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1`B+ >QHHQr�v
"�vHQ` lMBp2`bBiv

�#bi`�+i
J�+?BM2 G2�`MBM;- /2bTBi2 Bib M�K2- +�M BM+Q`TQ`�i2 �M Q`�+H2X PM2 +QKKQM 7Q`K
Q7 Q`�+H2 BMi2`�+iBQM Bb FMQrM �b �+iBp2 H2�`MBM;X �+iBp2 H2�`MBM; b�KTH2b {x, y} 7`QK
�M Q`�+H2 7Q` f Ui?2 7mM+iBQM iQ #2 H2�`M2/VX AK�;BM�iBQM b�KTHBM; Bb i?2 +QMp2`b2
Q7 �+iBp2 H2�`MBM;X AK�;BM�iBQM b�KTHBM; �bFb �M Q`�+H2 7Q` ?vTQi?2b2b h 7`QK H
U?vTQi?2bBb bT�+2VX AM i?Bb T�T2` BK�;BM�iBQM b�KTHBM; Bb +QKT�`2/ rBi? � Tm`2Hv
�H;Q`Bi?KB+ �TT`Q�+? iQ /2i2`KBM2 B7 Q`�+H2 BMi2`�+iBQM QmiT2`7Q`Kb � Tm`2Hv �H;Q@
`Bi?KB+ �TT`Q�+?X h?2 i?2Q`2iB+�H #�bBb 7Q` BK�;BM�iBQM b�KTHBM; Bb /2p2HQT2/ �M/
BHHmbi`�i2/ #v bBKmH�iBM; �M Q`�+H2X

R AMi`Q/m+iBQM
h?2 2z2+iBp2M2bb Q7 � K�+?BM2 H2�`MBM; �H;Q`Bi?K +�M #2 K2�bm`2/ #v i?2 MmK#2` Q7
b�KTH2b `2[mB`2/ iQ K�i+? f UT`Q#H2KV �M/ h ∈ H U?vTQi?2bBb bT�+2VX PM2 �TT`Q�+?
iQ BKT`QpBM; K�+?BM2 H2�`MBM; Bb iQ BM+Q`TQ`�i2 Q`�+H2 BMi2`�+iBQMX �M Q`�+H2 Bb �M
2ti2`M�H bQm`+2 Q7 BM7Q`K�iBQMX J�+?BM2 H2�`MBM; �TT`Q�+?2b i?�i BM+Q`TQ`�i2 Q`�+H2
BMi2`�+iBQM 7Q+mb QM ?Qr Q`�+H2 BMi2`�+iBQM bB;MB}+�MiHv BKT`Qp2b i?2 b�KTHBM; Q7 f X
h?Bb Bb FMQrM �b �+iBp2 H2�`MBM;- �HQM; rBi? � p�`B�Mi FMQrM �b ;mB/2/ b2�`+? /2b+`B#2/
#2HQrX >Qr2p2`- i?2`2 Bb MQ `2b2�`+? BMiQ r?2i?2` �M Q`�+H2 BKT`Qp2b b�KTHBM; Q7 HX

k "�+F;`QmM/
� bm#@}2H/ Q7 �+iBp2 H2�`MBM; Bb ;mB/2/ b2�`+?X AM ;mB/2/ b2�`+? �M Q`�+H2 MQi QMHv
H�#2Hb /�i� Bi2Kb- #mi �HbQ B/2MiB}2b /�i� Bi2Kb 7Q` H�#2HBM;X �ii2M#2`; 2i �HX ?�p2
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b?QrM i?�i � ;mB/2/ b2�`+? Bb bmT2`BQ` iQ �+iBp2 H2�`MBM; BM i?2 �`2� Q7 r2#bBi2 +H�b@
bB}+�iBQM U�ii2M#2`; �M/ S`QpQbi- kyRyVX Ai Bb mb27mH 7Q` /QK�BMb r?2`2 i?2 i�`;2i
+H�bbB}+�iBQM ?�b � p2`v bK�HH MmK#2` Q7 BMbi�M+2b +QKT�`2/ iQ i?2 ;2M2`�H TQTm@
H�iBQMX �//BiBQM�HHv- ;mB/2/ b2�`+? Bb ;QQ/ 7Q` +H�bbB}+�iBQMb i?�i �`2 7Q`K2/ 7`QK
/BbDmM+iBp2 bm#+H�bb2bX h?2b2 �`2 +QKKQM T`Q#H2Kb 2M+QmMi2`2/ r?2M TmiiBM; �+iBp2
H2�`MBM; iQ mb2 U�ii2M#2`; �M/ S`QpQbi- kyRRVX � bBKBH�` �TT`Q�+? Bb Q`�+H2 ;mB/2/
72�im`2 b2H2+iBQM 7Q` T�`iB+mH�` +H�bb2bX h?Bb Bb FMQrM �b ;mB/2/ 72�im`2 H�#2HBM; U�ii2M@
#2`;- J2HpBHH2- �M/ S`QpQbi- kyRyVX JQbi `2+2MiHv- �ii2M#2`; ?�b T`QTQb2/ � ;�KB}2/
bvbi2K +�HH2/ #2�i i?2 K�+?BM2 U"hJVX "hJ mb2b Q`�+H2b iQ B/2MiB7v i?2 mMFMQrM
mMFMQrMb Q7 � K�+?BM2 H2�`MBM; KQ/2HX Ua22 �ii2M#2`;- AT2B`QiBb- �M/ S`QpQbi- kyR8
7Q` KQ`2 BM7Q`K�iBQMXV

*H�bbB}+�iBQM KQ/2H H2�`MBM; Bb /BpB/2/ BMiQ i?`22 /Bz2`2Mi �`2�b,

RX Zm2`v iQ +H�bbB7v /�i�, y = f(x)

kX a2H2+i /�i� iQ #2 +H�bbB}2/, x ∈ D

jX a2H2+i T`2/B+iBp2 KQ/2H, h ∈ H

h?2`2 �`2 7Qm` /Bz2`2Mi �TT`Q�+?2b iQ QTiBKBxBM; i?2b2 �`2�b,

�X _�M/QK

"X �H;Q`Bi?KB+

*X P`�+H2

.X :`QmM/ i`mi?

j. Bb i?2 ;Q�H Q7 K�+?BM2 H2�`MBM;ě�M �++m`�i2 T`2/B+iBQM KQ/2HX h`�/BiBQM�H
K�+?BM2 H2�`MBM; Bb � +QK#BM�iBQM Q7 k� U`�M/QK b�KTHBM;V- j"- �M/ R.X a2KB@
bmT2`pBb2/ H2�`MBM; BMi`Q/m+2b R"X h?2 H2�`M2/ KQ/2H Bb mb2/ iQ +H�bbB7v 7m`i?2` /�i�
7Q` H2�`MBM;X

j� Bb mb2/ BM i?2 LQ 6`22 GmM+? h?2Q`2K iQ +?�`�+i2`Bx2 i?2 2tT2+i2/ T2`7Q`@
K�M+2 Q7 K�+?BM2 H2�`MBM;X

�+iBp2 H2�`MBM; BM+Q`TQ`�i2b R* UQ`�+H2 H�#2H2`V �M/ k" BMiQ i`�/BiBQM�H K�@
+?BM2 H2�`MBM;X :mB/2/ b2�`+? �//b k*X 6BM�HHv- "hJ �M/ Bib T`2/2+2bbQ` 2[mBp�H2M+2
[m2`vBM; U�M;HmBM- RN33V �`2 �MQi?2` 7Q`K Q7 k*X

h�#H2 RyXR b?Qrb i?2 �`2�b +Qp2`2/ BM i?2 HBi2`�im`2X JQbi Q7 i?2 +QK#BM�iBQMb
?�p2 #22M �//`2bb2/X

�MQi?2` �TT`Q�+? Bb 7Q` �M Q`�+H2 iQ b�KTH2 7`QK H- i?2 ?vTQi?2bBb bT�+2X h?Bb
�TT`Q�+? Bb j*X a�KTHBM; 7`QK H mb2b i?2 Q`�+H2Ƕb BK�;BM�iBQM bQ i?Bb �TT`Q�+? Bb
+�HH2/ ǳBK�;BM�iBQM b�KTHBM;XǴ

P`�+H2 b�KTHBM; Q7 H Bb mM2tTHQ`2/ BM i?2 HBi2`�im`2X h?Bb T`QD2+i BMp2biB;�i2b
r?2i?2` �M Q`�+H2 BKT`Qp2b i?2 b�KTHBM; Q7 H #v +QKT�`BM; i?2 2z2+iBp2M2bb Q7
ǳBK�;BM�iBQM b�KTHBM;Ǵ rBi? �H;Q`Bi?KB+ �TT`Q�+?2bX



h2biBM; ǳAK�;BM�iBQM a�KTHBM;Ǵ R3R

h�#H2 RyXR, _2b2�`+? ;`B/

� " * .
R s s s s
k s s s
j s s s

j h2biBM; ǳAK�;BM�iBQM a�KTHBM;Ǵ

h?2 LQ 6`22 GmM+? h?2Q`2K UL6GhV bi�i2b i?�i �HH �H;Q`Bi?Kb ?�p2 2t�+iHv i?2 b�K2
T2`7Q`K�M+2 r?2M �p2`�;2/ Qp2` �HH T`Q#H2K /QK�BMbX q?BH2 T�`iB+mH�` �H;Q`Bi?Kb
T2`7Q`K #2ii2` QM T�`iB+mH�` T`Q#H2K /QK�BMb- Bi Bb 2ti`2K2Hv mMHBF2Hv iQ T�B` i?2 `B;?i
�H;Q`Bi?K rBi? i?2 `B;?i /QK�BMX *QMb2[m2MiHv- i?2 L6Gh Bb mb2/ BM irQ /Bz2`2Mi
r�vb iQ i2bi 7Q` MQM@�H;Q`Bi?KB+ H2�`MBM; BM i?2 Q`�+H2, URV BM i2`Kb Q7 i?2 T`Q#H2K
/QK�BM- �M/ UkV Q7 i?2 H2�`MBM; �H;Q`Bi?KX

�b bi�i2/- Bi Bb mMHBF2Hv � T�`iB+mH�` �H;Q`Bi?K rBHH /Q r2HH QM � `�M/QKHv b2H2+i2/
T`Q#H2KX A7 BK�;BM�iBQM b�KTHBM; T2`7Q`Kb r2HH QM �M �`#Bi`�`v T`Q#H2K /QK�BM- i?2M
i?2 Q`�+H2 Bb ?B;?Hv HBF2Hv iQ ?�p2 � MQM@�H;Q`Bi?KB+ H2�`MBM; �#BHBivX h?2 Q`�+H2 +�MMQi
?�p2 BM7Q`K�iBQM �#Qmi i?2 /�i�b2i i?�i i?2 �H;Q`Bi?Kb /Q MQi ?�p2XR

aBKBH�`Hv- 7Q` � T�`iB+mH�` T`Q#H2K- Bi Bb mMHBF2Hv � `�M/QKHv b2H2+i2/ �H;Q`Bi?K
rBHH /Q r2HHX h?2 H2�`MBM; T`Q#H2K Bb +QMbi`m+i2/ bQ �H;Q`Bi?KB+ H2�`MBM; +�MMQi
T2`7Q`K #2ii2` i?�M `�M/QK b�KTHBM; i?�i Bb �p2`�;2/ Qp2` K�Mv T`Q#H2KbX h?Bb Bb
� LQ 6`22 GmM+? UL6GV +QMbi`m+iBQMX

AM 2Bi?2` +�b2- B7 i?2 Q`�+H2 T2`7Q`Kb #2ii2` i?�M �H;Q`Bi?KB+ �TT`Q�+?2b- i?Bb
b?Qrb BK�;BM�iBQM b�KTHBM; Bb ;2M2`�HHv #2ii2` i?�M Tm`2Hv �H;Q`Bi?KB+ H2�`MBM;X

h?2 L6G +QMbi`m+iBQM Bb � ?vTQi?2bBb bT�+2 i?�i b?�ii2`b 2p2`v /�i�b2iX �
?vTQi?2bBb bT�+2 b?�ii2`b � /�i�b2i r?2M Bi +�M `2T`2b2Mi �Mv TQbbB#H2 H�#2HBM; Q7
Bi2Kb BM i?2 /�i�b2iX �H;Q`Bi?KB+ H2�`MBM; #�b2/ QM BM@b�KTH2 2``Q` UEinV Bb MQi
TQbbB#H2 BM i?Bb ?vTQi?2bBb bT�+2- bBM+2 � ?vTQi?2bBb rBi? x2`Q BM@b�KTH2 2``Q` +�M
�Hr�vb #2 7QmM/X >Qr2p2`- H2�`MBM; #�b2/ QM +QKT`2bbBQM Bb TQbbB#H2 �M/ rBHH #2
+Qp2`2/X

h?2 Q`�+H2 Bb +QKT�`2/ iQ irQ +H�bb2b Q7 �H;Q`Bi?KbX h?2 }`bi +H�bb b�KTH2b
?vTQi?2b2b Qp2` i?2 2MiB`2 ?vTQi?2bBb bT�+2X h?2 b2+QM/ +H�bb H2�`Mb mbBM; � H2�`M�#H2
bm#b2iX h?2 bm#b2i Bb H2�`M�#H2 #2+�mb2 Bi /Q2b MQi +Qp2` �HH TQbbB#BHBiB2b �M/ BM@b�KTH2
2``Q` +�MMQi #2 +QKTH2i2Hv KBMBKBx2/X h?2 Q`�+H2 b?QmH/ #2 KQ`2 2z2+iBp2 i?�M i?2
}`bi +H�bb- �M/ K�v #2 KQ`2 2z2+iBp2 i?�M i?2 b2+QM/ +H�bbX 1z2+iBp2M2bb Bb K2�bm`2/
#v i?2 HQr2bi Qmi@Q7@b�KTH2 2``Q`- Eout- Q#i�BM2/X

� b2+QM/ Bbbm2 Bb B/2MiB7vBM; r?2M i?2 Q`�+H2 ?�b 7QmM/ � ;QQ/ ?vTQi?2bBbX aBM+2

R h?Bb bQmM/b HBF2 � +QMi`�/B+iBQM bBM+2 �M Q`�+H2 Bb /2}M2/ �b �M 2ti2`M�H bQm`+2 Q7 BM7Q`K�iBQMX
A7 i?2 Q`�+H2 /Q2b MQi ?�p2 BM7Q`K�iBQM- i?2M Bi Bb MQi � bQm`+2 Q7 BM7Q`K�iBQMX >Qr2p2`- bQK2 Q`�+H2b
+�M +`2�i2 BM7Q`K�iBQMX �H;Q`Bi?Kb +�MMQi +`2�i2 BM7Q`K�iBQMX aQ- `2HvBM; QM �M Q`�+H2 i?�i /Q2b
MQi BMBiB�HHv ?�p2 BM7Q`K�iBQM +�M biBHH #2 mb27mH B7 i?2 Q`�+H2 +�M +`2�i2 BM7Q`K�iBQMX
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i?2 L6G +QMbi`m+iBQM b?�ii2`b 2p2`v /�i�b2i- Qp2`}iiBM; Bb KQ`2 HBF2Hv iQ Q++m` i?�M
;2M2`�HBx�iBQMX h?Bb K2�Mb i?2 ?vTQi?2bBb +�MMQi #2 `�i2/ BM@b�KTH2 mbBM; Ein �M/
Etest- i?2 i2bi /�i�b2iX AMbi2�/- i?2 ?vTQi?2bBb Kmbi #2 `�i2/ #v Bib +QM+Bb2M2bbX
*QM+Bb2M2bb Bb K2�bm`2/ #v EQHKQ;Q`Qp +QKTH2tBiv UE*VX

h?Bb T�T2` mb2b E* iQ B/2MiB7v r?2M i?2 Q`�+H2 ?�b 7QmM/ � ;QQ/ ?vTQi?2bBbX
PMHv �M mTT2` #QmM/ 7Q` E* +�M #2 +�H+mH�i2/X *QMb2[m2MiHv- � ;`�/B2Mi@#�b2/
�TT`Q�+? Bb mb2/ rBi? i?2 mTT2` #QmM/ iQ B/2MiB7v � ;QQ/ ?vTQi?2bBbX

9 _2T`2b2Mi�iBQM
�b /Bb+mbb2/ T`2pBQmbHv- �M L6G +QMbi`m+iBQM 7Q` i?2 H2�`MBM; T`Q#H2K Bb � ?vTQi?@
2bBb bT�+2 i?�i b?�ii2`b 2p2`v /�i�b2iX hQ b?�ii2` � /�i�b2i- r2 M22/ � ?vTQi?2bBb
bT�+2 i?�i +�M `2T`2b2Mi �HH TQbbB#H2 +H�bbB}+�iBQMb 7Q` � /�i�b2iX h?2 KmHiB#Qt Bb �
?vTQi?2bBb bT�+2 i?�i `2T`2b2Mib �HH TQbbB#H2 +H�bbB}+�iBQMb 7Q` �Mv /�i�b2i- �M/ +�M
b?�ii2` �Mv /�i�b2iX h?Bb K�F2b i?2 KmHiB#Qt �M L6G +QMbi`m+iBQMX h?2 KmHiB#Qt Bb
/2}M2/ �7i2` i?2 T`Q#H2K /QK�BM Bb /2b+`B#2/X

9XR S`Q#H2K .QK�BM
h?2 T`Q#H2K /QK�BM 7Q` i?Bb T`QD2+i Bb � k. /Bb+`2i2 ;`B/X h?2 i�`;2i 7mM+iBQM f Bb
� T�`iB+mH�` +H�bbB}+�iBQM Q7 i?2 +2HHb- bm+? �b BM 6B;m`2 RyXRX h?2 +H�bbB}+�iBQM BM
i?2 BK�;2 Bb `2T`2b2Mi2/ #v r?Bi2 �M/ #H�+F +2HHbX � ?vTQi?2bBb h 7`QK i?2 ?vTQi?@
2bBb bT�+2 H Bb � +H�bbB}+�iBQM `2;BQM `2T`2b2Mi2/ #v HB;?i �M/ /�`F ;`�v +2HHbX h?2
+H�bbB}+�iBQM `2;BQM /Q2b MQi ?�p2 iQ +H�bbB7v i?2 2MiB`2 T`Q#H2K /QK�BMX

9Xk JmHiB#Qt .2}MBiBQM
� KmHiB#Qt Bb � b2i Q7 n +QQ`/BM�i2 8@imTH2bX h?2 }7i? 2H2K2Mi Bb i?2 #QtǶb #BM�`v
+H�bbB}+�iBQMX 1�+? imTH2 /2}M2b �M �tBb@�HB;M2/- `2+i�M;mH�` #QtX h?2 +QQ`/BM�i2b
�`2 BMi2;2`bX h?2 b2i Q7 �HH #Qt2b Bb MBX h?2 b2i Q7 #Qt2b BM i?2 ?vTQi?2bBb Bb MBgX

MGg = {Z,Z, Z, Z, 0 Q` 1}M

h?2 T�`�K2i2`b Q7 2�+? #Qt �`2 `272`2M+2/ #v � bm#b+`BTi- box0−4 rBi? box4 �b i?2 y
Q` R +H�bbB}+�iBQMX

h?2 Q`�+H2 TH�+2b KmHiBTH2 �tBb@�HB;M2/- `2+i�M;mH�` #Qt2b QM i?2 /�i� iQ 7Q`K
� ?vTQi?2bBbX 1�+? #Qt +H�bbB}2b b�KTH2b �++Q`/BM; iQ � bBM;H2 +H�bbB}+�iBQMX 6Q`
2t�KTH2- � #Qt i?�i +H�bbB}2b b�KTH2b �b ǳQM2bǴ rBHH +H�bbB7v �HH +QMi�BM2/ b�KTH2b �b
QM2bX A7 #Qt2b Qp2`H�T- b�KTH2b �`2 +H�bbB}2/ �++Q`/BM; iQ i?2 H�bi TH�+2/ #QtX h?2
+H�bbB}+�iBQM �H;Q`Bi?K Bb b?QrM BM �H;Q`Bi?K RX

q2 +�M b22 i?2 KmHiB#Qt `2T`2b2Mib �Mv +H�bbB}+�iBQM B7 2�+? #Qt Bb i?2 bBx2 Q7 �M
BM/BpB/m�H +2HH BM 6B;m`2 RyXRX h?Bb K2�Mb i?2 KmHiB#Qt +�M b?�ii2` �HH /�i�b2ib- �M/



_2T`2b2Mi�iBQM R3j

6B;m`2 RyXR, S`Q#H2K /QK�BM rBi? �M 2t�KTH2 i�`;2i 7mM+@
iBQM Ur?Bi2 �M/ Tm`2 #H�+FV �M/ +H�bbB}+�iBQM `2;BQM UHB;?i
;`�v �M/ /�`F ;`�vVX

�H;Q`Bi?KB+ H2�`MBM; Bb MQi TQbbB#H2X �H;Q`Bi?KB+ H2�`MBM; #�b2/ QM 2``Q` KBMBKBx�iBQM
+�MMQi ?�TT2M #2+�mb2 �M 2``Q` +�M �Hr�vb #2 i�F2M iQ x2`QX G2�`MBM; i?`Qm;?
+QKT`2bbBQM +�MMQi ?�TT2M �b +QKT`2bbBQM Bb MQi +QKTmi�#H2 BM ;2M2`�HX

.m2 iQ i?2 L6Gh i?2 Q//b Q7 � H2�`MBM; �TT`Q�+? T2`7Q`KBM; r2HH QM � T�`iB+mH�`
T`Q#H2K �`2 iQQ bK�HH iQ ?�TT2M #v +?�M+2X h?Bb Bb biBHH i`m2 2p2M B7 KQbi Q` �HH `2�H
rQ`H/ T`Q#H2Kb �`2 H2�`M�#H2 #2+�mb2 i?2 L6Gh �TTHB2b iQ H2�`MBM; �TT`Q�+?2b �b r2HH
�b T`Q#H2KbX A7 �M �TT`Q�+? /Q2b r2HH QM � /2+2Mi MmK#2` Q7 /Bz2`2Mi /�i�b2ib- �M/ Bi
Bb b2H2+i2/ BM/2T2M/2MiHv 7`QK i?2 T`Q#H2K /QK�BM- i?2M Bi Bb bmT2`BQ` iQ �H;Q`Bi?KB+
H2�`MBM;X

*QMb2[m2MiHv- B7 2tT2`BK2Mib b?Qr BK�;BM�iBQM b�KTHBM; Bb bmT2`BQ` iQ �H;Q@
`Bi?KB+ �TT`Q�+?2b 7Q` KmHiB#Qt +H�bbB}+�iBQM �M/ Qi?2` +H�bbB}+�iBQM i�bFb i?2M Bi Bb
bmT2`BQ` iQ �H;Q`Bi?KB+ H2�`MBM; BM ;2M2`�HX

�H;Q`Bi?K R JmHiB#Qt +H�bbB}2`
R, T`Q+2/m`2 *H�bbB7vUxV
k, result← LlGG
j, 7Q` �HH box ∈MBg /Q
9, B7 x ∈ box i?2M
8, result← box4

e, `2im`M result
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8 J2i?Q/QHQ;v
hQ i2bi r?2i?2` BK�;BM�iBQM b�KTHBM; Bb bmT2`BQ` iQ �H;Q`Bi?KB+ i2+?MB[m2b- i?2 Q`@
�+H2 Bb +QKT�`2/ iQ irQ +H�bb2b Q7 �H;Q`Bi?KbX h?2 }`bi +H�bb H2�`Mb Qp2` i?2 2MiB`2
?vTQi?2bBb bT�+2X h?2 b2+QM/ +H�bb H2�`Mb � H2�`M�#H2 bm#b2iX

8XR 6B`bi *H�bb Q7 �H;Q`Bi?K
h?2 �H;Q`Bi?Kb BM i?2 }`bi +H�bb �`2 `�M/QK #Qt TH�+2K2Mi �M/ ;mB/2/ #Qt TH�+2@
K2MiX h?2 `�M/QK �TT`Q�+? TH�+2b #Qt2b `�M/QKHv mMiBH Bi ?�b TH�+2/ M #Qt2b Ub22
�H;Q`Bi?K kVX 1�+? #QtǶb +H�bbB}+�iBQM Bb �bbB;M2/ `�M/QKHvX

�H;Q`Bi?K k _�M/QK TH�+2K2Mi
R, T`Q+2/m`2 _�M/QKSH�+2K2MiUX,MV
k, MBg ← HBbi
j, 7Q` �HH iteration ∈ 1 iQ M /Q
9, x00 ← lMB7Q`K(KBMi X0i,K�ti X0i)
8, x01 ← lMB7Q`K(KBMi X0i,K�ti X0i)
e, x10 ← lMB7Q`K(KBMi X1i,K�ti X1i)
d, x11 ← lMB7Q`K(KBMi X1i,K�ti X1i)
3, class← *?QQb2(0, 1)
N, MBg.�TT2M/({x00, x01, x10, x11, class})
Ry, `2im`M MBg

h?2 ;mB/2/ #Qt TH�+2K2Mi �H;Q`Bi?K Bb BMBiB�i2/ rBi? i?2 `�M/QK �H;Q`Bi?K #v
TH�+BM; N #Qt2bX h?2M- Bi b2H2+ib � bm#b2i M i?�i K�tBKBx2b i?2 bB;MB}+�M+2 b+Q`2
BM �H;Q`Bi?K jX

h?2 }`bi i2`K- accuracy- T`BQ`BiBx2b #Qt2b i?�i +QMi�BM �M mMHBF2Hv MmK#2` Q7
b�KTH2bX h?2 b2+QM/ i2`K- correctness- T`BQ`BiBx2b #Qt2b i?�i �`2 HBF2Hv iQ +Q``2+iHv
+H�bbB7v � b�KTH2X

α �M/ β �`2 imM�#H2 T�`�K2i2`b #2ir22M x2`Q �M/ QM2X q?2M #Qi? T�`�K2i2`b
�`2 x2`Q- ;mB/2/ TH�+2K2Mi `2/m+2b iQ `�M/QK TH�+2K2MiX hrQ T�`�K2i2`b �`2 mb2/
BMbi2�/ Q7 Dmbi b2iiBM; β = 1 − α- Qi?2`rBb2 Bi Bb MQi TQbbB#H2 iQ b2i #Qi? iQ x2`Q
�M/ �+?B2p2 � `�M/QK #Qt TH�+2K2MiX *QMb2[m2MiHv- #Qi? i?2 `�M/QK �M/ ;mB/2/
�H;Q`Bi?Kb +�M #2 /2b+`B#2/ #v �H;Q`Bi?K 9X

8Xk a2+QM/ *H�bb Q7 �H;Q`Bi?K
h?2 b2+QM/ +H�bb Q7 �H;Q`Bi?Kb mb2b � H2�`M�#H2 bm#b2i Q7 HX h?2 �H;Q`Bi?K BM i?2
b2+QM/ +H�bb Q7 �H;Q`Bi?Kb Bb i?2 a2i *Qp2` J�+?BM2 Ua*JV �H;Q`Bi?K UJ�`+?�M/ �M/
h�vHQ`- kyyjVX h?2 a*J �H;Q`Bi?K }M/b � KBMBK�H KmHiB#Qt Q7 b[m�`2 #Qt2b i?�i
+Qp2` �HH Q7 QM2 +H�bb Q7 b�KTH2bX � `2;mH�`Bx�iBQM T�`�K2i2` p T2M�HBx2b +H�bbB}+�iBQM



J2i?Q/QHQ;v R38

�H;Q`Bi?K j aB;MB}+�M+2 b+Q`BM;
R, T`Q+2/m`2 aB;MB7B+�M+2UX, Y, box,α, βV
k, Xwidth ← K�ti X0i −KBMi X0i

j, Xheight ← K�ti X1i −KBMi X1i

9, Xarea ← XwidthXheight

8, λ← |X|
Xarea

e, boxwidth ← box1 − box0

d, boxheight ← box3 − box2

3, boxarea ← �#b(boxwidthboxheight)

N, k ← |x∈box|
boxarea

Ry, probability ← TQBbbQM(k,λ)
RR, accuracy ← −αHQ;(probability)
Rk, probability ← �#b(1− box4 −

∑
y∈box y

|y∈box| )

Rj, correctness← −βHQ;(probability)
R9, `2im`M accuracy + correctness

�H;Q`Bi?K 9 :2M2`�HBx2/ #Qt TH�+2K2Mi
R, T`Q+2/m`2 "QtSH�+2K2MiUX, Y,N,M,α, βV
k, MBg ← _�M/QKSH�+2K2Mi(X,N)
j, scores← GQQFmTh�#H2
9, 7Q` �HH box ∈MBg /Q
8, scores[aB;MB7B+�M+2(X, Y, box,α, β)]← box

e, aQ`i.2b+2M/BM;(scores)
d, MBg ← scores.p�Hm2b[1 . . .M ]
3, `2im`M MBg



R3e *QKTmi2` a+B2M+2, AK�;BM�iBQM a�KTHBM;

2``Q` BM i?2 a*JX p +�M `�M;2 7`QK x2`Q iQ ∞X AM i?Bb 2tT2`BK2Mi- p = ∞ bQ i?2`2
Bb MQ KBb+H�bbB}+�iBQM 2``Q`X Pi?2` p�Hm2b r2`2 i`B2/ #mi /B/ MQi MQiB+2�#Hv BKT`Qp2
�++m`�+v- �M/ i?2v ;`2�iHv BM+`2�b2/ +QKTmi�iBQM iBK2X

h?2 bi�M/�`/ a*J �H;Q`Bi?K +H�bbB}2b b�KTH2b QmibB/2 Q7 i?2 b2i +Qp2` �b i?2
�Hi2`M�iBp2 +H�bbX h?2 a*J �H;Q`Bi?K Bb KQ/B}2/ 7Q` i?Bb 2tT2`BK2Mi iQ QMHv +H�bbB7v
i?2 b�KTH2b +Qp2`2/ #v i?2 KmHiB#Qt �M/ B;MQ`2 b�KTH2b QmibB/2 i?2 KmHiB#QtX AM i?Bb
r�v- Bi Bb bBKBH�` iQ � /2i2`KBMBbiB+ p2`bBQM Q7 ;2M2`�HBx2/ #Qt TH�+2K2Mi BM �H;Q`Bi?K
jX

h?2 bi�M/�`/ a*J �H;Q`Bi?K ?�b �M O(N4) +QKTH2tBivX hQ BKT`Qp2 `mMiBK2-
i?2 b�KTH2 +QmMi 7Q` i?2 a*J Bb `2/m+2/ iQ

√
N - r?BH2 i?2 Qi?2` �TT`Q�+?2b biBHH mb2

N b�KTH2bX

e 1tT2`BK2Mi
h?2 /�i�b2i +QK2b 7`QK � "LS BMbm`�M+2 +QKT2iBiBQM QM E�;;H2X+QKX �M/ ?�b Rjy
�MQMvKBx2/ 72�im`2b �M/ RjyF b�KTH2bX �MQMvKBx�iBQM F22Tb i?2 Q`�+H2 7`QK ?�pBM;
�++2bb iQ /QK�BM FMQrH2/;2X

h?2 7Qm` �TT`Q�+?2b �`2 i`�BM2/ �M/ p�HB/�i2/ �+`Qbb � `�M;2 Q7 b�KTH2 bBx2b
7Q` Ein �M/ Etest- 7`QK Ryy iQ 8yy b�KTH2b mbBM; 8y b�KTH2 BM+`2K2MibX � b2T�`�i2
b2i Q7 Ryyy b�KTH2b Bb mb2/ 7Q` +�H+mH�iBM; EoutX h?2 Q`�+H2Ƕb KmHiB#Qt TH�+2K2Mi Bb
+QKT�`2/ iQ i?2 �H;Q`Bi?KB+ �TT`Q�+?2b mbBM; Eout BM � #�i+? �7i2` �HH 2tT2`BK2Mib
�`2 +QKTH2i2/X Eout Bb +�H+mH�i2/ mbBM; �H;Q`Bi?K RX sC `2T`2b2Mib i?2 Eout b�KTH2b
+Qp2`2/ #v i?2 ?vTQi?2bBbX

Eout =
∑

x,y∈sC

�#b
(

y − +H�bbB7v(x)
|sC|

)

RX h?2 b�KTH2b �`2 /`�rM `�M/QKHv rBi?Qmi `2TH�+2K2Mi 7`QK i?2 /�i�b2i iQ
+`2�i2 i?2 i`�BMBM; b2iX h?2 b�KTH2b �`2 `2/m+2/ iQ `2KQp2 b�KTH2b i?�i �`2
KBbbBM; /�i� �M/ �`2 7m`i?2` `2/m+2/ bQ i?2`2 �`2 �M 2[m�H MmK#2` Q7 #Qi?
+H�bb2bX h?Bb +�M `2bmHi BM � b�KTH2 b2i +QMi�BMBM; Km+? H2bb i?�M i?2 BMBiB�H
�KQmMiX 6Q` BMbi�M+2- B7 Ryy b�KTH2b �`2 BMBiB�HHv /`�rM- +H2�MBM; �M/ 2[m�HBxBM;
+�M H2�p2 QMHv jy b�KTH2bX

kX h?2 b�KTH2b �`2 T`2T`Q+2bb2/ iQ #2 +2Mi2`2/- MQ`K�HBx2/- �M/ r?Bi2M2/X h?2
T�`�K2i2`b 7Q` i?2 T`2T`Q+2bbBM; �`2 `2+Q`/2/ 7Q` mb2 QM i?2 Etest �M/ Eout

b�KTH2bX

jX h?2 irQ �H;Q`Bi?KB+ KmHiB#Qt ?vTQi?2b2b �`2 ;2M2`�i2/ rBi? M = 5- K2�MBM;
2�+? ?vTQi?2bBb +QMbBbib Q7 8 #Qt2bX h?Bb MmK#2` Bb b2H2+i2/ iQ #2 bK�HH bQ i?2
`2bmHiBM; ?vTQi?2bBb ?�b � HQr +QKTH2tBivX 6Q` i?2 ;mB/2/ KmHiB#Qt b2H2+iBQM-
N = 100X h?Bb K2�Mb Ryy #Qt2b �`2 ;2M2`�i2/ `�M/QKHvX h?2M i?2 8 #2bi #Qt2b



AK�;BM�iBQM a�KTHBM; _2bmHib R3d

�`2 b2H2+i2/ 7Q` i?2 ?vTQi?2bBb- �b b?QrM BM �H;Q`Bi?K 9X h?2 ;mB/2/ KmHiB#Qt
�H;Q`Bi?K ?�b T�`�K2i2`b α = 0.5 �M/ β = 0.5 BM �H;Q`Bi?K jX

9X h?2 Q`�+H2 U?mK�M mb2`V pBbm�HHv b2H2+ib � b2i Q7 #Qt2b Bi i?BMFb rBHH +`2�i2 �
;QQ/ +H�bbB}+�iBQM ?vTQi?2bBbX 6B;m`2 RyXk Bb �M 2t�KTH2 MBg +`2�i2/ #v �M
Q`�+H2X
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6B;m`2 RyXk, 1t�KTH2 Q7 MBg ;2M2`�i2/ #v Q`�+H2X

8X 1�+? ?vTQi?2bBb Bb i?2M 2p�Hm�i2/ 7Q` +H�bbB}+�iBQM 2``Q` QM � p�HB/�iBQM �M/ i2bi
/�i�b2iX "Qi? /�i�b2ib mb2 /Bz2`2Mi b�KTH2b- r?B+? �`2 �HbQ +H2�M2/- 2[m�HBx2/-
�M/ T`2T`Q+2bb2/X h?2 i`�BMBM; /�i�b2i p�Hm2b �`2 mb2/ 7Q` T`2T`Q+2bbBM;X

d AK�;BM�iBQM a�KTHBM; _2bmHib
h?2 2tT2`BK2Mi Bb `2T2�i2/ j8R iBK2b �M/ Bb +�``B2/ Qmi �+`Qbb b�KTH2 bBx2b 7`QK Ryy
iQ 8yy- rBi? 8y b�KTH2 BM+`2K2MibX AM 2�+? 2tT2`BK2Mi- i?2 �TT`Q�+?2b �`2 +QKT�`2/
#�b2/ QM �++m`�+v- 1−EoutX h?2 Qmi+QK2 Q7 �M 2tT2`BK2Mi B/2MiB}2b r?B+? ?vTQi?2bBb
Q7 i?2 7Qm` �TT`Q�+?2b ?�b i?2 #2bi �++m`�+vX h?2 �TT`Q�+? rBi? i?2 ?B;?2bi �++m`�+v
rBMb i?2 2tT2`BK2MiX

h?2 Qp2`�HH `2bmHib �b r2HH �b rBMb- KBM- K2�M- �M/ K�t �++m`�+v 7Q` 2�+?
b�KTH2 bBx2 �`2 b?QrM BM h�#H2 RyXkX aQK2 MmK#2`b �`2 i`mM+�i2/ iQ }i i?2 i�#H2X
�b i?2 `2bmHib b?Qr- i?2 Q`�+H2 T2`7Q`Kb i?2 #2biX



R33 *QKTmi2` a+B2M+2, AK�;BM�iBQM a�KTHBM;

h�#H2 RyXk, _2bmHib 7`QK j8R 2tT2`BK2MibX

a*J �HH Ryy R8y kyy k8y jyy j8y 9yy 98y 8yy
qBMb NR Rk Ry Rk Ry RR Rk e N N
J�t R X3k Xe9 Xd8 X3j Xee R Xdy X8N Xey
J2�M X8y X8R X8R X8y X8R X93 X8y X93 X93 X8y
JBM y Xjj X9y XR9 Xjj Xkk Xjj y y Xkj
P`�+H2 �HH Ryy R8y kyy k8y jyy j8y 9yy 98y 8yy
qBMb RR9 3 Ry N RR Re Rk R3 R8 R8
J�t Xd8 Xey X83 Xej Xd8 Xdy XeR Xek Xek Xey
J2�M X8y X9N X9N X9N X8R X8y X8y X8R X8y X8R
JBM Xjj Xje Xjj Xjd X9k X9y XjN X9j X9R Xj3
_�M/ �HH Ryy R8y kyy k8y jyy j8y 9yy 98y 8yy
qBMb dR Ry d 3 d 3 3 9 N Ry
J�t R Xd8 Xe8 R R Xd8 Xe9 XeN Xee Xee
J2�M X9N X8y X8y X8R X9N X8y X9d X93 X8y X8y
JBM y Xjk Xjj Xjj y y y Xj9 Xjj XjN
:mB/2/ �HH Ryy R8y kyy k8y jyy j8y 9yy 98y 8yy
qBMb d8 N Rk Ry RR 9 d RR e 8
J�t Xd9 Xej Xed Xd9 X88 X83 X8k X88 X89 X8e
J2�M X9N X9N X8y X8R X9N X93 X9N X9N X9N X9N
JBM XjR Xjj X9y Xje Xj9 Xjk X9R XjR X9y X98

h?2 BMi2`2biBM; i`2M/ BM i?2 `2bmHib Bb i?�i �b i?2 MmK#2` Q7 b�KTH2b BM+`2�b2b-
i?2 Q`�+H2Ƕb T2`7Q`K�M+2 BKT`Qp2b `2H�iBp2 iQ i?2 Qi?2` �H;Q`Bi?KbX Ai Bb �HbQ 2pB/2Mi
i?�i- BM ;2M2`�H- MQM2 Q7 i?2 �TT`Q�+?2b /B/ p2`v r2HHX

3 A/2MiB7vBM; :QQ/ P`�+H2 >vTQi?2b2b
lbBM; i?2 KmHiB#Qt KQ/2H K2�Mb Ein �M/ Etest +�MMQi #2 mb2/ iQ 2p�Hm�i2 ?vTQi?2bBb
�++m`�+vX aBM+2 i?2 KQ/2H b?�ii2`b 2p2`v /�i�b2i- � ?vTQi?2bBb +�M �Hr�vb #2 7QmM/
i?�i K�F2b Ein = 0 �M/ Etest = 0X q2 +�MMQi i`mbi i?2b2 2``Q` K2i`B+b iQ B/2MiB7v �
;QQ/ ?vTQi?2bBbX

AMbi2�/- r2 mb2 �H;Q`Bi?KB+ +QKTH2tBiv i?2Q`v iQ B/2MiB7v � ;QQ/ ?vTQi?2bBbX
A/2MiB7vBM; � ;QQ/ ?vTQi?2bBb Bb � +QKT`2bbBQM T`Q#H2K UE2�`Mb �M/ o�xB`�MB- RNN9VX
"mi- +�H+mH�iBM; �M �`#Bi`�`v #Bibi`BM;Ƕb QTiBKmK +QKT`2bbBQM Bb mM/2+B/�#H2 UEQH@
KQ;Q`Qp- RNN3VX >Qr2p2`- �M mTT2` #QmM/ QM +QKT`2bbBQM +�M #2 +�H+mH�i2/- �M/
+QMb2[m2MiHv- �M Q`�+H2Ƕb ;QQ/ ?vTQi?2b2b +�M #2 B/2MiB}2/ #v mbBM; i?2 mTT2` #QmM/
rBi? � ;`�/B2Mi �TT`Q�+?X

hQ /2`Bp2 i?2 mTT2` #QmM/- r2 Kmbi }`bi /2}M2 i?2 T`Q#H2K /QK�BMX h?2
T`Q#H2K /QK�BM Bb }MBi2 �M/ /Bb+`2i2X h?2`2 �`2 irQ +H�bb2b �M/ �M 2[m�H +QmMi Q7



A/2MiB7vBM; :QQ/ P`�+H2 >vTQi?2b2b R3N

#Qi? +H�bb2bX

Ç A Bb i?2 +QKTH2i2 b�KTH2 bT�+2X 6Q` 2t�KTH2- i?2 T`Q#H2K /QK�BM Bb � k. ;`B/X
1�+? +2HH BM i?2 ;`B/ Bb � b�KTH2X AM i?Bb +�b2- A Bb �HH Q7 i?2 ;`B/ +2HHbX

Ç h Bb i?2 ?vTQi?2bBb #2BM; 2t�KBM2/X H Bb i?2 ?vTQi?2bBb bT�+2X H `2T`2b2Mib
�HH +H�bbB}+�iBQMb QM i?2 /�i�b2iX /Bp2`bBiv(H) +QmMib i?2 mMB[m2 +H�bbB}+�iBQMb
`2T`2b2Mi2/ #v HX h?mb- /Bp2`bBiv(H) = 2|A| �M/ |H| ≥ 2|A|X

Ç h /Q2b MQi M2+2bb�`BHv +H�bbB7v 2p2`v +2HH BM AX h?2 b2i Q7 +2HHb i?�i �`2 +H�bbB}2/
#v h Bb CX

Ç h?2 b2i Q7 b�KTH2b Bb SX h?2 bm#b2i Q7 S BM C Bb sC ∈ SX

Ç h?2 EQHKQ;Q`Qp +QKTH2tBiv Q7 h Bb K(h)X Hk Bb i?2 b2i Q7 ?vTQi?2b2b r?2`2
K(h) = kX �b bm+?- /Bp2`bBiv(Hk) ≤ 2k �M/ |Hk| = 2kX 6Q` � +H�bbB}+�iBQM
`2;BQM C i?2`2 �`2 2|C| /Bz2`2Mi +H�bbB}+�iBQMbX Hk +�M QMHv /2b+`B#2- �i KQbi-
2k /Bz2`2Mi +H�bbB}+�iBQMbX aQ Hk +Qp2`b- �i KQbi- 2k−|C| TQbbB#H2 +H�bbB}+�iBQMbX

Ç A7 i?2 ?vTQi?2bBb +Q``2+iHv +H�bbB}2b �HH b�KTH2b- i?2M i?2 +QM/BiBQM�H �H;Q`Bi?KB+
+QKTH2tBiv Q7 i?2 b�KTH2b ;Bp2M i?2 ?vTQi?2bBb Bb x2`Q- K(sC|h) = 0X >Qr2p2`-
B7 i?2`2 �`2 KBb+H�bbB}+�iBQMb- i?2M i?2 +QM/BiBQM�H +QKTH2tBiv Bb MQM@x2`Q #2@
+�mb2 2ti`� BM7Q`K�iBQM Bb M22/2/ iQ /2b+`B#2 i?2 KBb+H�bbB}2/ b�KTH2bX h?2
+QK#BM�iBQM Q7 #Qi? ?vTQi?2bBb +QKTH2tBiv �M/ b�KTH2 +QM/BiBQM�H +QKTH2t@
Biv Bb +H�bbB}+�iBQM +QKTH2tBivX h?2 2tT`2bbBQM 7Q` +H�bbB}+�iBQM +QKTH2tBiv Bb
CC(sC, h) = K(h) +K(sC|h)X

Ç h?2 +�H+mH�#H2 mTT2` HBKBi 7Q` +H�bbB}+�iBQM +QKTH2tBiv rBi? MQ KBb+H�bbB}+�@
iBQMb Bb D(h) ≥ CC(sC, h)X

AM i?Bb �M�HvbBb- H Bb i?2 KmHiB#Qt +H�bbB}2`X Ua22 �H;Q`Bi?K RXV 6Q` �M h ∈ H-
|h| Bb i?2 MmK#2` Q7 #Qt2b BM hX aBM+2 2�+? #Qt BM h +�M QMHv ?�p2 � bBM;H2 +H�bbB}+�iBQM-
i?2M /Bp2`bBiv(h) ≤ 2K(h) ≤ 2|h|X

LQi2- K(h) ≤ |h| #2+�mb2 i?2`2 +�M #2 � b?Q`i2` /2b+`BTiBQM Q7 h i?�M iQ
2MmK2`�i2 �HH i?2 #Qt2bX �b �M 2t�KTH2- i?2 #Qt2b 7Q`K �M BM}MBi2Hv HQM; /B�;QM�H
HBM2X h?2 2[m�iBQM 7Q` i?2 HBM2 ?�b }MBi2 EQHKQ;Q`Qp +QKTH2tBivX h?2 2MmK2`�iBQM
Q7 i?2 #Qt2b Bb �M BM}MBi2Hv HQM; #Bibi`BM;X h?mb- i`BpB�HHv K(h) < |h| =∞X

�b �M mTT2` #QmM/ QM CC(sC, h)- r2 ?�p2 D1(h) = |h|−
∑

box∈h log2(1−Ebox
in )∗

|box|X h?2 MQi�iBQM |box| +QmMib ?Qr K�Mv b�KTH2b 7`QK S �`2 BM i?2 #QtX A7 �HH #Qt2b
?�p2 Ebox

in = 0- i?2M i?2`2 Bb MQ M22/ 7Q` i?2 b2+QM/ i2`K- �M/ CC(sC, h) = K(h)X
>Qr2p2`- B7 i?2 #Qt2b /Q ?�p2 �M Ebox

in > 0- i?2`2 �`2 � +QmTH2 Q7 F2v +�b2b iQ +QMbB/2`X

RX A7 Ebox
in = 1

2 - i?2M i?2 #Qt ?�b � 8yf8y +?�M+2 Q7 +Q``2+i +H�bbB}+�iBQMX A7 r2
;Q #�+F iQ Qm` /2}MBiBQM Q7 Hk- r2 b22 Bi +�M /2b+`B#2- �i KQbi- 2k−|C| Q7 i?2



RNy *QKTmi2` a+B2M+2, AK�;BM�iBQM a�KTHBM;

+H�bbB}+�iBQMb BM CX 6Q` Qm` bm#b2i Q7 b�KTH2b sC- Hk +�M /2b+`B#2 2k−|sC | +H�b@
bB}+�iBQMbX A7 k = |sC|- i?2M 2k−|sC | = 1X h?Bb K2�Mb Hk=|sC | +�M +Q``2+iHv
+H�bbB7v �Mv b2i Q7 b�KTH2b Q7 i?�i bBx2 �M/ +�MMQi ;2M2`�HBx2X � ?vTQi?2bBb i?�i
+�MMQi ;2M2`�HBx2 ?�b � 8yf8y +?�M+2 Q7 +Q``2+i +H�bbB}+�iBQMX *QMb2[m2MiHv- B7
Ebox

in = 1
2 - i?2M i?Bb Bb 2[mBp�H2Mi iQ Hk=|sC | 7Q` i?2 b�KTH2b BM i?2 #QtX

kX A7 Ebox
in = 1- i?2M i?Bb #Qt Bb MQi �M �++2Ti�#H2 +H�bbB}2`X >Qr2p2`- i?2 +H�bbB@

}+�iBQM Q7 i?2 #Qt +�MMQi �Hr�vb #2 +?�M;2/ iQ im`M Bi BMiQ � ;QQ/ +H�bbB}2`X
AM i?Bb +�b2- i?2`2 �`2 QMHv irQ +H�bbB}+�iBQMb- bQ i?2 #Qt +�M #2 }t2/X "mi BM
;2M2`�H- i?2`2 �`2 �M mMHBKBi2/ MmK#2` Q7 +H�bbB}+�iBQMbX AM i?2 mMHBKBi2/ +�b2-
� #Qt i?�i KBb+H�bbB}2b 2p2`vi?BM; +�MMQi #2 }t2/ iQ T`QpB/2 � ;QQ/ +H�bbB}2`X

�HH i?2b2 +`Bi2`B� �`2 K2i #v mbBM; log2(1− Ebox
in ) ∗ |box| 7Q` i?2 b2+QM/ i2`KX

A7 Ebox
in = 0- D1(box) = 1− log2(1) ∗ |box| = 1X

A7 Ebox
in = 1

2 - D1(box) = 1− log2(
1
2) ∗ |box| = 1 + |box|X

A7 Ebox
in = 1- D1(box) = 1− log2(0) ∗ |box| =∞X

qBi? � /2}MBiBQM Q7 i?2 mTT2` #QmM/ QM BK�;BM�iBQM b�KTHBM; +QKTH2tBiv-
D1(h)- r2 M22/ � K2i`B+ iQ K2�bm`2 ?Qr r2HH � T�`iB+mH�` +H�bbB}+�iBQM rBHH T2`7Q`KX
AM i?2 7QHHQrBM; /Bb+mbbBQM- r2 �bbmK2 h +Q``2+iHv +H�bbB}2b sC 7Q` bBKTHB+Biv Q7 MQ@
i�iBQMX A7 h +Q``2+iHv +H�bbB}2b- i?2M CC(sC, h) = K(h)X �//BiBQM�HHv- k Bb mb2/
BMi2`+?�M;2�#Hv rBi? K(h)X

6Q` i?Bb K2i`B+- r2 M22/ � K2�bm`2 i?�i

RX #2+QK2b y �b K(h)→∞

kX #2+QK2b 1
2 �b K(h)→ |sC|

jX #2+QK2b R �b K(h)→ 0

�HH �b |sC|→ |C|X
q2 K2�bm`2 i?2 T`QTQ`iBQM Q7 +H�bbB}+�iBQMb #v Hk QM sC #v 2k−|sC |X h?2`27Q`2-

r2 +�M /2}M2 �M �++m`�+v K2i`B+ i?�i 7QHHQrb i?2b2 +`Bi2`B�X

�++(sC, C, K(h)) ≤ 2
|sC|−K(h)

|C| −1

A7 K(h)→ 0- i?2M �++(sC, C, K(h)) ≤ 2
|sC|
|C| −1 → 1X

A7 K(h) = sC- i?2M �++(sC, C, K(h)) ≤ 2−1 = 1
2 X

A7 K(h)→∞- i?2M �++(sC, C, K(h)) ≤ 2−∞ → 0X
h?2b2 i`2M/b �`2 BHHmbi`�i2/ BM 6B;m`2 RyXjX
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6B;m`2 RyXj, :`�T? Q7 �++ 7mM+iBQM 7Q` sC
C = 30

40 X

h?2 M2ti Bi2K Bb iQ BMp2`i �++X AM Qi?2` rQ`/b- ;Bp2M Eout �M/ sC- +�M r2 }M/
K(h)\ h?2 �Mbr2` Bb, bQ`i Q7X

q2 b2i acc(sC, C, K(h)) = 1−Eout �M/ bQHp2 7Q`K(h) iQ ;2i Qm` �++−1(sC, C, Eout)
7mM+iBQM,

2
|sC|−K(h)

|C| −1 ≥ 1− Eout

|sC|−K(h)

|C|
− 1 ≥ HQ;2(1− Eout)

|sC|−K(h)

|C|
≥ HQ;2(1− Eout) + 1

|sC|−K(h) ≥ |C|(HQ;2(1− Eout) + 1)

K(h) ≤ |sC|− |C|(HQ;2(1− Eout) + 1) = D2(h)

h?Bb K2i`B+ 7�HHb �T�`i B7 Eout = 0 Q` |sC |
|C| Bb iQQ bK�HH #2+�mb2 K(h) #2+QK2b

M2;�iBp2X � M2;�iBp2 EQHKQ;Q`Qp +QKTH2tBiv /Q2b MQi K�F2 b2Mb2X h?Bb /Bb+`2T�M+v
Bb T`Q#�#Hv /m2 iQ �++(sC, C, K(h)) ?�pBM; �M �bvKTiQi2 Q7 R- #mi M2p2` `2�+?BM; RX
a2iiBM; Eout = 1 �bbmK2b i?2 �bvKTiQi2 Bb `2�+?2/X h?2 Qi?2` Bbbm2 Bb i?2 ?B//2M
+QMbi�Mi BM EQHKQ;Q`Qp +QKTH2tBiv- r?B+? Bb MQi �//`2bb2/ BM i?2b2 2[m�iBQMbX

h?2 �++ K2i`B+ /Q2b +QKT�`2 7�pQ`�#Hv rBi? i?2 2[m�iBQM #QmM/�`B2b 7Q` P++�K
G2�`MBM; 7`QK "HmK2`- 1?`2M72m+?i- >�mbbH2`- �M/ q�`Kmi? URN3dVX h?2 7QHHQrBM;
2[m�iBQMb b?Qr i?2 2[mBp�H2M+B2b rBi? �++X

Ç n Bb K(h)



RNk *QKTmi2` a+B2M+2, AK�;BM�iBQM a�KTHBM;

Ç m Bb |sC|

Ç ϵ Bb Eout

h?2 T�`�K2i2`b 0 ≤ α < 1 �M/ c ≥ 1 �`2 T�`�K2i2`b i?�i bT2+B7v � T�`iB+mH�`
P++�K �H;Q`Bi?KX

ncmαHM(2) ≤ −
1

2
mHM(1− ϵ)

qBi? α = 0 �M/ c = 1- r2 +�M b22 i?2 #QmM/�`v +QM/BiBQMb �`2 bBKBH�` iQ �++X
h?2 2t+2TiBQM Bb 7Q` ϵ = 1

2 - r?B+? Bb KQ`2 bi`BM;2Mi i?�M �++X

ϵ = 0 : n ≤
−1

2mHM(1)
HM(2)

= 0

ϵ =
1

2
: n ≤

−1
2mHM(12)
HM(2)

=
1

2
m

ϵ = 1 : n ≤
−1

2mHM(0)
HM(2)

=∞

h?2 }M�H bi2T BM /2}MBM; i?2 i?2Q`v Q7 BK�;BM�iBQM b�KTHBM; Bb iQ }M/ Qmi r?2M
r2Ƕp2 +QMp2`;2/ QM � ;QQ/ ?vTQi?2bBbX q?BH2 Bi Bb MQi TQbbB#H2 iQ FMQr B7 r2Ƕp2 7QmM/
i?2 QTiBKmK +QKT`2bbBQM- r2 +�M �i H2�bi K2�bm`2 Qm` T`Q;`2bb iQr�`/ HQ+�H QTiBK�X

A7 r2 ?�p2 7QmM/ i?2 QTiBKmK +QKT`2bbBQM- i?2M ∆K(h)
∆|sC |

= 0X aBM+2 i?2`2 Bb MQ
+HQb2/ 7Q`K- Q` �Mv 7Q`K- Q7 7Q`KmH� 7Q` K(h) i?2 #2bi r�v r2 +�M }M/ i?2 /2`Bp�iBp2
Bb 2KTB`B+�H Q#b2`p�iBQMX q2 r�Mi iQ Q#b2`p2 i?�i �b |sC| BM+`2�b2b- K(h) `2K�BMb
+QMbi�MiX hQ 2biBK�i2 K(h) r2 mb2 p�HB/�iBQM iQ ;2i �M Eout b+Q`2- �M/ �++−1(sC, Eout)
iQ 2biBK�i2 K(h)X

�Hi2`M�iBp2Hv- r2 FMQr i?�i bBM+2 K(h) ≤ D(h)- i?2M ∆K(h)
∆|sC |

≤ ∆D(h)
∆|sC |

7Q` � H�`;2
2MQm;? ∆X h?2`27Q`2- B7 ∆D(h)

∆|sC |
= 0- i?2M ∆K(h)

∆|sC |
= 0X h?2 BMimBiBp2 `2�bQM 7Q` i?Bb

Bb B7 D(h) Bb +QMbi�Mi- i?2M 2p2Mim�HHv K(h) Kmbi #2+QK2 +QMbi�MiX K(h) rBHH MQi
/2+`2�b2 �b i?2 MmK#2` Q7 b�KTH2b BM+`2�b2bX

PM+2 r2Ƕp2 2KTB`B+�HHv bQHp2/ 7Q` ∆K(h)
∆|sC |

= 0- �M/ 7QmM/ i?2 QTiBKmK h- r2 rBHH
b22 Eout → 0 �b #Qi? |C|→∞ �M/ |sC|→∞X h?Bb Bb #2+�mb2 BM �++(sC, C, k)- |sC| �M/
|C| rBHH ;`Qr BM/2}MBi2Hv �b K(h) `2K�BMb +QMbi�MiX h?mb- HBK|sC |→∞,|C|→∞

|sC |−k

|C| = 1X



aBKmH�i2/ P`�+H2 1tT2`BK2Mi RNj

sC/C
C

Accuracy

6B;m`2 RyX9, E22TBM; EU?V +QMbi�Mi +�mb2b �++m`�+v iQ BM@
+`2�b2 �b MmK#2` Q7 b�KTH2b BM+`2�b2X

P7 +Qm`b2- BM � }MBi2- /Bb+`2i2 `2�HK #Qi? sC �M/ C �`2 #QmM/2/ #v |A|X "mi �b
|A| Bb 2MH�`;2/ r2 rBHH b22 Eout → 0X

N aBKmH�i2/ P`�+H2 1tT2`BK2Mi
hQ i2bi i?Bb ;`�/B2Mi@#�b2/ �TT`Q�+? rBi? BK�;BM�iBQM b�KTHBM;- � bBKmH�iBQM Q7 �M
Q`�+H2 Bb mb2/X AM i?2 T`Q#H2K- i?2 i�`;2i 7mM+iBQM Bb � iBHi2/ `2+i�M;H2- �b 2t2KTHB}2/
BM 6B;m`2 RyX8X h?2 /QK�BM Bb � RyytRyy ;`B/ K�FBM; i?2 `2+i�M;H2 TBt2H�i2/X

h?2 [m2biBQM Bb ?Qr iQ bBKmH�i2 � MQM@�H;Q`Bi?KB+ Q`�+H2 rBi? �M �H;Q`Bi?KX
am+? � bBKmH�iBQM b22Kb iQ #2 � +QMi`�/B+iBQM BM i2`KbX >Qr2p2`- i?2 #2M2}i i?2
Q`�+H2 T`QpB/2b Bb i?2 �#BHBiv iQ BM72` i?2 i�`;2i 7mM+iBQMX hQ bBKmH�i2 i?2 Q`�+H2- r2
mb2 � H2�`MBM; �H;Q`Bi?K i?�i �H`2�/v ?�b i?2 +Q``2+i +H�bb Q7 i�`;2i 7mM+iBQM- BM i?Bb
+�b2 � iBHi2/ `2+i�M;H2X h?Bb H2�`MBM; �H;Q`Bi?K Bb M�K2/ �M P++�K H2�`M2`X 6B;m`2
RyX8 Bb i?2 `2+i�M;H2 i?�i i?2 �H;Q`Bi?K H2�`M2/X



RN9 *QKTmi2` a+B2M+2, AK�;BM�iBQM a�KTHBM;

6B;m`2 RyX8, 6mM+iBQM H2�`M2/ 7`QK i`�BMBM; b�KTH2b #v P+@
+�K H2�`M2`X

h?2 H2�`M2/ `2+i�M;H2 Bb MQi mb2/ iQ +�H+mH�i2 i?2 p�Hm2 7Q` D(h)X A7 r2 mb2/
i?2 `2+i�M;H2- D(h) rQmH/ ;Bp2 � +QKTH2tBiv p2`v +HQb2 iQ K(h)X "mi rBi?Qmi T`BQ`
FMQrH2/;2- r2 rBHH MQi #2 �#H2 iQ +�H+mH�i2 K(h) 7Q` i?2 Q`�+H2Ƕb ?vTQi?2bBbX h?2
KmHiB#Qt +H�bbB}2` �M/ Etest �`2 mb2/ iQ +�H+mH�i2 D(h) BMbi2�/X h?2 ;Q�H Bb iQ b22 B7
i?2 D(h) K2i`B+b �`2 `2HB�#H2 ;mB/2b 7Q` B/2MiB7vBM; ;QQ/ Q`�+H2 ?vTQi?2b2bX

h?2 `2+i�M;mH�` `2;BQM Bb im`M2/ BMiQ � KmHiB#Qt- rBi? QM2 #Qt 7Q` 2p2`v +2HH
BM i?2 `2+i�M;mH�` `2;BQMX D1(h) Bb +�H+mH�i2/ 7`QK i?Bb KmHiB#Qt ?vTQi?2bBbX D1(h)
Bb MQi KQMQiQMB+ �b Bib bBx2 rBHH p�`v #�b2/ QM i?2 b�KTH2b mb2/ iQ +QMbi`m+i i?2
`2+i�M;mH�` `2;BQMX K(h) Bb �HbQ 2biBK�i2/ mbBM; Etest rBi? D2(h)X

h?2D(h)K2i`B+b �`2 +�H+mH�i2/ 7Q` ?vTQi?2b2b H2�`M2/ QM /Bz2`2Mi b�KTH2 bBx2bX
PM+2 � H�`;2 2MQm;? bBx2 `�M;2 ?�b #22M +Qp2`2/- i?2 ;`�/B2Mib ∆D(h)

∆sC
�`2 +�H+mH�i2/X

h?2 ;`�/B2Mi i2+?MB[m2 Bb bm++2bb7mH B7 Bi `2HB�#Hv B/2MiB}2b ?vTQi?2b2b i?�i �`2 ?B;?Hv
�++m`�i2X hQ }M/ � ;QQ/ `2;BQM- r2 HQQF 7Q` �`2�b r?2`2 �i H2�bi QM2 Q7 i?2 irQ
;`�/B2Mib b?Qr � p�HH2v r?BH2 i?2 Qi?2` ;`�/B2Mi Bb M2;�iBp2X PM i?2 Qi?2` ?�M/- B7
i?2 ;`�/B2Mi +�MMQi /2T2M/�#Hv B/2MiB7v �++m`�i2 ?vTQi?2b2b- i?2M Bi Bb MQi � mb27mH
i2+?MB[m2X h?2 ;`�T? BM 6B;m`2 RyXe b?Qrb i?�i i?2 ;`�/B2Mi i2+?MB[m2 +�M `2HB�#Hv
B/2MiB7v ?B;? �++m`�+v ?vTQi?2b2b rBi? QM2 �MQK�HvX
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D1(h)
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Accuracy

6B;m`2 RyXe, 1t�KTH2 Q7 i?2 ;`�/B2Mi@#�b2/ �TT`Q�+? rQ`F@
BM; 2z2+iBp2HvX h?2 p2`iB+�H HBM2b K�`F TQBMib r?2`2 i?2 ;`�@
/B2Mi Bb x2`Q �M/ i?2 b2+QM/ /2`Bp�iBp2 Bb TQbBiBp2X h?2 b?�/2
/2MQi2b r?B+? 2biBK�i2 Q7 K(h) Bb mb2/ iQ +�H+mH�i2 i?2 ;`�@
/B2MiX D1(h) Bb i?2 iQT HBM2- D2(h) Bb i?2 #QiiQK HBM2- �M/
i?2 �++m`�+v Bb i?2 KB//H2 HBM2X a+�H2b �`2 MQi ;Bp2M 7Q` i?2
2biBK�i2b �b i?2 BKTQ`i�Mi �bT2+i Q7 i?2 2biBK�i2b Bb i?2 ;`�@
/B2MiX

h?2 ;`�/B2Mi i2+?MB[m2 /Q2b MQi ;m�`�Mi22 i?2 ;HQ#�H #2bi �++m`�+vX a22 i?2
b2+QM/ ;`�/B2Mi K�`F2` 7`QK i?2 H27i BM 6B;m`2 RyXeX q?BH2 Bi HQQFb HBF2 i?2 K�`FBM;
Bb BM 2``Q` bBM+2 Bi �TT2�`b i?�i #Qi? K(h) 2biBK�i2b �`2 T2�Fb- i?2`2 �`2 �+im�HHv
bHB;?i /2T`2bbBQMb BM i?2 T2�FbX h?Bb b?Qrb i?2 ;`�/B2Mi K2i?Q/ +�M QMHv ;m�`�Mi22
HQ+�H QTiBK�- r?B+? K�v #2 p2`v HQ+�HX

Ry 1KTB`B+�H :`�/B2Mi@"�b2/ �TT`Q�+? _2bmHib
h?2 ;`�/B2Mi@#�b2/ �TT`Q�+? Bb i2bi2/ mbBM; i?2 `2bmHib 7`QK i?2 }`bi 2tT2`BK2MiX

h?2`2 �`2 MBM2 /Bz2`2Mi b�KTH2 bBx2b `�M;BM; 7`QK Ryy iQ 8yy b�KTH2b BM BM+`2@
K2Mib Q7 8y b�KTH2bX 1�+? BM+`2K2Mi Bb i?2 �//BiBQM Q7 M2r b�KTH2b iQ i?2 T`2pBQmb
b2iX h?2 �+im�H b�KTH2 bBx2b �`2 bK�HH2` /m2 iQ i?2 +H2�MBM; �M/ 2[m�HBxBM; T`Q+2bb2bX

h?2 `�M;2 Q7 b�KTH2b Bb i2bi2/ QM � T�B` Q7 p�`B�#H2b- r?B+? 7Q`K i?2 t-v +QQ`@
/BM�i2b 7Q` i?2 b+�ii2`THQiX �M 2t�KTH2 Q7 i?2 b+�ii2`THQi Bb BM 6B;m`2 RyXkX h?2`2
�`2 jd p�`B�#H2 T�B`b BM i?2 `2bmHibX

� T�`iB+mH�` 2tT2`BK2Mi Bb B/2MiB}2/ #v i?2 b�KTH2 bBx2 �M/ p�`B�#H2 T�B`X h?2



RNe *QKTmi2` a+B2M+2, AK�;BM�iBQM a�KTHBM;

;`�/B2Mi Bb +�H+mH�i2/ Qp2` � `�M;2 Q7 b�KTH2 bBx2b 7Q` � p�`B�#H2 T�B`X h?2 ;`�/B2Mi
Bb i?2M +�H+mH�i2/ rBi? #Qi? i?2 D1 �M/ D2 +QKTH2tBiv K2i`B+bX

h?2 ;`�/B2Mi@#�b2/ �TT`Q�+? HQQFb 7Q` i?`22 +QMb2+miBp2 2tT2`BK2Mib i?�i K22i
i?2b2 +`Bi2`B�,

RX sC BM+`2�b2b �+`Qbb �HH 2tT2`BK2Mib

kX � D(h) K2i`B+ /2+`2�b2b �M/ i?2M BM+`2�b2b

jX h?2 Qi?2` D(h) K2i`B+ Bb MQi BM+`2�bBM;

A7 i?2b2 +QM/BiBQMb �`2 K2i- i?2M i?2 ;`�/B2Mi ?�b ?Bi � KBMBK�H TQBMiX q?2M i?Bb
?�TT2Mb- Eout Bb �i � KBMBK�H- Q` ?�b � M2;�iBp2 ;`�/B2MiX

h?2`2 �`2 k8N 2tT2`BK2Mib i?�i +�M TQi2MiB�HHv K22i i?2 ;`�/B2Mi +`Bi2`B�X q2
+�MMQi FMQr r?2i?2` i?2 }`bi �M/ H�bi b�KTH2 bBx2b �`2 �i KBMBK�H TQBMib bQ i?2v
�`2 2t+Hm/2/X h?2`2 �`2 Nk U36WV 2tT2`BK2Mib r?2`2 i?2 Eout Bb �i � KBMBK�H TQBMi
H2�pBM; QMHv Ry 2tT2`BK2Mib i?�i K22i i?2 +`Bi2`B�X 6Bp2 Q7 i?2 Ry U50WV ?�p2 �M
Eout �i � KBMBK�HX h?2 ;`�/B2Mi@#�b2/ �TT`Q�+? #QQbib i?2 �++m`�+v Q7 B/2MiB7vBM;
KBMBK�H Eout #v 14WX h?2 K2�M �++m`�+v Q7 i?2 Ry 2tT2`BK2Mib Bb yX8k �M/ i?2
K2/B�M Bb yX89- #Qi? ?B;?2` i?�M i?2 K2�M Q7 �HH i?2 Q`�+H2Ƕb ?vTQi?2b2b �b r2HH �b
i?2 �H;Q`Bi?KB+�HHv ;2M2`�i2/ ?vTQi?2b2bX >Qr2p2`- i?2 T@p�Hm2b 7Q` irQ bB/2/ i@i2bib
QM i?2b2 `2bmHib �`2 yXkd �M/ yXk9- `2bT2+iBp2HvX h?mb- i?2 `2bmHib �`2 MQi bi�iBbiB+�HHv
bB;MB}+�MiX

RR *QM+HmbBQM
h?2 Tm`TQb2 Q7 i?Bb T`QD2+i Bb iQ /2KQMbi`�i2 i?�i Q`�+H2b +�M ;2M2`�i2 #2ii2` ?v@
TQi?2b2b r?2M +QKT�`2/ iQ �H;Q`Bi?KB+ �TT`Q�+?2bX hQ i2bi i?2 Q`�+H2bǶ T2`7Q`K�M+2
�;�BMbi �H;Q`Bi?Kb- �M �H;Q`Bi?KB+�HHv mMH2�`M�#H2 +H�bbB}+�iBQM KQ/2H Bb mb2/X h?2
+H�bbB}+�iBQM KQ/2H- KmHiB#Qt2b- b?�ii2`b �HH /�i�b2ibX h?Bb K2�Mb � ;QQ/ ?vTQi?2bBb
Kmbi #2 b2H2+i2/ #�b2/ QM +QKT`2bbBQM- #mi }M/BM; � ;QQ/ +QKT`2bbBQM Bb �M mM/2@
+B/�#H2 T`Q#H2KX *QMb2[m2MiHv- /m2 iQ i?2 LQ 6`22 GmM+? h?2Q`2K- MQ KmHiB#Qt
H2�`MBM; �H;Q`Bi?K rBHH /Q #2ii2` i?�M `�M/QK b�KTHBM;X

� /�i�b2i rBi? �MQMvKBx2/ 72�im`2b Bb +?Qb2M bQ i?2 Q`�+H2 /Q2b MQi ?�p2 �++2bb
iQ /QK�BM FMQrH2/;2X h?2 Q`�+H2 QmiT2`7Q`Kb i?2 i2bi2/ �H;Q`Bi?KB+ �TT`Q�+?2b QM
i?2 �MQMvKBx2/ /�i�b2i #v RR9@iQ@NR bm++2bb2bX .m2 iQ i?2 BKT`Q#�#BHBiv Q7 i?Bb `2bmHi
;Bp2M i?2 L6Gh- Bi b?Qrb i?�i i?2 Q`�+H2 ?�b � MQM@�H;Q`Bi?KB+ H2�`MBM; +�T�#BHBiv
�M/ +�M Qmi@T2`7Q`K �H;Q`Bi?KB+ H2�`MBM; BM ;2M2`�HX

6m`i?2`KQ`2- � ;`�/B2Mi@#�b2/ �TT`Q�+? 7Q` B/2MiB7vBM; ;QQ/ ?vTQi?2b2b Bb /2@
`Bp2/ 7`QK i?2 i?2Q`v Q7 BK�;BM�iBQM b�KTHBM;X h?2 i?2Q`v /2}M2b ?Qr i?2 �++m`�+v
Q7 �M Q`�+H2Ƕb ?vTQi?2bBb Bb #�b2/ QM ?vTQi?2bBb +QKTH2tBivX h?2 +QKTH2tBiv Q7 i?2
Q`�+H2Ƕb ?vTQi?2bBb Bb MQi /B`2+iHv +�H+mH�#H2 #mi +�M #2 2biBK�i2/ rBi? �M mTT2`
#QmM/X h?2 ;`�/B2Mi@#�b2/ �TT`Q�+? Bb mb2/ QM i?2 mTT2` #QmM/ iQ B/2MiB7v r?2M



*QM+HmbBQM RNd

� KBMBK�H +QKTH2tBiv ?�b #22M 7QmM/X h?Bb KBMBK�H +QKTH2tBiv B/2MiB}2b � ;QQ/
?vTQi?2bBbX

h?2 ;`�/B2Mi@#�b2/ �TT`Q�+? rQ`Fb rBi? � bBKmH�i2/ Q`�+H2X h?2 �TT`Q�+? Bb
�HbQ i2bi2/ QM i?2 `2bmHib 7`QK i?2 BMBiB�H 2tT2`BK2MiX Ai #QQbib B/2MiB}+�iBQM Q7 ;QQ/
?vTQi?2b2b #v 14W �M/ BKT`Qp2b i?2 K2�M �M/ K2/B�M ?vTQi?2bBb �++m`�+v iQ yX8k
�M/ yX89X >Qr2p2`- i?2 `2bmHib �`2 MQi bi�iBbiB+�HHv bB;MB}+�Mi- rBi? T@p�Hm2b Q7 yXkd
�M/ yXk9 mbBM; i?2 i@i2biX



RN3 *QKTmi2` a+B2M+2, AK�;BM�iBQM a�KTHBM;

_272`2M+2b

�M;HmBM- .X RN33X Zm2`B2b �M/ +QM+2Ti H2�`MBM;X J�+?BM2 H2�`MBM; kU9V,jRNĜj9kX

�ii2M#2`;- CX- AT2B`QiBb- SX- �M/ S`QpQbi- 6X kyR8X "2�i i?2 K�+?BM2, *?�HH2M;BM;
?mK�Mb iQ }M/ � T`2/B+iBp2 KQ/2HǶb ǳmMFMQrM mMFMQrMbǴX CQm`M�H Q7 .�i�
�M/ AM7Q`K�iBQM Zm�HBiv UC.AZV eURVX

�ii2M#2`;- CX- J2HpBHH2- SX- �M/ S`QpQbi- 6X kyRyX :mB/2/ 72�im`2 H�#2HBM; 7Q` #m/;2i@
b2MbBiBp2 H2�`MBM; mM/2` 2ti`2K2 +H�bb BK#�H�M+2X A*JG qQ`Fb?QT QM "m/;2i2/
G2�`MBM; X

�ii2M#2`;- CX �M/ S`QpQbi- 6X kyRyX q?v H�#2H r?2M vQm +�M b2�`+?\, �Hi2`M�iBp2b
iQ �+iBp2 H2�`MBM; 7Q` �TTHvBM; ?mK�M `2bQm`+2b iQ #mBH/ +H�bbB}+�iBQM KQ/2Hb
mM/2` 2ti`2K2 +H�bb BK#�H�M+2X AM S`Q+22/BM;b Q7 i?2 Rei? �*J aA:E..
BMi2`M�iBQM�H +QM72`2M+2 QM EMQrH2/;2 /Bb+Qp2`v �M/ /�i� KBMBM;- TTX 9kjĜ
9jk- �*JX

�ii2M#2`;- CX �M/ S`QpQbi- 6X kyRRX AM�+iBp2 H2�`MBM;\, /B{+mHiB2b 2KTHQvBM; �+iBp2
H2�`MBM; BM T`�+iB+2X �*J aA:E.. 1tTHQ`�iBQMb L2rbH2ii2` RkUkV,jeĜ9RX

"HmK2`- �X- 1?`2M72m+?i- �X- >�mbbH2`- .X- �M/ q�`Kmi?- JXEX RN3dX P++�KǶb `�xQ`X
AM7Q`K�iBQM S`Q+2bbBM; G2ii2`b k9,jddĜj3yX

E2�`Mb- JXCX �M/ o�xB`�MB- lXoX RNN9X �M AMi`Q/m+iBQM iQ *QKTmi�iBQM�H G2�`MBM;
h?2Q`vX J�bb�+?mb2iib AMbiBimi2 Q7 h2+?MQHQ;vX

EQHKQ;Q`Qp- �XLX RNN3X PM i�#H2b Q7 `�M/QK MmK#2`bX h?2Q`2iB+�H *QKTmi2` a+B2M+2
kyd,j3dĜjN8X

J�`+?�M/- JX �M/ h�vHQ`- CXaX kyyjX h?2 b2i +Qp2`BM; K�+?BM2X h?2 CQm`M�H Q7 J�@
+?BM2 G2�`MBM; _2b2�`+? j,dkjĜd9eX


