2bb�;2 +QMi2MiX

Ĝ �HH MQ/2b i2`KBM�i2 i?2 "� rBi? 2KTiv K2bb�;2- B7 i?2 K�tBKmK "� T?�b2b Bb `2�+?2/X
�HH MQ/2b `QHH #�+F iQ state1X

Ç S`Q/m+2 #HQ+F T?�b2- �HH MQ/2b +QK#BM2 Bib b?�`/Ƕb 2t2+miBQM `2bmHi state2 UQ` state1 B7 iBK2QmiV
rBi? Qi?2` b?�`/bǶb `2bmHib iQ T`Q/m+2 QM2 #HQ+FX

h?`Qm;?Qmi i?2 +QMb2Mbmb T`Q+2bb- GBbi2M2`b rBHH `2+2Bp2 i?2 b�K2 K2bb�;2 �b oQi2` �M/ S`QTQb2`-
bQ BM �//BiBQM iQ `2H�vBM; K2bb�;2b- GBbi2M2` rBHH �HbQ +?2+F- T`Q+2bb K2bb�;2b �M/ T`Q/m+2 #HQ+FbX

N



h?2 bT2+B}+ �H;Q`Bi?K Bb /2b+`B#2/ �b 7QHHQrb,
�H;Q`Bi?K k, lHi`�BM MQ/2 QT2`�iBQM

.�i�, AMBiB�H bi�F2 /Bbi`B#miBQM Abi�F2- K2K#2` HBbi AK2K#2`
_2bmHi, #HQ+F+?�BM bi�imb

R AMBiB�HBx�iBQM
k bh = 1 f BMBiB�H #HQ+F ?2B;?i  f
j statebh = (Istake, Imember) f BMBiB�H bi�i2 �M/ #HQ+F  f
9 Nshard = 16 f b?�`/ MmK#2`  f
8 (ski, pki) = KeyGen() f LQ/2 A/2MiBiv  f
e queuetxs = setEMPTY f BMBiB�H i`�Mb�+iBQM [m2m2 Bb 2KTiv  f
d lTQM BM+QKBM; i`�Mb�+iBQM tx
3 f *?2+F i?2 bB;M�im`2 �M/ 7Q`K�i Q7 i?2 i`�Mb�+iBQM K2bb�;2  f
N B7 +?2+FUitV i?2M

Ry queuetxs∪ = tx

RR lTQM bi�`i +QMb2Mbmb
Rk f H�bi #HQ+F  f
Rj bh++;
R9 phase = 0;
R8 f S`QTQb2 T?�b2  f
Re res, hbatchtx, batchtx =

phaseops(PROPOSE, hblockbh−1, shard, queueshard1, blockr−1, phase)

Rd f "�  f
R3 phase++;
RN B7 res == TIMEOUT i?2M
ky f A7 iBK2Qmi �M/ BMbm77B+B2Mi pQi2b +QHH2+i2/ BM i?2 H�bi T?�b2- T`QTQb2

2KTiv K2bb�;2  f
kR res = phaseops(ECHO, shard, setEMPTY , blockbh−1, phase)
kk 2Hb2
kj f a�p2 i?2 T`2pBQmb bi�i2 statebh−1  f
k9 save(statebh−1)
k8 f 1t2+mi2 i?2 #�i+? #�i+?t i`�Mb�+iBQM- ;2i � M2r bi�i2- +�H+mH�i2 i?2

bmKK�`v �b hstatebh  f
ke hstatebh = exe(statebh−1, batchtx) 2t2U#�i+?itV

res = phaseops(ECHO, shard, hbatchtx, blockbh−1, phase)
kd r?BH2 res == TIMEOUT�phase < MAXr /Q
k3 f �i KQbi MAXr = 7 T?�b2b  f
kN phase++
jy CC = CommonCoin()
jR f i�F2 i?2 HQr2bi #Bi Q7 ** iQ /2+B/2 i?2 M2ti bi2T  f
jk B7 Ga"U**V44R i?2M
jj res = phaseops(ECHO, shard, hbatchtx, blockbh−1, phase)
j9 2Hb2
j8 res = phaseops(ECHO, shard, setEMPTY , blockbh−1, phase)
je B7 `2b44hAJ1Plh i?2M
jd `QHH #�+F iQ statebh−1

j3 f +QHH2+ib it `QQi �M/ bi�i2 `QQi 7Q` Qi?2` b?�`/b- #mBH/b #HQ+Fb  f
jN buildnblock(statebh, hstateothershards, hbatchtxothershards)

Ry



h?2 `2bTQMb2 Q7 2�+? MQ/2 iQ i?2 K2bb�;2 Bb �b 7QHHQrb,
�H;Q`Bi?K j, lHi`�BM MQ/2 T?�b2 QT2`�iBQM phaseops

.�i�, Type- shard- i`�Mb�+iBQM #�i+? batchtx- #HQ+F bmKK�`v blockbh−1- phase
_2bmHi, `2im`M p�Hm2 `2b- i`�Mb�+iBQM #�i+? bmKK�`v ?#�i+?it- i`�Mb�+iBQM #�i+?�i+?t

R BMBiB�HBx�iBQM
k setECHO = emtpy f `2bTQMb2 ?#�i+?it  f
j settxs = empty f >�a>U#�i+?itbV , #�i+?itb  f
9 sentECHO = empty f b2Mi 1*>P >�a>U#�i+?itbV , #�i+?itb  f
8 lTQM ai�`i
e bi�`i iBKBM;
d proof = V RFsk(blockbh−1 ∥ phase ∥ role)
3 f Dm/;2/ r?B+? b?�`/ Bb b2H2+i2/ #v i?2 HQr2` 9 #Bib Q7 T`QQ7  f
N Ƙ shard = proof [3 : 0]

Ry f a2H2+i2/ Q` MQi  f
RR Ƙ B7 proof [193 : 256] < score i?2M
Rk sig = SIGsk(blockbh−1, phase, hbatchtxs)
Rj B7 phase! = 0 f "�  f
R9 i?2M
R8 #`Q�/+�bi U1*>P- shard- ?2B;?i- T?�b2- #�i+?itb- T`QQ7- bB;- TFV
Re #`2�F
Rd ?#�i+?itb 4 a>�U#�i+?itbV
R3 #`Q�/+�bi US_PSPa1- shard- ?2B;?i- T?�b2- ?#�i+?itb- #�i+?itb- T`QQ7- bB;- TFV
RN f S`QTQb2` Bb �HbQ pQi2` #v /27�mHi- b2M/BM; 1*>P iQ �++2H2`�i2 K2bb�;2

T`QT�;�iBQM  f
ky #`Q�/+�bi U1*>P- shard- ?2B;?i- T?�b2- ?#�i+?itb- T`QQ7-bB;- TFV
kR lTQM `2+2Bp2 S_PSPa1
kk B7 5+?2+FUS_PSPa1VV i?2M
kj #`2�F
k9 B7 PROPOSE.proof > MINproof i?2M
k8 #`2�F f `2+2Bp2/ #2ii2` S_PSPa1  f
ke f >�p2 MQi #`Q�/+�bi2/ 1*>P  f
kd #`Q�/+�bi 1*>P
k3 lTQM `2+2Bp2 1*>P
kN B7 +?2+FU1*>PV i?2M
jy setECHO[ECHO.hbatchtxs]∪ = ECHO.pk
jR B7 count(setECHO[ECHO.hbatchtxs]) == TH2 i?2M
jk B7 phase! = 0 ∥ ECHO.hbatchtxs ∈ index(settxs) i?2M
jj `2im`M ?#�i+?itb
j9 f r�Bi 7Q` bQK2 iBK2 iQ ;2i i?2 #�i+?itb  f
j8 B7 count(setECHO[ECHO.hbatchtxs]) == TH1 i?2M
je B7 MQi ECHO.hbatchtxs ∈ sentECHO i?2M
jd �//nbB;ni?2Mnb2M/U1*>P- 1*>P4&1*>P- ?#�i+?itb- sigmsg- T`QQ7- TFV'- bF-

TFV
j3 sentECHO∪ = ECHO.hbatchtxs

jN lTQM hAJ1Plh
9y `2im`M hAJ1Plh

RR



�H;Q`Bi?K 9, K2bb�;BM;
.�i�, msgin, sk, pk

R f �// MQ/2 bB;M�im`2 iQ Q`B;BM�H K2bb�;2  f
k broadcast(Type,msgin.msg,msgin.sig ∪ SIGsk(msgin.msg),msgin.proof,msg.pk ∪ pk)

�H;Q`Bi?K 8, K2bb�;2 p2`B}+�iBQM check(msg)

.�i�, msgin, sk, pk, blockprev, shard, role
_2bmHi, p2`B}+�iBQM `2bmHi res

R B7 msgin.proof [193 : 256] >= score i?2M
k _2im`M y
j B7 !V ERmsgin.pk(proof, blockprev ∥ shard ∥ role) i?2M
9 `2im`M y
8 B7 !V ERmsgin.pk(msgin.sig,msgin.msg) i?2M
e `2im`M y
d `2im`M R

h?2 T`2b2`p�iBQM Q7 +2`iB}+�i2b ?�b � ;`2�i2` BKT�+i QM i?2 bvM+?`QMBx�iBQM Q7 M2rHv �//2/ MQ/2bX
q2 +QMbB/2` mbBM; i?2 7QHHQrBM; �TT`Q�+?,

Ç �;;`2;�i2 bB;M�im`2bX a�p2 i?2 bB;M�im`2b Q7 KmHiBTH2 K2bb�;2b BM � biQ`�;2 bT�+2 Q7 O(1)
�;;`2;�iBQM K2i?Q/ (kk) bm+? �b "GaX

Ç lbBM; .�: K2i?Q/- �Mv MQ/2 Kmbi p2`B7v 2tBbiBM; irQ bB;M�im`2bX h?2M �b HQM; �b i?2 .�:Ƕb
`QQi Bb HQ+F2/- i?2 +2`iB}+�i2 +?�BM +�M #2 /2i2`KBM2/X

AM �//BiBQM- BM Q`/2` iQ �+?B2p2 b?�`/BM;- i?2 mM/2`HvBM; TkT M2irQ`F �HbQ M22/b iQ #2 KQ/B}2/X
AM Qm` T`QiQ+QH- i?2 MQ/2 QMHv M22/b iQ `2+2Bp2 K2bb�;2b 7`QK i?2 b2H2+i2/ b?�`/ �M/ �bvM+?`QMQmbHv
�++2Ti i?2 +QMb2Mbmb `2bmHib Q7 Qi?2` b?�`/bX

jXjXk h`�Mb�+iBQM +QM}`K�iBQM
h`�/BiBQM�H +QMb2Mbmb bvbi2Kb T2`7Q`K 2t2+miBQMb BM i?2 7QHHQrBM; r�vb,

Ç Uit 2t2+miBQM Y T`QTQb�H Y it p2`B}+�iBQM Y "�V- i?2 /2H�v Bb `2H�iBp2Hv H�`;2- #2+�mb2 i?2
p2`B}+�iBQM Q7 i?2 2t2+miBQM `2bmHi Bb 2[mBp�H2Mi iQ `2T2�i2/ 2t2+miBQM- �M/ i?2 iQi�H /2H�v
+QMi�BMb irQ 2t2+miBQM T`Q+2bb2bX h?2 �/p�Mi�;2 Bb i?�i i?2 #HQ+F+?�BM +�M �pQB/ T�+FBM;
BHH2;�H i`�Mb�+iBQMb BMiQ i?2 #HQ+FX SQq@#�b2/ Tm#HB+ +?�BM ;2M2`�HHv �/QTib bBKBH�` 7Q`KX

Ç Uit T`QTQb�H Y "�Yit 2t2+miBQMV �pQB/b T�+F�;2/ BHH2;�H i`�Mb�+iBQMb BMiQ i?2 #HQ+F �b r2HHX
>Qr2p2`- i?2`2 Bb � bi`QM;2` /2K�M/ 7Q` i?2 /2i2`KBMBbK Q7 bK�`i +QMi`�+i 2t2+miBQMX

Ç Uit T�`iB�H 2t2+miBQM Y +QMb2Mbmb Q`/2`BM; Y +QMb2Mbmb bi�i2 p2`B}+�iBQM �M/ i`�Mb72`V h?Bb Bb �
?vT2`H2/;2` 7�#`B+ �TT`Q�+?X h?2 �/p�Mi�;2 Bb i?�i i?2 MQM@/2i2`KBMBbiB+ T�`i Bb TH�+2/ #27Q`2
i?2 +QMb2Mbmb �M/ i?2 /2i2`KBMBbiB+ p2`B}+�iBQM bB;M�im`2 �M/ bi�imb i`�Mb72` �`2 2t2+mi2/
+QM+m``2MiHvX h?2 /Bb�/p�Mi�;2 Bb i?�i MQ/2b /Q MQi p2`B7v i?2 2t2+miBQM T`Q+2bb �M/ `2Hv QM
bB;M�im`2 p2`B}+�iBQM #v T�`iB2b �z2+i2/ #v i?2 bi�i2 i`�Mb72`X

AM Q`/2` iQ `2/m+2 i?2 /2H�v Q7 i?2 MQ/2- r2 +QMbB/2` i?2 7QHHQrBM; r�vb,

Ç UKmHiBTH2 T?�b2b Q7 it +QMb2Mbmb Y QM2 T?�b2 Q7 2t2+miBQM `2bmHib +QMb2MbmbVX h?Bb K�v �HHQr
KmHiBTH2 i`�Mb�+iBQMb iQ #2 2t2+mi2/ BM #�i+?2b rBi? � +2`i�BM /2;`22 Q7 2{+B2M+v BKT`Qp2K2MiX
h?2 ?QM2bi +HB2Mi QMHv M22/b iQ `2+2Bp2 i?2 `2+2BTi i?�i Bib i`�Mb�+iBQM ?�b #22M T�+F2/ BMiQ
i?2 #HQ+F- �M/ ?�p2 2MQm;? +QM}/2M+2 BM i?2 2t2+miBQM `2bmHi- rBi?Qmi ?�pBM; iQ r�Bi mMiBH
i?2 2t2+miBQM `2bmHi Bb T�+F2/ BMiQ #HQ+FbX
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Ç Uit *QMb2Mbmb Y *QMb2Mbmb Q7 T`2pBQmb 2t2+miBQM `2bmHibVX *QMb2Mbmb �M/ 2t2+miBQM Q7 H�bi
T?�b2 +QMb2Mbmb �`2 BM/2T2M/2Mi �M/ `mM BM T�`�HH2HX h?2 /Bb�/p�Mi�;2 Bb i?�i Bi K�v T�+F
BHH2;�H i`�Mb�+iBQMb BMiQ #HQ+Fb �M/ r�bi2b #HQ+F biQ`�;2X

Ç Uit T`QTQb�H Y pQi2` 2t2+mi2b Y pQi2` iQ 2t2+mi2 `2bmHi ?�b? `2bTQMb2 Y pQi2 QM 2t2+miBQM
`2bmHiVX h?2 /2H�v +�M #2 KBMBKBx2/X h?2 �/p�Mi�;2 Bb i?�i BHH2;�H i`�Mb�+iBQMb +�M #2 �pQB/2/
BM i?2 #HQ+F r?BH2 B/2MiB7vBM; r?B+? i`�Mb�+iBQM #�i+?2b �`2 MQi /2i2`KBMBbiB+�HHv 2t2+mi2/
#2+�mb2 i?2b2 i`�Mb�+iBQM #�i+?2b /Q MQi +QHH2+i 2MQm;? pQi2bX 6`QK �M 2+QMQKB+ ;�K2 bi�M/@
TQBMi- T`QTQb2`b rBHH MQi BMi2MiBQM�HHv bm#KBi � MQM@/2i2`KBMBbiB+ T`Q+2bb BM Q`/2` iQ Q#i�BM
T`Q}ibX

lHi`�BM +QMb2Mbmb �/QTib i?2 i?B`/ �TT`Q�+?- +QMbB/2`BM; i?2 /2bB;M Q7 i?2 mTT2`@H2p2H bK�`i +QMi`�+iX

jX9 M2r MQ/2
L2r MQ/2b M22/ iQ ;Q i?`Qm;? i?2 7QHHQrBM; bi2Tb,

Ç P#b2`p2 �M/ `2+2Bp2 K2bb�;2b i?�i i?2 M2irQ`F Bb bT`2�/BM;- /2i2`KBM2 i?2 #HQ+F ?2B;?i �M/
+QMb2Mbmb T?�b2b- �M/ i?2 +m``2Mi #HQ+F +QMb2Mbmb `2bmHibX hQ T`2p2Mi �ii�+Fb #v K�HB+BQmb
MQ/2b i?`Qm;? M2irQ`F +QMi`QH- M2r MQ/2b M22/ iQ HBbi2M iQ +QMb2Mbmb K2bb�;2b 7`QK KmHiBTH2
M2irQ`F �//`2bb2bX

Ç "�b2/ QM i?2 +m``2Mi #HQ+F- TmHHb i?2 ?BbiQ`B+�H #HQ+F 7`QK Qi?2` MQ/2b �M/ p2`B}2b i?2 +Q``2+i@
M2bb Q7 i?2 +?�BMX *QMbB/2`BM; i?2 mMB/B`2+iBQM�HBiv Q7 i?2 +?�BM- M2r MQ/2b +�M #2 +QM}/2Mi
BM i?2 +Q``2+iM2bb Q7 i?2 +?�BM �b HQM; �b i?2 ?2�/2` Bb +Q``2+iX

9 a2+m`Biv �M�HvbBb
9XR h?2Q`2K
h?2Q`2K 9XR U6GS AKTQbbB#BHBiv(kj)V AM � 7mHHv �bvM+?`QMQmb bvbi2K- rBi?BM #QmM/2/ iBK2- MQ
+QMb2Mbmb T`QiQ+QH Bb iQi�HHv +Q``2+i BM bTBi2 Q7 QM2 7�mHiX

h?2Q`2K 9Xk U6�mHi iQH2`�M+2 mTT2` #QmM/(k9)V h?2`2 Bb �M "6h �H;Q`Bi?K- 7Q` �Mv m K�@
HB+BQmb MQ/2b- B7 i?2`2 �`2 iQi�H KQ`2 i?�M 3m MQ/2bX

h?2Q`2K 9Xj U*�S h?2Q`2K(k8)V Ai Bb BKTQbbB#H2 BM i?2 �bvM+?`QMQmb M2irQ`F KQ/2H iQ BK@
TH2K2Mi � `2�/fr`Bi2 /�i� Q#D2+i i?�i ;m�`�Mi22b �p�BH�#BHBiv �M/ �iQKB+ +QMbBbi2M+v BM BM �HH 7�B`
2t2+miBQMb UBM+Hm/BM; i?Qb2 BM r?B+? K2bb�;2b �`2 HQbiVX

9Xk �bbmKTiBQMb
�bbmKTiBQM 9X9 UL2irQ`F *QMM2+iBpBivV �Mv irQ T22` iQ T22` +QKKmMB+�iBQM rBHH #2 /QM2
i?`Qm;? i?2 ;QbbBT T`QiQ+QH iQ 2Mbm`2 i?�i i?2 K2bb�;2 `2�+?2b rBi? Qp2`r?2HKBM; T`Q#�#BHBiv rBi?BM
� +2`i�BM iBK2 rBM/QrX �i i?2 b�K2 iBK2- i?2 Q`B;BM Q7 i?2 K2bb�;2 rBHH MQi #2 2�bBHv B/2MiB}2/ �M/
�ii�+F2/X

�bbmKTiBQM 9X8 UJ�HB+BQmb LQ/2bV � MQ/2 +�M b2M/ �Mv K�HB+BQmb K2bb�;2 Q` +QMbTB`2 Q` `2D2+i
iQ `2bTQMb2X

�bbmKTiBQM 9Xe Uo_6 �H;Q`Bi?KV h?2 o_6 �H;Q`Bi?K ;m�`�Mi22b i?�i � bi�F2 rBi? � `�iBQ Q7 x
Q#i�BMb � pQiBM; TQr2` i?�i Bb T`QTQ`iBQM�H iQ xX
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�bbmKTiBQM 9Xd UGQ+�H +HQ+FV �HH HQ+�H +HQ+Fb `mM �i i?2 b�K2 bT22/ rBi? � +2`i�BM �KQmMi Q7
DBii2` �M/ bF2rX 1�+? MQ/2 /2i2`KBM2b r?2M iQ 2Mi2` i?2 M2ti T?�b2 #�b2/ QM /2T2M/b QM HQ+�H +HQ+F
�M/ K2bb�;2bX h?2 HQ+�H +HQ+F K�v #2 +QQ`/BM�ii2/ rBi? i`mbi2/ M2irQ`F +HQ+F b2`pB+2 Q++�bBQM�HHv iQ
K�F2 i?2 bvbi2K KQ`2 `Q#mbiX

9Xj *Q`QHH�`B2b
�Hi?Qm;? "vx�MiBM2 +QMb2Mbmb +�M ;m�`�Mi22 i?2 mHiBK�i2 +QMbBbi2M+v Q7 i?2 2MiB`2 M2irQ`F bvbi2K-
#2+�mb2 lHi`�BM Bb `mMMBM; QM i?2 Tm#HB+ M2irQ`F- i?2 bBim�iBQM Bb `�i?2` bT2+B�HX AM Q`/2` iQ K22i
i?2 b+�H�#BHBiv `2[mB`2K2Mib- mb2 U+QKKBii22Yi?`2b?QH/V K2i?Q/ BMbi2�/ Q7 i?2 i`�/BiBQM�H K2bb�;2
i?�i 2p2`v MQ/2 `2+2Bp2b �HH Qi?2` MQ/2bǶb K2bb�;2b pB� TkT +QKKmMB+�iBQMX h?2 i`�MbKBbbBQM Q7
BM7Q`K�iBQM #2ir22M MQ/2b Bb MQi TkT i`�MbKBbbBQM- #mi i?`Qm;? i?2 ;QbbBT M2irQ`FX

� K�HB+BQmb MQ/2 K�v �ii�+F BM i?2 7QHHQrBM; irQ r�vb,

Ç *�b2R, �b � S`QTQb2`- b2M/ � S_PSPa1 K2bb�;2 iQ QM2 T�`i Q7 i?2 M2irQ`F- /2H�v b2M/BM; Bi
iQ �MQi?2` MQ/2- Q` MQi b2M/ Bi �i �HHX

Ç *�b2k, �b � oQi2`- b2M/ �M 1*>P K2bb�;2 iQ QM2 T�`i Q7 i?2 M2irQ`F- /2H�v b2M/BM; iQ �MQi?2`
MQ/2- Q` MQi b2M/ �i �HHX

*Q`QHH�`v 9XdXR *�b2R �M/ *�b2k rBHH MQi �z2+i i?2 +QMbBbi2M+v �M/ HBpM2bb Q7 i?2 +?�BMX

S`QQ7, o_6 ;m�`�Mi22b i?2 mMT`2/B+i�#BHBiv �M/ `�M/QKM2bb Q7 pQi2`bǶ ;2Q;`�T?B+�H �M/ B/2MiBiv
/Bbi`B#miBQM- bQ B7 i?2 S_PSPa1 K2bb�;2 /Q2b MQi T`QT�;�i2 Qp2` i?2 M2irQ`F 2p2MHv �#Qp2 �
i?`2b?QH/- KQbi MQ/2b rBHH MQi #2 �#H2 iQ `2+2Bp2 bm{+B2Mi 1*>P K2bb�;2b rBi?BM � iBK2Qmi rBM/Qr-
`2bmHiBM; BM �M 2KTiv i`�Mb�+iBQM #�i+? �M/ 2Mi2` i?2 b2+QM/ T?�b2c 7Q` � bK�HH MmK#2` Q7 MQ/2b i?�i
+�M `2+2Bp2 1*>P K2bb�;2b rBi?BM i?2 iBK2Qmi- BM i?2 b2+QM/ T?�b2 rBHH MQi #2 �#H2 iQ ;2i 2MQm;?
1*>P K2bb�;2b +Q``2bTQM/BM; iQ i?2 i`�Mb�+iBQM ?�b?- �M/ rBHH i2`KBM�i2 rBi? 2KTiv K2bb�;2X
aQ �HH i?2 MQ/2b rBHH 2M/ rBi? �M 2KTiv i`�Mb�+iBQM #�i+?X h?2 +QMbBbi2M+v Q7 i?2 M2irQ`F Bb
;m�`�Mi22/X AM i?2 b�K2 r�v- B7 i?2 S`QTQb2` #`Q�/+�bib /Bz2`2Mi S_PSPa1 K2bb�;2b iQ /Bz2`2Mi
M2irQ`F T�`iBiBQMb- Bi rBHH +�mb2 MQ i`�Mb�+iBQM #�i+? iQ `2+2Bp2 bm{+B2Mi 1*>P K2bb�;2bX 6BM�HHv-
�HH MQ/2b 2M/ rBi? 2KTiv i`�Mb�+iBQM #�i+?2bX "2bB/2b- o_6 rBHH �bbB;M 2MQm;? S`QTQb2`b `�M/QKHv
iQ /Bz2`2Mi b?�`/b- bQ �b iQ 2Mbm`2 i?�i MQi �HH S`QTQb2`b �`2 K�HB+BQmb MQ/2b rBi? � ?B;? T`Q#�#BHBiv
�M/ i?2 bvbi2K rBHH 2p2Mim�HHv T`Q+22/X

*Q`QHH�`v 9XdXk AM � bi`QM;Hv bvM+?`QMBx2/ M2irQ`F- i?2 lHi`�BM +QMb2Mbmb Bb +QKTH2i2/ �7i2` i?2
b2+QM/ T?�b2c AM b2KB@bvM+?`QMQmb M2irQ`F- lHi`�BM M22/b KmHiBTH2 T?�b2b iQ +QMp2`;2 rBi? Qp2`@
r?2HKBM; T`Q#�#BHBivX

S`QQ7, AM � bi`QM;Hv bvM+?`QMBx2/ M2irQ`F- �Mv MQ/2 +�M `2+2Bp2 K2bb�;2b 7`QK Qi?2` MQ/2b rBi?BM
i?2 iBK2Qmi T2`BQ/X "�b2/ QM i?2 �bbmKTiBQM i?�i i?2 MmK#2` Q7 K�HB+BQmb pQi2b BM i?2 M2irQ`F
rBHH MQi 2t+22/ Rfj- �HH MQ/2b BM i?2 }`bi T?�b2 +�M `2+2Bp2 �HH +QMb2Mbmb T`QTQb�Hb- r?2i?2` b2Mi #v
K�HB+BQmb Q` ?QM2bi MQ/2bX AM i?2 b2+QM/ T?�b2 Q7 i?2 T`Q+2bb- QMHv i?2 ?QM2bi MQ/2Ƕb T`QTQb�H rBHH
`2+2Bp2 2MQm;? pQi2b �M/ �HH MQ/2b rBHH T2`7Q`K /2i2`KBMBbiB+�HHv �M/ �+?B2p2 i?2 b�K2 `2bmHiX AM
� b2KB@bvM+?`QMQmb M2irQ`F- +QMbB/2`BM; i?2 `�M/QKBx2/ "� �H;Q`Bi?K 2M/b rBi? ?B;? T`Q#�#BHBiv
rBi? i?2 BM+`2�b2 Q7 T?�b2b- 2p2M B7 i?2 �ii�+F2`b i`v iQ KBbH2�/ #v b2M/BM; K�HB+BQmb K2bb�;2b- �HH
MQ/2b +�M +QMp2`;2 iQ � +QMbBbi2Mi `2bmHi rBi? � H�`;2 T`Q#�#BHBiv rBi?BM }MBi2 T?�b2bX

*Q`QHH�`v 9XdXj lHi`�BM +�M /272M/ �;�BMbi bv#BH �ii�+FbX
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av#BH �ii�+F Bb K�BMHv i?2 mb2 Q7 bvbi2KB+ mM7�B`M2bb iQ b22F T`Q}iX lHi`�BM mb2b o_6 7mM+iBQMb iQ
2Mbm`2 i?�i 2p2M B7 i?2 mb2` Bb bTHBi BMiQ KmHiBTH2 Tb2m/Q@B/2MiBiB2b- Bi +�MMQi ;2M2`�i2 pQiBM; `B;?ib
i?�i 2t+22/ i?2 iQi�H ?QH/BM; bi�F2b- bQ bv#BH �ii�+Fb +�MMQi rQ`FX 6Q` �ii�+Fb i?�i mb2 KmHiBTH2
Tb2m/QMvKb iQ +QMbi`m+i KmHiBTH2 Tb2m/Q@B/2MiBiB2b i?�i +Q``2bTQM/ iQ � `2�H B/2MiBiv- lHi`�BM mb2b
?�`/r�`2 }M;2`T`BMiBM; iQ mMB[m2Hv H�#2H i?2 bi�F2 ?QH/2`b QM i?2 M2irQ`FX

*Q`QHH�`v 9XdX9 lHi`�BM +�M /272M/ �;�BMbi i?2 a2H}b?@KBMBM; �ii�+F

h?2 "6h bvbi2K ;m�`�Mi22b i?2 +QMbBbi2M+v Q7 �HH MQ/2bX h?2`27Q`2- 2p2M B7 �M 2ti2`M�H MQ/2
;2M2`�i2b � +?�BM BM/2T2M/2MiHv- Bi rBHH MQi #2 �++2Ti2/ #v i?2 M2irQ`F ?QM2bi MQ/2 �M/ i?mb +�MMQi
�z2+i i?2 +QMbBbi2M+v Q7 i?2 bvbi2KX

*Q`QHH�`v 9XdX8 lHi`�BM +�M rBi?bi�M/ LQi?BM;@�i@bi�F2 �ii�+FbX

h?2 pQiBM; �#BHBiv Q7 2�+? bi�F2 ?QH/2` Bb T`QTQ`iBQM�H iQ i?2 bi�F2- �M/ H2bb i?�M Rfj Q7 i?2 ?QH/2`b
rBHH MQi #2 �#H2 iQ T`Q/m+2 � 7Q`FX .m2 iQ i?2 mMB[m2M2bb Q7 i?2 ?�`/r�`2 }M;2`T`BMi- lHi`�BM rBHH
�HbQ BKTQb2 � +2`i�BM T2`+2Mi�;2 Q7 T2M�Hiv QM i?2 /Qm#H2@pQiBM; MQ/2bX

6Q` .Qa �M/ ..Qa �ii�+Fb- ..Pa K�F2b i?2 �ii�+F2`Ƕb b2`p2` MQi rQ`F #v +QMbmKBM; `2bQm`+2b-
�M/ .Pa /B`2+iHv 2tTHQBib i?2 HQQT?QH2bX 1p2M B7 i?2`2 Bb � +2`i�BM #m; BM i?2 +QMb2Mbmb +Q/2- Bi
Bb /B{+mHi 7Q` i?2 bvbi2K iQ #2 �ii�+F2/ �M/ +`�b?2/- #2+�mb2 i?2 +Qbi Q7 �ii�+F Bb o(n2)- bQ i?2
+Qbi Q7 �ii�+FBM; KmHiBTH2 MQ/2b �i i?2 b�K2 iBK2 Bb p2`v ?B;?X "2bB/2b- #�b2/ QM ;QbbBT- Bi Bb KQ`2
/B{+mHi iQ ;2i AS �//`2bb `2p2�H2/ 7Q` �ii�+FX A7 i?2 +QMb2Mbmb +Q/BM; Bb `mMMBM; BM i?2 b�M/#Qt-
i?2 bB;M�im`2 Bb QM i?2 QmibB/2- Q` a:s- 2p2M B7 i?2 BKTH2K2Mi�iBQM ?�b � #m; i?�i /Q2b MQi �z2+i
i?2 b2+m`Biv Q7 � bBM;H2 MQ/2- bm+? �b bi�F2b #2BM; bT2Mic i?2 �++QmMi b?QmH/ BM+Hm/2 /Bz2`2Mi pQi2
F2v �M/ r�HH2i F2vc b�M/#Qt rBHH MQi H2i Qi?2` KQ/mH2b Q7 i?2 bvbi2K #2 +QMi�KBM�i2/- bQ r2 M22/
iQ BbQH�i2 i?2 mb2`Ƕb r�HH2i �M/ +QMb2Mbmb +Q/2- 2bT2+B�HHv 7Q` SQa b+2M�`BQb- +�M MQi mb2 i?2 b�K2
�++QmMiX A7 2MQm;? iBK2 rBM/Qr iQ bi�`i [mB+FHv- i?2 2MiB`2 bvbi2K +�M `2+Qp2` [mB+FHvX

"2bB/2b- M2irQ`F T�`iBiBQM rBHH +�mb2 i?2 �p�BH�#BHBiv �M/ +QMbBbi2M+v Q7 i?2 #HQ+F+?�BM bvbi2K
MQi b�iBb}2/ �i i?2 b�K2 iBK2X AM ;2M2`�H- #HQ+F+?�BM bvbi2Kb +?QQb2 iQ ?�Hi Q` 7Q`F U7Q` 2t�KTH2-
"Bi+QBMVX AM Q`/2` iQ /Bb+Qp2` i?2 T�`iBiBQM BM iBK2- Qm` o_6 7mM+iBQM +QMbB/2`b b�KTHBM; BM /Bz2`2Mi
`2;BQMb- bm+? �b `2[mB`BM; i?�i i?2 pQi2` Kmbi ?�p2 � +2`i�BM T`QTQ`iBQM BM /Bz2`2Mi +QmMi`B2b- bm+?
�b *?BM�- 1m`QT2 �M/ laX

8 amKK�`v
h?Bb /Q+mK2Mi /2b+`B#2b lHi`�BMǶb +QMb2Mbmb �H;Q`Bi?KX AM i?2 7mim`2- KQ`2 SQa �M/ SQq /2i�BHb
K�v #2 �//2/ �b bmTTH2K2Mib iQ BM+`2�b2 i?2 b2+m`Biv H2p2HX "2bB/2b- iQ �bbBbi b?�`/BM;- `2+2BTib �M/
;�b K2+?�MBbK rBHH �HbQ #2 i�F2M BMiQ +QMbB/2`�iBQMX
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_272`2M+2b
(R) JB;m2H *�bi`Q- "�`#�`� GBbFQp- 2i �HX S`�+iB+�H #vx�MiBM2 7�mHi iQH2`�M+2X AM Pa.A- pQHmK2 NN-

T�;2b RdjĜR3e- RNNNX

(k) JB;m2H *�bi`Q �M/ "�`#�`� GBbFQpX S`�+iB+�H #vx�MiBM2 7�mHi iQH2`�M+2 �M/ T`Q�+iBp2 `2+Qp2`vX
�*J h`�Mb�+iBQMb QM *QKTmi2` avbi2Kb UhP*aV- kyU9V,jN3Ĝ9eR- kyykX

(j) C�2 ErQMX h2M/2`KBMi, *QMb2Mbmb rBi?Qmi KBMBM;X l_G ?iiT,ffi2M/2`KBMiX
+QKf/Q+bfi2M/2`KBMi {n} py9X T/7- kyR9X

(9) �M/`2r JBHH2`- um sB�- EvH2 *`QK�M- 1H�BM2 a?B- �M/ .�rM aQM;X h?2 ?QM2v #�/;2` Q7 #7i T`Q@
iQ+QHbX AM S`Q+22/BM;b Q7 i?2 kyRe �*J aA:a�* *QM72`2M+2 QM *QKTmi2` �M/ *QKKmMB+�iBQMb
a2+m`Biv- T�;2b jRĜ9kX �*J- kyReX

(8) uQbbB :BH�/- _Qi2K >2KQ- aBHpBQ JB+�HB- :2Q`;BQb oH�+?Qb- �M/ LB+FQH�B w2H/QpB+?X �H;Q`�M/,
a+�HBM; #vx�MiBM2 �;`22K2Mib 7Q` +`vTiQ+m``2M+B2bX aPaS- kyRdX

(e) aBHpBQ JB+�HB- JB+?�2H _�#BM- �M/ a�HBH o�/?�MX o2`B}�#H2 `�M/QK 7mM+iBQMbX AM 6QmM/�iBQMb Q7
*QKTmi2` a+B2M+2- RNNNX 9yi? �MMm�H avKTQbBmK QM- T�;2b RkyĜRjyX A111- RNNNX

(d) hBKQ >�MF2- J�?Mmb? JQp�?2/B- �M/ .QKBMB+ qBHHB�KbX .}MBiv i2+?MQHQ;v Qp2`pB2r b2`B2b
+QMb2Mbmb bvbi2K- kyR3X

(3) �M/`2v "Q;/�MQp- JB`QbH�p EM2ʈ2pBÉ- :`2;Q` G2�M/2`- .2MBx hQx- E2`2K o�`ø+ø- �M/ AM;`B/
o2`#�mr?2/2X aTQM;2Mi, � HB;?ir2B;?i ?�b? 7mM+iBQMX AM AMi2`M�iBQM�H qQ`Fb?QT QM *`vTiQ@
;`�T?B+ >�`/r�`2 �M/ 1K#2//2/ avbi2Kb- T�;2b jRkĜjk8X aT`BM;2`- kyRRX

(N) C2�M@S?BHBTT2 �mK�bbQM- Gm+� >2Mx2M- qBHHB J2B2`- �M/ J�`ő� L�v�@SH�b2M+B�X Zm�`F, �
HB;?ir2B;?i ?�b?X AM AMi2`M�iBQM�H qQ`Fb?QT QM *`vTiQ;`�T?B+ >�`/r�`2 �M/ 1K#2//2/ avbi2Kb-
T�;2b RĜR8X aT`BM;2`- kyRyX

(Ry) uQM; q�M;- amb?�Mi C�BM- J�`;�`2i J�`iQMQbB- �M/ E2pBM 6�HHX 1`�bm`2@+Q/BM; #�b2/ `QmiBM;
7Q` QTTQ`imMBbiB+ M2irQ`FbX AM S`Q+22/BM;b Q7 i?2 kyy8 �*J aA:*PJJ rQ`Fb?QT QM .2H�v@
iQH2`�Mi M2irQ`FBM;- T�;2b kkNĜkjeX �*J- kyy8X

(RR) �H2t�M/`� "QH/v`2p�X h?`2b?QH/ bB;M�im`2b- KmHiBbB;M�im`2b �M/ #HBM/ bB;M�im`2b #�b2/ QM i?2
;�T@/B{2@?2HHK�M@;`QmT bB;M�im`2 b+?2K2X AM AMi2`M�iBQM�H qQ`Fb?QT QM Sm#HB+ E2v *`vTiQ;@
`�T?v- T�;2b jRĜ9eX aT`BM;2`- kyyjX

(Rk) .�M "QM2?- s�pB2` "Qv2M- �M/ a?�B >�H2pBX *?Qb2M +BT?2`i2ti b2+m`2 Tm#HB+ F2v i?`2b?QH/
2M+`vTiBQM rBi?Qmi `�M/QK Q`�+H2bX AM *`vTiQ;`�T?2`bǶ h`�+F �i i?2 _a� *QM72`2M+2- T�;2b
kkeĜk9jX aT`BM;2`- kyyeX

(Rj) .�MB2H C "2`Mbi2BM- LB2Hb .mB7- h�MD� G�M;2- S2i2` a+?r�#2- �M/ "Q@uBM u�M;X >B;?@bT22/
?B;?@b2+m`Biv bB;M�im`2bX CQm`M�H Q7 *`vTiQ;`�T?B+ 1M;BM22`BM;- kUkV,ddĜ3N- kyRkX

(R9) a+Qii ��`QMbQMX h?2 HBKBib Q7 [m�MimK +QKTmi2`bX a+B2MiB}+ �K2`B+�M- kN3UjV,ekĜeN- kyy3X

(R8) 1`/2K �HFBK- GûQ .m+�b- h?QK�b SƺTT2HK�MM- �M/ S2i2` a+?r�#2X SQbi@[m�MimK F2v
2t+?�M;2@� M2r ?QT2X AM la1LAs a2+m`Biv avKTQbBmK- T�;2b jkdĜj9j- kyReX

(Re) SB2``2@GQmBb *�v`2H �M/ JQ?�KK2/ J2xB�MBX SQbi@[m�MimK +`vTiQ;`�T?v, +Q/2@#�b2/ bB;M�@
im`2bX AM �/p�M+2b BM *QKTmi2` a+B2M+2 �M/ AM7Q`K�iBQM h2+?MQHQ;v- T�;2b 3kĜNNX aT`BM;2`-
kyRyX

Re



(Rd) _B+?�`/ GBM/M2` �M/ *?`Bb S2BF2`iX "2ii2` F2v bBx2b U�M/ �ii�+FbV 7Q` Hr2@#�b2/ 2M+`vTiBQMX AM
*`vTiQ;`�T?2`bǶ h`�+F �i i?2 _a� *QM72`2M+2- T�;2b jRNĜjjNX aT`BM;2`- kyRRX

(R3) "`2Mi q�i2`bX *BT?2`i2ti@TQHB+v �ii`B#mi2@#�b2/ 2M+`vTiBQM, �M 2tT`2bbBp2- 2{+B2Mi- �M/ T`Qp@
�#Hv b2+m`2 `2�HBx�iBQMX AM AMi2`M�iBQM�H qQ`Fb?QT QM Sm#HB+ E2v *`vTiQ;`�T?v- T�;2b 8jĜdyX
aT`BM;2`- kyRRX

(RN) .�M "QM2? �M/ J�ii?2r 6`�MFHBMX A/2MiBiv@#�b2/ 2M+`vTiBQM 7`QK i?2 r2BH T�B`BM;X aA�J
DQm`M�H QM +QKTmiBM;- jkUjV,83eĜeR8- kyyjX

(ky) "`v�M S�`MQ- CQM >Qr2HH- *`�B; :2Mi`v- �M/ J�`B�M� _�vFQp�X SBMQ++?BQ, L2�`Hv T`�+iB+�H
p2`B}�#H2 +QKTmi�iBQMX AM a2+m`Biv �M/ S`Bp�+v UaSV- kyRj A111 avKTQbBmK QM- T�;2b kj3Ĝk8kX
A111- kyRjX

(kR) a?�`/BM; �ii�+FX ?iiT,ffrrrXK�M;Q`2b2�`+?X+QfR@b?�`/@�ii�+F@2tTH�BM2/@2i?2`2mK@b?�`/BM;@
+QMi/fX

(kk) .�M "QM2?- *`�B; :2Mi`v- "2M GvMM- >Qp�p a?�+?�K- 2i �HX � bm`p2v Q7 irQ bB;M�im`2 �;;`2@
;�iBQM i2+?MB[m2bX _a� +`vTiQ#vi2b- eUkV,RĜRy- kyyjX

(kj) JB+?�2H C 6Bb+?2`- L�M+v � GvM+?- �M/ JB+?�2H a S�i2`bQMX AKTQbbB#BHBiv Q7 /Bbi`B#mi2/ +QM@
b2Mbmb rBi? QM2 7�mHiv T`Q+2bbX CQm`M�H Q7 i?2 �*J UC�*JV- jkUkV,jd9Ĝj3k- RN38X

(k9) G2bHB2 G�KTQ`iX h?2 r2�F #vx�MiBM2 ;2M2`�Hb T`Q#H2KX CQm`M�H Q7 i?2 �*J UC�*JV- jyUjV,ee3Ĝ
ede- RN3jX

(k8) a2i? :BH#2`i �M/ L�M+v GvM+?X "`2r2`Ƕb +QMD2+im`2 �M/ i?2 72�bB#BHBiv Q7 +QMbBbi2Mi- �p�BH�#H2-
T�`iBiBQM@iQH2`�Mi r2# b2`pB+2bX �+K aB;�+i L2rb- jjUkV,8RĜ8N- kyykX

Rd


