
aBKQM2 6QMi�M�
SQbi/Q+iQ`�H _2b2�+?2`

1K�BH, 7QMi�M�XbBKQM2!QmiHQQFX+QK
GBMF2/AM, bBKQM2@7QMi�M�@jj�9dNdy
:Bi>m#, ;Bi?m#X+QKfB`�H�#/Bb+Q

1tT2`B2M+2
lMBp2`bBi¨ /2;HB aim/B /B JBH�MQ @ "B+Q++� JBH�MQ- Ai�Hv
SQbi/Q+iQ`�H _2b2�`+?2` �i A_�G�#- _Q#QiB+b G�#Q`�iQ`v J�`+? kyR3 ĜS_1a1Lh

Ĝ J�BM `2b2�`+? T`QD2+i, S2`+2TiBQM 7Q` �;`B+mHim`�H _Q#QiB+b
Ĝ Pi?2` T`QD2+ib,

» .`Bp2 rBM @ BKT`QpBM; /`BpBM; bFBHHb BM �;2BM; TQTmH�iBQM i?`Qm;? o_ �M/ M2m`QbiBKmH�iBQM U"B+Q++�
ai�`iBM; :`�Mi kykyV

» la�. @ l`#�M a?miiH2b �miQMQKQmbHv .`Bp2M
» GPL:1oA*Ahu @ aQ+B�H AM+HmbBQM 7Q` i?2 1H/2`Hv h?`Qm;? q�HF�#BHBiv

Ĝ *Q@�mi?Q` Q7 T`QD2+i T`QTQb�Hb 7Q` M�iBQM�H ;`�Mib,
» h1__�AL @ h�#H1 ;_�T2b _Q#QiB+ ?�`p2biAL; US_ALkykyV
» .`Bp2 rBM @ BKT`QpBM; /`BpBM; bFBHHb BM �;2BM; TQTmH�iBQM i?`Qm;? o_ �M/ M2m`QbiBKmH�iBQM

U"B+Q++�ai�`iBM; :`�Mi kykyV
» 6mim`2 hQ;2i?2`, i?2 bm#m`#b #2+QK2 ;�`/2M FMQrBM; �M/ KBiB;�iBM; i?2 ?v/`Q@;2QHQ;B+�H ?�x�`/

U6QM/�xBQM2 *�`BTHQV
» S_Pa1**P @ S2`+2TiBp2 _P#Qib amTTQ`i 1ti`2K2 *`QT *PMi`QH U6Aa_ kyRNV
» ._PS @ .Bb2`#Q _Q#QiB+Q T2` HǶP`iQ+B+mHim`� /B S`2+BbBQM2 U_2;BQM2 GQK#�`/B�V

Ĝ J�BM /2p2HQT2` Q7,
» S`Q#�#BHBbiB+ SQBMi *HQm/b _2;Bbi`�iBQM

?iiTb,ff;Bi?m#X+QKfB`�H�#/Bb+QfT`Q#�#BHBbiB+nTQBMin+HQm/bn`2;Bbi`�iBQM
» � "2M+?K�`F 7Q` SQBMi *HQm/b _2;Bbi`�iBQM �H;Q`Bi?Kb

?iiTb,ff;Bi?m#X+QKfB`�H�#/Bb+QfTQBMin+HQm/bn`2;Bbi`�iBQMn#2M+?K�`F
Ĝ *QMi`B#miQ` Q7 hQ`+?SQBMibj. @ � mMB7vBM; 7`�K2rQ`F 7Q` /22T H2�`MBM; QM TQBMi +HQm/b

?iiTb,ff;Bi?m#X+QKfMB+QH�b@+?�mH2ifiQ`+?@TQBMibj/
Ĝ "�+?2HQ` �M/ K�bi2` i?2b2b �/pBbQ` UiBiH2b BM i?2b2bǶ H�M;m�;2V,

» *�`�ii2`Bxx�xBQM2 /B mM b2MbQ`2 /B TQbBxBQM2 T2` HQ bi2`xQ /B mM p2B+QHQ � ;mB/� �miQMQK�
» aiBK� /2HH� TQb2 i`�KBi2 mM bBbi2K� KmHiB@AJl
» AKTH2K2Mi�xBQM2 /B mM �H;Q`BiKQ T2` H� :HQ#�H SQBMi *HQm/b _2;Bbi`�iBQM #�b�iQ bm S�`iB+H2 ar�`K

PTiBKBx�iBQM
» L�pB;�xBQM2 �miQMQK� bm bi`�/� BM �K#BiQ m`#�MQ
» AM/BpB/m�xBQM2 2/ 1pBi�K2MiQ /B Pbi�+QHB .BM�KB+B T2` o2B+QHB � :mB/� �miQMQK�
» aiBK� /2HH� i`�B2iiQ`B� /B Qbi�+QHB KQ#BHBT2` mM p2B+QHQ � ;mB/� �miQMQK�
» S`Q;2ii�xBQM2 2 bpBHmTTQ /B mMǶBM7`�bi`miim`� T2` mM bBbi2K� /B BMi2`�xBQM2 i`� p2B+QHB � ;mB/� �miQMQK� 2

T2/QMB
» aBbi2K� /B +QMi`QHHQ T2` #�b2 `Q#QiB+� Qmi/QQ`
» AKTH2K2Mi�iBQM Q7 � HQ+�H TH�MM2` 7Q` i?2 la�. p2?B+H2
» 1p�Hm�iBQM �M/ 2tT2`BK2Mi�iBQM Q7 K�TTBM; �M/ HQ+�HBx�iBQM bvbi2Kb BM i?2 mMBp2`bBiv +�KTmb
» *QMbi`m+iBQM Q7 K�Tb rBi?Qmi /vM�KB+ 2H2K2Mib
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» 6�Ï�/2 b2;K2Mi�iBQM 7`QK j. SQBMi *HQm/b 7Q` p2?B+H2 HQ+�HBx�iBQM mbBM; PT2Mbi`22iK�T
Ĝ _2pB2r2` 7Q` a+B2MiB}+ o2Mm2b

» CQm`M�Hb,
Ǧ _Q#QiB+b �M/ �miQMQKQmb avbi2Kb
Ǧ A111 _Q#QiB+b �M/ �miQK�iBQM G2ii2`b
Ǧ A111 h`�Mb�+iBQMb QM L2m`�H L2irQ`Fb �M/ G2�`MBM; avbi2Kb
Ǧ A111 h`�Mb�+iBQMb QM JmHiBK2/B�
Ǧ .�i� BM "`B27
Ǧ aB;M�Hb

» *QM72`2M+2b,
Ǧ AMi2`M�iBQM�H *QM72`2M+2 QM _Q#QiB+b �M/ �miQK�iBQM UA*_�V
Ǧ A111 AMi2HHB;2Mi o2?B+H2b avKTQbBmK UAoV
Ǧ AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi h`�MbTQ`i�iBQM avbi2Kb UAha*V
Ǧ AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/ avbi2Kb UA_PaV
Ǧ AMi2HHB;2Mi �miQMQKQmb avbi2Kb *QM72`2M+2 UA�aV

E_A�- EMQrH2/;2 _2b2�`+? AK�;BM; �TTHB+�iBQM .2bBQ- Ai�Hv
_�. aQ7ir�`2 1M;BM22` LQp2K#2` kyRd @ 62#`m�`v kyR3

Ĝ .2p2HQTK2Mi Q7 pBbBQM@#�b2/ bQHmiBQMb 7Q` i`�{+ 2M7Q`+2K2Mi �M/ �p�H�M+?2 KQMBiQ`BM;

�aG- �miQMQKQmb avbi2K G�# �i 1h>@wm`B+? wm`B+?- arBix2`H�M/
�+�/2KB+ :m2bi C�Mm�`v kyR8 @ CmHv kyR8

Ĝ a>1_S�- aK�`i +QHH�#Q`�iBQM #2ir22M >mK�Mb �M/ ;`QmM/@�1`B�H _Q#Qib 7Q` BKS`QpBM; `2b+mBM; �+iBpBiB2b BM
�HTBM2 2MpB`QMK2Mib

Ĝ .2p2HQTK2Mi Q7 � MQp2H TQBMi +HQm/b `2;Bbi`�iBQM �H;Q`Bi?K 7Q` i2�Kb Q7 `Q#Qib

lMBp2`bBi¨ /2;HB aim/B /B JBH�MQ @ "B+Q++� JBH�MQ- Ai�Hv
_2b2�`+? �bbBbi�Mi �i A_�G�#- _Q#QiB+b G�#Q`�iQ`v 62#`m�`v kyRj P+iQ#2` kyRd

Ĝ _2b2�`+? �M/ /2p2HQTK2Mi Q7 `Q#QiB+b �M/ +QKTmi2` pBbBQM bQHmiBQMb

1/m+�iBQM
lMBp2`bBi¨ /2;HB bim/B /B JBH�MQ @ "B+Q++� JBH�M- Ai�Hv
S?X.X BM *QKTmi2` a+B2M+2 C�Mm�`v kyR9ĜP+iQ#2` kyRd

Ĝ h?2bBb, ǳ_Q#mbi SQBMi *HQm/b _2;Bbi`�iBQMǴ

lMBp2`bBi¨ /2;HB bim/B /B JBH�MQ @ "B+Q++� JBH�M- Ai�Hv
JXaX BM *QKTmi2` a+B2M+2 LQp2K#2` kyRyĜ62#`m�`v kyRj

Ĝ h?2bBb, ǳ�M BM/QQ` `Q#QiB+ bvbi2K 7Q` /Q+mK2Mib /2HBp2`v �M/ T2QTH2 ;mB/BM;Ǵ
Ĝ 6BM�H J�`F, RRyfRRy

lMBp2`bBi¨ /2;HB bim/B /B JBH�MQ @ "B+Q++� JBH�M- Ai�Hv
"XaX BM *QKTmi2` a+B2M+2 P+iQ#2` kyydĜLQp2K#2` kyRy

Ĝ h?2bBb, ǳ�H;Q`Bi?Kb �M/ BKTH2K2Mi�iBQMb 7Q` � Ǵ`2im`M iQ HB#ǳ �ii�+FǴ
Ĝ 6BM�H J�`F, RyNfRRy
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Sm#HB+�iBQMb
(R) aX 6QMi�M�- .X *�ii�M2Q- �X GX "�HH�`/BMB- JX o�;?B- �M/ .X :X aQ``2MiB- ǳ� #2M+?K�`F 7Q` TQBMi +HQm/b

`2;Bbi`�iBQM �H;Q`Bi?KbǴ- _Q#QiB+b �M/ �miQMQKQmb avbi2Kb- TX Ryj dj9- kykRX
(k) aX 6QMi�M� �M/ .X :X aQ``2MiB- � i2`KBM�iBQM +`Bi2`BQM 7Q` T`Q#�#BHBbiB+ TQBMi +HQm/b `2;Bbi`�iBQM-

�++2Ti2/ iQ aB;M�Hb- kykyX �`sBp, kyRyXy9NdN (+bX_P)X
(j) aX "�M/BMB- aX 6QMi�M�- 6X :�bT�`BMB- �M/ .X aQ``2MiB- ǳAMi2`�+iBQM �miQMQKQmb p2?B+H2@T2/2bi`B�M,

.vM�KB+ p2?B+H2 #2?�pBQm` �b � 7mM+iBQM Q7 bm#D2+iBp2 b�72iv T2`+2TiBQMǴ- BM kNi? A111 AMi2`M�iBQM�H
*QM72`2M+2 QM _Q#Qi >mK�M AMi2`�+iBp2 *QKKmMB+�iBQM U_PJ�LV- *`Qr/#Qi qQ`Fb?QT- kykyX

(9) .X *�ii�M2Q- JX o�;?B- aX 6QMi�M�- �X GX "�HH�`/BMB- �M/ .X :X aQ``2MiB- ǳ:HQ#�H pBbm�H HQ+�HBx�iBQM BM
HB/�`@K�Tb i?`Qm;? b?�`2/ k/@j/ 2K#2//BM; bT�+2Ǵ- BM kyky A111 AMi2`M�iBQM�H *QM72`2M+2 QM _Q#QiB+b
�M/ �miQK�iBQM UA*_�V- A111- kyky- TTX 9je8Ĝ9jdRX

(8) .X *�ii�M2Q- JX o�;?B- �X GX "�HH�`/BMB- aX 6QMi�M�- .X :X aQ``2MiB- �M/ qX "m`;�`/- ǳ*K`M2i, *�K2`�
iQ HB/�`@K�T `2;Bbi`�iBQMǴ- BM kyRN A111 AMi2HHB;2Mi h`�MbTQ`i�iBQM avbi2Kb *QM72`2M+2 UAha*V- A111-
kyRN- TTX Rk3jĜRk3NX

(e) �X GX "�HH�`/BMB- .X "2M2iiB- .X *�ii�M2Q- aX 6QMi�M�- JX o�;?B- �M/ .X :X aQ``2MiB- ǳAMi2`T`2i�xBQM2
/2HH� b+2M� 2 HQ+�HBxx�xBQM2 BM �K#BiQ m`#�MQ T2` p2B+QHB �miQMQKBǴ- BM Ai�H@A�@*QMp2;MQ L�xBQM�H2 *ALA
bmHHǶAMi2HHB;2Mx� �`iB}+B�H2- kyRNX

(d) �X GX "�HH�`/BMB- .X *�ii�M2Q- aX 6QMi�M�- �M/ .X :X aQ``2MiB- ǳ�M QMHBM2 T`Q#�#BHBbiB+ `Q�/ BMi2`b2+iBQM
/2i2+iQ`Ǵ- BM kyRd A111 AMi2`M�iBQM�H *QM72`2M+2 QM _Q#QiB+b �M/ �miQK�iBQM UA*_�V- A111- kyRd-
TTX kjNĜk9eX

(3) :X �;�K2MMQMB- aX 6QMi�M�- _X uX aB2;r�`i- �M/ .X :X aQ``2MiB- ǳSQBMi +HQm/b `2;Bbi`�iBQM rBi?
T`Q#�#BHBbiB+ /�i� �bbQ+B�iBQMǴ- BM kyRe A111f_aC AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi _Q#Qib �M/
avbi2Kb UA_PaV- A111- kyRe- TTX 9yNkĜ9yN3X

(N) �X GX "�HH�`/BMB- .X *�ii�M2Q- aX 6QMi�M�- �M/ .X :X aQ``2MiB- ǳG2p2`�;BM; i?2 QbK #mBH/BM; /�i� iQ
2M?�M+2 i?2 HQ+�HBx�iBQM Q7 �M m`#�M p2?B+H2Ǵ- BM kyRe A111 RNi? AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi
h`�MbTQ`i�iBQM avbi2Kb UAha*V- A111- kyRe- TTX ekkĜek3X

(Ry) �X GX "�HH�`/BMB- GX 62``2iiB- aX 6QMi�M�- �X 6m`H�M- �M/ .X :X aQ``2MiB- ǳ�M BM/QQ` HQ+�HBx�iBQM bvbi2K
7Q` i2H2?QK2+�`2 �TTHB+�iBQMbǴ- A111 h`�Mb�+iBQMb QM avbi2Kb- J�M- �M/ *v#2`M2iB+b, avbi2Kb- pQHX 9e-
MQX Ry- TTX R998ĜR988- kyR8X

(RR) �X GX "�HH�`/BMB- aX 6QMi�M�- �X 6m`H�M- .X GBKQM;B- �M/ .X :X aQ``2MiB- ǳ� 7`�K2rQ`F 7Q` Qmi/QQ`
m`#�M 2MpB`QMK2Mi 2biBK�iBQMǴ- BM kyR8 A111 R3i? AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi
h`�MbTQ`i�iBQM avbi2Kb- A111- kyR8- TTX kdkRĜkdkdX

(Rk) �X GX "�HH�`/BMB- aX 6QMi�M�- �X 6m`H�M- �M/ .X :X aQ``2MiB- ǳA`�nH�b2`niQQHb, � `Qb H�b2`b+�M
K�MBTmH�iBQM iQQH#QtǴ- �`sBp T`2T`BMi �`sBp,R9RRXRy3e- kyR9X

h2�+?BM;
Ç h2�+?BM; �bbBbi�Mi �i lMBp2`bBi¨ /2;HB aim/B /B JBH�MQ @ "B+Q++� kyR9 @ S_1a1Lh

*QKTmi2` �`+?Bi2+im`2
Ç h2�+?BM; �bbBbi�Mi �i lMBp2`bBi¨ /2;HB aim/B /B JBH�MQ @ "B+Q++� kyRN @ S_1a1Lh

*QKTmi2` �M/ _Q#Qi oBbBQM

G�M;m�;2b
Ç Ai�HB�M, }`bi H�M;m�;2
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https://arxiv.org/abs/2010.04979


Ç 1M;HBb?, *k
Ç :2`K�M, �k

aFBHHb
Ç S`Q;`�KKBM; G�M;m�;2b, *YY- Svi?QM- J�iH�#- C�p�
Ç Pi?2` aFBHHb �M/ EMQrH2/;2b, GBMmt- :Bi- J2`+m`B�H- lMBi h2biBM;- lJG- 1K#2//2/ aQ7ir�`2 .2p2HQTK2Mi

U�_J *Q`i2t �M/ �`/mBMQV- 1H2+i`QMB+b
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