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摘要 �

先進的傳感器系統由各種硬件電路組成。實現所需的硬件可靠

性和效率是重要的要求。隨著特徵尺度的持續縮小，老化相關

的磨損現象的敏感性顯著增加。因此電信號（例如電流）會偏

離其標稱值，從而導致電路逐漸失效、測量和感知的不准確。

此外，過熱溫度會導致傳感器系統中印刷電路板 US*"V 版圖
的平均故障間隔時間減少。因此在設計中需要硬件可靠性的方

法。在處理單元上，卷積神經網絡（*LL）的快速發展推動了
人工智能的許多創新應用。然而海量的 *LLb 參數給資源有限
的硬件上的模型存儲和數據傳輸帶來了巨大的挑戰。因此，傳

感器系統需要硬件有效性的方法論。

本論文力圖展示我們對硬件可靠性和有效性幾個方面的研

究。我們的研究內容包括圖學習在硬件老化驗證中的優化方

法、深度學習在熱驅動硬件設計中的優化策略、貝葉斯建模

在硬件測量校準中的優化手段以及基於硬件有效性的 *LL 優
化。

首先，我們研究了貝葉斯建模方法在傳感器測量校準中的優

化。在應用過程中，由於不可避免的緩慢老化效應，傳感器測

量和感知存在誤差。我們提出了一個空間相關模型以實現穩健

的校準以及在準確性和運行時間之間的更好權衡。
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其次，在驗證階段研究了用於傳感器硬件老化驗證的圖學

習方法。由於昂貴的瞬態仿真和用戶定義的應力條件，傳統的

基於模型的方法可能會帶來較長的設計驗證週期和不准確的結

果。我們提出了一個異構圖卷積網絡以在保持低精度損失的同

時實現顯著的加速。

第三，利用 *LL 來指導傳感器硬件設計，以便在設計階段
進行熱優化。當面臨不斷增長的熱違規時，傳統的驗證然後修

復方法是不合適的。我們設計了基於 *LL 的熱驅動 S*" 佈
線方法來實現具有良好熱性能的 S*" 佈線設計。
對於硬件有效性的 *LL優化，為了減少基於組卷積的 *LL

中的參數，提出了基於貝葉斯學習框架來壓縮基於組卷積的

*LL 中的組卷積層。使用我們提出的框架，組卷積層通過在
不同組之間共享參數來實現參數壓縮。

所提出的方法在先進工業數據集和開源學術數據集中得到

了驗證。這些方法可以在準確性和運行時間之間實現更好的權

衡，加速硬件可靠性驗證，並實現硬件有效性。
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RXk .2bB;M ~QrX X X X X X X X X X X X X X X X X X X X X X 9

kXR "hA �M/ >*A K2+?�MBbKbX X X X X X X X X X X X X X R8
kXk h?2 i`�/BiBQM�H �;BM; `2HB�#BHBiv bBKmH�iBQMX X X X X Re
kXj h?2 ivTB+�H p2`B}+�iBQM@i?2M@}t `QmiBM; �TT`Q�+?

�M/ Qm` i?2`K�H@/`Bp2M `QmiBM; ~QrX X X X X X X X kR
kX9 h?2 p�MBHH� ;`QmT2/ +QMpQHmiBQM �M/ Qm` T`Q@

TQb2/ b?�`BM; ;`QmT2/ +QMpQHmiBQM Uk ;`QmTb- i?2
#Hm2 #Qt2b �`2 i?2 BMTmi 72�im`2b- i?2 Q`�M;2 #Qt2b
�`2 i?2 F2`M2Hb- i?2 ;`22M #Qt2b �`2 i?2 QmiTmi
72�im`2bX H �M/ W �`2 ?2B;?i �M/ r2B;?i Q7 i?2
BMTmi 72�im`2bX Ci �M/ Co �`2 i?2 MmK#2`b Q7 i?2
BMTmi �M/ QmiTmi +?�MM2HbX Ci′ �M/ Co′ �`2 i?2
MmK#2`b Q7 i?2 BMTmi �M/ QmiTmi +?�MM2Hb BM 2�+?
;`QmTX k Bb F2`M2H bBx2V, U�V h?2 p�MBHH� ;`QmT2/
+QMpQHmiBQMX 1�+? ;`QmT ?�b Bib QrM r2B;?ibX U#V
Pm` T`QTQb2/ b?�`BM; ;`QmT2/ +QMpQHmiBQMX �HH
Q7 i?2b2 ;`QmTb b?�`2 i?2 b�K2 r2B;?ibX X X X X X X k9

tBB



jXR .`B7i pbX i2KT2`�im`2 (Ry)X X X X X X X X X X X X X X jy
jXk h?2 mMbmT2`pBb2/ +`Qbb@p�HB/�iBQMX X X X X X X X X j3
jXj h?2 mMbmT2`pBb2/ +`Qbb@p�HB/�iBQM ~QrX X X X X X X 9y
jX9 h?2 :B##b 1J ~QrX X X X X X X X X X X X X X X X X 98
jX8 h?2 p�`B�iBQM�H "�v2bB�M 1J ~QrX X X X X X X X X 9N
jXe h?2 T`QTQb2/ b2MbQ` /`B7i +�HB#`�iBQM ~QrX X X X X 8j
jXd h?2 ;2M2`�i2/ bBKmH�iBQM /�i�X X X X X X X X X X X 89
jX3 "2M+?K�`F, U�V >�HHc U#V a2+QM/�`v a+?QQHX X X X 89
jXN *QMp2`;2M+2 Q7 �Hi2`M�iBM;@#�b2/ J2i?Q/X X X X X 8e
jXRy .`B7i p�`B�M+2 Bb b2i iQ U�-+V kXk8c U#-/V kXd3c

"2M+?K�`F, U�-#V >�HHc U+-/V a2+QM/�`v a+?QQHX X 8d
jXRR _mMiBK2 pbX O b2MbQ`, U�-+V kXk8c U#-/V kXd3c

"2M+?K�`F, U�-#V >�HHc U+-/V a2+QM/�`v a+?QQHX X 83
jXRk :B##b b�KTHBM; i`�+2bX X X X X X X X X X X X X X X X ey
jXRj O b�KTH2b pbX �++X pbX `mMiBK2, U�- #V ?�HHc U+-

/V b+?QQHc U�- +V /`B7i p�`B�M+2 kXk8c U#- /V /`B7i
p�`B�M+2 kXd3X X X X X X X X X X X X X X X X X X X X eR

jXR9 ∆ J�S1 r?2M MQBb2 p�`B�M+2 Bb b2i 0.01- /`B7i
p�`B�M+2 U�-+V kXk8c U#-/V kXd3c "2M+?K�`F, U�-#V
>�HHc U+-/V a2+QM/�`v a+?QQHX X X X X X X X X X X X ek

9XR �M�HQ; +B`+mBi Bb `2T`2b2Mi2/ �b � #BT�`iBi2 ;`�T?,
U�V �M �M�HQ; +B`+mBic U#V h?2 +Q``2bTQM/BM; #B@
T�`iBi2 `2T`2b2Mi�iBQMX X X X X X X X X X X X X X X X e3

tBBB



9Xk h?2 ?2i2`Q;2M2Qmb /B`2+i2/ KmHiB;`�T? `2T`2b2M@
i�iBQM, U�V h?2 /Bz2`2MiB�H �KTHB}2`c U#V h?2
;�i2 +QMM2+iBQMX X X X X X X X X X X X X X X X X X X dR

9Xj � ?2i2`Q;2M2Qmb /B`2+i2/ KmHiB;`�T? rBi? KmHiB@
ivT2/ 2/;2bX 6`QK H27i iQ `B;?i, /`�BM- ;�i2-
bQm`+2 �M/ Qi?2` +QMM2+iBQMbX X X X X X X X X X X X dk

9X9 >@:*L �M/ /22T >@:*L, U�V >@:*Lc U#V /22T
>@:*L rBi? BMBiB�H `2bB/m�H +QMM2+iBQMbX X X X X X de

9X8 h?2 M2B;?#Q`?QQ/ b�KTHBM;X X X X X X X X X X X X X Ny
9Xe Pp2`�HH ~QrX X X X X X X X X X X X X X X X X X X X X X Nj
9Xd _mMiBK2 +QKT�`BbQMbX X X X X X X X X X X X X X X X Ryy
9X3 h?2 2K#2//BM; ;2M2`�iBQM /2Ti? pb �++m`�+v,

U�@?V, J�1 QM .2bB;M R iQ .2bB;M 3c UB@TV, r2

a+Q`2 QM .2bB;M R iQ .2bB;M 3 U.>@:*L /2MQi2b
Qm` 2ti2M/2/ /22T >@:*LVX X X X X X X X X X X X X RyR

9XN J�1 �M/ r2 a+Q`2 #2ir22M >:*L �M/ >:*L@
+QM+�i �M/ #2ir22M /22T >@:*L �M/ /22T >@
:*L@+QM+�i, U�V J�1 #2ir22M >@:*L �M/ >@
:*L@+QM+�ic U#V J�1 #2ir22M .22T >@:*L
�M/ .22T >@:*L@+QM+�ic U+V r2 a+Q`2 #2ir22M
>@:*L �M/ >@:*L@+QM+�ic U/V r2 a+Q`2 #2ir22M
.22T >@:*L �M/ .22T >@:*L@+QM+�iX X X X X X Ryk

8XR Pm` h_Qmi2` Qp2`pB2rX h?2 Tm`TH2 #Qt2b /2MQi2
Qm` +QMi`B#miBQMbX X X X X X X X X X X X X X X X X X X Ry8

tBp



8Xk � irQ@H�v2` H�vQmi �M/ 72�im`2 T�ii2`MbX U�V `Qmi@
BM; ;`B/c U#V BMbi�M+2 T�ii2`M QM i?2 iQT H�v2`c U+V
BMbi�M+2 T�ii2`M QM i?2 #QiiQK H�v2`c U/V T�/fpB�
T�ii2`M QM i?2 iQT H�v2`c U2V T�/fpB� T�ii2`M QM
i?2 #QiiQK H�v2`c U7V b2;K2Mi T�ii2`M QM i?2 iQT
H�v2`c U;V b2;K2Mi T�ii2`M QM i?2 #QiiQK H�v2`X
:`2v +2HH K2�Mb i?�i i?2 +2HH p�Hm2 Bb R �M/ r?Bi2
+2HH K2�Mb i?�i +2HH p�Hm2 Bb yX X X X X X X X X X X X RRy

8Xj l@M2i@#�b2/ i?2`K�H /Bbi`B#miBQM T`2/B+iBQM KQ/2HX
W �M/ H /2MQi2 i?2 rB/i? �M/ ?2B;?i Q7 BMTmi
72�im`2 i2MbQ`- `2bT2+iBp2HvX X X X X X X X X X X X X RRk

8X9 U�V h?2 �/�TiBp2@bBx2 #QmM/BM;@#QtX G27i, � #QmM/BM;@
#Qt Bb BMBiB�HBx2/ iQ +Qp2` i?2 bQm`+2 �M/ i�`;2i
#27Q`2 M2i " Bb `Qmi2/c _B;?i, i?2 #QmM/BM;@#Qt
Bb ;`�/m�HHv 2MH�`;2/ bBM+2 i?2`2 Bb MQ H2;�H T�i?
iQ `Qmi2 M2i " rBi?BM i?2 BMBiB�H #QmM/BM;@#QtX
U#V h?2 `2Q`/2`BM; `QmiBM; 7`QK b+`�i+?X G27i,
h?2`2 Bb MQ H2;�H T�i? iQ `Qmi2 M2i � �7i2` M2i "
Bb `Qmi2/c _B;?i, �HH b2;K2Mib �`2 `2KQp2/ �M/
M2i � Bb `Qmi2/ }`biHvX X X X X X X X X X X X X X X X RRe

8X8 JQ/2H T`2/B+iBQM T2`7Q`K�M+2X X X X X X X X X X X X RRN
8Xe _mMiBK2 T`Q}HBM;, U�V S*"Rc U#V S*"R8X X X X X Rky

tp



eXR h?2 #�bB+ #HQ+F +QMi�BMb � b?Q`i+mi �M/ i?`22
+QMpQHmiBQM�H H�v2`b Ui?2 #Qt2b BM/B+�i2 i?2 +QM@
pQHmiBQM�H F2`M2Hb (OBMTmi +?�MM2H- F2`M2H bBx2-
OQmiTmi +?�MM2H) 7Q` 2�+? H�v2`V, U�V i?2 i?`22
+QMpQHmiBQM�H H�v2`b BM _2bL2ic U#V i?2 irQ +QM@
pQHmiBQM�H H�v2`b �M/ QM2 p�MBHH� ;`QmT2/ +QMpQ@
HmiBQM�H H�v2` rBi? 16 ;`QmTb BM _2bL2siX X X X X Rkj

eXk h?2 #�bB+ #HQ+F +QMi�BMb � b?Q`i+mi- irQ +QM@
pQHmiBQM�H H�v2`b �M/ QM2 b?�`BM; ;`QmT2/ +QM@
pQHmiBQM�H H�v2` rBi? 16 ;`QmTb BM i?2 b?�`BM;
_2bL2si Ui?2 #Qt2b BM/B+�i2 i?2 +QMpQHmiBQM�H
F2`M2Hb (OBMTmi +?�MM2H- F2`M2H bBx2- OQmiTmi +?�M@
M2H) 7Q` 2�+? H�v2`VX X X X X X X X X X X X X X X X X X Rk8

eXj _2b?�T2 i?2 T�`�K2i2` i2MbQ` Q7 QM2 ;`QmT �b �
p2+iQ`- rBi? Ci′ BMTmi +?�MM2Hb �M/ Co′ QmiTmi
+?�MM2HbX h?2 F2`M2H bBx2 Bb 2 × 2X h?2 �``Qrb
b?Qr i?2 ~�ii2MBM; Q`/2`X X X X X X X X X X X X X X Rk3

eX9 _2b?�T2 BMTmi 72�im`2bX h?2 p�MBHH� ;`QmT2/ +QM@
pQHmiBQM QT2`�iBQM Bb i`�Mb7Q`K2/ �b K�i`Bt@p2+iQ`
KmHiBTHB+�iBQMX X X X X X X X X X X X X X X X X X X X X RjR

eX8 h?2 b?�`BM; T`Q+2bb Q7 ;`QmT2/ +QMpQHmiBQM T�@
`�K2i2`bX :`22M- #Hm2 �M/ `2/ #Qt2b `2T`2b2Mi
T�`�K2i2`b UF2`M2HbV BM i?`22 ;`QmTbX �7i2` 72r
Bi2`�iBQMb- �HH ;`QmTb ?�p2 i?2 b�K2 F2`M2Hb U;`2v
#Qt2bV- r?B+? �`2 b?�`2/X X X X X X X X X X X X X X R9y

tpB



eXe PTiBKBx�iBQM Ai2`�iBQM pbX γ p�Hm2b Q7 _2bL2si@
8y Ug = 8VX X X X X X X X X X X X X X X X X X X X X X X R8k

eXd PTiBKBx�iBQM Ai2`�iBQM pbX ∆γ �M/ ∆wX 6Qm`
KQ/2Hb �`2 HBbi2/ ?2`2- BX2X _2bL2si@j8 Ug = 8-
g = 16V �M/ _2bL2si@8y Ug = 8- g = 16VX X X X X X R8k

dXR h?2 `2H�iBQMb?BT #2ir22M K2i?Q/QHQ;B2b �M/ rQ`Fb
Q7 i?Bb i?2bBbX X X X X X X X X X X X X X X X X X X X X R8d

tpBB



GBbi Q7 h�#H2b

9XR ai�iBbiB+b Q7 .2bB;Mb X X X X X X X X X X X X X X X X N9
9Xk .2pB+2 hvT2 X X X X X X X X X X X X X X X X X X X X X N9
9Xj :`�T? H2�`MBM; KQ/2Hb X X X X X X X X X X X X X X X N8
9X9 J�1 UKoV �M/ r2 a+Q`2 *QKT�`BbQMbX X X X X X X N8

8XR "2M+?K�`F S*" .2bB;M bi�iBbiB+bX X X X X X X X X RR3
8Xk _QmiBM; `2bmHibX X X X X X X X X X X X X X X X X X X X RR3

eXR h?2 MmK#2`b Q7 T�`�K2i2`b Q7 #�bB+ #HQ+Fb BM
_2bL2i- _2bL2ti �M/ i?2 b?�`BM; _2bL2si rBi?
g = 16X X X X X X X X X X X X X X X X X X X X X X X X X Rk8

eXk GBbi Q7 LQi�iBQMbX X X X X X X X X X X X X X X X X X X Rkd
eXj _2bL2si QM *A6�_ .�i�b2iX X X X X X X X X X X X R9k
eX9 a?m|2L2i �M/ :@.2Mb2L2i QM *A6�_ .�i�b2iX X R9j
eX8 Pm` T`QTQb2/ b?�`BM; _2bL2si@8y �M/ a?m|2L2i-

BM +QKT�`BbQM rBi? i?2 bi�i2@Q7@i?2@�`i KQ/2Hb QM
*A6�_X X X X X X X X X X X X X X X X X X X X X X X X R98

eXe Pm` b?�`BM; :@.2Mb2L2i- BM +QKT�`BbQM rBi? .2Mb2L2i
QM *A6�_X X X X X X X X X X X X X X X X X X X X X X X R8R

tpBBB



eXd Pm` T`QTQb2/ b?�`BM; _2bL2si@8y BM +QKT�`B@
bQM rBi? i?2 bi�i2@Q7@i?2@�`i KQ/2Hb QM AK�;2L2i
.�i�b2iX X X X X X X X X X X X X X X X X X X X X X X X R8R

tBt



*?�Ti2` R

AMi`Q/m+iBQM

qBi? i?2 /2p2HQTK2Mi Q7 2H2+i`QMB+ �M/ +QKTmi2` 2M;BM22`BM;-
i?2 �/p�M+2/ b2MbQ` bvbi2K Bb rB/2Hv mb2/ BM K�Mv �`2�b- bm+?
�b bK�`i #mBH/BM;X h?2 �/p�M+2/ b2MbQ` bvbi2K Bb +QKTQb2/
Q7 p�`BQmb ?�`/r�`2 +B`+mBib- �b b?QrM BM 6B;X RXRX h?2 ivT@
B+�H ?�`/r�`2 +B`+mBib +QMi�BM i?2 BMi2;`�i2/@+B`+mBi UA*V �M/
i?2 T`BMi2/ +B`+mBi #Q�`/ US*"VX G�`;2 MmK#2`b Q7 iBMv JPa@
61hb UK2i�H QtB/2 b2KB+QM/m+iQ` }2H/ 2z2+i i`�MbBbiQ`bV BMi2@
;`�i2 BMiQ � bK�HH +?BT- r?B+? Bb +�HH2/ A*X q?BH2 S*" K2@
+?�MB+�HHv bmTTQ`ib �M/ 2H2+i`B+�HHv +QMM2+ib 2H2+i`QMB+ +QKTQ@
M2Mib U2X;X- A*bV mbBM; +QM/m+iBp2 i`�+Fb- T�/b �M/ Qi?2` 72�im`2b
2i+?2/ 7`QK QM2 Q` KQ`2 b?22i H�v2`b Q7 +QTT2` H�KBM�i2/ QMiQ
�M/fQ` #2ir22M b?22i H�v2`b Q7 � MQM@+QM/m+iBp2 bm#bi`�i2X AM
i?2 �/p�M+2/ b2MbQ` bvbi2K- ivTB+�H A*b �`2 /2bB;M2/ 7Q` p�`BQmb
b2MbQ`b- `�/BQ@7`2[m2M+v KQ/mH2b �M/ T`Q+2bbBM; mMBibX hvTB+�H
b2MbQ`b �M/ `�/BQ@7`2[m2M+v KQ/mH2b �`2 BKTH2K2Mi2/ #v �M�@
HQ; +B`+mBib r?BH2 T`Q+2bbBM; mMBib �`2 BKTH2K2Mi2/ #v /B;Bi�H

R
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+B`+mBibX A*b �M/ S*"b �`2 i?2 ?�`/r�`2 7mM/�K2Mi�H Q7 i?2
b2MbQ` bvbi2KX aQK2 �/p�M+2/ �TTHB+�iBQMb �`2 BKTH2K2Mi2/ BM
T`Q+2bbBM; mMBib iQ +QMi`QH i?2 r?QH2 bvbi2KX

Advanced Sensor 
System

Hardware

Integrated Circuit PCB

Sensor RF module Processing unit

6B;m`2 RXR �/p�M+2/ b2MbQ` bvbi2KX

AM Q`/2` iQ �+?B2p2 `2HB�#BHBiv �M/ 2{+B2M+v Q7 b2MbQ` bvbi2K-
i`�/BiBQM�H /2bB;M ~Qr Bb b?QrM BM 6B;X RXkX h?2 K�BM bi2Tb +QM@
i�BM i?2 +B`+mBi iQTQHQ;v /2bB;M- TH�+2K2Mi- `QmiBM;- TQbi@H�vQmi
bBKmH�iBQM- p2`B}+�iBQM- 7�#`B+�iBQM �M/ bvbi2K /2bB;MX �++Q`/@
BM; iQ i?2 bvbi2K bT2+B}+�iBQMb- i?2 2M;BM22`b rBHH /2bB;M bQK2
+B`+mBibX h?2 /2bB;M2/ +B`+mBib +QMbBbi Q7 i?2 +B`+mBi iQTQHQ;v
�M/ /2bB;M T�`�K2i2`bX hQ +QKKBi i?2 /2bB;Mb iQ K�Mm7�+@
im`2- bQK2 �/p�M+2/ 2H2+i`QMB+ /2bB;M �miQK�iBQM U1.�V iQQHb
�`2 mb2/ iQ 7�+BHBi�i2 K�T /2bB;M iQ i?2 H�vQmiX hvTB+�HHv- i?Bb
T`Q+2bb +QMi�BMb TH�+2K2Mi �M/ `QmiBM;X SH�+2K2Mi Bb TH�+BM;
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�HH BMbi�M+2b Q` +QKTQM2Mib QM i?2 H�vQmi rBi?Qmi Qp2`H�TTBM;
�M/ b�iBb7vBM; bQK2 bT2+B�H +QMbi`�BMib �M/ /2bB;M `mH2bX q?BH2
`QmiBM; Bb iQ +QMM2+i �HH i?2 M2ib QM i?2 H�vQmi rBi?Qmi �Mv /2@
bB;M `mH2 pBQH�iBQMbX LQi2 i?�i i?Bb ~Qr +�M #2 mb2/ BM �M�HQ;
+B`+mBib- /B;Bi�H +B`+mBib �M/ S*" /2bB;MbX hQ �+?B2p2 ?�`/r�`2
`2HB�#BHBiv- `2HB�#BHBiv p2`B}+�iBQM M22/b iQ #2 T2`7Q`K2/ �7i2` i?2
/2bB;M Bb }MBb?2/ r?BH2 #27Q`2 i?2 /2bB;M Bb 7�#`B+�i2/X "2bB/2b-
QM+2 i?2 ?�`/r�`2 Bb 7�#`B+�i2/- `2HB�#BHBiv Bb QMHv �+?B2p2/ BM
i?2 bvbi2K H2p2H- bm+? �b +�HB#`�iBQMX q?2M �HH ?�`/r�`2 /2bB;Mb
�`2 }MBb?2/- bQK2 �/p�M+2/ �TTHB+�iBQMb �`2 2KTHQv2/ BM i?2
T`Q+2bbBM; mMBi iQ +QMi`QH i?2 r?QH2 bvbi2KX _2+2MiHv- +QMpQ@
HmiBQM�H M2m`�H M2irQ`Fb U*LLbV ?�p2 �+?B2p2/ BKT`2bbBp2 bm+@
+2bb2b BM p�`BQmb �TTHB+�iBQMbX h?2v �`2 �HbQ mb2/ iQ +�HB#`�i2
b2MbQ` (Rk9)- /�i� �M�HvbBb �M/ T`2/B+iBQM �M/ 2biBK�iBQMX hQ
�+?B2p2 ?�`/r�`2 2{+B2M+v- i?2b2 �TTHB+�iBQMb- BM+Hm/BM; *LLb
M22/b iQ #2 r2HH +mbiQKBx2/X

RXR *?�HH2M;2b

AM bTBi2 Q7 i?2 ;`2�i bm++2bb2b BM i?2 �/p�M+2/ b2MbQ` bvbi2K-
i?2`2 �`2 �HbQ p�`BQmb 2K2`;BM; +?�HH2M;2b BM ?�`/r�`2 `2HB�#BHBiv
�M/ 2{+B2M+vX h?2 Bbbm2b +�M #2 +�i2;Q`Bx2/ BMiQ irQ T�`ibX

6B`biHv- i`�/BiBQM�H /2bB;M ~Qr `�`2Hv 7Q+mb2b QM i?2 `2HB�#BH@
Biv- r?B+? +�mb2b mM`2HB�#H2 ?�`/r�`2 +B`+mBibX h?2b2 mM`2HB�#H2
?�`/r�`2 +B`+mBib ?�p2 � b?Q`i2` HB72iBK2 bQ i?�i Bi mHiBK�i2Hv
#`BM;b � 7�i27mH +QMb2[m2M+2- bm+? �b K2�bm`2K2Mi 2``Q`bX h?mb
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Placement

Routing

Post-layout 
simulation

verification

Fabrication

System

Aging degradation 
estimation

Thermal-driven routing

Sensor calibration CNN compression

Hardware reliability

Hardware efficiency

Circuit topology

System 
specification

6B;m`2 RXk .2bB;M ~QrX

K2�bm`2K2Mib M22/ iQ #2 +�HB#`�i2/ iQ 2ti2M/ i?2 HB72iBK2 Q7
b2MbQ`b r?2M b2MbQ`b ?�p2 mM`2HB�#H2 2z2+ibX >Qr2p2`- b2M@
bQ` +�HB#`�iBQM Bb ?�`/ iQ �+?B2p2 T2`72+i K2�bm`2K2Mi `2+QM@
bi`m+iBQM r?BH2 `2TH�+BM; 7`2[m2MiHv mM`2HB�#H2 ?�`/r�`2 +B`+mBib
#`BM; 2ti`� +QbiX AM Q`/2` iQ �+?B2p2 � ;QQ/ `2HB�#BHBiv- `2HB�#BH@
Biv M22/b #2 +QMbB/2`2/ BM /2bB;M- p2`B}+�iBQM �M/ �TTHB+�iBQM
bi�;2bX >Qr2p2`- `2HB�#BHBiv p2`B}+�iBQM Bb p2`v iBK2@+QMbmKBM;
bBM+2 bQK2 +QKTmi�iBQM�H 2tT2MbBp2 �M�HviB+ KQ/2Hb �`2 BKTH2@
K2Mi2/ BM i?2b2 `2HB�#BHBiv bBKmH�iBQMX AM �//BiBQM- `2HB�#BHBiv



*>�Sh1_ RX ALh_P.l*hAPL 8

/Q MQi #2 +QMbB/2`2/ BM i?2 /2bB;M bi�;2 bQ i?�i Bi Bb /B{+mHi iQ
�+?B2p2 /2bB;M +HQbm`2X

a2+QM/Hv- i?2 /2p2HQTK2Mi Q7 *LLb ?�b +�i�Hvx2/ K�Mv BMMQ@
p�iBp2 �TTHB+�iBQMbX >Qr2p2`- H�`;2 KQ/2H bBx2 ?BM/2`b i?2 #`Q�/
/2THQvK2Mi Q7 *LLb QM `2bQm`+2@+QMbi`�BM2/ ?�`/r�`2 bBM+2
/�i� i`�Mb72` rBHH +QMbmK2 `mMiBK2 �M/ ?�`/r�`2 `2bQm`+2X AM
Q`/2` iQ 7mHHv 2tTHQBi i?2 +�T�#BHBiv Q7 *LLb- /2bB;MBM; ?�`/r�`2@
2{+B2M+v H2�`MBM; KQ/2Hb #2+QK2 2bb2MiB�HX S�`iB+mH�`Hv- bBM+2
*LLb ?�b +Qp2`2/ � rB/2 `�M;2 Q7 �TTHB+�iBQMb �M/ b+2M�`@
BQb- i?2 K2i?Q/QHQ;B2b Q7 2M�#HBM; ?�`/r�`2@2{+B2M+v H2�`MBM;
b?QmH/ +QMi�BM ;2M2`�H i2+?MB[m2b bQ i?�i *LLb +�M #2 T2`@
7Q`K2/ BM ?�`/r�`2 rBi? ?B;? 2{+B2M+vX

RXk h?2bBb Pp2`pB2r

h?Bb i?2bBb �ii2KTib iQ BMp2biB;�i2 b2p2`�H K2i?Q/QHQ;B2b HB;?i@
2MBM; i?2 �7Q`2K2MiBQM2/ Bbbm2b K�BMHv �i ?�`/r�`2 `2HB�#BHBiv
�M/ 2{+B2M+vX

Pm` }`bi +QMi`B#miBQM Bb +�HB#`�iBM; K2�bm`2K2Mi 2``Q`b +�mb2/
#v b2MbQ` �;BM; Bbbm2X a2MbQ` /`B7i Bb �M BMi`�+i�#H2 Q#bi�+H2 iQ
T`�+iB+�H i2KT2`�im`2 K2�bm`2K2Mi BM i?2 BMi2HHB;2Mi 2H2+i`QMB+
bvbi2KX AM i?Bb i?2bBb- r2 T`QTQb2 � b2MbQ` bT�iB�H +Q``2H�iBQM
KQ/2HX :Bp2M T`BQ` FMQrH2/;2- J�tBKmK@�@TQbi2`BQ`B UJ�SV
2biBK�iBQM Bb T2`7Q`K2/ iQ +�HB#`�i2 /`B7ibX J�S Bb 7Q`Km@
H�i2/ �b � MQM@+QMp2t T`Q#H2K rBi? i?`22 ?vT2`@T�`�K2i2`bX �M
�Hi2`M�iBM;@#�b2/ K2i?Q/ Bb T`QTQb2/ iQ bQHp2 i?Bb MQM@+QMp2t
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7Q`KmH�iBQMX *`Qbb@p�HB/�iBQM- :B##b 1tT2+i�iBQM@K�tBKmK U1JV
�M/ p�`B�iBQM�H "�v2bB�M 1J �`2 7m`i?2` 2tTHQBi2/ iQ /2i2`KBM2
?vT2`@T�`�K2i2`bX 1tT2`BK2Mi�H `2bmHib QM rB/2Hv mb2/ #2M+?@
K�`Fb 7`QK i?2 bBKmH�iQ` 1M2`;vSHmb /2KQMbi`�i2 i?�i +QK@
T�`2/ rBi? bi�i2@Q7@i?2@�`i K2i?Q/b- i?2 T`QTQb2/ 7`�K2rQ`F
+�M �+?B2p2 � `Q#mbi /`B7i +�HB#`�iBQM �M/ � #2ii2` i`�/2@Qz #2@
ir22M �++m`�+v �M/ `mMiBK2X PM �p2`�;2- +QKT�`2/ rBi? bi�i2@
Q7@i?2@�`i- i?2 T`QTQb2/ 7`�K2rQ`F +�M �+?B2p2 �#Qmi 3× �++m@
`�+v BKT`Qp2K2MiX AM Q`/2` iQ �ii�BM i?2 b�K2 /`B7i +�HB#`�iBQM
�++m`�+v rBi? p�`B�iBQM�H "�v2bB�M 1J- :B##b 1J M22/b 10000
b�KTH2b- r?B+? rBHH BM+m` � 30× `mMiBK2 Qp2`?2�/X

h?2 b2+QM/ +QMi`B#miBQM Q7 i?2 i?2bBb Bb BKT`QpBM; i?2 27@
}+B2M+v Q7 `2HB�#BHBiv p2`B}+�iBQMX qBi? +QMiBMm2/ b+�HBM;- i?2
i`�MbBbiQ` �;BM; BM/m+2/ #v ?Qi +�``B2` BMD2+iBQM U>*AV �M/ #B�b
i2KT2`�im`2 BMbi�#BHBiv U"hAV +�mb2b �M BM+`2�bBM; 7�BHm`2 Q7
M�MQK2i2`@b+�H2 A*bX *QKT�`2/ rBi? /B;Bi�H A*b- �M�HQ; A*b �`2
KQ`2 bmb+2TiB#H2 iQ �;BM; 2z2+ibX h?2 BM/mbi`B�H H�`;2@b+�H2 �M�@
HQ; A*b #`BM; ;`�M/ +?�HH2M;2b BM i?2 2{+B2M+v Q7 �;BM; p2`B}+�@
iBQMX AM i?Bb i?2bBb- r2 T`QTQb2 � ?2i2`Q;2M2Qmb ;`�T? +QMpQHm@
iBQM�H M2irQ`F U>@:*LV iQ 7�bi 2biBK�i2 �;BM;@BM/m+2/ i`�MbBb@
iQ` /2;`�/�iBQM BM �M�HQ; A*bX hQ +?�`�+i2`Bx2 i?2 KmHiB@ivT2/
/2pB+2b �M/ +QMM2+iBQM TBMb- � ?2i2`Q;2M2Qmb /B`2+i2/ KmHiB@
;`�T? Bb �/QTi2/ iQ 2{+B2MiHv `2T`2b2Mi i?2 iQTQHQ;v Q7 �M�HQ;
A*bX � H�i2Mi bT�+2 K�TTBM; K2i?Q/ Bb mb2/ iQ i`�Mb7Q`K i?2
72�im`2 p2+iQ` Q7 �HH ivT2/ /2pB+2b BMiQ � mMB}2/ H�i2Mi bT�+2X q2
7m`i?2` 2ti2M/ i?2 T`QTQb2/ >@:*L iQ #2 � /22T p2`bBQM pB� BMB@
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iB�H `2bB/m�H +QMM2+iBQMb �M/ B/2MiBiv K�TTBM;bX h?2 2ti2M/2/
/22T >@:*L +�M 2ti`�+i BM7Q`K�iBQM 7`QK KmHiB@?QT /2pB+2b
rBi?Qmi �M Qp2`@bKQQi?BM; Bbbm2X � T`Q#�#BHBiv@#�b2/ M2B;?@
#Q`?QQ/ b�KTHBM; K2i?Q/ QM i?2 #BT�`iBi2 ;`�T? Bb �/QTi2/
iQ 2�b2 i?2 KQ/2H i`�BMBM; QM H�`;2@b+�H2 ;`�T?b �M/ �+?B2p2
;QQ/ b+�H�#BHBivX 1tT2`BK2Mib QM p2`v �/p�M+2/ 5nm BM/mb@
i`B�H #2M+?K�`Fb b?Qr i?�i- +QKT�`2/ rBi? i`�/BiBQM�H ;`�T?
H2�`MBM; K2i?Q/b �M/ bi�iB+ �;BM; `2HB�#BHBiv bBKmH�iBQMb #v �M
BM/mbi`B�H /2bB;M@7Q`@`2HB�#BHBiv U.6_V iQQH- i?2 T`QTQb2/ /22T
>@:*L +�M �+?B2p2 KQ`2 �++m`�i2 2biBK�iBQMb Q7 �;BM;@BM/m+2/
i`�MbBbiQ` /2;`�/�iBQMX *QKT�`2/ rBi? i?2 /vM�KB+ �M/ bi�iB+
�;BM; `2HB�#BHBiv bBKmH�iBQMb- Qm` 2ti2M/2/ /22T >@:*L QM �p@
2`�;2 +�M �+?B2p2 241× �M/ 39× bT22/mT- `2bT2+iBp2HvX

h?2 i?B`/ +QMi`B#miBQM Bb BMi2;`�iBM; i?2`K�H `2HB�#BHBiv BMiQ
/2bB;M bi�;2X h?2 i?2`K�H 2z2+i ?�b �M BKT�+i QM i?2 `2HB�#BH@
Biv Q7 S*" H�vQmiX _QmiBM; Bb QM2 Q7 i?2 F2v bi2Tb iQ `2/m+2
i?2 S*" H�vQmi ?2�iX h?2 i`�/BiBQM�H p2`B}+�iBQM@i?2M@}t �T@
T`Q�+?2b �`2 BHH@2[mBTT2/ r?2M 7�+2/ rBi? i?2 2p2`@;`QrBM; pB@
QH�iBQMb Q7 i?2`K�H HBKBibX AM i?Bb i?2bBb- r2 T`QTQb2 h_Qmi2`-
� i?2`K�H@/`Bp2M S*" `QmiBM; 7`�K2rQ`F pB� *LLbX *LLb �`2
H2p2`�;2/ iQ T`2/B+i i?2`K�H /Bbi`B#miBQM #v i�FBM; i?2 `QmiBM;
H�vQmi �b �M BMTmiX � ;`�/B2Mi BM 2�+? `QmiBM; ;`B/ +2HH Q#i�BM2/
7`QK i?2 #�+FT`QT�;�iBQM U"SV Q7 *LLb Bb BMi2;`�i2/ BMiQ �
7mHH@#Q�`/ `QmiBM; �H;Q`Bi?K iQ ;mB/2 i?2`K�H@/`Bp2M `QmiBM;X
hQ �+?B2p2 � bB;MB}+�Mi bT22/mT- �M �/�TiBp2@bBx2 #QmM/BM;@#Qt
Bb �/QTi2/ iQ `2/m+2 `QmiBM; b2�`+? bT�+2X q2 +QM/m+i 2tT2`B@
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K2Mib QM QT2M@bQm`+2 #2M+?K�`Fb iQ BHHmbi`�i2 Qm` h_Qmi2` +�M
�+?B2p2 bB;MB}+�Mi bT22/mT �M/ i?2`K�H r2HH H�vQmib- +QKT�`BM;
rBi? bi�i2@Q7@i?2@�`i S*" `QmiBM; �H;Q`Bi?KX

Pm` 7Qm`i? +QMi`B#miBQM Bb /2bB;MBM; � ?�`/r�`2@2{+B2M+v
+QMpQHmiBQMX *QKT�`2/ rBi? i`�/BiBQM�H +QMpQHmiBQMb- ;`QmT2/
+QMpQHmiBQM�H M2m`�H M2irQ`Fb �`2 T`QKBbBM; 7Q` #Qi? KQ/2H T2`@
7Q`K�M+2 �M/ M2irQ`F T�`�K2i2`bX >Qr2p2`- 2tBbiBM; KQ/2Hb
rBi? i?2 ;`QmT2/ +QMpQHmiBQM biBHH ?�p2 T�`�K2i2` `2/mM/�M+vX
AM i?Bb i?2bBb- +QM+2`MBM; i?2 ;`QmT2/ +QMpQHmiBQM- r2 T`QTQb2 �
b?�`BM; ;`QmT2/ +QMpQHmiBQM bi`m+im`2 iQ `2/m+2 T�`�K2i2`bX hQ
2{+B2MiHv 2HBKBM�i2 T�`�K2i2` `2/mM/�M+v �M/ BKT`Qp2 KQ/2H
T2`7Q`K�M+2- r2 T`QTQb2 � "�v2bB�M b?�`BM; 7`�K2rQ`F iQ i`�Mb@
72` i?2 p�MBHH� ;`QmT2/ +QMpQHmiBQM iQ #2 i?2 b?�`BM; bi`m+@
im`2X AMi`�@;`QmT +Q``2H�iBQM �M/ BMi2`@;`QmT BKTQ`i�M+2 �`2
BMi`Q/m+2/ BMiQ i?2 T`BQ` Q7 i?2 T�`�K2i2`bX q2 ?�M/H2 i?2
J�tBKmK hvT2 AA HBF2HB?QQ/ 2biBK�iBQM T`Q#H2K Q7 i?2 BMi`�@
;`QmT +Q``2H�iBQM �M/ BMi2`@;`QmT BKTQ`i�M+2 #v � ;`QmT G�aaP
ivT2 �H;Q`Bi?KX h?2 T`BQ` K2�M Q7 i?2 b?�`BM; F2`M2Hb Bb Bi2`�@
iBp2Hv mT/�i2/X 1ti2MbBp2 2tT2`BK2Mib �`2 +QM/m+i2/ iQ /2KQM@
bi`�i2 i?�i QM /Bz2`2Mi ;`QmT2/ +QMpQHmiBQM�H M2m`�H M2irQ`Fb-
i?2 T`QTQb2/ b?�`BM; ;`QmT2/ +QMpQHmiBQM bi`m+im`2 rBi? i?2
"�v2bB�M b?�`BM; 7`�K2rQ`F +�M `2/m+2 T�`�K2i2`b �M/ BKT`Qp2
T`2/B+iBQM �++m`�+vX h?2 T`QTQb2/ b?�`BM; 7`�K2rQ`F +�M `2@
/m+2 T�`�K2i2`b mT iQ 64.17WX 6Q` _2bL2si@8y rBi? i?2 b?�`BM;
;`QmT2/ +QMpQHmiBQM QM AK�;2L2i /�i�b2i- M2irQ`F T�`�K2i2`b
+�M #2 `2/m+2/ #v 96.875W BM �HH ;`QmT2/ +QMpQHmiBQM�H H�v2`b-
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�M/ �++m`�+B2b �`2 BKT`Qp2/ iQ 78.86W �M/ 94.54W 7Q` iQT@R
�M/ iQT@8X

h?2 bi`m+im`2 Q7 i?2 i?2bBb Bb Q`;�MBx2/ �b 7QHHQrbX *?�T@
i2` k T`QpB/2b � +QKT`2?2MbBp2 `2pB2r �#Qmi i?2 rQ`Fb BM i?Bb
i?2bBbX *?�Ti2` j BMi`Q/m+2b i?2 }`bi +QMi`B#miBQM rBi? +Q``2@
bTQM/BM; i2+?MB[m2 /2i�BHbX *?�Ti2` 9 BHHmbi`�i2b i?2 i?2 b2+QM/
+QMi`B#miBQMX *?�Ti2` 8 ;Bp2b �M BHHmbi`�iBQM �#Qmi i?2 i?B`/
+QMi`B#miBQM �M/ i?2 H�bi +QMi`B#miBQM Bb b?QrM BM *?�Ti2` eX
*?�Ti2` d +QM+Hm/2b i?Bb i?2bBbX

! 1M/ Q7 +?�Ti2`X



*?�Ti2` k

GBi2`�im`2 _2pB2r

AM i?Bb +?�Ti2`- r2 rBHH `2pB2r bQK2 `2H�i2/ HBi2`�im`2b �#Qmi Qm`
rQ`Fb T`QTQb2/ BM i?Bb i?2bBbX h?Bb i?2bBb rQ`Fb QM ?�`/r�`2 `2@
HB�#BHBiv �M/ 2{+B2M+vX Ai +QMi�BMb i?2 b2MbQ` +�HB#`�iBQM- �M�HQ;
�;BM; /2;`�/�iBQM 2biBK�iBQM- i?2`K�H@/`Bp2M S*" `QmiBM;- �M/
;`QmT2/ +QMpQHmiBQM M2m`�H M2irQ`Fb +QKT`2bbBQMX L2ti r2 rBHH
;Bp2 HBi2`�im`2 `2pB2r 7`QK i?2b2 �bT2+ibX

kXR a2MbQ` +�HB#`�iBQM

�Hi?Qm;? �/p�M+2/ i2+?MQHQ;B2b BM i?2 b2KB+QM/m+iQ` BM/mbi`v
�M/ KB+`Q@2H2+i`QK2+?�MB+�H bvbi2Kb �`2 /2p2HQT2/ BM `2+2Mi
v2�`b- BM T`�+iB+2- b2MbQ`b QmiTmib 2tBbi 2``Q`b- r?B+? �`2 QM2
Q7 i?2 K�DQ` #�``B2`b iQ i?2 mb2 Q7 b2MbQ` M2irQ`FbX h?2`2 �`2
i?`22 K�BM ivT2b Q7 2``Q`b, ;�BM- /`B7i �M/ MQBb2 (Nk)X *QKT�`2/
rBi? ;�BM �M/ MQBb2- i?2 b2MbQ` /`B7i Bb +QMbB/2`2/ rBi? pBi�H
BKTQ`i�M+2 bBM+2 Bi ?�b � bB;MB}+�MiHv M2;�iBp2 2z2+i QM K2�@
bm`2K2Mi �++m`�+v BM �;2/ b2MbQ`b (k)X �Hi?Qm;? b2MbQ`b rBi?

Ry
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?B;? �++m`�+v �M/ `2HB�#BHBiv +�M #2 /2THQv2/- i?2b2 b2MbQ`b �H@
r�vb ?�p2 2tT2MbBp2 T`B+2bX

h?2 b2MbQ` +�HB#`�iBQM Bb bim/B2/ BM K�Mv T`2pBQmb `2b2�`+?
rQ`FbX h?2b2 rQ`Fb +�M #2 +H�bbB}2/ BMiQ KB+`Q@ �M/ K�+`Q@
+�HB#`�iBQM Q` MQM@#HBM/- b2KB@#HBM/ �M/ #HBM/ +�HB#`�iBQM (RRy-
R8R)X h?2 KB+`Q@+�HB#`�iBQM Bb � +mK#2`bQK2 K2i?Q/ i?�i 2�+?
b2MbQ` Bb BM/BpB/m�HHv imM2/ bQ i?�i i?2 ;`QmM/@i`mi? /�i� +�M
#2 `2+Qp2`2/ 7`QK K2�bm`2K2Mib (3N)X

AM i?2 K�+`Q@+�HB#`�iBQM b+?2K2b- /�i� 7`QK mM+�HB#`�i2/
b2MbQ`b �`2 +QHH2+i2/ iQ QTiBKBx2 i?2 Qp2`�HH bvbi2K T2`7Q`K�M+2X
h?2`27Q`2- K�+`Q@+�HB#`�iBQM b+?2K2b �`2 rB/2Hv mb2/ BM T`�+@
iB+2X 6Q` K�+`Q@+�HB#`�iBQM b+?2K2b- �++Q`/BM; iQ BM7Q`K�iBQM
r?2i?2` i?2v M22/- i?2`2 �`2 i?`22 +�i2;Q`B2b Q7 b2MbQ` +�HB#`�@
iBQM, MQM@#HBM/- b2KB@#HBM/ �M/ #HBM/X AM i?2 MQM@#HBM/ +�HB@
#`�iBQM- QM2 Q` KQ`2 i?�M QM2 T`BQ` FMQrH2/;2 Bb �/QTi2/ iQ
+�HB#`�i2 K2�bm`2K2Mib U2X;X- i?2 ;`QmM/@i`mi? /�i� K2�bm`2/
#v bQK2 Q7 b2MbQ`b rBi? ?B;? �++m`�+v (jk) �M/ i?2 /Bbi�M+2b #2@
ir22M b2MbQ`b �M/ i?2 bBMF MQ/2 (RkN)VX >Qr2p2`- 2ti`� +Qbib �`2
`2[mB`2/ iQ Q#i�BM i?Bb BM7Q`K�iBQMX 6Q` 2t�KTH2- b2p2`�H b2M@
bQ`b rBi? ?B;? �++m`�+v ?�p2 iQ #2 /2THQv2/ iQ Q#i�BM ;`QmM/
i`mi? /�i�- �M/ � :HQ#�H SQbBiBQM avbi2K KQ/mH2 Bb BMbi�HH2/ BM
b2MbQ`bX

AM Q`/2` iQ `2/m+2 2ti`� +Qbib- bQK2 rQ`Fb 7Q+mb2/ QM b2KB@
#HBM/ +�HB#`�iBQM b+?2K2bX AM (8j)- QMHv T�`iB�H TQbBiBQM BM7Q`@
K�iBQM �M/ i?2 ;`QmM/@i`mi? /�i� �`2 `2[mB`2/ iQ +�HB#`�i2 �HH
K2�bm`2K2MibX AM Q`/2` iQ 7m`i?2` /2+`2�b2 2ti`� +Qbib- #HBM/
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+�HB#`�iBQM b+?2K2b r2`2 T`QTQb2/X
AM HBi2`�im`2 �#Qmi i?2 #HBM/ +�HB#`�iBQM- i?2`2 �`2 irQ KQ/@

2Hb iQ 2biBK�i2 K2�bm`2K2Mi 2``Q`b, i?2 }`bi@Q`/2` �miQ`2;`2b@
bBQM U�_V KQ/2H �M/ i?2 bB;M�H bT�+2 T`QD2+iBQM UaaSV KQ/2HX
6Q` i?2 �_ KQ/2H- �bbmKBM; i?�i 2``Q`b �`2 � iBK2 b2`B2b 7QH@
HQrBM; :�mbbB�M /Bbi`B#miBQM rBi? x2`Q@K2�M �M/ +QMbi�Mi p�`B@
�M+2- �/�TiBp2 }Hi2`b bm+? �b E�HK�M }Hi2` (dk- Rke)- mMb+2Mi2/
E�HK�M (RRe) }Hi2` �M/ T�`iB+H2 }Hi2` �`2 �/QTi2/ iQ i`�+F i?2
2``Q` BM 2�+? iBK2 bHQi bQ i?�i i?2 K2�bm`2K2Mi +�M #2 +�HB@
#`�i2/ (RRe-Rke)X AM i?2 �_ KQ/2H- ?Qr2p2`- Bi Bb �bbmK2/ i?�i
QMHv QM2 b2MbQ` ?�b K2�bm`2K2Mi 2``Q` BM 2�+? iBK2 BMbi�MiX AM
7�+i- i?Bb �bbmKTiBQM Bb ?�`/ iQ b�iBb7v BM T`�+iB+2X

h?2 +�HB#`�iBQM T`Q#H2K Bb M�im`�HHv bim/B2/ 2ti2MbBp2Hv iQ #2
� bT�`b2 `2+QMbi`m+iBQM T`Q#H2K- r?2`2 � bT�`b2 b2i Q7 b2MbQ`b
�`2 �bbmK2/ iQ ?�p2 bB;MB}+�Mi /`B7ibX "�Hx�MQ �M/ LQr�F (R8)
}`bi T`QTQb2/ aaS- BM r?B+? i?2 K2�bm`2/ /�i� �`2 Qp2`@b�KTH2/
#v b2MbQ`bX AM Qi?2` rQ`/b- i?2 b2MbQ` MmK#2` Bb KQ`2 i?�M
i?2 p�`B�M+2 bQm`+2 MmK#2`X h?2`27Q`2- i?2 ;`QmM/@i`mi? p2+iQ`
?�b QM2 Q` KQ`2 i?�M QM2 MmHH@bT�+2X �bbmKBM; i?�i b2MbQ`b �`2
7`22@�;2/ �M/ 7`22@2``Q` BM i?2 BMBiB�H iBK2- i?Bb MmHH bT�+2 +�M #2
Q#i�BM2/ #v T`BM+BT�H +QKTQM2Mi �M�HvbBb Q` BM/2T2M/2Mi +QK@
TQM2Mi �M�HvbBb (jy)X AM �//BiBQM- �bbmKBM; i?�i K2�bm`2K2Mi
2``Q`b �`2 bT�`b2- i?2 2``Q` +�M #2 2biBK�i2/ #v bT�`b2 `2;`2bbBQM
i2+?MB[m2b- bm+? �b i?2 K�tBKmK HBF2HB?QQ/ 2biBK�iBQM (Rk8) �M/
/22T H2�`MBM; (Rk9)X AM (Rk8)- q�M; 2i �HX �/QTi i2KTQ`�H bT�`b2
"�v2bB�M H2�`MBM; Uha"GV (R8e) iQ +�HB#`�i2 iBK2@p�`B�Mi �M/



*>�Sh1_ kX GAh1_�hl_1 _1oA1q Rj

BM+`2K2Mi�H /`B7ib 7Q` i?2 bT�`b2 b2i Q7 b2MbQ`bX >Qr2p2`- /m2
iQ i?2 bT�`bBiv �bbmKTiBQM- MQi �HH b2MbQ`b +�M #2 +�HB#`�i2/X
AM �//BiBQM- bBM+2 i?2 Q#b2`p�iBQM K�i`Bt Bb /B`2+iHv /2i2`KBM2/
#v /`B7i@7`22 K2�bm`2K2Mi- i?2 K2i?Q/ +�MMQi +�HB#`�i2 /`B7ib B7
bB;M�Hb HB2 BM � iBK2@p�`B�Mi bm#bT�+2X

o2`v `2+2MiHv- BM Q`/2` iQ +�HB#`�i2 �HH b2MbQ`b- GBM; �M/
ai`Q?K2` T`2b2Mi2/ i?`22 KQ/2Hb- r?B+? �`2 7Q`KmH�i2/ �b #BHBM@
2�` BMp2`b2 T`Q#H2Kb (d8)X >Qr2p2`- i?2b2 KQ/2Hb ?2�pBHv `2Hv QM
T�`iB�H BM7Q`K�iBQM �#Qmi i?2 b2MbBM; K�i`BtX 6Q` i?2 i2KT2`@
�im`2 b2MbQ` +�HB#`�iBQM BM � bK�`i #mBH/BM;- i?2 b2MbBM; K�i`Bt
/2T2M/b QM i?2 r2�i?2`- i?2 TQbBiBQM Q7 b2MbQ`b �M/ T�`�K2@
i2`b Q7 i?2 #mBH/BM;- 2X;X- K�i2`B�H +?�`�+i2`BbiB+b- ;2QK2i`v �M/
2[mBTK2Mi TQr2` T2` �`2� (k8- ke- dj)X AM T`�+iB+2- Bi Bb ?�`/ iQ
Q#i�BM i?Bb +QKTH2t �M/ i2/BQmb BM7Q`K�iBQMX �b � `2bmHi- i?2b2
KQ/2Hb +�MMQi #2 /B`2+iHv mb2/ iQ +�HB#`�i2 i2KT2`�im`2 b2MbQ`b
BM � bK�`i #mBH/BM;X

�++Q`/BM; iQ i?2 /Bb+mbbBQM �#Qp2- T`2pBQmb rQ`Fb +�MMQi
?�M/H2 i?2 bBim�iBQM r?2`2 /2Mb2 �;2/ b2MbQ`b ?�p2 K2�bm`2K2Mi
2``Q`b K2�Mr?BH2 i?2`2 Bb MQ T�`iB�H BM7Q`K�iBQM- bm+? �b r2�i?2`
�M/ K�i2`B�H- T`QpB/2/ 7Q` +�HB#`�iBQMX

kXk �M�HQ; �;BM; /2;`�/�iBQM 2biBK�iBQM

qBi? +QMiBMm2/ b+�HBM;- i?2 bmb+2TiB#BHBiv Q7 M�MQK2i2`@b+�H2
i`�MbBbiQ`b iQ �;BM;@`2H�i2/ r2�`@Qmi T?2MQK2M� ?�b BM+`2�b2/
bB;MB}+�MiHv BM A*b (Ry8)X �b BHHmbi`�i2/ BM 6B;X kXR- irQ T`BK�`v
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�;BM;@`2H�i2/ r2�`@Qmi K2+?�MBbKb Q7 b2KB+QM/m+iQ` #�b2/ KB@
+`Q2H2+i`QMB+ /2pB+2b �`2 "hA �M/ >*A (R98)X "hA K2+?�MBbK Bb
i?�i �++mKmH�i2/ ?QH2b BM bBHB+QMfQtB/2 BMi2`7�+2 `2bmHi BM #`2�F@
BM; Q7 aB@> #QM/b �b b?QrM BM 6B;X kXRU�VX >*A K2+?�MBbK Bb i?�i
/m2 iQ ?B;? 2H2+i`B+ }2H/ BM /`�BM bB/2- ?Qi +�``B2`b +�mb2 #`2�FBM;
Q7 aB@> #QM/ �M/ i`�Tb QtB/2 #mHF �b b?QrM BM 6B;X kXRU#V (Re)X
h?2b2 �;BM; 2z2+ib +�mb2 i`�MbBbiQ` T�`�K2i2`b- 2X;X- i?`2b?QH/
pQHi�;2- iQ b?B7i 7`QK i?2B` MQKBM�H p�Hm2b Qp2` iBK2- `2bmHiBM;
BM � ;`�/m�H +B`+mBi 7�BHm`2X *QKT�`2/ rBi? /B;Bi�H A*b- �M�HQ;
A*b �`2 KQ`2 bmb+2TiB#H2 iQ i?2b2 i`�MbBbiQ` T�`�K2i2`bX

AM Q`/2` iQ b�p2 /2p2HQTK2Mi +Qbib �M/ T`QpB/2 i?2 QTTQ`im@
MBiv 7Q` BMi2`�+iBp2 722/#�+F /m`BM; i?2 /2bB;M T`Q+2bb- 2biBK�i@
BM; �;BM;@BM/m+2/ i`�MbBbiQ` /2;`�/�iBQM #27Q`2 +QKKBiiBM; i?2
/2bB;M iQ bBHB+QM Bb � F2v bi2TX AM i?2 BM/mbi`v- �++Q`/BM; iQ i?2
2biBK�i2/ �;BM;@BM/m+2/ i`�MbBbiQ` /2;`�/�iBQM- i?2 �;BM; pBQH�@
iBQMb +�M #2 Dm/;2/X A7 i?2`2 �`2 QM2 Q` KQ`2 �;BM; pBQH�iBQMb BM
i?2 �;BM; p2`B}+�iBQM- �b � ivTB+�H p2`B}+�iBQM@i?2M@}t �TT`Q�+?-
i?2 .6_ /2bB;M2` rBHH ;Q #�+F iQ i?2 /2bB;M bi�;2b iQ }t i?2KX
"2bB/2b- +QKT�`2/ rBi? T`2@H�vQmi M2iHBbib- TQbi@H�vQmi M2iHBbib
+QMi�BM T�`�bBiB+ +�T�+Bi�M+2b �M/ `2bBbi�M+2bX h?mb i?2 �;BM;
`2HB�#BHBiv bBKmH�iBQM QM TQbi@H�vQmi M2iHBbib ?�b KQ`2 �++m`�i2
Dm/;K2MiX >Qr2p2`- TQbi@H�vQmi M2iHBbib ?�p2 � H�`;2` b+�H2 bBx2
i?�M T`2@H�vQmi M2iHBbib bQ i?�i i?2v #`BM; ;`�M/ +?�HH2M;2b BM
i?2 2{+B2M+v Q7 �;BM; p2`B}+�iBQMX

AM i?2 BM/mbi`v- �b b?QrM BM 6B;X kXk- � i`�/BiBQM�H �;BM; `2HB@
�#BHBiv bBKmH�iQ` Bb �/QTi2/ iQ p2`B7v i?2 +B`+mBi `2HB�#BHBivX h?2
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s d

gVgs,gd < 0
<latexit sha1_base64="n00wtdLKWViZ2fgzk5u2QCiAjSs=">AAAB9HicbVBNS8NAEJ3Ur1q1Vj16WWwFESmJFz14KAjisYL9gDaUzWaTLt1s0t1NoYSC/8KLB0W8+mO8+W/cfhy09cHA470ZZuZ5CWdK2/a3lVtb39jcym8Xdnb3ivulg8OmilNJaIPEPJZtDyvKmaANzTSn7URSHHmctrzB7dRvjahULBaPepxQN8KhYAEjWBvJrTR7WaguQn9yY1d6pbJdtWdAq8RZkHKteKeeAKDeK311/ZikERWacKxUx7ET7WZYakY4nRS6qaIJJgMc0o6hAkdUudns6Ak6NYqPgliaEhrN1N8TGY6UGkee6Yyw7qtlbyr+53VSHVy7GRNJqqkg80VBypGO0TQB5DNJieZjQzCRzNyKSB9LTLTJqWBCcJZfXiXNy6pjV50Hp1w7hznycAwncAYOXEEN7qEODSAwhGd4hTdrZL1Y79bHvDVnLWaO4A+szx9p1pKa</latexit><latexit sha1_base64="TGtMYjraztNu8OaWJ5k+clya8FA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LLaCiJTEix48FLx4rGA/oA1ls9mkSzebuLsplNDf4cWDIl79Md78N27aHLT1wcDjvRlm5nkJZ0rb9rdVWlvf2Nwqb1d2dvf2D6qHRx0Vp5LQNol5LHseVpQzQduaaU57iaQ48jjteuO73O9OqFQsFo96mlA3wqFgASNYG8mtd4ZZqC5Df3Zr14fVmt2w50CrxClIDQq0htWvgR+TNKJCE46V6jt2ot0MS80Ip7PKIFU0wWSMQ9o3VOCIKjebHz1DZ0bxURBLU0Kjufp7IsORUtPIM50R1iO17OXif14/1cGNmzGRpJoKslgUpBzpGOUJIJ9JSjSfGoKJZOZWREZYYqJNThUTgrP88irpXDUcu+E8OLXmRRFHGU7gFM7BgWtowj20oA0EnuAZXuHNmlgv1rv1sWgtWcXMMfyB9fkDWieREw==</latexit>

Vgs,gd < 0
<latexit sha1_base64="n00wtdLKWViZ2fgzk5u2QCiAjSs=">AAAB9HicbVBNS8NAEJ3Ur1q1Vj16WWwFESmJFz14KAjisYL9gDaUzWaTLt1s0t1NoYSC/8KLB0W8+mO8+W/cfhy09cHA470ZZuZ5CWdK2/a3lVtb39jcym8Xdnb3ivulg8OmilNJaIPEPJZtDyvKmaANzTSn7URSHHmctrzB7dRvjahULBaPepxQN8KhYAEjWBvJrTR7WaguQn9yY1d6pbJdtWdAq8RZkHKteKeeAKDeK311/ZikERWacKxUx7ET7WZYakY4nRS6qaIJJgMc0o6hAkdUudns6Ak6NYqPgliaEhrN1N8TGY6UGkee6Yyw7qtlbyr+53VSHVy7GRNJqqkg80VBypGO0TQB5DNJieZjQzCRzNyKSB9LTLTJqWBCcJZfXiXNy6pjV50Hp1w7hznycAwncAYOXEEN7qEODSAwhGd4hTdrZL1Y79bHvDVnLWaO4A+szx9p1pKa</latexit><latexit sha1_base64="TGtMYjraztNu8OaWJ5k+clya8FA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LLaCiJTEix48FLx4rGA/oA1ls9mkSzebuLsplNDf4cWDIl79Md78N27aHLT1wcDjvRlm5nkJZ0rb9rdVWlvf2Nwqb1d2dvf2D6qHRx0Vp5LQNol5LHseVpQzQduaaU57iaQ48jjteuO73O9OqFQsFo96mlA3wqFgASNYG8mtd4ZZqC5Df3Zr14fVmt2w50CrxClIDQq0htWvgR+TNKJCE46V6jt2ot0MS80Ip7PKIFU0wWSMQ9o3VOCIKjebHz1DZ0bxURBLU0Kjufp7IsORUtPIM50R1iO17OXif14/1cGNmzGRpJoKslgUpBzpGOUJIJ9JSjSfGoKJZOZWREZYYqJNThUTgrP88irpXDUcu+E8OLXmRRFHGU7gFM7BgWtowj20oA0EnuAZXuHNmlgv1rv1sWgtWcXMMfyB9fkDWieREw==</latexit>

U�V

s d

gVds > 0
<latexit sha1_base64="CIqoN3IVB+bHZ+Fw/YhfN0o6rpw=">AAAB8XicbZC7SgNBFIbPeo3xFrUUZDARxCLs2mglARvLCOaCyRJmZyfJkNnZZeasEJa8hY2FIrbiy9jZ+ShOLoUm/jDw8f/nMOecIJHCoOt+OUvLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/zxgPXRsTqDocJ9yPaU6IrGEVr3ZfqnSw0oyu31CkU3bI7EVkEbwbFChx9fANAtVP4bIcxSyOukElqTMtzE/QzqlEwyUf5dmp4QtmA9njLoqIRN342mXhETqwTkm6s7VNIJu7vjoxGxgyjwFZGFPtmPhub/2WtFLuXfiZUkiJXbPpRN5UEYzJen4RCc4ZyaIEyLeyshPWppgztkfL2CN78yotQPy97btm79YqVM5gqB4dwDKfgwQVU4AaqUAMGCh7hGV4c4zw5r87btHTJmfUcwB857z/94JHo</latexit><latexit sha1_base64="eAAxMDJNDXe4Hf5udl+ObVfR/ts=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFhNBLMKdjVYSsLGMYD4wOcLe3iRZsrd37O4J4ci/sLFQxNZ/Y+e/cZNcoYkPBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDvz20+oNI/lg5kk6Ed0KPmAM2qs9Fht9bNQT2/car9ccWvuHGSVeDmpQI5Gv/zVC2OWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfja/eErOrBKSQaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpGVz7GZdJalCyxaJBKoiJyex9EnKFzIiJJZQpbm8lbEQVZcaGVLIheMsvr5LWZc1za969V6lf5HEU4QRO4Rw8uII63EEDmsBAwjO8wpujnRfn3flYtBacfOYY/sD5/AFoEY/9</latexit>

Vds > 0
<latexit sha1_base64="CIqoN3IVB+bHZ+Fw/YhfN0o6rpw=">AAAB8XicbZC7SgNBFIbPeo3xFrUUZDARxCLs2mglARvLCOaCyRJmZyfJkNnZZeasEJa8hY2FIrbiy9jZ+ShOLoUm/jDw8f/nMOecIJHCoOt+OUvLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/zxgPXRsTqDocJ9yPaU6IrGEVr3ZfqnSw0oyu31CkU3bI7EVkEbwbFChx9fANAtVP4bIcxSyOukElqTMtzE/QzqlEwyUf5dmp4QtmA9njLoqIRN342mXhETqwTkm6s7VNIJu7vjoxGxgyjwFZGFPtmPhub/2WtFLuXfiZUkiJXbPpRN5UEYzJen4RCc4ZyaIEyLeyshPWppgztkfL2CN78yotQPy97btm79YqVM5gqB4dwDKfgwQVU4AaqUAMGCh7hGV4c4zw5r87btHTJmfUcwB857z/94JHo</latexit><latexit sha1_base64="eAAxMDJNDXe4Hf5udl+ObVfR/ts=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFhNBLMKdjVYSsLGMYD4wOcLe3iRZsrd37O4J4ci/sLFQxNZ/Y+e/cZNcoYkPBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDvz20+oNI/lg5kk6Ed0KPmAM2qs9Fht9bNQT2/car9ccWvuHGSVeDmpQI5Gv/zVC2OWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfja/eErOrBKSQaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpGVz7GZdJalCyxaJBKoiJyex9EnKFzIiJJZQpbm8lbEQVZcaGVLIheMsvr5LWZc1za969V6lf5HEU4QRO4Rw8uII63EEDmsBAwjO8wpujnRfn3flYtBacfOYY/sD5/AFoEY/9</latexit>

U#V

6B;m`2 kXR "hA �M/ >*A K2+?�MBbKbX

ivTB+�H �;BM; `2HB�#BHBiv bBKmH�iBQM Bb +H�bbB}2/ BMiQ bi�iB+ bBKm@
H�iBQM �M/ /vM�KB+ bBKmH�iBQM (RR9)X h?2v #Qi? i�F2 � +B`+mBi
M2iHBbi �M/ Bib bi`2bb +QM/BiBQMb UbiBKmHBV �b BMTmibX � 7`2b? bBK@
mH�iBQM Bb T2`7Q`K2/ iQ Q#i�BM i?2 7`2b? i`�MbBbiQ` T�`�K2i2`bX
�++Q`/BM; iQ i?2 7`2b? i`�MbBbiQ` T�`�K2i2`b- i?2 bi`2bb bBKm@
H�iBQM Bb T2`7Q`K2/ iQ ;2i /2pB+2 /2;`�/�iBQMbX "v mbBM; i?2
/2pB+2 /2;`�/�iBQMb- i?2 �;BM; bBKmH�iBQM Bb �/QTi2/ iQ Q#i�BM
i?2 �;BM; i`�MbBbiQ` T�`�K2i2`bX �i H�bi- i?2 b?B7i p�Hm2b 7`QK
7`2b? i`�MbBbiQ` T�`�K2i2`b iQ i?2 �;BM; i`�MbBbiQ` T�`�K2i2`b
�`2 QmiTmi iQ Dm/;2 i?2 +B`+mBi `2HB�#BHBivX *QKT�`2/ rBi? i?2
bi�iB+ bBKmH�iBQM- i?2 i`�/BiBQM�H /vM�KB+ bBKmH�iBQM +QMbB/2`b
/vM�KB+ bi`2bb +QM/BiBQMb bm+? �b +HQ+F bT22/b BM i?2 7`2b? bBK@
mH�iBQM �M/ i?2 �;BM; bBKmH�iBQM bi�;2b bQ i?�i Bi M22/b � H�`;2
MmK#2` Q7 �++2Ti2/ i`�MbB2Mi bi2TbX h?mb i?2 /vM�KB+ �;BM;
`2HB�#BHBiv bBKmH�iBQM +�M Q#i�BM � KQ`2 �++m`�i2 �;BM;@BM/m+2/
i`�MbBbiQ` /2;`�/�iBQM r?BH2 i�F2b KQ`2 iBK2X L2p2`i?2H2bb-
i?2 �++m`�+v Q7 i`�/BiBQM�H /vM�KB+ �;BM; `2HB�#BHBiv bBKmH�iBQM
?2�pBHv `2HB2b QM i?2 ;Bp2M /vM�KB+ bi`2bb +QM/BiBQMbX
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Circuit Netlist

Stress Condition

Index Instance  …  dvtlin(HCI+BTI, V)
1        M5          …     1.265e-02
2        M4          …     1.238e-02
3        M0          …     1.224e-02
4        M3          …     1.193e-02
5        M7          …     1.185e-02
6        M1          …     1.172e-02
7        M2          …     1.159e-02
8        M6          …     1.153e-02

Aging Parameters

INPUT SIMULATION OUTPUT
Fresh Simulation

Aging Simulation

Device Aging Information

Stress Simulation

Fresh Parameters

Device Degradations

Aging Parameters

6B;m`2 kXk h?2 i`�/BiBQM�H �;BM; `2HB�#BHBiv bBKmH�iBQMX

JQ/2HBM; �;BM;@BM/m+2/ i`�MbBbiQ` /2;`�/�iBQM ?�b #22M rB/2Hv
bim/B2/ BM i?2 HBi2`�im`2X hm 2i �HX �/QTi2/ � pQHi�;2@+QMi`QHH2/
+m``2Mi bQm`+2 KQ/2H iQ T`2/B+i >*A Bbbm2b BM i?2 /2bB;M bi�;2
(RRd)X � i`�MbBbiQ` /`�BM@+m``2Mi bm``Q;�i2 KQ/2H r�b /2p2HQT2/
iQ 2tTHQ`2 i?2 2z2+ib Q7 /2;`�/�iBQM QM �M�HQ; +B`+mBib (R99)X
Pi?2` �M�HviB+�H KQ/2Hb r2`2 �HbQ bm`p2v2/ �M/ +QM+Hm/2/ BM
(Re)X >Qr2p2`- i?2`2 �`2 �HbQ b2p2`�H HBKBi�iBQMb �M/ /`�r#�+Fb
iQ i?2b2 �M�HviB+�H KQ/2HbX 6B`biHv- � +Q``2+i Dm/;K2Mi QM i?2
`2HB�#BHBiv Q7 i?2 +B`+mBib ?2�pBHv `2HB2b QM i?2 �TT`QT`B�i2 bi`2bb
+QM/BiBQMb (Ry9)X h?2 bi�iB+ �;BM; `2HB�#BHBiv bBKmH�iBQM +�mb2b
BM�++m`�i2 Dm/;K2Mi QM i?2 �;BM;@T`QM2 i`�MbBbiQ`b bBM+2 i?2
/vM�KB+ bi`2bb +QM/BiBQMb �`2 +QKTH2i2Hv B;MQ`2/X a2+QM/Hv- Bi
Bb iBK2@+QMbmKBM; iQ �+?B2p2 �++m`�i2 /2i2+iBQMb bBM+2 i?2 /v@
M�KB+ �;BM; bBKmH�iBQM M22/b � H�`;2 MmK#2` Q7 �++2Ti2/ i`�M@
bB2Mi bi2TbX Ai Bb mbm�HHv /B{+mHi iQ }M/ � +QKT`QKBb2 #2ir22M
+QKTmi�iBQM�H +QKTH2tBiv �M/ KQ/2H �++m`�+vX
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*LLb- �b � /�i�@/`Bp2M �TT`Q�+?- ?�p2 �+?B2p2/ ;`2�i bm+@
+2bb2b BM +B`+mBi /2bB;M- bm+? �b i?2 /2bB;M@7Q`@K�Mm7�+im`�#BHBiv
(k9- je)X hvTB+�HHv- i?2 �;BM; `2HB�#BHBiv bBKmH�iBQMb �`2 T2`@
7Q`K2/ QM +B`+mBi M2iHBbibX AMimBiBp2Hv- �M �M�HQ; A* M2iHBbi +�M
#2 M�im`�HHv `2T`2b2Mi2/ �b � ;`�T?X >Qr2p2`- i?2 ;`�T? Bb B`@
`2;mH�` ;`B/@#�b2/ /�i�- r?B+? Bb MQi �b bi`�B;?i7Q`r�`/ �b i?2
+QMpQHmiBQM �M/ TQQHBM; BM i`�/BiBQM�H *LLbX :*Lb r2`2 T`Q@
TQb2/ iQ T2`7Q`K K�+?BM2 H2�`MBM; i�bFb QM i?2b2 B``2;mH�` ;`B/@
#�b2/ /�i� (9y- ey)X _2+2MiHv- :*Lb r2`2 �/QTi2/ iQ T`2/B+i
Q#b2`p�iBQM TQBMi +�M/B/�i2b QM i?2 /2bB;M@7Q`@i2bi�#BHBiv (3e)-
b2H2+i iBKBM; KQ/2Hb (38)- 2biBK�i2 H�vQmi T�`�bBiB+b (NN)- �MMQ@
i�i2 M2iHBbib (j8- e9)- ;mB/2 TH�+2K2Mi (dR) �M/ imM2 i`�MbBbiQ`
bBxBM; (Rky)X >Qr2p2`- i?2 �M�HQ; A* M2iHBbib ?�p2 ?2i2`Q;2M2@
Biv bBM+2 ivTB+�H �M�HQ; A*b +QMi�BM KmHiB@ivT2/ #�bB+ /2pB+2b
U2X;X- i`�MbBbiQ`- `2bBbiQ`V �M/ KmHiB@ivT2/ +QMM2+iBQM TBMb U2X;X-
/`�BM- ;�i2VX hvTB+�HHv- 2tBiBM; :*Lb �/QTi QM2@?Qi 2M+Q/BM;
iQ /BbiBM;mBb? �KQM; KmHiB@ivT2/ #�bB+ /2pB+2b �M/ +QMM2+iBQM
TBMbX >Qr2p2`- Bi rBHH KBbb bQK2 bi`m+im`�H BM7Q`K�iBQM �KQM;
KmHiB@ivT2/ MQ/2b �b r2HH �b mMbi`m+im`2/ +QMi2Mi �bbQ+B�i2/
rBi? 2�+? MQ/2 (ky)X

.2bTBi2 :*L +�M �+?B2p2 2MQ`KQmb bm++2bb2b BM i?2 ;`�T?
H2�`MBM; i�bF- Bi Bb p2`v b?�HHQrX am+? � b?�HHQr KQ/2H HBKBib Bib
�#BHBiv iQ 2ti`�+i BM7Q`K�iBQM 7`QK KmHiB@?QT /2pB+2bX aBKTHv
bi�+FBM; KQ`2 H�v2`b �M/ �//BM; MQM@HBM2�`Biv K�v +�mb2 T2`7Q`@
K�M+2 /2;`�/�iBQM- /m2 iQ i?2 Qp2`@bKQQi?BM; T?2MQK2MQM (dy)X
o2`v `2+2MiHv- b2p2`�H �`ib i`v iQ i�+FH2 i?2 Qp2`@bKQQi?BM; Bbbm2X
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CmKTBM; FMQrH2/;2 M2irQ`Fb UCEL2ibV +QK#BM2 i?2 QmiTmi Q7
2�+? H�v2` iQ i?2 H�bi H�v2` iQ F22T i?2 HQ+�H T`QT2`iB2b Q7 i?2 MQ/2
`2T`2b2Mi�iBQMb (Rjd)X � 72r 2/;2b �`2 `�M/QKHv `2KQp2/ 7`QK
i?2 BMTmi ;`�T? BM .`QT1/;2 iQ �HH2pB�i2 i?2 Qp2`@bKQQi?BM;
Bbbm2 (RyR)X aBKTHB7vBM; :*Lb +�Tim`2b ?B;?2`@Q`/2` 72�im`2b BM
i?2 ;`�T? #v mbBM; i?2 k@i? TQr2` Q7 i?2 ;`�T? +QMpQHmiBQM BM
2�+? M2m`�H M2irQ`F H�v2` (RjR)X S2`bQM�HBx2/ S�;2_�MF Bb ;2M@
2`�HBx2/ iQ �M �`#Bi`�`v ;`�T? /BzmbBQM T`Q+2bb BM ;`�T? /BzmbBQM
+QMpQHmiBQM (eR-ek)X :*Lb rBi? BMBiB�H `2bB/m�H +QMM2+iBQMb �M/
B/2MiBiv K�TTBM;b U:*LAAV 2Mbm`2 i?�i i?2 }M�H `2T`2b2Mi�iBQM
Q7 2�+? MQ/2 `2i�BMb �i H2�bi � 7`�+iBQM 7`QK i?2 BMTmi H�v2`- 2p2M
B7 K�Mv H�v2`b �`2 bi�+F2/ (kk)X L2p2`i?2H2bb- i?2b2 KQ/2Hb /Q
MQi +QMbB/2` i?2 ?2i2`Q;2M2Biv Q7 i?2 ;`�T?X

�++Q`/BM; iQ i?2 /Bb+mbbBQM �#Qp2- i?2 ivTB+�H ?QKQ;2M2Qmb
:*Lb �M/ i?2B` b?�HHQr bi`m+im`2 #`BM;b T2`7Q`K�M+2 /2;`�/�@
iBQM BM i?2 �M�HQ; �;BM; /2;`�/�iBQM 2biBK�iBQMX

kXj h?2`K�H@/`Bp2M S*" `QmiBM;

h?2 i?2`K�H 2z2+i ?�b �M BKT�+i QM i?2 `2HB�#BHBiv Q7 i?2 S*"
H�vQmiX aT2+B}+�HHv- Qp2`?2�i i2KT2`�im`2b QM i?2 S*" H�v@
Qmi +�mb2 i?2 `2/m+iBQM Q7 i?2 K2�M iBK2 #2ir22M 7�BHm`2b (R3)X
_QmiBM; Bb QM2 Q7 i?2 F2v bi2Tb iQ `2/m+2 i?2 S*" H�vQmi i2K@
T2`�im`2b bBM+2 i?2 i?2`K�H /Bbi`B#miBQM Bb b2MbBiBp2 iQ HQ+�iBQMb
Q7 i?2 b2;K2Mi �M/ pB� BM i?2 TQbi@`QmiBM; H�vQmiX AM Q`/2`
iQ �+?B2p2 S*" `2HB�#BHBiv- i?2 i`�/BiBQM�H p2`B}+�iBQM@i?2M@}t
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�TT`Q�+?2b �`2 mb2/ BM i?2 i`�/BiBQM�H S*" /2bB;M ~QrX
AM i?2 i`�/BiBQM�H S*" /2bB;M ~Qr- K�Mv �/p�M+2/ `QmiBM;

�H;Q`Bi?Kb �`2 �/QTi2/ iQ �miQK�iB+�HHv `Qmi2 �HH M2ib BM #Qi?
�+�/2KB� �M/ BM/mbi`vX h?2 S*" `QmiBM; �H;Q`Bi?Kb �`2 +H�b@
bB}2/ BMiQ i?2 2b+�T2 `QmiBM; �M/ i?2 �`2� `QmiBM; (RjN)X h?2v
#Qi? �bbmK2 i?�i i?2 S*" /2bB;Mb +QMi�BM QMHv #�HH ;`B/ �``�v
U":�V T�+F�;2bX h?2 2b+�T2 `QmiBM; Bb iQ `Qmi2 i?2 AfP T�/b Q`
bQH/2` #mKTb QM � /B2 Q` T�+F�;2 iQ i?2 HBM2b i?�i +�M 2b+�T2 iQ
i?2 �`2� bm``QmM/BM; i?2 /B2 iQ #2 `Qmi2/ Qmi Q7 i?2 T�+F�;2 Q`
Bib BKK2/B�i2 bm``QmM/BM;b (R9y)X q?BH2 i?2 �`2� `QmiBM; Bb iQ
+QMM2+i i?2 T`2pBQmbHv 2b+�T2/ `Qmi2b Q7 AfP T�/b �M/ mbm�HHv
bm#D2+i iQ �M mTT2`fHQr2` #QmM/ Q7 `Qmi2/ H2M;i? 7Q` 2�+? +QM@
M2+iBQM (N9)X h?2 2b+�T2 `QmiBM; +�M #2 7m`i?2` +�i2;Q`Bx2/ BMiQ
i?2 Q`/2`2/ 2b+�T2 �M/ i?2 mMQ`/2`2/ 2b+�T2X h?2 7Q`K2` M22/b
iQ `Qmi2 i?2 +QMM2+iBQMb rBi? bT2+B}+ Q`/2`BM; QM i?2 #QmM/�`v
r?BH2 i?2 H�ii2` M22/b MQiX "�b2/ QM i?2 i`�/BiBQM�H 2b+�T2 `Qmi@
BM; �M/ �`2� `QmiBM;- bQK2 2t+2HH2Mi �`ib r2`2 T`QTQb2/ iQ `Qmi2
�HH M2ib mM/2` +QMbB/2`BM; +QKTHB+�i2/ +QMbi`�BMib Q` /Bz2`2MiB�H
T�B`b (jR-R9R)X >Qr2p2`- 2b+�T2 `QmiBM; �M/ �`2� `QmiBM; K�v #2
BM�TT`QT`B�i2 7Q` /2�HBM; rBi? B``2;mH�`BiB2b Q7 MQM@":�X o2`v
`2+2MiHv- � mMB}2/ `QmiBM; 7`�K2rQ`F r�b T`QTQb2/ iQ ?�M/H2
bm+? /2bB;Mb rBi? i?2 `QmiBM; Q7 TQr2`f;`QmM/ M2ib- /Bz2`2M@
iB�H T�B`b- bB;M�H M2ib �M/ B``2;mH�`BiB2b Q7 MQM@":� T�+F�;2b
iQ;2i?2` (d9)X

�7i2` � S*" H�vQmi Bb r2HH@/2bB;M2/- bQK2 �/p�M+2/ �M/ +QK@
TH2t �M�HviB+�H KQ/2Hb BM i?2 i?2`K�H bBKmH�iBQM �`2 mb2/ iQ
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p2`B7v i?2 i?2`K�H /Bbi`B#miBQMX h?2 i?2`K�H bBKmH�iBQM T`Q@
pB/2b � +?�M+2 7Q` BMi2`�+iBp2 722/#�+F 7Q` `2HB�#BHBiv /m`BM; i?2
/2bB;M T`Q+2bbX AM i?2b2 �M�HviB+�H KQ/2Hb- i?2 i?2`K�H /Bbi`B#m@
iBQM +�M #2 +�H+mH�i2/ #v bQHpBM; i?2 ?2�i 2[m�iBQMb (R8j- R89)X
h?Bb `2[mB`2b �bbmKBM; i?2 �KQmMi Q7 ?2�i ;2M2`�i2/ #v /Bz2`@
2Mi +QKTQM2Mib- T�/b- pB�b �M/ b2;K2Mib i?2M +�H+mH�iBM; i?2
i2KT2`�im`2 BM+`2�b2 BM /Bz2`2Mi `2;BQMb Q7 i?2 #Q�`/ #v bQHp@
BM; i?2 bi2�/v@bi�i2 ?2�i 2[m�iBQMbX >Qr2p2`- i?2 i`�/BiBQM�H
p2`B}+�iBQM@i?2M@}t �TT`Q�+?2b �`2 BHH@2[mBTT2/ r?2M 7�+2/ rBi?
i?2 2p2`@;`QrBM; pBQH�iBQMb Q7 i?2`K�H HBKBibX AM Qi?2` rQ`/b-
�b b?QrM BM 6B;X kXj- B7 i?2`2 �`2 QM2 Q` KQ`2 i?2`K�H pBQH�@
iBQMb /2i2+i2/ #v i?2`K�H bBKmH�iBQM- i?2 /2bB;M2`b rBHH ;Q #�+F
iQ i?2 T`2pBQmb `QmiBM; bi2T iQ }t i?2KX h?mb i?2 i`�/BiBQM�H
p2`B}+�iBQM@i?2M@}t �TT`Q�+?2b ?�p2 � HQr 2{+B2M+v iQ �+?B2p2
� i?2`K�H r2HH S*" H�vQmi �M/ `2�+? /2bB;M +HQbm`2X

AM Q`/2` iQ BKT`Qp2 i?2 2{+B2M+v Q7 /2bB;M �M/ p2`B}+�iBQM-
b2p2`�H �M�HviB+�H T2`7Q`K�M+2 KQ/2Hb r2`2 BMi2;`�i2/ BMiQ �
`Qmi2` iQ BKT`Qp2 `QmiBM; [m�HBiv (k3-98)X >Qr2p2`- i?2 i?2`K�H
KQ/2H Bb p2`v +QKTH2t bQ i?�i Bi Bb /B{+mHi iQ /B`2+iHv BMi2;`�i2
Bi BMiQ � `Qmi2`X

_2+2MiHv- *LLb �`2 �/QTi2/ 7Q` 7�bi T`2/B+iBQMb �M/ 2biB@
K�iBQMb �7i2` i?2 FMQrH2/;2 Bb �+[mB`2/ 7`QK H�`;2 �KQmMib Q7
?BbiQ`B+�H /�i�X AM +QKTmi2`@�B/2/ /2bB;M U*�.V }2H/- *LLb
r2`2 H2p2`�;2/ iQ /2i2+i `2HB�#BHBiv pBQH�iBQMb (Rje-R8N) �M/ T`2@
/B+i `Qmi�#BHBiv (Rj8)X >Qr2p2`- i?2b2 /2i2+iBQMb �M/ T`2/B+iBQMb
+�MMQi T`QpB/2 �Mv ;mB/�M+2 7Q` T`2pBQmb /2bB;M bi�;2bX o2`v
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Post-routing 
layout

Thermal simulation

Layout with well 
thermal distribution

Fabrication Fabrication

Verification-then-fix approach Thermal-driven routing

6B;m`2 kXj h?2 ivTB+�H p2`B}+�iBQM@i?2M@}t `QmiBM; �TT`Q�+? �M/ Qm`
i?2`K�H@/`Bp2M `QmiBM; ~QrX

`2+2MiHv- *LLb@#�b2/ T2`7Q`K�M+2 KQ/2Hb r2`2 mb2/ iQ ;mB/2
T2`7Q`K�M+2@/`Bp2M TH�+2K2Mi (dd- d3)X >Qr2p2`- i?2 ivTB+�HHv
bBKmH�i2/ �MM2�HBM; K2i?Q/QHQ;v #`BM;b 2tT2MbBp2 +QKTmi�iBQM
bBM+2 i?2 BM72`2M+2 Q7 i?2 *LL@#�b2/ T2`7Q`K�M+2 KQ/2H ?�b iQ
#2 T2`7Q`K2/ BM 2�+? b2�`+? bi2T (dR)X JQ`2Qp2`- i?2 +QMpQHm@
iBQM�H ;2M2`�iBp2 �/p2`b�`B�H M2irQ`Fb r2`2 /2p2HQT2/ iQ T`2@
/B+i i?2 +QM;2biBQM ?2�iK�T- r?B+? r�b 7m`i?2` mb2/ iQ �pQB/
mMM2+2bb�`v b2�`+?2b �M/ �++2H2`�iBM; i?2 Qp2`�HH `QmiBM; T`Q@
+2bb (Rey)X "2bB/2b- � ;2M2`�iBp2 M2m`�H M2irQ`F r�b T`QTQb2/
iQ T`QpB/2 `QmiBM; ;mB/�M+2 pB� KBKB+FBM; i?2 bQT?BbiB+�i2/
K�Mm�H H�vQmi �TT`Q�+?2b (ReR)X >Qr2p2`- i?2b2 `Qmi2`b /Q MQi
#2 /B`2+iHv /`Bp2M #v bT2+B}+ H�vQmi T2`7Q`K�M+2 Q` `2HB�#BHBivX
aBM+2 i?2 `2H�iBQMb?BT #2ir22M `QmiBM; �M/ i?2`K�H /Bbi`B#m@
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iBQM Bb 2ti`2K2Hv +QKTH2tX AM Qi?2` rQ`/b- i?2 ?B;? i2KT2`�@
im`2 �`2� Bb MQi bi`�B;?i7Q`r�`/Hv b2i �b � F22TQmi Q` H�`;2 +Qbi
�`2�X q?BH2 Qi?2` 7�+iQ`b bm+? �b M2B;?#Q`?QQ/ 2MpB`QMK2Mib
�M/ i?2`K�H /BbbBT�iBQM �#BHBiv M22/ iQ #2 +QMbB/2`2/X h?mb i?2
`QmiBM; +�MMQi #2 bBKTHv ;mB/2/ #v T`2/B+i2/ i?2`K�H /Bbi`B#m@
iBQM Q#i�BM2/ 7`QK BM72`2M+2 Q7 *LL@#�b2/ T2`7Q`K�M+2 KQ/2H-
�b T`2pBQmb rQ`Fb (Rey- ReR)X h?mb- i?2b2 `Qmi2`b /Q MQi #2 /B@
`2+iHv /`Bp2M #v bT2+B}+ H�vQmi T2`7Q`K�M+2 Q` `2HB�#BHBivX hQ Qm`
#2bi FMQrH2/;2- MQM2 Q7 i?2 T`BQ` �`i ?�M/H2b i?2 T2`7Q`K�M+2@
Q` `2HB�#BHBiv@/`Bp2M `QmiBM; T`Q#H2K pB� /22T H2�`MBM; Q` *LLbX

kX9 :`QmT2/ +QMpQHmiBQM�H M2m`�H M2irQ`Fb
+QKT`2bbBQM

*LLb ?�p2 �+?B2p2/ BKT`2bbBp2 bm++2bb2b BM p�`BQmb �TTHB+�iBQMb
Q7 +QKTmi2` pBbBQM- bm+? �b Q#D2+i `2+Q;MBiBQM (9j- de)- Q#D2+i
/2i2+iBQM (je- j3- dN)- �M/ pB/2Q �M�HvbBb (R9k)X hQ ?�M/H2 +QK@
THB+�i2/ �TTHB+�iBQMb- *LL KQ/2Hb #2+QK2 /22T2` �M/ rB/2`-
r?B+? +�mb2b K�bbBp2 M2irQ`F T�`�K2i2`bX h?2 K�bbBp2 M2i@
rQ`F T�`�K2i2`b- ?Qr2p2`- #`BM; ?m;2 +?�HH2M;2b iQ KQ/2H biQ`@
�;2- /�i� i`�Mb72`- +QKTmi�iBQM Qp2`?2�/- �M/ 2M2`;v +QMbmKT@
iBQM (RRj- R9j)X "2bB/2b- i?2 K�bbBp2 M2irQ`F T�`�K2i2`b K�v
+QMi�BM `2/mM/�M+v- r?B+? +�mb2b Qp2`}iiBM; �M/ T2`7Q`K�M+2
/2;`�/�iBQMX

h?2 ;`QmT2/ +QMpQHmiBQM ?�b #22M �/QTi2/ iQ /2+`2�b2 T�@
`�K2i2` `2/mM/�M+v �M/ BKT`Qp2 �++m`�+v BM TQTmH�` *LLb-
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bm+? �b �H2tL2i (ej) �M/ _2bL2si (Rj9)X h?2 p�MBHH� ;`QmT2/
+QMpQHmiBQM Bb b?QrM BM 6B;X kX9U�V- r?2`2 i?2 BMTmib- i?2 r2B;?ib-
�M/ i?2 QmiTmib �`2 /BpB/2/ BMiQ b2p2`�H ;`QmTb iQ T2`7Q`K i?2
+QMpQHmiBQM QT2`�iBQMX AM T`�+iB+2- i?2 ;`QmT2/ +QMpQHmiBQM Bb
T`Qp2M iQ #2 �#H2 iQ �HH2pB�i2 Qp2`}iiBM; �M/ BKT`Qp2 i?2 KQ/2H
�++m`�+v- QmiT2`7Q`KBM; Bib +QmMi2`T�`i- 2X;X- MQM@;`QmT2/ _2bL2i
pbX ;`QmT2/ _2bL2si (Rj9- R88)X JQ`2Qp2`- i?2 ;`QmT2/ +QMpQ@
HmiBQM Bb �HbQ T`Qp2M iQ #2 KQ`2 2{+B2Mi �M/ 2z2+iBp2 i?�M rB/2`
�M/ /22T2` M2irQ`Fb (Rj9)X

�Hi?Qm;? i?2 ;`QmT2/ +QMpQHmiBQM ?�b i?2 �7Q`2K2MiBQM2/
�/p�Mi�;2b- i?2 M2irQ`F T�`�K2i2`b K�v biBHH ?�p2 `2/mM/�M+vX
o�`BQmb �`ib �`2 T`QTQb2/ iQ `2/m+2 T�`�K2i2` `2/mM/�M+vX h?2b2
K2i?Q/b +�M #2 +H�bbB}2/ BMiQ irQ ivT2b, KQ/2H +QKT`2bbBQM
K2i?Q/b �M/ �`+?Bi2+im`2 /2bB;M K2i?Q/b (Rkj)X �Hi?Qm;? 2t@
BbiBM; +QKT`2bbBQM K2i?Q/b ?�p2 ;QQ/ +QKT`2bbBQM T2`7Q`K�M+2
BM i?2 i`�/BiBQM�H +QMpQHmiBQM KQ/2Hb- i?2v K�v H2�/ iQ T2`7Q`@
K�M+2 /2;`�/�iBQMb r?BH2 #2BM; �TTHB2/ iQ ;`QmT2/ +QMpQHmiBQMb
bBM+2 i?2v B;MQ`2 i?2 /Bp2`bBiB2b Q7 BKTQ`i�M+2b �M/ +Q``2H�iBQMb
UBX2X- BMi2`@;`QmT BKTQ`i�M+2 �M/ BMi`�@;`QmT +Q``2H�iBQMV �KQM;
i?2 /Bz2`2Mi T�`�K2i2` ;`QmTbX qBi?Qmi bT2+B}+ QTiBKBx�iBQM
i2+?MB[m2b- /B`2+iHv i`�BMBM; KQ/2Hb rBi? i?2b2 ;`QmT �`+?Bi2+@
im`2b K�v �HbQ /2;`�/2 i?2 T2`7Q`K�M+2X

h?2 rB/2` �M/ /22T2` *LL KQ/2Hb #`BM; ;`2�i +?�HH2M;2b
iQ KQ/2H biQ`�;2- +QKTmi�iBQM- /�i� +QKKmMB+�iBQM- �M/ bvb@
i2K TQr2` +QMbmKTiBQM (ee)X h?2`27Q`2- K�Mv KQ/2H +QKT`2b@
bBQM K2i?Q/b r2`2 T`QTQb2/ iQ �//`2bb i?2b2 +?�HH2M;2bX *QM@
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⇤<latexit sha1_base64="CoGM6Ls8AFxGmTMoRpM6f5rhgY0=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4Kcckj2FgoYusj+CR2lr6Jk0uhiT8MfPz/Ocw5J0ikMOi6X87S8srq2npuI7+5tb2zW9jbr5s41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBlfjvHHPtRGxusNhwv2I9pQIBaNordvSaalTKLpldyKyCN4MipcfD98VAKh2Cp/tbszSiCtkkhrT8twE/YxqFEzyUb6dGp5QNqA93rKoaMSNn01GHZFj63RJGGv7FJKJ+7sjo5ExwyiwlRHFvpnPxuZ/WSvF8MLPhEpS5IpNPwpTSTAm471JV2jOUA4tUKaFnZWwPtWUob1O3h7Bm195EepnZc8tezdeseLCVDk4hCM4AQ/OoQLXUIUaMOjBIzzDiyOdJ+fVeZuWLjmzngP4I+f9B5T8j4M=</latexit><latexit sha1_base64="gO3Fm8GT3BA+VNFFUbYUWWMmsH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqheVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne/eqzTcPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAhEoz1</latexit>⇤<latexit sha1_base64="CoGM6Ls8AFxGmTMoRpM6f5rhgY0=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4Kcckj2FgoYusj+CR2lr6Jk0uhiT8MfPz/Ocw5J0ikMOi6X87S8srq2npuI7+5tb2zW9jbr5s41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBlfjvHHPtRGxusNhwv2I9pQIBaNordvSaalTKLpldyKyCN4MipcfD98VAKh2Cp/tbszSiCtkkhrT8twE/YxqFEzyUb6dGp5QNqA93rKoaMSNn01GHZFj63RJGGv7FJKJ+7sjo5ExwyiwlRHFvpnPxuZ/WSvF8MLPhEpS5IpNPwpTSTAm471JV2jOUA4tUKaFnZWwPtWUob1O3h7Bm195EepnZc8tezdeseLCVDk4hCM4AQ/OoQLXUIUaMOjBIzzDiyOdJ+fVeZuWLjmzngP4I+f9B5T8j4M=</latexit><latexit sha1_base64="gO3Fm8GT3BA+VNFFUbYUWWMmsH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqheVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne/eqzTcPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAhEoz1</latexit>

⇤<latexit sha1_base64="CoGM6Ls8AFxGmTMoRpM6f5rhgY0=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4Kcckj2FgoYusj+CR2lr6Jk0uhiT8MfPz/Ocw5J0ikMOi6X87S8srq2npuI7+5tb2zW9jbr5s41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBlfjvHHPtRGxusNhwv2I9pQIBaNordvSaalTKLpldyKyCN4MipcfD98VAKh2Cp/tbszSiCtkkhrT8twE/YxqFEzyUb6dGp5QNqA93rKoaMSNn01GHZFj63RJGGv7FJKJ+7sjo5ExwyiwlRHFvpnPxuZ/WSvF8MLPhEpS5IpNPwpTSTAm471JV2jOUA4tUKaFnZWwPtWUob1O3h7Bm195EepnZc8tezdeseLCVDk4hCM4AQ/OoQLXUIUaMOjBIzzDiyOdJ+fVeZuWLjmzngP4I+f9B5T8j4M=</latexit><latexit sha1_base64="gO3Fm8GT3BA+VNFFUbYUWWMmsH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqheVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne/eqzTcPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAhEoz1</latexit>⇤<latexit sha1_base64="CoGM6Ls8AFxGmTMoRpM6f5rhgY0=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4Kcckj2FgoYusj+CR2lr6Jk0uhiT8MfPz/Ocw5J0ikMOi6X87S8srq2npuI7+5tb2zW9jbr5s41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBlfjvHHPtRGxusNhwv2I9pQIBaNordvSaalTKLpldyKyCN4MipcfD98VAKh2Cp/tbszSiCtkkhrT8twE/YxqFEzyUb6dGp5QNqA93rKoaMSNn01GHZFj63RJGGv7FJKJ+7sjo5ExwyiwlRHFvpnPxuZ/WSvF8MLPhEpS5IpNPwpTSTAm471JV2jOUA4tUKaFnZWwPtWUob1O3h7Bm195EepnZc8tezdeseLCVDk4hCM4AQ/OoQLXUIUaMOjBIzzDiyOdJ+fVeZuWLjmzngP4I+f9B5T8j4M=</latexit><latexit sha1_base64="gO3Fm8GT3BA+VNFFUbYUWWMmsH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqheVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne/eqzTcPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAhEoz1</latexit>

k
<latexit sha1_base64="FyLrXuj3JtnmbUQELGx6DOBB0qY=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67Y0KHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HxHePmQ==</latexit><latexit sha1_base64="2JHLueZoLP1B9ygBT6ptX7FVqS8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VJdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGCCY0w</latexit>

k
<latexit sha1_base64="FyLrXuj3JtnmbUQELGx6DOBB0qY=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67Y0KHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HxHePmQ==</latexit><latexit sha1_base64="2JHLueZoLP1B9ygBT6ptX7FVqS8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VJdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGCCY0w</latexit>

k
<latexit sha1_base64="FyLrXuj3JtnmbUQELGx6DOBB0qY=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67Y0KHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HxHePmQ==</latexit><latexit sha1_base64="2JHLueZoLP1B9ygBT6ptX7FVqS8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VJdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGCCY0w</latexit>

k
<latexit sha1_base64="FyLrXuj3JtnmbUQELGx6DOBB0qY=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67Y0KHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HxHePmQ==</latexit><latexit sha1_base64="2JHLueZoLP1B9ygBT6ptX7FVqS8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VJdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGCCY0w</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

k
<latexit sha1_base64="FyLrXuj3JtnmbUQELGx6DOBB0qY=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67Y0KHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HxHePmQ==</latexit><latexit sha1_base64="2JHLueZoLP1B9ygBT6ptX7FVqS8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VJdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGCCY0w</latexit>

k
<latexit sha1_base64="FyLrXuj3JtnmbUQELGx6DOBB0qY=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67Y0KHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HxHePmQ==</latexit><latexit sha1_base64="2JHLueZoLP1B9ygBT6ptX7FVqS8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VJdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGCCY0w</latexit>

k
<latexit sha1_base64="FyLrXuj3JtnmbUQELGx6DOBB0qY=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67Y0KHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HxHePmQ==</latexit><latexit sha1_base64="2JHLueZoLP1B9ygBT6ptX7FVqS8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VJdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGCCY0w</latexit>

k
<latexit sha1_base64="FyLrXuj3JtnmbUQELGx6DOBB0qY=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67Y0KHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HxHePmQ==</latexit><latexit sha1_base64="2JHLueZoLP1B9ygBT6ptX7FVqS8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VJdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGCCY0w</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

H
<latexit sha1_base64="dpRazgL7nVDblav7J2WqEjcAuIU=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAiiEXYtdHOgE3KiOYCyRJmJ7PJkNnZZeasEEIewcZCEUt9AJ/FRnwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53Myura+kZ2M7e1vbO7l98/qJs41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBteTvHHPtRGxusNhwv2I9pQIBaNordtipdjJF9ySOxVZBm8OhauPty+wqnbyn+1uzNKIK2SSGtPy3AT9EdUomOTjXDs1PKFsQHu8ZVHRiBt/NB11TE6s0yVhrO1TSKbu744RjYwZRoGtjCj2zWI2Mf/LWimGl/5IqCRFrtjsozCVBGMy2Zt0heYM5dACZVrYWQnrU00Z2uvk7BG8xZWXoX5e8tySd+MVymcwUxaO4BhOwYMLKEMFqlADBj14gCd4dqTz6Lw4r7PSjDPvOYQ/ct5/AI9Ij3Y=</latexit><latexit sha1_base64="3iREGBOcjyNGcbihFPkBPbdIynM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMKdjZYBm5QRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjf3O09cGxGrR5wm3I/oSIlQMIpWeqg2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz1M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10n7uua5Ne/eq9Sv8jiKcAbncAke3EAdGtCEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AFM2o0N</latexit>

H
<latexit sha1_base64="dpRazgL7nVDblav7J2WqEjcAuIU=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAiiEXYtdHOgE3KiOYCyRJmJ7PJkNnZZeasEEIewcZCEUt9AJ/FRnwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53Myura+kZ2M7e1vbO7l98/qJs41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBteTvHHPtRGxusNhwv2I9pQIBaNordtipdjJF9ySOxVZBm8OhauPty+wqnbyn+1uzNKIK2SSGtPy3AT9EdUomOTjXDs1PKFsQHu8ZVHRiBt/NB11TE6s0yVhrO1TSKbu744RjYwZRoGtjCj2zWI2Mf/LWimGl/5IqCRFrtjsozCVBGMy2Zt0heYM5dACZVrYWQnrU00Z2uvk7BG8xZWXoX5e8tySd+MVymcwUxaO4BhOwYMLKEMFqlADBj14gCd4dqTz6Lw4r7PSjDPvOYQ/ct5/AI9Ij3Y=</latexit><latexit sha1_base64="3iREGBOcjyNGcbihFPkBPbdIynM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMKdjZYBm5QRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjf3O09cGxGrR5wm3I/oSIlQMIpWeqg2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz1M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10n7uua5Ne/eq9Sv8jiKcAbncAke3EAdGtCEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AFM2o0N</latexit>

W
<latexit sha1_base64="weIq5u+XxcR+QWHo0QhpV/Va4ao=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67bUKHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HphOPhQ==</latexit><latexit sha1_base64="HgD9T99YLtigDZ4mDDDuu3qO7L4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VOdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AFjpY0c</latexit>

W
<latexit sha1_base64="weIq5u+XxcR+QWHo0QhpV/Va4ao=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67bUKHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HphOPhQ==</latexit><latexit sha1_base64="HgD9T99YLtigDZ4mDDDuu3qO7L4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VOdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AFjpY0c</latexit>

W
<latexit sha1_base64="weIq5u+XxcR+QWHo0QhpV/Va4ao=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67bUKHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HphOPhQ==</latexit><latexit sha1_base64="HgD9T99YLtigDZ4mDDDuu3qO7L4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VOdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AFjpY0c</latexit>

W
<latexit sha1_base64="weIq5u+XxcR+QWHo0QhpV/Va4ao=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67bUKHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HphOPhQ==</latexit><latexit sha1_base64="HgD9T99YLtigDZ4mDDDuu3qO7L4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VOdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AFjpY0c</latexit>

H
<latexit sha1_base64="dpRazgL7nVDblav7J2WqEjcAuIU=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAiiEXYtdHOgE3KiOYCyRJmJ7PJkNnZZeasEEIewcZCEUt9AJ/FRnwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53Myura+kZ2M7e1vbO7l98/qJs41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBteTvHHPtRGxusNhwv2I9pQIBaNordtipdjJF9ySOxVZBm8OhauPty+wqnbyn+1uzNKIK2SSGtPy3AT9EdUomOTjXDs1PKFsQHu8ZVHRiBt/NB11TE6s0yVhrO1TSKbu744RjYwZRoGtjCj2zWI2Mf/LWimGl/5IqCRFrtjsozCVBGMy2Zt0heYM5dACZVrYWQnrU00Z2uvk7BG8xZWXoX5e8tySd+MVymcwUxaO4BhOwYMLKEMFqlADBj14gCd4dqTz6Lw4r7PSjDPvOYQ/ct5/AI9Ij3Y=</latexit><latexit sha1_base64="3iREGBOcjyNGcbihFPkBPbdIynM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMKdjZYBm5QRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjf3O09cGxGrR5wm3I/oSIlQMIpWeqg2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz1M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10n7uua5Ne/eq9Sv8jiKcAbncAke3EAdGtCEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AFM2o0N</latexit>

H
<latexit sha1_base64="dpRazgL7nVDblav7J2WqEjcAuIU=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAiiEXYtdHOgE3KiOYCyRJmJ7PJkNnZZeasEEIewcZCEUt9AJ/FRnwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53Myura+kZ2M7e1vbO7l98/qJs41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBteTvHHPtRGxusNhwv2I9pQIBaNordtipdjJF9ySOxVZBm8OhauPty+wqnbyn+1uzNKIK2SSGtPy3AT9EdUomOTjXDs1PKFsQHu8ZVHRiBt/NB11TE6s0yVhrO1TSKbu744RjYwZRoGtjCj2zWI2Mf/LWimGl/5IqCRFrtjsozCVBGMy2Zt0heYM5dACZVrYWQnrU00Z2uvk7BG8xZWXoX5e8tySd+MVymcwUxaO4BhOwYMLKEMFqlADBj14gCd4dqTz6Lw4r7PSjDPvOYQ/ct5/AI9Ij3Y=</latexit><latexit sha1_base64="3iREGBOcjyNGcbihFPkBPbdIynM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMKdjZYBm5QRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjf3O09cGxGrR5wm3I/oSIlQMIpWeqg2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz1M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10n7uua5Ne/eq9Sv8jiKcAbncAke3EAdGtCEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AFM2o0N</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>

Group 1
Group 2

U�V

⇤<latexit sha1_base64="CoGM6Ls8AFxGmTMoRpM6f5rhgY0=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4Kcckj2FgoYusj+CR2lr6Jk0uhiT8MfPz/Ocw5J0ikMOi6X87S8srq2npuI7+5tb2zW9jbr5s41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBlfjvHHPtRGxusNhwv2I9pQIBaNordvSaalTKLpldyKyCN4MipcfD98VAKh2Cp/tbszSiCtkkhrT8twE/YxqFEzyUb6dGp5QNqA93rKoaMSNn01GHZFj63RJGGv7FJKJ+7sjo5ExwyiwlRHFvpnPxuZ/WSvF8MLPhEpS5IpNPwpTSTAm471JV2jOUA4tUKaFnZWwPtWUob1O3h7Bm195EepnZc8tezdeseLCVDk4hCM4AQ/OoQLXUIUaMOjBIzzDiyOdJ+fVeZuWLjmzngP4I+f9B5T8j4M=</latexit><latexit sha1_base64="gO3Fm8GT3BA+VNFFUbYUWWMmsH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqheVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne/eqzTcPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAhEoz1</latexit>⇤<latexit sha1_base64="CoGM6Ls8AFxGmTMoRpM6f5rhgY0=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4Kcckj2FgoYusj+CR2lr6Jk0uhiT8MfPz/Ocw5J0ikMOi6X87S8srq2npuI7+5tb2zW9jbr5s41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBlfjvHHPtRGxusNhwv2I9pQIBaNordvSaalTKLpldyKyCN4MipcfD98VAKh2Cp/tbszSiCtkkhrT8twE/YxqFEzyUb6dGp5QNqA93rKoaMSNn01GHZFj63RJGGv7FJKJ+7sjo5ExwyiwlRHFvpnPxuZ/WSvF8MLPhEpS5IpNPwpTSTAm471JV2jOUA4tUKaFnZWwPtWUob1O3h7Bm195EepnZc8tezdeseLCVDk4hCM4AQ/OoQLXUIUaMOjBIzzDiyOdJ+fVeZuWLjmzngP4I+f9B5T8j4M=</latexit><latexit sha1_base64="gO3Fm8GT3BA+VNFFUbYUWWMmsH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqheVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne/eqzTcPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAhEoz1</latexit>

⇤<latexit sha1_base64="CoGM6Ls8AFxGmTMoRpM6f5rhgY0=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4Kcckj2FgoYusj+CR2lr6Jk0uhiT8MfPz/Ocw5J0ikMOi6X87S8srq2npuI7+5tb2zW9jbr5s41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBlfjvHHPtRGxusNhwv2I9pQIBaNordvSaalTKLpldyKyCN4MipcfD98VAKh2Cp/tbszSiCtkkhrT8twE/YxqFEzyUb6dGp5QNqA93rKoaMSNn01GHZFj63RJGGv7FJKJ+7sjo5ExwyiwlRHFvpnPxuZ/WSvF8MLPhEpS5IpNPwpTSTAm471JV2jOUA4tUKaFnZWwPtWUob1O3h7Bm195EepnZc8tezdeseLCVDk4hCM4AQ/OoQLXUIUaMOjBIzzDiyOdJ+fVeZuWLjmzngP4I+f9B5T8j4M=</latexit><latexit sha1_base64="gO3Fm8GT3BA+VNFFUbYUWWMmsH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqheVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne/eqzTcPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAhEoz1</latexit>⇤<latexit sha1_base64="CoGM6Ls8AFxGmTMoRpM6f5rhgY0=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4Kcckj2FgoYusj+CR2lr6Jk0uhiT8MfPz/Ocw5J0ikMOi6X87S8srq2npuI7+5tb2zW9jbr5s41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBlfjvHHPtRGxusNhwv2I9pQIBaNordvSaalTKLpldyKyCN4MipcfD98VAKh2Cp/tbszSiCtkkhrT8twE/YxqFEzyUb6dGp5QNqA93rKoaMSNn01GHZFj63RJGGv7FJKJ+7sjo5ExwyiwlRHFvpnPxuZ/WSvF8MLPhEpS5IpNPwpTSTAm471JV2jOUA4tUKaFnZWwPtWUob1O3h7Bm195EepnZc8tezdeseLCVDk4hCM4AQ/OoQLXUIUaMOjBIzzDiyOdJ+fVeZuWLjmzngP4I+f9B5T8j4M=</latexit><latexit sha1_base64="gO3Fm8GT3BA+VNFFUbYUWWMmsH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqheVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne/eqzTcPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAhEoz1</latexit>

k
<latexit sha1_base64="FyLrXuj3JtnmbUQELGx6DOBB0qY=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67Y0KHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HxHePmQ==</latexit><latexit sha1_base64="2JHLueZoLP1B9ygBT6ptX7FVqS8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VJdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGCCY0w</latexit>

k
<latexit sha1_base64="FyLrXuj3JtnmbUQELGx6DOBB0qY=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67Y0KHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HxHePmQ==</latexit><latexit sha1_base64="2JHLueZoLP1B9ygBT6ptX7FVqS8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VJdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGCCY0w</latexit>

k
<latexit sha1_base64="FyLrXuj3JtnmbUQELGx6DOBB0qY=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67Y0KHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HxHePmQ==</latexit><latexit sha1_base64="2JHLueZoLP1B9ygBT6ptX7FVqS8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VJdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGCCY0w</latexit>

k
<latexit sha1_base64="FyLrXuj3JtnmbUQELGx6DOBB0qY=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67Y0KHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HxHePmQ==</latexit><latexit sha1_base64="2JHLueZoLP1B9ygBT6ptX7FVqS8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VJdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGCCY0w</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

H
<latexit sha1_base64="dpRazgL7nVDblav7J2WqEjcAuIU=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAiiEXYtdHOgE3KiOYCyRJmJ7PJkNnZZeasEEIewcZCEUt9AJ/FRnwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53Myura+kZ2M7e1vbO7l98/qJs41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBteTvHHPtRGxusNhwv2I9pQIBaNordtipdjJF9ySOxVZBm8OhauPty+wqnbyn+1uzNKIK2SSGtPy3AT9EdUomOTjXDs1PKFsQHu8ZVHRiBt/NB11TE6s0yVhrO1TSKbu744RjYwZRoGtjCj2zWI2Mf/LWimGl/5IqCRFrtjsozCVBGMy2Zt0heYM5dACZVrYWQnrU00Z2uvk7BG8xZWXoX5e8tySd+MVymcwUxaO4BhOwYMLKEMFqlADBj14gCd4dqTz6Lw4r7PSjDPvOYQ/ct5/AI9Ij3Y=</latexit><latexit sha1_base64="3iREGBOcjyNGcbihFPkBPbdIynM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMKdjZYBm5QRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjf3O09cGxGrR5wm3I/oSIlQMIpWeqg2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz1M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10n7uua5Ne/eq9Sv8jiKcAbncAke3EAdGtCEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AFM2o0N</latexit>

H
<latexit sha1_base64="dpRazgL7nVDblav7J2WqEjcAuIU=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAiiEXYtdHOgE3KiOYCyRJmJ7PJkNnZZeasEEIewcZCEUt9AJ/FRnwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53Myura+kZ2M7e1vbO7l98/qJs41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBteTvHHPtRGxusNhwv2I9pQIBaNordtipdjJF9ySOxVZBm8OhauPty+wqnbyn+1uzNKIK2SSGtPy3AT9EdUomOTjXDs1PKFsQHu8ZVHRiBt/NB11TE6s0yVhrO1TSKbu744RjYwZRoGtjCj2zWI2Mf/LWimGl/5IqCRFrtjsozCVBGMy2Zt0heYM5dACZVrYWQnrU00Z2uvk7BG8xZWXoX5e8tySd+MVymcwUxaO4BhOwYMLKEMFqlADBj14gCd4dqTz6Lw4r7PSjDPvOYQ/ct5/AI9Ij3Y=</latexit><latexit sha1_base64="3iREGBOcjyNGcbihFPkBPbdIynM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMKdjZYBm5QRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjf3O09cGxGrR5wm3I/oSIlQMIpWeqg2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz1M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10n7uua5Ne/eq9Sv8jiKcAbncAke3EAdGtCEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AFM2o0N</latexit>

W
<latexit sha1_base64="weIq5u+XxcR+QWHo0QhpV/Va4ao=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67bUKHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HphOPhQ==</latexit><latexit sha1_base64="HgD9T99YLtigDZ4mDDDuu3qO7L4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VOdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AFjpY0c</latexit>

W
<latexit sha1_base64="weIq5u+XxcR+QWHo0QhpV/Va4ao=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67bUKHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HphOPhQ==</latexit><latexit sha1_base64="HgD9T99YLtigDZ4mDDDuu3qO7L4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VOdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AFjpY0c</latexit>

W
<latexit sha1_base64="weIq5u+XxcR+QWHo0QhpV/Va4ao=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67bUKHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HphOPhQ==</latexit><latexit sha1_base64="HgD9T99YLtigDZ4mDDDuu3qO7L4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VOdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AFjpY0c</latexit>

W
<latexit sha1_base64="weIq5u+XxcR+QWHo0QhpV/Va4ao=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GUwEsQi7NtoZsLGMaC6QLGF2MpsMmZ1dZs4KYckj2FgoYqkP4LPYiG/j5FJo4g8DH/9/DnPOCRIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwdU4b9xzbUSs7nCYcD+iPSVCwSha67bUKHUKRbfsTkQWwZtB8fLj7Qusqp3CZ7sbszTiCpmkxrQ8N0E/oxoFk3yUb6eGJ5QNaI+3LCoaceNnk1FH5Ng6XRLG2j6FZOL+7shoZMwwCmxlRLFv5rOx+V/WSjG88DOhkhS5YtOPwlQSjMl4b9IVmjOUQwuUaWFnJaxPNWVor5O3R/DmV16E+lnZc8vejVesnMJUOTiEIzgBD86hAtdQhRow6MEDPMGzI51H58V5nZYuObOeA/gj5/0HphOPhQ==</latexit><latexit sha1_base64="HgD9T99YLtigDZ4mDDDuu3qO7L4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMJdGi0DNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9VOdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmnfvVRpXeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AFjpY0c</latexit>

H
<latexit sha1_base64="dpRazgL7nVDblav7J2WqEjcAuIU=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAiiEXYtdHOgE3KiOYCyRJmJ7PJkNnZZeasEEIewcZCEUt9AJ/FRnwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53Myura+kZ2M7e1vbO7l98/qJs41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBteTvHHPtRGxusNhwv2I9pQIBaNordtipdjJF9ySOxVZBm8OhauPty+wqnbyn+1uzNKIK2SSGtPy3AT9EdUomOTjXDs1PKFsQHu8ZVHRiBt/NB11TE6s0yVhrO1TSKbu744RjYwZRoGtjCj2zWI2Mf/LWimGl/5IqCRFrtjsozCVBGMy2Zt0heYM5dACZVrYWQnrU00Z2uvk7BG8xZWXoX5e8tySd+MVymcwUxaO4BhOwYMLKEMFqlADBj14gCd4dqTz6Lw4r7PSjDPvOYQ/ct5/AI9Ij3Y=</latexit><latexit sha1_base64="3iREGBOcjyNGcbihFPkBPbdIynM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMKdjZYBm5QRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjf3O09cGxGrR5wm3I/oSIlQMIpWeqg2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz1M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10n7uua5Ne/eq9Sv8jiKcAbncAke3EAdGtCEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AFM2o0N</latexit>

H
<latexit sha1_base64="dpRazgL7nVDblav7J2WqEjcAuIU=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAiiEXYtdHOgE3KiOYCyRJmJ7PJkNnZZeasEEIewcZCEUt9AJ/FRnwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53Myura+kZ2M7e1vbO7l98/qJs41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBteTvHHPtRGxusNhwv2I9pQIBaNordtipdjJF9ySOxVZBm8OhauPty+wqnbyn+1uzNKIK2SSGtPy3AT9EdUomOTjXDs1PKFsQHu8ZVHRiBt/NB11TE6s0yVhrO1TSKbu744RjYwZRoGtjCj2zWI2Mf/LWimGl/5IqCRFrtjsozCVBGMy2Zt0heYM5dACZVrYWQnrU00Z2uvk7BG8xZWXoX5e8tySd+MVymcwUxaO4BhOwYMLKEMFqlADBj14gCd4dqTz6Lw4r7PSjDPvOYQ/ct5/AI9Ij3Y=</latexit><latexit sha1_base64="3iREGBOcjyNGcbihFPkBPbdIynM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhNBLMKdjZYBm5QRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjf3O09cGxGrR5wm3I/oSIlQMIpWeqg2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz1M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10n7uua5Ne/eq9Sv8jiKcAbncAke3EAdGtCEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AFM2o0N</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Ci0 = Ci/2
<latexit sha1_base64="IS4A7g3IBw6aA8Za4xd+mac/Hq4=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJagBQ0dwlXU4hwqU+nbRKTszoGXi/pBi1W58vQNAvW9/9AYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls9un6NQoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw6aVMxImmgswfChKOdISyINCASUo0nxiCiWTmVkRGWGKiTVwFE4K7+OVl0qqUXafsNtxi1YE58nAMJ3AGLlxAFa6hDk0gcA8P8ATP1tR6tF6s1/lozvrZOYQ/sN6+AeWgkfs=</latexit><latexit sha1_base64="QNj0BkHJkK6HoKN5In8eXbKxEQE=">AAAB+3icbVC7TsMwFL0pr1JeBSbEYtEiMZUkCyxIlbowFok+pDaqHNdpTR0nsh1EFfVXWBhAiJUfYeNvcNoM0HKkq3t0zr3y9fFjzpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8SeNzO88UqlYJO71NKZeiEeCBYxgbaQHqEIDGDqBm6zDJbhQHZQrds2eA60SJycVyNEclL/6w4gkIRWacKxUz7Fj7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tL57TN0bpQhCiJpSmg0V39vpDhUahr6ZjLEeqyWvUz8z+slOrj2UibiRFNBFg8FCUc6QlkQaMgkJZpPDcFEMnMrImMsMdEmrpIJwVn+8ippuzXHrjl3bqVu53EU4RTO4AIcuII63EITWkDgCZ7hFd6smfVivVsfi9GCle8cwx9Ynz/GKY+r</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>

Co0 = Co/2
<latexit sha1_base64="EMvsFwRuwXccontMvcSQzyuSySA=">AAAB+3icbVC7TsMwFL0pr1JeASbEYtEiMZWkCyxIlbowthJ9SG1UOa7TmjpOZDuIKuqvsDCAECs738DGX/AJOC0DtBzp6h6dc698ffyYM6Ud59PKrayurW/kNwtb2zu7e/b+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/riW+e07KhWLxI2exNQL8VCwgBGsjXQLJahBhI7gKutwDhUo9e2iU3ZmQMvE/SHFqt34egeAet/+6A0ikoRUaMKxUl3XibWXYqkZ4XRa6CWKxpiM8ZB2DRU4pMpLZ7dP0alRBiiIpCmh0Uz9vZHiUKlJ6JvJEOuRWvQy8T+vm+jg0kuZiBNNBZk/FCQc6QhlQaABk5RoPjEEE8nMrYiMsMREm7gKJgR38cvLpFUpu07ZbbjFqgNz5OEYTuAMXLiAKlxDHZpA4B4e4Ameran1aL1Yr/PRnPWzcwh/YL19A/hIkgc=</latexit><latexit sha1_base64="mDdWFpXYkEIlFSBe2kUSFGKLPgM=">AAAB+3icbVDLTgIxFL2DL8QX6sq4aQQTVzjDRjcmJGxcYiKPBCakUzpQ6bSTtmMkhF9x40Jj3Poj7vwbOzALBU9yc0/OuTe9PUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GNdTv/1IlWZS3JtJTP0IDwULGcHGSg9QhjpIdAI3aYdLqEK5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGn2JlGOF0VuglmsaYjPGQdi0VOKLan85vn6FzqwxQKJUtYdBc/b0xxZHWkyiwkxE2I73speJ/Xjcx4bU/ZSJODBVk8VCYcGQkSoNAA6YoMXxiCSaK2VsRGWGFibFxFWwI3vKXV0mrWvHcindXLdXcLI48nMIZXIAHV1CDW2hAEwg8wTO8wpszc16cd+djMZpzsp1j+APn8wfY0Y+3</latexit>
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6B;m`2 kX9 h?2 p�MBHH� ;`QmT2/ +QMpQHmiBQM �M/ Qm` T`QTQb2/ b?�`BM; ;`QmT2/
+QMpQHmiBQM Uk ;`QmTb- i?2 #Hm2 #Qt2b �`2 i?2 BMTmi 72�im`2b- i?2 Q`�M;2
#Qt2b �`2 i?2 F2`M2Hb- i?2 ;`22M #Qt2b �`2 i?2 QmiTmi 72�im`2bX H �M/ W �`2
?2B;?i �M/ r2B;?i Q7 i?2 BMTmi 72�im`2bX Ci �M/ Co �`2 i?2 MmK#2`b Q7 i?2
BMTmi �M/ QmiTmi +?�MM2HbX Ci′ �M/ Co′ �`2 i?2 MmK#2`b Q7 i?2 BMTmi �M/
QmiTmi +?�MM2Hb BM 2�+? ;`QmTX k Bb F2`M2H bBx2V, U�V h?2 p�MBHH� ;`QmT2/
+QMpQHmiBQMX 1�+? ;`QmT ?�b Bib QrM r2B;?ibX U#V Pm` T`QTQb2/ b?�`BM;
;`QmT2/ +QMpQHmiBQMX �HH Q7 i?2b2 ;`QmTb b?�`2 i?2 b�K2 r2B;?ibX

b2[m2MiHv- i?2 KQ/2H +QKT`2bbBQM +�M `2/m+2 i?2 BM72`2M+2 `mM@
iBK2X h?2 BM72`2M+2 `mMiBK2 +QMbBbib Q7 K2KQ`v �++2bb �M/ +QK@
Tmi�iBQM (RRj-R9j)- r?2`2 K2KQ`v �++2bb Bb mbm�HHv i?2 `mMiBK2
#QiiH2M2+F (Rkd)X
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hvTB+�H KQ/2H +QKT`2bbBQM K2i?Q/b +�M #2 +�i2;Q`Bx2/ BMiQ
KQ/2H T`mMBM;- #Bi [m�MiBx�iBQM- HQr@`�MF �TT`QtBK�iBQM- �M/
FMQrH2/;2 /BbiBHH�iBQM (R9d)X JQ/2H T`mMBM; K2i?Q/b +�M #2
mb2/ iQ T`mM2 T�`�K2i2`b BM /Bz2`2Mi K�MM2`b- 2X;X- +?�MM2H@
rBb2 �M/ /2Ti?@rBb2 T`mMBM;b (9k-99-9d-eN-3y-Rk3-R8y)- Q` bi`m+@
im`�H �M/ MQM@bi`m+im`�H T`mMMBM;b (RRN- RkR)X AM T�`iB+mH�`-
�ii2MiBQM bi�iBbiB+b r2`2 �/QTi2/ iQ 2p�Hm�i2 i?2 BKTQ`i�M+2
Q7 +?�MM2Hb bQ i?�i +?�MM2Hb +�M #2 T`mM2/ #v i?2 2p�Hm�iBQM
(Rj3)X h?2 HQr@`�MF �TT`QtBK�iBQM �M/ i?2 KQ/2H T�`�K2i2`b
bT�`bB}+�iBQM +�M �++2H2`�i2 BM72`2M+2 �M/ `2/m+2 KQ/2H biQ`@
�;2 (kR- kj- 8d- ed- 39- Ny- Nj)X .m2 iQ i?2 `2/mM/�M+v Q7 i?2
/�i� T`2+BbBQM- #Bi [m�MiBx�iBQM �TT`Q�+?2b H2�`M HQr@#Bi `2T@
`2b2Mi�iBQMb Q7 72�im`2b �M/ T�`�K2i2`b (9R-Rjy)X h?2`27Q`2- #Bi
[m�MiBx�iBQM �TT`Q�+?2b �`2 p2`v mb27mH 7Q` KQ/2H /2THQvK2Mi
i�bFb QM /QK�BM@bT2+B}+ ?�`/r�`2 (R9j)X .Bz2`2Mi 7`QK Qi?2`
+�i2;Q`B2b- FMQrH2/;2 /BbiBHH�iBQM K2i?Q/b 7�+BHBi�i2 i?2 i`�BM@
BM; Q7 HB;?ir2B;?i KQ/2Hb #v mbBM; FMQrH2/;2 H2�`M2/ 7`QK H�`;2
M2irQ`Fb (kR- 8d)X

�Hi?Qm;? i?2b2 +QKT`2bbBQM K2i?Q/b ?�p2 ;QQ/ +QKT`2bbBQM
T2`7Q`K�M+2 BM i?2 i`�/BiBQM�H +QMpQHmiBQM- i?2v K�v H2�/ iQ
T2`7Q`K�M+2 /2;`�/�iBQM 7Q` i?2 ;`QmT2/ +QMpQHmiBQM bBM+2 i?2v
B;MQ`2 i?2 /Bp2`bBiB2b Q7 BMi2`@;`QmT BKTQ`i�M+2 �M/ BMi`�@;`QmT
+Q``2H�iBQM �KQM; i?2 T�`�K2i2` ;`QmTbX

*QMbB/2`BM; i?2 �7Q`2K2MiBQM2/ /`�r#�+Fb BM KQ/2H +QK@
T`2bbBQM K2i?Q/b- bQK2 rQ`Fb �/QTi Qi?2` r�vb iQ /2bB;M 27@
}+B2Mi �`+?Bi2+im`2b iQ BKT`Qp2 M2irQ`F T2`7Q`K�M+2X o�`BQmb
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T�`�K2i2` MQ`K�HBx�iBQM H�v2`b r2`2 T`QTQb2/ iQ �pQB/ T2`7Q`@
K�M+2 /2;`�/�iBQM- bm+? �b #�i+? MQ`K�HBx�iBQM- brBi+?�#H2 MQ`@
K�HBx�iBQM- 2t2KTH�` MQ`K�HBx�iBQM (89- 3j- Rye- Ryd- R93)X >Qr@
2p2`- i?2b2 MQ`K�HBx�iBQM b+?2K2b +�MMQi `2KQp2 T�`�K2i2` `2@
/mM/�M+v 2p2M K�F2 i?2 M2irQ`Fb +mK#2`bQK2X "2bB/2b- bQK2
i`B+Fv M2m`�H �`+?Bi2+im`2 b2�`+? K2i?Q/b �`2 T`QTQb2/ iQ /2@
i2`KBM2 M2irQ`F +QM};m`�iBQMb (8e)X aQK2 rQ`Fb `2TH�+2 H�`;2
}Hi2`b rBi? bK�HH2` QM2b (9j- 93)X AM Q`/2` iQ 7m`i?2` 2HBKBM�i2
`2/mM/�M+B2b- bQK2 �`ib �/QTi b2T�`�#H2 +QMpQHmiBQM (e3)- i?�i
Bb `2TH�+BM; � j. +QMpQHmiBQM rBi? KmHiBTH2 k. +QMpQHmiBQMbX
6Q` 2t�KTH2- � j. +QMpQHmiBQM Bb 7�+iQ`Bx2/ iQ #2 irQ k. QM2b
BM AM+2TiBQM oj (RR8)X h?2 T`2@/2}M2/ bT�`b2 k. F2`M2Hb �`2
mb2/ iQ K�F2 � i`�/2@Qz #2ir22M �++m`�+v �M/ 2M2`;v +QMbmKT@
iBQM (ee)X h?2 /2Ti?rBb2 b2T�`�#H2 +QMpQHmiBQM Bb �/QTi2/ BM
JQ#BH2L2ib (9e) �M/ s+2TiBQM (kd)X

AM T�`iB+mH�`- i?2 ;`QmT2/ +QMpQHmiBQM Bb �M 2{+B2Mi �`+?B@
i2+im`2 QmiT2`7Q`KBM; Bib +QmMi2`T�`i- 2X;X- MQM@;`QmT2/ _2bL2i
pbX ;`QmT2/ _2bL2si (Rj9- R88)X h?2 ;`QmT2/ +QMpQHmiBQM r�b
}`biHv T`QTQb2/ BM �H2tL2i (ej)- r?B+? �HHQ+�i2b KQ/2Hb QM irQ
:Slb iQ 7�+BHBi�i2 T�`�HH2HBbKX h?2 ;`QmT2/ +QMpQHmiBQM �/QTib
i?2 bT�`b2 +QMpQHmiBQM +QMM2+iBQMb #2ir22M BMTmi �M/ QmiTmi
+?�MM2Hb- #v /BpB/BM; i?2 BMTmi +?�MM2Hb- QmiTmi +?�MM2Hb- �M/
i?2B` +QMM2+iBQMb BMiQ b2p2`�H ;`QmTb �b b?QrM BM 6B;X kX9U�VX
*QKT�`2/ rBi? i?2 i`�/BiBQM�H +QMpQHmiBQMb rBi? ǳ7mHHv +QM@
M2+i2/Ǵ 72�im`2b �M/ r2B;?ib- i?2 T�`�K2i2`b �M/ +QKTmi�iBQM
+Qbib �`2 `2/m+2/X
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h?2 bm++2bb2b Q7 ;`QmT2/ +QMpQHmiBQM ?�p2 BMbTB`2/ Bib rB/2
�TTHB+�iBQMb- 2X;X- a?m|2L2i (R8k) �M/ *QM/2Mb2L2i (93)X _2@
+2MiHv- iQ BKT`Qp2 i?2 KQ/2H �++m`�+v- �M BMi2`H2�p2/ ;`QmT2/
+QMpQHmiBQMb r2`2 /2bB;M2/ iQ 7m`i?2` BKT`Qp2b T�`�K2i2` 27@
}+B2M+v �M/ +H�bbB}+�iBQM �++m`�+v (R9N)X qm 2i �HX T`QTQb2/
� ;`QmT MQ`K�HBx�iBQM H�v2`- r?2`2 i?2 K2�M �M/ p�`B�M+2 �`2
+QKTmi2/ rBi?BM 2�+? ;`QmT (Rjj)X � /vM�KB+ ;`QmT2/ +QMpQ@
HmiBQM r�b /2bB;M2/ rBi? /Bz2`2Mi MmK#2`b Q7 +?�MM2Hb BM i?2
b�K2 H�v2` (RRk-R88)X � 7mHHv H2�`M�#H2 ;`QmT2/ +QMpQHmiBQM r�b
T`QTQb2/ iQ 7`22Hv +?QQb2 i?2 ;`QmTBM; bi`�i2;v BM i?2 i`�BMBM;
bi�;2 (Rkj)X h?2 QTiBK�H +?�MM2H T2`Kmi�iBQM r�b /2p2HQT2/
iQ 2tTHQ`2 ;`QmT +QM};m`�iBQM (R83)X >Qr2p2`- i?2 +Q``2H�iBQM
�KQM; T�`�K2i2`b �M/ ;`QmTb /Q2b MQi #2 +QMbB/2`2/ bQ i?�i
i?2b2 K2i?Q/b rBHH +�mb2 T2`7Q`K�M+2 /2;`�/�iBQMX

�++Q`/BM; iQ i?2 /Bb+mbbBQM- i?2b2 Bb MQ �`i �#Qmi ;`QmT2/
+QMpQHmiBQM +QKT`2bbBQMX

kX8 amKK�`v

�++Q`/BM; iQ Qm` HBi2`�im`2 `2pB2r- i?2`2 �`2 b2p2`�H +?�HH2M;2b
BM ?�`/r�`2 `2HB�#BHBiv �M/ 2{+B2M+v,

Ç S`2pBQmb b2MbQ` +�HB#`�iBQM rQ`Fb +�MMQi ?�M/H2 i?2 bBim@
�iBQM r?2`2 /2Mb2 �;2/ b2MbQ`b ?�p2 K2�bm`2K2Mi 2``Q`b
K2�Mr?BH2 i?2`2 Bb MQ T�`iB�H BM7Q`K�iBQM- bm+? �b r2�i?2`
�M/ K�i2`B�H- T`QpB/2/ 7Q` +�HB#`�iBQMc
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Ç h?2 ivTB+�H ?QKQ;2M2Qmb :*Lb �M/ i?2B` b?�HHQr bi`m+@
im`2 #`BM;b T2`7Q`K�M+2 /2;`�/�iBQM BM i?2 �M�HQ; �;BM;
/2;`�/�iBQM 2biBK�iBQMc

Ç LQM2 Q7 i?2 T`BQ` �`i ?�M/H2b i?2 T2`7Q`K�M+2@ Q` `2HB�#BHBiv@
/`Bp2M `QmiBM; T`Q#H2K pB� /22T H2�`MBM; Q` *LLb iQ �+?B2p2
/2bB;M +HQbm`2c

Ç h?2b2 Bb MQ �`i �#Qmi ;`QmT2/ +QMpQHmiBQM +QKT`2bbBQM #v
+QMbB/2`BM; i?2 +Q``2H�iBQM �KQM; T�`�K2i2`b �M/ ;`QmTbX

AM i?Bb i?2bBb- r2 rBHH T`QTQb2 K2i?Q/QHQ;B2b iQ ?�M/H2 i?2b2
+?�HH2M;2b iQ �+?B2p2 ?�`/r�`2 `2HB�#BHBiv �M/ 2{+B2M+vX

! 1M/ Q7 +?�Ti2`X



*?�Ti2` j

a2MbQ` *�HB#`�iBQM

jXR S`2HBKBM�`v

AM bK�`i #mBH/BM;- b2p2`�H HQr@+Qbi b2MbQ`b �`2 /2THQv2/ iQ b2Mb2
BM@#mBH/BM; i2KT2`�im`2bX 6m`i?2`KQ`2- �HH b2MbQ`b �`2 MQM@
`2KQp�#H2 QM+2 i?2v �`2 /2THQv2/ BM bK�`i #mBH/BM;X "2bB/2b-
/m2 iQ � bHQr@�;BM; 2z2+i- �HH b2MbQ`b ?�p2 mMFMQrM iBK2@BMp�`B�Mi
/`B7ibX �b b?QrM BM 6B;X jXR- mMHBF2 +QKKmMB+�iBQM +?�MM2Hb
(R8e)- 7Q` � b2MbQ` bB;M�H iQ #2 QmiTmi- BX2X- +m``2Mi UIoutV- Bi Bb
+QMi�KBM�i2/ #v � iBK2@BMp�`B�Mi /`B7iX a2MbQ` R ?�b � /`B7i ε1 bQ
i?�i Bib i`�Mb72` 7mM+iBQM b?B7ib /QrMr�`/ /2MQi2/ #v i?2 #Hm2
HBM2 BM 6B;X jXRX q?BH2 a2MbQ` k ?�b � /`B7i ε2 bQ i?�i Bib i`�Mb72`
7mM+iBQM b?B7ib mTr�`/ /2MQi2/ #v i?2 `2/ HBM2 BM 6B;X jXRX AM
Q`/2` iQ �+?B2p2 ?B;?@�++m`�i2 K2�bm`2K2Mib- /`B7ib M22/ iQ #2
2biBK�i2/ �M/ +�HB#`�i2/X "�b2/ QM i?2 �#Qp2 /2b+`BTiBQM- r2
/2}M2 i?2 b2MbQ` /`B7i +�HB#`�iBQM T`Q#H2K �b 7QHHQrbX

S`Q#H2K R Ua2MbQ` .`B7i *�HB#`�iBQMVX :Bp2M i?2 K2�bm`2K2Mi

kN
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i2KT2`�im`2

Iout

B/2�H i`�Mb72` 7mM+iBQMb2MbQ` R i`�Mb72` 7mM+iBQM
b2MbQ` k i`�Mb72` 7mM+iBQM

ε1
ε2

6B;m`2 jXR .`B7i pbX i2KT2`�im`2 (Ry)X

p�Hm2b b2Mb2/ #v �HH b2MbQ`b /m`BM; b2p2`�H iBK2@BMbi�Mib- /`B7ib
rBHH #2 �++m`�i2Hv 2biBK�i2/ �M/ +�HB#`�i2/X

jXk J�i?2K�iB+�H 6Q`KmH�iBQM

q2 �bbmK2 i?�i n b2MbQ`b �`2 /2THQv2/ iQ b2Mb2 BM@#mBH/BM; i2K@
T2`�im`2b BM � bK�`i #mBH/BM;X .m`BM; � b?Q`i iBK2 �7i2` M2r
b2MbQ`b �`2 /2THQv2/- /`B7ib �`2 �bbmK2/ iQ #2 BMbB;MB}+�Mi BM �HH
b2MbQ`bX 6m`i?2`KQ`2- �b BM (Rk8)- r2 �bbmK2 i?�i �HH b2MbQ`b �`2
/`B7i@7`22 /m`BM; m0 BMBiB�H iBK2@BMbi�MibX .m2 iQ Qp2`@b�KTHBM;-
�b BHHmbi`�i2/ BM (R8-Rk8)- bB;M�Hb K2�bm`2/ #v b2MbQ`b HB2 BM � HQr
/BK2MbBQM�H bm#bT�+2X 6m`i?2`KQ`2- BM � bK�`i #mBH/BM;- �HH �+@
im�H i2KT2`�im`2b K2�bm`2/ #v b2MbQ`b ?�p2 � ?B;? +Q``2H�iBQM-
7Q` 2t�KTH2- i?2 /2Mb2 /2THQvK2Mi Q7 b2MbQ`bX h?2`27Q`2- r2
#mBH/ � HBM2�` KQ/2H �KQM; �HH �+im�H i2KT2`�im`2b �b 7QHHQrb,

x(k)i ≈
n∑

j=1,j $=i

ai,jx
(k)
j + ai,0, k = 1, 2, · · · ,m0, UjXRV

r?2`2 x(k)i Bb i?2 ;`QmM/@i`mi? i2KT2`�im`2 b2Mb2/ #v ii? b2MbQ`
�i ki? iBK2@BMbi�MiX ai,j Bb i?2 /`B7i@7`22 KQ/2H +Q2{+B2MiX q2
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/2}M2 x ! [x(1)1 , x(1)2 , · · · , x(1)n , · · · , x(m0)
n ]%- ai ! [ai,0, · · · , ai,i−1,

ai,i+1, · · · , ai,n]% ∈ Rn- a ! [a%1 ,a
%
2 , · · · , a%n ]% ∈ Rn2X

.m2 iQ � bHQr@�;BM; 2z2+i- �HH b2MbQ`b ?�p2 mMFMQrM iBK2@
BMp�`B�Mi /`B7ibX 6Q` KmHiBTH2 K2�bm`2K2Mib /m`BM; � b?Q`i T2@
`BQ/- �HH b2MbQ`b �`2 �bbmK2/ iQ bmz2` � iBK2@BMp�`B�Mi /`B7iX �b
b?QrM BM 6B;X jXR- mMHBF2 +QKKmMB+�iBQM +?�MM2Hb (R8e)- 2H2+i`B+
bB;M�H QmiTmi- 2X;X- +m``2Mi UIoutV- #v 2H2+i`QMB+ /2pB+2b +�mb2b �
iBK2@BMp�`B�Mi /`B7iX .m`BM; m iBK2@BMbi�Mib- 1[m�iBQM UjXRV Bb
M�im`�HHv 2ti2M/2/ �b

x̂(k)i + εi ≈
n∑

j=1,j $=i

âi,j(x̂
(k)
j + εj) + âi,0, k = 1, 2, · · · ,m, UjXkV

r?2`2 x̂(k)i Bb i?2 K2�bm`2K2Mi p�Hm2 b2Mb2/ #v ii? b2MbQ` �i
ki? iBK2@BMbi�MiX AM T�`iB+mH�`- BM Q`/2` iQ Q#i�BM 2MQm;?
BM7Q`K�iBQM- r2 �bbmK2 m0,m > nX 6Q` ii? b2MbQ`- εi Bb �
iBK2@BMp�`B�Mi /`B7i +�HB#`�iBQM- r?B+? Bb BM/2T2M/2Mi Q7 iBK2@
BMbi�Mi kX âi,j Bb i?2 KQ/2H +Q2{+B2Mi r?2M �HH b2MbQ`b ?�p2 mM@
FMQrM iBK2@BMp�`B�Mi /`B7ibX q2 p2+iQ`Bx2 i?2b2 p�`B�#H2b �b x̂ !
[x̂(1)1 , x̂(1)2 , · · · , · · · , x̂(m)

n ]%- âi ! [âi,0, · · · , âi,i−1, âi,i+1, · · · , âi,n]%

∈ Rn- â ! [â%1 , â
%
2 , · · · , â%n ]% ∈ Rn2 �M/ ε ! [ε1, ε2, · · · , εn]% ∈

RnX
LQi2 i?�i 1[m�iBQM UjXkV Bb i?2 2bb2MiB�H BM Qm` T`QTQb2/ b2M@

bQ` bT�iB�H +Q``2H�iBQM KQ/2HX 6m`i?2`KQ`2- i?2 KQ/2H 2``Q` BM
1[m�iBQM UjXkV Bb �bbmK2/ iQ 7QHHQr B/2MiB+�H BM/2T2M/2Mi :�mb@
bB�M /Bbi`B#miBQM rBi? x2`Q@K2�M �M/ mMFMQrM T`2+BbBQM UBMp2`b2
p�`B�M+2V δ0X h?2`27Q`2- i?2 HBF2HB?QQ/ 7mM+iBQM P(x̂|â, ε) Bb /2@
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}M2/ �b 7QHHQrb,

P(x̂|â, ε) ∝ 2tT(−δ0
2

n∑

i=1

m∑

k=1

[x̂(k)i + εi

−
n∑

j=1,j $=i

âi,j(x̂
(k)
j + εj)− âi,0]

2).

UjXjV

>Qr2p2`- i?2 HBF2HB?QQ/ 7mM+iBQM P(x̂|â, ε) +�MMQi #2 /B`2+iHv
mb2/ iQ +�HB#`�i2 /`B7ib mbBM; K�tBKmK HBF2HB?QQ/ 2biBK�iBQM
UJG1V bBM+2 Bi ?�b MQi 2MQm;? BM7Q`K�iBQMX h?2`27Q`2- r2 M22/
;Bp2 irQ T`BQ`b BM /2p2HQTK2MiX

6Q` �HH b2MbQ`b- /`B7ib �`2 �bbmK2/ iQ 7QHHQr B/2MiB+�H BM/2T2M@
/2Mi :�mbbB�M /Bbi`B#miBQM rBi? x2`Q@K2�M �M/ mMFMQrM T`2+B@
bBQM δε �b 7QHHQrb,

P(ε) ∝ 2tT(−δε
2

n∑

i=1

ε2i ). UjX9V

AM �//BiBQM- r2 �bbmK2 i?�i i?2 KQ/2H +Q2{+B2Mi âi,j 7QHHQrb
B/2MiB+�H BM/2T2M/2Mi :�mbbB�M /Bbi`B#miBQMX AMimBiBp2Hv- âi,j ?�b
?B;? /2T2M/2M+v QM ai,j BM bi�iBbiB+bX 6m`i?2`KQ`2- i?2 T`Q#�#BH@
Biv /2MbBiv 7mM+iBQM Q7 âi,j Bb �bbmK2/ iQ i�F2 � K�tBKmK p�Hm2
�i ai,jX h?2`27Q`2- i?2 T`BQ` K2�M Q7 âi,j Bb ai,jX AM �//BiBQM- BM Q`@
/2` i?�i 2�+? KQ/2H +Q2{+B2Mi âi,j Bb T`QpB/2/ rBi? � `2H�iBp2Hv
2[m�H T`Q#�#BHBiv iQ /2pB�i2 7`QK i?2 +Q``2bTQM/BM; /`B7i@7`22
KQ/2H +Q2{+B2Mi ai,j- i?2 T`2+BbBQM Q7 KQ/2H +Q2{+B2Mi âi,j Bb
/2}M2/ iQ #2 λa−2i,j - r?2`2 λ Bb � MQMM2;�iBp2 ?vT2`@T�`�K2i2`
iQ +QMi`QH i?2 T`2+BbBQM Q7 âi,jX h?2`27Q`2- 2�+? KQ/2H +Q2{+B2Mi
âi,j 7QHHQrb B/2MiB+�H BM/2T2M/2Mi :�mbbB�M /Bbi`B#miBQM rBi? ai,j
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K2�M �M/ λa−2i,j T`2+BbBQM (8R-8k-RR3)X 6Q` �HH KQ/2H +Q2{+B2Mib-
r2 ?�p2

P(â) ∝ 2tT



−
n∑

i=1

n∑

j=0,j $=i

λ

2a2i,j
(âi,j − ai,j)

2



 . UjX8V

h?Bb T`BQ` K�MM2` Bb M�K2/ "�v2bB�M JQ/2H 6mbBQM- r?B+? r�b
/2p2HQT2/ iQ +QK#BM2 i?2 2�`Hv@bi�;2 BM7Q`K�iBQM �M/ i?2 H�i2@
bi�;2 BM7Q`K�iBQM mbBM; "�v2bB�M BM72`2M+2 BM *QKTmi2`@�B/2/
.2bB;M �TTHB+�iBQMb (8R- 8k- RR3)X

AM Q`/2` iQ +�HB#`�i2 /`B7ib 7Q` �HH b2MbQ`b- i?2 TQbi2`BQ` P(â, ε|x̂)
M22/b iQ #2 K�tBKBx2/ BM J�S 2biBK�iBQM K�MM2`X �++Q`/BM;
iQ "�v2bǶ `mH2- i?2 TQbi2`BQ` P(â, ε|x̂) +�M #2 2tT`2bb2/ #v irQ
T`BQ`b �M/ i?2 HBF2HB?QQ/ 7mM+iBQM �b 7QHHQrb

P(â, ε|x̂) ∝ P(x̂|â, ε) · P(â) · P(ε). UjXeV

h�FBM; i?2 HQ;�`Bi?K- J�S +�M #2 i`�Mb72``2/ iQ #2 i?2 2[mBp@
�H2Mi 7Q`KmH�iBQM �b 7QHHQrb,

KBM
â,ε

δ0

n∑

i=1

m∑

k=1

[x̂(k)i + εi −
n∑

j=1,j $=i

âi,j(x̂
(k)
j + εj)− âi,0]

2

+ λ
n∑

i=1

n∑

j=0,j $=i

1

a2i,j
(âi,j − ai,j)

2 + δε

n∑

i=1

ε2i .

UjXdV

hQ +�HB#`�i2 i?2b2 mMFMQrM /`B7ib BM �HH b2MbQ`b- 6Q`KmH�iBQM
UjXdV rBHH #2 QTiBKBx2/ 2{+B2MiHvX L2ti- r2 rBHH T`QTQb2 �M 27@
}+B2Mi �Hi2`M�iBM;@#�b2/ K2i?Q/ iQ QTiBKBx2 6Q`KmH�iBQM UjXdVX
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jXj �Hi2`M�iBM;@#�b2/ PTiBKBx�iBQM

h?2`2 �`2 irQ +?�HH2M;2b 7Q` 6Q`KmH�iBQM UjXdV, ?Qr iQ ?�M/H2
6Q`KmH�iBQM UjXdV �M/ ?Qr iQ BM/m+2 ?vT2`@T�`�K2i2`b λ- δ0 �M/
δεX 6Q`KmH�iBQM UjXdV Bb � MQM@+QMp2t T`Q#H2K- i?mb Bi Bb /B{+mHi
iQ Q#i�BM �M QTiBK�H bQHmiBQMX AM i?Bb b2+iBQM- r2 T`QTQb2 �
7�bi �M/ 2{+B2Mi �Hi2`M�iBM;@#�b2/ QTiBKBx�iBQM K2i?Q/QHQ;v
iQ QTiBKBx2 6Q`KmH�iBQM UjXdV #v �Hi2`M�iBp2Hv mT/�iBM; BM 2�+?
Bi2`�iBQMX

�++Q`/BM; iQ i?2 �Hi2`M�iBM;@#�b2/ K2i?Q/QHQ;v- �i 2�+? Bi@
2`�iBQM- i?2 p�Hm2b Q7 â �M/ ε �`2 mT/�i2/ #v QTiBKBxBM; 6Q`Km@
H�iBQM UjXdV rX`XiX â �M/ εX 6m`i?2`KQ`2- MQi2 i?�i rBi? }t2/
/`B7i +�HB#`�iBQM p�`B�#H2 ε- 6Q`KmH�iBQM UjXdV rX`XiX â Bb `2;�`/2/
�b � +QMp2t mM+QMbi`�BM2/ Zm�/`�iB+ S`Q;`�KKBM; UZSV T`Q#@
H2K- r?B+? +�M #2 bQHp2/ #v :�mbbB�M 2HBKBM�iBQM (jN)X >Qr@
2p2`- i?2 +QKTmi�iBQM�H +QKTH2tBiv Q7 :�mbbB�M 2HBKBM�iBQM Bb
O(n6) Un Bb i?2 b2MbQ` MmK#2`V B7 �HH KQ/2H +Q2{+B2Mib â �`2
+�H+mH�i2/ BM QM2 bm#@7Q`KmH�iBQM (jN)X *QMbB/2` i?�i 6Q`KmH�@
iBQM UjXdV rX`XiX â +�M #2 /2+QKTQb2/ BMiQ n BM/2T2M/2Mi bm#@
6Q`KmH�iBQMb rX`XiX âiX AM Q`/2` iQ `2/m+2 +QKTmi�iBQM�H +QK@
TH2tBiv- BMbi2�/ Q7 +�H+mH�iBM; �HH KQ/2H +Q2{+B2Mib â BM QM2
bm#@7Q`KmH�iBQM- âi rBHH #2 +�H+mH�i2/ BM ii? bm#@7Q`KmH�iBQM
Ui = 1, 2, · · · , nVX �b � `2bmHi- i?2 +QKTmi�iBQM�H +QKTH2tBiv
Q7 :�mbbB�M 2HBKBM�iBQM Bb O(n4) BM iQi�H 7Q` n bm#@7Q`KmH�iBQMbX
6Q`KmH�iBQM UjXdV rX`XiX â Bb /2+QKTQb2/ BMiQ n BM/2T2M/2Mi
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bm#@7Q`KmH�iBQMb rX`XiX âi �b 7QHHQrb,

KBM
âi

δ0

m∑

k=1

[x̂(k)i + εi −
n∑

j=1,j $=i

âi,j(x̂
(k)
j + εj)− âi,0]

2

+ λ
n∑

j=0,j $=i

1

a2i,j
(âi,j − ai,j)

2,

UjX3V

rBi? i?2 }`bi@Q`/2` QTiBK�HBiv +QM/BiBQM,

δ0

m∑

k=1

(x̂(k)t + εt)

[
n∑

j=1

âi,j(x̂
(k)
j + εj) + âi,0

]
+ λ

(âi,t − ai,t)

a2i,t
= 0,

UjXNV
r?2`2 t = 0, 1, · · · , i − 1, i + 1, · · · , nX AM T�`iB+mH�`- r2 /2}M2
âi,i ! −1 �M/ x̂(k)0 + ε0 ! 1X h?2 bvbi2K Q7 HBM2�` 2[m�iBQMb UjXNV
+�M #2 �//`2bb2/ #v :�mbbB�M 2HBKBM�iBQM (jN)X

AM i?2 b�K2 K�MM2`- rBi? }t2/ KQ/2H +Q2{+B2Mib â- 6Q`Km@
H�iBQM UjXdV rX`XiX i?2 /`B7i +�HB#`�iBQM ε +�M �HbQ #2 `2;�`/2/ iQ
#2 � +QMp2t mM+QMbi`�BM2/ ZS T`Q#H2K �b 7QHHQrb,

KBM
ε

δ0

n∑

i=1

m∑

k=1

[x̂(k)i + εi −
n∑

j=1,j $=i

âi,j(x̂
(k)
j + εj)− âi,0]

2

+ δε

n∑

i=1

ε2i ,

UjXRyV

rBi? i?2 +Q``2bTQM/BM; }`bi@Q`/2` QTiBK�HBiv +QM/BiBQM,

δ0

n∑

i=1

m∑

k=1

[
âi,t(

n∑

j=1

âi,j(x̂
(k)
j + εj) + âi,0)

]
+ δεεt = 0, UjXRRV

r?2`2 t = 1, 2, · · · , nX
� HQ+�H QTiBKmK +�M #2 Q#i�BM2/ #v i?2 T`QTQb2/ �Hi2`M�iBM;@

#�b2/ K2i?Q/ r?BH2 i?2 +QMp2`;2M+2 bT22/ �M/ bQHmiBQM [m�HBiv
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�H;Q`Bi?K R �Hi2`M�iBM;@#�b2/ J2i?Q/
_2[mB`2, a2MbQ` K2�bm`2K2Mib x̂- T`BQ` a �M/ ?vT2`@T�`�K2i2`b λ- δ0- δεX

R, AMBiB�HBx2 â← a �M/ ε← 0c
k, `2T2�i
j, 7Q` i← 1 iQ n /Q
9, 6Bt ε- bQHp2 i?2 bvbi2K Q7 HBM2�` 2[m�iBQMb UjXNV mbBM; :�mbbB�M

2HBKBM�iBQM iQ mT/�i2 âic
8, 2M/ 7Q`
e, 6Bt â- bQHp2 i?2 bvbi2K Q7 HBM2�` 2[m�iBQMb UjXRRV mbBM; :�mbbB�M

2HBKBM�iBQM iQ mT/�i2 εc
d, mMiBH *QMp2`;2M+2
3, `2im`M â �M/ εX

/2T2M/ QM i?2 BMBiB�HBx�iBQM Q7 p�`B�#H2bX AM Qm` T`QTQb2/ 7`�K2@
rQ`F- irQ T`BQ`b �`2 ;Bp2M 7Q` KQ/2H +Q2{+B2Mib â �M/ /`B7i
+�HB#`�iBQM εX h?2`27Q`2- BM Q`/2` iQ �+?B2p2 � #2ii2` +QMp2`@
;2M+2 bT22/ �M/ bQHmiBQM [m�HBiv- i?2 T`BQ` K2�Mb a �M/ 0 �`2
mb2/ iQ BMBiB�HBx2 p�`B�#H2b â �M/ εX q2 +QMiBMm2 iQ mT/�i2
â �M/ ε mMiBH +QMp2`;2M+2X h?2 +QMp2`;2M+2 +QM/BiBQM Bb i?�i
i?2 `2H�iBp2 /Bz2`2M+2 Q7 /`B7i +�HB#`�iBQM ε #2ir22M +m``2Mi �M/
T`2pBQmb Bi2`�iBQMb Bb H2bb i?�M � i?`2b?QH/X AM bmKK�`v- Qm`
T`QTQb2/ �Hi2`M�iBM;@#�b2/ K2i?Q/ Bb b?QrM BM �H;Q`Bi?K RX AM
7�+i- B7 i?2 [m�/`�iB+ Q#D2+iBp2 7mM+iBQMb UjXdV rX`XiX â �M/ ε

�`2 bi`B+iHv +QMp2t rBi? HQr2`@#QmM/2/ >2bbB�Mb- i?2 T`QTQb2/
�Hi2`M�iBM;@#�b2/ K2i?Q/ +�M �+?B2p2 +QMp2`;2M+v Q7 6Q`KmH�@
iBQM UjXdV (jd- 3d)X
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jX9 1biBK�iBQM Q7 >vT2`@S�`�K2i2`b

Ai Bb BKTQ`i�Mi iQ BM/m+2 i?2 �7Q`2K2MiBQM2/ i?`22 ?vT2`@T�`�K2i2`b
bQ i?�i /`B7ib +�M #2 �++m`�i2Hv +�HB#`�i2/ �M/ K2�Mr?BH2 i?2
Qp2`@}iiBM; +�M #2 �pQB/2/ (NR)X AM i?Bb b2+iBQM- *`Qbb@p�HB/�iBQM-
:B##b 1J �M/ p�`B�iBQM�H "�v2bB�M 1J �`2 miBHBx2/ iQ BM/m+2
?vT2`@T�`�K2i2`b- `2bT2+iBp2HvX

jX9XR lMbmT2`pBb2/ *`Qbb@p�HB/�iBQM

*`Qbb@p�HB/�iBQM Bb � bBKTH2 K2i?Q/ iQ b2H2+i ?vT2`@T�`�K2i2`b
(jj)X �Hi?Qm;? i?2`2 �`2 i?`22 ?vT2`@T�`�K2i2`b λ- δ0- δε BM
6Q`KmH�iBQM UjXdV- BMbi2�/ Q7 /2i2`KBM2/ #v +`Qbb@p�HB/�iBQM BM@
/BpB/m�HHv- r2 /2bB;M irQ `�iBQb λ/δ0 �M/ δε/δ0 r?B+? /2K�M/
+2`i�BM p�Hm2bX �b b?QrM BM 6B;X jXk- r2 T�`iBiBQM i2KT2`�im`2
K2�bm`2K2Mib /m`BM; m iBK2@BMbi�Mib BMiQ s MQM@Qp2`H�TTBM;
T�`ibX :Bp2M 2�+? +QK#BM�iBQM Q7 `�iBQb +�M/B/�i2b λ/δ0 �M/
δε/δ0- BM 2�+? `mM- QM2 Q7 i?2 s T�`ib Bb 2tTHQBi2/ iQ 2biBK�i2 i?2
KQ/2H 2``Q` �M/ i?2 `2bi s− 1 T�`ib �`2 mb2/ iQ +�H+mH�i2 KQ/2H
+Q2{+B2Mib �M/ /`B7i +�HB#`�iBQMX AM �//BiBQM- /Bz2`2Mi ;`QmTb
rBHH #2 b2H2+i2/ 7Q` 2``Q` 2biBK�iBQM BM /Bz2`2Mi `mMbX AM i?2
b�K2 K�MM2`- 2�+? `mM ;Bp2b � KQ/2H 2``Q` er (r = 1, 2, · · · , s)
2biBK�i2/ 7`QK � T�`i Q7 i2KT2`�im`2 K2�bm`2K2MibX h?2 KQ/2H
2``Q` Bb /2}M2/ �b 7QHHQrbX

er !
rm
s∑

k= (r−1)m
s +1

[x̂(k)i + εi −
n∑

j=1,j $=i

âi,j(x̂
(k)
j + εj)− âi,0]

2. UjXRkV
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h?2 }M�H KQ/2H 2``Q` Bb +QKTmi2/ �b i?2 �p2`�;2 ē =
∑s

r=1 er/sX
h?2M irQ `�iBQb λ/δ0 �M/ δε/δ0 +Q``2bTQM/BM; iQ i?2 KBMBKmK
�p2`�;2 KQ/2H 2``Q` �`2 +?Qb2MX

h?2 Tb2m/Q@+Q/2 Q7 i?2 mMbmT2`pBb2/ *`Qbb@p�HB/�iBQM Bb b?QrM
BM �H;Q`Bi?K kX q2 BMTmi b2MbQ` K2�bm`2K2Mib x̂- i?2 /`B7i@7`22
KQ/2H +Q2{+B2Mib a- i?2 MmK#2` Q7 7QH/b 7Q` *`Qbb@p�HB/�iBQM s

�M/ b2p2`�H ?vT2`@T�`�K2i2`b +�M/B/�i2bX h?2M i?2 b2MbQ` K2�@
bm`2K2Mib �`2 bTHBi BMiQ s MQM@Qp2`H�TTBM; T�`ib �b BHHmbi`�i2/ BM
6B;X jXkX 6Q`KmH�iBQM UjXdV QM KQ/2H i`�BMBM; b2i Bb QTiBKBx2/ #v
�H;Q`Bi?K R �M/ i?2 KQ/2H 2``Q` /2}M2/ BM 1[m�iBQM UjXRkV QM
i?2 p�HB/�iBQM b2i Bb +�H+mH�i2/ 7Q` 2�+? `mM �M/ 2�+? +�M/B/�i2 Q7
?vT2`@T�`�K2i2`bX �7i2` i?2 ;`B/ b2�`+? QM �HH ?vT2`@T�`�K2i2`b
�M/ b2MbQ` K2�bm`2K2Mib x̂ Bb }MBb?2/- i?2 KQ/2H 2``Q` Bb �p@
2`�;2/ QM s `mMbX �i H�bi- i?2 ?vT2`@T�`�K2i2`b rBi? i?2 H2�bi
�p2`�;2 KQ/2H 2``Q` �`2 +?Qb2M iQ QmiTmiX h?2 mMbmT2`pBb2/
*`Qbb@p�HB/�iBQM ~Qr Bb bmKK�`Bx2/ BM 6B;X jXjX
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 n G
roups

model training
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S folds 
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6B;m`2 jXk h?2 mMbmT2`pBb2/ +`Qbb@p�HB/�iBQMX
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�H;Q`Bi?K k h?2 mMbmT2`pBb2/ +`Qbb@p�HB/�iBQM
_2[mB`2, a2MbQ` K2�bm`2K2Mib x̂- T`BQ` a- MmK#2` Q7 7QH/b 7Q`

+`Qbb@p�HB/�iBQM s- ?vT2`@T�`�K2i2`b +�M/B/�i2b {(λ/δ0)1, (λ/δ0)2, · · · ,
(λ/δ0)dλ/δ0} �M/ {(δε/δ0)1, (δε/δ0)2 · · · , (δε/δ0)dδε/δ0}X

R, 7Q` r ← 1 iQ s /Q
k, 7Q` i← 1 iQ dλ/δ0 /Q
j, 7Q` j ← 1 iQ dδε/δ0 /Q
9, P#i�BM i?2 KQ/2H +Q2{+B2Mib â �M/ +�HB#`�iBQM ε #v �H;Q@

`Bi?K R 7`QK b2MbQ` K2�bm`2K2Mib rBi? ri? T�`i `2KQp2/X
8, *QKTmi2 i?2 KQ/2H 2``Q` QM ri? T�`i Q7 b2MbQ` K2�bm`2K2Mib

#v 1[m�iBQM UjXRkVX
e, 2M/ 7Q`
d, 2M/ 7Q`
3, 2M/ 7Q`
N, �p2`�;2 i?2 +QKTmi2/ KQ/2HBM; 2``Q` 7Q` 2�+? T�B` Q7 ?vT2`@T�`�K2i2`b

+�M/B/�i2b (λ/δ0)i �M/ (δε/δ0)j- BX2X- ē←
∑s

r=1 ek/sX
Ry, a2H2+i (λ/δ0)i �M/ (δε/δ0)j rBi? i?2 bK�HH2bi KQ/2HBM; 2``Q`- BX2X-

(λ/δ0)opt, (δε/δ0)opt ← �`;KBM ēX
RR, `2im`M h?2 QTiBK�H ?vT2`@T�`�K2i2`b (λ/δ0)opt �M/ (δε/δ0)optX

LQi2 i?�i mMHBF2 +QMp2MiBQM�H *`Qbb@p�HB/�iBQM (k8-ke-8R-8k-
dj- RR3)- MQi �Mv ;QH/2M p�Hm2b �`2 mb2/ BM K2i`B+b iQ +?QQb2
?vT2`@T�`�K2i2`b BM KQ/2H }iiBM; bi�;2X h?2`27Q`2- BM Qm` T`Q@
TQb2/ 7`�K2rQ`F- *`Qbb@p�HB/�iBQM Bb �/QTi2/ BM �M mMbmT2`pBb2/@
H2�`MBM;@HBF2 7�b?BQMX

*`Qbb@p�HB/�iBQM Bb iBK2@+QMbmKBM; bBM+2 �H;Q`Bi?K R ?�b iQ
#2 T2`7Q`K2/ 7Q` KmHiBTH2 iBK2bX h?mb r2 T`QTQb2 irQ 7�bi
�M/ 2{+B2Mi 1J �H;Q`Bi?Kb iQ /2i2`KBM2 ?vT2`@T�`�K2i2`b BM
bi�iBbiB+�H KQ/2HX
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Partition Data into s Parts Hyper-parameters 
Candidates

Alternation-based 
Optimization on s-1 Parts

Model Error on One 
Validation Part

Average Model Error on 
Each Validation Part

Cross-validation

Drift-free Model 
Coefficients

Measurements with 
Drift

Chosen Hyper-
parameter

6B;m`2 jXj h?2 mMbmT2`pBb2/ +`Qbb@p�HB/�iBQM ~QrX

jX9Xk :B##b 1tT2+i�iBQM J�tBKBx�iBQM

AM i?Bb b2+iBQM- JG1 Bb mb2/ iQ /2i2`KBM2 BM/BpB/m�H ?vT2`@
T�`�K2i2`b δ0- λ �M/ δεX JG1 Q7 ?vT2`@T�`�K2i2`b Bb 7Q`KmH�i2/
�b 7QHHQrb,

K�t
δε,δ0,λ

P(x̂; δ0,λ, δε). UjXRjV

>Qr2p2`- BM i?2 HBF2HB?QQ/ 7mM+iBQM P(x̂; δ0,λ, δε)- i?2 BMi2;`�H
Bb BMi`�+i�#H2X 1J �H;Q`Bi?K Bb H2p2`�;2/ iQ 2{+B2MiHv }M/ � bQ@
HmiBQM iQ 6Q`KmH�iBQM UjXRjV (R9e)X �++Q`/BM; iQ 1J �H;Q`Bi?K-
6Q`KmH�iBQM UjXRjV +�M #2 i�F2M i?2 HQ;�`Bi?K �M/ i`�Mb72``2/
iQ #2 Bib �mtBHB�`v HQr2` #QmM/ 7mM+iBQM (j9)X h?2M i?2 �mtBH@
B�`v HQr2`@#QmM/ 7mM+iBQM Bb QTiBKBx2/ #v 1@bi2T �M/ J@bi2T
Bi2`�iBp2Hv �7i2` i?2 i2`K BM/2T2M/2Mi Q7 ?vT2`@T�`�K2i2`b Bb
QKBii2/X h?2 /2i�BH2/ /2`Bp�iBQM +�M #2 7QmM/ BM (Ryy)X 6Q`
+QMp2MB2M+2- �HH ?vT2`@T�`�K2i2`b �`2 +QHH2+i2/ �b � b2i Ω !
{δ0,λ, δε}X
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1tT2+i�iBQM ai2T rBi? :B##b a�KTHBM;

aBM+2 P(x̂; δ0,λ, δε) = L(Q; δε, δ0,λ) +KL(Q||P) �M/ KL(Q||P)
≥ 0- L(Q; δε, δ0,λ) Bb � HQr2`@#QmM/ 7mM+iBQM /2}M2/ �b 7QHHQrb,

L(Q; δε, δ0,λ) = EQ(â,ε) HM
P(X̂, â, ε; δε, δ0,λ)

Q(â, ε)
, UjXR9V

r?2`2 E BM/B+�i2b i?2 2tT2+i�iBQM QT2`�iQ`X Q(â, ε) Bb �M �`#B@
i`�`v DQBMi /Bbi`B#miBQM 7Q` â �M/ εX AMbi2�/ Q7 K�tBKBxBM; i?2
K�`;BM�H HBF2HB?QQ/ /B`2+iHv- i?2 1J K�tBKBx2b i?2 HQr2` #QmM/
7mM+iBQMX G2i’b �bbmK2 i?�i r2 +�M }M/ P(â, ε|x̂;ΩQH/) �M�HviB@
+�HHvX h?2M- r2 +�M bBKTHv bm#biBimi2 Q(â, ε) = P(â, ε|x̂;ΩQH/)X
h?2 HQr2`@#QmM/ 7mM+iBQM +�M #2 `2T`2b2Mi2/ �b 7QHHQrb

L(Q; δε, δ0,λ) = EP(â,ε|x̂;ΩQH/) HMP(X̂, â, ε; δε, δ0,λ)

− EP(â,ε|x̂;ΩQH/) HMP(â, ε|x̂;ΩQH/).
UjXR8V

h?2 b2+QM/ i2`K EP(â,ε|x̂;ΩQH/) HMP(â, ε|x̂;ΩQH/) Bb � +QMbi�Mi rBi?
`2bT2+i iQ δε �M/ δ0 �M/ λ- �M/ r2 /Q MQi i�F2 i?2 i2`K BMiQ
�++QmMi r?2M K�tBKBxBM; i?2 HQr2`@#QmM/ 7mM+iBQMX h?2`27Q`2-
r2 /2}M2 � [m�MiBiv �b 7QHHQrb

Q(Ω|ΩQH/) = EP(â,ε|x̂;ΩQH/) HMP(x̂, â, ε;Ω), UjXReV

r?2`2 ΩQH/ /2MQi2b 2biBK�i2/ ?vT2`@T�`�K2i2`b BM i?2 T`2pBQmb
Bi2`�iBQMX

>Qr2p2`- i?2 TQbi2`BQ` P(â, ε|x;ΩQH/) Bb BMi`�+i�#H2 bBM+2 Bi Bb
?�`/ iQ +�H+mH�i2 i?2 BMi2;`�H BM i?2 HBF2HB?QQ/ 7mM+iBQM P(x̂; δ0,λ, δε)X
h?2`2 �`2 irQ K�BM K2i?Q/b iQ �TT`QtBK�i2 i?2 TQbi2`BQ` P(â, ε|x;Ω),
o�`B�iBQM�H AM72`2M+2 �M/ J�`FQp *?�BM JQMi2 *�`HQ UJ*J*V
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(Ryy)X *QKT�`2/ rBi? o�`B�iBQM�H AM72`2M+2- J*J* ?�b i?2 �/@
p�Mi�;2 Q7 #2BM; MQM@T�`�K2i`B+ �M/ �bvKTiQiB+�HHv 2t�+i (Ryj)X
h?2`27Q`2- JQMi2 *�`HQ K2i?Q/ Bb miBHBx2/ iQ �TT`QtBK�i2 i?2
[m�MiBiv /2}M2/ BM 1[m�iBQM UjXRdV �b 7QHHQrb,

Q(Ω|ΩQH/) ≈ 1

L

L∑

l=1

HMP(x̂, â(l), ε(l);Ω), UjXRdV

r?2`2 b�KTH2b â(l) �M/ ε(l) �`2 b�KTH2/ 7`QK i?2 /Bbi`B#miBQM
P(â, ε|x̂;ΩQH/)X L Bb i?2 iQi�H MmK#2` Q7 b�KTH2bX AM J*J*-
i?2`2 �`2 irQ K�BM �H;Q`Bi?Kb iQ Q#i�BM b�KTH2b 7`QK i?2 /2@
bB`2/ /Bbi`B#miBQM P(â, ε|x̂;ΩQH/), J2i`QTQHBb >�biBM;b �H;Q`Bi?K
�M/ :B##b b�KTHBM;X aBM+2 i?2 `2D2+iBQM `�i2 rBHH #2 ?B;? BM +QK@
TH2t T`Q#H2Kb- J2i`QTQHBb >�biBM;b �H;Q`Bi?K ?�b � p2`v bHQr
+QMp2`;2M+2 `�i2 (Ryy)X h?2`27Q`2- :B##b b�KTHBM; Bb ?�`M2bb2/
iQ Q#i�BM b�KTH2b â(l) �M/ ε(l)X

:B##b b�KTHBM; ?�b i?2 #2?�pBQ` i?�i QM2 Q` #�i+? p�`B�#H2b
�`2 +v+HB+�HHv �M/ `2T2�i2/Hv mT/�i2/ BM bQK2 T�`iB+mH�` Q`/2`
�i `�M/QK 7`QK +QM/BiBQM�H /Bbi`B#miBQMX a�KTHBM; Q`/2` Bb �`@
`�M;2/ iQ #2 â(l)1,0, · · · , â

(l)
1,n, â

(l)
2,0, · · · , â

(l)
n,n−1, ε

(l)
1 , · · · , ε(l)n X AM :B##b

b�KTHBM;- QM2 Q7 F2v TQBMib Bb /2`Bp�iBQM Q7 i?2 +QM/BiBQM�H /Bb@
i`B#miBQM 7Q` 2�+? p�`B�#H2X LQi2 i?�i �++Q`/BM; iQ 6Q`KmH�@
iBQM UjXdV- i?2 HQ;�`Bi?K +QM/BiBQM�H /Bbi`B#miBQM rX`XiX BM/BpB/@
m�H p�`B�#H2 Bb [m�/`�iB+X h?2`27Q`2- i?2 +QM/BiBQM�H /Bbi`B#miBQM
Q7 2�+? p�`B�#H2 Bb :�mbbB�M /Bbi`B#miBQM �b 7QHHQrb,
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âp,q ∼ P(âp,q|ε, â/âp,q , x̂; δε, δ,λ) = N(âp,q;µâp,q , σ
−1
âp,q

),

εt ∼ P(εt|ε/εt, â, x̂; δε, δ,λ) = N(εt;µεt, σ
−1
εt ),

UjXR3V

BM �;`22K2Mi rBi? 1[m�iBQM UjX9V �M/ 1[m�iBQM UjX8VX µ Bb K2�M
�M/ σ Bb T`2+BbBQMX â/âp,q �M/ ε/εt /2MQi2 â #mi rBi? âp,q QKBii2/
�M/ ε #mi rBi? εt QKBii2/- `2bT2+iBp2HvX AM T�`iB+mH�`- r2 /2}M2
â(s)i,i ! −1- x̂(k)0 + ε(s)0 ! 1 �M/ p $= qX h?2 K2�M �M/ T`2+BbBQM Q7
2�+? p�`B�#H2 �`2 ;Bp2M �b 7QHHQrb,

σεt = mδ0

n∑

i=1

â(s)2i,t + δε, UjXRNV

σâp,q = δ0

m∑

k=1

(x̂(k)q + ε(s)q )2 +
λ

a2p,q
, UjXkyV

µεt =
δ0
σεt

m∑

k=1

n∑

i=1

â(s)i,t [
n∑

j=0

â(s)i,j (x̂
(k)
j + ε(s)j )− â(s)i,t ε

(s)
t ], UjXkRV

�M/

µâp,q =
δ0
σâp,q

m∑

k=1

(x̂(k)q + ε(s)q )[
n∑

j=0

â(s)p,j(x̂
(k)
j + ε(s)j )

− â(s)p,q(x̂
(k)
q + ε(s)q )] +

λ

σâp,qap,q
. UjXkkV

"27Q`2 :B##b b�KTHBM;- BM Q`/2` iQ +QMp2`;2 iQ i?2 /2bB`2/
TQbi2`BQ`- i?2 r�`K@bi�`i ?�b iQ #2 T2`7Q`K2/ B7 i?2`2 Bb MQ
`2�bQM�#H2 BMBiB�HBx�iBQM 7Q` b�KTH2bX 6m`i?2`KQ`2- Bi Bb p2`v
?�`/ iQ Dm/;2 r?2i?2` i?2 r�`K@bi�`i Bb 2MQm;? (Ryy)X AM Q`/2`
iQ r�Bp2 i?2 r�`K@bi�`i- � `2�bQM�#H2 BMBiB�HBx�iBQM 7Q` b�KTH2b Bb
�/QTi2/ BM :B##b b�KTHBM;X LQi2 i?�i :B##b b�KTHBM; Bb mb2/ iQ
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Q#i�BM b�KTH2b 7`QK i?2 /2bB`2/ TQbi2`BQ` P(â, ε|x̂;ΩQH/) UeXeVX
�b r2 /Bb+mbb2/ BM a2+iBQM 8XR- 6Q`KmH�iBQM UjXdV Bb 2[mBp�H2Mi iQ
J�S 2biBK�iBQM Q7 â �M/ εX h?mb- ;Bp2M ?vT2`@T�`�K2i2`b ΩQH/

�M/ K2�bm`2K2Mi p�Hm2b x̂- :B##b b�KTHBM; +�M #2 BMBiB�HBx2/
#v ?�M/HBM; 6Q`KmH�iBQM UjXdV iQ Q#i�BM BMBiB�H b�KTH2b â(0) �M/
ε(0) r?B+? b�iBb7v i?2 /Bbi`B#miBQM P(â, ε|x̂;ΩQH/)X �b � `2bmHi-
i?2 r�`K@bi�`i +�M #2 iQi�HHv r�Bp2/X

J�tBKBx�iBQM ai2T

�7i2` L b�KTH2b �`2 Q#i�BM2/ #v :B##b b�KTHBM;- BM J@bi2T-
r2 rBHH K�tBKBx2 i?2 �TT`QtBK�i2/ [m�MiBiv �b 7QHHQrb,

K�t
Ω

1

L

L∑

l=1

HMP(x̂, â(l), ε(l);Ω). UjXkjV

qBi? i?2 }`bi@Q`/2` QTiBK�HBiv +QM/BiBQM- M�K2Hv dQ/dΩ = 0-
?vT2`@T�`�K2i2`b λ- δ0- δε +�M #2 mT/�i2/ �b 7QHHQrb,

λ =
n2L

∑n
i=1

∑n
j=0,j $=i

∑L
l=1

(â(l)i,j−ai,j)2
a2i,j

, UjXk9V

δ0 =
Lmn

∑L
l=1

∑n
i=1

∑m
k=1[
∑n

j=1 â
(l)
i,j(x̂

(k)
j + ε(l)j ) + â(l)i,0]

2
, UjXk8V

δε =
nL

∑L
l=1

∑n
i=1 ε

(l)2
i

. UjXkeV

>2`2- â(l)i,i ! −1 �M/ x̂(k)0 + ε(l)0 ! 1X q2 +QMiBMm2 iQ �Hi2`@
M�i2 #2ir22M 1@bi2T �M/ J@bi2T mMiBH +QMp2`;2M+2X h?2 +QM@
p2`;2M+2 +QM/BiBQM Bb i?�i i?2 `2H�iBp2 /Bz2`2M+2 Q7 i?`22 ?vT2`@
T�`�K2i2`b #2ir22M +m``2Mi �M/ T`2pBQmb Bi2`�iBQMb Bb H2bb i?�M
� i?`2b?QH/X h?2M ?vT2`@T�`�K2i2`b λ- δ- δε +�M #2 /2i2`KBM2/X
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Drift-free Model 
Coefficients

Measurements 
with Drift Initialize Hyper-parameters

Initialize Sampling by 
Alternating-based 

Optimization

Gibbs Sampling

Update Hyper-parameters
Satisfy 

Convergence 
Criteria?

Gibbs EM

E-step

M-step yes

no

Optimal Hyper-
parameter

6B;m`2 jX9 h?2 :B##b 1J ~QrX

6Q` +QMp2MB2M+2- �HH p�`B�#H2b �`2 +QHH2+i2/ �b � b2i Ψ !
{ψ1,ψ2, . . . ,ψn2+n} = {â1,0, · · · , â1,n, · · · , ân,n−1, ε1, · · · , εn}X h?2
Tb2m/Q@+Q/2 Q7 i?2 :B##b 1J Bb +QM+Hm/2/ BM �H;Q`Bi?K jX :Bp2M
x̂- a- �M/ BMBiB�HBx2/ ?vT2`@T�`�K2i2`b �b BMTmib- i?2 :B##b 1J
Bb T2`7Q`K2/ Bi2`�iBp2HvX AM 1@bi2T- b�KTH2b �`2 BMBiB�HBx2/ #v
�H;Q`Bi?K R iQ r�Bp2 r�`K bi�`iX h?2M BM :B##b b�KTHBM;-
2�+? b�KTH2b �`2 +v+HB+�HHv �M/ `2T2�i2/Hv Q#i�BM2/ #v i?2 /2@
bB`2/ +QM/BiBQM�H /Bbi`B#miBQMb /2}M2/ BM 1[m�iBQM UjXR3VX PM+2
i?2`2 �`2 2MQm;? b�KTH2b �+[mB`2/ #v :B##b b�KTHBM;- ?vT2`@
T�`�K2i2`b �`2 mT/�i2/ #v 1[m�iBQMb UjXk9V iQ UjXkeV BM J@bi2TX
1@bi2T �M/ J@bi2T �`2 Bi2`�iBp2Hv T2`7Q`K2/ mMiBH i?2 +QMp2`@
;2M+2 +`Bi2`B� Bb b�iBb}2/X �i H�bi- r2 ?�p2 i?2 QTiBKBx2/ ?vT2`@
T�`�K2i2`bX 6Q` � #2ii2` mM/2`bi�M/BM;- Qm` T`QTQb2/ :B##b
1J Bb /BbTH�v2/ BM 6B;X jX9X
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�H;Q`Bi?K j :B##b 1J
_2[mB`2, a2MbQ` K2�bm`2K2Mib x̂- T`BQ` ac

R, AMBiB�HBx2 ?vT2`@T�`�K2i2`b Ωc
k, `2T2�i
j, AMBiB�HBx2 b�KTH2b Ψ(0) #v �H;Q`Bi?K Rc
9, 7Q` l ← 1 iQ L /Q
8, 7Q` i← 1 iQ n2 + n /Q
e, a�KTH2 ψ(l)

i 7`QK i?2 /2bB`2/ +QM/BiBQM�H /Bbi`B#miBQM
N(ψi;µψi , σψi) UjXR3V rBi? ψ

(l)
1 , · · · ,ψ(l)

i−1, ψ
(l−1)
i+1 , · · · ,ψ(l−1)

n2+nc
d, 2M/ 7Q`
3, 2M/ 7Q`
N, lT/�i2 ?vT2`@T�`�K2i2`b Ω #v 1[m�iBQMb UjXk9V iQ UjXkeVc

Ry, mMiBH *QMp2`;2M+2
RR, `2im`M ?vT2`@T�`�K2i2`b ΩX

jX9Xj o�`B�iBQM�H "�v2bB�M 1tT2+i�iBQM J�tBKBx�iBQM

AM T`�+iB+2- J*J* b�KTHBM; K2i?Q/ Bb +QKTmi�iBQM�HHv /2@
K�M/BM;X �b � `2bmHi- Bi Q7i2M HBKBib Bib mb2 iQ bK�HH@b+�H2 T`Q#@
H2Kb (Ryy)X "2bB/2b- Bi +�M #2 /B{+mHi iQ Dm/;2 r?2i?2` i?2
b�KTHBM; K2i?Q/ Bb ;2M2`�iBM; BM/2T2M/2Mi b�KTH2b 7`QK i?2
/2bB`2/ /Bbi`B#miBQMX AM i?Bb b2+iBQM- r2 /2p2HQT � /2i2`KBMBbiB+
�TT`QtBK�iBQM b+?2K2 r?B+? b+�H2b r2HH iQ H�`;2 �TTHB+�iBQMbX

q2 +�M 2p2M 2M7Q`+2 7mHH BM/2T2M/2M+2 #2ir22M i?2 KQ/2H
T�`�K2i2`b â �M/ i?2 +�HB#`�iBQM ε ;Bp2M K2�bm`2K2Mib x̂X h?Bb
�bbmKTiBQM- FMQrM �b i?2 K2�M }2H/ �TT`QtBK�iBQM (N8)- �HHQrb
mb iQ +QKTmi2 i?2 mT/�i2 `mH2b 7Q` â �M/ i?2 +�HB#`�iBQM ε BM
BbQH�iBQMX

�++Q`/BM; iQ i?2 K2�M }2H/ �TT`QtBK�iBQM- BM 1[m�iBQM UjXR9V-
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H2i Q(â, ε) = Q(â)Q(ε)X h?2M- i?2 HQr2`@#QmM/ 7mM+iBQM L(Q; δε, δ0,λ)

+�M #2 7�+iQ`Bx2/ BMiQ â �M/ εX

L(Q; δε, δ0,λ)

=−KL(Q(â)||P̃(ε))− EQ(ε) HMQ(ε) + c UjXkdV
=−KL(Q(ε)||P̃(â))− EQ(â) HMQ(â) + c, UjXk3V

r?2`2 c Bb � +QMbi�Mi iQ �/Dmbi P̃(â) Q` P̃(ε) iQ #2+QK2 � T`QT2`
T`Q#�#BHBiv /2MbBiv 7mM+iBQM �b 7QHHQrb,

P̃(â) ! 1

Z
2tT[EQ(ε) HMP(x̂, â;λ, δ0, δε)], UjXkNV

P̃(ε) ! 1

Z
2tT[EQ(â) HMP(x̂, â;λ, δ0, δε)], UjXjyV

r?2`2 Z Bb � MQ`K�HBx2/ +QMbi�MiX aBM+2 EmHH#�+F–G2B#H2` /Bp2`@
;2M+2KL(Q(â)||P̃(ε)) ≥ 0- i?2 HQr2`@#QmM/ 7mM+iBQM L(Q; δε, δ0,λ)

Bb K�tBKBx2/ rX`XiX Q(â) r?2M KL(Q(â)||P̃(ε)) = 0- r?B+? ?�T@
T2Mb r?2M Q(â) = P̃(ε)X aBKBH�`Biv- #2+�mb2 KL(Q(ε)||P̃(â)) ≥
0- i?2 HQr2`@#QmM/ 7mM+iBQM L(Q; δε, δ0,λ) Bb K�tBKBx2/ rX`XiX Q(ε)
B7 KL(Q(ε)||P̃(â)) = 0- r?B+? ?�TT2Mb r?2M Q(ε) = P̃(â)X

h?2`27Q`2- BM p�`B�iBQM�H 1@bi2T- H2i

HMQ(â) = EQ(ε) HMP(x̂, â, ε|λ, δ0, δε), UjXjRV
HMQ(ε) = EQ(â) HMP(x̂, â, ε|λ, δ0, δε), UjXjkV

r?2`2 �++Q`/BM; iQ 6Q`KmH�iBQM UjXdV- i?2 HQ;�`Bi?K +QM/BiBQM�H
/Bbi`B#miBQM rX`XiX BM/BpB/m�H p�`B�#H2 Bb [m�/`�iB+X h?2`27Q`2-
i?2 p�`B�iBQM�H /Bbi`B#miBQM Q7 2�+? p�`B�#H2 Bb :�mbbB�M /Bbi`B@
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#miBQM �b 7QHHQrb,

Q(â) ∼ N(â;E(â),Σâ), UjXjjV
Q(ε) ∼ N(ε;E(ε),Σε), UjXj9V

r?2`2 Σâ Bb i?2 +Qp�`B�M+2 K�i`BtX âi Bb BM/2T2M/2Mi iQ 2�+?
Qi?2`- bBM+2 6Q`KmH�iBQM UjXdV rX`XiX â +�M #2 /2+QKTQb2/ BMiQ
n BM/2T2M/2Mi bm#@6Q`KmH�iBQMb rX`XiX âiX h?2`27Q`2- Σâ !
/B�;[Σâ1,Σâ2, · · · ,Σân]X E(â) ! [E(â%1 ),E(â2)%, · · · ,E(ân)%]%X
"v +QK#BMBM; +Q2{+B2Mib Q7 âi [m�/`�iB+ i2`K BM 1[m�iBQM UjXjkV-
r2 +�M Q#i�BM

Σ−1âi
= δ0(X̂

%
/iX̂/i + E(E/i)

%X̂/i + X̂%
/iE(E/i)

+E(E%/iE/i)) + λA%i Ai,
UjXj8V

r?2`2 Ai ! /B�;[ai,0, ai,1, · · · , ai,i−1, ai,i+1, · · · , ai,n]-

X̂/i !





1 x̂(1)1 · · · x̂(1)i−1 x̂(1)i+1 · · · x̂(1)n

1 x̂(2)1 · · · x̂(2)i−1 x̂(2)i+1 · · · x̂(2)n

XXX XXX · · · XXX XXX · · · XXX
1 x̂(m)

1 · · · x̂(m)
i−1 x̂(m)

i+1 · · · x̂(m)
n




, UjXjeV

E/i !





0 ε1 · · · εi−1 εi+1 · · · εn
XXX XXX · · · XXX XXX · · · XXX
0 ε1 · · · εi−1 εi+1 · · · εn



 . UjXjdV

>2M+2- �++Q`/BM; iQ 1[m�iBQMb UjXjeV �M/ UjXjdV- E(E/i) /2@
T2M/b QM i?2 K2�M p2+iQ` E(ε) �M/ E(E%/iE/i) /2T2M/b QM i?2
�miQ+Q``2H�iBQM K�i`Bt E(ε%ε) �M/ i?2 K2�M p2+iQ` E(ε)X
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*QK#BMBM; +Q2{+B2Mib Q7 âi HBM2�` i2`K BM 1[m�iBQM UjXjkV-
r2 +�M Q#i�BM i?2 K2�M p2+iQ` �b 7QHHQrb

E(âi)
% = δ0(x̂

%
i + E(εi)%)(X̂/i + E(E/i))Σâi, UjXj3V

r?2`2 x̂i ! [x̂(1)i , x̂(2)i , · · · , x̂(m)
i ]% �M/ E(εi) ! [E(εi),E(εi), · · · ,

E(εi)]% ∈ RmX PM+2 i?2 +Qp�`B�M+2 K�i`Bt Σ−1âi
�M/ K2�M p2+iQ`

E(âi) �`2 Q#i�BM2/- r2 +�M Q#i�BM i?2 �miQ+Q``2H�iBQM K�i`Bt
E(�̂i�̂%i ) = Σ�̂i + E(�̂i)E(�̂i)%X

Drift-free Model 
Coefficients

Measurements 
with Drift Initialize Hyper-parameters

Initialize Variational 
Distribution by Alternating-

based Optimization

Update Variational 
Distribution

Update Hyper-parameters
Satisfy 

Convergence 
Criteria?

Variational Bayesian EM

E-step

M-step yes

no

Optimal Hyper-
parameter

6B;m`2 jX8 h?2 p�`B�iBQM�H "�v2bB�M 1J ~QrX

GBF2rBb2- #v +QK#BMBM; +Q2{+B2Mib Q7 ε [m�/`�iB+ i2`K BM
1[m�iBQM UjXjRV- r2 +�M ;2i i?2 +Qp�`B�M+2 K�i`Bt Σε �M/ i?2
K2�M p2+iQ` E(ε) BM 1[m�iBQM UjXjNV �M/ 1[m�iBQM UjX9yV- r?B+?
/2T2M/ QM i?2 K2�M p2+iQ` E(âi) �M/ i?2 �miQ+Q``2H�iBQM K�@
i`Bt E(�̂i�̂%i )X h?2M i?2 �miQ+Q``2H�iBQM K�i`Bt E(εε%) +�M #2
Q#i�BM2/ #v E(εε%) = Σε + E(ε)E(ε)%X
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Σ−1
ε = m

n∑

i=1





E(âi,1âi,1) · · · · · · E(âi,1âi,n)
E(âi,2âi,1) · · · · · · E(âi,2âi,n)

XXX XXX XXX · · ·
E(âi,i−1âi,1) · · · · · · E(âi,i−1âi,n)

−E(âi,1) · · · · · · −E(âi,n)
E(âi,i+1âi,1) · · · · · · E(âi,i+1âi,n)

XXX XXX XXX · · ·
E(âi,nâi,1) · · · · · · E(âi,nâi,n)





UjXjNV

E(ε) =(m
n∑

i=1

[
E(âi,0âi,1) · · · E(âi,0âi,i+1) · · ·E(âi,0âi,n)

]

+
1

m

m∑

k=1

(x(k))#Σ−1
ε )Σε

UjX9yV

aBM+2 KQ/2H +Q2{+B2Mib � �M/ +�HB#`�iBQM ε p�`B�iBQM�H /Bb@
i`B#miBQMb �`2 /2T2M/2Mi QM 2�+? Qi?2`- #v Bi2`�iBp2Hv mT/�iBM;
i?2K- i?2 p�`B�iBQM�H /Bbi`B#miBQMb Q(�̂) �M/ Q(ε) +�M #2 Q#@
i�BM2/ iQ K�tBKBx2 i?2 HQr2`@#QmM/ 7mM+iBQM /2}M2/ BM 1[m�@
iBQM UjXk3VX

PM+2 i?2 QTiBK�H p�`B�iBQM�H /Bbi`B#miBQMb Q(�̂) �M/ Q(ε) +�M
#2 Q#i�BM2/- mMHBF2 6Q`KmH�iBQM UjXkjV- BM p�`B�iBQM�H J@bi2T-
i?2 Q#D2+iBp2 7mM+iBQM Bb b?QrM �b 7QHHQrb,

K�t
Ω

EQ(â)Q(ε) HMP(x̂, â, ε;Ω). UjX9RV

qBi? i?2 }`bi@Q`/2` QTiBK�HBiv +QM/BiBQM- i?�i Bb dQ/dΩ = 0-
?vT2`@T�`�K2i2`b λ- δ0- δε +�M #2 mT/�i2/ �b 7QHHQrb,

λ =
n2

∑n
i=1

∑n
j=0,j $=i

E(â2i,j)+a2i,j−2ai,jE(âi,j)
a2i,j

, UjX9kV
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δ0 = mn/
n∑

i=1

m∑

k=1

n∑

p=0

n∑

q=0

E(âi,pâi,q)[x̂(k)p x̂(k)q

+ x̂(k)p E(εq) + x̂(k)q E(εp) + E(εpεq)]
UjX9jV

δε =
n∑n

i=1 E(ε2i )
. UjX99V

*QKT�`2/ rBi? 1[m�iBQMb UjXk9V iQ UjXkeV- r2 +�M }M/ BM 1[m�@
iBQMb UjX9kV iQ UjX99V- i?2 p�`B�iBQM�H /Bbi`B#miBQMbǶ K2�M p2+@
iQ` �M/ �miQ+Q``2H�iBQM K�i`Bt `2TH�+2 b�KTH2b- BX2X- E(εi) =
∑L

l=1 ε
(l)
i /L- E(âi,j) =

∑L
l=1 â

(l)
i,j/L- E(εiεj) =

∑L
l=1 ε

(l)
i ε

(l)
j /L �M/

E(âi,pâi,q) =
∑L

l=1 â
(l)
i,pâ

(l)
i,q/LX h?2`27Q`2- +QKT�`2/ rBi? :B##b

1J- i?2 p�`B�iBQM�H "�v2bB�M 1J �`2 KQ`2 bi�#H2 bBM+2 Bi #2@
HQM;b iQ /2i2`KBMBbiB+ K2i?Q/b r?BH2 :B##b 1J Bb biQ+?�biB+
K2i?Q/X

GBF2 :B##b 1J- r2 +QMiBMm2 iQ �Hi2`M�i2 #2ir22M p�`B�iBQM�H
1@bi2T �M/ p�`B�iBQM�H J@bi2T mMiBH +QMp2`;2M+2X h?2 +QMp2`@
;2M+2 +QM/BiBQM Bb i?�i i?2 `2H�iBp2 /Bz2`2M+2b Q7 i?`22 ?vT2`@
T�`�K2i2`b #2ir22M +m``2Mi �M/ T`2pBQmb Bi2`�iBQMb �`2 H2bb i?�M
i?`2b?QH/bX h?2M ?vT2`@T�`�K2i2`b λ- δ- δε +�M #2 /2i2`KBM2/X

h?2 Tb2m/Q@+Q/2 Q7 o�`B�iBQM�H "�v2bB�M 1J Bb HBbi2/ BM �H@
;Q`Bi?K 9X :Bp2M x̂- a- �M/ BMBiB�HBx2/ ?vT2`@T�`�K2i2`b- p�`B@
�iBQM�H "�v2bB�M 1J Bb T2`7Q`K2/ Bi2`�iBp2HvX AM p�`B�iBQM�H
1@bi2T- iQ BMBiB�HBx2 +�HB#`�iBQM p�`B�iBQM�H /Bbi`B#miBQM- i?2 +�HB@
#`�iBQM K2�M �M/ i?2 �miQ+Q``2H�iBQM K�i`Bt �`2 Q#i�BM2/ #v
�H;Q`Bi?K RX h?2M +�HB#`�iBQM �M/ KQ/2H +Q2{+B2Mib p�`B�@
iBQM�H /Bbi`B#miBQMb �`2 Bi2`�iBp2Hv mT/�i2/ #v 1[m�iBQMb UjXj8V
�M/ UjXj3V iQ UjX9yV mMiBH i?2 +QMp2`;2M+2 +`Bi2`B� Bb b�iBb}2/X AM



*>�Sh1_ jX a1LaP_ *�GA"_�hAPL 8k

p�`B�iBQM�H J@bi2T- ?vT2`@T�`�K2i2`b �`2 mT/�i2/ �++Q`/BM; iQ
1[m�iBQMb UjX9kV iQ UjX99VX h?2 p�`B�iBQM�H 1@bi2T �M/ i?2 p�`B@
�iBQM�H J@bi2T �`2 Bi2`�iBp2Hv T2`7Q`K2/ mMiBH i?2 +QMp2`;2M+2
+`Bi2`B� Bb b�iBb}2/X 6BM�HHv- i?2 QTiBK�H ?vT2`@T�`�K2i2`b �`2
Q#i�BM2/X 6Q` � 7m`i?2` BHHmbi`�iBQM- Qm` T`QTQb2/ p�`B�iBQM�H
"�v2bB�M 1J ~Qr Bb b?QrM BM 6B;X jX8X

�H;Q`Bi?K 9 o�`B�iBQM�H "�v2bB�M 1J
_2[mB`2, a2MbQ` K2�bm`2K2Mib x̂- T`BQ` ac

R, AMBiB�HBx2 ?vT2`@T�`�K2i2`b Ωc
k, `2T2�i
j, AMBiB�HBx2 +�HB#`�iBQM K2�M E(ε) = ε Q#i�BM2/ #v �H;Q`Bi?K R �M/ i?2

�miQ+Q``2H�iBQM K�i`Bt E(εε#) = E(ε)E(ε)#c
9, `2T2�i
8, lT/�i2 p�`B�iBQM�H /Bbi`B#miBQM Q(â) rBi? K2�M p2+iQ` E(â) �M/

+Qp�`B�M+2 K�i`Bt Σâ #v 1[m�iBQMb UjXj8V �M/ UjXj3Vc
e, lT/�i2 p�`B�iBQM�H /Bbi`B#miBQM Q(ε) rBi? K2�M p2+iQ` E(ε) �M/

+Qp�`B�M+2 K�i`Bt Σε #v 1[m�iBQMb UjXjNV �M/ UjX9yVc
d, mMiBH *QMp2`;2M+2
3, lT/�i2 ?vT2`@T�`�K2i2`b Ω #v 1[m�iBQMb UjX9kV iQ UjX99Vc
N, mMiBH *QMp2`;2M+2

Ry, `2im`M ?vT2`@T�`�K2i2`b ΩX

jX8 Pp2`�HH ~Qr

h?2 Qp2`�HH ~Qr Q7 Qm` T`QTQb2/ b2MbQ` /`B7i +�HB#`�iBQM Bb b?QrM
BM 6B;X jXe- r?B+? +QMbBbib Q7 7Qm` T�`ib, KQ/2H QTiBKBx�iBQM-
*`Qbb@p�HB/�iBQM- :B##b 1J �M/ p�`B�iBQM�H "�v2bB�M 1JX qBi?
/`B7i@7`22 K2�bm`2K2Mib KQ/2H +Q2{+B2Mib �M/ b2p2`�H i2KT2`@
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Gibbs EM Variational Bayesian EM Cross-validation 

Model Optimization:

Alternating-based Optimization 

Model Selection 
Method

Drift-free Measurements 
Model CoefficientsMeasurements with Drift

Drift Calibration

6B;m`2 jXe h?2 T`QTQb2/ b2MbQ` /`B7i +�HB#`�iBQM ~QrX

�im`2 K2�bm`2K2Mib rBi? /`B7ib �b BMTmib- �M �Hi2`M�iBM;@#�b2/
QTiBKBx�iBQM �H;Q`Bi?K Bb T`QTQb2/ iQ `2bQHp2 b2MbQ` /`B7i +�HB@
#`�iBQM 7Q`KmH�iBQM BM KQ/2H QTiBKBx�iBQMX �//BiBQM�HHv- *`Qbb@
p�HB/�iBQM- :B##b 1J �M/ p�`B�iBQM�H "�v2bB�M 1J �`2 �/QTi2/
iQ BM/m+2 ?vT2`@T�`�K2i2`b- `2bT2+iBp2HvX "�b2/ QM i?2 �7Q`2@
K2MiBQM2/ i2+?MB[m2b- i?2 T`QTQb2/ ~Qr Bb 2tT2+i2/ iQ �++m@
`�i2Hv +�HB#`�i2 b2MbQ` /`B7ibX

jXe 1tT2`BK2Mi�H _2bmHib

h?2 BM@#mBH/BM; i2KT2`�im`2 /�i� �`2 b2H2+i2/ iQ i2bi Qm` T`Q@
TQb2/ 7`�K2rQ`FX q2 mb2 b2p2`�H b2MbQ`b 7Q` +�HB#`�i2 /`B7ibX �HH
/�i� Bb /B`2+iHv ;2M2`�i2/ 7`QK 1M2`;vSHmb �b b?QrM BM 6B;X jXdX
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choose building model 
and weather, set sensor 

parameters

random drift

obtain golden 
temperature

drift calibrationcomparison
MAPE

noise

6B;m`2 jXd h?2 ;2M2`�i2/ bBKmH�iBQM /�i�X

U�V U#V

6B;m`2 jX3 "2M+?K�`F, U�V >�HHc U#V a2+QM/�`v a+?QQHX

�b BHHmbi`�i2/ BM 6B;X jX3- i?2 irQ #mBH/BM; #2M+?K�`Fb- >�HH (Rj)
rBi? q�b?BM;iQM- .X* r2�i?2` �M/ a2+QM/�`v a+?QQH (Rk) rBi?
*?B+�;Q r2�i?2`- �`2 bBKmH�i2/ #v 1M2`;vSHmb iQ ;2M2`�i2 i?2
;`QmM/@i`mi? BM@#mBH/BM; i2KT2`�im`2b- r?B+? �`2 mb2/ iQ 2p�Hm@
�i2 Qm` T`QTQb2/ 7`�K2rQ`FX h?2 i2KT2`�im`2 b�KTHBM; T2`BQ/
Bb b2i iQ #2 QM2 ?Qm`X

S`�+iB+�HHv- #Qi? /`B7i �M/ K2�bm`2K2Mi MQBb2b M22/ iQ #2
+�`27mHHv +QMbB/2`2/ �M/ `2�bQM�#Hv b2i iQ ;2i +HQb2 iQ `2�H i2K@
T2`�im`2 K2�bm`2K2MiX "2+�mb2 Q7 � bHQr@�;BM; 2z2+i- iBK2
2z2+ib QM b2MbQ` T2`7Q`K�M+2 Bb MQi +QMbB/2`2/ BM Qm` 2tT2`B@
K2MibX .`B7i Bb b2i iQ #2 iBK2@BMp�`B�Mi r?BH2 K2�bm`2K2Mi MQBb2
Bb +QM};m`2/ �b iBK2@p�`B�MiX hrQ HQr@+Qbi i2KT2`�im`2 b2MbQ`b-
J*SN8yN rBi? �++m`�+v ±4.5 ê* �M/ GJjj8� rBi? �++m`�+v
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±5 ê* �`2 +?Qb2M iQ b2i /`B7i p�`B�M+2- `2bT2+iBp2HvX �++Q`/BM;
iQ i?2 i`BTH2 bi�M/�`/ /2pB�iBQM- r2 b2i irQ /`B7i p�`B�M+2b iQ
#2 σ2 = (4.5/3)2 = 2.25 �M/ σ2 = (5/3)2 = 2.78X AM �//BiBQM-
�++Q`/BM; iQ Qm` bm`p2v- i?2 MQBb2 p�`B�M+2 Bb b2i iQ #2 0.001 ê*X
�HH i2KT2`�im`2 K2�bm`2K2Mib �`2 ;2M2`�i2/ #v �//BM; MQBb2X

h?2 iBK2@BMbi�Mi MmK#2` M22/b iQ #2 `2�bQM�#Hv b2i iQ KBKB+
T`�+iB+�H �TTHB+�iBQM �M/ �++m`�i2Hv +�HB#`�i2 b2MbQ` /`B7ibX q2
�bbmK2 i?2 i2KT2`�im`2 K2�bm`2K2Mib �`2 /`B7i@7`22 /m`BM; }`bi
m0 = 240 iBK2@BMbi�Mib U}`bi Ry /�vbVX �M/ /m`BM; m = 60

iBK2@BMbi�Mib Uey ?Qm`bV- i?2 i2KT2`�im`2 K2�bm`2K2Mib rBi?
/`B7ib �`2 miBHBx2/ iQ i2bi Qm` T`QTQb2/ 7`�K2rQ`FX

ha"G (Rk8) �M/ i?2 T`QTQb2/ 7`�K2rQ`F rBi? *`Qbb@p�HB/�iBQM-
:B##b 1J �M/ p�`B�iBQM�H "�v2bB�M 1J Uo"@1JV �`2 2tTHQBi2/
iQ +�HB#`�i2 b2MbQ` /`B7ib- `2bT2+iBp2HvX �HH K2i?Q/b �`2 BKTH2@
K2Mi2/ #v Svi?QM QM Rk@+Q`2 GBMmt K�+?BM2 rBi? k8e: _�J
�M/ kX3y:>xX Ryy +QK#BM�iBQMb Q7 ?vT2`@T�`�K2i2`b `�iBQb �M/
s = 5 7QH/b �`2 b2i BM *`Qbb@p�HB/�iBQMX AM :B##b 1J- bBM+2
i?2 r�`K@bi�`i Bb r�Bp2/ BM :B##b b�KTHBM;- iQ �+?B2p2 #2ii2`
i`�/2@Qz #2ir22M �++m`�+v �M/ `mMiBK2- QMHv L = 10 b�KTH2b
�`2 ;2M2`�i2/ iQ T2`7Q`K JQMi2 *�`HQ �TT`QtBK�iBQM UjXRdV-
�M/ i?`22 ?vT2`@T�`�K2i2`b λ- δ0- δε �`2 BMBiB�HBx2/ rBi? 103-
10−4 �M/ 10−3- `2bT2+iBp2HvX h?2 i?`2b?QH/ p�Hm2b Q7 +QMp2`@
;2M+2 +`Bi2`BQM �`2 b2i �b 10−8- 10−2 �M/ 10−3 BM �H;Q`Bi?K R-
�H;Q`Bi?K j �M/ �H;Q`Bi?K 9X

hQ p2`B7v i?2 QTiBKBx�iBQM �M/ +QMp2`;2M+2 Q7 Qm` T`QTQb2/
�Hi2`M�iBM;@#�b2/ �H;Q`Bi?K �b b?QrM BM �H;Q`Bi?K R KQ`2 +H2�`Hv-
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irQ b2MbQ`b �`2 mb2/ iQ +�HB#`�i2 b2MbQ` /`B7ib �M/ b2Mb2 b+?QQH
i2KT2`�im`2b BM i?2 b2+QM/ #2M+?K�`FX AM 6B;X jXN- r2 +�M
Q#pBQmbHv b22 i?�i- #v mbBM; Qm` T`QTQb2/ �Hi2`M�iBM;@#�b2/ �H@
;Q`Bi?K- i?2 +Qbi Q7 6Q`KmH�iBQM UjXdV- 2biBK�i2/ +�HB#`�iBQMb ε1
�M/ ε2 +QMp2`;2 [mB+FHv iQ i?2 bi�iBQM�`v TQBMibX

10 20 30 40 50
1

2

3

4

5

Ai2`�iBQM

*Q
bi

*Qbi

10 20 30 40 50
−0.5

−0.2

0.1

0.4

Ai2`�iBQM
ε

ε1
ε2

6B;m`2 jXN *QMp2`;2M+2 Q7 �Hi2`M�iBM;@#�b2/ J2i?Q/X

h?2 /`B7i +�HB#`�iBQM �++m`�+v Bb [m�MiB}2/ #v K2�M �#bQHmi2
T2`+2Mi 2``Q` UJ�S1V /2}M2/ �b 7QHHQrb,

J�S1 =
1

nm

m∑

k=1

n∑

i=1

∣∣∣∣∣
ε̂(k)i − εi

εi

∣∣∣∣∣ , UjX98V

r?2`2 ε̂(k)i Bb 2biBK�i2/ +�HB#`�iBQMX aT2+B}+�HHv- BM Qm` T`QTQb2/
7`�K2rQ`F- ε̂(k)i = ε̂iX h?2 b2MbQ` /`B7i +�HB#`�iBQM T2`7Q`K�M+2b
Q7 �++m`�+v �M/ `mMiBK2 �`2 b?QrM BM 6B;X jXRy �M/ 6B;X jXRRX

�b b?QrM BM 6B;X jXRR- ha"G ?�b �++2Ti�#H2 +QKTmi�iBQM�H
Qp2`?2�/ 2p2M B7 Bib +QKTmi�iBQM�H +QKTH2tBiv Bb /QKBM�i2/ #v
KmHiBTH2 K�i`Bt BMp2`bBQM QT2`�iBQMbX >Qr2p2`- �b /BbTH�v2/ BM
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k 8 3 Ry R8 ky jy �p2X0

0.5

1

O b2MbQ`

J
�S

1

ha"G :B##b 1J o"@1J *o

U�V

k 8 3 Ry R8 ky jy �p2X0

0.5

1

O b2MbQ`

J
�S

1

U#V

k 8 3 Ry R8 ky jy 9y �p2X0

0.5

1

O b2MbQ`

J
�S

1

U+V

k 8 3 Ry R8 ky jy 9y �p2X0

0.5

1

O b2MbQ`

J
�S

1

U/V

6B;m`2 jXRy .`B7i p�`B�M+2 Bb b2i iQ U�-+V kXk8c U#-/V kXd3c "2M+?K�`F, U�-#V
>�HHc U+-/V a2+QM/�`v a+?QQHX

6B;X jXRy- ha"G ?�b i?2 rQ`bi T2`7Q`K�M+2 �M/ `Q#mbiM2bb 7Q`
/`B7ib +�HB#`�iBQMX AM 7�+i- i2KT2`�im`2 bB;M�Hb HB2 BM iBK2@p�`B�Mi
bm#bT�+2 bBM+2 BM@#mBH/BM; i2KT2`�im`2b �`2 BM~m2M+2/ #v KmHiB@
TH2 iBK2@p�`B�Mi 7�+iQ`b- 2X;X- r2�i?2`X �b � `2bmHi- ha"G +�MMQi
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O b2MbQ`
U+V
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0

40

80

120
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O b2MbQ`

ha"G
:B##b 1J
o"@1J
*o

U/V

6B;m`2 jXRR _mMiBK2 pbX O b2MbQ`, U�-+V kXk8c U#-/V kXd3c "2M+?K�`F, U�-#V
>�HHc U+-/V a2+QM/�`v a+?QQHX

�+?B2p2 �M Q#pBQmb /`B7i +�HB#`�iBQMX
lMHBF2 ha"G- i?2 T`QTQb2/ bT�iB�H +Q``2H�iBQM KQ/2H +�M +�H@

B#`�i2 /`B7ib 2p2M B7 i2KT2`�im`2 bB;M�Hb HB2 BM iBK2@p�`B�Mi bm#@
bT�+2X h?2`27Q`2- �b b?QrM BM 6B;X jXRy- i?2 T`QTQb2/ 7`�K2@
rQ`F rBi? *`Qbb@p�HB/�iBQM Q` :B##b 1J Q` o"@1J QmiT2`7Q`Kb
ha"G BM i2`Kb Q7 �++m`�+vX PM �p2`�;2- i?2 T`QTQb2/ 7`�K2@
rQ`F +�M �+?B2p2 �#Qmi 3× �++m`�+v BKT`Qp2K2MiX JQ`2Qp2`-
i?2 T`QTQb2/ /`B7i +�HB#`�iBQM 7`�K2rQ`F rBi? *`Qbb@p�HB/�iBQM
+�M �+?B2p2 i?2 #2bi �++m`�+vX >Qr2p2`- �b b?QrM BM 6B;X jXRR-
*`Qbb@p�HB/�iBQM ?�b � ?2�pv +QKTmi�iBQM�H Qp2`?2�/ bBM+2 r2
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M22/ iQ `mM �H;Q`Bi?K R 7Q` KmHiBTH2 iBK2bX *QKT�`2/ rBi?
*`Qbb@p�HB/�iBQM �M/ ha"G- :B##b 1J �M/ o"@1J ?�p2 HQr2`
+QKTmi�iBQM +QKTH2tBivX 6m`i?2`KQ`2- BM Q`/2` iQ K�F2 � #2i@
i2` i`�/2@Qz #2ir22M �++m`�+v �M/ `mMiBK2- :B##b 1J mb2b
72r2` b�KTH2b iQ T2`7Q`K JQMi2 *�`HQ �TT`QtBK�iBQM bQ i?�i Bib
�++m`�+v Bb rQ`b2 i?�M o"@1JX >Qr2p2`- �b b?QrM BM 6B;X jXRy-
i?2 T`QTQb2/ 7`�K2rQ`F rBi? :B##b 1J +�MMQi �+?B2p2 i?2 #2bi
�++m`�+v bBM+2 :B##b b�KTHBM; Bb � biQ+?�biB+ K2i?Q/ �M/ o"@
1J B;MQ`2b i?2 +Q``2H�iBQMb #2ir22M KQ/2H +Q2{+B2Mib � �M/
+�HB#`�iBQM εX

AM 6B;X jXRy- Bi +�M #2 b22M i?�i #2+�mb2 Q7 BM+`2K2Mi�H +Q`@
`2H�iBQM- i?2 KQ`2 b2MbQ`b +�M �+?B2p2 i?2 ?B;?2` �++m`�+v Q7
/`B7i +�HB#`�iBQM #v mbBM; Qm` T`QTQb2/ 7`�K2rQ`FX AM T`�+iB+2-
r?2M 72r2` b2MbQ`b M22/ iQ #2 +�HB#`�i2/- BM Q`/2` iQ �+?B2p2 #2i@
i2` �++m`�+v- *`Qbb@p�HB/�iBQM +�M #2 mb2/ iQ /2i2`KBM2 ?vT2`@
T�`�K2i2`b rBi?BM � `2�bQM�#H2 `2bTQMb2 iBK2- 2X;X- 1 KBMmi2X
q?BH2 KQ`2 b2MbQ`b M22/ iQ #2 +�HB#`�i2/- :B##b 1J +�M #2
2tTHQBi2/ iQ /2i2`KBM2 ?vT2`@T�`�K2i2`b bQ i?�i b2MbQ` K2�@
bm`2K2Mi �++m`�+v +�M #2 BKT`Qp2/ iQ � iQH2`�#H2 H2p2H rBi?BM
�++2Ti�#H2 `mMiBK2X h?2 T`QTQb2/ +�HB#`�iBQM 7`�K2rQ`F rBi?
:B##b 1J +�M �+?B2p2 � `Q#mbi /`B7i +�HB#`�iBQM �M/ � #2ii2`
i`�/2@Qz #2ir22M �++m`�+v �M/ `mMiBK2X

AM Q`/2` iQ BHHmbi`�i2 i?2 7�+i i?�i i?2 r�`K@bi�`i +�M #2
r�Bp2/ �M/ i?2 BMBiB�HBx�iBQM Bb `2�bQM�#H2 7Q` b�KTH2b BM :B##b
b�KTHBM;- Ryy :B##b b�KTHBM; i`�+2b- BM+Hm/BM; i?2 }`bi Ry b�K@
THBM; i`�+2b- �`2 b?QrM BM 6B;X jXRkX q2 +�M Q#b2`p2 i?�i i?2
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}`bi Ry b�KTH2b ?�p2 i?2 b�K2 b?�T2 rBi? i?2 Ryy b�KTH2bX Ai
BM/B+�i2b i?�i i?2 }`bi Ry b�KTH2b ?�p2 i?2 b�K2 bi�iBbiB+b rBi?
i?2 Ryy b�KTH2bX *QMb2[m2MiHv- i?2 }`bi Ry b�KTH2b +�M #2 mb2/
iQ `2T`2b2Mi i?2 Ryy b�KTH2bX

−0.3 0 0.3

−0.7

0

1.3

ε1

ε 2

Ryy b�KTHBM;
6B`bi Ry b�KTHBM;

6B;m`2 jXRk :B##b b�KTHBM; i`�+2bX

AM i?Bb �TTHB+�iBQM- L = 10 +�M K�F2 � #2ii2` i`�/2@Qz #2@
ir22M `mMiBK2 �M/ �++m`�+vX JQ`2 b�KTH2b +�M BKT`Qp2 i?2
+�HB#`�iBQM �++m`�+vX 6Q` BHHmbi`�iBM; i?2 `2H�iBQMb?BTb �KQM;
i?2 MmK#2` Q7 b�KTH2b- �++m`�+v �M/ `mMiBK2- r2 b?Qr i?2 2t@
T2`BK2Mi�H `2bmHib BM 6B;X jXRjX q2 b2i i?2 b�KTHBM; MmK#2` iQ
#2 10- 100- 1000 �M/ 10000X �++Q`/BM; iQ 6B;X jXRy- #2+�mb2
Q7 BM+`2K2Mi�H +Q``2H�iBQM /Bb+mbb2/ �#Qp2- i?2 /`B7i +�HB#`�iBQM
T2`7Q`K�M+2 Bb KQ`2 bi�#H2 r?2M i?2 MmK#2` Q7 b2MbQ`b Bb KQ`2
i?�M R8X h?2`27Q`2- r2 �p2`�;2 J�S1 �M/ `mMiBK2 QM /Bz2`2Mi
MmK#2`b Q7 b2MbQ`b r?2M i?2 MmK#2` Q7 b2MbQ`b Bb KQ`2 i?�M 15X
�b i?2 2tT2`BK2Mi�H `2bmHib /2KQMbi`�i2/ BM 6B;X jXRj- i?2 KQ`2
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MmK#2` Q7 b�KTH2b +�M BKT`Qp2 i?2 +�HB#`�iBQM �++m`�+v r?BH2
Bi ?�b KQ`2 `mMiBK2X AM �//BiBQM- i?2 KQ`2 MmK#2` Q7 b�KTH2b
+�MMQi �+?B2p2 bB;MB}+�Mi �++m`�+v BKT`Qp2K2Mi r?BH2 Bi H2�/b
iQ � bB;MB}+�Mi `mMiBK2 +QbiX h?2`27Q`2- L = 10 Bb 2MQm;? iQ
K�F2 � #2ii2` i`�/2@Qz #2ir22M `mMiBK2 �M/ �++m`�+vX "2bB/2b-
#�b2/ QM i?2 2tT2`BK2Mi�H `2bmHib b?QrM BM 6B;X jXRj- iQ �+?B2p2
i?2 b�K2 /`B7i +�HB#`�iBQM �++m`�+v rBi? o"@1J- :B##b 1J
M22/b 10000 b�KTH2b- r?B+? rBHH BM+m` � 30× `mMiBK2 Qp2`?2�/X
h?2`27Q`2- Qm` T`QTQb2/ o"@1J +�M �+?B2p2 #2ii2` � i`�/2@Qz
#2ir22M �++m`�+v �M/ `mMiBK2X
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6B;m`2 jXRj O b�KTH2b pbX �++X pbX `mMiBK2, U�- #V ?�HHc U+- /V b+?QQHc U�- +V
/`B7i p�`B�M+2 kXk8c U#- /V /`B7i p�`B�M+2 kXd3X

6m`i?2`KQ`2- +QMbB/2`BM; i?�i i?2 i2KT2`�im`2 b2MbQ`b �`2
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k 8 3 Ry R8 ky jy �p2X−8

0

8 ·10−2

O b2MbQ`
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:B##b 1J o"@1J *o
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k 8 3 Ry R8 ky jy �p2X−8
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U#V

k 8 3 Ry R8 ky jy 9y �p2X−0.28

0
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U+V

k 8 3 Ry R8 ky jy 9y �p2X−0.28

0
8 · 10−2

O b2MbQ`

∆
J
�S

1

U/V

6B;m`2 jXR9 ∆ J�S1 r?2M MQBb2 p�`B�M+2 Bb b2i 0.01- /`B7i p�`B�M+2 U�-+V
kXk8c U#-/V kXd3c "2M+?K�`F, U�-#V >�HHc U+-/V a2+QM/�`v a+?QQHX

mb2/ BM � b2p2`2 2MpB`QMK2Mi- BM Q`/2` iQ p2`B7v i?2 `Q#mbiM2bb
7Q` MQBb2- r2 b2i �MQi?2` MQBb2 p�`B�M+2 iQ #2 0.01 ê*X q2 /2@
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}M2 ∆MAPE = MAPE0.001 − MAPE0.01- r?2`2 MAPE0.001

Bb K2�M �#bQHmi2 T2`+2Mi 2``Q` mM/2` 0.001 MQBb2 p�`B�M+2 �M/
MAPE0.01 Bb K2�M �#bQHmi2 T2`+2Mi 2``Q` mM/2` 0.01 MQBb2 p�`B@
�M+2X ∆MAPE > 0 K2�Mb i?�i MQBb2 #`BM;b � TQbBiBp2 2z2+i QM
/`B7i +�HB#`�iBQM �++m`�+v r?BH2 ∆MAPE < 0 K2�Mb i?�i MQBb2
�z2+ib M2;�iBp2Hv QM /`B7i +�HB#`�iBQM �++m`�+vX 1tT2`BK2Mi�H
`2bmHib �`2 b?QrM BM 6B;X jXR9X �Hi?Qm;? Bi Bb mM+2`i�BM i?�i
r?B+? 2z2+i i?2 MQBb2 rBHH #`BM; QM /`B7i +�HB#`�iBQM �++m`�+v
mM/2` /Bz2`2Mi b2MbQ` MmK#2`b BM 2�+? BM/BpB/m�H 2tT2`BK2Mi-
MQBb2 #`BM;b � M2;�iBp2 2z2+i QM /`B7i +�HB#`�iBQM �++m`�+v QM
�p2`�;2- BX2X-

∑
∆MAPEX q?�iǶb KQ`2- i?2 H�`;2` MQBb2 p�`B@

�M+2 i`B;;2`b /`B7i +�HB#`�iBQM /2;`�/�iBQM #v mbBM; Qm` T`QTQb2/
K2i?Q/b- BX2X- *o- :B##b 1J- �M/ o"@1JX Pm` 2tT2`BK2Mi�H
`2bmHib �b b?QrM BM 6B;X jXR9 BM/B+�i2 i?�i +QKT�`2/ rBi? *o
�M/ :B##b 1J- Qm` T`QTQb2/ 7`�K2rQ`F rBi? o"@1J Bb `Q#mbi
7Q` MQBb2X

jXd amKK�`v

AM i?Bb +?�Ti2`- � b2MbQ` bT�iB�H +Q``2H�iBQM KQ/2H ?�b #22M T`Q@
TQb2/ iQ T2`7Q`K /`B7i +�HB#`�iBQMX h?�MFb iQ bT�iB�H +Q``2H�@
iBQM- i?2 mMFMQrM �+im�H i2KT2`�im`2 K2�bm`2/ #v 2�+? b2MbQ`
Bb HBM2�`Hv 2tT`2bb2/ #v �HH Qi?2` b2MbQ`bX h?2 T`BQ`b 7Q` KQ/2H
+Q2{+B2Mib �M/ /`B7i +�HB#`�iBQM �`2 �TTHB2/ iQ J�S 2biBK�iBQMX
J�S 2biBK�iBQM Bb i?2M 7Q`KmH�i2/ �b � MQM@+QMp2t T`Q#H2K
rBi? i?`22 ?vT2`@T�`�K2i2`b- r?B+? Bb QTiBKBx2/ #v i?2 T`Q@
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TQb2/ �Hi2`M�iBM;@#�b2/ K2i?Q/X *`Qbb@p�HB/�iBQM- :B##b 1J
�M/ o"@1J �`2 2tTHQBi2/ iQ /2i2`KBM2 ?vT2`@T�`�K2i2`b- `2@
bT2+iBp2HvX 1tT2`BK2Mi�H `2bmHib /2KQMbi`�i2 i?�i QM #2M+?@
K�`Fb bBKmH�i2/ 7`QK 1M2`;vSHmb- i?2 T`QTQb2/ 7`�K2rQ`F rBi?
p�`B�iBQM�H "�v2bB�M 1J +�M �+?B2p2 � `Q#mbi /`B7i +�HB#`�iBQM
�M/ � #2ii2` i`�/2@Qz #2ir22M �++m`�+v �M/ `mMiBK2X �p2`@
�;2Hv- +QKT�`2/ rBi? bi�i2@Q7@i?2@�`i- i?2 T`QTQb2/ 7`�K2rQ`F
+�M �+?B2p2 �#Qmi 3× �++m`�+v BKT`Qp2K2MiX AM Q`/2` iQ �+?B2p2
i?2 b�K2 /`B7i +�HB#`�iBQM �++m`�+v rBi? p�`B�iBQM�H "�v2bB�M
1J- :B##b 1J M22/b 10000 b�KTH2b- r?B+? rBHH `2bmHi BM � 30×
`mMiBK2 Qp2`?2�/X

! 1M/ Q7 +?�Ti2`X



*?�Ti2` 9

6�bi �;BM; .2;`�/�iBQM
1biBK�iBQM

9XR S`2HBKBM�`B2b

9XRXR S`Q#H2K 6Q`KmH�iBQM

"27Q`2 +QKKBiiBM; i?2 /2bB;M iQ bBHB+QM- i?2 �;BM;@BM/m+2/ i`�M@
bBbiQ` /2;`�/�iBQM M22/b iQ #2 �++m`�i2Hv 2biBK�i2/ BM i?2 TQbi@
H�vQmi bBKmH�iBQM iQ Dm/;2 +B`+mBi `2HB�#BHBivX >Qr2p2`- i?2 �+@
im�H /2;`22 Q7 i?2 �;BM;@BM/m+2/ i`�MbBbiQ` /2;`�/�iBQM Bb ?�`/
iQ 2biBK�i2X PM QM2 ?�M/- i?2 i`�/BiBQM�H bi�iB+ �;BM; `2HB�#BH@
Biv bBKmH�iBQM +�mb2b BM�++m`�i2 Dm/;K2Mi QM i?2 �;BM;@T`QM2
i`�MbBbiQ`b bBM+2 i?2 /vM�KB+ bi`2bb +QM/BiBQMb �`2 +QKTH2i2Hv
B;MQ`2/X PM i?2 Qi?2` ?�M/- i?2 i`�/BiBQM�H /vM�KB+ bBKmH�iBQM
Bb iBK2@+QMbmKBM; bBM+2 Bi M22/b � H�`;2 MmK#2` Q7 �++2Ti2/
i`�MbB2Mi bi2TbX "2bB/2b- i?2 �++m`�+v Q7 i`�/BiBQM�H /vM�KB+
�;BM; `2HB�#BHBiv bBKmH�iBQM ?2�pBHv `2HB2b QM /vM�KB+ bi`2bb +QM@
/BiBQMb bm+? �b +HQ+F bT22/b �M/ r�p27Q`K brBM;bX h?mb i?2

e8
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i`�/BiBQM�H �;BM; `2HB�#BHBiv bBKmH�iBQM Bb ?�`/ iQ K�F2 � #2ii2`
i`�/2@Qz #2ir22M �++m`�+v �M/ `mMiBK2X

AM i?Bb i?2bBb- r2 �/QTi � /�i�@/`Bp2M �TT`Q�+? BM � bmT2`pBb2/@
H2�`MBM; K�MM2` iQ 7�bi 2biBK�i2 �;BM;@BM/m+2/ /2;`�/�iBQMX �b
K2MiBQM2/ �#Qp2- i?2 �++m`�+v Q7 i`�/BiBQM�H /vM�KB+ �;BM; `2@
HB�#BHBiv bBKmH�iBQM ?2�pBHv `2HB2b QM /vM�KB+ bi`2bb +QM/BiBQMbX
h?mb Qm` /�i�@/`Bp2M �TT`Q�+? /2+QmTH2b /vM�KB+ bi`2bb +QM/B@
iBQMbX AM i?2 i`�BMBM; b2i- BM Q`/2` iQ �+?B2p2 �++m`�i2 2biBK�@
iBQMb- i?2 ;QH/2M@i`mi? �;BM;@BM/m+2/ /2;`�/�iBQMb �`2 Q#i�BM2/
#v �M BM/mbi`B�H �;BM; .6_ iQQH rBi? i?2 bi�iB+ �M/ /vM�KB+
bi`2bb +QM/BiBQMb ;Bp2M #v p2`v bQT?BbiB+�i2/ /2bB;M2`bX *QK@
T�`2/ rBi? bi�iB+ bi`2bb +QM/BiBQMb- Bi Bb ?�`/ iQ /2i2`KBM2 /v@
M�KB+ bi`2bb +QM/BiBQMb BM T`�+iB+2- i?mb BM i?2 BM72`2M+2 bi�;2-
/vM�KB+ bi`2bb +QM/BiBQMb �`2 MQi +QMbB/2`2/ BM Qm` /�i�@/`Bp2M
�TT`Q�+?X h?Bb bi`�i2;v +�M �+?B2p2 � #2ii2` +QKT`QKBb2 #2@
ir22M +QKTmi�iBQM�H +QKTH2tBiv �M/ KQ/2H �++m`�+v 7Q` i?2
KQ/2H BKTH2K2Mi�iBQMX AM i?2 BM/mbi`v- /piHBM U>*AY"hA-RyV
Bb mb2/ iQ �bb2bb i?2 /2;`22 Q7 �;BM;@BM/m+2/ i`�MbBbiQ` /2;`�/�@
iBQM (RR- R9)X /piHBMU>*AY"hA-RyV Bb /2}M2/ �b 7QHHQrb,

.2}MBiBQM R U/piHBMU>*AY"hA-RyVVX h?2 b?B7iBM; p�Hm2 Q7 i?`2b?@
QH/ pQHi�;2 Q7 i?2 i`�MbBbiQ` 7`QK 7`2b? iQ Ry v2�`b /m2 iQ >*A
�M/ "hAX

h?2 H�`;2` /piHBM U>*AY"hA-RyV Bb- i?2 rQ`b2 �;BM;@BM/m+2/
i`�MbBbiQ` /2;`�/�iBQM Bb- pB+2 p2`b�X 6Q` +QMp2MB2M+2- BM i?Bb
T�T2`- r2 b?Q`i2M /piHBMU>*AY"hA-RyV �b /piHBMX
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"�b2/ QM i?2 �#Qp2 /2b+`BTiBQM- r2 /2}M2 Qm` T`Q#H2K 7Q`@
KmH�iBQM �b 7QHHQrbX

S`Q#H2K k U1biBK�iBM; /piHBM BM �M�HQ; A*bVX :Bp2M bQK2
�M�HQ; A* TQbi@H�vQmi M2iHBbib- i?2B` bi`2bb +QM/BiBQMb �M/ � HBbi
+QMi�BMBM; �HH i`�MbBbiQ`b rBi? /piHBM Q#i�BM2/ #v �M BM/mbi`B�H
.6_ iQQH �b i?2 i`�BMBM; b2i- Qm` i�bF Bb i`�BMBM; � KQ/2H QM
i?2 i`�BMBM; b2i iQ 7�bi �M/ �++m`�i2Hv 2biBK�i2 /piHBM Q7 2�+?
i`�MbBbiQ` QM i?2 i2biBM; b2i r?BH2 KBMBKBxBM; i?2 2biBK�iBQM
2``Q`X

9XRXk �M�HQ; A*b hQTQHQ;v

q?2M �M�HQ; A* M2iHBbi }H2b �`2 T�`b2/ �M/ ~�ii2M2/- �M�HQ; A*b
�`2 M�im`�HHv `2T`2b2Mi2/ �b #BT�`iBi2 ;`�T?b (33)X h?2`2 �`2 irQ
/BbDQBMi b2ib BM i?2 #BT�`iBi2 ;`�T?X PM2 b2i +QMi�BMb �HH M2ib �M/
i?2 Qi?2` QM2 +QMi�BMb �HH /2pB+2bX 1�+? mM/B`2+i2/ 2/;2 +QM@
M2+ib QM2 M2i �M/ QM2 /2pB+2X 6B;X 9XR /2KQMbi`�i2b �M �M�HQ;
+B`+mBi �M/ i?2 +Q``2bTQM/BM; #BT�`iBi2 ;`�T? `2T`2b2Mi�iBQMX

9XRXj :`�T? *QMpQHmiBQM�H L2irQ`Fb

aBM+2 i?2 ;`�T? +�M `2p2�H bi`m+im`�H BM7Q`K�iBQM- ;`�T? H2�`M@
BM; T`QpB/2b � TQr2`7mH /�i�@/`Bp2M �TT`Q�+? 7Q` KQ/2HBM; B`@
`2;mH�` ;`B/@#�b2/ /�i� BM K�+?BM2 H2�`MBM; i�bFb (9y-ey)X LQ/2
2K#2//BM; ;2M2`�iBQM Bb QM2 Q7 i?2 KQbi BKTQ`i�Mi i2+?MQHQ;B2b
BM ;`�T? H2�`MBM; (Rjk)X h?2 `2T`2b2Mi�iBQM Q7 2�+? MQ/2 Bb Q#@
i�BM2/ #v 2K#2//BM; �M/ i?2M 72/ BMiQ i?2 i`�/BiBQM�H K�+?BM2
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M1 M2

M3 M4

R

Vdd

GND

n1

n2 n3

n4 n5

n6

n7

U�V

Vdd
n5n4

M3 M4

n1

M2RM1

n3n7

GND

n2

n6

Vddn5

n4

M3

M4

n1

M2

R

M1

n3

n7 GND

n6

n2

U#V

6B;m`2 9XR �M�HQ; +B`+mBi Bb `2T`2b2Mi2/ �b � #BT�`iBi2 ;`�T?, U�V �M �M�HQ;
+B`+mBic U#V h?2 +Q``2bTQM/BM; #BT�`iBi2 `2T`2b2Mi�iBQMX

H2�`MBM; KQ/2Hb 7Q` 2biBK�iBQM �M/ T`2/B+iBQMX _2+2MiHv- bQK2
/�i�@/`Bp2M K2i?Q/b r2`2 T`QTQb2/ iQ H2�`M MQ/2 2K#2//BM;b
�miQK�iB+�HHv (9y- ey)X

PM2 Q7 i?2 /�i�@/`Bp2M 2K#2//BM; K2i?Q/b Bb :*Lb- r?Qb2
K�BM B/2� Bb �miQK�iB+�HHv H2�`MBM; ?Qr iQ �;;`2;�i2 BM7Q`K�@
iBQM Bi2`�iBp2Hv 7`QK M2B;?#Q`?QQ/b QM ;`�T?b #v mbBM; M2m`�H
M2irQ`FbX h?2 2K#2//BM; ;2M2`�iBQM Bb 2[mBp�H2Mi iQ mbBM; �
}Hi2` QM 2�+? MQ/2- r?Qb2 �++2bbB#H2 /QK�BM +QMi�BMb i?2 MQ/2
Bib2H7 �M/ Bib M2B;?#Q`BM; MQ/2bX h?2 M2B;?#Q`BM; MQ/2b �`2 �
b2i Q7 �HH MQ/2b r?B+? �`2 �/D�+2Mi iQ i?2 MQ/2 Bib2H7X *QKT�`2/
rBi? i`�/BiBQM�H *LLb- i?2 ;`�T? iQTQHQ;v Bb �HbQ i`2�i2/ �b �
72�im`2 iQ T2`7Q`K K�+?BM2 H2�`MBM; i�bFb bQ i?�i :*Lb +�M
�+?B2p2 ?B;?2` �++m`�+v QM ;`�T?@#�b2/ /�i�b2ib �M/ �TTHB+�@
iBQMbX
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9Xk >2i2`Q;2M2Qmb :`�T? _2T`2b2Mi�iBQM

hQ �/QTi � :*L@#�b2/ 7`�K2rQ`F- Bi Bb 7mM/�K2Mi�H iQ T2`@
7Q`K �M 2K#2//BM; ;2M2`�iBQM �H;Q`Bi?K QM ;`�T?b iQ 2M+Q/2
i?2 MQ/2b �M/ 2/;2b �b 72�im`2 p2+iQ`bX �Hi?Qm;? i?2 ;`�T?
`2T`2b2Mi�iBQMb Q7 �M�HQ; A*b ?�p2 #22M bim/B2/ BM K�Mv rQ`Fb
Q7 HBi2`�im`2 (33- RRR- Rek- Rej)- i?2 2K#2//BM; ;2M2`�iBQM �H;Q@
`Bi?K +�MMQi #2 /B`2+iHv T2`7Q`K2/ QM i?2 ;`�T? `2T`2b2Mi�iBQMb
Q7 �M�HQ; A*b bBM+2 MQi �HH MQ/2b ?�p2 /2bB;M T�`�K2i2`b �b 72�@
im`2bX L2ti- r2 rBHH T`QTQb2 � /B`2+i2/ ?2i2`Q;2M2Qmb ;`�T?
`2T`2b2Mi�iBQM K2i?Q/ iQ ;m�`�Mi22 i?�i 2�+? MQ/2 ?�b 72�im`2bX

hQ T2`7Q`K �M 2K#2//BM; ;2M2`�iBQM �H;Q`Bi?K- r2 i`2�i
2�+? /2pB+2- /B`2+i +m``2Mi U.*V pQHi�;2 bQm`+2 Q` ;`QmM/ �b
� MQ/2X �M �M�HQ; A* TQbi@H�vQmi M2iHBbi +�M #2 ~�ii2M2/ �b
� #BT�`iBi2 ;`�T? �b BHHmbi`�i2/ BM 6B;X 9XRX hQ ;m�`�Mi22 i?�i
2�+? MQ/2 ?�b 72�im`2b- � M�śp2 K2i?Q/ Bb +QMbi`m+iBM; � ?Q@
KQ;2M2Qmb KmHiB;`�T? iQ `2T`2b2Mi i?2 iQTQHQ;v Q7 �M�HQ; A*
M2iHBbi (dR)X AM i?Bb ?QKQ;2M2Qmb KmHiB;`�T?- 2�+? 2/;2 `2T`2@
b2Mib QM2 T�i? 7`QK QM2 /2pB+2 iQ �MQi?2`X Ai �HHQrb KmHiBTH2
2/;2b #2ir22M �Mv irQ MQ/2b bBM+2 i?2`2 K�v #2 KmHiBTH2 T�i?b
7`QK QM2 /2pB+2 iQ i?2 Qi?2` QM2X LQi2 i?�i /vM�KB+ bi`2bb
+QM/BiBQMb /Q MQi #2 +QMbB/2`2/ BM i?Bb ;`�T? `2T`2b2Mi�iBQM bQ
i?�i i?2 :*L@#�b2/ 7`�K2rQ`F Bb BM/2T2M/2Mi Q7 i?2K �M/ +�M
`2TH�+2 i?2 i`�/BiBQM�H bi�iB+ �;BM; `2HB�#BHBiv bBKmH�iBQMX

h?2 ivTB+�H �M�HQ; A* M2iHBbib ?�p2 ?2i2`Q;2M2Biv bBM+2 i?2v
+QMi�BM KmHiB@ivT2/ #�bB+ /2pB+2b �M/ KmHiB@ivT2/ +QMM2+iBQM



*>�Sh1_ 9X 6�ah �:AL: .1:_�.�hAPL 1ahAJ�hAPL dy

TBMb (N3)X �M BM2pBi�#H2 T`Q#H2K Q7 i?2 ?QKQ;2M2Qmb `2T`2b2Mi�@
iBQM K2i?Q/ Bb i?�i Bi 7�BHb iQ +?�`�+i2`Bx2 i?2 /Bp2`bBiB2b �KQM;
TBMb- /2pB+2b- +QMM2+iBQMb- �M/ `2H�iBp2 b2[m2MiB�H `2H�iBQMb?BTbX
AM Q`/2` iQ 2tT`2bb i?2b2 /Bp2`bBiB2b- r2 T`QTQb2 � ?2i2`Q;2M2Qmb
/B`2+i2/ KmHiB;`�T? `2T`2b2Mi�iBQM- r?2`2 i?2 ivT2 Q7 i?2 2/;2b
Bb i`2�i2/ �b i?2 ivT2 Q7 i?2 TBMb iQ r?B+? Bi +QMM2+ibX h?2
?2i2`Q;2M2Qmb /B`2+i2/ KmHiB;`�T? Bb /2}M2/ �b 7QHHQrbX

.2}MBiBQM k U>2i2`Q;2M2Qmb /B`2+i2/ KmHiB;`�T?VX � ?2i2`Q;2@
M2Qmb /B`2+i2/ KmHiB;`�T? Bb /2}M2/ �b � ;`�T? HMGd(Vhmg,Ehmg,

OVhmg ,REhmg ,ϕhmg)- r?2`2 Vhmg Bb i?2 b2i Q7 MQ/2b- Ehmg Bb i?2
KmHiBb2i Q7 2/;2bX OVhmg �M/ REhmg `2T`2b2Mi i?2 b2ib Q7 MQ/2
ivT2b �M/ 2/;2 ivT2b- `2bT2+iBp2HvX ϕhmg Bb �/QTi2/ iQ �bbB;M
2�+? MQ/2 BM Vhmg iQ � MQ/2 ivT2- BX2X- ϕhmg(υi) ∈ OVhmg 7Q`
∀υi ∈ VhmgX r BM/B+�i2b i?2 2/;2 ivT2- bm+? i?�i r ∈ REhmgX
1�+? BMbi�M+2 BM Ehmg Bb ((υi, υj), r) �M/ i?2 Q`/2`2/ T�B` (υi, υj)

b�iBb}2b υi, υj ∈ VhmgX

q2 mb2 �M 2t�KTH2 iQ b?Qr i?Bb ?2i2`Q;2M2Qmb /B`2+i2/ KmHiB@
;`�T? `2T`2b2Mi�iBQMX �b b?QrM BM 6B;X 9XkU�V- B7 r2 bi�M/ �i i?2
;�i2 Q7 i?2 i`�MbBbiQ` Jj �M/ HQQFQmi- r2 rBHH b22 i`�MbBbiQ`b JR-
Jj �M/ J9X h?mb i?2`2 �`2 i?`22 /B`2+i2/ 2/;2b U/2MQi2/ #v /�`F
;`22MV rBi? ;�i2 +QMM2+iBQMb 7`QK JR- Jj �M/ J9 iQ i?2 i`�MbBbiQ`
Jj �b b?QrM BM 6B;X 9XkU#VX h?Bb K2i?Q/ Bb BMbTB`2/ #v +B`+mBi
�M�HvbBb- r?2`2 i?2 BMTmi BKT2/�M+2 Bb Q#i�BM2/ BM i?2 b�K2
7�b?BQM (N3)X AM i?2 b�K2 K�MM2`- r2 +�M Q#i�BM i?2 /B`2+i2/
KmHiB;`�T? +Q``2bTQM/BM; iQ i?2 ;�i2 +QMM2+iBQMb �b b?QrM BM
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M1 M2

M3 M4

R

Vdd

GND

n1

n2 n3

n4 n5

n6

n7

g
g

gg

d d

dd

s s

ss

U�V

GND

Vdd

M3 M4

M1 M2

R

U#V

6B;m`2 9Xk h?2 ?2i2`Q;2M2Qmb /B`2+i2/ KmHiB;`�T? `2T`2b2Mi�iBQM, U�V h?2
/Bz2`2MiB�H �KTHB}2`c U#V h?2 ;�i2 +QMM2+iBQMX

6B;X 9XkU#V- r?2`2 �HH ;`22M 2/;2b /2MQi2 i?2 ;�i2 +QMM2+iBQMX
JQ`2Qp2`- i?2 +B`+mBi M2iHBbi BM 6B;X 9XkU�V Bb }M�HHv i`�Mb7Q`K2/
BMiQ i?2 KmHiB;`�T? BM 6B;X 9XjX AM T�`iB+mH�`- +QMbB/2`BM; i?�i
i?2 2H2+i`B+�H +?�`�+i2`BbiB+b Q7 /B`2+i +m``2Mi pQHi�;2 bQm`+2b �M/
;`QmM/b �`2 MQi BM~m2M+2/ #v Qi?2` /2pB+2b- r2 b2i i?2K iQ #2
T`2/2+2bbQ`bX

�7i2` i?2 iQTQHQ;v Q7 /Bz2`2Mi +QMM2+iBQMb Bb Q#i�BM2/- r2
mb2 QM2 �/D�+2M+v K�i`Bt iQ 2M+Q/2 i?2 iQTQHQ;v Q7 2�+? +QM@
M2+iBQM BM i?2 ?2i2`Q;2M2Qmb KmHiB;`�T?X h?2 �/D�+2M+v K�i`Bt
Q7 i?2 ivT2@r +QMM2+iBQM Bb /2}M2/ �b Ar- r?2`2 2�+? 2H2K2Mi
Ar(i, j) Bb i?2 MmK#2` Q7 i?2 BMbi�M+2 ((υi, υj), r) BM i?2 KmHiBb2i
Edmg �M/ r ∈ REhmg X �b �M 2t�KTH2- i?2 �/D�+2M+v K�i`Bt Ag

+Q``2bTQM/BM; iQ i?2 ;�i2 +QMM2+iBQM BM 6B;X 9XkU#V Bb b?QrM BM
J�i`Bt U9XRVX
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Vdd

M3 M4

GND

M1 M2

R

Vdd

M3 M4

GND

M1 M2

R

Vdd

M3 M4

GND

M1 M2

R

Vdd

M3 M4

GND

M1 M2

R

6B;m`2 9Xj � ?2i2`Q;2M2Qmb /B`2+i2/ KmHiB;`�T? rBi? KmHiB@ivT2/ 2/;2bX
6`QK H27i iQ `B;?i, /`�BM- ;�i2- bQm`+2 �M/ Qi?2` +QMM2+iBQMbX





M1 M2 M3 M4 R V dd GND

M1 0 1 0 0 0 0 0

M2 1 0 0 0 0 0 0

M3 1 0 1 1 0 0 0

M4 1 0 2 0 0 0 0

R 0 0 0 0 0 0 0

V dd 0 0 0 0 0 0 0

GND 0 0 0 0 0 0 0





. U9XRV

AM bmKK�`v- �M �M�HQ; A* M2iHBbi +�M #2 `2T`2b2Mi2/ �b � ?2i@
2`Q;2M2Qmb /B`2+i2/ KmHiB;`�T?X h?2 iQTQHQ;v Q7 ?2i2`Q;2M2Qmb
/B`2+i2/ KmHiB;`�T? Bb 2M+Q/2/ �b KmHiBTH2 �/D�+2M+v K�i`B+2b-
r?2`2 2�+? QM2 2M+Q/2b QM2 ivT2 Q7 +QMM2+iBQMX AM i?2 M2ti
b2+iBQM- r2 rBHH T`QTQb2 �M >@:*L KQ/2H QM i?2 ?2i2`Q;2M2Qmb
/B`2+i2/ KmHiB;`�T? iQ 2biBK�i2 /piHBM #v i�FBM; KmHiBTH2 �/@
D�+2M+v K�i`B+2b �M/ i?2 /2bB;M T�`�K2i2`b Q7 �HH ivT2/ /2pB+2b
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�b BMTmibX

9Xj >2i2`Q;2M2Qmb :*L

AM i?Bb b2+iBQM- �M >@:*L KQ/2H QM i?2 ?2i2`Q;2M2Qmb /B`2+i2/
KmHiB;`�T? Bb /2p2HQT2/ iQ 2biBK�i2 /piHBMX h?2 72�im`2b Q7 �HH
ivT2b Q7 /2pB+2b �`2 }`biHv K�TT2/ BMiQ � mMB}2/ H�i2Mi bT�+2
i?2M Qm` T`QTQb2/ >@:*L KQ/2H b2[m2MiB�HHv +QM/m+ib KmHiBTH2
2K#2//BM; ;2M2`�iBQMb QM i?2b2 72�im`2bX

9XjXR LQi�iBQMb

�b /Bb+mbb2/ BM a2+iBQM 9Xk- ;Bp2M �M �M�HQ; A* M2iHBbi- r2 T�`b2
�M/ ~�ii2M Bi iQ #2 � #BT�`iBi2 ;`�T? �b b?QrM BM 6B;X 9XRX
h?2M r2 i`�Mb7Q`K iQ #2 � ?2i2`Q;2M2Qmb /B`2+i2/ KmHiB;`�T?
HMGd(Vhmg, Ehmg,OVhmg ,REhmg ,ϕhmg) �b b?QrM BM 6B;X 9Xk �M/
6B;X 9XjX h?2M �++Q`/BM; iQ i?2 ?2i2`Q;2M2Qmb /B`2+i2/ KmHiB@
;`�T?- r2 +�M Q#i�BM |REhmg | �/D�+2M+v K�i`B+2b- BX2X- Ar 7Q`
∀r ∈ REhmg - r?2`2 |·| Bb i?2 +�`/BM�HBiv Q7 b2iX "2bB/2b- i?2 /2pB+2
υi ∈ Vhmg ?�b hϕhmg(υi) /2bB;M T�`�K2i2`b 7Q` ϕhmg(υi) ∈ OVhmg X
q2 mb2 i?2b2 /2bB;M T�`�K2i2`b �b i?2 72�im`2b Q7 2�+? MQ/2-
BX2X- xυi ∈ R1×hϕhmg(υi)X LQi2 i?�i i?2 MmK#2` Q7 /2bB;M T�`�K2@
i2`b `2HB2b QM i?2 ivT2 Q7 /2pB+2X L2ti- r2 rBHH T`QTQb2 � mMB}2/
H�i2Mi bT�+2 K�TTBM; K2i?Q/ iQ K�T i?2 72�im`2b Q7 2�+? MQ/2
BMiQ � mMB}2/ H�i2Mi bT�+2 bQ i?�i i?2 2K#2//BM; ;2M2`�iBQM +�M
#2 T2`7Q`K2/ K2�Mr?BH2 i?2 72�im`2b Q7 KmHiB@ivT2/ /2pB+2b +�M
#2 r2HH 2z2+iBp2Hv 2tTHQBi2/ �M/ 2M+Q/2/X
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9XjXk lMB}2/ G�i2Mi aT�+2 J�TTBM;

� ivTB+�H �M�HQ; A* M2iHBbi +QMi�BMb KmHiB@ivT2/ /2pB+2b- r?B+?
?�p2 /Bz2`2Mi /2bB;M T�`�K2i2`bX q2 `2;�`/ 2�+? /2pB+2 �b �
MQ/2 �M/ mb2 Bib /2bB;M T�`�K2i2`b �b i?2 MQ/2 72�im`2b p2+@
iQ`X hQ T2`7Q`K �M 2K#2//BM; ;2M2`�iBQM �H;Q`Bi?K �M/ �;;`2@
;�i2 BM7Q`K�iBQM 7`QK i?2 MQ/2 Bib2H7 �M/ Bib KmHiB@ivT2/ M2B;?@
#Q`BM; MQ/2b- � bi`�B;?i7Q`r�`/ K2i?Q/ Bb +QM+�i2M�iBM; �HH Q7
i?2b2 /2bB;M T�`�K2i2`b �b � HQM; 72�im`2 p2+iQ` rBi? QM2@?Qi
2M+Q/BM; (dR)X >Qr2p2`- Bi rBHH KBbb bQK2 bi`m+im`�H BM7Q`K�iBQM
�KQM; KmHiB@ivT2/ MQ/2b �b r2HH �b mMbi`m+im`2/ +QMi2Mi �bbQ@
+B�i2/ rBi? 2�+? MQ/2 (ky)X AM i?Bb rQ`F- � H�i2Mi bT�+2 K�TTBM;
K2i?Q/ Bb mb2/ iQ i`�Mb7Q`K i?2 72�im`2b p2+iQ`b Q7 �HH ivT2b Q7
MQ/2b BMiQ � mMB}2/ H�i2Mi bT�+2X

q2 T`QTQb2 iQ mb2 |OVhmg | MQ/2@ivT2@`2H�i2/ K�TTBM; K�i`B@
+2b iQ K�T i?2 Q`B;BM�H 72�im`2 p2+iQ`bX 6Q` � MQ/2 υi ∈ Vhmg

r?Qb2 MQ/2 ivT2 Bb t = ϕhmg(υi) ∈ OVhmg �M/ 72�im`2 p2+iQ`
Bb xυi ∈ R1×ht- r2 /2}M2 � MQ/2@ivT2/@`2H�i2/ K�i`Bt Ut ∈
Rht×τ iQ K�T i?2 72�im`2 p2+iQ` rBi? H2M;i? ht BMiQ � mMB}2/
τ @/BK2MbBQM H�i2Mi bT�+2- BX2X- f (0)

υi = xυi · Ut ∈ R1×τ X AM Q`@
/2` iQ 2�b2 i?2 KQ/2H i`�BMBM; QM :Slb- r2 2ti2M/ Bi iQ #2 �
K�i`Bt@K�i`Bt KmHiBTHB+�iBQM �b 7QHHQrb,

F (0) =
∑

t∈OVhmg

Xt ·Ut ∈ R|Vhmg|×τ , U9XkV

r?2`2 Xt ∈ R|Vhmg|×ht Bb � 72�im`2 K�i`Bt bi�+FBM; i?2 72�im`2
p2+iQ`b Q7 �HH ivT2@t MQ/2bX AM T�`iB+mH�`- � MQ/2 72�im`2 p2+iQ` Bb
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0 ∈ R1×ht B7 i?2 ivT2 Q7 i?2 MQ/2 Bb MQi tX F (0) Bb i?2 72�im`2 K�@
i`Bt- r?2`2 i?2 72�im`2 p2+iQ`b Q7 �HH MQ/2b �`2 BM � mMB}2/ H�i2Mi
bT�+2X q2 i�F2 i?2 +B`+mBi BM 6B;X 9XkU�V �b �M 2t�KTH2X h?2`2
�`2 i?`22 ivT2b Q7 MQ/2b U/2pB+2bV- BX2X- OVhmg = {vs, trans, res}X
h?mb i?2`2 �`2 i?`22 72�im`2 K�i`B+2b,

Xvs =





0

0

0

0

0

xV dd

xGND





,Xtrans =





xM1

xM2

xM3

xM4

0

0

0





,Xres =





0

0

0

0

xR

0

0





. U9XjV

Ai Bb MQi2/ i?�i i?2 +QM+�i2M�i2/ 72�im`2b `2T`2b2Mi�iBQM (dR)
Bb � bT2+B�H +�b2 Q7 H�i2Mi bT�+2 `2T`2b2Mi�iBQMX *QKT�`2/ rBi?
i?2 +QM+�i2M�i2/ 72�im`2b `2T`2b2Mi�iBQM- Qm` H�i2Mi bT�+2 `2T@
`2b2Mi�iBQM Bb ;2M2`�H 2MQm;? �M/ +�M 2z2+iBp2Hv 2tTHQBi �M/
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Embedding Generation

Embedding Generation

FC layers

f (0)<latexit sha1_base64="01kYmEfmWWHCmM/Zmew4Pu5QuV4=">AAAB+3icbVC7TsMwFL0pr1JeoYwsFi1SWaqEBTYqsTAWiT6ktlSO67RWHSeyHUSJ8issDCDECD/Cxsif4LQdoOVIlo7OuVf3+HgRZ0o7zpeVW1ldW9/Ibxa2tnd29+z9YlOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3vgy81t3VCoWihs9iWgvwEPBfEawNlLfLpa7AdYjz0/89DapOCdpuW+XnKozBVom7pyULt4fvmsAUO/bn91BSOKACk04VqrjOpHuJVhqRjhNC91Y0QiTMR7SjqECB1T1kmn2FB0bZYD8UJonNJqqvzcSHCg1CTwzmQVVi14m/ud1Yu2f9xImolhTQWaH/JgjHaKsCDRgkhLNJ4ZgIpnJisgIS0y0qatgSnAXv7xMmqdV16m6126p5sAMeTiEI6iAC2dQgyuoQwMI3MMjPMOLlVpP1qv1NhvNWfOdA/gD6+MHTPGWIw==</latexit><latexit sha1_base64="ftAIRboy9yFLuSDYG49jhEIYmNg=">AAAB+3icbVC7TsMwFL0pr1JeoYwsES1SWSqHBcZKLIxFog+pDZXjOq1Vx4lsB1FF+RUWBhBi5UfY+BucNgO0HMnS0Tn36h4fP+ZMaYS+rdLG5tb2Tnm3srd/cHhkH1e7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN7nfe6RSsUjc63lMvRBPBAsYwdpII7taH4ZYT/0gDbKHtIEusvrIrqEmWsBZJ25BalCgPbK/huOIJCEVmnCs1MBFsfZSLDUjnGaVYaJojMkMT+jAUIFDqrx0kT1zzo0ydoJImie0s1B/b6Q4VGoe+mYyD6pWvVz8zxskOrj2UibiRFNBloeChDs6cvIinDGTlGg+NwQTyUxWh0yxxESbuiqmBHf1y+uke9l0UdO9c2stVNRRhlM4gwa4cAUtuIU2dIDAEzzDK7xZmfVivVsfy9GSVeycwB9Ynz/Y+JOV</latexit>f (0)<latexit sha1_base64="01kYmEfmWWHCmM/Zmew4Pu5QuV4=">AAAB+3icbVC7TsMwFL0pr1JeoYwsFi1SWaqEBTYqsTAWiT6ktlSO67RWHSeyHUSJ8issDCDECD/Cxsif4LQdoOVIlo7OuVf3+HgRZ0o7zpeVW1ldW9/Ibxa2tnd29+z9YlOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3vgy81t3VCoWihs9iWgvwEPBfEawNlLfLpa7AdYjz0/89DapOCdpuW+XnKozBVom7pyULt4fvmsAUO/bn91BSOKACk04VqrjOpHuJVhqRjhNC91Y0QiTMR7SjqECB1T1kmn2FB0bZYD8UJonNJqqvzcSHCg1CTwzmQVVi14m/ud1Yu2f9xImolhTQWaH/JgjHaKsCDRgkhLNJ4ZgIpnJisgIS0y0qatgSnAXv7xMmqdV16m6126p5sAMeTiEI6iAC2dQgyuoQwMI3MMjPMOLlVpP1qv1NhvNWfOdA/gD6+MHTPGWIw==</latexit><latexit sha1_base64="ftAIRboy9yFLuSDYG49jhEIYmNg=">AAAB+3icbVC7TsMwFL0pr1JeoYwsES1SWSqHBcZKLIxFog+pDZXjOq1Vx4lsB1FF+RUWBhBi5UfY+BucNgO0HMnS0Tn36h4fP+ZMaYS+rdLG5tb2Tnm3srd/cHhkH1e7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN7nfe6RSsUjc63lMvRBPBAsYwdpII7taH4ZYT/0gDbKHtIEusvrIrqEmWsBZJ25BalCgPbK/huOIJCEVmnCs1MBFsfZSLDUjnGaVYaJojMkMT+jAUIFDqrx0kT1zzo0ydoJImie0s1B/b6Q4VGoe+mYyD6pWvVz8zxskOrj2UibiRFNBloeChDs6cvIinDGTlGg+NwQTyUxWh0yxxESbuiqmBHf1y+uke9l0UdO9c2stVNRRhlM4gwa4cAUtuIU2dIDAEzzDK7xZmfVivVsfy9GSVeycwB9Ynz/Y+JOV</latexit>

f (1)<latexit sha1_base64="4KeUOrCwNGuZn8jxahGxy3yVW/I=">AAAB+3icbVC7TgJBFL2LL8TXiqXNRDDBhuzYaCeJjSUm8kgAyewwCxNmH5mZNeJmf8XGQmMs9UfsLP0TZ4FCwZNMcnLOvblnjhsJrrTjfFm5ldW19Y38ZmFre2d3z94vNlUYS8oaNBShbLtEMcED1tBcC9aOJCO+K1jLHV9mfuuOScXD4EZPItbzyTDgHqdEG6lvF8tdn+iR6yVeeptU8Ela7tslp+pMgZYJnpPSxfvDdw0A6n37szsIaeyzQFNBlOpgJ9K9hEjNqWBpoRsrFhE6JkPWMTQgPlO9ZJo9RcdGGSAvlOYFGk3V3xsJ8ZWa+K6ZzIKqRS8T//M6sfbOewkPolizgM4OebFAOkRZEWjAJaNaTAwhVHKTFdERkYRqU1fBlIAXv7xMmqdV7FTxNS7VHJghD4dwBBXAcAY1uII6NIDCPTzCM7xYqfVkvVpvs9GcNd85gD+wPn4ATniWJA==</latexit><latexit sha1_base64="8aVIph/resdB5Rzxbc0N5vb5upU=">AAAB+3icbVC7TsMwFL0pr1JeoYwsES1SWaqYBcZKLIxFog+pDZXjOq1Vx4lsB1FF+RUWBhBi5UfY+BucNgO0HMnS0Tn36h4fP+ZMadf9tkobm1vbO+Xdyt7+weGRfVztqiiRhHZIxCPZ97GinAna0Uxz2o8lxaHPac+f3eR+75FKxSJxr+cx9UI8ESxgBGsjjexqfRhiPfWDNMge0ga6yOoju+Y23QWcdYIKUoMC7ZH9NRxHJAmp0IRjpQbIjbWXYqkZ4TSrDBNFY0xmeEIHhgocUuWli+yZc26UsRNE0jyhnYX6eyPFoVLz0DeTeVC16uXif94g0cG1lzIRJ5oKsjwUJNzRkZMX4YyZpETzuSGYSGayOmSKJSba1FUxJaDVL6+T7mUTuU10h2ott6ijDKdwBg1AcAUtuIU2dIDAEzzDK7xZmfVivVsfy9GSVeycwB9Ynz/af5OW</latexit>f (1)<latexit sha1_base64="4KeUOrCwNGuZn8jxahGxy3yVW/I=">AAAB+3icbVC7TgJBFL2LL8TXiqXNRDDBhuzYaCeJjSUm8kgAyewwCxNmH5mZNeJmf8XGQmMs9UfsLP0TZ4FCwZNMcnLOvblnjhsJrrTjfFm5ldW19Y38ZmFre2d3z94vNlUYS8oaNBShbLtEMcED1tBcC9aOJCO+K1jLHV9mfuuOScXD4EZPItbzyTDgHqdEG6lvF8tdn+iR6yVeeptU8Ela7tslp+pMgZYJnpPSxfvDdw0A6n37szsIaeyzQFNBlOpgJ9K9hEjNqWBpoRsrFhE6JkPWMTQgPlO9ZJo9RcdGGSAvlOYFGk3V3xsJ8ZWa+K6ZzIKqRS8T//M6sfbOewkPolizgM4OebFAOkRZEWjAJaNaTAwhVHKTFdERkYRqU1fBlIAXv7xMmqdV7FTxNS7VHJghD4dwBBXAcAY1uII6NIDCPTzCM7xYqfVkvVpvs9GcNd85gD+wPn4ATniWJA==</latexit><latexit sha1_base64="8aVIph/resdB5Rzxbc0N5vb5upU=">AAAB+3icbVC7TsMwFL0pr1JeoYwsES1SWaqYBcZKLIxFog+pDZXjOq1Vx4lsB1FF+RUWBhBi5UfY+BucNgO0HMnS0Tn36h4fP+ZMadf9tkobm1vbO+Xdyt7+weGRfVztqiiRhHZIxCPZ97GinAna0Uxz2o8lxaHPac+f3eR+75FKxSJxr+cx9UI8ESxgBGsjjexqfRhiPfWDNMge0ga6yOoju+Y23QWcdYIKUoMC7ZH9NRxHJAmp0IRjpQbIjbWXYqkZ4TSrDBNFY0xmeEIHhgocUuWli+yZc26UsRNE0jyhnYX6eyPFoVLz0DeTeVC16uXif94g0cG1lzIRJ5oKsjwUJNzRkZMX4YyZpETzuSGYSGayOmSKJSba1FUxJaDVL6+T7mUTuU10h2ott6ijDKdwBg1AcAUtuIU2dIDAEzzDK7xZmfVivVsfy9GSVeycwB9Ynz/af5OW</latexit>

f (2)<latexit sha1_base64="niq5yl/17n812HQUavcJKkeBJ+o=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5V0gY1KLIxFog+pLZXjOq1Vx4lsB1Gi/AoLAwgxwo+wMfInOG0HaDmSpaNz7tU9Pl7EmdKO82WtrK6tb2zmtvLbO7t7+/ZBoanCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3yZ+a07KhULxY2eRLQX4KFgPiNYG6lvF0rdAOuR5yd+epuUq6dpqW8XnYozBVom7pwUL94fvmsAUO/bn91BSOKACk04VqrjOpHuJVhqRjhN891Y0QiTMR7SjqECB1T1kmn2FJ0YZYD8UJonNJqqvzcSHCg1CTwzmQVVi14m/ud1Yu2f9xImolhTQWaH/JgjHaKsCDRgkhLNJ4ZgIpnJisgIS0y0qStvSnAXv7xMmtWK61Tca7dYc2CGHBzBMZTBhTOowRXUoQEE7uERnuHFSq0n69V6m42uWPOdQ/gD6+MHT/+WJQ==</latexit><latexit sha1_base64="WpPULzMSyAPyTqAwWzZRKtW8tK8=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5V0gbESC2OR6ENqQ+W4TmvVcSLbQVRRfoWFAYRY+RE2/ganzQAtR7J0dM69usfHjzlT2nG+rY3Nre2d3dJeef/g8OjYPql0VZRIQjsk4pHs+1hRzgTtaKY57ceS4tDntOfPbnK/90ilYpG41/OYeiGeCBYwgrWRRnalNgyxnvpBGmQPab15mdVGdtVpOAugdeIWpAoF2iP7aziOSBJSoQnHSg1cJ9ZeiqVmhNOsPEwUjTGZ4QkdGCpwSJWXLrJn6MIoYxRE0jyh0UL9vZHiUKl56JvJPKha9XLxP2+Q6ODaS5mIE00FWR4KEo50hPIi0JhJSjSfG4KJZCYrIlMsMdGmrrIpwV398jrpNhuu03Dv3GrLKeoowRmcQx1cuIIW3EIbOkDgCZ7hFd6szHqx3q2P5eiGVeycwh9Ynz/cBpOX</latexit>f (2)<latexit sha1_base64="niq5yl/17n812HQUavcJKkeBJ+o=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5V0gY1KLIxFog+pLZXjOq1Vx4lsB1Gi/AoLAwgxwo+wMfInOG0HaDmSpaNz7tU9Pl7EmdKO82WtrK6tb2zmtvLbO7t7+/ZBoanCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3yZ+a07KhULxY2eRLQX4KFgPiNYG6lvF0rdAOuR5yd+epuUq6dpqW8XnYozBVom7pwUL94fvmsAUO/bn91BSOKACk04VqrjOpHuJVhqRjhN891Y0QiTMR7SjqECB1T1kmn2FJ0YZYD8UJonNJqqvzcSHCg1CTwzmQVVi14m/ud1Yu2f9xImolhTQWaH/JgjHaKsCDRgkhLNJ4ZgIpnJisgIS0y0qStvSnAXv7xMmtWK61Tca7dYc2CGHBzBMZTBhTOowRXUoQEE7uERnuHFSq0n69V6m42uWPOdQ/gD6+MHT/+WJQ==</latexit><latexit sha1_base64="WpPULzMSyAPyTqAwWzZRKtW8tK8=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5V0gbESC2OR6ENqQ+W4TmvVcSLbQVRRfoWFAYRY+RE2/ganzQAtR7J0dM69usfHjzlT2nG+rY3Nre2d3dJeef/g8OjYPql0VZRIQjsk4pHs+1hRzgTtaKY57ceS4tDntOfPbnK/90ilYpG41/OYeiGeCBYwgrWRRnalNgyxnvpBGmQPab15mdVGdtVpOAugdeIWpAoF2iP7aziOSBJSoQnHSg1cJ9ZeiqVmhNOsPEwUjTGZ4QkdGCpwSJWXLrJn6MIoYxRE0jyh0UL9vZHiUKl56JvJPKha9XLxP2+Q6ODaS5mIE00FWR4KEo50hPIi0JhJSjSfG4KJZCYrIlMsMdGmrrIpwV398jrpNhuu03Dv3GrLKeoowRmcQx1cuIIW3EIbOkDgCZ7hFd6szHqx3q2P5eiGVeycwh9Ynz/cBpOX</latexit>

f (3)<latexit sha1_base64="a8+04bJ+6HZjVBk+cUGsguoLf2I=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5XAABuVWBiLRB9SWyrHdVqrjhPZDqJE+RUWBhBihB9hY+RPcNoO0HIkS0fn3Kt7fLyIM6Ud58taWl5ZXVvPbeQ3t7Z3du29QkOFsSS0TkIeypaHFeVM0LpmmtNWJCkOPE6b3ugy85t3VCoWihs9jmg3wAPBfEawNlLPLpQ6AdZDz0/89DYpnx6npZ5ddCrOBGiRuDNSvHh/+K4CQK1nf3b6IYkDKjThWKm260S6m2CpGeE0zXdiRSNMRnhA24YKHFDVTSbZU3RklD7yQ2me0Gii/t5IcKDUOPDMZBZUzXuZ+J/XjrV/3k2YiGJNBZke8mOOdIiyIlCfSUo0HxuCiWQmKyJDLDHRpq68KcGd//IiaZxUXKfiXrvFqgNT5OAADqEMLpxBFa6gBnUgcA+P8AwvVmo9Wa/W23R0yZrt7MMfWB8/UYaWJg==</latexit><latexit sha1_base64="gkemCoEcwOxFnw0nZryOve4HX1Q=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5XAAGMlFsYi0YfUhspxndaq40S2g6ii/AoLAwix8iNs/A1OmwFajmTp6Jx7dY+PH3OmtON8W2vrG5tb26Wd8u7e/sGhfVTpqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadef3uR+95FKxSJxr2cx9UI8FixgBGsjDe1KbRBiPfGDNMge0vrleVYb2lWn4cyBVolbkCoUaA3tr8EoIklIhSYcK9V3nVh7KZaaEU6z8iBRNMZkise0b6jAIVVeOs+eoTOjjFAQSfOERnP190aKQ6VmoW8m86Bq2cvF/7x+ooNrL2UiTjQVZHEoSDjSEcqLQCMmKdF8ZggmkpmsiEywxESbusqmBHf5y6ukc9FwnYZ751abTlFHCU7gFOrgwhU04RZa0AYCT/AMr/BmZdaL9W59LEbXrGLnGP7A+vwB3Y2TmA==</latexit>f (3)<latexit sha1_base64="a8+04bJ+6HZjVBk+cUGsguoLf2I=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5XAABuVWBiLRB9SWyrHdVqrjhPZDqJE+RUWBhBihB9hY+RPcNoO0HIkS0fn3Kt7fLyIM6Ud58taWl5ZXVvPbeQ3t7Z3du29QkOFsSS0TkIeypaHFeVM0LpmmtNWJCkOPE6b3ugy85t3VCoWihs9jmg3wAPBfEawNlLPLpQ6AdZDz0/89DYpnx6npZ5ddCrOBGiRuDNSvHh/+K4CQK1nf3b6IYkDKjThWKm260S6m2CpGeE0zXdiRSNMRnhA24YKHFDVTSbZU3RklD7yQ2me0Gii/t5IcKDUOPDMZBZUzXuZ+J/XjrV/3k2YiGJNBZke8mOOdIiyIlCfSUo0HxuCiWQmKyJDLDHRpq68KcGd//IiaZxUXKfiXrvFqgNT5OAADqEMLpxBFa6gBnUgcA+P8AwvVmo9Wa/W23R0yZrt7MMfWB8/UYaWJg==</latexit><latexit sha1_base64="gkemCoEcwOxFnw0nZryOve4HX1Q=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5XAAGMlFsYi0YfUhspxndaq40S2g6ii/AoLAwix8iNs/A1OmwFajmTp6Jx7dY+PH3OmtON8W2vrG5tb26Wd8u7e/sGhfVTpqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadef3uR+95FKxSJxr2cx9UI8FixgBGsjDe1KbRBiPfGDNMge0vrleVYb2lWn4cyBVolbkCoUaA3tr8EoIklIhSYcK9V3nVh7KZaaEU6z8iBRNMZkise0b6jAIVVeOs+eoTOjjFAQSfOERnP190aKQ6VmoW8m86Bq2cvF/7x+ooNrL2UiTjQVZHEoSDjSEcqLQCMmKdF8ZggmkpmsiEywxESbusqmBHf5y6ukc9FwnYZ751abTlFHCU7gFOrgwhU04RZa0AYCT/AMr/BmZdaL9W59LEbXrGLnGP7A+vwB3Y2TmA==</latexit>

f (final)<latexit sha1_base64="kXuhYoMNZoTyrinORsh5r+eRX8o=">AAAB/3icbVC7TsMwFL3hWcorgMTCYtEilaVKWGCjEgtjkehDakPluE5r1XEi20EqoQO/wsIAQgws/AYbI3+C03aAliNZOjrnXt3j48ecKe04X9bC4tLyympuLb++sbm1be/s1lWUSEJrJOKRbPpYUc4ErWmmOW3GkuLQ57ThDy4yv3FLpWKRuNbDmHoh7gkWMIK1kTr2frEdYt33gzQY3aSlgAnMj0fFjl1wys4YaJ64U1I4f7/7rgBAtWN/trsRSUIqNOFYqZbrxNpLsdSMcDrKtxNFY0wGuEdbhgocUuWl4/wjdGSULgoiaZ7QaKz+3khxqNQw9M1kFlbNepn4n9dKdHDmpUzEiaaCTA4FCUc6QlkZqMskJZoPDcFEMpMVkT6WmGhTWd6U4M5+eZ7UT8quU3av3ELFgQlycACHUAIXTqECl1CFGhC4h0d4hhfrwXqyXq23yeiCNd3Zgz+wPn4AzwiYJQ==</latexit><latexit sha1_base64="ChPmWuJBrYF8URt8q/pLoxfhHoc=">AAAB/3icbVA9T8MwFHwpX6V8BZBYWCxapLJUCQuMlVgYi0RbpDZUjuu0Vh0nsh2kKmTgr7AwgBArf4ONf4PTZoCWkyyd7t7TO58fc6a043xbpZXVtfWN8mZla3tnd8/eP+ioKJGEtknEI3nnY0U5E7Stmeb0LpYUhz6nXX9ylfvdByoVi8StnsbUC/FIsIARrI00sI9q/RDrsR+kQXaf1gMmMD/LagO76jScGdAycQtShQKtgf3VH0YkCanQhGOleq4Tay/FUjPCaVbpJ4rGmEzwiPYMFTikyktn+TN0apQhCiJpntBopv7eSHGo1DT0zWQeVi16ufif10t0cOmlTMSJpoLMDwUJRzpCeRloyCQlmk8NwUQykxWRMZaYaFNZxZTgLn55mXTOG67TcG/catMp6ijDMZxAHVy4gCZcQwvaQOARnuEV3qwn68V6tz7moyWr2DmEP7A+fwBbHpWX</latexit>f (final)<latexit sha1_base64="kXuhYoMNZoTyrinORsh5r+eRX8o=">AAAB/3icbVC7TsMwFL3hWcorgMTCYtEilaVKWGCjEgtjkehDakPluE5r1XEi20EqoQO/wsIAQgws/AYbI3+C03aAliNZOjrnXt3j48ecKe04X9bC4tLyympuLb++sbm1be/s1lWUSEJrJOKRbPpYUc4ErWmmOW3GkuLQ57ThDy4yv3FLpWKRuNbDmHoh7gkWMIK1kTr2frEdYt33gzQY3aSlgAnMj0fFjl1wys4YaJ64U1I4f7/7rgBAtWN/trsRSUIqNOFYqZbrxNpLsdSMcDrKtxNFY0wGuEdbhgocUuWl4/wjdGSULgoiaZ7QaKz+3khxqNQw9M1kFlbNepn4n9dKdHDmpUzEiaaCTA4FCUc6QlkZqMskJZoPDcFEMpMVkT6WmGhTWd6U4M5+eZ7UT8quU3av3ELFgQlycACHUAIXTqECl1CFGhC4h0d4hhfrwXqyXq23yeiCNd3Zgz+wPn4AzwiYJQ==</latexit><latexit sha1_base64="ChPmWuJBrYF8URt8q/pLoxfhHoc=">AAAB/3icbVA9T8MwFHwpX6V8BZBYWCxapLJUCQuMlVgYi0RbpDZUjuu0Vh0nsh2kKmTgr7AwgBArf4ONf4PTZoCWkyyd7t7TO58fc6a043xbpZXVtfWN8mZla3tnd8/eP+ioKJGEtknEI3nnY0U5E7Stmeb0LpYUhz6nXX9ylfvdByoVi8StnsbUC/FIsIARrI00sI9q/RDrsR+kQXaf1gMmMD/LagO76jScGdAycQtShQKtgf3VH0YkCanQhGOleq4Tay/FUjPCaVbpJ4rGmEzwiPYMFTikyktn+TN0apQhCiJpntBopv7eSHGo1DT0zWQeVi16ufif10t0cOmlTMSJpoLMDwUJRzpCeRloyCQlmk8NwUQykxWRMZaYaFNZxZTgLn55mXTOG67TcG/catMp6ijDMZxAHVy4gCZcQwvaQOARnuEV3qwn68V6tz7moyWr2DmEP7A+fwBbHpWX</latexit>

U�V

Embedding Generation

Embedding Generation

Embedding Generation

FC layers

f (0)<latexit sha1_base64="01kYmEfmWWHCmM/Zmew4Pu5QuV4=">AAAB+3icbVC7TsMwFL0pr1JeoYwsFi1SWaqEBTYqsTAWiT6ktlSO67RWHSeyHUSJ8issDCDECD/Cxsif4LQdoOVIlo7OuVf3+HgRZ0o7zpeVW1ldW9/Ibxa2tnd29+z9YlOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3vgy81t3VCoWihs9iWgvwEPBfEawNlLfLpa7AdYjz0/89DapOCdpuW+XnKozBVom7pyULt4fvmsAUO/bn91BSOKACk04VqrjOpHuJVhqRjhNC91Y0QiTMR7SjqECB1T1kmn2FB0bZYD8UJonNJqqvzcSHCg1CTwzmQVVi14m/ud1Yu2f9xImolhTQWaH/JgjHaKsCDRgkhLNJ4ZgIpnJisgIS0y0qatgSnAXv7xMmqdV16m6126p5sAMeTiEI6iAC2dQgyuoQwMI3MMjPMOLlVpP1qv1NhvNWfOdA/gD6+MHTPGWIw==</latexit><latexit sha1_base64="ftAIRboy9yFLuSDYG49jhEIYmNg=">AAAB+3icbVC7TsMwFL0pr1JeoYwsES1SWSqHBcZKLIxFog+pDZXjOq1Vx4lsB1FF+RUWBhBi5UfY+BucNgO0HMnS0Tn36h4fP+ZMaYS+rdLG5tb2Tnm3srd/cHhkH1e7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN7nfe6RSsUjc63lMvRBPBAsYwdpII7taH4ZYT/0gDbKHtIEusvrIrqEmWsBZJ25BalCgPbK/huOIJCEVmnCs1MBFsfZSLDUjnGaVYaJojMkMT+jAUIFDqrx0kT1zzo0ydoJImie0s1B/b6Q4VGoe+mYyD6pWvVz8zxskOrj2UibiRFNBloeChDs6cvIinDGTlGg+NwQTyUxWh0yxxESbuiqmBHf1y+uke9l0UdO9c2stVNRRhlM4gwa4cAUtuIU2dIDAEzzDK7xZmfVivVsfy9GSVeycwB9Ynz/Y+JOV</latexit>f (0)<latexit sha1_base64="01kYmEfmWWHCmM/Zmew4Pu5QuV4=">AAAB+3icbVC7TsMwFL0pr1JeoYwsFi1SWaqEBTYqsTAWiT6ktlSO67RWHSeyHUSJ8issDCDECD/Cxsif4LQdoOVIlo7OuVf3+HgRZ0o7zpeVW1ldW9/Ibxa2tnd29+z9YlOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3vgy81t3VCoWihs9iWgvwEPBfEawNlLfLpa7AdYjz0/89DapOCdpuW+XnKozBVom7pyULt4fvmsAUO/bn91BSOKACk04VqrjOpHuJVhqRjhNC91Y0QiTMR7SjqECB1T1kmn2FB0bZYD8UJonNJqqvzcSHCg1CTwzmQVVi14m/ud1Yu2f9xImolhTQWaH/JgjHaKsCDRgkhLNJ4ZgIpnJisgIS0y0qatgSnAXv7xMmqdV16m6126p5sAMeTiEI6iAC2dQgyuoQwMI3MMjPMOLlVpP1qv1NhvNWfOdA/gD6+MHTPGWIw==</latexit><latexit sha1_base64="ftAIRboy9yFLuSDYG49jhEIYmNg=">AAAB+3icbVC7TsMwFL0pr1JeoYwsES1SWSqHBcZKLIxFog+pDZXjOq1Vx4lsB1FF+RUWBhBi5UfY+BucNgO0HMnS0Tn36h4fP+ZMaYS+rdLG5tb2Tnm3srd/cHhkH1e7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN7nfe6RSsUjc63lMvRBPBAsYwdpII7taH4ZYT/0gDbKHtIEusvrIrqEmWsBZJ25BalCgPbK/huOIJCEVmnCs1MBFsfZSLDUjnGaVYaJojMkMT+jAUIFDqrx0kT1zzo0ydoJImie0s1B/b6Q4VGoe+mYyD6pWvVz8zxskOrj2UibiRFNBloeChDs6cvIinDGTlGg+NwQTyUxWh0yxxESbuiqmBHf1y+uke9l0UdO9c2stVNRRhlM4gwa4cAUtuIU2dIDAEzzDK7xZmfVivVsfy9GSVeycwB9Ynz/Y+JOV</latexit>

f (1)<latexit sha1_base64="4KeUOrCwNGuZn8jxahGxy3yVW/I=">AAAB+3icbVC7TgJBFL2LL8TXiqXNRDDBhuzYaCeJjSUm8kgAyewwCxNmH5mZNeJmf8XGQmMs9UfsLP0TZ4FCwZNMcnLOvblnjhsJrrTjfFm5ldW19Y38ZmFre2d3z94vNlUYS8oaNBShbLtEMcED1tBcC9aOJCO+K1jLHV9mfuuOScXD4EZPItbzyTDgHqdEG6lvF8tdn+iR6yVeeptU8Ela7tslp+pMgZYJnpPSxfvDdw0A6n37szsIaeyzQFNBlOpgJ9K9hEjNqWBpoRsrFhE6JkPWMTQgPlO9ZJo9RcdGGSAvlOYFGk3V3xsJ8ZWa+K6ZzIKqRS8T//M6sfbOewkPolizgM4OebFAOkRZEWjAJaNaTAwhVHKTFdERkYRqU1fBlIAXv7xMmqdV7FTxNS7VHJghD4dwBBXAcAY1uII6NIDCPTzCM7xYqfVkvVpvs9GcNd85gD+wPn4ATniWJA==</latexit><latexit sha1_base64="8aVIph/resdB5Rzxbc0N5vb5upU=">AAAB+3icbVC7TsMwFL0pr1JeoYwsES1SWaqYBcZKLIxFog+pDZXjOq1Vx4lsB1FF+RUWBhBi5UfY+BucNgO0HMnS0Tn36h4fP+ZMadf9tkobm1vbO+Xdyt7+weGRfVztqiiRhHZIxCPZ97GinAna0Uxz2o8lxaHPac+f3eR+75FKxSJxr+cx9UI8ESxgBGsjjexqfRhiPfWDNMge0ga6yOoju+Y23QWcdYIKUoMC7ZH9NRxHJAmp0IRjpQbIjbWXYqkZ4TSrDBNFY0xmeEIHhgocUuWli+yZc26UsRNE0jyhnYX6eyPFoVLz0DeTeVC16uXif94g0cG1lzIRJ5oKsjwUJNzRkZMX4YyZpETzuSGYSGayOmSKJSba1FUxJaDVL6+T7mUTuU10h2ott6ijDKdwBg1AcAUtuIU2dIDAEzzDK7xZmfVivVsfy9GSVeycwB9Ynz/af5OW</latexit>f (1)<latexit sha1_base64="4KeUOrCwNGuZn8jxahGxy3yVW/I=">AAAB+3icbVC7TgJBFL2LL8TXiqXNRDDBhuzYaCeJjSUm8kgAyewwCxNmH5mZNeJmf8XGQmMs9UfsLP0TZ4FCwZNMcnLOvblnjhsJrrTjfFm5ldW19Y38ZmFre2d3z94vNlUYS8oaNBShbLtEMcED1tBcC9aOJCO+K1jLHV9mfuuOScXD4EZPItbzyTDgHqdEG6lvF8tdn+iR6yVeeptU8Ela7tslp+pMgZYJnpPSxfvDdw0A6n37szsIaeyzQFNBlOpgJ9K9hEjNqWBpoRsrFhE6JkPWMTQgPlO9ZJo9RcdGGSAvlOYFGk3V3xsJ8ZWa+K6ZzIKqRS8T//M6sfbOewkPolizgM4OebFAOkRZEWjAJaNaTAwhVHKTFdERkYRqU1fBlIAXv7xMmqdV7FTxNS7VHJghD4dwBBXAcAY1uII6NIDCPTzCM7xYqfVkvVpvs9GcNd85gD+wPn4ATniWJA==</latexit><latexit sha1_base64="8aVIph/resdB5Rzxbc0N5vb5upU=">AAAB+3icbVC7TsMwFL0pr1JeoYwsES1SWaqYBcZKLIxFog+pDZXjOq1Vx4lsB1FF+RUWBhBi5UfY+BucNgO0HMnS0Tn36h4fP+ZMadf9tkobm1vbO+Xdyt7+weGRfVztqiiRhHZIxCPZ97GinAna0Uxz2o8lxaHPac+f3eR+75FKxSJxr+cx9UI8ESxgBGsjjexqfRhiPfWDNMge0ga6yOoju+Y23QWcdYIKUoMC7ZH9NRxHJAmp0IRjpQbIjbWXYqkZ4TSrDBNFY0xmeEIHhgocUuWli+yZc26UsRNE0jyhnYX6eyPFoVLz0DeTeVC16uXif94g0cG1lzIRJ5oKsjwUJNzRkZMX4YyZpETzuSGYSGayOmSKJSba1FUxJaDVL6+T7mUTuU10h2ott6ijDKdwBg1AcAUtuIU2dIDAEzzDK7xZmfVivVsfy9GSVeycwB9Ynz/af5OW</latexit>

f (2)<latexit sha1_base64="niq5yl/17n812HQUavcJKkeBJ+o=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5V0gY1KLIxFog+pLZXjOq1Vx4lsB1Gi/AoLAwgxwo+wMfInOG0HaDmSpaNz7tU9Pl7EmdKO82WtrK6tb2zmtvLbO7t7+/ZBoanCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3yZ+a07KhULxY2eRLQX4KFgPiNYG6lvF0rdAOuR5yd+epuUq6dpqW8XnYozBVom7pwUL94fvmsAUO/bn91BSOKACk04VqrjOpHuJVhqRjhN891Y0QiTMR7SjqECB1T1kmn2FJ0YZYD8UJonNJqqvzcSHCg1CTwzmQVVi14m/ud1Yu2f9xImolhTQWaH/JgjHaKsCDRgkhLNJ4ZgIpnJisgIS0y0qStvSnAXv7xMmtWK61Tca7dYc2CGHBzBMZTBhTOowRXUoQEE7uERnuHFSq0n69V6m42uWPOdQ/gD6+MHT/+WJQ==</latexit><latexit sha1_base64="WpPULzMSyAPyTqAwWzZRKtW8tK8=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5V0gbESC2OR6ENqQ+W4TmvVcSLbQVRRfoWFAYRY+RE2/ganzQAtR7J0dM69usfHjzlT2nG+rY3Nre2d3dJeef/g8OjYPql0VZRIQjsk4pHs+1hRzgTtaKY57ceS4tDntOfPbnK/90ilYpG41/OYeiGeCBYwgrWRRnalNgyxnvpBGmQPab15mdVGdtVpOAugdeIWpAoF2iP7aziOSBJSoQnHSg1cJ9ZeiqVmhNOsPEwUjTGZ4QkdGCpwSJWXLrJn6MIoYxRE0jyh0UL9vZHiUKl56JvJPKha9XLxP2+Q6ODaS5mIE00FWR4KEo50hPIi0JhJSjSfG4KJZCYrIlMsMdGmrrIpwV398jrpNhuu03Dv3GrLKeoowRmcQx1cuIIW3EIbOkDgCZ7hFd6szHqx3q2P5eiGVeycwh9Ynz/cBpOX</latexit>f (2)<latexit sha1_base64="niq5yl/17n812HQUavcJKkeBJ+o=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5V0gY1KLIxFog+pLZXjOq1Vx4lsB1Gi/AoLAwgxwo+wMfInOG0HaDmSpaNz7tU9Pl7EmdKO82WtrK6tb2zmtvLbO7t7+/ZBoanCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3yZ+a07KhULxY2eRLQX4KFgPiNYG6lvF0rdAOuR5yd+epuUq6dpqW8XnYozBVom7pwUL94fvmsAUO/bn91BSOKACk04VqrjOpHuJVhqRjhN891Y0QiTMR7SjqECB1T1kmn2FJ0YZYD8UJonNJqqvzcSHCg1CTwzmQVVi14m/ud1Yu2f9xImolhTQWaH/JgjHaKsCDRgkhLNJ4ZgIpnJisgIS0y0qStvSnAXv7xMmtWK61Tca7dYc2CGHBzBMZTBhTOowRXUoQEE7uERnuHFSq0n69V6m42uWPOdQ/gD6+MHT/+WJQ==</latexit><latexit sha1_base64="WpPULzMSyAPyTqAwWzZRKtW8tK8=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5V0gbESC2OR6ENqQ+W4TmvVcSLbQVRRfoWFAYRY+RE2/ganzQAtR7J0dM69usfHjzlT2nG+rY3Nre2d3dJeef/g8OjYPql0VZRIQjsk4pHs+1hRzgTtaKY57ceS4tDntOfPbnK/90ilYpG41/OYeiGeCBYwgrWRRnalNgyxnvpBGmQPab15mdVGdtVpOAugdeIWpAoF2iP7aziOSBJSoQnHSg1cJ9ZeiqVmhNOsPEwUjTGZ4QkdGCpwSJWXLrJn6MIoYxRE0jyh0UL9vZHiUKl56JvJPKha9XLxP2+Q6ODaS5mIE00FWR4KEo50hPIi0JhJSjSfG4KJZCYrIlMsMdGmrrIpwV398jrpNhuu03Dv3GrLKeoowRmcQx1cuIIW3EIbOkDgCZ7hFd6szHqx3q2P5eiGVeycwh9Ynz/cBpOX</latexit>

f (3)<latexit sha1_base64="a8+04bJ+6HZjVBk+cUGsguoLf2I=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5XAABuVWBiLRB9SWyrHdVqrjhPZDqJE+RUWBhBihB9hY+RPcNoO0HIkS0fn3Kt7fLyIM6Ud58taWl5ZXVvPbeQ3t7Z3du29QkOFsSS0TkIeypaHFeVM0LpmmtNWJCkOPE6b3ugy85t3VCoWihs9jmg3wAPBfEawNlLPLpQ6AdZDz0/89DYpnx6npZ5ddCrOBGiRuDNSvHh/+K4CQK1nf3b6IYkDKjThWKm260S6m2CpGeE0zXdiRSNMRnhA24YKHFDVTSbZU3RklD7yQ2me0Gii/t5IcKDUOPDMZBZUzXuZ+J/XjrV/3k2YiGJNBZke8mOOdIiyIlCfSUo0HxuCiWQmKyJDLDHRpq68KcGd//IiaZxUXKfiXrvFqgNT5OAADqEMLpxBFa6gBnUgcA+P8AwvVmo9Wa/W23R0yZrt7MMfWB8/UYaWJg==</latexit><latexit sha1_base64="gkemCoEcwOxFnw0nZryOve4HX1Q=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5XAAGMlFsYi0YfUhspxndaq40S2g6ii/AoLAwix8iNs/A1OmwFajmTp6Jx7dY+PH3OmtON8W2vrG5tb26Wd8u7e/sGhfVTpqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadef3uR+95FKxSJxr2cx9UI8FixgBGsjDe1KbRBiPfGDNMge0vrleVYb2lWn4cyBVolbkCoUaA3tr8EoIklIhSYcK9V3nVh7KZaaEU6z8iBRNMZkise0b6jAIVVeOs+eoTOjjFAQSfOERnP190aKQ6VmoW8m86Bq2cvF/7x+ooNrL2UiTjQVZHEoSDjSEcqLQCMmKdF8ZggmkpmsiEywxESbusqmBHf5y6ukc9FwnYZ751abTlFHCU7gFOrgwhU04RZa0AYCT/AMr/BmZdaL9W59LEbXrGLnGP7A+vwB3Y2TmA==</latexit>f (3)<latexit sha1_base64="a8+04bJ+6HZjVBk+cUGsguoLf2I=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5XAABuVWBiLRB9SWyrHdVqrjhPZDqJE+RUWBhBihB9hY+RPcNoO0HIkS0fn3Kt7fLyIM6Ud58taWl5ZXVvPbeQ3t7Z3du29QkOFsSS0TkIeypaHFeVM0LpmmtNWJCkOPE6b3ugy85t3VCoWihs9jmg3wAPBfEawNlLPLpQ6AdZDz0/89DYpnx6npZ5ddCrOBGiRuDNSvHh/+K4CQK1nf3b6IYkDKjThWKm260S6m2CpGeE0zXdiRSNMRnhA24YKHFDVTSbZU3RklD7yQ2me0Gii/t5IcKDUOPDMZBZUzXuZ+J/XjrV/3k2YiGJNBZke8mOOdIiyIlCfSUo0HxuCiWQmKyJDLDHRpq68KcGd//IiaZxUXKfiXrvFqgNT5OAADqEMLpxBFa6gBnUgcA+P8AwvVmo9Wa/W23R0yZrt7MMfWB8/UYaWJg==</latexit><latexit sha1_base64="gkemCoEcwOxFnw0nZryOve4HX1Q=">AAAB+3icbVC7TsMwFL3hWcorlJHFokUqS5XAAGMlFsYi0YfUhspxndaq40S2g6ii/AoLAwix8iNs/A1OmwFajmTp6Jx7dY+PH3OmtON8W2vrG5tb26Wd8u7e/sGhfVTpqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadef3uR+95FKxSJxr2cx9UI8FixgBGsjDe1KbRBiPfGDNMge0vrleVYb2lWn4cyBVolbkCoUaA3tr8EoIklIhSYcK9V3nVh7KZaaEU6z8iBRNMZkise0b6jAIVVeOs+eoTOjjFAQSfOERnP190aKQ6VmoW8m86Bq2cvF/7x+ooNrL2UiTjQVZHEoSDjSEcqLQCMmKdF8ZggmkpmsiEywxESbusqmBHf5y6ukc9FwnYZ751abTlFHCU7gFOrgwhU04RZa0AYCT/AMr/BmZdaL9W59LEbXrGLnGP7A+vwB3Y2TmA==</latexit>

f (final)<latexit sha1_base64="kXuhYoMNZoTyrinORsh5r+eRX8o=">AAAB/3icbVC7TsMwFL3hWcorgMTCYtEilaVKWGCjEgtjkehDakPluE5r1XEi20EqoQO/wsIAQgws/AYbI3+C03aAliNZOjrnXt3j48ecKe04X9bC4tLyympuLb++sbm1be/s1lWUSEJrJOKRbPpYUc4ErWmmOW3GkuLQ57ThDy4yv3FLpWKRuNbDmHoh7gkWMIK1kTr2frEdYt33gzQY3aSlgAnMj0fFjl1wys4YaJ64U1I4f7/7rgBAtWN/trsRSUIqNOFYqZbrxNpLsdSMcDrKtxNFY0wGuEdbhgocUuWl4/wjdGSULgoiaZ7QaKz+3khxqNQw9M1kFlbNepn4n9dKdHDmpUzEiaaCTA4FCUc6QlkZqMskJZoPDcFEMpMVkT6WmGhTWd6U4M5+eZ7UT8quU3av3ELFgQlycACHUAIXTqECl1CFGhC4h0d4hhfrwXqyXq23yeiCNd3Zgz+wPn4AzwiYJQ==</latexit><latexit sha1_base64="ChPmWuJBrYF8URt8q/pLoxfhHoc=">AAAB/3icbVA9T8MwFHwpX6V8BZBYWCxapLJUCQuMlVgYi0RbpDZUjuu0Vh0nsh2kKmTgr7AwgBArf4ONf4PTZoCWkyyd7t7TO58fc6a043xbpZXVtfWN8mZla3tnd8/eP+ioKJGEtknEI3nnY0U5E7Stmeb0LpYUhz6nXX9ylfvdByoVi8StnsbUC/FIsIARrI00sI9q/RDrsR+kQXaf1gMmMD/LagO76jScGdAycQtShQKtgf3VH0YkCanQhGOleq4Tay/FUjPCaVbpJ4rGmEzwiPYMFTikyktn+TN0apQhCiJpntBopv7eSHGo1DT0zWQeVi16ufif10t0cOmlTMSJpoLMDwUJRzpCeRloyCQlmk8NwUQykxWRMZaYaFNZxZTgLn55mXTOG67TcG/catMp6ijDMZxAHVy4gCZcQwvaQOARnuEV3qwn68V6tz7moyWr2DmEP7A+fwBbHpWX</latexit>f (final)<latexit sha1_base64="kXuhYoMNZoTyrinORsh5r+eRX8o=">AAAB/3icbVC7TsMwFL3hWcorgMTCYtEilaVKWGCjEgtjkehDakPluE5r1XEi20EqoQO/wsIAQgws/AYbI3+C03aAliNZOjrnXt3j48ecKe04X9bC4tLyympuLb++sbm1be/s1lWUSEJrJOKRbPpYUc4ErWmmOW3GkuLQ57ThDy4yv3FLpWKRuNbDmHoh7gkWMIK1kTr2frEdYt33gzQY3aSlgAnMj0fFjl1wys4YaJ64U1I4f7/7rgBAtWN/trsRSUIqNOFYqZbrxNpLsdSMcDrKtxNFY0wGuEdbhgocUuWl4/wjdGSULgoiaZ7QaKz+3khxqNQw9M1kFlbNepn4n9dKdHDmpUzEiaaCTA4FCUc6QlkZqMskJZoPDcFEMpMVkT6WmGhTWd6U4M5+eZ7UT8quU3av3ELFgQlycACHUAIXTqECl1CFGhC4h0d4hhfrwXqyXq23yeiCNd3Zgz+wPn4AzwiYJQ==</latexit><latexit sha1_base64="ChPmWuJBrYF8URt8q/pLoxfhHoc=">AAAB/3icbVA9T8MwFHwpX6V8BZBYWCxapLJUCQuMlVgYi0RbpDZUjuu0Vh0nsh2kKmTgr7AwgBArf4ONf4PTZoCWkyyd7t7TO58fc6a043xbpZXVtfWN8mZla3tnd8/eP+ioKJGEtknEI3nnY0U5E7Stmeb0LpYUhz6nXX9ylfvdByoVi8StnsbUC/FIsIARrI00sI9q/RDrsR+kQXaf1gMmMD/LagO76jScGdAycQtShQKtgf3VH0YkCanQhGOleq4Tay/FUjPCaVbpJ4rGmEzwiPYMFTikyktn+TN0apQhCiJpntBopv7eSHGo1DT0zWQeVi16ufif10t0cOmlTMSJpoLMDwUJRzpCeRloyCQlmk8NwUQykxWRMZaYaFNZxZTgLn55mXTOG67TcG/catMp6ijDMZxAHVy4gCZcQwvaQOARnuEV3qwn68V6tz7moyWr2DmEP7A+fwBbHpWX</latexit>
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KmHiB;`�T?X AM Q`/2` iQ /BbiBM;mBb? �KQM; /Bz2`2Mi +QMM2+iBQM
TBMb- BMbTB`2/ #v (3e)- r2 �bbB;M � H2�`M�#H2 KQ/2H +Q2{+B2Mi iQ
2�+? �/D�+2M+v K�i`BtX h?2M i?2 Qp2`�HH iQTQHQ;v Q7 i?2 ?2i2`Q@
;2M2Qmb /B`2+i2/ KmHiB;`�T? +�M #2 2tT`2bb2/ �b i?2 bmKK�iBQM
Q7 i?2 �/D�+2M+v K�i`B+2b Q7 �HH ivT2b Q7 +QMM2+iBQMb rBi? i?2b2
KQ/2H +Q2{+B2MibX 6Q` 2t�KTH2- �b b?QrM BM 6B;X 9Xj- i?2`2 �`2
7Qm` �/D�+2M+v K�i`B+2b Ag- As- Ad �M/ Aotr BM i?2 ?2i2`Q;2@
M2Qmb /B`2+i2/ KmHiB;`�T?X q2 �bbB;M 7Qm` KQ/2H +Q2{+B2Mib
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wg- ws- wd �M/ wotr iQ /BbiBM;mBb? i?2KX hQ BKT`Qp2 MmK2`B+�H
bi�#BHBiv- r2 MQ`K�HBx2 �HH �/D�+2M+v K�i`B+2bX h?2`27Q`2- i?2
iQTQHQ;v Q7 i?2 ?2i2`Q;2M2Qmb /B`2+i2/ KmHiB;`�T? +�M #2 2M@
+Q/2/ �b wgÃg+wsÃs+wdÃd+wotrÃotr- r?2`2 i?2 MQ`K�HBx2/
�/D�+2M+v K�i`Bt Ãr = ArD−1r - Dr Bb � /B�;QM�H K�i`Bt rBi?
Dr(i, i) =

∑|Vhmg|
j=1 Ar(i, j) �M/ r ∈ REhmg = {g, s, d, otr}X 6Q`

i?2 b�F2 Q7 +QMp2MB2M+2- r2 /2MQi2 i?2 ?2i2`Q;2M2Qmb �/D�+2M+v
K�i`Bt �b 7QHHQrb,

Ã !
∑

r∈REhmg

wrÃr, U9X9V

r?2`2 wr Bb � KQ/2H +Q2{+B2MiX Ãr Bb i?2 MQ`K�HBx2/ �/D�+2M+v
K�i`BtX r /2MQi2b i?2 +QMM2+iBQM ivT2X

hvTB+�HHv- i?2`2 �`2 irQ TQTmH�` :*L KQ/2HbX PM2 Bb p�MBHH�
:*L (ey)- r?2`2 i?2 BM7Q`K�iBQM Q7 i?2 MQ/2 Bib2H7 �M/ i?�i
Q7 Bib M2B;?#Q`BM; MQ/2b �`2 �;;`2;�i2/ #v �//BM; QM2 B/2MiBiv
K�i`Bt iQ i?2 MQ`K�HBx2/ ;`�T? �/D�+2M+v K�i`BtX h?2 Qi?2` Bb
:`�T?a�:1 (9y)- r?2`2 i?2 72�im`2 Q7 i?2 MQ/2 Bib2H7 Bb +QM+�i2@
M�i2/ rBi? i?�i Q7 Bib M2B;?#Q`BM; MQ/2bX aBM+2 i?2`2 �`2 b2H7@
HQQTb BM Qm` ;`�T? `2T`2b2Mi�iBQM �b b?QrM BM 6B;bX 9Xk �M/ 9XjX
*QKT�`2/ rBi? i?2 p�MBHH� :*L- :`�T?a�:1 ?�b i?2 bi`QM;2`
�#BHBiv iQ /BbiBM;mBb? #2ir22M i?2 b2H7@HQQT 2/;2 �M/ i?2 MQ/2
Bib2H7X h?mb r2 �/QTi :`�T?a�:1 �b Qm` #�bB+ #�+F#QM2X AM
Qm` T`QTQb2/ >@:*L- i?2 /2p2HQT2/ ?2i2`Q;2M2Qmb 2K#2//BM;
;2M2`�iBQM Bb b?QrM �b 7QHHQrb,
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F (l) = σ
(
*PL*�h

(
Ã · F (l−1),F (l−1)

)
·W (l)

)
, U9X8V

r?2`2 *PL*�h(·) /2MQi2b i?2 +QM+�i2M�iBQM QT2`�iBQMX σ(·)
Bb � MQMHBM2�` �+iBp�iBQM 7mM+iBQMX AM i?Bb rQ`F- r2 mb2 _2Gl
�b Qm` MQMHBM2�` �+iBp�iBQM 7mM+iBQMX W (l) /2MQi2b i?2 H2�`M�#H2
KQ/2H +Q2{+B2Mib BM i?2 l@i? 2K#2//BM; ;2M2`�iBQM H�v2`X

h?2 T`QTQb2/ >@:*L Bb b?QrM BM 6B;X 9X9U�V- r?2`2 i?2 2K@
#2//BM; ;2M2`�iBQM �b b?QrM BM 1[m�iBQM U9X8V Bb `2+m`bBp2Hv
�M/ b2[m2MiB�HHv T2`7Q`K2/ b2p2`�H iBK2b- i?2 HQ+�H iQTQHQ;v �M/
MQ/2 72�im`2b �`2 2ti`�+i2/ iQ `2T`2b2Mi i?2 72�im`2 p2+iQ` Q7
2�+? MQ/2X h?2M i?2 2ti`�+i2/ 72�im`2 p2+iQ` Q7 2�+? MQ/2 Bb 72/
BMiQ � i`�/BiBQM�H K�+?BM2 H2�`MBM; KQ/2H iQ 2biBK�i2 /piHBMX

9X9 :QBM; iQ .22T >@:*L

.2bTBi2 :*L +�M �+?B2p2 2MQ`KQmb bm++2bb2b BM ;`�T? H2�`MBM;
i�bF- Bi Bb p2`v b?�HHQrX am+? � b?�HHQr KQ/2H HBKBib Bib �#BHBiv
iQ 2ti`�+i BM7Q`K�iBQM 7`QK KmHiB@?QT /2pB+2b bQ i?�i Bi +�MMQi
�+?B2p2 � KQ`2 �++m`�i2 2biBK�iBQM 7Q` +QKTH2t �M/ H�`;2@b+�H2
+B`+mBi M2iHBbibX "2bB/2b- bi�+FBM; KQ`2 H�v2`b �M/ �//BM; MQM@
HBM2�`Biv i2M/ iQ /2;`�/2 i?2 T2`7Q`K�M+2 Q7 i?Bb KQ/2H- /m2
iQ i?2 Qp2`@bKQQi?BM; Bbbm2 (dy)X AM i?Bb b2+iBQM- #�b2/ QM :*@
LAA (kk)- r2 7m`i?2` 2ti2M/ i?2 T`QTQb2/ >@:*L iQ #2 � /22T
p2`bBQM pB� BMBiB�H `2bB/m�H +QMM2+iBQMb �M/ B/2MiBiv K�TTBM;b iQ
�HH2pB�i2 i?2 Qp2`@bKQQi?BM; Bbbm2X
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9X9XR 1K#2//BM; :2M2`�iBQM rBi? AMBiB�H _2bB/m�H *QM@
M2+iBQMb �M/ A/2MiBiv J�TTBM;b

h?2 T`BK�`v `2�bQM #2?BM/ i?2 Qp2`@bKQQi?BM; Bbbm2 Bb i?�i
i?2 `2T`2b2Mi�iBQMb Q7 i?2 MQ/2b �b b?QrM BM 1[m�iBQM U9X8V
#2+QK2 BM/BbiBM;mBb?�#H2 �b i?2 MmK#2` Q7 ?2i2`Q;2M2Qmb 2K@
#2//BM; ;2M2`�iBQM H�v2`b BM+`2�b2bX AM Q`/2` iQ �HH2pB�i2 i?2
Qp2`@bKQQi?BM; Bbbm2- �++Q`/BM; iQ :*LAA (kk)- i?2 }M�H `2T`2@
b2Mi�iBQM Q7 2�+? MQ/2 `2i�BMb i?2 BMTmi H�v2` 2p2M B7 K�Mv H�v2`b
�`2 bi�+F2/X �++Q`/BM; iQ i?Bb K�MM2`- r2 2ti2M/ i?2 ?2i2`Q@
;2M2Qmb 2K#2//BM; ;2M2`�iBQM �b b?QrM BM 1[m�iBQM U9X8V #v
+QM+�i2M�iBM; rBi? i?2 BMTmi Q7 i?2 }`bi H�v2` �b 7QHHQrb,

F (l) = σ
(
*PL*�h

(
Ã · F (l−1),F (l−1),F (0)

)
·W (l)

)
, U9XeV

r?2`2 F (0) Bb i?2 mMB}2/ 72�im`2 K�i`Bt /2}M2/ BM 1[m�iBQM U9XkVX
h?2 ?2i2`Q;2M2Qmb �/D�+2M+v K�i`Bt Ã Bb /2}M2/ BM 1[m�iBQM U9X9VX
�b b?QrM BM 6B;X 9X9U#V- Qm` 2ti2M/2/ /22T >@:*L H2p2`�;2b
i?2 2K#2//BM; ;2M2`�iBQM rBi? i?2 BMBiB�H `2bB/m�H +QMM2+iBQMbX
h?mb i?2 }M�H `2T`2b2Mi�iBQM Q7 2�+? MQ/2 `2i�BMb i?2 BMTmi H�v2`
2p2M B7 K�Mv H�v2`b �`2 bi�+F2/X

�++Q`/BM; iQ (kk- eR)- T2`7Q`KBM; KmHiBTH2 MQM@HBM2�`Biv QT@
2`�iBQMb iQ i?2 72�im`2 K�i`Bt biBHH +�mb2b i?2 Qp2`@bKQQi?BM;
Bbbm2X AM Qm` /22T >@:*L KQ/2H- BMbTB`2/ #v _2bL2i (9j)- iQ
7m`i?2` �HH2pB�i2 i?2 Qp2`@bKQQi?BM; Bbbm2- r2 H2p2`�;2 �M B/2M@
iBiv K�i`Bt I rBi? � ?vT2`@T�`�K2i2` βl iQ i?2 KQ/2H +Q2{+B2Mi
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K�i`Bt W (l) BM 1[m�iBQM U9XeV �b 7QHHQrb,

W (l) ← (1− βl)I + βlW
(l). U9XdV

LQi2 i?�i I Bb 2�bv iQ 2ti2M/ �b �M �m;K2Mi2/ K�i`Bt Q7 �M
B/2MiBiv K�i`Bt rBi? � x2`Q K�i`Bt B7W (l) Bb MQi � b[m�`2 K�i`BtX
"v �//BM; i?2 K�i`Bt I- r2 ?�p2 irQ �/p�Mi�;2b, aBKBH�` iQ i?2
KQiBp�iBQM Q7 _2bL2i (9j)- i?2 K�i`Bt I 2Mbm`2b i?�i � /22T >@
:*LKQ/2H �+?B2p2b i?2 b�K2 T2`7Q`K�M+2 �b Bib b?�HHQr p2`bBQM
/Q2bc aBM+2 i?2 QTiBK�H KQ/2H +Q2{+B2Mi K�i`Bt W (l) ?�b bK�HH
MQ`K- Bi �HHQrb iQ Tmi bi`QM; `2;mH�`Bx�iBQMX *?2M 2iX �H bm;;2bi
βl = HQ;(1/l + 1) (kk)X

GBF2 Qm` T`QTQb2/ >@:*L- Qm` 2ti2M/2/ /22T >@:*L `2+m`@
bBp2Hv �M/ b2[m2MiB�HHv T2`7Q`Kb i?2 2K#2//BM; ;2M2`�iBQM rBi?
BMBiB�H `2bB/m�H +QMM2+iBQMb �M/ B/2MiBiv K�TTBM;b b2p2`�H iBK2b
iQ 2ti`�+i i?2 BM7Q`K�iBQM Q7 HQ+�H iQTQHQ;v �M/ MQ/2 72�im`2b
iQ `2T`2b2Mi i?2 72�im`2 p2+iQ` Q7 2�+? MQ/2X h?2M i?2 2ti`�+i2/
72�im`2 p2+iQ` Bb 72/ BMiQ � i`�/BiBQM�H K�+?BM2 H2�`MBM; KQ/2H
iQ 2biBK�i2 /piHBM Q7 2�+? i`�MbBbiQ`X

lMHBF2b CEL2i (Rjd)- Qm` 2ti2M/2/ /22T >@:*L +�M 7�+BHB@
i�i2 b2p2`�H H�v2`b bi�+FBM; bBM+2 i?2 QmiTmi Q7 2�+? H�v2` /Q2b
MQi #2 mMB7Q`KHv +QK#BM2/ iQ i?2 H�bi H�v2`X *QKT�`2/ rBi?
:*LAA (kk)- Qm` 2ti2M/2/ /22T >@:*L ?�b i?2 bi`QM;2` �#BH@
Biv iQ /BbiBM;mBb? #2ir22M i?2 b2H7@HQQT 2/;2 �M/ i?2 MQ/2 Bib2H7
bBM+2 Bi +QM+�i2M�i2b i?2 72�im`2b Q7 M2B;?#Q`BM; MQ/2b �M/ i?2
MQ/2 Bib2H7X "v mbBM; i?2 2ti2M/2/ /22T >@:*L- Bi Bb 2tT2+i2/
iQ �+?B2p2 KQ`2 �++m`�i2 2biBK�iBQMb Q7 �;BM;@BM/m+2/ i`�MbBbiQ`
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/2;`�/�iBQMX

�H;Q`Bi?K 8 1K#2//BM; :2M2`�iBQM Q7 .22T >@:*L
_2[mB`2, |REhmg

| MQ`K�HBx2/ �/D�+2M+v K�i`B+2b Ãr �M/ +QMM2+iBQM@ivT2@
`2H�i2/ KQ/2H +Q2{+B2Mib wr rBi? ∀r ∈ REhmg

c 72�im`2 K�i`B+2b Q7 �HH
MQ/2b +Q``2bTQM/BM; iQ 2�+? ivT2 Q7 MQ/2b Xt �M/ MQ/2@ivT2@`2H�i2/
H�i2Mi bT�+2 K�TTBM; K�i`B+2b Ut rBi? ∀t ∈ OVhmg

c a2�`+? /2Ti? Dc
JQ/2H +Q2{+B2Mib K�i`B+2b W (l) 7Q` l = 1, 2, · · · , DX

R, F (0) ←
∑

t∈OVhmg
XtUtc * K�T iQ � mMB}2/ H�i2Mi bT�+2

k, Ã←
∑

r∈REhmg
wrÃrc * 2M+Q/2 i?2 iQTQHQ;v Q7 i?2 ?2i2`Q;2M2Qmb ;`�T?

j, 7Q` l = 1 iQ D /Q
9, βl ← HQ;(1/l + 1)c
8, F (l) ← σ(*PL*�h(Ã · F (l−1),F (l−1),F (0))· (1− βl)I + βlW (l))c *

2K#2//BM; ;2M2`�iBQM
e, 2M/ 7Q`
d, `2im`M 1K#2//BM; 72�im`2 K�i`Bt F (D)X

Pm` T`QTQb2/ /22T 2K#2//BM; ;2M2`�iBQM �H;Q`Bi?K UBX2X- 7Q`@
r�`/ T`QT�;�iBQMV Bb bmKK�`Bx2/ BM �H;Q`Bi?K 8X h?2 +QMM2+iBQM@
ivT2@`2H�i2/ MQ`K�HBx2/ �/D�+2M+v K�i`B+2b Ãr- +QMM2+iBQM@ivT2@
`2H�i2/ KQ/2H +Q2{+B2Mib wr- 72�im`2 K�i`B+2b Q7 �HH MQ/2b Xt-
MQ/2@ivT2@`2H�i2/ H�i2Mi bT�+2 K�TTBM; K�i`B+2b Ut- i?2 b2�`+?
/2Ti? D �M/ KQ/2H +Q2{+B2Mib K�i`B+2b W (l) �`2 T`QpB/2/ �b
BMTmibX �++Q`/BM; iQ 1[m�iBQM U9XkV- i?2 H�i2Mi bT�+2 K�TTBM;
K�i`B+2b Ut �`2 mb2/ iQ K�T 72�im`2b Q7 �HH MQ/2b Xt BMiQ �
mMB}2/ 72�im`2 `2T`2b2Mi�iBQM F (0)X h?2M i?2 ?2i2`Q;2M2Qmb �/@
D�+2M+v K�i`Bt Ã Bb Q#i�BM2/ #v 1[m�iBQM U9X9VX G2i l /2MQi2b
i?2 +m``2Mi bi2T BM i?2 HQQT Ui?2 /2Ti? Q7 i?2 b2�`+?V �M/ F (l)

/2MQi2b i?2 72�im`2 `2T`2b2Mi�iBQM Q7 �HH MQ/2b �i i?Bb bi2TX h?2M
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2�+? bi2T BM i?2 HQQT Q7 �H;Q`Bi?K 8 T`Q+22/b �b 7QHHQrb, 6B`biHv-
i?2 ?vT2`@T�`�K2i2` βl +�M /2i2`KBM2/ #v HQ;(1/l + 1)X J2�M@
r?BH2- �HH MQ/2b �;;`2;�i2 i?2 72�im`2 `2T`2b2Mi�iBQMb Q7 i?2B`
M2B;?#Q`BM; MQ/2b BMiQ � K�i`Bt Ã ·F (l−1)X h?2M i?2 �;;`2;�i2/
M2B;?#Q`BM; 72�im`2 K�i`Bt Ã · F (l−1) Bb +QM+�i2M�i2/ rBi? i?2
MQ/2Ƕb +m``2Mi `2T`2b2Mi�iBQM F (l) �M/ i?2 BMBiB�H mMB}2/ 72�im`2
K�i`Bt F (0)X �M/ i?Bb +QM+�i2M�i2/ 72�im`2 K�i`Bt Bb 72/ BMiQ �
7mHHv +QMM2+i2/ U6*V H�v2` rBi? � MQMHBM2�` �+iBp�iBQM 7mM+iBQM
σ(·) �M/ KQ/2H +Q2{+B2Mib (1− βl)I + βlW (l)- r?B+? K�F2b i?2
KQ/2H KQ`2 `Q#mbiX h?2 QmiTmib �`2 mb2/ �i i?2 M2ti bi2T Q7
i?2 �H;Q`Bi?KX 6BM�HHv- i?2 T`QTQb2/ /22T 2K#2//BM; ;2M2`�@
iBQM �H;Q`Bi?K i�F2b i?2 2K#2//BM; 72�im`2 K�i`Bt F (D) �b �M
QmiTmiX

LQi2 i?�i QMHv i`�MbBbiQ`b �`2 T`QM2 iQ ?�p2 �;BM; /2;`�/�@
iBQMb BM �M�HQ; A* M2iHBbib r?BH2 72�im`2b Q7 �HH /2pB+2b M22/ iQ
#2 72/ BMiQ Qm` T`QTQb2/ /22T >@:*L iQ T2`7Q`K i?2 2K#2/@
/BM; ;2M2`�iBQM �H;Q`Bi?KX h?mb � K�bF K�i`Bt rBi? i?2 bBx2
Otransistors×Odevices Bb mb2/ iQ 2ti`�+i i?2 2K#2//BM; 72�@
im`2b Q7 2�+? i`�MbBbiQ` BM i?2 H�bi 2K#2//BM; ;2M2`�iBQM H�v2`X
6BM�HHv- b2p2`�H i`�/BiBQM�H 6* H�v2`b �`2 �/QTi2/ iQ 2biBK�i2
/piHBM Q7 2�+? i`�MbBbiQ` #v BMTmiiBM; i?2 2K#2//BM; 72�im`2bX
h?2 J2�M a[m�`2 1``Q` UJa1V 7mM+iBQM Bb mb2/ �b i?2 HQbb
7mM+iBQM iQ +QKTmi2 i?2 2``Q`b #2ir22M i?2 ;`QmM/@i`mi? �M/
Qm` 2biBK�i2/ /piHBMX �HH KQ/2H +Q2{+B2Mib- BM+Hm/BM; wr- Ut

�M/ W (l) BM �H;Q`Bi?K 8- �`2 mT/�i2/ #v i?2 #�+FT`QT�;�iBQM
�M/ i?2 ;`�/B2Mi@#�b2/ K2i?Q/ BM �M 2M/@iQ@2M/ 7�b?BQM BM 2�+?
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i`�BMBM; 2TQ+?X

9X9Xk Pp2`@bKQQi?BM; �M�HvbBb

>2`2 r2 T`QpB/2 �M Qp2`@bKQQi?BM; �M�HvbBb 7Q` i?2 T`QTQb2/ >@
:*L �M/ i?2 2ti2M/2/ /22T >@:*LX 6Q` bBKTHB+Biv- r2 �bbmK2
+QMM2+iBQM@ivT2@`2H�i2/ KQ/2H +Q2{+B2Mib wr 7Q` ∀r ∈ REhmg �M/
i?2 mMB}2/ 72�im`2 K�i`Bt F (0) iQ #2 MQM@M2;�iBp2- i?�i Bb wr ≥ 0

�M/ F (0) ≥ OX LQi2 i?�i r2 +�M +QMp2`i wr �M/ F (0) iQ #2
MQMM2;�iBp2 #v � HBM2�` i`�Mb7Q`K�iBQM B7 i?2v �`2 M2;�iBp2 (kk)X

Pp2`@bKQQi?BM; �M�HvbBb Q7 KmHiB@H�v2` >@:*L

hQ BHHmbi`�i2 i?�i i?2 Qp2`@bKQQi?BM; Bbbm2 BM i?2 T`QTQb2/ >@
:*L- r2 rBHH b?Qr i?�i i?2 /B`2+i2/ KmHiB;`�T? �b b?QrM BM
a2+iBQM 9Xk Bb bi`QM;Hv +QMM2+i2/ �M/ �T2`BQ/B+- �M/ i?2 2K@
#2//BM; ;2M2`�iBQM �b b?QrM BM 1[m�iBQM U9X8V Bb 2[mBp�H2MiHv
2tT`2bb2/ �b i?2 7Q`KmH�iBQM Q7 G�TH�+B�M bKQQi?BM;X

hQ b?Qr bi`QM; +QMM2+iBpBiv �M/ �T2`BQ/B+Biv 7Q` i?2 /B`2+i2/
KmHiB;`�T?- r2 }`bi b22 i?2 #BT�`iBi2 ;`�T? `2T`2b2Mi�iBQM Q7
�M�HQ; A* �b b?QrM BM 6B;X 9XRX h?2 #BT�`iBi2 ;`�T? Bb +QMM2+iBp@
Biv bBM+2 i?2`2 Bb � T�i? #2ir22M 2p2`v T�B` Q7 MQ/2b (kN)X h?2M
Bi Bb 2�bBHv T`Qp2/ BM +QMi`�TQbBiBp2 7Q`K i?�i i?2 /B`2+i2/ KmHiB@
;`�T? Bb +QMM2+iBpBiv B7 Bi Bb i`�Mb72``2/ 7`QK � +QMM2+i2/ #BT�`@
iBi2X JQ`2Qp2`- i?2 /B`2+i2/ KmHiB;`�T? Bb bi`QM;Hv +QMM2+i2/
bBM+2 �Mv irQ /2pB+2b �`2 T�B`2/ mT �b � +QMM2+iBQM BM 2�+?
M2i iQ i`�Mb72` i?2 +QMM2+i2/ #BT�`iBi2 �b i?2 /B`2+i2/ KmHiB@
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;`�T?X "2bB/2b- i?2 /B`2+i2/ KmHiB;`�T? Bb �T2`BQ/B+ bBM+2 i?2`2
Bb MQ BMi2;2` κ > 1 i?�i /BpB/2b i?2 H2M;i? Q7 2p2`v +v+H2 Q7 i?2
;`�T? (88)X

>2`2 r2 rBHH �M�Hvx2 r?2i?2` i?2 2K#2//BM; ;2M2`�iBQM �b
b?QrM BM 1[m�iBQM U9X8V b�iBb}2b i?2 7Q`KmH�iBQM Q7 G�TH�+B�M
bKQQi?BM;X aBM+2 F (0) Bb MQM@M2;�iBp2- HBF2 (kk)- r2 `2KQp2 i?2
MQMHBM2�` �+iBp�iBQM 7mM+iBQM Uq2 mb2 _2Gl �b i?2 MQMHBM2�`
�+iBp�iBQM 7mM+iBQMXVX h?mb 1[m�iBQM U9X8V +�M #2 i`�Mb72``2/ �b
7QHHQrb,

F (l) = *PL*�h
(
Ã · F (l−1),F (l−1)

)
·W (l). U9X3V

q2 b2i W (l) = [λI, (1− λ)I]% · Ŵ (l)X h?2M 1[m�iBQM U9X3V +�M
#2 i`�Mb72``2/ �b 7QHHQrb,

F (l)

=*PL*�h
(
Ã · F (l−1),F (l−1)

)
· [λI, (1− λ)I]% · Ŵ (l)

=
(
(I − λI) · F (l−1) + λÃ · F (l−1)

)
· Ŵ (l),

=(I − λD−1L)F (l−1) · Ŵ (l),

U9XNV

r?2`2 0 < λ ≤ 1 Bb � T�`�K2i2` r?B+? +QMi`QHb i?2 r2B;?i@
BM; #2ir22M i?2 72�im`2b Q7 i?2 +m``2Mi MQ/2 �M/ Bib M2B;?#Q`bX
L = D−Ã Bb i?2 ;`�T? G�TH�+B�M K�i`Bt- r?2`2D Bb � /B�;QM�H
K�i`Bt rBi? D(i, i) =

∑
j Ã(i, j)X �++Q`/BM; iQ 1[m�iBQM U9XNV-

i?2 2K#2//BM; ;2M2`�iBQM F (l) �b b?QrM BM 1[m�iBQM U9X8V Bb
2[mBp�H2MiHv 2tT`2bb2/ �b i?2 7Q`KmH�iBQM Q7 G�TH�+B�M bKQQi?@
BM;- BX2X- (I − λD−1L)F (l−1) · Ŵ (l) (dy)X

�++Q`/BM; iQ i?2 7mM/�K2Mi�H h?2Q`2K Q7 J�`FQp *?�BMb
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(Nd)- bBM+2 i?2 T`QTQb2/ /B`2+i2/ KmHiB;`�T? Bb bi`QM;Hv +QM@
M2+i2/ �M/ �T2`BQ/B+- �M/ i?2 2K#2//BM; ;2M2`�iBQM +�M #2
2[mBp�H2MiHv 2tT`2bb2/ �b i?2 7Q`KmH�iBQM Q7 G�TH�+B�M bKQQi?@
BM;- i?2 `�M/QK r�HF +QMp2`;2b iQ � mMB[m2 bi�iBQM�`v /Bbi`B@
#miBQM π- BX2X- HBKD→∞ f (D)

i = π- r?2`2 i?2 i@i? `Qr BM F (D)

Bb `2T`2b2Mi2/ �b f (D)
i - r?B+? Bb �HbQ i?2 2K#2//BM; 72�im`2 Q7

i?2 i@i? MQ/2X h?mb �b i?2 MmK#2` Q7 H�v2`b BM+`2�b2b- i?2 `2T@
`2b2Mi�iBQMb Q7 i?2 MQ/2b BM >@:*L �`2 BM+HBM2/ iQ +QMp2`;2
iQ � +2`i�BM p�Hm2 �M/ #2+QK2 BM/BbiBM;mBb?�#H2- r?B+? Bb i?2
Qp2`@bKQQi?BM; Bbbm2X

Pp2`@bKQQi?BM; �M�HvbBb Q7 KmHiB@H�v2` /22T >@:*L

>2`2 r2 ;Bp2 �M Qp2`@bKQQi?BM; �M�HvbBb 7Q` i?2 2ti2M/2/ /22T
>@:*L iQ BHHmbi`�i2 Bi +�M T`2p2MiBM; i?2 Qp2`@bKQQi?BM; 2p2M
B7 i?2 MmK#2` Q7 H�v2`b ;Q2b iQ BM}MBivX

q2 +QMbB/2` i?2 2K#2//BM; ;2M2`�iBQM rBi? BMBiB�H `2bB/m�H
+QMM2+iBQMb �M/ B/2MiBiv K�TTBM;b �b b?QrM BM 1[m�iBQMb U9XeV
�M/ U9XdV BM i?2 2ti2M/2/ /22T >@:*LX aBM+2 F (0) Bb MQM@M2;�iBp2-
r2 `2KQp2 i?2 MQMHBM2�` QT2`�iBQMX JQ`2Qp2`- r2 }t (1−βl)I+
βlW (l) iQ #2 γlW (l)- r?2`2 γl Bb � T�`�K2i2`X h?mb 1[m�@
iBQMb U9XeV �M/ U9XdV +�M #2 i`�Mb72``2/ �b 7QHHQrb,

F (l) = *PL*�h
(
Ã · F (l−1),F (l−1),F (0)

)
γlW

(l). U9XRyV

AM i?2 b�K2 K�MM2`- r2 b2i W (l) = [I, I, I]% · Ŵ (l)X h?2M
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1[m�iBQM U9XRyV +�M #2 i`�Mb72``2/ �b 7QHHQrb,

F (l)

=*PL*�h
(
Ã · F (l−1),F (l−1),F (0)

)
· [I, I, I]% · γlŴ (l)

=
(
(Ã+ I)F (l−1) + F (0)

)
· γlŴ (l).

U9XRRV
6m`i?2`KQ`2- r2 b2i F (0) = (Ã + I) · x̂X h?mb 1[m�iBQM U9XRRV
+�M #2 7m`i?2` i`�Mb72``2/ �b 7QHHQrb,

F (l) =
(
(Ã+ I)(F (l−1) + x̂)

)
· γlŴ (l)

=
(
(I −L)(F (l−1) + x̂)

)
· γlŴ (l).

U9XRkV

6Q` bBKTHB+Biv- HBF2 (kk)- r2 7m`i?2` b2i Ŵ (l) �b �M B/2MiBiv
K�i`BtX *QMb2[m2MiHv- �++Q`/BM; iQ 1[m�iBQM U9XRkV �M/ (kk)-
r2 +�M 2tT`2bb i?2 }M�H 2K#2//BM; 72�im`2 `2T`2b2Mi�iBQM �b
7QHHQrb,

F (D) =

(
D∑

l=0

(
D∏

k=D−l

γk

)
(I −L)l

)
· x̂. U9XRjV

h?Bb 2tT`2bbBQM bm;;2bib i?�i /22T >@:*L +QMp2`;2b iQ � /Bb@
i`B#miBQM i?�i +�``B2b BM7Q`K�iBQM 7`QK #Qi? i?2 BMTmi 72�im`2
x̂ UF (0)V �M/ i?2 ;`�T? bi`m+im`2 L UÃVX h?Bb T`QT2`iv 2Mbm`2b
i?�i /22T >@:*L rBHH MQi bmz2` 7`QK �M Qp2`@bKQQi?BM; Bbbm2
2p2M B7 i?2 MmK#2` Q7 H�v2`b ;Q2b iQ BM}MBivX
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9X8 G�`;2 a+�H2 :`�T? h`�BMBM; pB� L2B;?@
#Q`?QQ/ a�KTHBM;

qBi? i?2 7�bi /2p2HQTK2Mi Q7 b2KB+QM/m+iQ`b- KQ`2 �M/ KQ`2
/2pB+2b �M/ +QMM2+iBQMb �`2 BMi2;`�i2/ BMiQ �M �M�HQ; A*- r?B+?
#`BM;b ;`2�i +?�HH2M;2b iQ i?2 KQ/2H i`�BMBM; #2+�mb2 Q7 i?2
Bi2`�iBp2 2K#2//BM; ;2M2`�iBQMb �KQM; M2B;?#Q`BM; MQ/2bX 6Q`
2t�KTH2- iQ +QKTmi2 i?2 ;`�/B2Mib Q7 MQ/2 υi BM i?2 l@i? H�v2`-
i?2 2K#2//2/ 72�im`2b Q7 i?2 M2B;?#Q`BM; MQ/2b N(υi) Q7 υi �`2
`2[mB`2/- BX2X- bQK2 72�im`2b BM i?2 (l−1)@i? H�v2`X JQ`2Qp2`- i?2
72�im`2b Q7 N(N(υi)) �`2 �HbQ M22/2/- BX2X- bQK2 72�im`2b BM i?2
(l−2)@i? H�v2`X �b i?2 b2�`+? /2Ti?D Ui?2 MmK#2` Q7 2K#2//BM;
;2M2`�iBQM H�v2`bV BM+`2�b2b- i?2 FBM/ Q7 M2B;?#Q`?QQ/ 2tTHQbBQM
rBHH #`BM; i?2 Km+? KQ`2 MQ/2 MmK#2` BM 2�+? i`�BMBM; 2TQ+?
bQ i?�i Bi +�mb2b HQib Q7 i`�BMBM; iBK2 �M/ K2KQ`v `2bQm`+2b
2p2M i?`Qm;? Qmi@Q7@K2KQ`v QM :SlX 6B;X 9X8U�V Bb i�F2M �b �M
2t�KTH2 iQ b?Qr i?2 M2B;?#Q`?QQ/ 2tTHQbBQMX

hQ �+?B2p2 2MQm;? b+�H�#BHBiv- � bi`�B;?i7Q`r�`/ K2i?Q/ Bb
mbBM; i?2 i`�/BiBQM�H ;`�T? T�`iBiBQMBM; �H;Q`Bi?Kb (Rd) iQ T�`@
iBiBQM � H�`;2@b+�H2 ;`�T? iQ #2 b2p2`�H BbQH�i2/ bK�HH bBx2 bm#@
;`�T?b iQ #2 i`�BM2/X >Qr2p2`- i?2 72�im`2b Q7 i?2 M2B;?#Q`@
BM; MQ/2 U/2pB+2V +�MMQi #2 �;;`2;�i2/ iQ i?2 MQ/2 Bib2H7 BM �HH
i`�BMBM; 2TQ+?b B7 i?2 M2B;?#Q`BM; MQ/2 �M/ i?2 MQ/2 Bib2H7 �`2
T�`iBiBQM2/ BMiQ irQ BbQH�i2/ bm#;`�T?bX �b � `2bmHi- i?2b2 ;`�T?
T�`iBiBQMBM; �H;Q`Bi?Kb +�mb2 T2`7Q`K�M+2 /2;`�/�iBQMX

hQ �HH2pB�i2 i?2 T2`7Q`K�M+2 /2;`�/�iBQM- HBF2 i?2 /`QTQmi
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i2+?MB[m2 BM *LLb (RyN)- � T`Q#�#BHBiv@#�b2/ b�KTHBM; K2i?Q/
Bb H2p2`�;2/ iQ Q#i�BM /Bz2`2Mi bm#;`�T?b �KQM; /Bz2`2Mi i`�BM@
BM; 2TQ+?bX *QMbB/2`BM; i?�i i?2 `mMiBK2 Bb /QKBM�i2/ #v ;`�T?
i`�Mb7Q`K�iBQM BM Qm` T`QTQb2/ ~Qr- r2 T2`7Q`K � T`Q#�#BHBiv@
#�b2/ b�KTHBM; K2i?Q/ QM i?2 #BT�`iBi2 ;`�T?X AM Qm` T`QTQb2/
T`Q#�#BHBiv@#�b2/ b�KTHBM; K2i?Q/- i?2 b�KTHBM; T`Q#�#BHBiv `2@
HB2b QM i?2 MmK#2` Q7 2/;2b U/2;`22V BM 2�+? MQ/2- �b b?QrM BM
1[m�iBQM U9XR9VX

�P(υi) =
Db(i, i)

|Db|
, U9XR9V

r?2`2Db Bb � /B�;QM�H K�i`BtX Aib 2�+? /B�;QM�H 2H2K2MiDb(i, i)

=
∑

j Ab(i, j)- r?2`2 Ab Bb i?2 �/D�+2M+v K�i`Bt Q7 i?2 #BT�`iBi2
;`�T?- r?B+? Bb +QMbi`m+i2/ #v /B`2+iHv T�`bBM; �M/ ~�ii2MBM;
i?2 +B`+mBi M2iHBbi �b b?QrM BM 6B;X 9XRX |Db| Bb bmKK�iBQM Q7 �HH
Q7 i?2 2H2K2Mib BM i?2 K�i`Bt DbX �++Q`/BM; iQ 1[m�iBQM U9XR9V-
i?2 MQ/2 rBi? KQ`2 2/;2b Bb b�KTH2/ rBi? � ?B;?2` T`Q#�#BHBivX
LQi2 i?�i �Hi?Qm;? i?2 �M�HQ; A* #BT�`iBi2 ;`�T? +QMi�BMb /2@
pB+2 MQ/2b �M/ M2i MQ/2b- Qm` T`QTQb2/ T`Q#�#BHBiv@#�b2/ M2B;?@
#Q`?QQ/ b�KTHBM; �H;Q`Bi?K Bb T2`7Q`K2/ iQ QMHv b�KTH2 /2pB+2
MQ/2b r?BH2 i?2 M2i MQ/2b rBHH #2 �miQK�iB+�HHv `2KQp2/ #v Qm`
T`QTQb2/ ?2i2`Q;2M2Qmb KmHiB;`�T? `2T`2b2Mi�iBQM �b b?QrM BM
a2+iBQM 9XkX

h?2 #�bB+ B/2� #2?BM/ Qm` T`QTQb2/ T`Q#�#BHBiv@#�b2/ b�K@
THBM; K2i?Q/ Bb i?�i i?2 /2pB+2 rBi? KQ`2 +QMM2+iBQMb ?�b �
KQ`2 BKTQ`i�Mi BM~m2M+2 QM i?2 �;BM; /2;`�/�iBQM Q7 Bib M2B;?@
#Q`BM; i`�MbBbiQ`bX lMHBF2 i`�/BiBQM�H ;`�T? T�`iBiBQMBM; �H;Q@
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`Bi?Kb (Rd)- Qm` T`QTQb2/ T`Q#�#BHBiv@#�b2/ �H;Q`Bi?K +�M Q#@
i�BM /Bz2`2Mi bm#;`�T?b �KQM; /Bz2`2Mi i`�BMBM; 2TQ+?bX AM
Qi?2` rQ`/b- 2p2M i?Qm;? i?2 M2B;?#Q`BM; MQ/2 �M/ i?2 MQ/2
Bib2H7 �`2 T�`iBiBQM2/ BMiQ irQ BbQH�i2/ bm#;`�T?b BM i?2 +m``2Mi
i`�BMBM; 2TQ+?- i?2v K�v #2 T�`iBiBQM2/ BMiQ i?2 b�K2 bm#;`�T?
BM Qi?2` i`�BMBM; 2TQ+?bX h?mb Qm` T`QTQb2/ T`Q#�#BHBiv@#�b2/
M2B;?#Q`?QQ/ b�KTHBM; �H;Q`Bi?K +�M �+?B2p2 KQ`2 `Q#mbi T2`@
7Q`K�M+2 �M/ ;QQ/ b+�H�#BHBivX

Pm` T`QTQb2/ T`Q#�#BHBiv@#�b2/ M2B;?#Q`?QQ/ b�KTHBM; �H@
;Q`Bi?K Bb bmKK�`Bx2/ BM �H;Q`Bi?K eX q2 T`QpB/2 i?2 b2�`+?
/2Ti? D- i?2 i`�MbBbiQ` MQ/2 b2i Vs- i?2 MmK#2` Q7 /2pB+2 MQ/2b
iQ #2 i`�BM2/ T �M/ �M�HQ; A* M2iHBbi #BT�`iBi2 ;`�T? BG �b
BMTmibX 6B`biHv- r2 M22/ iQ }M/ � /2pB+2 MQ/2 b2i V(D) �M/ �
M2i MQ/2 b2i U(D)- r?Qb2 2�+? 2H2K2Mi Bb 2[m�H Q` H2bb 2D ?QTb
�r�v 7`QK QM2 Q7 i?2 i`�MbBbiQ` MQ/2b BM Vs U7`QK HBM2 k iQ HBM2
RjVX �b K2MiBQM2/ �#Qp2- i?2 /22T >@:*L KQ/2H #`BM;b Km+?
KQ`2 2H2K2Mib BM i?2 MQ/2 b2i V(D)X AM Q`/2` iQ b�KTH2 T − |Vs|
2H2K2Mib 7`QK i?2 MQ/2 b2i V(D)- i?2 b�KTHBM; T`Q#�#BHBiv Q7
2�+? MQ/2 Bb +�H+mH�i2/ #v 1[m�iBQM U9XR9V U7`QK HBM2 R8 iQ HBM2
RdVX h?2M �HH b�KTH2/ MQ/2b �`2 +QK#BM2/ rBi? i?2 i`�MbBbiQ`
MQ/2 b2i VsX �i H�bi- i?2 �H;Q`Bi?K QmiTmib i?2 #BT�`iBi2 bm#@
;`�T? rBi? i?2 /2pB+2 MQ/2 b2i Vb rBi? T /2pB+2 MQ/2b �M/ i?2
M2i MQ/2 b2i U(D)X "v T2`7Q`KBM; �H;Q`Bi?K e BM 2�+? i`�BMBM;
2TQ+?- /Bz2`2Mi #BT�`iBi2 bm#;`�T?b +�M #2 i`�BM2/ bQ i?�i Qm`
/22T >@:*L KQ/2H +�M �+?B2p2 KQ`2 `Q#mbi T2`7Q`K�M+2X "2@
bB/2b- HBF2 i?2 /`QTQmi i2+?MB[m2 BM *LLb (RyN)- Qm` T`QTQb2/
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R

n5

Vdd

n4

M4M3

GND

n7

n1

n3n2

M1

n6

M2

U�V

n5n4
M4M3

n1

n3n2

M1 n6

U#V
n5n4 M4M3

n1

n3n2
n6 M2

U+V

6B;m`2 9X8 h?2 M2B;?#Q`?QQ/ b�KTHBM;X

T`Q#�#BHBiv@#�b2/ M2B;?#Q`?QQ/ b�KTHBM; �H;Q`Bi?K +�M �HH2pB@
�i2 Qp2`}iiBM; bBM+2 Bi `�M/QKHv /`QTb 2K#2//BM; 72�im`2b 7`QK
M2B;?#Q`BM; MQ/2b /m`BM; i?2 i`�BMBM; bi�;2X

q2 i�F2 6B;X 9X8 �b �M 2t�KTH2 iQ BHHmbi`�i2 i?2 T`QTQb2/
T`Q#�#BHBiv@#�b2/ M2B;?#Q`?QQ/ b�KTHBM; �H;Q`Bi?KX AM i?Bb
2t�KTH2- r2 b2i i?2 b2�`+? /2Ti? �b D = 3 �M/ i?2 MmK@
#2` Q7 /2pB+2 MQ/2b �b T = 3X h?2 BMBiB�H BMTmi MQ/2 b2i Bb
Vs = {Jj, J9}X �b b?QrM BM 6B;X 9X8U�V- i?2 6@?QT /2pB+2 MQ/2
b2i Bb V(3) = {JR, Jk, Jj, J9, o//, _} �M/ i?2 6@?QT M2i MQ/2 b2i
Bb U(3) = {MR, Mk, Mj, M9, M8, Me}X 1t+2Ti 7Q` Jj �M/ J9 BM Vs-
r2 QMHv M22/ iQ b�KTH2 QM2 KQ`2 MQ/2 7`QK V(3)\VsX �++Q`/@
BM; iQ 1[m�iBQM U9XR9V- JR �M/ Jk ?�p2 i?2 H�`;2bi T`Q#�#BHBiv
iQ #2 b�KTH2/ bBM+2 i?2v ?�p2 i?2 KQbi 2/;2 MmK#2`X A7 JR Bb
b�KTH2/- �H;Q`Bi?K e i�F2b i?2 bm#;`�T? rBi? i?2 /2pB+2 MQ/2
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�H;Q`Bi?K e h?2 L2B;?#Q`?QQ/ a�KTHBM; �H;Q`Bi?K
_2[mB`2, a2�`+? /2Ti? D- i?2 BMTmi i`�MbBbiQ` MQ/2 b2i Vs- i?2 MmK#2` Q7

/2pB+2 MQ/2b iQ #2 i`�BM2/ T - �M�HQ; A* M2iHBbi #BT�`iBi2 ;`�T? BGc
R, AMBiB�HBx2 /2pB+2 MQ/2 b2i V(0) ← Vsc
k, 7Q` k = 1 iQ D /Q
j, U(k) ← ∅c
9, 7Q` �HH υ ∈ V(k−1) /Q
8, U(k) ← U(k) ∪N(υ)c * 2tT�M/ i?2 M2i MQ/2 b2iX
e, 2M/ 7Q`
d, V(k) ← ∅c
3, 7Q` �HH µ ∈ U(k) /Q
N, V(k) ← V(k) ∪N(µ)c * 2tT�M/ i?2 /2pB+2 MQ/2 b2iX

Ry, 2M/ 7Q`
RR, 2M/ 7Q`
Rk, U(D) ← ∪D

k=1U
(k)c * +QK#BM2 i?2 M2i MQ/2 b2ib rBi? 1, 3, · · · , 2D − 1

?QTb /Bbi�M+2 �r�v 7`QK QM2 MQ/2 Q7 VsX
Rj, V(D) ← ∪D

k=0V
(k)c * +QK#BM2 i?2 /2pB+2 MQ/2 b2ib rBi? 0, 2, · · · , 2D ?QTb

/Bbi�M+2 �r�v 7`QK QM2 MQ/2 Q7 VsX
R9, B7 |V(D)| > T i?2M
R8, 7Q` �HH υi ∈ V(D)\Vs /Q
Re, *�H+mH�i2 P(υi) �++Q`/BM; iQ 1[m�iBQM U9XR9Vc
Rd, 2M/ 7Q`
R3, a�KTH2 T − |Vs| MQ/2b �++Q`/BM; iQ i?2 T`Q#�#BHBiv P iQ i?2 b2i Vbc
RN, Vb ← Vb ∪ Vsc
ky, 2Hb2
kR, Vb ← V(D)c
kk, 2M/ B7
kj, `2im`M h?2 #BT�`iBi2 bm#;`�T? rBi? Vb ∪ U(D) Q7 BGX



*>�Sh1_ 9X 6�ah �:AL: .1:_�.�hAPL 1ahAJ�hAPL Nk

Vb = {JR, Jj, J9} �M/ M2i MQ/2 U(3) b?QrM BM 6B;X 9X8U#V �b
�M QmiTmiX A7 Jk Bb b�KTH2/- �H;Q`Bi?K e i�F2b i?2 bm#;`�T?
rBi? i?2 /2pB+2 MQ/2 Vb = {Jk, Jj, J9} �M/ M2i MQ/2 U(3) b?QrM
BM 6B;X 9X8U+V �b �M QmiTmiX h?2 irQ bm#;`�T?b �`2 i`�BM2/ BM
/Bz2`2Mi i`�BMBM; 2TQ+?bX

9Xe Pp2`�HH ~Qr

h?2 Qp2`�HH ~Qr Q7 Qm` T`QTQb2/ 7�bi �M�HQ; A* �;BM;@BM/m+2/
/2;`�/�iBQM 2biBK�iBQM 7`�K2rQ`F Bb BHHmbi`�i2/ BM 6B;X 9Xe- r?B+?
+QMbBbib Q7 7Qm` T�`ib, T�`bBM; �M/ ~�ii2MBM; M2iHBbi- T`Q#�#BHBiv@
#�b2/ M2B;?#Q`?QQ/ b�KTHBM;- ?2i2`Q;2M2Qmb ;`�T? `2T`2b2Mi�@
iBQM �M/ /22T >@:*L BM72`2M+2X Pm` ~Qr i�F2b i?2 M2iHBbi rBi?
bi�iB+ bi`2bb +QM/BiBQMb �b �M BMTmiX h?2M M2iHBbi Bb T�`b2/ �M/
~�ii2M2/ iQ #2 � #BT�`iBi2 ;`�T?X AM Q`/2` iQ �+?B2p2 2MQm;?
b+�H�#BHBiv- i?2 T`Q#�#BHBiv@#�b2/ M2B;?#Q`?QQ/ b�KTHBM; �b b?QrM
BM b2+iBQM 9X8 Bb �/QTi2/ iQ Q#i�BM � bm#;`�T?X JQ`2Qp2`- i?2
bm#;`�T? Bb i`�Mb72``2/ iQ #2 i?2 ?2i2`Q;2M2Qmb ;`�T? iQ 2{@
+B2MiHv `2T`2b2Mi i?2 iQTQHQ;v Q7 �M�HQ; A*b �b b?QrM BM a2+@
iBQM 9XkX h?2 ?2i2`Q;2M2Qmb ;`�T? Bb BMTmi BMiQ i?2 /22T >@
:*L iQ T2`7Q`K /piHBM 2biBK�iBQMX �i H�bi- i?2 Qp2`�HH ~Qr
i�F2b i?2 2biBK�i2/ /piHBM p�Hm2b Q7 i?2 i�`;2i i`�MbBbiQ`b �b
QmiTmibX "�b2/ QM i?2 �7Q`2K2MiBQM2/ i2+?MB[m2b- i?2 T`QTQb2/
~Qr Bb 2tT2+i2/ iQ �+?B2p2 7�bi �M/ �++m`�i2 /piHBM 2biBK�iBQMX
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Analog netlist 

Parsing and flattening 
to be a bipartite graph

Probability-based 
neighborhood sampling

Heterogeneous graph 
representation

Deep H-GCN inference

Estimated dvtlin 
Index       …    dvtlin(HCI+BTI, V)
M4                    1.238e-02
M3                    1.193e-02
M1                    1.172e-02

n5n4
M4

M3

n1

n3n2

M1
n6

M1 M2

M3 M4

R

Vdd

GND

n1

n2 n3

n4 n5

n6

n7

R

n5Vddn4
M4M3

GND

n7n1

n3n2

M1
n6

M2

M3 M4

M1

6B;m`2 9Xe Pp2`�HH ~QrX

9Xd 1tT2`BK2Mi�H _2bmHib

9XdXR "2M+?K�`Fb �M/ 1tT2`BK2Mi�H a2iiBM;

*QMbB/2`BM; i?�i i?2 �;BM;@`2H�i2/ r2�`@Qmi Bb p2`v b2p2`2 �i i?2
5nm i2+?MQHQ;v MQ/2 BM i?2 BM/mbi`v- Qm` 2tT2`BK2Mib �`2 BHHmb@
i`�i2/ QM 2B;?i /Bz2`2Mi BM/mbi`B�H T?�b2@HQ+F2/ HQQT /2bB;Mb BK@
TH2K2Mi2/ �i i?2 p2`v �/p�M+2/ 5nm i2+?MQHQ;v MQ/2X Ai b?QmH/
#2 MQi2/ i?�i Qm` T`QTQb2/ K2i?Q/ Bb p2`v ;2M2`�H i?�i Bi /Q2b
MQi `2Hv QM �Mv i2+?MQHQ;v BM7Q`K�iBQM Q` T�`�K2i2`b- bQ Bi +�M
#2 �/QTi2/ BM Qi?2` i2+?MQHQ;B2bX h?2b2 /2bB;Mb �`2 `2T`2b2Mi2/
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rBi? TQbi@H�vQmi M2iHBbibX h?2 TQbi@H�vQmi M2iHBbi }H2b +QMbBbi Q7
aT2+i`2 �M/ aSA*1 7Q`K�ib (e8)- �b BMTmib BM Qm` KQ/2HbX q2
`mM �M BM/mbi`B�H �;BM; .6_ iQQH iQ Q#i�BM i?2 /piHBM p�Hm2 Q7
2�+? i`�MbBbiQ`X LQi2 i?�i BM 2�+? /2bB;M- i?2 bi`2bb +QM/BiBQMb
�`2 ;Bp2M #v p2`v bQT?BbiB+�i2/ /2bB;M2`b iQ Q#i�BM /piHBM �b
� ;QH/2M@i`mi? p�Hm2X hQ 2p�Hm�i2 i?2 2biBK�iBQM T2`7Q`K�M+2-
2�+? iBK2- r2 mb2 b2p2M /2bB;Mb 7Q` i`�BMBM; �M/ i?2 `2K�BMBM;
/2bB;M 7Q` i2biBM;X

h�#H2 9XR ai�iBbiB+b Q7 .2bB;Mb

.2bB;M Oi`�MbX O/2pB+2 OM2i
R 9-j93 NN-yyN R3-R88
k 9-j3k NN-eNe R3-kNN
j j-NNN RdN-d83 jR-jyj
9 j-NN3 R38-93y jj-3RN
8 9-N3y eNk-93y RRR-jy3
e 8kj jR-kdN e-yyk
d e-jN3 98k-RyN de-3yd
3 R-NN3 Ne-d9N Re-yye

h�#H2 9Xk .2pB+2 hvT2

hvT2 OS�`�KX

JPa 8R
JPa bTB+2 d8
.APf1a. 3

*�T Rk
_ e

oaQm`+2 R

h?2 bi�iBbiB+b Q7 i?2 2B;?i BM/mbi`B�H T?�b2@HQ+F2/ HQQT /2bB;Mb
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h�#H2 9Xj :`�T? H2�`MBM; KQ/2Hb

J2i?Q/
62�im`2 :`�T? `2T`2b2Mi�iBQM

*QM+�iX G�i2Mi >QKQX >2i2`X

:*L ! !

:*LAA ! !

>@:*L@+QM+�i ! !

>@:*L ! !

.22T >@:*L@+QM+�i ! !

.22T >@:*L ! !

h�#H2 9X9 J�1 UKoV �M/ r2 a+Q`2 *QKT�`BbQMbX

.2bB;M
.6_ iQQH Ubi�iB+V :*L (9y) :*LAA (kk) >@:*L .22T >@:*L
J�1 r2 a+Q`2 J�1 r2 a+Q`2 J�1 r2 a+Q`2 J�1 r2 a+Q`2 J�1 r2 a+Q`2

R 9XyyN yXR3R RXjRe yXdyj RXjjk yXeNR yXNR9 yX3kR yX3k9 yX39j
k 9Xydk yXRN9 RXj3N yX8Ne RXjjN yXeRN yX3Nj yX3R9 yX38e yX3jN
j 9X89j yXjkd 9Xydy yX833 9XRee yX8NN kXjyk yX3Rd kXyRk yX39y
9 9X8R8 yXjjk 9XRRR yX833 9XRdd yX88R kX8d8 yXd9e kXj8y yX3R8
8 9XRey yXkdd jXd8y yX8kR 9XykR yXj89 kX8k8 yXd3d kX989 yX3Re
e jXNek yXjN8 kXydd yX3yk kXyNk yX3yk RXeeR yX3j9 RX89R yX3e8
d 9XjRN yXkee jXRee yXe38 jXRe3 yXe3N kX33N yX3ke kXdy9 yX3d9
3 9X8N9 yXkk9 jX9NR yXejd jXd93 yXeRy kXedy yXd3e kX8yj yX39y

�`2 b?QrM BM h�"G1 9XR- r?2`2 i?2 M2iHBbi U.2bB;M 8V ?�b mT iQ
692E /2pB+2bX h?2 M2iHBbi Q7 2�+? /2bB;M Bb T�`b2/ �M/ ~�ii2M2/X
h?2M �HH �Hi2`M�iBM; +m``2Mi U�*V pQHi�;2 bQm`+2b U/vM�KB+ +QM@
/BiBQMbV- bm+? �b #2?�pBQ`�H bB;M�H Uo2`BHQ;@� /2b+`BTiBQMV- bBM2
r�p2- TmHb2 �M/ TB2+2rBb2 HBM2�` UTrHV- �`2 B;MQ`2/ r?BH2 �HH .*
pQHi�;2 bQm`+2b �`2 +QMbB/2`2/ bQ i?�i Qm` KQ/2H +�M #2 BM/2T2M@
/2Mi Q7 i?2 /vM�KB+ bi`2bb +QM/BiBQMbX 1t+2Ti 7Q` �* pQHi�;2
bQm`+2b- i?2`2 �`2 jk ivT2b Q7 #�bB+ /2pB+2b BM �HH /2bB;MbX �+@
+Q`/BM; iQ i?2B` T�`�K2i2`b- �HH Q7 i?2b2 /2pB+2b �`2 /BpB/2/ BMiQ
e +�i2;Q`B2b �b HBbi2/ BM h�"G1 9XkX h?2B` 72�im`2 p2+iQ`b ?�p2
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/Bz2`2Mi H2M;i?b- BX2X- i?2 OS�`�KX *Q``2bTQM/BM;Hv- e K�i`B+2b
�`2 �/QTi2/ iQ K�T 72�im`2 p2+iQ`b BMiQ � mMB}2/ H�i2Mi bT�+2X

�++Q`/BM; iQ i?2 /QK�BM FMQrH2/;2- i?2 7Qm` TBMb Q7 i`�M@
bBbiQ`b �M/ irQ TBMb Q7 /BQ/2b TH�v �M BKTQ`i�Mi `QH2 BM +B`+mBi
�M�HvbBb (N3)X *QMb2[m2MiHv- BM i?2 ?2i2`Q;2M2Qmb ;`�T? `2T`2@
b2Mi�iBQM- �HH Q7 i?2 2/;2b +QMM2+iBM; iQ i?2b2 bBt ivT2b Q7 TBMb
�`2 2KT?�bBx2/ #v +�i2;Q`BxBM; i?2K BMiQ bBt ivT2b Q7 2/;2bX �HH
Q7 i?2 2/;2b +QMM2+iBM; iQ Qi?2` TBMb �`2 mMB7Q`KHv i`2�i2/ �b �M
BM/BpB/m�H ivT2 Q7 2/;2bX AM iQi�H- b2p2M �/D�+2M+v K�i`B+2b �`2
mb2/ iQ bT2+B7v p�`BQmb +QMM2+iBQM TBMb- BX2X- ;�i2- /`�BM- bQm`+2-
bm#bi`�i2- �MQ/2- +�i?Q/2 �M/ Qi?2`bX

hrQ i`�/BiBQM�H ;`�T? H2�`MBM; KQ/2Hb- Qm` T`QTQb2/ >@:*L
�M/ i?2 2ti2M/2/ /22T >@:*L �`2 BKTH2K2Mi2/ BM i?2 2tT2`@
BK2Mib- �b HBbi2/ BM h�"G1 9XjX :*L (9y) �M/ :*LAA (kk)
KQ/2Hb mb2 i?2 +QM+�i2M�i2/ 72�im`2b `2T`2b2Mi�iBQM �M/ i`2�i
i?2 �M�HQ; A* M2iHBbi �b ?QKQ;2M2Qmb mM/B`2+i2/ KmHiB;`�T?b
K2MiBQM2/ BM a2+iBQM 9XkX q?BH2 Qm` >@:*L �M/ /22T >@:*L
mb2 i?2 T`QTQb2/ ?2i2`Q;2M2Qmb /B`2+i2/ KmHiB;`�T? `2T`2b2M@
i�iBQM �M/ i?2 mMB}2/ H�i2Mi bT�+2 K�TTBM; �H;Q`Bi?KX AM Qm`
>@:*L �M/ /22T >@:*L KQ/2Hb- _2Gl 7mM+iBQM Bb mb2/ �b
i?2 �+iBp�iBQM 7mM+iBQMX q2 mb2 Ja1 #2ir22M i?2 ;`QmM/@i`mi?
�M/ Qm` 2biBK�i2/ /piHBM �b HQbb 7mM+iBQM rBi? r2B;?i /2+�v
?vT2`T�`�K2i2` 10−7 �M/ biQ+?�biB+ ;`�/B2Mi /2b+2Mi 7Q` QTiB@
KBx�iBQMX q2 b2i i?2 2K#2//BM; ;2M2`�iBQM rBi? b2�`+? /2Ti?
D = 2, 4, 6, 8 �M/ j 6* H�v2`b BM i?2 7Qm` ;`�T? H2�`MBM; KQ/2HbX
�M/ r2 b2i i?2 /2pB+2 b�KTHBM; bBx2 T = 1000 BM �H;Q`Bi?K eX
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AM Q`/2` iQ BHHmbi`�i2 i?2 T2`7Q`K�M+2 Q7 ;`�T? H2�`MBM; KQ/2Hb-
�HH BM72`2M+2b �`2 `2T2�i2/Hv T2`7Q`K2/ i2M iBK2b iQ `2TQ`i �p@
2`�;2bX 1�+? QmiTmi 72�im`2 bBx2 Q7 2K#2//BM; ;2M2`�iBQM H�v2`b
�M/ i?2 H�i2Mi bT�+2 K�TTBM; H�v2` Bb 512X h?2 QmiTmi 72�im`2
bBx2b Q7 i?`22 6* H�v2`b �`2 b2i �b 9yNe- Ryk9 �M/ R- `2bT2+iBp2HvX
h?2 #�i+? bBx2 Bb 32 �M/ i?2 MmK#2` Q7 i?2 i`�BMBM; 2TQ+? Bb 600X
h?2 b�K2 b2iiBM;b �M/ +QM};m`�iBQMb �`2 mb2/ BM :*L (9y) �M/
:*LAA (kk)X hQ BKT`Qp2 MmK2`B+�H bi�#BHBiv- r2 MQ`K�HBx2 �HH
72�im`2 p2+iQ`b �M/ �/D�+2M+v K�i`B+2bX AM Q`/2` iQ BHHmbi`�i2
i?2 T2`7Q`K�M+2 Q7 i?2b2 /�i�@/`Bp2M ;`�T? H2�`MBM; KQ/2Hb- r2
�HbQ `mM /vM�KB+ �M/ bi�iB+ �;BM; `2HB�#BHBiv bBKmH�iBQMb #v mb@
BM; i?2 BM/mbi`B�H �;BM; .6_ iQQHX

h?2 T`QTQb2/ ;`�T? `2T`2b2Mi�iBQM Bb BKTH2K2Mi2/ rBi? Svi?QM
�M/ L2irQ`Ft HB#`�`vX �HH ;`�T? H2�`MBM; KQ/2Hb �`2 BKTH2@
K2Mi2/ rBi? h2MbQ`6HQr- �M/ �`2 i`�BM2/ �M/ i2bi2/ QM � GBMmt
K�+?BM2 rBi? R3 +Q`2b �M/ LoA.A� h2bH� oRyy :Sl rBi? jk:"
K2KQ`vX

J2�M �#bQHmi2 2``Q` UJ�1V /2}M2/ BM 1[m�iBQM U9XR8V Bb mb2/
�b � K2i`B+ iQ 2p�Hm�i2 i?2 �#bQHmi2 �++m`�+v QM i?2 i2biBM; b2iX

J�1 =
1

n

n∑

i=1

|yi − ŷi|, U9XR8V

r?2`2 i BM/B+�i2b i?2 i@i? i`�MbBbiQ`X yi Bb i?2 i@i? i`�MbBbiQ`Ƕb
/piHBM- �b i?2 ;QH/2M@i`mi? p�Hm2- Q#i�BM2/ #v i?2 BM/mbi`B�H
�;BM; .6_ iQQH rBi? i?2 �TT`QT`B�i2 bi`2bb ;Bp2M #v p2`v bQ@
T?BbiB+�i2/ /2bB;M2`bX ŷi Bb i?2 2biBK�i2/ /piHBM Q7 i?2 i@i?
i`�MbBbiQ` #v ;`�T? H2�`MBM; K2i?Q/b Q` i?2 bi�iB+ `2HB�#BHBiv



*>�Sh1_ 9X 6�ah �:AL: .1:_�.�hAPL 1ahAJ�hAPL N3

bBKmH�iBQMX n Bb i?2 MmK#2` Q7 i`�MbBbiQ`b QM i?2 i2biBM; b2iX AM
�//BiBQM- r2 mb2 r2 b+Q`2 /2}M2/ BM 1[m�iBQM U9XReV �b � K2i`B+
iQ 2p�Hm�i2 i?2 `2H�iBp2 �++m`�+v QM i?2 i2biBM; b2iX

r2b+Q`2 = 1−
∑n

i=1(yi − ŷi)2∑n
i=1(yi − ȳ)2

, U9XReV

r?2`2 ȳ /2MQi2b i?2 K2�M Q7 i?2 ;QH/2M@i`mi? p�Hm2b yi QM i?2
i2biBM; b2iX r2 b+Q`2 BM/B+�i2b ?Qr i?2 `2;`2bbBQM T`2/B+iBQM T2`@
72+iHv }ib i?2 /�i�X h?2 ?B;?2` r2 �M/ HQr2` J�1 K2�M i?2
#2ii2` �++m`�+vX

9XdXk �++m`�+v �M/ _mMiBK2

q2 i`�BM i?2 7Qm` ;`�T? H2�`MBM; KQ/2Hb �b b?QrM BM h�"G1 9Xj
rBi? i?2 2K#2//BM; ;2M2`�iBQM rBi? b2�`+? /2Ti? D = 2, 4, 6, 8

�M/ HBbi i?2B` #2bi �++m`�+B2b BM h�"G1 9X9X "2bB/2b- r2 �HbQ
HBbi i?2 �++m`�+B2b Q7 i?2 bi�iB+ �;BM; `2HB�#BHBiv bBKmH�iBQM #v
mbBM; i?2 BM/mbi`B�H �;BM; .6_ iQQHX *QKT�`2/ rBi? ;`�T?
H2�`MBM; KQ/2Hb- i?2 bi�iB+ �;BM; `2HB�#BHBiv bBKmH�iBQM +�mb2b
i?2 rQ`bi �++m`�+v bBM+2 Bi +QKTH2i2Hv B;MQ`2b /vM�KB+ bi`2bb
+QM/BiBQMbX h?mb Qm` T`QTQb2/ /�i�@/`Bp2M �TT`Q�+? rBi? � bm@
T2`pBb2/ H2�`MBM; K�MM2` Bb 2z2+iBp2 iQ 2biBK�i2 �;BM;@BM/m+2/
/2;`�/�iBQMX

�++Q`/BM; iQ h�"G1 9X9- i?2 ivTB+�H :*L (9y) �M/ :*@
LAA (kk) ?�p2 i?2 rQ`b2 �++m`�+v- bBM+2 i?2v /Q MQi +QMbB/2`
i?2 ?2i2`Q;2M2Biv Q7 i?2 �M�HQ; +B`+mBiX *QKT�`2/ rBi? Qm` T`Q@
TQb2/ >@:*L- Qm` 2ti2M/2/ /22T >@:*L +�M �+?B2p2 � KQ`2
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�++m`�i2 2biBK�iBQM bBM+2 Bi +�M 2ti`�+i BM7Q`K�iBQM 7`QK KmHiB@
?QT /2pB+2b rBi?Qmi �M Qp2`@bKQQi?BM; Bbbm2X h?2 b�K2 `2�bQM
+�M #2 mb2/ iQ 2tTH�BM r?v :*LAA (kk) +�M #2�i i?2 ivTB+�H
:*L (9y)X

q2 +QKT�`2 i?2 `mMiBK2 Q7 Qm` 2ti2M/2/ /22T >@:*L rBi?
bi�iB+ �M/ /vM�KB+ �;BM; bBKmH�iBQMb #v mbBM; i?2 BM/mbi`B�H
.6_ iQQH �b b?QrM BM 6B;X 9Xd- r?2`2 .6_@. �M/ .6_@a /2@
MQi2 i?2 /vM�KB+ �M/ bi�iB+ �;BM; `2HB�#BHBiv bBKmH�iBQMb- `2@
bT2+iBp2HvX h?2 bi�iB+ �M/ /vM�KB+ �;BM; `2HB�#BHBiv bBKmH�iBQMb
M22/ iQ T2`7Q`K 7`2b? bBKmH�iBQM- bi`2bb bBKmH�iBQM- �;BM; bBK@
mH�iBQM �b b?QrM BM 6B;X kXkX h?mb i?2v +QMbmK2 i?2 HQM;2bi
iBK2X JQ`2Qp2`- +QKT�`2/ rBi? bi�iB+ �;BM; `2HB�#BHBiv bBK@
mH�iBQMb- i?2 /vM�KB+ �;BM; `2HB�#BHBiv bBKmH�iBQM +QMbmK2b �
HQM;2` `mMiBK2 bBM+2 Bi M22/b � H�`;2 MmK#2` Q7 �++2Ti2/ i`�M@
bB2Mi bi2TbX *QKT�`2/ rBi? i?2 i`�/BiBQM�H /vM�KB+ �M/ bi�iB+
�;BM; `2HB�#BHBiv bBKmH�iBQMb- Qm` T`QTQb2/ K2i?Q/b /Q MQi M22/
+QKTmi�iBQM�HHv 2tT2MbBp2 7`2b? bBKmH�iBQM- bi`2bb bBKmH�iBQM Q`
�;BM; bBKmH�iBQMX h?mb Qm` 2ti2M/2/ /22T >@:*L +�M �+?B2p2
bB;MB}+�Mi bT22/mTX �++Q`/BM; iQ 6B;X 9Xd- Qm` 2ti2M/2/ /22T
>@:*L +�M �+?B2p2 241× �M/ 39× bT22/mT QM �p2`�;2- `2bT2+@
iBp2Hv- +QKT�`BM; rBi? i?2 /vM�KB+ �M/ bi�iB+ �;BM; `2HB�#BHBiv
bBKmH�iBQMbX
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6B;m`2 9Xd _mMiBK2 +QKT�`BbQMbX

9XdXj �#H�iBQM bim/v

AM i?Bb b2+iBQM- r2 ;Bp2 irQ �#H�iBQM bim/B2b iQ BHHmbi`�i2 i?2
2z2+iBp2M2bb Q7 i?2 /22T bi`m+im`2b �M/ Qm` T`QTQb2/ i?2 mMB}2/
H�i2Mi bT�+2 K�TTBM; �H;Q`Bi?KX

h?2 2z2+iBp2M2bb Q7 i?2 /22T bi`m+im`2b �M/ Qp2`@bKQQi?BM;

h?2 �++m`�+B2b rX`XiX i?2 b2�`+? /2Ti? Q7 2K#2//BM; ;2M2`�@
iBQM D = 2, 4, 6, 8 �KQM; /Bz2`2Mi ;`�T? H2�`MBM; KQ/2Hb �`2
b?QrM BM 6B;X 9X3X �b i?2 b2�`+? /2Ti? Q7 2K#2//BM; ;2M@
2`�iBQM BM+`2�b2b- #Qi? :*L (9y) �M/ Qm` >@:*L #`BM; T2`@
7Q`K�M+2 /2;`�/�iBQM #2+�mb2 Q7 i?2 Qp2`@bKQQi?BM; Bbbm2X AM
Qi?2` rQ`/b- i?2v �+?B2p2 i?2 #2bi �++m`�+v rBi? � b?�HHQr bi`m+@
im`2X q?BH2 �b i?2 b2�`+? /2Ti? Q7 2K#2//BM; ;2M2`�iBQM BM@
+`2�b2b- :*LAA (kk) �M/ Qm` /22T >@:*L +�M �+?B2p2 � KQ`2
�++m`�i2 2biBK�iBQMX h?mb :*LAA (kk) �M/ Qm` 2ti2M/2/ /22T
>@:*L +�M �HH2pB�i2 i?2 Qp2`@bKQQi?BM; Bbbm2X >Qr2p2`- +QK@
T�`2/ rBi? :*LAA (kk)- Qm` 2ti2M/2/ /22T >@:*L +�M +?�`@
�+i2`Bx2 i?2 ?2i2`Q;2M2Biv Q7 i?2 �M�HQ; +B`+mBi bQ i?�i Bi +�M
�+?B2p2 � KQ`2 �++m`�i2 2biBK�iBQMX
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6B;m`2 9X3 h?2 2K#2//BM; ;2M2`�iBQM /2Ti? pb �++m`�+v, U�@?V, J�1 QM
.2bB;M R iQ .2bB;M 3c UB@TV, r2 a+Q`2 QM .2bB;M R iQ .2bB;M 3 U.>@:*L
/2MQi2b Qm` 2ti2M/2/ /22T >@:*LVX

h?2 2z2+iBp2M2bb Q7 i?2 mMB}2/ H�i2Mi bT�+2 K�TTBM; �H;Q`Bi?K

q2 +QKT�`2 i?2 �++m`�+B2b Q7 >@:*L �M/ /22T >@:*L rBi?
>@:*L@+QM+�i �M/ /22T >@:*L@+QM+�i- `2bT2+iBp2HvX >2`2 >@
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6B;m`2 9XN J�1 �M/ r2 a+Q`2 #2ir22M >:*L �M/ >:*L@+QM+�i �M/ #2ir22M
/22T >@:*L �M/ /22T >@:*L@+QM+�i, U�V J�1 #2ir22M >@:*L �M/ >@
:*L@+QM+�ic U#V J�1 #2ir22M .22T >@:*L �M/ .22T >@:*L@+QM+�ic U+V
r2 a+Q`2 #2ir22M >@:*L �M/ >@:*L@+QM+�ic U/V r2 a+Q`2 #2ir22M .22T
>@:*L �M/ .22T >@:*L@+QM+�iX

:*L@+QM+�i �M/ /22T >@:*L@+QM+�i �/QTi i?2 +QM+�i2M�i2/
72�im`2 `2T`2b2Mi�iBQM �b HBbi2/ BM h�"G1 9XjX 6Q` +QKT�`@
BbQMb- �++Q`/BM; iQ 6B;X 9X3- r2 +?QQb2 i?2 #2bi +QM};m`�iBQMb
Ui?2 b2�`+? /2Ti? Q7 2K#2//BM; ;2M2`�iBQM DV 7Q` 2�+? KQ/2H QM
2�+? /2bB;MX J�1 �M/ r2 b+Q`2 �KQM; >:*L- >:*L@+QM+�i-
/22T >@:*L �M/ /22T >@:*L@+QM+�i �`2 b?QrM BM 6B;X 9XNX
Pm` T`QTQb2/ mMB}2/ H�i2Mi bT�+2 K�TTBM; �H;Q`Bi?K +�M BK@
T`Qp2 �++m`�+v QM #Qi? >:*L �M/ /22T >@:*L bBM+2 Bi +�M
2z2+iBp2Hv 2tTHQBi �M/ 2M+Q/2 72�im`2bX
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9X3 amKK�`v

AM i?Bb +?�Ti2`- r2 T`QTQb2 �M >@:*L iQ 7�bi 2biBK�i2 �;BM;@
BM/m+2/ i`�MbBbiQ` /2;`�/�iBQM BM �M�HQ; A*bX hQ +?�`�+i2`Bx2
i?2 KmHiB@ivT2/ /2pB+2b �M/ +QMM2+iBQM TBMb- � ?2i2`Q;2M2Qmb
/B`2+i2/ KmHiB;`�T? Bb �/QTi2/ iQ 2{+B2MiHv `2T`2b2Mi i?2 iQTQH@
Q;v Q7 �M�HQ; A*bX � H�i2Mi bT�+2 K�TTBM; K2i?Q/ Bb mb2/ iQ
i`�Mb7Q`K i?2 72�im`2 p2+iQ` Q7 �HH ivT2/ /2pB+2b BMiQ � mMB@
}2/ H�i2Mi bT�+2X q2 7m`i?2` 2ti2M/ i?2 T`QTQb2/ >@:*L iQ
#2 � /22T p2`bBQM pB� BMBiB�H `2bB/m�H +QMM2+iBQMb �M/ B/2MiBiv
K�TTBM;bX h?2 2ti2M/2/ /22T >@:*L +�M 2ti`�+i BM7Q`K�@
iBQM 7`QK KmHiB@?QT /2pB+2b rBi?Qmi �M Qp2`@bKQQi?BM; Bbbm2X
� T`Q#�#BHBiv@#�b2/ M2B;?#Q`?QQ/ b�KTHBM; K2i?Q/ QM i?2 #B@
T�`iBi2 ;`�T? Bb �/QTi2/ iQ 2�b2 i?2 KQ/2H i`�BMBM; QM H�`;2@b+�H2
;`�T?b �M/ �+?B2p2 ;QQ/ b+�H�#BHBivX q2 +QM/m+i 2tT2`BK2Mib
QM p2`v �/p�M+2/ 5nm BM/mbi`B�H #2M+?K�`FbX *QKT�`2/ rBi?
i`�/BiBQM�H ;`�T? H2�`MBM; K2i?Q/b �M/ i?2 bi�iB+ �;BM; `2HB�#BH@
Biv bBKmH�iBQMb #v mbBM; �M BM/mbi`B�H .6_ iQQH- Qm` T`QTQb2/
/22T >@:*L +�M �+?B2p2 KQ`2 �++m`�i2 2biBK�iBQMb Q7 �;BM;@
BM/m+2/ i`�MbBbiQ` /2;`�/�iBQMX *QKT�`2/ rBi? i?2 /vM�KB+
�M/ bi�iB+ �;BM; `2HB�#BHBiv bBKmH�iBQMb- Qm` 2ti2M/2/ /22T >@
:*L +�M �+?B2p2 QM �p2`�;2 241× �M/ 39× bT22/mT- `2bT2+@
iBp2HvX h?mb Qm` T`QTQb2/ /22T >@:*L +�M bB;MB}+�MiHv BK@
T`Qp2 i?2 2{+B2M+v Q7 �;BM; p2`B}+�iBQMX

! 1M/ Q7 +?�Ti2`X



*?�Ti2` 8

h?2`K�H@/`Bp2M S*" _QmiBM;

8XR S`2HBKBM�`B2b

8XRXR S`Q#H2K 6Q`KmH�iBQM

GBF2 i?2 ivTB+�H S*" `QmiBM; 7`�K2rQ`Fb- Qm` h_Qmi2` i�F2b
TQbi@TH�+2K2Mi H�vQmi �M/ /2bB;M `mH2b �b BMTmibX �HH +QK@
TQM2Mib ?�p2 #22M TH�+2/ BM i?2 TQbi@TH�+2K2Mi H�vQmi �M/
i?2b2 +QKTQM2Mib ?�p2 bQH/2`@K�bF@/2}M2/ UaJ.V T�/b �M/fQ`
i?`Qm;?@?QH2 T�/bX aJ. T�/ Bb � iQT@ Q` #QiiQK@H�v2` T�/
i?�i ?�b � T`2/2}M2/ �bbB;MK2Mi rBi?BM i?2 M2iHBbiX q?BH2
i?2 i?`Qm;?@?QH2 T�/ Bb � T�/ i?�i TmM+?2/ i?`Qm;? �HH `Qmi@
BM; H�v2`b i?�i ?�b � T`2/2}M2/ �bbB;MK2Mi rBi?BM i?2 M2iHBbiX
h?2 M2iHBbi /2}M2b i?2 +QMM2+iBQMb �KQM; i?2b2 aJ. �M/fQ`
i?`Qm;?@?QH2 T�/bX LQi2 i?�i /Bz2`2Mi 7`QK i?2 i`�/BiBQM�H 2b@
+�T2 `QmiBM; �M/ i?2 �`2� `QmiBM;- Qm` Q#D2+iBp2 Bb iQ `Qmi2 KQ`2
T`�+iB+�H S*"- r?2`2 i?2`2 �`2 ivTB+�H ":�b �M/ MQM@":�b-
bm+? �b aJ. T�/b �M/ i?`Qm;?@?QH2 T�/b b+�ii2`2/ �`QmM/ i?2

Ry9
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PCB post-placement layout, 
netlist and design rule

Raster obstacles and pads as 
routing obstacles to routing grid

Raster instances and pads as 
layout patterns to routing grid

Initial stage

Raster segments and vias as 
layout patterns to routing grid

Generate thermal-driven routing 
guidance via layout patterns

Route net honoring that 
guidance

Success?

Prepare an unrouted net to be 
routed

Rip-up, reorder nets and will 
route from scratch

Y N

Routing engine

PCB post-routing layout

6B;m`2 8XR Pm` h_Qmi2` Qp2`pB2rX h?2 Tm`TH2 #Qt2b /2MQi2 Qm` +QMi`B#m@
iBQMbX

`QmiBM; TH�M2X
aT2+B}+�HHv- QM2 Q7 Qm` Q#D2+iBp2b Bb iQ KBMBKBx2 i?2 i?2`K�H

p�Hm2b QM i?2 TQbi@`QmiBM; H�vQmiX �MQi?2` Q#D2+iBp2 Bb iQ KBM@
BKBx2 rB`2H2M;i?- HBF2 i?2 ivTB+�H `QmiBM; Q#D2+iBp2X q2 T`QpB/2
i?2 7Q`K�H /2}MBiBQM Q7 Qm` i?2`K�H@/`Bp2M S*" `QmiBM; T`Q#@
H2KX

S`Q#H2K j Uh?2`K�H@/`Bp2M S*" `QmiBM;VX :Bp2M � b2i Q7 aJ.
T�/b- � b2i Q7 i?`Qm;?@?QH2 T�/b- � M2iHBbi- �M/ /2bB;M `mH2b-
+QMM2+i �HH i?2 M2ib bQ i?�i i?2`2 Bb MQ /2bB;M `mH2 pBQH�iBQM-
i?2 iQi�H rB`2H2M;i? Bb KBMBKBx2/ r?BH2 KBMBKBxBM; i?2 i?2`K�H
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p�Hm2b QM i?2 TQbi@`QmiBM; H�vQmiX

AM Q`/2` iQ ?�M/H2 S`Q#H2K j- r2 7m`i?2` /2+QKTQb2 Bi BMiQ
irQ bm#@T`Q#H2Kb, i?2`K�H@/`Bp2M `QmiBM; ;mB/2 ;2M2`�iBQM �M/
;mB/2/ /2i�BH2/ `QmiBM; /2}M2/ �b 7QHHQrbX

S`Q#H2K 9 Uh?2`K�H@/`Bp2M `QmiBM; ;mB/2 ;2M2`�iBQMVX :Bp2M
i?2 TH�+2K2Mi Q7 �HH +QKTQM2Mib rBi? T�/b- bQK2 pB�b �M/ `QmiBM;
b2;K2Mib Ui`�+2bV- T`2/B+i � +Qbi BM 2�+? ;`B/ +2HH r?BH2 KBMBKBx@
BM; i?2 i?2`K�H p�Hm2b QM i?2 TQbi@`QmiBM; H�vQmiX

S`Q#H2K 8 U:mB/2/ /2i�BH2/ `QmiBM;VX :mB/2/ /2i�BH2/ `QmiBM;
i�F2b TH�+2K2Mi Q7 �HH +QKTQM2Mib rBi? T�/b- M2ib- /2bB;M `mH2b
�M/ � b2i Q7 ;2M2`�i2/ `QmiBM; ;mB/�M+2 �b BMTmi- �M/ `Qmi2b �HH
i?2 M2ib r?BH2 ?QMQ`BM; `QmiBM; ;mB/�M+2 �M/ b�iBb7vBM; /2bB;M
`mH2bX

8XRXk Pp2`pB2r

AM Q`/2` iQ ?�M/H2 S`Q#H2K j- r2 T`QTQb2 h_Qmi2`- � i?2`K�H@
/`Bp2M S*" `QmiBM; 7`�K2rQ`F pB� *LLbX q2 /2pBb2 Qm` h_Qmi2`
#�b2/ QM i?2 ;`B/@#�b2/ KQ/2H bBM+2 Bi ?�b � bBKTH2 /�i� bi`m+@
im`2- ivTB+�HHv +QMbi`m+ib `QmiBM; KQ/2Hb [mB+FHv- �M/ �HHQrb
7�bi M2B;?#Q` B/2MiB}+�iBQM �M/ QM2@bi2T KQp2 (Ry3)X AMBiB�HHv-
i?2 `QmiBM; Q#bi�+H2b �`2 +�Tim`2/ #v `�bi2`BxBM; i?2 �`#Bi`�`v
b?�T2b Q7 Q#bi�+H2b �M/ T�/b iQ i?2 `QmiBM; ;`B/X J2�Mr?BH2
i?2 H�vQmi T�ii2`Mb +QMi�BMBM; BMbi�M+2b �M/ T�/b �`2 +�Tim`2/
#v `�bi2`BxBM; i?2 �`#Bi`�`v b?�T2b Q7 BMbi�M+2b �M/ T�/b iQ i?2
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`QmiBM; ;`B/X h?2M S*" `QmiBM; Bb Bi2`�iBp2Hv T2`7Q`K2/X AM
2�+? Bi2`�iBQM- `QmiBM; b2;K2Mib �M/ pB�b �`2 +�Tim`2/ #v `�bi2`@
BxBM; i?2K iQ i?2 `QmiBM; ;`B/X h?2M i?2 i?2`K�H@/`Bp2M `QmiBM;
;mB/�M+2 US`Q#H2K 9 i�bFV Bb ;2M2`�i2/ �i 2�+? ;`B/ +2HH #27Q`2
QM2 M2i Bb `Qmi2/ #v ?QMQ`BM; i?�i ;mB/�M+2 US`Q#H2K 8 i�bFVX
"2bB/2b- ivTB+�H i`B+Fb bm+? �b `BTTBM;@mT- `2Q`/2`BM; M2ib �M/
`QmiBM; 7`QK b+`�i+? �`2 H2p2`�;2/ iQ BKT`Qp2 `Qmi�#BHBivX �7@
i2` �HH M2ib �`2 r2HH `Qmi2/- Qm` h_Qmi2` i�F2b i?2 TQbi@`QmiBM;
H�vQmi �b �M QmiTmiX Pm` h_Qmi2` Qp2`pB2r Bb b?QrM BM 6B;X 8XRX

8Xk h?2`K�H@/`Bp2M `QmiBM; ;mB/�M+2 ;2M2`�@
iBQM

AM i?Bb b2+iBQM- r2 T`2b2Mi � i?2`K�H@/`Bp2M `QmiBM; ;mB/�M+2
;2M2`�iBQMX *QMbB/2`BM; i?�i Bi Bb /B{+mHi iQ /B`2+iHv 7Q`KmH�i2
i?2 `2H�iBQMb?BT #2ir22M `QmiBM; H�vQmi �M/ i?2`K�H /Bbi`B#miBQM
pB� �M�HviB+ KQ/2Hb- r2 �/QTi *LLb iQ T`2/B+i i?2`K�H /Bbi`B@
#miBQM #v BMTmiiBM; i?2 `QmiBM; H�vQmi bBM+2 i?2v ?�p2 � KQ`2
TQr2`7mH �#BHBiv iQ }i � +QKTH2t `2H�iBQMb?BT pB� H2�`MBM; 7`QK
?BbiQ`B+�H /�i�X AM Q`/2` iQ #`B/;2 i?2 ;�T #2ir22M *LLb �M/
i?2 `QmiBM; 2M;BM2- �M/ �pQB/ iBK2@+QMbmKBM; �M/ i`B+Fv BMi2`@
�+iBQM rBi? i?2 *�. iQQH- i?2 S*" H�vQmi M22/b iQ #2 K�TT2/
BMiQ � `QmiBM; ;`B/X h?Bb `QmiBM; ;`B/ +�M ?�M/H2 B``2;mH�` ":�
T�+F�;2b (d9) �M/ i�F2 H�vQmi T�ii2`Mb UBX2X- BMbi�M+2b- T�/b- pB�b
�M/ b2;K2MibV �b 72�im`2b iQ BMTmi BMiQ *LLbX lMHBF2 i?2 T`2pB@
Qmb rQ`F (ReR) r?2`2 i?2 BM72`2M+2 Bb QMHv T2`7Q`K2/ QM+2 r?2M
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i?2 TQbi@TH�+2K2Mi H�vQmi Bb BMTmi BMiQ i?2 `Qmi2`- Qm` h_Qmi2`
M22/b BMi2`�+iBQM #2ir22M i?2 `QmiBM; 2M;BM2 �M/ *LLb 7Q` 2�+?
QM2 Q` b2p2`�H M2ib iQ #2 `Qmi2/X "2bB/2b- �7i2` *LLb �`2 r2HH@
i`�BM2/- mMHBF2 i?2 i`�/BiBQM�H rQ`F (dR) r?2`2 i?2 BM72`2M+2 ?�b
iQ #2 T2`7Q`K2/ BM 2�+? b2�`+? bi2T- Qm` h_Qmi2` �/QTib ;`�/B@
2Mi p�Hm2b BM 2�+? ;`B/ +2HH Q#i�BM2/ 7`QK i?2 #�+FT`QT�;�iBQM
Q7 *LLb iQ ;mB/2 `QmiBM;X

�++Q`/BM; iQ i?2 /Bb+mbbBQM �#Qp2- Qm` i?2`K�H@/`Bp2M `Qmi@
BM; ;mB/�M+2 ;2M2`�iBQM +QMbBbib Q7 i?`22 i�bFb, URV 72�im`2 2t@
i`�+iBQM 7`QK `QmiBM; H�vQmic UkV *LLb bi`m+im`2 �M/ i`�BMBM;c
UjV ;`�/B2Mi p�Hm2 ;2M2`�iBQM BM 2�+? `QmiBM; ;`B/ +2HHX

8XkXR 62�im`2 2ti`�+iBQM 7`QK `QmiBM; H�vQmi

AM Q`/2` iQ 2ti`�+i 72�im`2 T�ii2`Mb 7`QK i?2 H�vQmi �M/ T2`7Q`K
;`B/@#�b2/ `QmiBM;- r2 `�bi2`Bx2 i?2 r?QH2 H�vQmi �b b?QrM BM
6B;X 8XkU�VX h?2 `�bi2`BxBM; +�M 7�+BHBi�i2 `QmiBM; QM i?2 H�vQmi
bBM+2 i?2b2 �`#Bi`�`v b?�T2b �HQM; rBi? i?2 T�/b �`2 `�bi2`Bx2/ iQ
� j@. `QmiBM; ;`B/ �b Q#bi�+H2b iQ 7�+BHBi�i2 H�i2` bi�;2b iQ /2`Bp2
� /2bB;M@`mH2@pBQH�iBQM@7`22 `QmiBM; bQHmiBQMX AM �//BiBQM- `�bi2`@
BxBM; +�M ?2HT 2ti`�+i 72�im`2 T�ii2`Mb 7`QK i?2 H�vQmi rBi?Qmi
i?2 ?2HT Q7 Qi?2` *�. iQQHbX q2 `�bi2`Bx2 �HH BMbi�M+2b- T�/b-
pB�b �M/ b2;K2Mib �b 72�im`2b bBM+2 i?2B` TQbBiBQM �M/ b?�T2 TH�v
�M BKTQ`i�Mi `QH2 BM i?2`K�H /Bbi`B#miBQMX LQi2 i?�i BM i?Bb 2t@
�KTH2 �b b?QrM BM 6B;X 8XkU�V- i?2 S*" ?�b irQ H�v2`b, iQT �M/
#QiiQKX h?mb #�b2/ QM i?2 j@. `QmiBM; ;`B/- r2 +�M /B`2+iHv
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2ti`�+i i?2b2 T�ii2`Mb �b b?QrM BM 6B;bX 8XkU#V iQ 8XkU;VX 1�+?
T�ii2`M +�M #2 M�im`�HHv 2M+Q/2/ �b � #BM�`v j@. i2MbQ`- r?2`2
i?2 p�Hm2 Bb R B7 i?2 `2;BQM Bb Q++mTB2/X Pi?2`rBb2- i?2 p�Hm2 Bb
yX lMHBF2 i?2 T`2pBQmb rQ`F (ReR) r?2`2 � *�. iQQH Bb mb2/ iQ
Q#i�BM � TQbi@TH�+2K2Mi H�vQmi BK�;2 �b 72�im`2b- Qm` h_Qmi2`
+�M �pQB/ iBK2@+QMbmKBM; �M/ i`B+Fv BMi2`�+iBQM rBi? �Mv *�.
iQQH iQ BKT`Qp2 `QmiBM; bT22/X

8XkXk *LLb bi`m+im`2 �M/ i`�BMBM;

�7i2` i?2 T�ii2`M 72�im`2b �`2 2ti`�+i2/- *LLb M22/ iQ #2 #mBHi
iQ T`2/B+i i?2 i?2`K�H /Bbi`B#miBQM #v BMTmiiBM; i?2b2 T�ii2`M
72�im`2bX aBM+2 i?2`2 �`2 S*" H�vQmib Q7 �`#Bi`�`v bBx2 BM /B7@
72`2Mi /2bB;Mb �M/ i?2 i?2`K�H /Bbi`B#miBQM K�T ?�b i?2 b�K2
bBx2 �b i?2 S*" H�v2` BM 2�+? /2bB;M �b b?QrM BM 6B;X 8Xj- r2
M22/ iQ �/QTi 7mHHv +QMpQHmiBQM�H M2irQ`Fb U6*LbVX *QKT�`2/
rBi? +H�bbB}+�iBQM@�`+?Bi2+im`2b@#�b2/ *LLb- 6*Lb /Bb+�`/ i?2
}M�H +H�bbB}2` H�v2`- +QMp2`i �HH 7mHHv@+QMM2+i2/ H�v2`b iQ +QMpQ@
HmiBQMb �M/ /2pBb2 � /2+QMpQHmiBQM H�v2` iQ #BHBM2�`Hv mTb�KTH2
i?2 +Q�`b2 QmiTmib iQ TBt2H@/2Mb2 QmiTmib (3R)X "v i?2b2 +mb@
iQKBx2/ bi`m+im`2b- 6*Lb +�M i�F2 BMTmi Q7 i?2 �`#Bi`�`v bBx2
�M/ T`Q/m+2 +Q``2bTQM/BM;Hv@bBx2/ QmiTmi rBi? 2{+B2Mi BM72`@
2M+2 �M/ i`�BMBM;X

hvTB+�H 6*Lb ?�p2 i?2 HBKBi2/ �#BHBiv iQ T2`7Q`K 72�im`2 7m@
bBQM rBi? HQr@H2p2H 72�im`2b �M/ H2�`M 7`QK p2`v HBiiH2 �p�BH�#H2
i`�BMBM; /�i�X h?mb i?2 ivTB+�H 6*Lb �`2 /2p2HQT2/ iQ #2 l@
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Instance in top layer Pad

Segment in top layer Via

Instance in bottom layer

Segment in bottom layer

U�V

U#V U+V U/V

U2V U7V U;V

6B;m`2 8Xk � irQ@H�v2` H�vQmi �M/ 72�im`2 T�ii2`MbX U�V `QmiBM; ;`B/c U#V
BMbi�M+2 T�ii2`M QM i?2 iQT H�v2`c U+V BMbi�M+2 T�ii2`M QM i?2 #QiiQK H�v2`c
U/V T�/fpB� T�ii2`M QM i?2 iQT H�v2`c U2V T�/fpB� T�ii2`M QM i?2 #QiiQK H�v2`c
U7V b2;K2Mi T�ii2`M QM i?2 iQT H�v2`c U;V b2;K2Mi T�ii2`M QM i?2 #QiiQK H�v2`X
:`2v +2HH K2�Mb i?�i i?2 +2HH p�Hm2 Bb R �M/ r?Bi2 +2HH K2�Mb i?�i +2HH p�Hm2
Bb yX

M2i #v �/QTiBM; bFBT@+QMM2+iBQMb iQ T2`7Q`K 72�im`2 7mbBQM rBi?
HQr@H2p2H 72�im`2b BM mT@b�KTHBM; T�`ib (Ryk)X h?mb Bi +�M 2{@
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+B2MiHv H2�`M 7`QK p2`v HBiiH2 �p�BH�#H2 i`�BMBM; /�i�X h?mb r2
�/QTi l@M2i �b Qm` #�bB+ #�+F#QM2 �b b?QrM BM 6B;X 8XjX h?2
+?�MM2H MmK#2` Q7 i?2 KQ/2H QmiTmi `2HB2b QM i?2 i?2`K�H bBK@
mH�iQ`X >2`2 r2 mMB7Q`KBiv b2i Bi �b RX "2bB/2b- �++Q`/BM; iQ
i?2 72�im`2 T�ii2`Mb �b b?QrM BM 6B;X 8Xk- i?2 l@H�v2` H�vQmi Bb
2M+Q/2/ �b � i2MbQ` rBi? 2 + 2l BMTmi +?�MM2HbX h?mb r2 �/QTi
/Bz2`2Mi +QM};m`�iBQMb iQ T`2/B+i i?2`K�H /Bbi`B#miBQM 7Q` i?2
H�vQmi rBi? /Bz2`2Mi MmK#2` Q7 H�v2`b �b b?QrM BM 6B;X 8XjX

6Q`K�HHv- i?2 l@M2i@#�b2/ i?2`K�H /Bbi`B#miBQM T`2/B+iBQM KQ/2H
φW i�F2b BMbi�M+2 T�ii2`M i2MbQ` Xin- T�/fpB� T�ii2`M i2MbQ`
Xpv �M/ b2;K2Mi T�ii2`M i2MbQ` Xsg �b BMTmib i?2M QmiTmib i?2
T`2/B+i2/ i?2`K�H /Bbi`B#miBQM Ŷ �b 7QHHQrbX

Ŷ = φW (Xin,Xpv,Xsg), U8XRV

r?2`2 W /2MQi2b i?2 i`�BM�#H2 KQ/2H +Q2{+B2Mib BM i?2 l@M2i@
#�b2/ i?2`K�H /Bbi`B#miBQM T`2/B+iBQM KQ/2HX h?2v �`2 /2i2`@
KBM2/ #v KBMBKBxBM; Ja1- �b �M 2KTB`B+�H HQbb 7mM+iBQM- #2@
ir22M i?2 T`2/B+i2/ i?2`K�H /Bbi`B#miBQM �M/ ;`QmM/@i`mi? �b
7QHHQrbX

L(W ) = ||Y − φW (Xin,Xpv,Xsg)||22, U8XkV

r?2`2 Y `2T`2b2Mib i?2 ;`QmM/@i`mi? i?2`K�H /Bbi`B#miBQM K�@
i`BtX JBMBKBxBM; 1[m�iBQM U8XkV +�M #2 ?�M/H2/ #v a:. BM i?2
i`�BMBM; bi�;2X
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Instance 
pattern

Pad/via 
pattern

Segment 
pattern

W
<latexit sha1_base64="x6Y1CK3DUvaPFtoINS8GH++61yc=">AAAB63icbZDLSgMxFIZP6q3WW9WlIMFWcFVm3OjOghuXFewF2qFm0kwbmmSGJCOUoeATuHGhiFvfwRfwBdz5Ns5MXWjrDyEf/39Czjl+JLixjvOFCkvLK6trxfXSxubW9k55d69lwlhT1qShCHXHJ4YJrljTcitYJ9KMSF+wtj++zPL2HdOGh+rGTiLmSTJUPOCU2Myqtqulfrni1JxceBHcH6hcfBy+3wJAo1/+7A1CGkumLBXEmK7rRNZLiLacCjYt9WLDIkLHZMi6KSoimfGSvNcpPk6dAQ5CnR5lce7+fpEQacxE+mmlJHZk5rPM/C/rxjY49xKuotgyRWcfBbHANsTZ4HjANaNWTFIgVPO0V0xHRBNq0/VkS3DnR16E1mnNdWrutVup1+8hVxEO4AhOwIUzqMMVNKAJFEbwAE/wjCR6RC/odVZaQLMb9uGP0Ns3x06QAA==</latexit><latexit sha1_base64="ml0W5pmvH9qkhtSMHzzjn0fZ7ls=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5J40WPAi8cK9gPaUDbbSbt0dxN2N0IJBX+BFw+KePUPefPfmLQ9aOuDgcd7M8zMCxPBjXXdb6e0sbm1vVPereztHxweVY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObgu/84ja8Fg92GmCgaQjxSPOqC2keqdeGVRrbsOdg6wTb0lqsERzUP3qD2OWSlSWCWpMz3MTG2RUW84Ezir91GBC2YSOsJdTRSWaIJvfOiMXuTIkUazzUpbM1d8TGZXGTGWYd0pqx2bVK8T/vF5qo5sg4ypJLSq2WBSlgtiYFI+TIdfIrJjmhDLN81sJG1NNmc3jKULwVl9eJ+2rhuc2vHuv5vtPizjKcAbncAkeXIMPd9CEFjAYwzO8wpsjnRfn3flYtJacZYSn8AfO5w/E8o3G</latexit>

W
<latexit sha1_base64="x6Y1CK3DUvaPFtoINS8GH++61yc=">AAAB63icbZDLSgMxFIZP6q3WW9WlIMFWcFVm3OjOghuXFewF2qFm0kwbmmSGJCOUoeATuHGhiFvfwRfwBdz5Ns5MXWjrDyEf/39Czjl+JLixjvOFCkvLK6trxfXSxubW9k55d69lwlhT1qShCHXHJ4YJrljTcitYJ9KMSF+wtj++zPL2HdOGh+rGTiLmSTJUPOCU2Myqtqulfrni1JxceBHcH6hcfBy+3wJAo1/+7A1CGkumLBXEmK7rRNZLiLacCjYt9WLDIkLHZMi6KSoimfGSvNcpPk6dAQ5CnR5lce7+fpEQacxE+mmlJHZk5rPM/C/rxjY49xKuotgyRWcfBbHANsTZ4HjANaNWTFIgVPO0V0xHRBNq0/VkS3DnR16E1mnNdWrutVup1+8hVxEO4AhOwIUzqMMVNKAJFEbwAE/wjCR6RC/odVZaQLMb9uGP0Ns3x06QAA==</latexit><latexit sha1_base64="ml0W5pmvH9qkhtSMHzzjn0fZ7ls=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5J40WPAi8cK9gPaUDbbSbt0dxN2N0IJBX+BFw+KePUPefPfmLQ9aOuDgcd7M8zMCxPBjXXdb6e0sbm1vVPereztHxweVY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObgu/84ja8Fg92GmCgaQjxSPOqC2keqdeGVRrbsOdg6wTb0lqsERzUP3qD2OWSlSWCWpMz3MTG2RUW84Ezir91GBC2YSOsJdTRSWaIJvfOiMXuTIkUazzUpbM1d8TGZXGTGWYd0pqx2bVK8T/vF5qo5sg4ypJLSq2WBSlgtiYFI+TIdfIrJjmhDLN81sJG1NNmc3jKULwVl9eJ+2rhuc2vHuv5vtPizjKcAbncAkeXIMPd9CEFjAYwzO8wpsjnRfn3flYtJacZYSn8AfO5w/E8o3G</latexit>

x
H<latexit sha1_base64="ZR+XJ8WwoovnH7Oe2UIgzvHe8vA=">AAAB6nicbZDLSgMxFIbP1Futt6pLQYKt4KrMuNGdBTddVrQXaIeaSTNtaCYZkoxQhoIv4MaFIm59CF/AF3Dn25hOXWjrDyEf/39CzjlBzJk2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty0QR2iCSS9UOsKacCdowzHDajhXFUcBpKxhdTvPWHVWaSXFjxjH1IzwQLGQEG2tdl2vlXrHkVtxMaBG8HyhdfBy+3wJAvVf87PYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7FgWOqPbTrNUJOrZOH4VS2SMMytzfL1IcaT2OAlsZYTPU89nU/C/rJCY891Mm4sRQQWYfhQlHRqLp3KjPFCWGjy1gopjtFZEhVpgYu52CXYI3P/IiNE8rnlvxrrxStXoPmfJwAEdwAh6cQRVqUIcGEBjAAzzBs8OdR+fFeZ2V5pzZDfvwR87bN3vUj90=</latexit><latexit sha1_base64="PATrmmB2R1sicttmMSQO7YGBvKw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzZaBmwSRnRSwLJEfY2e8mSvb1jd04IR8A/YGOhiK2/yM5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDvz249cG5GoB5ykPIjpUIlIMIpWuq82qv1yxa25c5B14i1JBZZo9stfvUHCspgrZJIa0/XcFIOcahRM8mmplxmeUjamQ961VNGYmyCfnzolF1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9Wbif143w+gmyIVKM+SKLRZFmSSYkNnfZCA0ZygnllCmhb2VsBHVlKFNp2RD8FZfXietq5rn1rw7r1KvPy3iKMIZnMMleHANdWhAE3xgMIRneIU3RzovzrvzsWgtOMsIT+EPnM8feXiNow==</latexit>H<latexit sha1_base64="ZR+XJ8WwoovnH7Oe2UIgzvHe8vA=">AAAB6nicbZDLSgMxFIbP1Futt6pLQYKt4KrMuNGdBTddVrQXaIeaSTNtaCYZkoxQhoIv4MaFIm59CF/AF3Dn25hOXWjrDyEf/39CzjlBzJk2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty0QR2iCSS9UOsKacCdowzHDajhXFUcBpKxhdTvPWHVWaSXFjxjH1IzwQLGQEG2tdl2vlXrHkVtxMaBG8HyhdfBy+3wJAvVf87PYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7FgWOqPbTrNUJOrZOH4VS2SMMytzfL1IcaT2OAlsZYTPU89nU/C/rJCY891Mm4sRQQWYfhQlHRqLp3KjPFCWGjy1gopjtFZEhVpgYu52CXYI3P/IiNE8rnlvxrrxStXoPmfJwAEdwAh6cQRVqUIcGEBjAAzzBs8OdR+fFeZ2V5pzZDfvwR87bN3vUj90=</latexit><latexit sha1_base64="PATrmmB2R1sicttmMSQO7YGBvKw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzZaBmwSRnRSwLJEfY2e8mSvb1jd04IR8A/YGOhiK2/yM5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDvz249cG5GoB5ykPIjpUIlIMIpWuq82qv1yxa25c5B14i1JBZZo9stfvUHCspgrZJIa0/XcFIOcahRM8mmplxmeUjamQ961VNGYmyCfnzolF1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9Wbif143w+gmyIVKM+SKLRZFmSSYkNnfZCA0ZygnllCmhb2VsBHVlKFNp2RD8FZfXietq5rn1rw7r1KvPy3iKMIZnMMleHANdWhAE3xgMIRneIU3RzovzrvzsWgtOMsIT+EPnM8feXiNow==</latexit>

W
<latexit sha1_base64="x6Y1CK3DUvaPFtoINS8GH++61yc=">AAAB63icbZDLSgMxFIZP6q3WW9WlIMFWcFVm3OjOghuXFewF2qFm0kwbmmSGJCOUoeATuHGhiFvfwRfwBdz5Ns5MXWjrDyEf/39Czjl+JLixjvOFCkvLK6trxfXSxubW9k55d69lwlhT1qShCHXHJ4YJrljTcitYJ9KMSF+wtj++zPL2HdOGh+rGTiLmSTJUPOCU2Myqtqulfrni1JxceBHcH6hcfBy+3wJAo1/+7A1CGkumLBXEmK7rRNZLiLacCjYt9WLDIkLHZMi6KSoimfGSvNcpPk6dAQ5CnR5lce7+fpEQacxE+mmlJHZk5rPM/C/rxjY49xKuotgyRWcfBbHANsTZ4HjANaNWTFIgVPO0V0xHRBNq0/VkS3DnR16E1mnNdWrutVup1+8hVxEO4AhOwIUzqMMVNKAJFEbwAE/wjCR6RC/odVZaQLMb9uGP0Ns3x06QAA==</latexit><latexit sha1_base64="ml0W5pmvH9qkhtSMHzzjn0fZ7ls=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5J40WPAi8cK9gPaUDbbSbt0dxN2N0IJBX+BFw+KePUPefPfmLQ9aOuDgcd7M8zMCxPBjXXdb6e0sbm1vVPereztHxweVY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObgu/84ja8Fg92GmCgaQjxSPOqC2keqdeGVRrbsOdg6wTb0lqsERzUP3qD2OWSlSWCWpMz3MTG2RUW84Ezir91GBC2YSOsJdTRSWaIJvfOiMXuTIkUazzUpbM1d8TGZXGTGWYd0pqx2bVK8T/vF5qo5sg4ypJLSq2WBSlgtiYFI+TIdfIrJjmhDLN81sJG1NNmc3jKULwVl9eJ+2rhuc2vHuv5vtPizjKcAbncAkeXIMPd9CEFjAYwzO8wpsjnRfn3flYtJacZYSn8AfO5w/E8o3G</latexit>

W
<latexit sha1_base64="x6Y1CK3DUvaPFtoINS8GH++61yc=">AAAB63icbZDLSgMxFIZP6q3WW9WlIMFWcFVm3OjOghuXFewF2qFm0kwbmmSGJCOUoeATuHGhiFvfwRfwBdz5Ns5MXWjrDyEf/39Czjl+JLixjvOFCkvLK6trxfXSxubW9k55d69lwlhT1qShCHXHJ4YJrljTcitYJ9KMSF+wtj++zPL2HdOGh+rGTiLmSTJUPOCU2Myqtqulfrni1JxceBHcH6hcfBy+3wJAo1/+7A1CGkumLBXEmK7rRNZLiLacCjYt9WLDIkLHZMi6KSoimfGSvNcpPk6dAQ5CnR5lce7+fpEQacxE+mmlJHZk5rPM/C/rxjY49xKuotgyRWcfBbHANsTZ4HjANaNWTFIgVPO0V0xHRBNq0/VkS3DnR16E1mnNdWrutVup1+8hVxEO4AhOwIUzqMMVNKAJFEbwAE/wjCR6RC/odVZaQLMb9uGP0Ns3x06QAA==</latexit><latexit sha1_base64="ml0W5pmvH9qkhtSMHzzjn0fZ7ls=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5J40WPAi8cK9gPaUDbbSbt0dxN2N0IJBX+BFw+KePUPefPfmLQ9aOuDgcd7M8zMCxPBjXXdb6e0sbm1vVPereztHxweVY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObgu/84ja8Fg92GmCgaQjxSPOqC2keqdeGVRrbsOdg6wTb0lqsERzUP3qD2OWSlSWCWpMz3MTG2RUW84Ezir91GBC2YSOsJdTRSWaIJvfOiMXuTIkUazzUpbM1d8TGZXGTGWYd0pqx2bVK8T/vF5qo5sg4ypJLSq2WBSlgtiYFI+TIdfIrJjmhDLN81sJG1NNmc3jKULwVl9eJ+2rhuc2vHuv5vtPizjKcAbncAkeXIMPd9CEFjAYwzO8wpsjnRfn3flYtJacZYSn8AfO5w/E8o3G</latexit>

x
H<latexit sha1_base64="ZR+XJ8WwoovnH7Oe2UIgzvHe8vA=">AAAB6nicbZDLSgMxFIbP1Futt6pLQYKt4KrMuNGdBTddVrQXaIeaSTNtaCYZkoxQhoIv4MaFIm59CF/AF3Dn25hOXWjrDyEf/39CzjlBzJk2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty0QR2iCSS9UOsKacCdowzHDajhXFUcBpKxhdTvPWHVWaSXFjxjH1IzwQLGQEG2tdl2vlXrHkVtxMaBG8HyhdfBy+3wJAvVf87PYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7FgWOqPbTrNUJOrZOH4VS2SMMytzfL1IcaT2OAlsZYTPU89nU/C/rJCY891Mm4sRQQWYfhQlHRqLp3KjPFCWGjy1gopjtFZEhVpgYu52CXYI3P/IiNE8rnlvxrrxStXoPmfJwAEdwAh6cQRVqUIcGEBjAAzzBs8OdR+fFeZ2V5pzZDfvwR87bN3vUj90=</latexit><latexit sha1_base64="PATrmmB2R1sicttmMSQO7YGBvKw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzZaBmwSRnRSwLJEfY2e8mSvb1jd04IR8A/YGOhiK2/yM5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDvz249cG5GoB5ykPIjpUIlIMIpWuq82qv1yxa25c5B14i1JBZZo9stfvUHCspgrZJIa0/XcFIOcahRM8mmplxmeUjamQ961VNGYmyCfnzolF1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9Wbif143w+gmyIVKM+SKLRZFmSSYkNnfZCA0ZygnllCmhb2VsBHVlKFNp2RD8FZfXietq5rn1rw7r1KvPy3iKMIZnMMleHANdWhAE3xgMIRneIU3RzovzrvzsWgtOMsIT+EPnM8feXiNow==</latexit>H<latexit sha1_base64="ZR+XJ8WwoovnH7Oe2UIgzvHe8vA=">AAAB6nicbZDLSgMxFIbP1Futt6pLQYKt4KrMuNGdBTddVrQXaIeaSTNtaCYZkoxQhoIv4MaFIm59CF/AF3Dn25hOXWjrDyEf/39CzjlBzJk2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty0QR2iCSS9UOsKacCdowzHDajhXFUcBpKxhdTvPWHVWaSXFjxjH1IzwQLGQEG2tdl2vlXrHkVtxMaBG8HyhdfBy+3wJAvVf87PYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7FgWOqPbTrNUJOrZOH4VS2SMMytzfL1IcaT2OAlsZYTPU89nU/C/rJCY891Mm4sRQQWYfhQlHRqLp3KjPFCWGjy1gopjtFZEhVpgYu52CXYI3P/IiNE8rnlvxrrxStXoPmfJwAEdwAh6cQRVqUIcGEBjAAzzBs8OdR+fFeZ2V5pzZDfvwR87bN3vUj90=</latexit><latexit sha1_base64="PATrmmB2R1sicttmMSQO7YGBvKw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzZaBmwSRnRSwLJEfY2e8mSvb1jd04IR8A/YGOhiK2/yM5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDvz249cG5GoB5ykPIjpUIlIMIpWuq82qv1yxa25c5B14i1JBZZo9stfvUHCspgrZJIa0/XcFIOcahRM8mmplxmeUjamQ961VNGYmyCfnzolF1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9Wbif143w+gmyIVKM+SKLRZFmSSYkNnfZCA0ZygnllCmhb2VsBHVlKFNp2RD8FZfXietq5rn1rw7r1KvPy3iKMIZnMMleHANdWhAE3xgMIRneIU3RzovzrvzsWgtOMsIT+EPnM8feXiNow==</latexit>

W

2
<latexit sha1_base64="Mfs25TOUKaGhuVR0sLx2JGmDlvU=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFWSbnQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFolbPY2pF+KhYAEjWBvJq/YCiUnaztJ6Vu2XK3bNzoGWifNDKu7Z0dc7ADT65Y/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXpofnaFTowxQEElTQqNc/b2R4lCpaeibyRDrkVr0ZuJ/XjfRwaWXMhEnmgoyfyhIONIRmiWABkxSovnUEEwkM7ciMsImBm1yKpkQnMUvL5NWvebYNefGqbjuPeQowjGcwDk4cAEuXEMDmkDgDh7gCZ6tifVovViv89GCNe9wCH9gvX0DPEiUVw==</latexit><latexit sha1_base64="jq19xcuSIAGe2312phFUC0uJkfc=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrspMN7osuHFZwT6gHUomzbShmcyY3CmUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5BIYdB1v52Nza3tnd3CXnH/4PDouHRy2jJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfXvCtRGxesBpwv2IDpUIBaNoI7/SCzVlWTvPanmlXyq7VXcusm68pSnDUo1+6as3iFkacYVMUmO6npugn1GNgkmeF3up4QllYzrkXWsVjbjxs/nSObm0yYCEsbZHIZmnv29kNDJmGgV2MqI4MqvdLPyv66YY3viZUEmKXLHFQ2EqCcZkRoAMhOYM5dQayrSwuxI2ohYDWk5FC8Fb/fK6adWqnlv17r1yvf60wFGAc7iAK/DgGupwBw1oAoNHeIZXeHMmzovz7nwsRjecJcIz+CPn8wdVKJIw</latexit>

W

2
<latexit sha1_base64="Mfs25TOUKaGhuVR0sLx2JGmDlvU=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFWSbnQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFolbPY2pF+KhYAEjWBvJq/YCiUnaztJ6Vu2XK3bNzoGWifNDKu7Z0dc7ADT65Y/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXpofnaFTowxQEElTQqNc/b2R4lCpaeibyRDrkVr0ZuJ/XjfRwaWXMhEnmgoyfyhIONIRmiWABkxSovnUEEwkM7ciMsImBm1yKpkQnMUvL5NWvebYNefGqbjuPeQowjGcwDk4cAEuXEMDmkDgDh7gCZ6tifVovViv89GCNe9wCH9gvX0DPEiUVw==</latexit><latexit sha1_base64="jq19xcuSIAGe2312phFUC0uJkfc=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrspMN7osuHFZwT6gHUomzbShmcyY3CmUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5BIYdB1v52Nza3tnd3CXnH/4PDouHRy2jJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfXvCtRGxesBpwv2IDpUIBaNoI7/SCzVlWTvPanmlXyq7VXcusm68pSnDUo1+6as3iFkacYVMUmO6npugn1GNgkmeF3up4QllYzrkXWsVjbjxs/nSObm0yYCEsbZHIZmnv29kNDJmGgV2MqI4MqvdLPyv66YY3viZUEmKXLHFQ2EqCcZkRoAMhOYM5dQayrSwuxI2ohYDWk5FC8Fb/fK6adWqnlv17r1yvf60wFGAc7iAK/DgGupwBw1oAoNHeIZXeHMmzovz7nwsRjecJcIz+CPn8wdVKJIw</latexit>

x
H

2
<latexit sha1_base64="xAsDdP5JEiCCWWvpM6lclblq+B0=">AAAB9HicbVDLSsNAFL3xWeurKrhxM9iKrkrSjS4DbrqsYB/QhjKZTtqhk0mcmRRKCPgXblwo4tZv8Bvc+Qt+hdPUhbYeuNzDOfcyd44fc6a0bX9aK6tr6xubha3i9s7u3n7p4LClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98PfPbEyoVi8StnsbUC/FQsIARrI3kVXqBxCStZ2ktq/RLZbtq50DLxPkhZff8+OsdABr90kdvEJEkpEITjpXqOnasvRRLzQinWbGXKBpjMsZD2jVU4JAqL82PztCZUQYoiKQpoVGu/t5IcajUNPTNZIj1SC16M/E/r5vo4MpLmYgTTQWZPxQkHOkIzRJAAyYp0XxqCCaSmVsRGWETgzY5FU0IzuKXl0mrVnXsqnPjlF33HnIU4ARO4QIcuAQX6tCAJhC4gwd4gmdrYj1aL9brfHTFmnc4gj+w3r4BJUGUSA==</latexit><latexit sha1_base64="xbJxLOVffDgC9HuvxHM+32hozL8=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmutFlwU2XFewD2qFk0kwbmsmMyZ1CGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJECoOu++3ktrZ3dvfy+4WDw6Pjk+LpWcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b9+0J10bE6gGnCfcjOlQiFIyijfxyL9SUZfVZVp2V+8WSW3EXIpvGW5kSrNToF796g5ilEVfIJDWm67kJ+hnVKJjks0IvNTyhbEyHvGutohE3frZYekaubDIgYaztUUgW6e8bGY2MmUaBnYwojsx6Nw//67ophrd+JlSSIlds+VCYSoIxmRMgA6E5Qzm1hjIt7K6EjajFgJZTwULw1r+8aVrViudWvHuvVKs9LXHk4QIu4Ro8uIEa1KEBTWDwCM/wCm/OxHlx3p2P5WjOWSE8hz9yPn8APiGSIQ==</latexit>

H

2
<latexit sha1_base64="xAsDdP5JEiCCWWvpM6lclblq+B0=">AAAB9HicbVDLSsNAFL3xWeurKrhxM9iKrkrSjS4DbrqsYB/QhjKZTtqhk0mcmRRKCPgXblwo4tZv8Bvc+Qt+hdPUhbYeuNzDOfcyd44fc6a0bX9aK6tr6xubha3i9s7u3n7p4LClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98PfPbEyoVi8StnsbUC/FQsIARrI3kVXqBxCStZ2ktq/RLZbtq50DLxPkhZff8+OsdABr90kdvEJEkpEITjpXqOnasvRRLzQinWbGXKBpjMsZD2jVU4JAqL82PztCZUQYoiKQpoVGu/t5IcajUNPTNZIj1SC16M/E/r5vo4MpLmYgTTQWZPxQkHOkIzRJAAyYp0XxqCCaSmVsRGWETgzY5FU0IzuKXl0mrVnXsqnPjlF33HnIU4ARO4QIcuAQX6tCAJhC4gwd4gmdrYj1aL9brfHTFmnc4gj+w3r4BJUGUSA==</latexit><latexit sha1_base64="xbJxLOVffDgC9HuvxHM+32hozL8=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmutFlwU2XFewD2qFk0kwbmsmMyZ1CGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJECoOu++3ktrZ3dvfy+4WDw6Pjk+LpWcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b9+0J10bE6gGnCfcjOlQiFIyijfxyL9SUZfVZVp2V+8WSW3EXIpvGW5kSrNToF796g5ilEVfIJDWm67kJ+hnVKJjks0IvNTyhbEyHvGutohE3frZYekaubDIgYaztUUgW6e8bGY2MmUaBnYwojsx6Nw//67ophrd+JlSSIlds+VCYSoIxmRMgA6E5Qzm1hjIt7K6EjajFgJZTwULw1r+8aVrViudWvHuvVKs9LXHk4QIu4Ro8uIEa1KEBTWDwCM/wCm/OxHlx3p2P5WjOWSE8hz9yPn8APiGSIQ==</latexit>

W

2
<latexit sha1_base64="Mfs25TOUKaGhuVR0sLx2JGmDlvU=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFWSbnQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFolbPY2pF+KhYAEjWBvJq/YCiUnaztJ6Vu2XK3bNzoGWifNDKu7Z0dc7ADT65Y/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXpofnaFTowxQEElTQqNc/b2R4lCpaeibyRDrkVr0ZuJ/XjfRwaWXMhEnmgoyfyhIONIRmiWABkxSovnUEEwkM7ciMsImBm1yKpkQnMUvL5NWvebYNefGqbjuPeQowjGcwDk4cAEuXEMDmkDgDh7gCZ6tifVovViv89GCNe9wCH9gvX0DPEiUVw==</latexit><latexit sha1_base64="jq19xcuSIAGe2312phFUC0uJkfc=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrspMN7osuHFZwT6gHUomzbShmcyY3CmUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5BIYdB1v52Nza3tnd3CXnH/4PDouHRy2jJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfXvCtRGxesBpwv2IDpUIBaNoI7/SCzVlWTvPanmlXyq7VXcusm68pSnDUo1+6as3iFkacYVMUmO6npugn1GNgkmeF3up4QllYzrkXWsVjbjxs/nSObm0yYCEsbZHIZmnv29kNDJmGgV2MqI4MqvdLPyv66YY3viZUEmKXLHFQ2EqCcZkRoAMhOYM5dQayrSwuxI2ohYDWk5FC8Fb/fK6adWqnlv17r1yvf60wFGAc7iAK/DgGupwBw1oAoNHeIZXeHMmzovz7nwsRjecJcIz+CPn8wdVKJIw</latexit>

W

2
<latexit sha1_base64="Mfs25TOUKaGhuVR0sLx2JGmDlvU=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFWSbnQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFolbPY2pF+KhYAEjWBvJq/YCiUnaztJ6Vu2XK3bNzoGWifNDKu7Z0dc7ADT65Y/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXpofnaFTowxQEElTQqNc/b2R4lCpaeibyRDrkVr0ZuJ/XjfRwaWXMhEnmgoyfyhIONIRmiWABkxSovnUEEwkM7ciMsImBm1yKpkQnMUvL5NWvebYNefGqbjuPeQowjGcwDk4cAEuXEMDmkDgDh7gCZ6tifVovViv89GCNe9wCH9gvX0DPEiUVw==</latexit><latexit sha1_base64="jq19xcuSIAGe2312phFUC0uJkfc=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrspMN7osuHFZwT6gHUomzbShmcyY3CmUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5BIYdB1v52Nza3tnd3CXnH/4PDouHRy2jJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfXvCtRGxesBpwv2IDpUIBaNoI7/SCzVlWTvPanmlXyq7VXcusm68pSnDUo1+6as3iFkacYVMUmO6npugn1GNgkmeF3up4QllYzrkXWsVjbjxs/nSObm0yYCEsbZHIZmnv29kNDJmGgV2MqI4MqvdLPyv66YY3viZUEmKXLHFQ2EqCcZkRoAMhOYM5dQayrSwuxI2ohYDWk5FC8Fb/fK6adWqnlv17r1yvf60wFGAc7iAK/DgGupwBw1oAoNHeIZXeHMmzovz7nwsRjecJcIz+CPn8wdVKJIw</latexit>

x
H

2
<latexit sha1_base64="xAsDdP5JEiCCWWvpM6lclblq+B0=">AAAB9HicbVDLSsNAFL3xWeurKrhxM9iKrkrSjS4DbrqsYB/QhjKZTtqhk0mcmRRKCPgXblwo4tZv8Bvc+Qt+hdPUhbYeuNzDOfcyd44fc6a0bX9aK6tr6xubha3i9s7u3n7p4LClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98PfPbEyoVi8StnsbUC/FQsIARrI3kVXqBxCStZ2ktq/RLZbtq50DLxPkhZff8+OsdABr90kdvEJEkpEITjpXqOnasvRRLzQinWbGXKBpjMsZD2jVU4JAqL82PztCZUQYoiKQpoVGu/t5IcajUNPTNZIj1SC16M/E/r5vo4MpLmYgTTQWZPxQkHOkIzRJAAyYp0XxqCCaSmVsRGWETgzY5FU0IzuKXl0mrVnXsqnPjlF33HnIU4ARO4QIcuAQX6tCAJhC4gwd4gmdrYj1aL9brfHTFmnc4gj+w3r4BJUGUSA==</latexit><latexit sha1_base64="xbJxLOVffDgC9HuvxHM+32hozL8=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmutFlwU2XFewD2qFk0kwbmsmMyZ1CGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJECoOu++3ktrZ3dvfy+4WDw6Pjk+LpWcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b9+0J10bE6gGnCfcjOlQiFIyijfxyL9SUZfVZVp2V+8WSW3EXIpvGW5kSrNToF796g5ilEVfIJDWm67kJ+hnVKJjks0IvNTyhbEyHvGutohE3frZYekaubDIgYaztUUgW6e8bGY2MmUaBnYwojsx6Nw//67ophrd+JlSSIlds+VCYSoIxmRMgA6E5Qzm1hjIt7K6EjajFgJZTwULw1r+8aVrViudWvHuvVKs9LXHk4QIu4Ro8uIEa1KEBTWDwCM/wCm/OxHlx3p2P5WjOWSE8hz9yPn8APiGSIQ==</latexit>

H

2
<latexit sha1_base64="xAsDdP5JEiCCWWvpM6lclblq+B0=">AAAB9HicbVDLSsNAFL3xWeurKrhxM9iKrkrSjS4DbrqsYB/QhjKZTtqhk0mcmRRKCPgXblwo4tZv8Bvc+Qt+hdPUhbYeuNzDOfcyd44fc6a0bX9aK6tr6xubha3i9s7u3n7p4LClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98PfPbEyoVi8StnsbUC/FQsIARrI3kVXqBxCStZ2ktq/RLZbtq50DLxPkhZff8+OsdABr90kdvEJEkpEITjpXqOnasvRRLzQinWbGXKBpjMsZD2jVU4JAqL82PztCZUQYoiKQpoVGu/t5IcajUNPTNZIj1SC16M/E/r5vo4MpLmYgTTQWZPxQkHOkIzRJAAyYp0XxqCCaSmVsRGWETgzY5FU0IzuKXl0mrVnXsqnPjlF33HnIU4ARO4QIcuAQX6tCAJhC4gwd4gmdrYj1aL9brfHTFmnc4gj+w3r4BJUGUSA==</latexit><latexit sha1_base64="xbJxLOVffDgC9HuvxHM+32hozL8=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmutFlwU2XFewD2qFk0kwbmsmMyZ1CGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJECoOu++3ktrZ3dvfy+4WDw6Pjk+LpWcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b9+0J10bE6gGnCfcjOlQiFIyijfxyL9SUZfVZVp2V+8WSW3EXIpvGW5kSrNToF796g5ilEVfIJDWm67kJ+hnVKJjks0IvNTyhbEyHvGutohE3frZYekaubDIgYaztUUgW6e8bGY2MmUaBnYwojsx6Nw//67ophrd+JlSSIlds+VCYSoIxmRMgA6E5Qzm1hjIt7K6EjajFgJZTwULw1r+8aVrViudWvHuvVKs9LXHk4QIu4Ro8uIEa1KEBTWDwCM/wCm/OxHlx3p2P5WjOWSE8hz9yPn8APiGSIQ==</latexit>

128

64 64

12864
128 256 256

W

8
<latexit sha1_base64="sAiPFYMHhusrvXIihNoEwW9xXs4=">AAAB9XicbVDLSsNAFL2pr1pfVcGNm8FWdFUSN3YZcOOygn1AG8tkOmmHTiZhZqKUUPAz3LhQxK2/4De48xf8CiepC209cLmHc+5l7hw/5kxp2/60CkvLK6trxfXSxubW9k55d6+lokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98kfntWyoVi8S1nsTUC/FQsIARrI10U+0FEpO0PU3r02qpX67YNTsHWiTOD6m4Jwdf7wDQ6Jc/eoOIJCEVmnCsVNexY+2lWGpGOJ2WeomiMSZjPKRdQwUOqfLS/OopOjbKAAWRNCU0ytXfGykOlZqEvpkMsR6peS8T//O6iQ7qXspEnGgqyOyhIOFIRyiLAA2YpETziSGYSGZuRWSETQ7aBJWF4Mx/eZG0zmqOXXOunIrr3kOOIhzCEZyCA+fgwiU0oAkEJDzAEzxbd9aj9WK9zkYL1qzDPvyB9fYNfk+UcQ==</latexit><latexit sha1_base64="Dzrg322sJMuBwmBFMzSU4R09FtE=">AAAB9XicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMG7ssuHFZwT6grSWTZtrQTGZI7ihlGPBnuHGhiFv/izv/jZm2C209EDicc0NuPj+WwqDrfjtr6xubW9uFneLu3v7BYenouGWiRDPeZJGMdMenhkuheBMFSt6JNaehL3nbn1znffuBayMidYfTmPdDOlIiEIyije4rvUBTlraztJZVioNS2a26M5FV4y1MGRZqDEpfvWHEkpArZJIa0/XcGPsp1SiY5FmxlxgeUzahI961VtGQm3462zoj5zYZkiDS9igks/T3jZSGxkxD306GFMdmucvD/7pugkGtnwoVJ8gVmz8UJJJgRHIEZCg0Zyin1lCmhd2VsDG1HNCCyiF4y19eNa3LqudWvVuvXK8/zXEU4BTO4AI8uII63EADmsBAwzO8wpvz6Lw4787HfHTNWSA8gT9yPn8Aly+SSg==</latexit>

W

8
<latexit sha1_base64="sAiPFYMHhusrvXIihNoEwW9xXs4=">AAAB9XicbVDLSsNAFL2pr1pfVcGNm8FWdFUSN3YZcOOygn1AG8tkOmmHTiZhZqKUUPAz3LhQxK2/4De48xf8CiepC209cLmHc+5l7hw/5kxp2/60CkvLK6trxfXSxubW9k55d6+lokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98kfntWyoVi8S1nsTUC/FQsIARrI10U+0FEpO0PU3r02qpX67YNTsHWiTOD6m4Jwdf7wDQ6Jc/eoOIJCEVmnCsVNexY+2lWGpGOJ2WeomiMSZjPKRdQwUOqfLS/OopOjbKAAWRNCU0ytXfGykOlZqEvpkMsR6peS8T//O6iQ7qXspEnGgqyOyhIOFIRyiLAA2YpETziSGYSGZuRWSETQ7aBJWF4Mx/eZG0zmqOXXOunIrr3kOOIhzCEZyCA+fgwiU0oAkEJDzAEzxbd9aj9WK9zkYL1qzDPvyB9fYNfk+UcQ==</latexit><latexit sha1_base64="Dzrg322sJMuBwmBFMzSU4R09FtE=">AAAB9XicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMG7ssuHFZwT6grSWTZtrQTGZI7ihlGPBnuHGhiFv/izv/jZm2C209EDicc0NuPj+WwqDrfjtr6xubW9uFneLu3v7BYenouGWiRDPeZJGMdMenhkuheBMFSt6JNaehL3nbn1znffuBayMidYfTmPdDOlIiEIyije4rvUBTlraztJZVioNS2a26M5FV4y1MGRZqDEpfvWHEkpArZJIa0/XcGPsp1SiY5FmxlxgeUzahI961VtGQm3462zoj5zYZkiDS9igks/T3jZSGxkxD306GFMdmucvD/7pugkGtnwoVJ8gVmz8UJJJgRHIEZCg0Zyin1lCmhd2VsDG1HNCCyiF4y19eNa3LqudWvVuvXK8/zXEU4BTO4AI8uII63EADmsBAwzO8wpvz6Lw4787HfHTNWSA8gT9yPn8Aly+SSg==</latexit>

x
H

8
<latexit sha1_base64="P0l7PNsc15nYrA0A07Xwt813jdg=">AAAB9XicbVDLSsNAFL2pr1pfVcGNm8FWdFUSN3ZZcNNlBfuANpbJdNIOnUzCzEQpIeBnuHGhiFt/wW9w5y/4FU5SF1o9cLmHc+5l7hwv4kxp2/6wCkvLK6trxfXSxubW9k55d6+jwlgS2iYhD2XPw4pyJmhbM81pL5IUBx6nXW96kfndGyoVC8WVnkXUDfBYMJ8RrI10XR34EpOkmSb1tFoalit2zc6B/hLnm1QaJwefbwDQGpbfB6OQxAEVmnCsVN+xI+0mWGpGOE1Lg1jRCJMpHtO+oQIHVLlJfnWKjo0yQn4oTQmNcvXnRoIDpWaBZyYDrCdq0cvE/7x+rP26mzARxZoKMn/IjznSIcoiQCMmKdF8ZggmkplbEZlgk4M2QWUhOItf/ks6ZzXHrjmXTqXRuIMcRTiEIzgFB86hAU1oQRsISLiHR3iybq0H69l6mY8WrHmHffgF6/ULZzmUYg==</latexit><latexit sha1_base64="hFAUeZeJjO17KxvSA3oamMVarDI=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8FWcFVm3NhlwU2XFewD2rFk0kwbmmSGJKOUYcCf4caFIm79L+78N2baLrT1QOBwzg25+YKYM21c99spbGxube8Ud0t7+weHR+Xjk46OEkVom0Q8Ur0Aa8qZpG3DDKe9WFEsAk67wfQm77sPVGkWyTszi6kv8FiykBFsbHRfHYQKk7SZpfWsWhqWK27NnQutG29pKrBUa1j+GowikggqDeFY677nxsZPsTKMcJqVBommMSZTPKZ9ayUWVPvpfOsMXdhkhMJI2SMNmqe/b6RYaD0TgZ0U2Ez0apeH/3X9xIR1P2UyTgyVZPFQmHBkIpQjQCOmKDF8Zg0mitldEZlgy8FYUDkEb/XL66ZzVfPcmnfrVRqNpwWOIpzBOVyCB9fQgCa0oA0EFDzDK7w5j86L8+58LEYLzhLhKfyR8/kDgBmSOw==</latexit>

H

8
<latexit sha1_base64="P0l7PNsc15nYrA0A07Xwt813jdg=">AAAB9XicbVDLSsNAFL2pr1pfVcGNm8FWdFUSN3ZZcNNlBfuANpbJdNIOnUzCzEQpIeBnuHGhiFt/wW9w5y/4FU5SF1o9cLmHc+5l7hwv4kxp2/6wCkvLK6trxfXSxubW9k55d6+jwlgS2iYhD2XPw4pyJmhbM81pL5IUBx6nXW96kfndGyoVC8WVnkXUDfBYMJ8RrI10XR34EpOkmSb1tFoalit2zc6B/hLnm1QaJwefbwDQGpbfB6OQxAEVmnCsVN+xI+0mWGpGOE1Lg1jRCJMpHtO+oQIHVLlJfnWKjo0yQn4oTQmNcvXnRoIDpWaBZyYDrCdq0cvE/7x+rP26mzARxZoKMn/IjznSIcoiQCMmKdF8ZggmkplbEZlgk4M2QWUhOItf/ks6ZzXHrjmXTqXRuIMcRTiEIzgFB86hAU1oQRsISLiHR3iybq0H69l6mY8WrHmHffgF6/ULZzmUYg==</latexit><latexit sha1_base64="hFAUeZeJjO17KxvSA3oamMVarDI=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8FWcFVm3NhlwU2XFewD2rFk0kwbmmSGJKOUYcCf4caFIm79L+78N2baLrT1QOBwzg25+YKYM21c99spbGxube8Ud0t7+weHR+Xjk46OEkVom0Q8Ur0Aa8qZpG3DDKe9WFEsAk67wfQm77sPVGkWyTszi6kv8FiykBFsbHRfHYQKk7SZpfWsWhqWK27NnQutG29pKrBUa1j+GowikggqDeFY677nxsZPsTKMcJqVBommMSZTPKZ9ayUWVPvpfOsMXdhkhMJI2SMNmqe/b6RYaD0TgZ0U2Ez0apeH/3X9xIR1P2UyTgyVZPFQmHBkIpQjQCOmKDF8Zg0mitldEZlgy8FYUDkEb/XL66ZzVfPcmnfrVRqNpwWOIpzBOVyCB9fQgCa0oA0EFDzDK7w5j86L8+58LEYLzhLhKfyR8/kDgBmSOw==</latexit>

W

4
<latexit sha1_base64="a1Fx99sDOu36YukmyOAX6A7Y6FM=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFZaWV1bXiuuljc2t7Z3y7l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauq3xlQqFolbPYmpF+KBYAEjWBvJq3YDiUnaytLzrNorV+yanQMtEueHVNyTg693AKj3yh/dfkSSkApNOFaq49ix9lIsNSOcZqVuomiMyQgPaMdQgUOqvDQ/OkPHRumjIJKmhEa5+nsjxaFSk9A3kyHWQzXvTcX/vE6ig0svZSJONBVk9lCQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDNrkVDIhOPNfXiTNs5pj15wbp+K695CjCIdwBKfgwAW4cA11aACBO3iAJ3i2xtaj9WK9zkYL1qzDPvyB9fYNP1SUWQ==</latexit><latexit sha1_base64="3igWLZ1HJEd1HEJVDZdDFSRqCco=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMCLosuHFZwT6gHUomvdOGZjJjkimUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5AIro3rfjtr6xubW9uFneLu3v7BYenouKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e20b41RaR7LBzNJ0I/oQPKQM2ps5Fe6oaIsa+XZVV7plcpu1Z2JrBpvYcqwUL1X+ur2Y5ZGKA0TVOuO5ybGz6gynAnMi91UY0LZiA6wY62kEWo/my2dk3Ob9EkYK3ukIbP0942MRlpPosBORtQM9XI3Df/rOqkJb/yMyyQ1KNn8oTAVxMRkSoD0uUJmxMQayhS3uxI2pBaDsZyKFoK3/OVV07ysem7Vu/fKtdrTHEcBTuEMLsCDa6jBHdShAQwe4Rle4c0ZOy/Ou/MxH11zFghP4I+czx9YNJIy</latexit>

W

4
<latexit sha1_base64="a1Fx99sDOu36YukmyOAX6A7Y6FM=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFZaWV1bXiuuljc2t7Z3y7l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauq3xlQqFolbPYmpF+KBYAEjWBvJq3YDiUnaytLzrNorV+yanQMtEueHVNyTg693AKj3yh/dfkSSkApNOFaq49ix9lIsNSOcZqVuomiMyQgPaMdQgUOqvDQ/OkPHRumjIJKmhEa5+nsjxaFSk9A3kyHWQzXvTcX/vE6ig0svZSJONBVk9lCQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDNrkVDIhOPNfXiTNs5pj15wbp+K695CjCIdwBKfgwAW4cA11aACBO3iAJ3i2xtaj9WK9zkYL1qzDPvyB9fYNP1SUWQ==</latexit><latexit sha1_base64="3igWLZ1HJEd1HEJVDZdDFSRqCco=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMCLosuHFZwT6gHUomvdOGZjJjkimUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5AIro3rfjtr6xubW9uFneLu3v7BYenouKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e20b41RaR7LBzNJ0I/oQPKQM2ps5Fe6oaIsa+XZVV7plcpu1Z2JrBpvYcqwUL1X+ur2Y5ZGKA0TVOuO5ybGz6gynAnMi91UY0LZiA6wY62kEWo/my2dk3Ob9EkYK3ukIbP0942MRlpPosBORtQM9XI3Df/rOqkJb/yMyyQ1KNn8oTAVxMRkSoD0uUJmxMQayhS3uxI2pBaDsZyKFoK3/OVV07ysem7Vu/fKtdrTHEcBTuEMLsCDa6jBHdShAQwe4Rle4c0ZOy/Ou/MxH11zFghP4I+czx9YNJIy</latexit>

x
H

4
<latexit sha1_base64="rXcUVQmgWY58rYS227bGZbkYPD8=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcNNlBfuANpTJdNIOnUzizKRQQsC/cONCEbd+g9/gzl/wK5ymLrR64HIP59zL3Dl+zJnStv1hFZaWV1bXiuuljc2t7Z3y7l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFokbPY2pF+KhYAEjWBvJq/YCiUlaz9LzrNovV+yanQP9Jc43qbgnB59vANDol997g4gkIRWacKxU17Fj7aVYakY4zUq9RNEYkzEe0q6hAodUeWl+dIaOjTJAQSRNCY1y9edGikOlpqFvJkOsR2rRm4n/ed1EB5deykScaCrI/KEg4UhHaJYAGjBJieZTQzCRzNyKyAibGLTJqWRCcBa//Je0zmqOXXOunYrr3kGOIhzCEZyCAxfgQh0a0AQCt3APj/BkTawH69l6mY8WrHmHffgF6/ULKE2USg==</latexit><latexit sha1_base64="PUPJhEphD3TAHCVVzaLEOSi2rdY=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmRNBlwU2XFewD2qFk0jttaCYzJplCGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJEcG1c99vJbWxube/kdwt7+weHR8Xjk6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezvjVGpXksH8wkQT+iA8lDzqixkV/uhoqyrDbNrqflXrHkVty5yLrxlqYES9V7xa9uP2ZphNIwQbXueG5i/Iwqw5nAaaGbakwoG9EBdqyVNELtZ/Olp+TCJn0Sxsoeacg8/X0jo5HWkyiwkxE1Q73azcL/uk5qwls/4zJJDUq2eChMBTExmREgfa6QGTGxhjLF7a6EDanFYCyngoXgrX553TSvKp5b8e69UrX6tMCRhzM4h0vw4AaqUIM6NIDBIzzDK7w5Y+fFeXc+FqM5Z4nwFP7I+fwBQS2SIw==</latexit>

H

4
<latexit sha1_base64="rXcUVQmgWY58rYS227bGZbkYPD8=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcNNlBfuANpTJdNIOnUzizKRQQsC/cONCEbd+g9/gzl/wK5ymLrR64HIP59zL3Dl+zJnStv1hFZaWV1bXiuuljc2t7Z3y7l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFokbPY2pF+KhYAEjWBvJq/YCiUlaz9LzrNovV+yanQP9Jc43qbgnB59vANDol997g4gkIRWacKxU17Fj7aVYakY4zUq9RNEYkzEe0q6hAodUeWl+dIaOjTJAQSRNCY1y9edGikOlpqFvJkOsR2rRm4n/ed1EB5deykScaCrI/KEg4UhHaJYAGjBJieZTQzCRzNyKyAibGLTJqWRCcBa//Je0zmqOXXOunYrr3kGOIhzCEZyCAxfgQh0a0AQCt3APj/BkTawH69l6mY8WrHmHffgF6/ULKE2USg==</latexit><latexit sha1_base64="PUPJhEphD3TAHCVVzaLEOSi2rdY=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmRNBlwU2XFewD2qFk0jttaCYzJplCGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJEcG1c99vJbWxube/kdwt7+weHR8Xjk6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezvjVGpXksH8wkQT+iA8lDzqixkV/uhoqyrDbNrqflXrHkVty5yLrxlqYES9V7xa9uP2ZphNIwQbXueG5i/Iwqw5nAaaGbakwoG9EBdqyVNELtZ/Olp+TCJn0Sxsoeacg8/X0jo5HWkyiwkxE1Q73azcL/uk5qwls/4zJJDUq2eChMBTExmREgfa6QGTGxhjLF7a6EDanFYCyngoXgrX553TSvKp5b8e69UrX6tMCRhzM4h0vw4AaqUIM6NIDBIzzDK7w5Y+fFeXc+FqM5Z4nwFP7I+fwBQS2SIw==</latexit>

W

4
<latexit sha1_base64="a1Fx99sDOu36YukmyOAX6A7Y6FM=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFZaWV1bXiuuljc2t7Z3y7l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauq3xlQqFolbPYmpF+KBYAEjWBvJq3YDiUnaytLzrNorV+yanQMtEueHVNyTg693AKj3yh/dfkSSkApNOFaq49ix9lIsNSOcZqVuomiMyQgPaMdQgUOqvDQ/OkPHRumjIJKmhEa5+nsjxaFSk9A3kyHWQzXvTcX/vE6ig0svZSJONBVk9lCQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDNrkVDIhOPNfXiTNs5pj15wbp+K695CjCIdwBKfgwAW4cA11aACBO3iAJ3i2xtaj9WK9zkYL1qzDPvyB9fYNP1SUWQ==</latexit><latexit sha1_base64="3igWLZ1HJEd1HEJVDZdDFSRqCco=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMCLosuHFZwT6gHUomvdOGZjJjkimUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5AIro3rfjtr6xubW9uFneLu3v7BYenouKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e20b41RaR7LBzNJ0I/oQPKQM2ps5Fe6oaIsa+XZVV7plcpu1Z2JrBpvYcqwUL1X+ur2Y5ZGKA0TVOuO5ybGz6gynAnMi91UY0LZiA6wY62kEWo/my2dk3Ob9EkYK3ukIbP0942MRlpPosBORtQM9XI3Df/rOqkJb/yMyyQ1KNn8oTAVxMRkSoD0uUJmxMQayhS3uxI2pBaDsZyKFoK3/OVV07ysem7Vu/fKtdrTHEcBTuEMLsCDa6jBHdShAQwe4Rle4c0ZOy/Ou/MxH11zFghP4I+czx9YNJIy</latexit>

W

4
<latexit sha1_base64="a1Fx99sDOu36YukmyOAX6A7Y6FM=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFZaWV1bXiuuljc2t7Z3y7l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauq3xlQqFolbPYmpF+KBYAEjWBvJq3YDiUnaytLzrNorV+yanQMtEueHVNyTg693AKj3yh/dfkSSkApNOFaq49ix9lIsNSOcZqVuomiMyQgPaMdQgUOqvDQ/OkPHRumjIJKmhEa5+nsjxaFSk9A3kyHWQzXvTcX/vE6ig0svZSJONBVk9lCQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDNrkVDIhOPNfXiTNs5pj15wbp+K695CjCIdwBKfgwAW4cA11aACBO3iAJ3i2xtaj9WK9zkYL1qzDPvyB9fYNP1SUWQ==</latexit><latexit sha1_base64="3igWLZ1HJEd1HEJVDZdDFSRqCco=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMCLosuHFZwT6gHUomvdOGZjJjkimUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5AIro3rfjtr6xubW9uFneLu3v7BYenouKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e20b41RaR7LBzNJ0I/oQPKQM2ps5Fe6oaIsa+XZVV7plcpu1Z2JrBpvYcqwUL1X+ur2Y5ZGKA0TVOuO5ybGz6gynAnMi91UY0LZiA6wY62kEWo/my2dk3Ob9EkYK3ukIbP0942MRlpPosBORtQM9XI3Df/rOqkJb/yMyyQ1KNn8oTAVxMRkSoD0uUJmxMQayhS3uxI2pBaDsZyKFoK3/OVV07ysem7Vu/fKtdrTHEcBTuEMLsCDa6jBHdShAQwe4Rle4c0ZOy/Ou/MxH11zFghP4I+czx9YNJIy</latexit>

x
H

4
<latexit sha1_base64="rXcUVQmgWY58rYS227bGZbkYPD8=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcNNlBfuANpTJdNIOnUzizKRQQsC/cONCEbd+g9/gzl/wK5ymLrR64HIP59zL3Dl+zJnStv1hFZaWV1bXiuuljc2t7Z3y7l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFokbPY2pF+KhYAEjWBvJq/YCiUlaz9LzrNovV+yanQP9Jc43qbgnB59vANDol997g4gkIRWacKxU17Fj7aVYakY4zUq9RNEYkzEe0q6hAodUeWl+dIaOjTJAQSRNCY1y9edGikOlpqFvJkOsR2rRm4n/ed1EB5deykScaCrI/KEg4UhHaJYAGjBJieZTQzCRzNyKyAibGLTJqWRCcBa//Je0zmqOXXOunYrr3kGOIhzCEZyCAxfgQh0a0AQCt3APj/BkTawH69l6mY8WrHmHffgF6/ULKE2USg==</latexit><latexit sha1_base64="PUPJhEphD3TAHCVVzaLEOSi2rdY=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmRNBlwU2XFewD2qFk0jttaCYzJplCGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJEcG1c99vJbWxube/kdwt7+weHR8Xjk6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezvjVGpXksH8wkQT+iA8lDzqixkV/uhoqyrDbNrqflXrHkVty5yLrxlqYES9V7xa9uP2ZphNIwQbXueG5i/Iwqw5nAaaGbakwoG9EBdqyVNELtZ/Olp+TCJn0Sxsoeacg8/X0jo5HWkyiwkxE1Q73azcL/uk5qwls/4zJJDUq2eChMBTExmREgfa6QGTGxhjLF7a6EDanFYCyngoXgrX553TSvKp5b8e69UrX6tMCRhzM4h0vw4AaqUIM6NIDBIzzDK7w5Y+fFeXc+FqM5Z4nwFP7I+fwBQS2SIw==</latexit>

H

4
<latexit sha1_base64="rXcUVQmgWY58rYS227bGZbkYPD8=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcNNlBfuANpTJdNIOnUzizKRQQsC/cONCEbd+g9/gzl/wK5ymLrR64HIP59zL3Dl+zJnStv1hFZaWV1bXiuuljc2t7Z3y7l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFokbPY2pF+KhYAEjWBvJq/YCiUlaz9LzrNovV+yanQP9Jc43qbgnB59vANDol997g4gkIRWacKxU17Fj7aVYakY4zUq9RNEYkzEe0q6hAodUeWl+dIaOjTJAQSRNCY1y9edGikOlpqFvJkOsR2rRm4n/ed1EB5deykScaCrI/KEg4UhHaJYAGjBJieZTQzCRzNyKyAibGLTJqWRCcBa//Je0zmqOXXOunYrr3kGOIhzCEZyCAxfgQh0a0AQCt3APj/BkTawH69l6mY8WrHmHffgF6/ULKE2USg==</latexit><latexit sha1_base64="PUPJhEphD3TAHCVVzaLEOSi2rdY=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmRNBlwU2XFewD2qFk0jttaCYzJplCGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJEcG1c99vJbWxube/kdwt7+weHR8Xjk6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezvjVGpXksH8wkQT+iA8lDzqixkV/uhoqyrDbNrqflXrHkVty5yLrxlqYES9V7xa9uP2ZphNIwQbXueG5i/Iwqw5nAaaGbakwoG9EBdqyVNELtZ/Olp+TCJn0Sxsoeacg8/X0jo5HWkyiwkxE1Q73azcL/uk5qwls/4zJJDUq2eChMBTExmREgfa6QGTGxhjLF7a6EDanFYCyngoXgrX553TSvKp5b8e69UrX6tMCRhzM4h0vw4AaqUIM6NIDBIzzDK7w5Y+fFeXc+FqM5Z4nwFP7I+fwBQS2SIw==</latexit>

512
512+256

W
<latexit sha1_base64="x6Y1CK3DUvaPFtoINS8GH++61yc=">AAAB63icbZDLSgMxFIZP6q3WW9WlIMFWcFVm3OjOghuXFewF2qFm0kwbmmSGJCOUoeATuHGhiFvfwRfwBdz5Ns5MXWjrDyEf/39Czjl+JLixjvOFCkvLK6trxfXSxubW9k55d69lwlhT1qShCHXHJ4YJrljTcitYJ9KMSF+wtj++zPL2HdOGh+rGTiLmSTJUPOCU2Myqtqulfrni1JxceBHcH6hcfBy+3wJAo1/+7A1CGkumLBXEmK7rRNZLiLacCjYt9WLDIkLHZMi6KSoimfGSvNcpPk6dAQ5CnR5lce7+fpEQacxE+mmlJHZk5rPM/C/rxjY49xKuotgyRWcfBbHANsTZ4HjANaNWTFIgVPO0V0xHRBNq0/VkS3DnR16E1mnNdWrutVup1+8hVxEO4AhOwIUzqMMVNKAJFEbwAE/wjCR6RC/odVZaQLMb9uGP0Ns3x06QAA==</latexit><latexit sha1_base64="ml0W5pmvH9qkhtSMHzzjn0fZ7ls=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5J40WPAi8cK9gPaUDbbSbt0dxN2N0IJBX+BFw+KePUPefPfmLQ9aOuDgcd7M8zMCxPBjXXdb6e0sbm1vVPereztHxweVY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObgu/84ja8Fg92GmCgaQjxSPOqC2keqdeGVRrbsOdg6wTb0lqsERzUP3qD2OWSlSWCWpMz3MTG2RUW84Ezir91GBC2YSOsJdTRSWaIJvfOiMXuTIkUazzUpbM1d8TGZXGTGWYd0pqx2bVK8T/vF5qo5sg4ypJLSq2WBSlgtiYFI+TIdfIrJjmhDLN81sJG1NNmc3jKULwVl9eJ+2rhuc2vHuv5vtPizjKcAbncAkeXIMPd9CEFjAYwzO8wpsjnRfn3flYtJacZYSn8AfO5w/E8o3G</latexit>

W
<latexit sha1_base64="x6Y1CK3DUvaPFtoINS8GH++61yc=">AAAB63icbZDLSgMxFIZP6q3WW9WlIMFWcFVm3OjOghuXFewF2qFm0kwbmmSGJCOUoeATuHGhiFvfwRfwBdz5Ns5MXWjrDyEf/39Czjl+JLixjvOFCkvLK6trxfXSxubW9k55d69lwlhT1qShCHXHJ4YJrljTcitYJ9KMSF+wtj++zPL2HdOGh+rGTiLmSTJUPOCU2Myqtqulfrni1JxceBHcH6hcfBy+3wJAo1/+7A1CGkumLBXEmK7rRNZLiLacCjYt9WLDIkLHZMi6KSoimfGSvNcpPk6dAQ5CnR5lce7+fpEQacxE+mmlJHZk5rPM/C/rxjY49xKuotgyRWcfBbHANsTZ4HjANaNWTFIgVPO0V0xHRBNq0/VkS3DnR16E1mnNdWrutVup1+8hVxEO4AhOwIUzqMMVNKAJFEbwAE/wjCR6RC/odVZaQLMb9uGP0Ns3x06QAA==</latexit><latexit sha1_base64="ml0W5pmvH9qkhtSMHzzjn0fZ7ls=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5J40WPAi8cK9gPaUDbbSbt0dxN2N0IJBX+BFw+KePUPefPfmLQ9aOuDgcd7M8zMCxPBjXXdb6e0sbm1vVPereztHxweVY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObgu/84ja8Fg92GmCgaQjxSPOqC2keqdeGVRrbsOdg6wTb0lqsERzUP3qD2OWSlSWCWpMz3MTG2RUW84Ezir91GBC2YSOsJdTRSWaIJvfOiMXuTIkUazzUpbM1d8TGZXGTGWYd0pqx2bVK8T/vF5qo5sg4ypJLSq2WBSlgtiYFI+TIdfIrJjmhDLN81sJG1NNmc3jKULwVl9eJ+2rhuc2vHuv5vtPizjKcAbncAkeXIMPd9CEFjAYwzO8wpsjnRfn3flYtJacZYSn8AfO5w/E8o3G</latexit>

x
H<latexit sha1_base64="ZR+XJ8WwoovnH7Oe2UIgzvHe8vA=">AAAB6nicbZDLSgMxFIbP1Futt6pLQYKt4KrMuNGdBTddVrQXaIeaSTNtaCYZkoxQhoIv4MaFIm59CF/AF3Dn25hOXWjrDyEf/39CzjlBzJk2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty0QR2iCSS9UOsKacCdowzHDajhXFUcBpKxhdTvPWHVWaSXFjxjH1IzwQLGQEG2tdl2vlXrHkVtxMaBG8HyhdfBy+3wJAvVf87PYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7FgWOqPbTrNUJOrZOH4VS2SMMytzfL1IcaT2OAlsZYTPU89nU/C/rJCY891Mm4sRQQWYfhQlHRqLp3KjPFCWGjy1gopjtFZEhVpgYu52CXYI3P/IiNE8rnlvxrrxStXoPmfJwAEdwAh6cQRVqUIcGEBjAAzzBs8OdR+fFeZ2V5pzZDfvwR87bN3vUj90=</latexit><latexit sha1_base64="PATrmmB2R1sicttmMSQO7YGBvKw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzZaBmwSRnRSwLJEfY2e8mSvb1jd04IR8A/YGOhiK2/yM5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDvz249cG5GoB5ykPIjpUIlIMIpWuq82qv1yxa25c5B14i1JBZZo9stfvUHCspgrZJIa0/XcFIOcahRM8mmplxmeUjamQ961VNGYmyCfnzolF1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9Wbif143w+gmyIVKM+SKLRZFmSSYkNnfZCA0ZygnllCmhb2VsBHVlKFNp2RD8FZfXietq5rn1rw7r1KvPy3iKMIZnMMleHANdWhAE3xgMIRneIU3RzovzrvzsWgtOMsIT+EPnM8feXiNow==</latexit>H<latexit sha1_base64="ZR+XJ8WwoovnH7Oe2UIgzvHe8vA=">AAAB6nicbZDLSgMxFIbP1Futt6pLQYKt4KrMuNGdBTddVrQXaIeaSTNtaCYZkoxQhoIv4MaFIm59CF/AF3Dn25hOXWjrDyEf/39CzjlBzJk2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty0QR2iCSS9UOsKacCdowzHDajhXFUcBpKxhdTvPWHVWaSXFjxjH1IzwQLGQEG2tdl2vlXrHkVtxMaBG8HyhdfBy+3wJAvVf87PYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7FgWOqPbTrNUJOrZOH4VS2SMMytzfL1IcaT2OAlsZYTPU89nU/C/rJCY891Mm4sRQQWYfhQlHRqLp3KjPFCWGjy1gopjtFZEhVpgYu52CXYI3P/IiNE8rnlvxrrxStXoPmfJwAEdwAh6cQRVqUIcGEBjAAzzBs8OdR+fFeZ2V5pzZDfvwR87bN3vUj90=</latexit><latexit sha1_base64="PATrmmB2R1sicttmMSQO7YGBvKw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzZaBmwSRnRSwLJEfY2e8mSvb1jd04IR8A/YGOhiK2/yM5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDvz249cG5GoB5ykPIjpUIlIMIpWuq82qv1yxa25c5B14i1JBZZo9stfvUHCspgrZJIa0/XcFIOcahRM8mmplxmeUjamQ961VNGYmyCfnzolF1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9Wbif143w+gmyIVKM+SKLRZFmSSYkNnfZCA0ZygnllCmhb2VsBHVlKFNp2RD8FZfXietq5rn1rw7r1KvPy3iKMIZnMMleHANdWhAE3xgMIRneIU3RzovzrvzsWgtOMsIT+EPnM8feXiNow==</latexit>

W

2
<latexit sha1_base64="Mfs25TOUKaGhuVR0sLx2JGmDlvU=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFWSbnQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFolbPY2pF+KhYAEjWBvJq/YCiUnaztJ6Vu2XK3bNzoGWifNDKu7Z0dc7ADT65Y/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXpofnaFTowxQEElTQqNc/b2R4lCpaeibyRDrkVr0ZuJ/XjfRwaWXMhEnmgoyfyhIONIRmiWABkxSovnUEEwkM7ciMsImBm1yKpkQnMUvL5NWvebYNefGqbjuPeQowjGcwDk4cAEuXEMDmkDgDh7gCZ6tifVovViv89GCNe9wCH9gvX0DPEiUVw==</latexit><latexit sha1_base64="jq19xcuSIAGe2312phFUC0uJkfc=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrspMN7osuHFZwT6gHUomzbShmcyY3CmUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5BIYdB1v52Nza3tnd3CXnH/4PDouHRy2jJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfXvCtRGxesBpwv2IDpUIBaNoI7/SCzVlWTvPanmlXyq7VXcusm68pSnDUo1+6as3iFkacYVMUmO6npugn1GNgkmeF3up4QllYzrkXWsVjbjxs/nSObm0yYCEsbZHIZmnv29kNDJmGgV2MqI4MqvdLPyv66YY3viZUEmKXLHFQ2EqCcZkRoAMhOYM5dQayrSwuxI2ohYDWk5FC8Fb/fK6adWqnlv17r1yvf60wFGAc7iAK/DgGupwBw1oAoNHeIZXeHMmzovz7nwsRjecJcIz+CPn8wdVKJIw</latexit>

W

2
<latexit sha1_base64="Mfs25TOUKaGhuVR0sLx2JGmDlvU=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFWSbnQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFolbPY2pF+KhYAEjWBvJq/YCiUnaztJ6Vu2XK3bNzoGWifNDKu7Z0dc7ADT65Y/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXpofnaFTowxQEElTQqNc/b2R4lCpaeibyRDrkVr0ZuJ/XjfRwaWXMhEnmgoyfyhIONIRmiWABkxSovnUEEwkM7ciMsImBm1yKpkQnMUvL5NWvebYNefGqbjuPeQowjGcwDk4cAEuXEMDmkDgDh7gCZ6tifVovViv89GCNe9wCH9gvX0DPEiUVw==</latexit><latexit sha1_base64="jq19xcuSIAGe2312phFUC0uJkfc=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrspMN7osuHFZwT6gHUomzbShmcyY3CmUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5BIYdB1v52Nza3tnd3CXnH/4PDouHRy2jJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfXvCtRGxesBpwv2IDpUIBaNoI7/SCzVlWTvPanmlXyq7VXcusm68pSnDUo1+6as3iFkacYVMUmO6npugn1GNgkmeF3up4QllYzrkXWsVjbjxs/nSObm0yYCEsbZHIZmnv29kNDJmGgV2MqI4MqvdLPyv66YY3viZUEmKXLHFQ2EqCcZkRoAMhOYM5dQayrSwuxI2ohYDWk5FC8Fb/fK6adWqnlv17r1yvf60wFGAc7iAK/DgGupwBw1oAoNHeIZXeHMmzovz7nwsRjecJcIz+CPn8wdVKJIw</latexit>

x
H

2
<latexit sha1_base64="xAsDdP5JEiCCWWvpM6lclblq+B0=">AAAB9HicbVDLSsNAFL3xWeurKrhxM9iKrkrSjS4DbrqsYB/QhjKZTtqhk0mcmRRKCPgXblwo4tZv8Bvc+Qt+hdPUhbYeuNzDOfcyd44fc6a0bX9aK6tr6xubha3i9s7u3n7p4LClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98PfPbEyoVi8StnsbUC/FQsIARrI3kVXqBxCStZ2ktq/RLZbtq50DLxPkhZff8+OsdABr90kdvEJEkpEITjpXqOnasvRRLzQinWbGXKBpjMsZD2jVU4JAqL82PztCZUQYoiKQpoVGu/t5IcajUNPTNZIj1SC16M/E/r5vo4MpLmYgTTQWZPxQkHOkIzRJAAyYp0XxqCCaSmVsRGWETgzY5FU0IzuKXl0mrVnXsqnPjlF33HnIU4ARO4QIcuAQX6tCAJhC4gwd4gmdrYj1aL9brfHTFmnc4gj+w3r4BJUGUSA==</latexit><latexit sha1_base64="xbJxLOVffDgC9HuvxHM+32hozL8=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmutFlwU2XFewD2qFk0kwbmsmMyZ1CGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJECoOu++3ktrZ3dvfy+4WDw6Pjk+LpWcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b9+0J10bE6gGnCfcjOlQiFIyijfxyL9SUZfVZVp2V+8WSW3EXIpvGW5kSrNToF796g5ilEVfIJDWm67kJ+hnVKJjks0IvNTyhbEyHvGutohE3frZYekaubDIgYaztUUgW6e8bGY2MmUaBnYwojsx6Nw//67ophrd+JlSSIlds+VCYSoIxmRMgA6E5Qzm1hjIt7K6EjajFgJZTwULw1r+8aVrViudWvHuvVKs9LXHk4QIu4Ro8uIEa1KEBTWDwCM/wCm/OxHlx3p2P5WjOWSE8hz9yPn8APiGSIQ==</latexit>

H

2
<latexit sha1_base64="xAsDdP5JEiCCWWvpM6lclblq+B0=">AAAB9HicbVDLSsNAFL3xWeurKrhxM9iKrkrSjS4DbrqsYB/QhjKZTtqhk0mcmRRKCPgXblwo4tZv8Bvc+Qt+hdPUhbYeuNzDOfcyd44fc6a0bX9aK6tr6xubha3i9s7u3n7p4LClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98PfPbEyoVi8StnsbUC/FQsIARrI3kVXqBxCStZ2ktq/RLZbtq50DLxPkhZff8+OsdABr90kdvEJEkpEITjpXqOnasvRRLzQinWbGXKBpjMsZD2jVU4JAqL82PztCZUQYoiKQpoVGu/t5IcajUNPTNZIj1SC16M/E/r5vo4MpLmYgTTQWZPxQkHOkIzRJAAyYp0XxqCCaSmVsRGWETgzY5FU0IzuKXl0mrVnXsqnPjlF33HnIU4ARO4QIcuAQX6tCAJhC4gwd4gmdrYj1aL9brfHTFmnc4gj+w3r4BJUGUSA==</latexit><latexit sha1_base64="xbJxLOVffDgC9HuvxHM+32hozL8=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmutFlwU2XFewD2qFk0kwbmsmMyZ1CGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJECoOu++3ktrZ3dvfy+4WDw6Pjk+LpWcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b9+0J10bE6gGnCfcjOlQiFIyijfxyL9SUZfVZVp2V+8WSW3EXIpvGW5kSrNToF796g5ilEVfIJDWm67kJ+hnVKJjks0IvNTyhbEyHvGutohE3frZYekaubDIgYaztUUgW6e8bGY2MmUaBnYwojsx6Nw//67ophrd+JlSSIlds+VCYSoIxmRMgA6E5Qzm1hjIt7K6EjajFgJZTwULw1r+8aVrViudWvHuvVKs9LXHk4QIu4Ro8uIEa1KEBTWDwCM/wCm/OxHlx3p2P5WjOWSE8hz9yPn8APiGSIQ==</latexit>

W

4
<latexit sha1_base64="a1Fx99sDOu36YukmyOAX6A7Y6FM=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFZaWV1bXiuuljc2t7Z3y7l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauq3xlQqFolbPYmpF+KBYAEjWBvJq3YDiUnaytLzrNorV+yanQMtEueHVNyTg693AKj3yh/dfkSSkApNOFaq49ix9lIsNSOcZqVuomiMyQgPaMdQgUOqvDQ/OkPHRumjIJKmhEa5+nsjxaFSk9A3kyHWQzXvTcX/vE6ig0svZSJONBVk9lCQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDNrkVDIhOPNfXiTNs5pj15wbp+K695CjCIdwBKfgwAW4cA11aACBO3iAJ3i2xtaj9WK9zkYL1qzDPvyB9fYNP1SUWQ==</latexit><latexit sha1_base64="3igWLZ1HJEd1HEJVDZdDFSRqCco=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMCLosuHFZwT6gHUomvdOGZjJjkimUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5AIro3rfjtr6xubW9uFneLu3v7BYenouKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e20b41RaR7LBzNJ0I/oQPKQM2ps5Fe6oaIsa+XZVV7plcpu1Z2JrBpvYcqwUL1X+ur2Y5ZGKA0TVOuO5ybGz6gynAnMi91UY0LZiA6wY62kEWo/my2dk3Ob9EkYK3ukIbP0942MRlpPosBORtQM9XI3Df/rOqkJb/yMyyQ1KNn8oTAVxMRkSoD0uUJmxMQayhS3uxI2pBaDsZyKFoK3/OVV07ysem7Vu/fKtdrTHEcBTuEMLsCDa6jBHdShAQwe4Rle4c0ZOy/Ou/MxH11zFghP4I+czx9YNJIy</latexit>

W

4
<latexit sha1_base64="a1Fx99sDOu36YukmyOAX6A7Y6FM=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFZaWV1bXiuuljc2t7Z3y7l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauq3xlQqFolbPYmpF+KBYAEjWBvJq3YDiUnaytLzrNorV+yanQMtEueHVNyTg693AKj3yh/dfkSSkApNOFaq49ix9lIsNSOcZqVuomiMyQgPaMdQgUOqvDQ/OkPHRumjIJKmhEa5+nsjxaFSk9A3kyHWQzXvTcX/vE6ig0svZSJONBVk9lCQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDNrkVDIhOPNfXiTNs5pj15wbp+K695CjCIdwBKfgwAW4cA11aACBO3iAJ3i2xtaj9WK9zkYL1qzDPvyB9fYNP1SUWQ==</latexit><latexit sha1_base64="3igWLZ1HJEd1HEJVDZdDFSRqCco=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMCLosuHFZwT6gHUomvdOGZjJjkimUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5AIro3rfjtr6xubW9uFneLu3v7BYenouKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e20b41RaR7LBzNJ0I/oQPKQM2ps5Fe6oaIsa+XZVV7plcpu1Z2JrBpvYcqwUL1X+ur2Y5ZGKA0TVOuO5ybGz6gynAnMi91UY0LZiA6wY62kEWo/my2dk3Ob9EkYK3ukIbP0942MRlpPosBORtQM9XI3Df/rOqkJb/yMyyQ1KNn8oTAVxMRkSoD0uUJmxMQayhS3uxI2pBaDsZyKFoK3/OVV07ysem7Vu/fKtdrTHEcBTuEMLsCDa6jBHdShAQwe4Rle4c0ZOy/Ou/MxH11zFghP4I+czx9YNJIy</latexit>

x
H

4
<latexit sha1_base64="rXcUVQmgWY58rYS227bGZbkYPD8=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcNNlBfuANpTJdNIOnUzizKRQQsC/cONCEbd+g9/gzl/wK5ymLrR64HIP59zL3Dl+zJnStv1hFZaWV1bXiuuljc2t7Z3y7l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFokbPY2pF+KhYAEjWBvJq/YCiUlaz9LzrNovV+yanQP9Jc43qbgnB59vANDol997g4gkIRWacKxU17Fj7aVYakY4zUq9RNEYkzEe0q6hAodUeWl+dIaOjTJAQSRNCY1y9edGikOlpqFvJkOsR2rRm4n/ed1EB5deykScaCrI/KEg4UhHaJYAGjBJieZTQzCRzNyKyAibGLTJqWRCcBa//Je0zmqOXXOunYrr3kGOIhzCEZyCAxfgQh0a0AQCt3APj/BkTawH69l6mY8WrHmHffgF6/ULKE2USg==</latexit><latexit sha1_base64="PUPJhEphD3TAHCVVzaLEOSi2rdY=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmRNBlwU2XFewD2qFk0jttaCYzJplCGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJEcG1c99vJbWxube/kdwt7+weHR8Xjk6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezvjVGpXksH8wkQT+iA8lDzqixkV/uhoqyrDbNrqflXrHkVty5yLrxlqYES9V7xa9uP2ZphNIwQbXueG5i/Iwqw5nAaaGbakwoG9EBdqyVNELtZ/Olp+TCJn0Sxsoeacg8/X0jo5HWkyiwkxE1Q73azcL/uk5qwls/4zJJDUq2eChMBTExmREgfa6QGTGxhjLF7a6EDanFYCyngoXgrX553TSvKp5b8e69UrX6tMCRhzM4h0vw4AaqUIM6NIDBIzzDK7w5Y+fFeXc+FqM5Z4nwFP7I+fwBQS2SIw==</latexit>

H

4
<latexit sha1_base64="rXcUVQmgWY58rYS227bGZbkYPD8=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcNNlBfuANpTJdNIOnUzizKRQQsC/cONCEbd+g9/gzl/wK5ymLrR64HIP59zL3Dl+zJnStv1hFZaWV1bXiuuljc2t7Z3y7l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFokbPY2pF+KhYAEjWBvJq/YCiUlaz9LzrNovV+yanQP9Jc43qbgnB59vANDol997g4gkIRWacKxU17Fj7aVYakY4zUq9RNEYkzEe0q6hAodUeWl+dIaOjTJAQSRNCY1y9edGikOlpqFvJkOsR2rRm4n/ed1EB5deykScaCrI/KEg4UhHaJYAGjBJieZTQzCRzNyKyAibGLTJqWRCcBa//Je0zmqOXXOunYrr3kGOIhzCEZyCAxfgQh0a0AQCt3APj/BkTawH69l6mY8WrHmHffgF6/ULKE2USg==</latexit><latexit sha1_base64="PUPJhEphD3TAHCVVzaLEOSi2rdY=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmRNBlwU2XFewD2qFk0jttaCYzJplCGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJEcG1c99vJbWxube/kdwt7+weHR8Xjk6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezvjVGpXksH8wkQT+iA8lDzqixkV/uhoqyrDbNrqflXrHkVty5yLrxlqYES9V7xa9uP2ZphNIwQbXueG5i/Iwqw5nAaaGbakwoG9EBdqyVNELtZ/Olp+TCJn0Sxsoeacg8/X0jo5HWkyiwkxE1Q73azcL/uk5qwls/4zJJDUq2eChMBTExmREgfa6QGTGxhjLF7a6EDanFYCyngoXgrX553TSvKp5b8e69UrX6tMCRhzM4h0vw4AaqUIM6NIDBIzzDK7w5Y+fFeXc+FqM5Z4nwFP7I+fwBQS2SIw==</latexit>

W

4
<latexit sha1_base64="a1Fx99sDOu36YukmyOAX6A7Y6FM=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFZaWV1bXiuuljc2t7Z3y7l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauq3xlQqFolbPYmpF+KBYAEjWBvJq3YDiUnaytLzrNorV+yanQMtEueHVNyTg693AKj3yh/dfkSSkApNOFaq49ix9lIsNSOcZqVuomiMyQgPaMdQgUOqvDQ/OkPHRumjIJKmhEa5+nsjxaFSk9A3kyHWQzXvTcX/vE6ig0svZSJONBVk9lCQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDNrkVDIhOPNfXiTNs5pj15wbp+K695CjCIdwBKfgwAW4cA11aACBO3iAJ3i2xtaj9WK9zkYL1qzDPvyB9fYNP1SUWQ==</latexit><latexit sha1_base64="3igWLZ1HJEd1HEJVDZdDFSRqCco=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMCLosuHFZwT6gHUomvdOGZjJjkimUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5AIro3rfjtr6xubW9uFneLu3v7BYenouKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e20b41RaR7LBzNJ0I/oQPKQM2ps5Fe6oaIsa+XZVV7plcpu1Z2JrBpvYcqwUL1X+ur2Y5ZGKA0TVOuO5ybGz6gynAnMi91UY0LZiA6wY62kEWo/my2dk3Ob9EkYK3ukIbP0942MRlpPosBORtQM9XI3Df/rOqkJb/yMyyQ1KNn8oTAVxMRkSoD0uUJmxMQayhS3uxI2pBaDsZyKFoK3/OVV07ysem7Vu/fKtdrTHEcBTuEMLsCDa6jBHdShAQwe4Rle4c0ZOy/Ou/MxH11zFghP4I+czx9YNJIy</latexit>

W

4
<latexit sha1_base64="a1Fx99sDOu36YukmyOAX6A7Y6FM=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFZaWV1bXiuuljc2t7Z3y7l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauq3xlQqFolbPYmpF+KBYAEjWBvJq3YDiUnaytLzrNorV+yanQMtEueHVNyTg693AKj3yh/dfkSSkApNOFaq49ix9lIsNSOcZqVuomiMyQgPaMdQgUOqvDQ/OkPHRumjIJKmhEa5+nsjxaFSk9A3kyHWQzXvTcX/vE6ig0svZSJONBVk9lCQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDNrkVDIhOPNfXiTNs5pj15wbp+K695CjCIdwBKfgwAW4cA11aACBO3iAJ3i2xtaj9WK9zkYL1qzDPvyB9fYNP1SUWQ==</latexit><latexit sha1_base64="3igWLZ1HJEd1HEJVDZdDFSRqCco=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMCLosuHFZwT6gHUomvdOGZjJjkimUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5AIro3rfjtr6xubW9uFneLu3v7BYenouKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e20b41RaR7LBzNJ0I/oQPKQM2ps5Fe6oaIsa+XZVV7plcpu1Z2JrBpvYcqwUL1X+ur2Y5ZGKA0TVOuO5ybGz6gynAnMi91UY0LZiA6wY62kEWo/my2dk3Ob9EkYK3ukIbP0942MRlpPosBORtQM9XI3Df/rOqkJb/yMyyQ1KNn8oTAVxMRkSoD0uUJmxMQayhS3uxI2pBaDsZyKFoK3/OVV07ysem7Vu/fKtdrTHEcBTuEMLsCDa6jBHdShAQwe4Rle4c0ZOy/Ou/MxH11zFghP4I+czx9YNJIy</latexit>

x
H

4
<latexit sha1_base64="rXcUVQmgWY58rYS227bGZbkYPD8=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcNNlBfuANpTJdNIOnUzizKRQQsC/cONCEbd+g9/gzl/wK5ymLrR64HIP59zL3Dl+zJnStv1hFZaWV1bXiuuljc2t7Z3y7l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFokbPY2pF+KhYAEjWBvJq/YCiUlaz9LzrNovV+yanQP9Jc43qbgnB59vANDol997g4gkIRWacKxU17Fj7aVYakY4zUq9RNEYkzEe0q6hAodUeWl+dIaOjTJAQSRNCY1y9edGikOlpqFvJkOsR2rRm4n/ed1EB5deykScaCrI/KEg4UhHaJYAGjBJieZTQzCRzNyKyAibGLTJqWRCcBa//Je0zmqOXXOunYrr3kGOIhzCEZyCAxfgQh0a0AQCt3APj/BkTawH69l6mY8WrHmHffgF6/ULKE2USg==</latexit><latexit sha1_base64="PUPJhEphD3TAHCVVzaLEOSi2rdY=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmRNBlwU2XFewD2qFk0jttaCYzJplCGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJEcG1c99vJbWxube/kdwt7+weHR8Xjk6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezvjVGpXksH8wkQT+iA8lDzqixkV/uhoqyrDbNrqflXrHkVty5yLrxlqYES9V7xa9uP2ZphNIwQbXueG5i/Iwqw5nAaaGbakwoG9EBdqyVNELtZ/Olp+TCJn0Sxsoeacg8/X0jo5HWkyiwkxE1Q73azcL/uk5qwls/4zJJDUq2eChMBTExmREgfa6QGTGxhjLF7a6EDanFYCyngoXgrX553TSvKp5b8e69UrX6tMCRhzM4h0vw4AaqUIM6NIDBIzzDK7w5Y+fFeXc+FqM5Z4nwFP7I+fwBQS2SIw==</latexit>

H

4
<latexit sha1_base64="rXcUVQmgWY58rYS227bGZbkYPD8=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcNNlBfuANpTJdNIOnUzizKRQQsC/cONCEbd+g9/gzl/wK5ymLrR64HIP59zL3Dl+zJnStv1hFZaWV1bXiuuljc2t7Z3y7l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFokbPY2pF+KhYAEjWBvJq/YCiUlaz9LzrNovV+yanQP9Jc43qbgnB59vANDol997g4gkIRWacKxU17Fj7aVYakY4zUq9RNEYkzEe0q6hAodUeWl+dIaOjTJAQSRNCY1y9edGikOlpqFvJkOsR2rRm4n/ed1EB5deykScaCrI/KEg4UhHaJYAGjBJieZTQzCRzNyKyAibGLTJqWRCcBa//Je0zmqOXXOunYrr3kGOIhzCEZyCAxfgQh0a0AQCt3APj/BkTawH69l6mY8WrHmHffgF6/ULKE2USg==</latexit><latexit sha1_base64="PUPJhEphD3TAHCVVzaLEOSi2rdY=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmRNBlwU2XFewD2qFk0jttaCYzJplCGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJEcG1c99vJbWxube/kdwt7+weHR8Xjk6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezvjVGpXksH8wkQT+iA8lDzqixkV/uhoqyrDbNrqflXrHkVty5yLrxlqYES9V7xa9uP2ZphNIwQbXueG5i/Iwqw5nAaaGbakwoG9EBdqyVNELtZ/Olp+TCJn0Sxsoeacg8/X0jo5HWkyiwkxE1Q73azcL/uk5qwls/4zJJDUq2eChMBTExmREgfa6QGTGxhjLF7a6EDanFYCyngoXgrX553TSvKp5b8e69UrX6tMCRhzM4h0vw4AaqUIM6NIDBIzzDK7w5Y+fFeXc+FqM5Z4nwFP7I+fwBQS2SIw==</latexit>

W

4
<latexit sha1_base64="a1Fx99sDOu36YukmyOAX6A7Y6FM=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFZaWV1bXiuuljc2t7Z3y7l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauq3xlQqFolbPYmpF+KBYAEjWBvJq3YDiUnaytLzrNorV+yanQMtEueHVNyTg693AKj3yh/dfkSSkApNOFaq49ix9lIsNSOcZqVuomiMyQgPaMdQgUOqvDQ/OkPHRumjIJKmhEa5+nsjxaFSk9A3kyHWQzXvTcX/vE6ig0svZSJONBVk9lCQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDNrkVDIhOPNfXiTNs5pj15wbp+K695CjCIdwBKfgwAW4cA11aACBO3iAJ3i2xtaj9WK9zkYL1qzDPvyB9fYNP1SUWQ==</latexit><latexit sha1_base64="3igWLZ1HJEd1HEJVDZdDFSRqCco=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMCLosuHFZwT6gHUomvdOGZjJjkimUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5AIro3rfjtr6xubW9uFneLu3v7BYenouKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e20b41RaR7LBzNJ0I/oQPKQM2ps5Fe6oaIsa+XZVV7plcpu1Z2JrBpvYcqwUL1X+ur2Y5ZGKA0TVOuO5ybGz6gynAnMi91UY0LZiA6wY62kEWo/my2dk3Ob9EkYK3ukIbP0942MRlpPosBORtQM9XI3Df/rOqkJb/yMyyQ1KNn8oTAVxMRkSoD0uUJmxMQayhS3uxI2pBaDsZyKFoK3/OVV07ysem7Vu/fKtdrTHEcBTuEMLsCDa6jBHdShAQwe4Rle4c0ZOy/Ou/MxH11zFghP4I+czx9YNJIy</latexit>

W

4
<latexit sha1_base64="a1Fx99sDOu36YukmyOAX6A7Y6FM=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFZaWV1bXiuuljc2t7Z3y7l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauq3xlQqFolbPYmpF+KBYAEjWBvJq3YDiUnaytLzrNorV+yanQMtEueHVNyTg693AKj3yh/dfkSSkApNOFaq49ix9lIsNSOcZqVuomiMyQgPaMdQgUOqvDQ/OkPHRumjIJKmhEa5+nsjxaFSk9A3kyHWQzXvTcX/vE6ig0svZSJONBVk9lCQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDNrkVDIhOPNfXiTNs5pj15wbp+K695CjCIdwBKfgwAW4cA11aACBO3iAJ3i2xtaj9WK9zkYL1qzDPvyB9fYNP1SUWQ==</latexit><latexit sha1_base64="3igWLZ1HJEd1HEJVDZdDFSRqCco=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMCLosuHFZwT6gHUomvdOGZjJjkimUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5AIro3rfjtr6xubW9uFneLu3v7BYenouKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e20b41RaR7LBzNJ0I/oQPKQM2ps5Fe6oaIsa+XZVV7plcpu1Z2JrBpvYcqwUL1X+ur2Y5ZGKA0TVOuO5ybGz6gynAnMi91UY0LZiA6wY62kEWo/my2dk3Ob9EkYK3ukIbP0942MRlpPosBORtQM9XI3Df/rOqkJb/yMyyQ1KNn8oTAVxMRkSoD0uUJmxMQayhS3uxI2pBaDsZyKFoK3/OVV07ysem7Vu/fKtdrTHEcBTuEMLsCDa6jBHdShAQwe4Rle4c0ZOy/Ou/MxH11zFghP4I+czx9YNJIy</latexit>

x
H

4
<latexit sha1_base64="rXcUVQmgWY58rYS227bGZbkYPD8=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcNNlBfuANpTJdNIOnUzizKRQQsC/cONCEbd+g9/gzl/wK5ymLrR64HIP59zL3Dl+zJnStv1hFZaWV1bXiuuljc2t7Z3y7l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFokbPY2pF+KhYAEjWBvJq/YCiUlaz9LzrNovV+yanQP9Jc43qbgnB59vANDol997g4gkIRWacKxU17Fj7aVYakY4zUq9RNEYkzEe0q6hAodUeWl+dIaOjTJAQSRNCY1y9edGikOlpqFvJkOsR2rRm4n/ed1EB5deykScaCrI/KEg4UhHaJYAGjBJieZTQzCRzNyKyAibGLTJqWRCcBa//Je0zmqOXXOunYrr3kGOIhzCEZyCAxfgQh0a0AQCt3APj/BkTawH69l6mY8WrHmHffgF6/ULKE2USg==</latexit><latexit sha1_base64="PUPJhEphD3TAHCVVzaLEOSi2rdY=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmRNBlwU2XFewD2qFk0jttaCYzJplCGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJEcG1c99vJbWxube/kdwt7+weHR8Xjk6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezvjVGpXksH8wkQT+iA8lDzqixkV/uhoqyrDbNrqflXrHkVty5yLrxlqYES9V7xa9uP2ZphNIwQbXueG5i/Iwqw5nAaaGbakwoG9EBdqyVNELtZ/Olp+TCJn0Sxsoeacg8/X0jo5HWkyiwkxE1Q73azcL/uk5qwls/4zJJDUq2eChMBTExmREgfa6QGTGxhjLF7a6EDanFYCyngoXgrX553TSvKp5b8e69UrX6tMCRhzM4h0vw4AaqUIM6NIDBIzzDK7w5Y+fFeXc+FqM5Z4nwFP7I+fwBQS2SIw==</latexit>

H

4
<latexit sha1_base64="rXcUVQmgWY58rYS227bGZbkYPD8=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcNNlBfuANpTJdNIOnUzizKRQQsC/cONCEbd+g9/gzl/wK5ymLrR64HIP59zL3Dl+zJnStv1hFZaWV1bXiuuljc2t7Z3y7l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFokbPY2pF+KhYAEjWBvJq/YCiUlaz9LzrNovV+yanQP9Jc43qbgnB59vANDol997g4gkIRWacKxU17Fj7aVYakY4zUq9RNEYkzEe0q6hAodUeWl+dIaOjTJAQSRNCY1y9edGikOlpqFvJkOsR2rRm4n/ed1EB5deykScaCrI/KEg4UhHaJYAGjBJieZTQzCRzNyKyAibGLTJqWRCcBa//Je0zmqOXXOunYrr3kGOIhzCEZyCAxfgQh0a0AQCt3APj/BkTawH69l6mY8WrHmHffgF6/ULKE2USg==</latexit><latexit sha1_base64="PUPJhEphD3TAHCVVzaLEOSi2rdY=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmRNBlwU2XFewD2qFk0jttaCYzJplCGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJEcG1c99vJbWxube/kdwt7+weHR8Xjk6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezvjVGpXksH8wkQT+iA8lDzqixkV/uhoqyrDbNrqflXrHkVty5yLrxlqYES9V7xa9uP2ZphNIwQbXueG5i/Iwqw5nAaaGbakwoG9EBdqyVNELtZ/Olp+TCJn0Sxsoeacg8/X0jo5HWkyiwkxE1Q73azcL/uk5qwls/4zJJDUq2eChMBTExmREgfa6QGTGxhjLF7a6EDanFYCyngoXgrX553TSvKp5b8e69UrX6tMCRhzM4h0vw4AaqUIM6NIDBIzzDK7w5Y+fFeXc+FqM5Z4nwFP7I+fwBQS2SIw==</latexit>

256 256

W

4
<latexit sha1_base64="a1Fx99sDOu36YukmyOAX6A7Y6FM=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFZaWV1bXiuuljc2t7Z3y7l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauq3xlQqFolbPYmpF+KBYAEjWBvJq3YDiUnaytLzrNorV+yanQMtEueHVNyTg693AKj3yh/dfkSSkApNOFaq49ix9lIsNSOcZqVuomiMyQgPaMdQgUOqvDQ/OkPHRumjIJKmhEa5+nsjxaFSk9A3kyHWQzXvTcX/vE6ig0svZSJONBVk9lCQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDNrkVDIhOPNfXiTNs5pj15wbp+K695CjCIdwBKfgwAW4cA11aACBO3iAJ3i2xtaj9WK9zkYL1qzDPvyB9fYNP1SUWQ==</latexit><latexit sha1_base64="3igWLZ1HJEd1HEJVDZdDFSRqCco=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMCLosuHFZwT6gHUomvdOGZjJjkimUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5AIro3rfjtr6xubW9uFneLu3v7BYenouKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e20b41RaR7LBzNJ0I/oQPKQM2ps5Fe6oaIsa+XZVV7plcpu1Z2JrBpvYcqwUL1X+ur2Y5ZGKA0TVOuO5ybGz6gynAnMi91UY0LZiA6wY62kEWo/my2dk3Ob9EkYK3ukIbP0942MRlpPosBORtQM9XI3Df/rOqkJb/yMyyQ1KNn8oTAVxMRkSoD0uUJmxMQayhS3uxI2pBaDsZyKFoK3/OVV07ysem7Vu/fKtdrTHEcBTuEMLsCDa6jBHdShAQwe4Rle4c0ZOy/Ou/MxH11zFghP4I+czx9YNJIy</latexit>

W

4
<latexit sha1_base64="a1Fx99sDOu36YukmyOAX6A7Y6FM=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFZaWV1bXiuuljc2t7Z3y7l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauq3xlQqFolbPYmpF+KBYAEjWBvJq3YDiUnaytLzrNorV+yanQMtEueHVNyTg693AKj3yh/dfkSSkApNOFaq49ix9lIsNSOcZqVuomiMyQgPaMdQgUOqvDQ/OkPHRumjIJKmhEa5+nsjxaFSk9A3kyHWQzXvTcX/vE6ig0svZSJONBVk9lCQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDNrkVDIhOPNfXiTNs5pj15wbp+K695CjCIdwBKfgwAW4cA11aACBO3iAJ3i2xtaj9WK9zkYL1qzDPvyB9fYNP1SUWQ==</latexit><latexit sha1_base64="3igWLZ1HJEd1HEJVDZdDFSRqCco=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrsqMCLosuHFZwT6gHUomvdOGZjJjkimUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5AIro3rfjtr6xubW9uFneLu3v7BYenouKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e20b41RaR7LBzNJ0I/oQPKQM2ps5Fe6oaIsa+XZVV7plcpu1Z2JrBpvYcqwUL1X+ur2Y5ZGKA0TVOuO5ybGz6gynAnMi91UY0LZiA6wY62kEWo/my2dk3Ob9EkYK3ukIbP0942MRlpPosBORtQM9XI3Df/rOqkJb/yMyyQ1KNn8oTAVxMRkSoD0uUJmxMQayhS3uxI2pBaDsZyKFoK3/OVV07ysem7Vu/fKtdrTHEcBTuEMLsCDa6jBHdShAQwe4Rle4c0ZOy/Ou/MxH11zFghP4I+czx9YNJIy</latexit>

x
H

4
<latexit sha1_base64="rXcUVQmgWY58rYS227bGZbkYPD8=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcNNlBfuANpTJdNIOnUzizKRQQsC/cONCEbd+g9/gzl/wK5ymLrR64HIP59zL3Dl+zJnStv1hFZaWV1bXiuuljc2t7Z3y7l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFokbPY2pF+KhYAEjWBvJq/YCiUlaz9LzrNovV+yanQP9Jc43qbgnB59vANDol997g4gkIRWacKxU17Fj7aVYakY4zUq9RNEYkzEe0q6hAodUeWl+dIaOjTJAQSRNCY1y9edGikOlpqFvJkOsR2rRm4n/ed1EB5deykScaCrI/KEg4UhHaJYAGjBJieZTQzCRzNyKyAibGLTJqWRCcBa//Je0zmqOXXOunYrr3kGOIhzCEZyCAxfgQh0a0AQCt3APj/BkTawH69l6mY8WrHmHffgF6/ULKE2USg==</latexit><latexit sha1_base64="PUPJhEphD3TAHCVVzaLEOSi2rdY=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmRNBlwU2XFewD2qFk0jttaCYzJplCGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJEcG1c99vJbWxube/kdwt7+weHR8Xjk6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezvjVGpXksH8wkQT+iA8lDzqixkV/uhoqyrDbNrqflXrHkVty5yLrxlqYES9V7xa9uP2ZphNIwQbXueG5i/Iwqw5nAaaGbakwoG9EBdqyVNELtZ/Olp+TCJn0Sxsoeacg8/X0jo5HWkyiwkxE1Q73azcL/uk5qwls/4zJJDUq2eChMBTExmREgfa6QGTGxhjLF7a6EDanFYCyngoXgrX553TSvKp5b8e69UrX6tMCRhzM4h0vw4AaqUIM6NIDBIzzDK7w5Y+fFeXc+FqM5Z4nwFP7I+fwBQS2SIw==</latexit>

H

4
<latexit sha1_base64="rXcUVQmgWY58rYS227bGZbkYPD8=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFUSEXQZcNNlBfuANpTJdNIOnUzizKRQQsC/cONCEbd+g9/gzl/wK5ymLrR64HIP59zL3Dl+zJnStv1hFZaWV1bXiuuljc2t7Z3y7l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFokbPY2pF+KhYAEjWBvJq/YCiUlaz9LzrNovV+yanQP9Jc43qbgnB59vANDol997g4gkIRWacKxU17Fj7aVYakY4zUq9RNEYkzEe0q6hAodUeWl+dIaOjTJAQSRNCY1y9edGikOlpqFvJkOsR2rRm4n/ed1EB5deykScaCrI/KEg4UhHaJYAGjBJieZTQzCRzNyKyAibGLTJqWRCcBa//Je0zmqOXXOunYrr3kGOIhzCEZyCAxfgQh0a0AQCt3APj/BkTawH69l6mY8WrHmHffgF6/ULKE2USg==</latexit><latexit sha1_base64="PUPJhEphD3TAHCVVzaLEOSi2rdY=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmRNBlwU2XFewD2qFk0jttaCYzJplCGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJEcG1c99vJbWxube/kdwt7+weHR8Xjk6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezvjVGpXksH8wkQT+iA8lDzqixkV/uhoqyrDbNrqflXrHkVty5yLrxlqYES9V7xa9uP2ZphNIwQbXueG5i/Iwqw5nAaaGbakwoG9EBdqyVNELtZ/Olp+TCJn0Sxsoeacg8/X0jo5HWkyiwkxE1Q73azcL/uk5qwls/4zJJDUq2eChMBTExmREgfa6QGTGxhjLF7a6EDanFYCyngoXgrX553TSvKp5b8e69UrX6tMCRhzM4h0vw4AaqUIM6NIDBIzzDK7w5Y+fFeXc+FqM5Z4nwFP7I+fwBQS2SIw==</latexit>

256+128

W

2
<latexit sha1_base64="Mfs25TOUKaGhuVR0sLx2JGmDlvU=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFWSbnQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFolbPY2pF+KhYAEjWBvJq/YCiUnaztJ6Vu2XK3bNzoGWifNDKu7Z0dc7ADT65Y/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXpofnaFTowxQEElTQqNc/b2R4lCpaeibyRDrkVr0ZuJ/XjfRwaWXMhEnmgoyfyhIONIRmiWABkxSovnUEEwkM7ciMsImBm1yKpkQnMUvL5NWvebYNefGqbjuPeQowjGcwDk4cAEuXEMDmkDgDh7gCZ6tifVovViv89GCNe9wCH9gvX0DPEiUVw==</latexit><latexit sha1_base64="jq19xcuSIAGe2312phFUC0uJkfc=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrspMN7osuHFZwT6gHUomzbShmcyY3CmUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5BIYdB1v52Nza3tnd3CXnH/4PDouHRy2jJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfXvCtRGxesBpwv2IDpUIBaNoI7/SCzVlWTvPanmlXyq7VXcusm68pSnDUo1+6as3iFkacYVMUmO6npugn1GNgkmeF3up4QllYzrkXWsVjbjxs/nSObm0yYCEsbZHIZmnv29kNDJmGgV2MqI4MqvdLPyv66YY3viZUEmKXLHFQ2EqCcZkRoAMhOYM5dQayrSwuxI2ohYDWk5FC8Fb/fK6adWqnlv17r1yvf60wFGAc7iAK/DgGupwBw1oAoNHeIZXeHMmzovz7nwsRjecJcIz+CPn8wdVKJIw</latexit>

W

2
<latexit sha1_base64="Mfs25TOUKaGhuVR0sLx2JGmDlvU=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFWSbnQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFolbPY2pF+KhYAEjWBvJq/YCiUnaztJ6Vu2XK3bNzoGWifNDKu7Z0dc7ADT65Y/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXpofnaFTowxQEElTQqNc/b2R4lCpaeibyRDrkVr0ZuJ/XjfRwaWXMhEnmgoyfyhIONIRmiWABkxSovnUEEwkM7ciMsImBm1yKpkQnMUvL5NWvebYNefGqbjuPeQowjGcwDk4cAEuXEMDmkDgDh7gCZ6tifVovViv89GCNe9wCH9gvX0DPEiUVw==</latexit><latexit sha1_base64="jq19xcuSIAGe2312phFUC0uJkfc=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrspMN7osuHFZwT6gHUomzbShmcyY3CmUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5BIYdB1v52Nza3tnd3CXnH/4PDouHRy2jJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfXvCtRGxesBpwv2IDpUIBaNoI7/SCzVlWTvPanmlXyq7VXcusm68pSnDUo1+6as3iFkacYVMUmO6npugn1GNgkmeF3up4QllYzrkXWsVjbjxs/nSObm0yYCEsbZHIZmnv29kNDJmGgV2MqI4MqvdLPyv66YY3viZUEmKXLHFQ2EqCcZkRoAMhOYM5dQayrSwuxI2ohYDWk5FC8Fb/fK6adWqnlv17r1yvf60wFGAc7iAK/DgGupwBw1oAoNHeIZXeHMmzovz7nwsRjecJcIz+CPn8wdVKJIw</latexit>

x
H

2
<latexit sha1_base64="xAsDdP5JEiCCWWvpM6lclblq+B0=">AAAB9HicbVDLSsNAFL3xWeurKrhxM9iKrkrSjS4DbrqsYB/QhjKZTtqhk0mcmRRKCPgXblwo4tZv8Bvc+Qt+hdPUhbYeuNzDOfcyd44fc6a0bX9aK6tr6xubha3i9s7u3n7p4LClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98PfPbEyoVi8StnsbUC/FQsIARrI3kVXqBxCStZ2ktq/RLZbtq50DLxPkhZff8+OsdABr90kdvEJEkpEITjpXqOnasvRRLzQinWbGXKBpjMsZD2jVU4JAqL82PztCZUQYoiKQpoVGu/t5IcajUNPTNZIj1SC16M/E/r5vo4MpLmYgTTQWZPxQkHOkIzRJAAyYp0XxqCCaSmVsRGWETgzY5FU0IzuKXl0mrVnXsqnPjlF33HnIU4ARO4QIcuAQX6tCAJhC4gwd4gmdrYj1aL9brfHTFmnc4gj+w3r4BJUGUSA==</latexit><latexit sha1_base64="xbJxLOVffDgC9HuvxHM+32hozL8=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmutFlwU2XFewD2qFk0kwbmsmMyZ1CGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJECoOu++3ktrZ3dvfy+4WDw6Pjk+LpWcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b9+0J10bE6gGnCfcjOlQiFIyijfxyL9SUZfVZVp2V+8WSW3EXIpvGW5kSrNToF796g5ilEVfIJDWm67kJ+hnVKJjks0IvNTyhbEyHvGutohE3frZYekaubDIgYaztUUgW6e8bGY2MmUaBnYwojsx6Nw//67ophrd+JlSSIlds+VCYSoIxmRMgA6E5Qzm1hjIt7K6EjajFgJZTwULw1r+8aVrViudWvHuvVKs9LXHk4QIu4Ro8uIEa1KEBTWDwCM/wCm/OxHlx3p2P5WjOWSE8hz9yPn8APiGSIQ==</latexit>

H

2
<latexit sha1_base64="xAsDdP5JEiCCWWvpM6lclblq+B0=">AAAB9HicbVDLSsNAFL3xWeurKrhxM9iKrkrSjS4DbrqsYB/QhjKZTtqhk0mcmRRKCPgXblwo4tZv8Bvc+Qt+hdPUhbYeuNzDOfcyd44fc6a0bX9aK6tr6xubha3i9s7u3n7p4LClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98PfPbEyoVi8StnsbUC/FQsIARrI3kVXqBxCStZ2ktq/RLZbtq50DLxPkhZff8+OsdABr90kdvEJEkpEITjpXqOnasvRRLzQinWbGXKBpjMsZD2jVU4JAqL82PztCZUQYoiKQpoVGu/t5IcajUNPTNZIj1SC16M/E/r5vo4MpLmYgTTQWZPxQkHOkIzRJAAyYp0XxqCCaSmVsRGWETgzY5FU0IzuKXl0mrVnXsqnPjlF33HnIU4ARO4QIcuAQX6tCAJhC4gwd4gmdrYj1aL9brfHTFmnc4gj+w3r4BJUGUSA==</latexit><latexit sha1_base64="xbJxLOVffDgC9HuvxHM+32hozL8=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmutFlwU2XFewD2qFk0kwbmsmMyZ1CGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJECoOu++3ktrZ3dvfy+4WDw6Pjk+LpWcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b9+0J10bE6gGnCfcjOlQiFIyijfxyL9SUZfVZVp2V+8WSW3EXIpvGW5kSrNToF796g5ilEVfIJDWm67kJ+hnVKJjks0IvNTyhbEyHvGutohE3frZYekaubDIgYaztUUgW6e8bGY2MmUaBnYwojsx6Nw//67ophrd+JlSSIlds+VCYSoIxmRMgA6E5Qzm1hjIt7K6EjajFgJZTwULw1r+8aVrViudWvHuvVKs9LXHk4QIu4Ro8uIEa1KEBTWDwCM/wCm/OxHlx3p2P5WjOWSE8hz9yPn8APiGSIQ==</latexit>

W

2
<latexit sha1_base64="Mfs25TOUKaGhuVR0sLx2JGmDlvU=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFWSbnQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFolbPY2pF+KhYAEjWBvJq/YCiUnaztJ6Vu2XK3bNzoGWifNDKu7Z0dc7ADT65Y/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXpofnaFTowxQEElTQqNc/b2R4lCpaeibyRDrkVr0ZuJ/XjfRwaWXMhEnmgoyfyhIONIRmiWABkxSovnUEEwkM7ciMsImBm1yKpkQnMUvL5NWvebYNefGqbjuPeQowjGcwDk4cAEuXEMDmkDgDh7gCZ6tifVovViv89GCNe9wCH9gvX0DPEiUVw==</latexit><latexit sha1_base64="jq19xcuSIAGe2312phFUC0uJkfc=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrspMN7osuHFZwT6gHUomzbShmcyY3CmUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5BIYdB1v52Nza3tnd3CXnH/4PDouHRy2jJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfXvCtRGxesBpwv2IDpUIBaNoI7/SCzVlWTvPanmlXyq7VXcusm68pSnDUo1+6as3iFkacYVMUmO6npugn1GNgkmeF3up4QllYzrkXWsVjbjxs/nSObm0yYCEsbZHIZmnv29kNDJmGgV2MqI4MqvdLPyv66YY3viZUEmKXLHFQ2EqCcZkRoAMhOYM5dQayrSwuxI2ohYDWk5FC8Fb/fK6adWqnlv17r1yvf60wFGAc7iAK/DgGupwBw1oAoNHeIZXeHMmzovz7nwsRjecJcIz+CPn8wdVKJIw</latexit>

W

2
<latexit sha1_base64="Mfs25TOUKaGhuVR0sLx2JGmDlvU=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFWSbnQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFolbPY2pF+KhYAEjWBvJq/YCiUnaztJ6Vu2XK3bNzoGWifNDKu7Z0dc7ADT65Y/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXpofnaFTowxQEElTQqNc/b2R4lCpaeibyRDrkVr0ZuJ/XjfRwaWXMhEnmgoyfyhIONIRmiWABkxSovnUEEwkM7ciMsImBm1yKpkQnMUvL5NWvebYNefGqbjuPeQowjGcwDk4cAEuXEMDmkDgDh7gCZ6tifVovViv89GCNe9wCH9gvX0DPEiUVw==</latexit><latexit sha1_base64="jq19xcuSIAGe2312phFUC0uJkfc=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrspMN7osuHFZwT6gHUomzbShmcyY3CmUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5BIYdB1v52Nza3tnd3CXnH/4PDouHRy2jJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfXvCtRGxesBpwv2IDpUIBaNoI7/SCzVlWTvPanmlXyq7VXcusm68pSnDUo1+6as3iFkacYVMUmO6npugn1GNgkmeF3up4QllYzrkXWsVjbjxs/nSObm0yYCEsbZHIZmnv29kNDJmGgV2MqI4MqvdLPyv66YY3viZUEmKXLHFQ2EqCcZkRoAMhOYM5dQayrSwuxI2ohYDWk5FC8Fb/fK6adWqnlv17r1yvf60wFGAc7iAK/DgGupwBw1oAoNHeIZXeHMmzovz7nwsRjecJcIz+CPn8wdVKJIw</latexit>

x
H

2
<latexit sha1_base64="xAsDdP5JEiCCWWvpM6lclblq+B0=">AAAB9HicbVDLSsNAFL3xWeurKrhxM9iKrkrSjS4DbrqsYB/QhjKZTtqhk0mcmRRKCPgXblwo4tZv8Bvc+Qt+hdPUhbYeuNzDOfcyd44fc6a0bX9aK6tr6xubha3i9s7u3n7p4LClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98PfPbEyoVi8StnsbUC/FQsIARrI3kVXqBxCStZ2ktq/RLZbtq50DLxPkhZff8+OsdABr90kdvEJEkpEITjpXqOnasvRRLzQinWbGXKBpjMsZD2jVU4JAqL82PztCZUQYoiKQpoVGu/t5IcajUNPTNZIj1SC16M/E/r5vo4MpLmYgTTQWZPxQkHOkIzRJAAyYp0XxqCCaSmVsRGWETgzY5FU0IzuKXl0mrVnXsqnPjlF33HnIU4ARO4QIcuAQX6tCAJhC4gwd4gmdrYj1aL9brfHTFmnc4gj+w3r4BJUGUSA==</latexit><latexit sha1_base64="xbJxLOVffDgC9HuvxHM+32hozL8=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmutFlwU2XFewD2qFk0kwbmsmMyZ1CGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJECoOu++3ktrZ3dvfy+4WDw6Pjk+LpWcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b9+0J10bE6gGnCfcjOlQiFIyijfxyL9SUZfVZVp2V+8WSW3EXIpvGW5kSrNToF796g5ilEVfIJDWm67kJ+hnVKJjks0IvNTyhbEyHvGutohE3frZYekaubDIgYaztUUgW6e8bGY2MmUaBnYwojsx6Nw//67ophrd+JlSSIlds+VCYSoIxmRMgA6E5Qzm1hjIt7K6EjajFgJZTwULw1r+8aVrViudWvHuvVKs9LXHk4QIu4Ro8uIEa1KEBTWDwCM/wCm/OxHlx3p2P5WjOWSE8hz9yPn8APiGSIQ==</latexit>

H

2
<latexit sha1_base64="xAsDdP5JEiCCWWvpM6lclblq+B0=">AAAB9HicbVDLSsNAFL3xWeurKrhxM9iKrkrSjS4DbrqsYB/QhjKZTtqhk0mcmRRKCPgXblwo4tZv8Bvc+Qt+hdPUhbYeuNzDOfcyd44fc6a0bX9aK6tr6xubha3i9s7u3n7p4LClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98PfPbEyoVi8StnsbUC/FQsIARrI3kVXqBxCStZ2ktq/RLZbtq50DLxPkhZff8+OsdABr90kdvEJEkpEITjpXqOnasvRRLzQinWbGXKBpjMsZD2jVU4JAqL82PztCZUQYoiKQpoVGu/t5IcajUNPTNZIj1SC16M/E/r5vo4MpLmYgTTQWZPxQkHOkIzRJAAyYp0XxqCCaSmVsRGWETgzY5FU0IzuKXl0mrVnXsqnPjlF33HnIU4ARO4QIcuAQX6tCAJhC4gwd4gmdrYj1aL9brfHTFmnc4gj+w3r4BJUGUSA==</latexit><latexit sha1_base64="xbJxLOVffDgC9HuvxHM+32hozL8=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmutFlwU2XFewD2qFk0kwbmsmMyZ1CGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJECoOu++3ktrZ3dvfy+4WDw6Pjk+LpWcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b9+0J10bE6gGnCfcjOlQiFIyijfxyL9SUZfVZVp2V+8WSW3EXIpvGW5kSrNToF796g5ilEVfIJDWm67kJ+hnVKJjks0IvNTyhbEyHvGutohE3frZYekaubDIgYaztUUgW6e8bGY2MmUaBnYwojsx6Nw//67ophrd+JlSSIlds+VCYSoIxmRMgA6E5Qzm1hjIt7K6EjajFgJZTwULw1r+8aVrViudWvHuvVKs9LXHk4QIu4Ro8uIEa1KEBTWDwCM/wCm/OxHlx3p2P5WjOWSE8hz9yPn8APiGSIQ==</latexit>

128 128

128+64 64

W
<latexit sha1_base64="x6Y1CK3DUvaPFtoINS8GH++61yc=">AAAB63icbZDLSgMxFIZP6q3WW9WlIMFWcFVm3OjOghuXFewF2qFm0kwbmmSGJCOUoeATuHGhiFvfwRfwBdz5Ns5MXWjrDyEf/39Czjl+JLixjvOFCkvLK6trxfXSxubW9k55d69lwlhT1qShCHXHJ4YJrljTcitYJ9KMSF+wtj++zPL2HdOGh+rGTiLmSTJUPOCU2Myqtqulfrni1JxceBHcH6hcfBy+3wJAo1/+7A1CGkumLBXEmK7rRNZLiLacCjYt9WLDIkLHZMi6KSoimfGSvNcpPk6dAQ5CnR5lce7+fpEQacxE+mmlJHZk5rPM/C/rxjY49xKuotgyRWcfBbHANsTZ4HjANaNWTFIgVPO0V0xHRBNq0/VkS3DnR16E1mnNdWrutVup1+8hVxEO4AhOwIUzqMMVNKAJFEbwAE/wjCR6RC/odVZaQLMb9uGP0Ns3x06QAA==</latexit><latexit sha1_base64="ml0W5pmvH9qkhtSMHzzjn0fZ7ls=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5J40WPAi8cK9gPaUDbbSbt0dxN2N0IJBX+BFw+KePUPefPfmLQ9aOuDgcd7M8zMCxPBjXXdb6e0sbm1vVPereztHxweVY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObgu/84ja8Fg92GmCgaQjxSPOqC2keqdeGVRrbsOdg6wTb0lqsERzUP3qD2OWSlSWCWpMz3MTG2RUW84Ezir91GBC2YSOsJdTRSWaIJvfOiMXuTIkUazzUpbM1d8TGZXGTGWYd0pqx2bVK8T/vF5qo5sg4ypJLSq2WBSlgtiYFI+TIdfIrJjmhDLN81sJG1NNmc3jKULwVl9eJ+2rhuc2vHuv5vtPizjKcAbncAkeXIMPd9CEFjAYwzO8wpsjnRfn3flYtJacZYSn8AfO5w/E8o3G</latexit>

W
<latexit sha1_base64="x6Y1CK3DUvaPFtoINS8GH++61yc=">AAAB63icbZDLSgMxFIZP6q3WW9WlIMFWcFVm3OjOghuXFewF2qFm0kwbmmSGJCOUoeATuHGhiFvfwRfwBdz5Ns5MXWjrDyEf/39Czjl+JLixjvOFCkvLK6trxfXSxubW9k55d69lwlhT1qShCHXHJ4YJrljTcitYJ9KMSF+wtj++zPL2HdOGh+rGTiLmSTJUPOCU2Myqtqulfrni1JxceBHcH6hcfBy+3wJAo1/+7A1CGkumLBXEmK7rRNZLiLacCjYt9WLDIkLHZMi6KSoimfGSvNcpPk6dAQ5CnR5lce7+fpEQacxE+mmlJHZk5rPM/C/rxjY49xKuotgyRWcfBbHANsTZ4HjANaNWTFIgVPO0V0xHRBNq0/VkS3DnR16E1mnNdWrutVup1+8hVxEO4AhOwIUzqMMVNKAJFEbwAE/wjCR6RC/odVZaQLMb9uGP0Ns3x06QAA==</latexit><latexit sha1_base64="ml0W5pmvH9qkhtSMHzzjn0fZ7ls=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5J40WPAi8cK9gPaUDbbSbt0dxN2N0IJBX+BFw+KePUPefPfmLQ9aOuDgcd7M8zMCxPBjXXdb6e0sbm1vVPereztHxweVY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObgu/84ja8Fg92GmCgaQjxSPOqC2keqdeGVRrbsOdg6wTb0lqsERzUP3qD2OWSlSWCWpMz3MTG2RUW84Ezir91GBC2YSOsJdTRSWaIJvfOiMXuTIkUazzUpbM1d8TGZXGTGWYd0pqx2bVK8T/vF5qo5sg4ypJLSq2WBSlgtiYFI+TIdfIrJjmhDLN81sJG1NNmc3jKULwVl9eJ+2rhuc2vHuv5vtPizjKcAbncAkeXIMPd9CEFjAYwzO8wpsjnRfn3flYtJacZYSn8AfO5w/E8o3G</latexit>

x
H<latexit sha1_base64="ZR+XJ8WwoovnH7Oe2UIgzvHe8vA=">AAAB6nicbZDLSgMxFIbP1Futt6pLQYKt4KrMuNGdBTddVrQXaIeaSTNtaCYZkoxQhoIv4MaFIm59CF/AF3Dn25hOXWjrDyEf/39CzjlBzJk2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty0QR2iCSS9UOsKacCdowzHDajhXFUcBpKxhdTvPWHVWaSXFjxjH1IzwQLGQEG2tdl2vlXrHkVtxMaBG8HyhdfBy+3wJAvVf87PYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7FgWOqPbTrNUJOrZOH4VS2SMMytzfL1IcaT2OAlsZYTPU89nU/C/rJCY891Mm4sRQQWYfhQlHRqLp3KjPFCWGjy1gopjtFZEhVpgYu52CXYI3P/IiNE8rnlvxrrxStXoPmfJwAEdwAh6cQRVqUIcGEBjAAzzBs8OdR+fFeZ2V5pzZDfvwR87bN3vUj90=</latexit><latexit sha1_base64="PATrmmB2R1sicttmMSQO7YGBvKw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzZaBmwSRnRSwLJEfY2e8mSvb1jd04IR8A/YGOhiK2/yM5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDvz249cG5GoB5ykPIjpUIlIMIpWuq82qv1yxa25c5B14i1JBZZo9stfvUHCspgrZJIa0/XcFIOcahRM8mmplxmeUjamQ961VNGYmyCfnzolF1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9Wbif143w+gmyIVKM+SKLRZFmSSYkNnfZCA0ZygnllCmhb2VsBHVlKFNp2RD8FZfXietq5rn1rw7r1KvPy3iKMIZnMMleHANdWhAE3xgMIRneIU3RzovzrvzsWgtOMsIT+EPnM8feXiNow==</latexit>H<latexit sha1_base64="ZR+XJ8WwoovnH7Oe2UIgzvHe8vA=">AAAB6nicbZDLSgMxFIbP1Futt6pLQYKt4KrMuNGdBTddVrQXaIeaSTNtaCYZkoxQhoIv4MaFIm59CF/AF3Dn25hOXWjrDyEf/39CzjlBzJk2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty0QR2iCSS9UOsKacCdowzHDajhXFUcBpKxhdTvPWHVWaSXFjxjH1IzwQLGQEG2tdl2vlXrHkVtxMaBG8HyhdfBy+3wJAvVf87PYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7FgWOqPbTrNUJOrZOH4VS2SMMytzfL1IcaT2OAlsZYTPU89nU/C/rJCY891Mm4sRQQWYfhQlHRqLp3KjPFCWGjy1gopjtFZEhVpgYu52CXYI3P/IiNE8rnlvxrrxStXoPmfJwAEdwAh6cQRVqUIcGEBjAAzzBs8OdR+fFeZ2V5pzZDfvwR87bN3vUj90=</latexit><latexit sha1_base64="PATrmmB2R1sicttmMSQO7YGBvKw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzZaBmwSRnRSwLJEfY2e8mSvb1jd04IR8A/YGOhiK2/yM5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDvz249cG5GoB5ykPIjpUIlIMIpWuq82qv1yxa25c5B14i1JBZZo9stfvUHCspgrZJIa0/XcFIOcahRM8mmplxmeUjamQ961VNGYmyCfnzolF1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9Wbif143w+gmyIVKM+SKLRZFmSSYkNnfZCA0ZygnllCmhb2VsBHVlKFNp2RD8FZfXietq5rn1rw7r1KvPy3iKMIZnMMleHANdWhAE3xgMIRneIU3RzovzrvzsWgtOMsIT+EPnM8feXiNow==</latexit>

W

2
<latexit sha1_base64="Mfs25TOUKaGhuVR0sLx2JGmDlvU=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFWSbnQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFolbPY2pF+KhYAEjWBvJq/YCiUnaztJ6Vu2XK3bNzoGWifNDKu7Z0dc7ADT65Y/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXpofnaFTowxQEElTQqNc/b2R4lCpaeibyRDrkVr0ZuJ/XjfRwaWXMhEnmgoyfyhIONIRmiWABkxSovnUEEwkM7ciMsImBm1yKpkQnMUvL5NWvebYNefGqbjuPeQowjGcwDk4cAEuXEMDmkDgDh7gCZ6tifVovViv89GCNe9wCH9gvX0DPEiUVw==</latexit><latexit sha1_base64="jq19xcuSIAGe2312phFUC0uJkfc=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrspMN7osuHFZwT6gHUomzbShmcyY3CmUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5BIYdB1v52Nza3tnd3CXnH/4PDouHRy2jJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfXvCtRGxesBpwv2IDpUIBaNoI7/SCzVlWTvPanmlXyq7VXcusm68pSnDUo1+6as3iFkacYVMUmO6npugn1GNgkmeF3up4QllYzrkXWsVjbjxs/nSObm0yYCEsbZHIZmnv29kNDJmGgV2MqI4MqvdLPyv66YY3viZUEmKXLHFQ2EqCcZkRoAMhOYM5dQayrSwuxI2ohYDWk5FC8Fb/fK6adWqnlv17r1yvf60wFGAc7iAK/DgGupwBw1oAoNHeIZXeHMmzovz7nwsRjecJcIz+CPn8wdVKJIw</latexit>

W

2
<latexit sha1_base64="Mfs25TOUKaGhuVR0sLx2JGmDlvU=">AAAB9HicbVDLSsNAFL2pr1pfVcGNm8FWdFWSbnQZcOOygn1AG8pkOmmHTiZxZlIoIeBfuHGhiFu/wW9w5y/4FU5TF9p64HIP59zL3Dl+zJnStv1pFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74aua3J1QqFolbPY2pF+KhYAEjWBvJq/YCiUnaztJ6Vu2XK3bNzoGWifNDKu7Z0dc7ADT65Y/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXpofnaFTowxQEElTQqNc/b2R4lCpaeibyRDrkVr0ZuJ/XjfRwaWXMhEnmgoyfyhIONIRmiWABkxSovnUEEwkM7ciMsImBm1yKpkQnMUvL5NWvebYNefGqbjuPeQowjGcwDk4cAEuXEMDmkDgDh7gCZ6tifVovViv89GCNe9wCH9gvX0DPEiUVw==</latexit><latexit sha1_base64="jq19xcuSIAGe2312phFUC0uJkfc=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJtgKrspMN7osuHFZwT6gHUomzbShmcyY3CmUYcB/4caFIm79Me78N6aPhbYeCBzOuSE3X5BIYdB1v52Nza3tnd3CXnH/4PDouHRy2jJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfXvCtRGxesBpwv2IDpUIBaNoI7/SCzVlWTvPanmlXyq7VXcusm68pSnDUo1+6as3iFkacYVMUmO6npugn1GNgkmeF3up4QllYzrkXWsVjbjxs/nSObm0yYCEsbZHIZmnv29kNDJmGgV2MqI4MqvdLPyv66YY3viZUEmKXLHFQ2EqCcZkRoAMhOYM5dQayrSwuxI2ohYDWk5FC8Fb/fK6adWqnlv17r1yvf60wFGAc7iAK/DgGupwBw1oAoNHeIZXeHMmzovz7nwsRjecJcIz+CPn8wdVKJIw</latexit>

x
H

2
<latexit sha1_base64="xAsDdP5JEiCCWWvpM6lclblq+B0=">AAAB9HicbVDLSsNAFL3xWeurKrhxM9iKrkrSjS4DbrqsYB/QhjKZTtqhk0mcmRRKCPgXblwo4tZv8Bvc+Qt+hdPUhbYeuNzDOfcyd44fc6a0bX9aK6tr6xubha3i9s7u3n7p4LClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98PfPbEyoVi8StnsbUC/FQsIARrI3kVXqBxCStZ2ktq/RLZbtq50DLxPkhZff8+OsdABr90kdvEJEkpEITjpXqOnasvRRLzQinWbGXKBpjMsZD2jVU4JAqL82PztCZUQYoiKQpoVGu/t5IcajUNPTNZIj1SC16M/E/r5vo4MpLmYgTTQWZPxQkHOkIzRJAAyYp0XxqCCaSmVsRGWETgzY5FU0IzuKXl0mrVnXsqnPjlF33HnIU4ARO4QIcuAQX6tCAJhC4gwd4gmdrYj1aL9brfHTFmnc4gj+w3r4BJUGUSA==</latexit><latexit sha1_base64="xbJxLOVffDgC9HuvxHM+32hozL8=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmutFlwU2XFewD2qFk0kwbmsmMyZ1CGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJECoOu++3ktrZ3dvfy+4WDw6Pjk+LpWcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b9+0J10bE6gGnCfcjOlQiFIyijfxyL9SUZfVZVp2V+8WSW3EXIpvGW5kSrNToF796g5ilEVfIJDWm67kJ+hnVKJjks0IvNTyhbEyHvGutohE3frZYekaubDIgYaztUUgW6e8bGY2MmUaBnYwojsx6Nw//67ophrd+JlSSIlds+VCYSoIxmRMgA6E5Qzm1hjIt7K6EjajFgJZTwULw1r+8aVrViudWvHuvVKs9LXHk4QIu4Ro8uIEa1KEBTWDwCM/wCm/OxHlx3p2P5WjOWSE8hz9yPn8APiGSIQ==</latexit>

H

2
<latexit sha1_base64="xAsDdP5JEiCCWWvpM6lclblq+B0=">AAAB9HicbVDLSsNAFL3xWeurKrhxM9iKrkrSjS4DbrqsYB/QhjKZTtqhk0mcmRRKCPgXblwo4tZv8Bvc+Qt+hdPUhbYeuNzDOfcyd44fc6a0bX9aK6tr6xubha3i9s7u3n7p4LClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98PfPbEyoVi8StnsbUC/FQsIARrI3kVXqBxCStZ2ktq/RLZbtq50DLxPkhZff8+OsdABr90kdvEJEkpEITjpXqOnasvRRLzQinWbGXKBpjMsZD2jVU4JAqL82PztCZUQYoiKQpoVGu/t5IcajUNPTNZIj1SC16M/E/r5vo4MpLmYgTTQWZPxQkHOkIzRJAAyYp0XxqCCaSmVsRGWETgzY5FU0IzuKXl0mrVnXsqnPjlF33HnIU4ARO4QIcuAQX6tCAJhC4gwd4gmdrYj1aL9brfHTFmnc4gj+w3r4BJUGUSA==</latexit><latexit sha1_base64="xbJxLOVffDgC9HuvxHM+32hozL8=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8FWcFVmutFlwU2XFewD2qFk0kwbmsmMyZ1CGQr+CzcuFHHrj3HnvzF9LLT1QOBwzg25+YJECoOu++3ktrZ3dvfy+4WDw6Pjk+LpWcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b9+0J10bE6gGnCfcjOlQiFIyijfxyL9SUZfVZVp2V+8WSW3EXIpvGW5kSrNToF796g5ilEVfIJDWm67kJ+hnVKJjks0IvNTyhbEyHvGutohE3frZYekaubDIgYaztUUgW6e8bGY2MmUaBnYwojsx6Nw//67ophrd+JlSSIlds+VCYSoIxmRMgA6E5Qzm1hjIt7K6EjajFgJZTwULw1r+8aVrViudWvHuvVKs9LXHk4QIu4Ro8uIEa1KEBTWDwCM/wCm/OxHlx3p2P5WjOWSE8hz9yPn8APiGSIQ==</latexit>

W
<latexit sha1_base64="x6Y1CK3DUvaPFtoINS8GH++61yc=">AAAB63icbZDLSgMxFIZP6q3WW9WlIMFWcFVm3OjOghuXFewF2qFm0kwbmmSGJCOUoeATuHGhiFvfwRfwBdz5Ns5MXWjrDyEf/39Czjl+JLixjvOFCkvLK6trxfXSxubW9k55d69lwlhT1qShCHXHJ4YJrljTcitYJ9KMSF+wtj++zPL2HdOGh+rGTiLmSTJUPOCU2Myqtqulfrni1JxceBHcH6hcfBy+3wJAo1/+7A1CGkumLBXEmK7rRNZLiLacCjYt9WLDIkLHZMi6KSoimfGSvNcpPk6dAQ5CnR5lce7+fpEQacxE+mmlJHZk5rPM/C/rxjY49xKuotgyRWcfBbHANsTZ4HjANaNWTFIgVPO0V0xHRBNq0/VkS3DnR16E1mnNdWrutVup1+8hVxEO4AhOwIUzqMMVNKAJFEbwAE/wjCR6RC/odVZaQLMb9uGP0Ns3x06QAA==</latexit><latexit sha1_base64="ml0W5pmvH9qkhtSMHzzjn0fZ7ls=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5J40WPAi8cK9gPaUDbbSbt0dxN2N0IJBX+BFw+KePUPefPfmLQ9aOuDgcd7M8zMCxPBjXXdb6e0sbm1vVPereztHxweVY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObgu/84ja8Fg92GmCgaQjxSPOqC2keqdeGVRrbsOdg6wTb0lqsERzUP3qD2OWSlSWCWpMz3MTG2RUW84Ezir91GBC2YSOsJdTRSWaIJvfOiMXuTIkUazzUpbM1d8TGZXGTGWYd0pqx2bVK8T/vF5qo5sg4ypJLSq2WBSlgtiYFI+TIdfIrJjmhDLN81sJG1NNmc3jKULwVl9eJ+2rhuc2vHuv5vtPizjKcAbncAkeXIMPd9CEFjAYwzO8wpsjnRfn3flYtJacZYSn8AfO5w/E8o3G</latexit>

W
<latexit sha1_base64="x6Y1CK3DUvaPFtoINS8GH++61yc=">AAAB63icbZDLSgMxFIZP6q3WW9WlIMFWcFVm3OjOghuXFewF2qFm0kwbmmSGJCOUoeATuHGhiFvfwRfwBdz5Ns5MXWjrDyEf/39Czjl+JLixjvOFCkvLK6trxfXSxubW9k55d69lwlhT1qShCHXHJ4YJrljTcitYJ9KMSF+wtj++zPL2HdOGh+rGTiLmSTJUPOCU2Myqtqulfrni1JxceBHcH6hcfBy+3wJAo1/+7A1CGkumLBXEmK7rRNZLiLacCjYt9WLDIkLHZMi6KSoimfGSvNcpPk6dAQ5CnR5lce7+fpEQacxE+mmlJHZk5rPM/C/rxjY49xKuotgyRWcfBbHANsTZ4HjANaNWTFIgVPO0V0xHRBNq0/VkS3DnR16E1mnNdWrutVup1+8hVxEO4AhOwIUzqMMVNKAJFEbwAE/wjCR6RC/odVZaQLMb9uGP0Ns3x06QAA==</latexit><latexit sha1_base64="ml0W5pmvH9qkhtSMHzzjn0fZ7ls=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LLaCp5J40WPAi8cK9gPaUDbbSbt0dxN2N0IJBX+BFw+KePUPefPfmLQ9aOuDgcd7M8zMCxPBjXXdb6e0sbm1vVPereztHxweVY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObgu/84ja8Fg92GmCgaQjxSPOqC2keqdeGVRrbsOdg6wTb0lqsERzUP3qD2OWSlSWCWpMz3MTG2RUW84Ezir91GBC2YSOsJdTRSWaIJvfOiMXuTIkUazzUpbM1d8TGZXGTGWYd0pqx2bVK8T/vF5qo5sg4ypJLSq2WBSlgtiYFI+TIdfIrJjmhDLN81sJG1NNmc3jKULwVl9eJ+2rhuc2vHuv5vtPizjKcAbncAkeXIMPd9CEFjAYwzO8wpsjnRfn3flYtJacZYSn8AfO5w/E8o3G</latexit>

x
H<latexit sha1_base64="ZR+XJ8WwoovnH7Oe2UIgzvHe8vA=">AAAB6nicbZDLSgMxFIbP1Futt6pLQYKt4KrMuNGdBTddVrQXaIeaSTNtaCYZkoxQhoIv4MaFIm59CF/AF3Dn25hOXWjrDyEf/39CzjlBzJk2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty0QR2iCSS9UOsKacCdowzHDajhXFUcBpKxhdTvPWHVWaSXFjxjH1IzwQLGQEG2tdl2vlXrHkVtxMaBG8HyhdfBy+3wJAvVf87PYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7FgWOqPbTrNUJOrZOH4VS2SMMytzfL1IcaT2OAlsZYTPU89nU/C/rJCY891Mm4sRQQWYfhQlHRqLp3KjPFCWGjy1gopjtFZEhVpgYu52CXYI3P/IiNE8rnlvxrrxStXoPmfJwAEdwAh6cQRVqUIcGEBjAAzzBs8OdR+fFeZ2V5pzZDfvwR87bN3vUj90=</latexit><latexit sha1_base64="PATrmmB2R1sicttmMSQO7YGBvKw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzZaBmwSRnRSwLJEfY2e8mSvb1jd04IR8A/YGOhiK2/yM5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDvz249cG5GoB5ykPIjpUIlIMIpWuq82qv1yxa25c5B14i1JBZZo9stfvUHCspgrZJIa0/XcFIOcahRM8mmplxmeUjamQ961VNGYmyCfnzolF1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9Wbif143w+gmyIVKM+SKLRZFmSSYkNnfZCA0ZygnllCmhb2VsBHVlKFNp2RD8FZfXietq5rn1rw7r1KvPy3iKMIZnMMleHANdWhAE3xgMIRneIU3RzovzrvzsWgtOMsIT+EPnM8feXiNow==</latexit>H<latexit sha1_base64="ZR+XJ8WwoovnH7Oe2UIgzvHe8vA=">AAAB6nicbZDLSgMxFIbP1Futt6pLQYKt4KrMuNGdBTddVrQXaIeaSTNtaCYZkoxQhoIv4MaFIm59CF/AF3Dn25hOXWjrDyEf/39CzjlBzJk2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty0QR2iCSS9UOsKacCdowzHDajhXFUcBpKxhdTvPWHVWaSXFjxjH1IzwQLGQEG2tdl2vlXrHkVtxMaBG8HyhdfBy+3wJAvVf87PYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7FgWOqPbTrNUJOrZOH4VS2SMMytzfL1IcaT2OAlsZYTPU89nU/C/rJCY891Mm4sRQQWYfhQlHRqLp3KjPFCWGjy1gopjtFZEhVpgYu52CXYI3P/IiNE8rnlvxrrxStXoPmfJwAEdwAh6cQRVqUIcGEBjAAzzBs8OdR+fFeZ2V5pzZDfvwR87bN3vUj90=</latexit><latexit sha1_base64="PATrmmB2R1sicttmMSQO7YGBvKw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzZaBmwSRnRSwLJEfY2e8mSvb1jd04IR8A/YGOhiK2/yM5/4+aj0MQHA4/3ZpiZF6ZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDvz249cG5GoB5ykPIjpUIlIMIpWuq82qv1yxa25c5B14i1JBZZo9stfvUHCspgrZJIa0/XcFIOcahRM8mmplxmeUjamQ961VNGYmyCfnzolF1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9Wbif143w+gmyIVKM+SKLRZFmSSYkNnfZCA0ZygnllCmhb2VsBHVlKFNp2RD8FZfXietq5rn1rw7r1KvPy3iKMIZnMMleHANdWhAE3xgMIRneIU3RzovzrvzsWgtOMsIT+EPnM8feXiNow==</latexit>

1Down-sampling Up-sampling

Inference

BP

6B;m`2 8Xj l@M2i@#�b2/ i?2`K�H /Bbi`B#miBQM T`2/B+iBQM KQ/2HX W �M/ H

/2MQi2 i?2 rB/i? �M/ ?2B;?i Q7 BMTmi 72�im`2 i2MbQ`- `2bT2+iBp2HvX

8XkXj :`�/B2Mi p�Hm2 ;2M2`�iBQM BM `QmiBM; ;`B/ +2HH

lMiBH MQr- r2 ?�p2 T`QTQb2/ � l@M2i@#�b2/ KQ/2H iQ T`2/B+i
i?2`K�H /Bbi`B#miBQMX >Qr2p2`- i?2 ;`�M/ +?�HH2M;2 Bb ?Qr iQ mb2
i?2 r2HH@i`�BM2/ l@M2i@#�b2/ KQ/2H iQ ;mB/2 `QmiBM; �M/ �+?B2p2
?B;? [m�HBiv �M/ i?2`K�H r2HH H�vQmiX h?2 ivTB+�H K2i?Q/ Bb
i?�i 2�+? `QmiBM; bi2T Bb 2p�Hm�i2/ #v T2`7Q`KBM; i?2 BM72`2M+2
Q7 i?2 l@M2i@#�b2/ KQ/2H (dR)X >Qr2p2`- i?Bb bi`�i2;v Bb p2`v
iBK2@+QMbmKBM;X q2 M22/ iQ �/QTi � KQ`2 2{+B2Mi bi`�i2;v iQ
;mB/2 `QmiBM; pB� i?2 r2HH@i`�BM2/ l@M2i@#�b2/ KQ/2HX

AM i?Bb rQ`F- r2 T`QTQb2 iQ mb2 ;`�/B2Mi p�Hm2b Q#i�BM2/ 7`QK
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i?2 #�+FT`QT�;�iBQM Q7 i?2 r2HH@i`�BM2/ l@M2i@#�b2/ KQ/2H �b �
+Qbi �i 2�+? `QmiBM; ;`B/ +2HHX h?2 K�BM B/2� #2?BM/ i?2 bi`�i2;v
Bb i?�i i?2 ;`�/B2Mi Q7 BMTmi 72�im`2b +�M T`QpB/2 ;mB/�M+2 7Q`
`2/m+BM; i?2`K�HX PM2 Q7 Qm` `QmiBM; Q#D2+iBp2b Bb iQ KBMBKBx2
i?2 i?2`K�H p�Hm2b QM i?2 TQbi@`QmiBM; H�vQmi- i?�i Bb

KBM
Xpv,Xsg

||φW (Xin,Xpv,Xsg)||22. U8XjV

q2 /2MQi2 ψ(xin,xpv,xsg) ! ||φW (Xin,Xpv,Xsg)||22- r?2`2 i?2
i2MbQ` X· Bb p2+iQ`Bx2/ �b x·X h?2M i?2 }`bi@Q`/2` h�vHQ` 2tT�M@
bBQM Q7 ψ(xin,xpv,xsg) +�M #2 2tT`2bb2/ �b 7QHHQrbX

ψ(xin,x
(i)
pv +∆x(i)

pv ,x
(i)
sg +∆x(i)

sg ) ≈ ψ(xin,x
(i)
pv ,x

(i)
sg )

+(
∂ψ(xin,x

(i)
pv ,x

(i)
sg )

∂xpv
)%∆x(i)

pv + (
∂ψ(xin,x

(i)
pv ,x

(i)
sg )

∂xsg
)%∆x(i)

sg ,

U8X9V
r?2`2 i /2MQi2b i?�i i?2 i@i? `QmiBM; bi2TX ∆x(i)

pv �M/ ∆x(i)
sg

K2�M �//BiBQM�H pB�b �M/ b2;K2Mib 7Q` `QmiBM; BM i?2 M2ti bi2T-
`2bT2+iBp2HvX �++Q`/BM; iQ Qm` 72�im`2 T�ii2`M /2}MBiBQM- `Qmi@
BM; Bb i?2 T`Q+2bb r?2`2 �HH mMQ++mTB2/ `2;BQMb Up�Hm2b �`2 y BM
T�ii2`M i2MbQ`V �`2 +?Qb2M iQ /2THQv b2;K2Mib Q` pB�b Up�Hm2b
�`2 R BM T�ii2`M i2MbQ`VX h?mb ∆x(i)

sg ,∆x(i)
pv ∈ {0, 1}n- r?2`2 n Bb

iQi�H MmK#2` Q7 +2HHb BM i?2 `QmiBM; ;`B/X h?mb i?2 bK�HH2` ;`�@
/B2Mi p�Hm2b ∂ψ(xin,x

(i)
pv ,x

(i)
sg )/∂xpv �M/ ∂ψ(xin,x

(i)
pv ,x

(i)
sg )/∂xsg

?�p2 M2;�iBp2 2z2+ib QM i2KT2`�im`2 BM+`2�bBM; BM i?2 `QmiBM;
bi2TX �b � `2bmHi- BM 2�+? Q` b2p2`�H `QmiBM; bi2Tb- i?2 H�vQmi
T�ii2`Mb �b b?QrM BM 6B;X 8Xj �`2 BMTmi BMiQ i?2 l@M2i@#�b2/
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i?2`K�H /Bbi`B#miBQM T`2/B+iBQM KQ/2H i?2M i?2 #�+F T`QT�;�@
iBQM Bb T2`7Q`K2/ iQ Q#i�BM ;`�/B2Mi p�Hm2 r(c) �b � +Qbi BM 2�+?
`QmiBM; ;`B/ +2HH- r?2`2 c Bb i?2 +QQ`/BM�i2 BM H�vQmi Q` T�ii2`M
i2MbQ`X

8Xj :mB/2/ /2i�BH2/ `QmiBM;

8XjXR .2i�BH2/ `QmiBM;

�7i2` i?2 i?2`K�H@/`Bp2M `QmiBM; ;mB/�M+2 Bb Q#i�BM2/ #v l@M2i@
#�b2/ KQ/2H- Qm` h_Qmi2` �/QTib i?2 ;`B/@#�b2/ � b2�`+?BM;
�H;Q`Bi?K 7Q` /2i�BH2/ `QmiBM;X .Bz2`2Mi 7`QK i`�/BiBQM�H `Qmi@
BM; �H;Q`Bi?K- r?2`2 i?2 b2�`+?BM; +Qbib QMHv +QMi�BM 7`QK i?2
bQm`+2 iQ i?2 +m``2Mi HQ+�iBQM �M/ i?2 +m``2Mi HQ+�iBQM iQ i?2
i�`;2i- Qm` `QmiBM; b+?2K2 rBHH ?QMQ` i?2`K�H@/`Bp2M `QmiBM;
;mB/�M+2X h?mb Qm` � b2�`+?BM; +Qbi 7mM+iBQM Bb /2}M2/ �b
7QHHQrbX

f(c) = g(s, c) + h(c, t) + λr(c), U8X8V

r?2`2 g(s, c) Bb i?2 +Qbi 7`QK i?2 bQm`+2 s iQ i?2 +m``2Mi HQ+�iBQM
c �M/ h(c, t) Bb i?2 2biBK�i2/ +Qbi 7`QK i?2 +m``2Mi HQ+�iBQM c iQ
i?2 i�`;2i tX r(c) Bb i?2 +Qbi BM i?2 +m``2Mi HQ+�iBQM c ;2M2`�i2/
#v i?2`K�H@/`Bp2M `QmiBM; ;mB/�M+2 �b b?QrM BM a2+iBQM 8XkX λ
Bb � ?vT2`@T�`�K2i2` +QMi`QHHBM; i?2 i`�/2@Qz #2ir22M i?2`K�H
/Bbi`B#miBQM �M/ `QmiBM; rB`2H2M;i?X GBF2 (d9)- h(c, t) Bb /2}M2/
�b K�tD −KBMD +

√
2KBMD iQ bmTTQ`i i?2 `QmiBM; �M;H2 Q7

135◦ �M/ 90◦ /2;`22- r?2`2 KBMD Bb i?2 KBMBKmK /Bz2`2M+2 Q7 �
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HQ+�iBQM c �M/ � i�`;2i �HQM; rBi? t@�tBb Q` v@�tBb �M/ K�tD Bb
i?2 K�tBKmK QM2X D = {|c.x− t.x|, |c.y− t.y|}X "v T2`7Q`KBM;
� b2�`+?BM; �H;Q`Bi?K QM i?2 r?QH2 S*" H�vQmi `2;BQM iQ `Qmi2
M2i QM2 #v QM2- �HH M2ib +�M #2 `Qmi2/ QM i?2 S*" H�vQmiX

8XjXk aT22/mT pB� �M �/�TiBp2 #QmM/BM;@#Qt

AM i?2 i`�/BiBQM�H /2i�BH2/ `QmiBM;- i?2 � b2�`+?BM; �H;Q`Bi?K
Bb mb2/ iQ b2�`+? i?2 M2ti `QmiBM; HQ+�iBQM QM i?2 r?QH2 S*"
H�vQmi `2;BQMX h?2 H�`;2 bT�+2 #`BM;b iBK2@+QMbmKBM; b2�`+?BM;
bi2TbX AM Q`/2` iQ `2/m+2 b2�`+?BM; bT�+2- r2 T`QTQb2 � `QmiBM;
b+?2K2 #v mbBM; �M �/�TiBp2@bBx2 #QmM/BM;@#QtX h?2 � b2�`+?@
BM; Bb HBKBi2/ BM � #QmM/BM;@#Qt- r?B+? Bb BMBiB�HBx2/ iQ +Qp2`
bQm`+2 �M/ i�`;2iX h?2 bBx2 Q7 i?2 #QmM/BM;@#Qt rBHH #2 ;`�/m@
�HHv 2MH�`;2/ B7 i?2`2 Bb MQ H2;�H T�i? UMQ +`QbbBM; iQ b2;K2Mib Q7
Qi?2` M2ibV 7`QK bQm`+2 iQ i�`;2iX AM i?Bb `QmiBM; b+?2K2- i`�/B@
iBQM�H bQ7i Q#bi�+H2b K�v +�mb2 b2;K2Mi +`QbbBM; �KQM; /Bz2`2Mi
M2ibX h?mb- BM Qm` `QmiBM; b+?2K2- ?�`/ Q#bi�+H2b �`2 mb2/ iQ
�pQB/ b2;K2Mi +`QbbBM;X AM Qi?2` rQ`/b- � b2�`+?BM; �H;Q`Bi?K
/Q2b MQi b2�`+? i?2 `2;BQMb Q++mTB2/ #v b2;K2Mib- pB�b �M/ T�/b
Q7 Qi?2` M2ibX �b b?QrM BM 6B;X 8X9U�V- �7i2` M2i � Bb `Qmi2/- bQK2
`2;BQMb �`2 Q++mTB2/X hQ `2/m+2 b2�`+? bT�+2- � #QmM/BM;@#Qt Bb
BMBiB�HBx2/ iQ +Qp2` i?2 bQm`+2 �M/ i�`;2i #27Q`2 M2i " Bb `Qmi2/X
>Qr2p2`- i?2`2 Bb MQ H2;�H T�i? iQ `Qmi2 M2i " rBi?BM i?2 BMBiB�H
#QmM/BM;@#QtX h?2M i?2 #QmM/BM;@#Qt Bb 2MH�`;2/ mMiBH i?2`2
Bb � H2;�H T�i? iQ `Qmi2 M2i "X AM �//BiBQM- i?2 i`�/BiBQM�H }t2/
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A

AB

B B

B A

A

U�V

A

A

B

B

B

B

A

A

U#V

6B;m`2 8X9 U�V h?2 �/�TiBp2@bBx2 #QmM/BM;@#QtX G27i, � #QmM/BM;@#Qt Bb
BMBiB�HBx2/ iQ +Qp2` i?2 bQm`+2 �M/ i�`;2i #27Q`2 M2i " Bb `Qmi2/c _B;?i, i?2
#QmM/BM;@#Qt Bb ;`�/m�HHv 2MH�`;2/ bBM+2 i?2`2 Bb MQ H2;�H T�i? iQ `Qmi2 M2i
" rBi?BM i?2 BMBiB�H #QmM/BM;@#QtX U#V h?2 `2Q`/2`BM; `QmiBM; 7`QK b+`�i+?X
G27i, h?2`2 Bb MQ H2;�H T�i? iQ `Qmi2 M2i � �7i2` M2i " Bb `Qmi2/c _B;?i, �HH
b2;K2Mib �`2 `2KQp2/ �M/ M2i � Bb `Qmi2/ }`biHvX

M2ib Q`/2` K�v `2bmHi BM � `QmiBM; 7�BHm`2X AM Q`/2` iQ 2M?�M+2
`Qmi�#BHBiv- � b+`�i+? `QmiBM; K2+?�MBbK Bb �/QTi2/X PM+2 QM2
M2i +�MMQi #2 `Qmi2/ bm++2bb7mHHv- Bi Bb }`biHv `Qmi2/ �7i2` �HH
b2;K2Mib Q7 `Qmi2/ M2ib �`2 `2KQp2/ U`BTTBM;@mT K2+?�MBbKVX
�b b?QrM BM 6B;X 8X9U#V- �7i2` i?2 M2i " Bb `Qmi2/- i?2`2 Bb MQ
H2;�H T�i? iQ `Qmi2 M2i �X "v mbBM; Qm` `BTTBM;@mT K2+?�MBbK-
�HH b2;K2Mib �`2 `2KQp2/ �M/ M2i � Bb `Qmi2/ }`biHvX

�7i2` i?2 /2i�BH2/ `QmiBM; Bb }MBb?2/- i?2 `Qmi2/ H�vQmi Bb
2tTQ`i2/ BMiQ FB+�/ �M/ P`*�. .aL 7Q`K�ibX "v mbBM; i?2
`QmiBM; b+?2K2 pB� �M �/�TiBp2@bBx2 #QmM/BM;@#Qt rBi? ?�`/
Q#bi�+H2b �M/ `BTTBM;@mT K2+?�MBbK- Bi Bb 2tT2+i2/ iQ �+?B2p2
bB;MB}+�Mi `QmiBM; bT22/mTX
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8X9 1tT2`BK2Mi�H _2bmHib

q2 BKTH2K2Mi2/ Qm` �H;Q`Bi?K BM i?2 *YY T`Q;`�KKBM; H�M@
;m�;2X "QQbi *YY HB#`�`v (R) Bb mb2/ iQ +�H+mH�i2 i?2 ;2QK2i`B+
+QKTmi�iBQM rBi?BM Qm` T`QTQb2/ �H;Q`Bi?KX SviQ`+? HB#`�`v Bb
mb2/ iQ i`�BM Qm` *LLb �M/ *YY HB#iQ`+? HB#`�`v Bb mb2/ iQ
T2`7Q`K BM72`2M+2 �M/ "S (3)X _QmiBM; Bb T2`7Q`K2/ QM GBMmt
K�+?BM2 rBi? Ry +Q`2b �M/ LoA.A� hAh�L sS :Sl rBi? Rk:"
K2KQ`vX AM Qm` h_Qmi2`- BM72`2M+2 �M/ "S �`2 T2`7Q`K2/ QM
:Sl r?BH2 Qi?2` QT2`�iBQMb �`2 T2`7Q`K2/ QM *SlX h?2 bi�i2@
Q7@i?2@�`i S*"_Qmi2` (d9)- �b #�b2HBM2- Bb T2`7Q`K2/ QM *SlX
Pm` #2M+?K�`Fb �`2 +QK2 7`QK QT2M@bQm`+2 /2bB;Mb (e-d)X h?2B`
bi�iBbiB+b Bb b?QrM BM h�"G1 8XR- r?2`2 W ×H /2MQi2b i?2 /B@
K2MbBQM Q7 rB/i? �M/ ?2B;?i 7Q` i?2 /2bB;MbX |L|- |C|- |P | �M/
|N | /2MQi2 i?2 MmK#2`b Q7 S*" `QmiBM; H�v2`b- +QKTQM2Mib-
T�/b- �M/ M2ib- `2bT2+iBp2HvX aB2K2Mb >vT2`GvMt bQ7ir�`2 (9) Bb
mb2/ iQ T2`7Q`K i?2 i?2`K�H bBKmH�iBQMX

aBM+2 i?2`2 �`2 irQ FBM/b Q7 H�v2`b BM Qm` #2M+?K�`Fb- r2
M22/ iQ #mBH/ irQ KQ/2Hb iQ T`2/B+i i?2 i?2`K�H /Bbi`B#miBQM BM
Qm` #2M+?K�`FbX AM Qi?2` rQ`/b- QM2 KQ/2H Bb #mBHi 7Q` S*"Rj-
S*"R9 �M/ S*"R8 �M/ i?2 Qi?2` Bb #mBHi 7Q` `2bi /2bB;MbX AM
2�+? /2bB;M- i?2 H�vQmi Q7 2�+? `QmiBM; bi2T �M/ Bib i?2`K�H /Bb@
i`B#miBQM �`2 +QHH2+i2/ �b /�i� b2iX 1�+? H�vQmi �M/ Bib i?2`K�H
/Bbi`B#miBQM �`2 `Qmi2/ 90◦- 180◦ �M/ 270◦ 7Q` /�i� �m;K2Mi�@
iBQMX AM Q`/2` iQ 2p�Hm�i2 i?2 T`2/B+iBQM T2`7Q`K�M+2 7Q` 2�+?
KQ/2H- r2 mb2 QM2 Q7 /2bB;Mb �b i2bi +�b2- �M/ Qi?2`b �b i`�BMBM;
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h�#H2 8XR "2M+?K�`F S*" .2bB;M bi�iBbiB+bX

.2bB;Mb q×> UKKV |L| |C| |P | |N |
S*"R kR×R9 k 3 9y R8
S*"k 8R×kj k R3 dd j9
S*"j 88×k3 k j9 Rj3 j3
S*"9 kj×ey k k3 R9y 8k
S*"8 9R×9k k 93 Rej 89
S*"e e8×88 k 93 RNy ek
S*"d 8R×kj k 9e kyd eN
S*"3 8d×3d k je R33 dy
S*"N 99×je k 83 kkN 3y
S*"Ry Ryk×89 k 8d jRN NN
S*"RR 3N×83 k e9 9yR Rj9
S*"Rk 99×98 k Rj RR3 8y
S*"Rj 83×ey 9 83 kjj j8
S*"R9 3e×dk 9 eR jR9 ej
S*"R8 N9×ej 9 kde R8Ry kdk

h�#H2 8Xk _QmiBM; `2bmHibX

.2bB;M
S*"_Qmi2` (d9) Pm` h_Qmi2`

qG UKKV OoB� _h UbV K�t(Y ) Uê*V ||Y ||/Ogcell qG UKKV OoB� _h UbV K�t(Y ) Uê*V ||Y ||/Ogcell

S*"R 3jXjyy N j keXe yXR9N 39Xe8j 3 d keXk U↓yX9V yXR99 U↓yXyy8V
S*"k kdjXNRd R8 R ekXy yXj9j kdRXd3y Re 8 eyXN U↓RXRV yXjjd U↓yXyyeV
S*"j 8y8X8j9 j3 j8 kNXR yXRj3 9NdXe88 jN R3 keX8 U↓kXeV yXRjd U↓yXyyRV
S*"9 d89XkRe 8e d 83XN yXjkd dd8XRNN dR Re 8eXj U↓kXeV yXjR3 U↓yXyyNV
S*"8 N3yXjN8 39 8y jeXj yXRe8 NR8XRRd dN 3N jjXN U↓kX9V yXR8y U↓yXyR8V
S*"e N8eXkR3 9N R9e k3Xk yXR99 NeRXk9e 8e R8R keXj U↓RXNV yXRjN U↓yXyy8V
S*"d RyNjXye3 Ree j8 8jX9 yXjyy RRy3Xdee R83 ej 8kXk U↓RXkV yXkNk U↓yXyy3V
S*"3 RkjjXRR8 Rd Rd 38Xk yXj3e RR9kXdNe ky je 39X8 U↓yXdV yXj3k U↓yXyy9V
S*"N RRd3XNje RRd Rkd jRXN yXReR RydRXR8k Ryy 9j jyXj U↓RXeV yXR8N U↓yXyykV
S*"Ry 8yN8Xj38 8N8 k9e jNXN yXR3d 98k3Xkdd 9e9 jjd jdXj U↓kXeV yXR3j U↓yXyy9V
S*"RR 9R9yXyRy j3R 9yR jRXj yXR89 jdeNXNy8 jeR jR8 k3X9 U↓kXNV yXR9N U↓yXyy8V
S*"Rk RyjNXkR3 8 9e 9NX9 yXkkd RyjNX9kk 8 R8 9NX9 U↓yXyV yXkke U↓yXyyRV
S*"Rj R8jeXkRN 33 ek jNXj yXRdd R88NXkRk 33 ek jeXe U↓kXdV yXRe8 U↓yXyRkV
S*"R9 jRkNXeyN RNR d9j 9NXk yXkRN jRjNXNje RN9 k3k 9eXk U↓jXyV yXkyd U↓yXyRkV
S*"R8 dN89X8k9 Rkd3 jekd 8RXR yXk3d de9eX8e3 Rkkk Re98 93XN U↓kXkV yXkd9 U↓yXyRjV
�p2X RNNeXNRR kye jdy URX3yV 99X3 yXkk9 RNyyXddN RNk kye URXyyV 9kXN U↓RXNV yXkRd U↓yXyydV

/�i�X h?2 `QQi K2�M b[m�`2/ 2``Q` U_Ja1V Bb mb2/ iQ 2p�Hm@
�i2 i?2 2``Q` #2ir22M T`2/B+iBQM �M/ ;`QmM/ i`mi? �b b?QrM BM
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6B;X 8X8X q2 +�M b22 i?�i Qm` i?2`K�H /Bbi`B#miBQM T`2/B+iBQM
KQ/2Hb +�M �+?B2p2 �M �++m`�i2 T`2/B+iBQMbX

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0
1
2
3
4 ·10−2

S*"

_J
a1

6B;m`2 8X8 JQ/2H T`2/B+iBQM T2`7Q`K�M+2X

q2 mb2 i?2 i?2`K�H /Bbi`B#miBQM T`2/B+iBQM KQ/2Hb iQ ;mB/2
S*" `QmiBM; BM Qm` h_Qmi2`X "S Bb T2`7Q`K2/ 7Q` `QmiBM;
2�+? }p2 M2ibX q2 +QKT�`2 Qm` h_Qmi2` rBi? bi�i2@Q7@i?2@
�`i S*"_Qmi2` (d9) �b b?QrM BM h�"G1 8XkX K�t(Y ) �M/
||Y ||/Ogcell �`2 mb2/ iQ K2�bm`2 i?2`K�H T2`7Q`K�M+2- r?2`2
|| · || /2MQi2b /2 MQ`KX q2 +�M b22 i?�i Qm` h_Qmi2` +�M #2�i
S*"_Qmi2` (d9)X AM T�`iB+mH�`- Qm` h_Qmi2` +�M �+?B2p2 jê*
K�tBKmK i2KT2`�im`2 `2/m+iBQM �i KQbi �M/ 1.8× bT22/mT QM
�p2`�;2X "2bB/2b- i?�MFb iQ Qm` T`QTQb2/ �/�TiBp2 #QmM/BM;@
#Qt �M/ b+`�i+? `QmiBM; K2+?�MBbK- Qm` h_Qmi2` +�M `2/m+2
i?2 rB`2H2M;i? UqGV �M/ i?2 MmK#2` Q7 pB�b 2p2M B7 i?2v #Qi?
�+?B2p2 y /2bB;M `mH2 pBQH�iBQM �M/ 100W `Qmi�#BHBiv 7Q` 2�+?
/2bB;MX

AM Q`/2` iQ BHHmbi`�i2 i?2 `mMiBK2 T2`7Q`K�M+2- r2 T`Q}H2 Qm`
h_Qmi2`Ƕb `mMiBK2 QM QM2 Q7 bK�HH /2bB;Mb US*"RV �M/ QM2 Q7
H�`;2 /2bB;Mb US*"R8V �b b?QrM BM 6B;X 8XeX q?2M i?2 bK�HH
/2bB;M Bb `Qmi2/- i?2 `mMiBK2 Bb /QKBM�i2/ #v HQ�/BM; KQ/2H �b
b?QrM BM 6B;X 8XeU�VX q?BH2 i?2 H�`;2 /2bB;M `Qmi2/- i?2 `mMiBK2
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Q7 HQ�/BM; KQ/2H +�M #2 iQi�HHv B;MQ`2/ U≤ 1WV �b b?QrM BM
6B;X 8XeU#VX "2bB/2b- i?�MFb iQ T2`7Q`KBM; "S QM :Sl- Bi /Q2b
MQi /QKBM�i2 i?2 `QmiBM; `mMiBK2X

5.94%

73.63%

4.34%

16.09%

U�V

7.34%
Others.9.97%
BP.0.22%

Load Model.

82.47%

A* Search.

U#V

6B;m`2 8Xe _mMiBK2 T`Q}HBM;, U�V S*"Rc U#V S*"R8X

8X8 amKK�`v

AM i?Bb +?�Ti2`- r2 T`QTQb2 h_Qmi2`- � i?2`K�H@/`Bp2M S*"
`QmiBM; 7`�K2rQ`F pB� +QMpQHmiBQM�H M2m`�H M2irQ`Fb U*LLbVX
� l@M2i@#�b2/ KQ/2H �`2 H2p2`�;2/ iQ T`2/B+i i?2`K�H /Bbi`B@
#miBQM #v i�FBM; i?2 `QmiBM; H�vQmi �b �M BMTmiX � ;`�/B2Mi
BM 2�+? `QmiBM; ;`B/ +2HH Q#i�BM2/ 7`QK i?2 #�+FT`QT�;�iBQM Q7
i?2 l@M2i@#�b2/ KQ/2H Bb BMi2;`�i2/ BMiQ � 7mHH@#Q�`/ `QmiBM;
�H;Q`Bi?K iQ ;mB/2 i?2`K�H@/`Bp2M `QmiBM;X hQ �+?B2p2 � bB;@
MB}+�Mi bT22/mT- �M �/�TiBp2@bBx2 #QmM/BM;@#Qt Bb �/QTi2/ iQ
`2/m+2 `QmiBM; b2�`+? bT�+2X q2 +QM/m+i 2tT2`BK2Mib QM QT2M@
bQm`+2 #2M+?K�`Fb iQ BHHmbi`�i2 Qm` h_Qmi2` +�M �+?B2p2 bB;MB7@
B+�Mi bT22/mT �M/ i?2`K�H r2HH H�vQmib- +QKT�`BM; rBi? bi�i2@
Q7@i?2@�`i S*" `QmiBM; �H;Q`Bi?KX JQ`2Qp2`- i?2 K2i?Q/QHQ;v
Q7 Qm` h_Qmi2` +�M #2 2�bBHv 2ti2M/2/ iQ Qi?2` T2`7Q`K�M+2@ Q`
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`2HB�#BHBiv@/`Bp2M `QmiBM; 7`�K2rQ`FbX

! 1M/ Q7 +?�Ti2`X



*?�Ti2` e

"�v2bB�M a?�`BM; :`QmT2/
*QMpQHmiBQM

eXR a?�`BM; :`QmT2/ *QMpQHmiBQM

AM i?Bb +?�Ti2`- � b?�`BM; ;`QmT2/ +QMpQHmiBQM bi`m+im`2 Bb T`Q@
TQb2/ iQ `2/m+2 T�`�K2i2` `2/mM/�M+v- BKT`Qp2 T�`�K2i2` 27@
}+B2M+vX h?2M i?2 MmK#2` Q7 T�`�K2i2`b BM Bi Bb �M�Hvx2/ iQ
BHHmbi`�i2 i?2 +QKT`2bbBQM T2`7Q`K�M+2X

hQ /2KQMbi`�i2 i?2 p�MBHH� ;`QmT2/ +QMpQHmiBQM- i?2 p�`B�@
iBQM 7`QK _2bL2i iQ _2bL2si (Rj9-R88) Bb i�F2M �b �M 2t�KTH2X
6B;X eXR b?Qrb i?2B` #�bB+ #HQ+F- r?B+? Bb `2T2�i2/Hv bi�+F2/
rBi? /Bz2`2Mi +QM};m`�iBQMb iQ i?2 r?QH2 KQ/2HX h?2 #�bB+
#HQ+F +QMi�BMb � b?Q`i+mi �M/ i?`22 +QMpQHmiBQM�H H�v2`b- r?Qb2
�HH F2`M2Hb �`2 `2T`2b2Mi2/ #v � #Qt BM 2�+? H�v2`X AM _2bL2i-
i?2 #�bB+ #HQ+F Bb b?QrM BM 6B;X eXRU�V- r?2`2 i?2`2 �`2 i?`22
i`�/BiBQM�H +QMpQHmiBQM�H H�v2`bX AM Q`/2` iQ i`�Mb72` _2bL2i iQ
_2bL2si- BM 2�+? #HQ+F- i?2 b2+QM/ +QMpQHmiBQM�H H�v2` Bb i`�Mb@

Rkk
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72``2/ �b i?2 p�MBHH� ;`QmT2/ +QMpQHmiBQM #v /BpB/BM; i?2 64

+?�MM2Hb BMiQ 16 ;`QmTb- �M/ 2�+? ;`QmT ?�b 4 +?�MM2Hb 7Q` i?Bb
2t�KTH2 �b b?QrM BM 6B;X eXRU#VX *QKT�`2/ rBi? i?2 i`�/BiBQM�H
+QMpQHmiBQM- i?2 p�MBHH� ;`QmT2/ +QMpQHmiBQM �/QTib i?2 bT�`b2
+QMpQHmiBQM +QMM2+iBQMb #2ir22M BMTmi �M/ QmiTmi +?�MM2Hb- #v
/BpB/BM; i?2 BMTmi +?�MM2Hb- QmiTmi +?�MM2Hb- �M/ i?2B` +QMM2+@
iBQMb BMiQ b2p2`�H ;`QmTbX �++Q`/BM; iQ 6B;X eXR- i?2 T�`�K2@
i2` MmK#2` 7Q` i?2 b2+QM/ +QMpQHmiBQM�H H�v2` Bb `2/m+2/ 7`QK
64× 3× 3× 64 = 36864 Q7 _2bL2i iQ 16× 4× 3× 3× 4 = 2304

Q7 _2bL2si BM i?2 +QMpQHmiBQM�H H�v2`X

64, 1x1, 64

64, 3x3, 64

64, 1x1, 128

U�V

64, 1x1, 4

4, 3x3, 4

4, 1x1, 128

64, 1x1, 4

4, 3x3, 4

4, 1x1, 128

64, 1x1, 4

4, 3x3, 4

4, 1x1, 128

…
16 groups

U#V

6B;m`2 eXR h?2 #�bB+ #HQ+F +QMi�BMb � b?Q`i+mi �M/ i?`22 +QMpQHmiBQM�H H�v@
2`b Ui?2 #Qt2b BM/B+�i2 i?2 +QMpQHmiBQM�H F2`M2Hb (OBMTmi +?�MM2H- F2`M2H
bBx2- OQmiTmi +?�MM2H) 7Q` 2�+? H�v2`V, U�V i?2 i?`22 +QMpQHmiBQM�H H�v2`b BM
_2bL2ic U#V i?2 irQ +QMpQHmiBQM�H H�v2`b �M/ QM2 p�MBHH� ;`QmT2/ +QMpQHm@
iBQM�H H�v2` rBi? 16 ;`QmTb BM _2bL2siX

AM Q`/2` iQ 7m`i?2` `2/m+2 i?2 T�`�K2i2` MmK#2` �M/ BKT`Qp2
T�`�K2i2` 2{+B2M+v BM i?2 p�MBHH� ;`QmT2/ +QMpQHmiBQM- r2 T`Q@
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TQb2 � b?�`BM; ;`QmT2/ +QMpQHmiBQM bi`m+im`2X aT2+B}+�HHv- �HH
;`QmTb b?�`2 i?2 b�K2 T�`�K2i2`b bQ i?�i i?2 b�K2 T�`�K2i2`b
+�M #2 mb2/ iQ 2ti`�+i 72�im`2b �M/ T�bb BM7Q`K�iBQM �KQM;
/Bz2`2Mi ;`QmTbX Ai ?�b i?2 b�K2 K�MM2` rBi? (R9N) iQ BK@
T`Qp2 T�`�K2i2` 2{+B2M+vX h?2M BM 2�+? #�bB+ #HQ+F- i?2 p�MBHH�
;`QmT2/ +QMpQHmiBQM Ui?2 b2+QM/ H�v2`V �b b?QrM BM 6B;X eXRU#V
rBHH #2 i`�Mb72``2/ �b i?2 b?�`BM; ;`QmT2/ +QMpQHmiBQM �b b?QrM
BM 6B;X eXkX h?2 T�`�K2i2` MmK#2` 7Q` i?2 b2+QM/ +QMpQHmiBQM�H
H�v2` Bb `2/m+2/ 7`QK 16×4×3×3×4 = 2304 iQ 4×3×3×4 = 144X
LQi2 i?�i +QKT�`2/ rBi? i?2 p�MBHH� ;`QmT2/ +QMpQHmiBQM- Qm`
T`QTQb2/ b?�`BM; ;`QmT2/ +QMpQHmiBQM /Q2b MQi `2/m+2 +QKTm@
i�iBQM�H +QKTH2tBivX >Qr2p2`- �b b?QrM BM 6B;X eXk- i?2 T�`�K2@
i2`b �`2 b?�`2/ �KQM; /Bz2`2Mi ;`QmTbX h?2`27Q`2- i?2 2{+B2M+v
Q7 T�`�K2i2`b Bb BKT`Qp2/ �M/ i?2 T�`�K2i2` `2/mM/�M+v +�M #2
`2/m+2/X "2bB/2b- i?2 b?�`BM; ;`QmT2/ +QMpQHmiBQM +�M 7�+BHBi�i2
i?2 r2B;?ib `2mbBM; bi`�i2;v BM i?2 ?�`/r�`2 H2p2H BKTH2K2Mi�@
iBQMb bQ i?�i i?2 �+im�H MmK#2` Q7 K2KQ`v �++2bb2b /2+`2�b2b
bB;MB}+�MiHv �M/ i?2 BM72`2M+2 `mMiBK2 `2/m+2bX

�b +QKT�`BbQM- r2 b?Qr i?2 MmK#2`b Q7 T�`�K2i2`b Q7 #�bB+
#HQ+Fb BM _2bL2i- _2bL2ti �M/ i?2 b?�`BM; _2bL2si BM h�@
"G1 eXRX *QKT�`2/ rBi? _2bL2i- _2bL2si ?�b 72r2` T�`�K2@
i2`b- �M/ i?2 T`QTQb2/ b?�`BM; _2bL2si +�M 7m`i?2` `2/m+2 i?2
MmK#2` Q7 T�`�K2i2`bX

�Hi?Qm;? i?2 T`QTQb2/ b?�`BM; ;`QmT2/ +QMpQHmiBQM bi`m+@
im`2 +�M `2/m+2 T�`�K2i2`b �M/ BKT`Qp2 i?2 2{+B2M+v Q7 T�@
`�K2i2`b- /B`2+iHv i`�BMBM; KQ/2Hb rBi? i?2 ;`QmT +QMpQHmiBQM
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64, 1x1, 4

4, 1x1, 128

64, 1x1, 4

4, 3x3, 4

4, 1x1, 128

64, 1x1, 4

4, 1x1, 128

…
16 groups

6B;m`2 eXk h?2 #�bB+ #HQ+F +QMi�BMb � b?Q`i+mi- irQ +QMpQHmiBQM�H H�v2`b
�M/ QM2 b?�`BM; ;`QmT2/ +QMpQHmiBQM�H H�v2` rBi? 16 ;`QmTb BM i?2 b?�`@
BM; _2bL2si Ui?2 #Qt2b BM/B+�i2 i?2 +QMpQHmiBQM�H F2`M2Hb (OBMTmi +?�MM2H-
F2`M2H bBx2- OQmiTmi +?�MM2H) 7Q` 2�+? H�v2`VX

h�#H2 eXR h?2 MmK#2`b Q7 T�`�K2i2`b Q7 #�bB+ #HQ+Fb BM _2bL2i- _2bL2ti
�M/ i?2 b?�`BM; _2bL2si rBi? g = 16X

hvT2 _2bL2i _2bL2si a?�`BM; _2bL2si

+QMp 64× 1× 1× 64 64× 1× 1× 64 64× 1× 1× 64

U;V+QMp 64× 3× 3× 64 16× 4× 3× 3× 4 4× 3× 3× 4

+QMp 64× 1× 1× 128 64× 1× 1× 128 64× 1× 1× 128

b?Q`i+mi 64× 1× 1× 128 64× 1× 1× 128 64× 1× 1× 128

iQi�H 8dj99 kkd39 kyek9

bi`m+im`2 K�v +�mb2 T2`7Q`K�M+2 /2;`�/�iBQM bBM+2 i?2 +Q``2H�@
iBQM �KQM; T�`�K2i2`b �M/ ;`QmTb /Q2b MQi #2 +QMbB/2`2/X

eXk "�v2bB�M a?�`BM; 6`�K2rQ`F

hQ i`�Mb72` i?2 p�MBHH� ;`QmT2/ +QMpQHmiBQM BMiQ i?2 b?�`BM;
bi`m+im`2- � M�śp2 K2i?Q/ Bb /B`2+iHv +QMbi`m+iBM; � M2irQ`F
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rBi? i?2 T`QTQb2/ b?�`BM; ;`QmT2/ +QMpQHmiBQM bi`m+im`2 i?2M
i`�BMBM; BiX >Qr2p2`- i?Bb K2i?Q/ K�v +�mb2 T2`7Q`K�M+2 /2;`�@
/�iBQMX hQ �pQB/ T2`7Q`K�M+2 /2;`�/�iBQM- r2 �/QTi � b2T�`�i2@
K2`;2 K2i?Q/QHQ;v (99)- i?�i Bb mT/�iBM; BM/2T2M/2MiHv T�`�K@
2i2`b �KQM; �HH ;`QmTb BM i?2 #�+F@T`QT�;�iBQM bi�;2 �M/ +QK@
TmiBM; HQbb 7mM+iBQM p�Hm2 #v i?2 b?�`2/ T�`�K2i2`b BM i?2 7Q`@
r�`/ T`QT�;�iBQM bi�;2X "�b2/ QM i?2 b2T�`�i2@K2`;2 K2i?Q/@
QHQ;v- � ivTB+�H K2i?Q/ Bb BM/Bb+`BKBM�i2Hv �p2`�;BM; i?2 T�`�K@
2i2`b �KQM; /Bz2`2Mi ;`QmTb BM i?2 7Q`r�`/ T`QT�;�iBQM bi�;2X
:Bp2M � T`2@i`�BM2/ KQ/2H- r2 +�M /B`2+iHv �p2`�;2 i?2b2 T�@
`�K2i2`b �KQM; /Bz2`2Mi ;`QmTbX h?Bb Bb [mBi2 bi`�B;?i7Q`r�`/
#mi Bi B;MQ`2b i?2 /Bp2`bBiB2b Q7 /Bz2`2Mi ;`QmTbX

AM i?Bb b2+iBQM- iQ 2{+B2MiHv 2HBKBM�i2 T�`�K2i2` `2/mM/�M+v
�M/ BKT`Qp2 KQ/2H T2`7Q`K�M+2- r2 BMi`Q/m+2 i?2 BMi`�@;`QmT
+Q``2H�iBQM �M/ BMi2`@;`QmT BKTQ`i�M+2 Q7 T�`�K2i2`bX h?2M
r2 T`QTQb2 � "�v2bB�M b?�`BM; 7`�K2rQ`FX aQK2 MQi�iBQMb mb2/
BM i?Bb T�T2` �`2 HBbi2/ BM h�"G1 eXkX

eXkXR AMi`�@;`QmT *Q``2H�iBQM �M/ AMi2`@;`QmT AKTQ`@
i�M+2

hQ BMi`Q/m+2 BMi`�@;`QmT +Q``2H�iBQM �M/ BMi2`@;`QmT BK@
TQ`i�M+2- � T`BQ` /Bbi`B#miBQM QM KQ/2H T�`�K2i2`b P(w) Bb
}`biHv BMi`Q/m+2/ BM Qm` 7`�K2rQ`FX 6QHHQrBM; T`2pBQmb �`ib
(83-3k-Rkk)- P(w) Bb /2}M2/ iQ #2 � KmHiBp�`B�i2 :�mbbB�M /Bbi`B@
#miBQMX 6Q` i?2 +QMp2MB2M+2 Q7 2tT`2bbBQMb- M2irQ`F T�`�K2i2`b
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h�#H2 eXk GBbi Q7 LQi�iBQMbX

L�K2 .2}MBiBQM

w T�`�K2i2`b BM QM2 ;`QmT2/ +QMpQHmiBQM�H H�v2`
g O Q7 ;`QmTb BM QM2 ;`QmT2/ +QMpQHmiBQM�H H�v2`
Bi BMi`�@;`QmT +Q``2H�iBQM Q7 i?2 ;`QmT i

γi BMi2`@;`QmT BKTQ`i�M+2 Q7 i?2 ;`QmT i

wi T�`�K2i2`b Q7 i?2 ;`QmT i

wb i?2 b?�`BM; T�`�K2i2`b Q7 g ;`QmTb
k F2`M2H bBx2
Ci′ O Q7 BMTmi +?�MM2Hb BM 2�+? ;`QmT
Co′ O Q7 QmiTmi +?�MM2Hb BM 2�+? ;`QmT
H ?2B;?i Q7 BMTmi 72�im`2
W rB/i? Q7 BMTmi 72�im`2

�`2 `2b?�T2/ iQ #2 p2+iQ`bX �b b?QrM BM 6B;X eXj- BM 2�+? ;`QmT-
i?2 F2`M2Hb BM 2�+? +?�MM2H �`2 ~�ii2M2/ iQ #2 � p2+iQ`X aQK2
MQi�iBQMb �`2 2tTH�BM2/ BM h�"G1 eXkX h?2M i?2v �`2 +QM+�i2@
M�i2/ b2[m2MiB�HHv iQ #2 � p2+iQ`X *QMbB/2`BM; i?�i i?2 72�im`2b
�`2 2ti`�+i2/ BM/2T2M/2MiHv 7`QK /Bz2`2Mi ;`QmTb BM i?2 p�MBHH�
;`QmT2/ +QMpQHmiBQM �b b?QrM BM 6B;X kX9U�V- r2 �bbmK2 �Mv irQ
M2irQ`F T�`�K2i2`b 7`QK /Bz2`2Mi ;`QmTb �`2 BM/2T2M/2Mi- BX2X-
P(w) =

∏g
i P(wi)X h?2`27Q`2- i?2 T`BQ` /Bbi`B#miBQM Q7 M2irQ`F

T�`�K2i2`b BM i?2 ;`QmT i Bb /2}M2/ �b 7QHHQrb,

P(wi; γi,Bi) ∼ N(µwi,Σwi), Σwi ! γiBi, UeXRV

r?2`2 wi ∈ RNCo′- �M/ Bi ∈ RNCo′×NCo′ rBi? N ! k2Ci′X Bi Bb
� TQbBiBp2 /2}MBi2 K�i`Bt r?B+? +�Tim`2b i?2 +Q``2H�iBQMb Q7 i?2
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Ci0
<latexit sha1_base64="AiHnnJt7szoavdGg2GBZHrMGe8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZRPJREBD0WevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdTFeb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qnpu1bu/rtQu8ziKcAKncAEe3EAN7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOztY1T</latexit><latexit sha1_base64="AiHnnJt7szoavdGg2GBZHrMGe8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZRPJREBD0WevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdTFeb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qnpu1bu/rtQu8ziKcAKncAEe3EAN7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOztY1T</latexit><latexit sha1_base64="AiHnnJt7szoavdGg2GBZHrMGe8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZRPJREBD0WevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdTFeb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qnpu1bu/rtQu8ziKcAKncAEe3EAN7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOztY1T</latexit><latexit sha1_base64="AiHnnJt7szoavdGg2GBZHrMGe8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZRPJREBD0WevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdTFeb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qnpu1bu/rtQu8ziKcAKncAEe3EAN7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOztY1T</latexit>

2
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1
3
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Co0
<latexit sha1_base64="ylYt5iJd8pB7hJQCZayiuZ/Hz7U=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA9hV0R9BjIxWNE84BkCbOT2WTI7Mwy0yuEkE/w4kERr36RN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjSqzfzWEzdWaPWI45SHCR0oEQtG0UkPNX3RK5X9ij8HWSVBTsqQo94rfXX7mmUJV8gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FFE27DyfzUKTl3Sp/E2rhSSObq74kJTawdJ5HrTCgO7bI3E//zOhnGt+FEqDRDrthiUZxJgprM/iZ9YThDOXaEMiPcrYQNqaEMXTpFF0Kw/PIqaV5VAr8S3F+Xq34eRwFO4QwuIYAbqMId1KEBDAbwDK/w5knvxXv3Phata14+cwJ/4H3+AL6hjV8=</latexit><latexit sha1_base64="ylYt5iJd8pB7hJQCZayiuZ/Hz7U=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA9hV0R9BjIxWNE84BkCbOT2WTI7Mwy0yuEkE/w4kERr36RN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjSqzfzWEzdWaPWI45SHCR0oEQtG0UkPNX3RK5X9ij8HWSVBTsqQo94rfXX7mmUJV8gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FFE27DyfzUKTl3Sp/E2rhSSObq74kJTawdJ5HrTCgO7bI3E//zOhnGt+FEqDRDrthiUZxJgprM/iZ9YThDOXaEMiPcrYQNqaEMXTpFF0Kw/PIqaV5VAr8S3F+Xq34eRwFO4QwuIYAbqMId1KEBDAbwDK/w5knvxXv3Phata14+cwJ/4H3+AL6hjV8=</latexit><latexit sha1_base64="ylYt5iJd8pB7hJQCZayiuZ/Hz7U=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA9hV0R9BjIxWNE84BkCbOT2WTI7Mwy0yuEkE/w4kERr36RN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjSqzfzWEzdWaPWI45SHCR0oEQtG0UkPNX3RK5X9ij8HWSVBTsqQo94rfXX7mmUJV8gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FFE27DyfzUKTl3Sp/E2rhSSObq74kJTawdJ5HrTCgO7bI3E//zOhnGt+FEqDRDrthiUZxJgprM/iZ9YThDOXaEMiPcrYQNqaEMXTpFF0Kw/PIqaV5VAr8S3F+Xq34eRwFO4QwuIYAbqMId1KEBDAbwDK/w5knvxXv3Phata14+cwJ/4H3+AL6hjV8=</latexit><latexit sha1_base64="ylYt5iJd8pB7hJQCZayiuZ/Hz7U=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA9hV0R9BjIxWNE84BkCbOT2WTI7Mwy0yuEkE/w4kERr36RN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjSqzfzWEzdWaPWI45SHCR0oEQtG0UkPNX3RK5X9ij8HWSVBTsqQo94rfXX7mmUJV8gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FFE27DyfzUKTl3Sp/E2rhSSObq74kJTawdJ5HrTCgO7bI3E//zOhnGt+FEqDRDrthiUZxJgprM/iZ9YThDOXaEMiPcrYQNqaEMXTpFF0Kw/PIqaV5VAr8S3F+Xq34eRwFO4QwuIYAbqMId1KEBDAbwDK/w5knvxXv3Phata14+cwJ/4H3+AL6hjV8=</latexit>

Ci0
<latexit sha1_base64="AiHnnJt7szoavdGg2GBZHrMGe8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZRPJREBD0WevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdTFeb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qnpu1bu/rtQu8ziKcAKncAEe3EAN7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOztY1T</latexit><latexit sha1_base64="AiHnnJt7szoavdGg2GBZHrMGe8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZRPJREBD0WevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdTFeb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qnpu1bu/rtQu8ziKcAKncAEe3EAN7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOztY1T</latexit><latexit sha1_base64="AiHnnJt7szoavdGg2GBZHrMGe8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZRPJREBD0WevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdTFeb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qnpu1bu/rtQu8ziKcAKncAEe3EAN7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOztY1T</latexit><latexit sha1_base64="AiHnnJt7szoavdGg2GBZHrMGe8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZRPJREBD0WevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdTFeb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qnpu1bu/rtQu8ziKcAKncAEe3EAN7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOztY1T</latexit>

Ci0
<latexit sha1_base64="AiHnnJt7szoavdGg2GBZHrMGe8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZRPJREBD0WevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdTFeb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qnpu1bu/rtQu8ziKcAKncAEe3EAN7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOztY1T</latexit><latexit sha1_base64="AiHnnJt7szoavdGg2GBZHrMGe8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZRPJREBD0WevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdTFeb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qnpu1bu/rtQu8ziKcAKncAEe3EAN7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOztY1T</latexit><latexit sha1_base64="AiHnnJt7szoavdGg2GBZHrMGe8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZRPJREBD0WevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdTFeb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qnpu1bu/rtQu8ziKcAKncAEe3EAN7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOztY1T</latexit><latexit sha1_base64="AiHnnJt7szoavdGg2GBZHrMGe8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZRPJREBD0WevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdTFeb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qnpu1bu/rtQu8ziKcAKncAEe3EAN7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOztY1T</latexit>

wi
<latexit sha1_base64="1bhI78yMVc8LPQGJZt9Ys96o9tY=">AAAB+XicbVDLSsNAFL2xPmp9RV26GWwFVyVxo8uCG5cV7APaECbTSTt0Mgkzk0oJ+RM3LhRx6w/4DS4Ev0YnbRfaemDgcM693DMnSDhT2nG+rLXS+sbmVnm7srO7t39gHx61VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMrwu/M6FSsVjc6WlCvQgPBQsZwdpIvm3X+hHWoyDM7nM/Y3nNt6tO3ZkBrRJ3QaqN0uf3OwA0ffujP4hJGlGhCcdK9Vwn0V6GpWaE07zSTxVNMBnjIe0ZKnBElZfNkufozCgDFMbSPKHRTP29keFIqWkUmMkiplr2CvE/r5fq8MrLmEhSTQWZHwpTjnSMihrQgElKNJ8agolkJisiIywx0aasiinBXf7yKmlf1F2n7t661YYDc5ThBE7hHFy4hAbcQBNaQGACD/AEz1ZmPVov1ut8dM1a7BzDH1hvP1E0llM=</latexit><latexit sha1_base64="k12s46GBQ+zGf33osKQ++HMWpAs=">AAAB+XicbVC7TsMwFL0pr1JeAUYWixaJqUpYyliJhbFI9CG1UeS4TmvVcSLbKaqi/AkLAwix8ids/A1OmwFajmTp6Jx7dY9PkHCmtON8W5Wt7Z3dvep+7eDw6PjEPj3rqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3RV+f06lYrF41IuEehGeCBYygrWRfNtujCKsp0GYPeV+xvKGb9edprME2iRuSepQouPbX6NxTNKICk04VmroOon2Miw1I5zmtVGqaILJDE/o0FCBI6q8bJk8R1dGGaMwluYJjZbq740MR0otosBMFjHVuleI/3nDVIe3XsZEkmoqyOpQmHKkY1TUgMZMUqL5whBMJDNZEZliiYk2ZdVMCe76lzdJ76bpOk33wa23nbKOKlzAJVyDCy1owz10oAsE5vAMr/BmZdaL9W59rEYrVrlzDn9gff4AewSTew==</latexit>

wi
<latexit sha1_base64="1bhI78yMVc8LPQGJZt9Ys96o9tY=">AAAB+XicbVDLSsNAFL2xPmp9RV26GWwFVyVxo8uCG5cV7APaECbTSTt0Mgkzk0oJ+RM3LhRx6w/4DS4Ev0YnbRfaemDgcM693DMnSDhT2nG+rLXS+sbmVnm7srO7t39gHx61VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMrwu/M6FSsVjc6WlCvQgPBQsZwdpIvm3X+hHWoyDM7nM/Y3nNt6tO3ZkBrRJ3QaqN0uf3OwA0ffujP4hJGlGhCcdK9Vwn0V6GpWaE07zSTxVNMBnjIe0ZKnBElZfNkufozCgDFMbSPKHRTP29keFIqWkUmMkiplr2CvE/r5fq8MrLmEhSTQWZHwpTjnSMihrQgElKNJ8agolkJisiIywx0aasiinBXf7yKmlf1F2n7t661YYDc5ThBE7hHFy4hAbcQBNaQGACD/AEz1ZmPVov1ut8dM1a7BzDH1hvP1E0llM=</latexit><latexit sha1_base64="k12s46GBQ+zGf33osKQ++HMWpAs=">AAAB+XicbVC7TsMwFL0pr1JeAUYWixaJqUpYyliJhbFI9CG1UeS4TmvVcSLbKaqi/AkLAwix8ids/A1OmwFajmTp6Jx7dY9PkHCmtON8W5Wt7Z3dvep+7eDw6PjEPj3rqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3RV+f06lYrF41IuEehGeCBYygrWRfNtujCKsp0GYPeV+xvKGb9edprME2iRuSepQouPbX6NxTNKICk04VmroOon2Miw1I5zmtVGqaILJDE/o0FCBI6q8bJk8R1dGGaMwluYJjZbq740MR0otosBMFjHVuleI/3nDVIe3XsZEkmoqyOpQmHKkY1TUgMZMUqL5whBMJDNZEZliiYk2ZdVMCe76lzdJ76bpOk33wa23nbKOKlzAJVyDCy1owz10oAsE5vAMr/BmZdaL9W59rEYrVrlzDn9gff4AewSTew==</latexit>

6B;m`2 eXj _2b?�T2 i?2 T�`�K2i2` i2MbQ` Q7 QM2 ;`QmT �b � p2+iQ`- rBi? Ci′

BMTmi +?�MM2Hb �M/ Co′ QmiTmi +?�MM2HbX h?2 F2`M2H bBx2 Bb 2×2X h?2 �``Qrb
b?Qr i?2 ~�ii2MBM; Q`/2`X

T�`�K2i2`b BM ;`QmT i- i2`K2/ �b BMi`�@;`QmT +Q``2H�iBQMX γi
Bb � +Q2{+B2Mi `2~2+iBM; i?2 `2H�iBp2 BKTQ`i�M+2 Q7 ;`QmT i BM
+QKT�`BbQM rBi? Qi?2` ;`QmTb- i2`K2/ �b BMi2`@;`QmT BKTQ`@
i�M+2X γi �HbQ BM/B+�i2b i?2 BKTQ`i�M+2 Q7 i?2 ;`QmT i r?BH2
T�bbBM; K2bb�;2b Q` FMQrH2/;2b BM i?2 KQ/2H /m`BM; BM72`2M+2X
µwi Bb i?2 K2�M p2+iQ` Q7 i?2 M2irQ`F T�`�K2i2`b wi BM i?2
;`QmT iX �M/ Σwi Bb i?2 +Qp�`B�M+2 K�i`Bt Q7 i?2 M2irQ`F T�@
`�K2i2`b wi BM i?2 ;`QmT iX 6Q` i?2 +QMpQHmiBQM�H H�v2` rBi? g

;`QmTb- i?2 T`BQ` /Bbi`B#miBQM Q7 M2irQ`F T�`�K2i2`b Bb

P(w;B,γ) ∼ N(µw,Σw), UeXkV
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r?2`2 µw = [µ%w1
,µ%w2

, · · · ,µ%wg
]% Bb i?2 K2�M p2+iQ` Q7 i?2 M2i@

rQ`F T�`�K2i2`b wX Σw = /B�;[Σw1,Σw2- · · · ,Σwg ] Bb i?2 +Q@
p�`B�M+2 K�i`Bt Q7w- r?B+? Bb � #HQ+F /B�;QM�H K�i`Bt rBi? T`BM@
+BT�H /B�;QM�H #HQ+Fb #2BM;Σw1,Σw2, · · · ,Σwg X B ! {B1,B2, · · · ,
Bg} �M/ γ ! [γ1, γ2, · · · , γg]%X h?2 BMi`�@;`QmT +Q``2H�iBQM Bi

�M/ i?2 BMi2`@;`QmT BKTQ`i�M+2 γi �`2 /2i2`KBM2/ #v K�tBKBx@
BM; hvT2 AA HBF2HB?QQ/ (Ryy) �b b?QrM BM 6Q`KmH�iBQM UeXjVX

K�t
B,γ

HM
∫

P(Y|X,w)P(w;B,γ)/w, UeXjV

r?2`2 Y �M/ X �`2 i?2 QmiTmi �M/ BMTmi 72�im`2b- `2bT2+iBp2HvX
P(w;B,γ) b�iBb}2b KmHiBp�`B�i2 :�mbbB�M /Bbi`B#miBQM rBi? ?vT2`@
T�`�K2i2`b B �M/ γ /2}M2/ BM 1[m�iBQM UeXkVX

�++Q`/BM; iQ 6Q`KmH�iBQM UeXjV- iQ Q#i�BM i?2 BMi`�@;`QmT
+Q``2H�iBQM Bi �M/ i?2 BMi2`@;`QmT BKTQ`i�M+2 γi- r2 M22/ ;Bp2
� +QM+`2i2 7Q`K Q7 P(Y|X,w)X JQ`2Qp2`- i?2 +QM+`2i2 7Q`K Q7
P(Y|X,w) `2HB2b QM i?2 `2H�iBQMb?BTb �KQM; BMTmi 72�im`2b X-
QmiTmi 72�im`2b Y �M/ KQ/2H T�`�K2i2`b w BM QM2 ;`QmT2/ +QM@
pQHmiBQM�H H�v2`X

L2p2`i?2H2bb- BM T`�+iB+2- #2+�mb2 Q7 MQM@HBM2�` QT2`�iBQMb BM
*LL KQ/2Hb- Bi Bb ?�`/ iQ Q#i�BM i?2 +HQb2/ 7Q`K Q7 i?2 HBF2HB@
?QQ/ 7mM+iBQM P(Y|X,w) �M/ i?2 BMi2;`�H Q7 i?2 K�`;BM�H HBF2HB@
?QQ/ BM 6Q`KmH�iBQM UeXjV Bb BMi`�+i�#H2 BM M2m`�H M2irQ`Fb (8N)X
GBF2 BM (83)- r2 +QMbB/2` i?2 HBM2�` `2H�iBQMb?BT #2ir22M i?2 BM@
Tmi �M/ i?2 QmiTmi 72�im`2b Q7 2�+? H�v2` #27Q`2 � MQMHBM2�`Biv
Bb �TTHB2/X
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eXkXk J�tBKmK hvT2 AA GBF2HB?QQ/ 1biBK�iBQM

AM i?Bb bm#b2+iBQM- i?2 hvT2 AA HBF2HB?QQ/ BM 1[m�iBQM UeXjV Bb
i`�Mb7Q`K2/ 7Q` i?2 2�b2 Q7 i?2 +QKTmi�iBQMb Q7 i?2 BMi`�@;`QmT
+Q``2H�iBQM Bi �M/ BMi2`@;`QmT BKTQ`i�M+2 γiX

�b K2MiBQM2/ �#Qp2- r2 +QMbB/2` i?2 HBM2�` `2H�iBQMb?BT #2@
ir22M i?2 BMTmi �M/ i?2 QmiTmi 72�im`2b Q7 2�+? H�v2` #27Q`2 �
MQMHBM2�`Biv Bb �TTHB2/X hQ `2T`2b2Mi i?2 p�MBHH� ;`QmT2/ +QMpQ@
HmiBQM BM i?2 7Q`K Q7 K�i`Bt@p2+iQ` KmHiBTHB+�iBQM- r2 `2b?�T2
i?2 BMTmi 72�im`2b �b b?QrM BM 6B;X eX9,

Ç AM ai2T R- r2 `2b?�T2 i?2 BMTmi 72�im`2b Q7 QM2 ;`QmT iQ #2
� #HQ+F@/B�;QM�H K�i`BtX �b i?2 T�`�K2i2` F2`M2H rBM/Qr
bHB/2b QM i?2 BMTmi 72�im`2- i?2 +Q``2bTQM/BM; 72�im`2b �`2
~�ii2M2/ iQ #2 � p2+iQ` rBi? H2M;i? k2X h?2`27Q`2- r2 ~�i@
i2M i?2 72�im`2 BM QM2 +?�MM2H iQ #2 �M HW × k2 K�i`BtX
h?2M i?2 72�im`2 K�i`B+2b Q7 �HH Ci′ +?�MM2Hb �`2 `2b?�T2/
iQ #2 � #HQ+F@/B�;QM�H K�i`BtX

Ç AM ai2T k- r2 /mTHB+�i2 i?2 BMTmi 72�im`2 #HQ+F K�i`Bt #v
Co′ iBK2b iQ ;2M2`�i2 � H�`;2` #HQ+F@/B�;QM�H K�i`BtX

Ç AM ai2T j- r2 TH�+2 i?2 #HQ+F@/B�;QM�H K�i`B+2b Q7 i?2 g

;`QmTb �i i?2 /B�;QM�H Q7 i?2 }M�H 72�im`2 K�i`BtX h?2
T�`�K2i2`b �`2 �HbQ `2b?�T2/ BM i?2 b�K2 K�MM2`- �b K2M@
iBQM2/ �#Qp2 BM 6B;X eXjX

6Q` 2�+? ;`QmT- i?2 K�i`Bt@p2+iQ` KmHiBTHB+�iBQM rBi? KQ/2H
2``Q` vi +�M #2 `2T`2b2Mi2/ �b yi = Xiwi+vi- r?2`2 yi ∈ RMCo′
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<latexit sha1_base64="mwEZ0UrEop86SHoFSIzB7srw4ew="></latexit>{

<latexit sha1_base64="mwEZ0UrEop86SHoFSIzB7srw4ew="></latexit>

g
<latexit sha1_base64="4EF9U6hdi/6t3cqCDPXVEy8gtCI="></latexit><latexit sha1_base64="4EF9U6hdi/6t3cqCDPXVEy8gtCI="></latexit><latexit sha1_base64="4EF9U6hdi/6t3cqCDPXVEy8gtCI="></latexit><latexit sha1_base64="4EF9U6hdi/6t3cqCDPXVEy8gtCI="></latexit>Co0

<latexit sha1_base64="juXy3C12klfoGfsC+x/JTFuOzlI="></latexit><latexit sha1_base64="juXy3C12klfoGfsC+x/JTFuOzlI="></latexit><latexit sha1_base64="juXy3C12klfoGfsC+x/JTFuOzlI="></latexit><latexit sha1_base64="juXy3C12klfoGfsC+x/JTFuOzlI="></latexit>

⇥
<latexit sha1_base64="73MpihVlsvwibFuOoZur0QXVWR8="></latexit><latexit sha1_base64="73MpihVlsvwibFuOoZur0QXVWR8="></latexit><latexit sha1_base64="73MpihVlsvwibFuOoZur0QXVWR8="></latexit><latexit sha1_base64="73MpihVlsvwibFuOoZur0QXVWR8="></latexit>

.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>.

<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>

.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit> .

<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit> .
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>

.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>.

<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>

{
<latexit sha1_base64="mwEZ0UrEop86SHoFSIzB7srw4ew="></latexit>

Ci0
<latexit sha1_base64="Wx24M6SssllcKQJ2QdLqc80yDoo="></latexit><latexit sha1_base64="Wx24M6SssllcKQJ2QdLqc80yDoo="></latexit><latexit sha1_base64="Wx24M6SssllcKQJ2QdLqc80yDoo="></latexit><latexit sha1_base64="Wx24M6SssllcKQJ2QdLqc80yDoo="></latexit>

{
<latexit sha1_base64="mwEZ0UrEop86SHoFSIzB7srw4ew="></latexit>

HW
<latexit sha1_base64="1ud+JKZ5cfWUc8ewcuuKZ0D/67k="></latexit><latexit sha1_base64="1ud+JKZ5cfWUc8ewcuuKZ0D/67k="></latexit><latexit sha1_base64="1ud+JKZ5cfWUc8ewcuuKZ0D/67k="></latexit><latexit sha1_base64="1ud+JKZ5cfWUc8ewcuuKZ0D/67k="></latexit>

=<latexit sha1_base64="wgNCD4zZEG98qqzLUpCCIT+7eig="></latexit>

{ <latexit sha1_base64="mwEZ0UrEop86SHoFSIzB7srw4ew="></latexit>

k2
<latexit sha1_base64="ezAxt1u2G2bBC80itVn1bZjk7AA="></latexit><latexit sha1_base64="ezAxt1u2G2bBC80itVn1bZjk7AA="></latexit><latexit sha1_base64="ezAxt1u2G2bBC80itVn1bZjk7AA="></latexit><latexit sha1_base64="ezAxt1u2G2bBC80itVn1bZjk7AA="></latexit>

X1
<latexit sha1_base64="ngLoMYiMjc4usuO5br0bqRI4+CQ=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXBjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIw682H3rBac+vuAmSdeAWpQYHWsPrlj2KWRlwhk9SYvucmOMioRsEkn1f81PCEsikd876likbcDLJF5jm5sMqIhLG2TyFZqL83MhoZM4sCO5lnNKteLv7n9VMMbweZUEmKXLHloTCVBGOSF0BGQnOGcmYJZVrYrIRNqKYMbU0VW4K3+uV10mnUvat64+G61nSLOspwBudwCR7cQBPuoQVtYJDAM7zCm5M6L86787EcLTnFzin8gfP5A/VVkZI=</latexit>

X2
<latexit sha1_base64="PEgLAGY/3aA+lZ9btCyhWCwztkg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXBjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIw682HjWG15tbdBcg68QpSgwKtYfXLH8UsjbhCJqkxfc9NcJBRjYJJPq/4qeEJZVM65n1LFY24GWSLzHNyYZURCWNtn0KyUH9vZDQyZhYFdjLPaFa9XPzP66cY3g4yoZIUuWLLQ2EqCcYkL4CMhOYM5cwSyrSwWQmbUE0Z2poqtgRv9cvrpNOoe1f1xsN1rekWdZThDM7hEjy4gSbcQwvawCCBZ3iFNyd1Xpx352M5WnKKnVP4A+fzB/bZkZM=</latexit>

Xg
<latexit sha1_base64="JdrrHsAL+qP0e7J07jnDNZDfTjU=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXBjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIw682H42G15tbdBcg68QpSgwKtYfXLH8UsjbhCJqkxfc9NcJBRjYJJPq/4qeEJZVM65n1LFY24GWSLzHNyYZURCWNtn0KyUH9vZDQyZhYFdjLPaFa9XPzP66cY3g4yoZIUuWLLQ2EqCcYkL4CMhOYM5cwSyrSwWQmbUE0Z2poqtgRv9cvrpNOoe1f1xsN1rekWdZThDM7hEjy4gSbcQwvawCCBZ3iFNyd1Xpx352M5WnKKnVP4A+fzB0c8kcg=</latexit>

w1<latexit sha1_base64="bVGTL3t3xj7kVwefimA6G+A0R5A=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQKuiy4cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9nAG1Sqbs2dg6wSryBVKNAcVL78YczSCKVhgmrd89zE9DOqDGcCZ2U/1ZhQNqEj7FkqaYS6n80zz8i5VYYkjJV90pC5+nsjo5HW0yiwk3lGvezl4n9eLzXhTT/jMkkNSrY4FKaCmJjkBZAhV8iMmFpCmeI2K2FjqigztqayLcFb/vIqaddr3mWtfn9VbbhFHSU4hTO4AA+uoQF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyS9kbE=</latexit>

w2<latexit sha1_base64="0zbYTpJ6iMLD1z8k0xNDnLSCuSA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQKuiy4cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrCm37GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XvMta/f6q2nCLOkpwCmdwAR5cQwPuoAktYJDAM7zCm5M6L86787EYXXOKnRP4A+fzByZBkbI=</latexit>

wg
<latexit sha1_base64="ELMcqz6KvWx22z3G1oAGNeE6LFw=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQKuiy4cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9lgNKhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrCm37GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XvMta/f6q2nCLOkpwCmdwAR5cQwPuoAktYJDAM7zCm5M6L86787EYXXOKnRP4A+fzB3aVkec=</latexit>

.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>

.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>

.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>

.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>

.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>

.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>

.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>

.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>

.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>

.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>.

<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit> .

<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>.
<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>.

<latexit sha1_base64="Q0NWRhsu3xaLfCqWKdI537EwDNs="></latexit>

y1
<latexit sha1_base64="l1lroDH0SuPt3f0deY58L8Z0raM=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZcFNy4r2Ad0hpJJM21okhmSjDAM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OmHCmjet+O5WNza3tnepubW//4PCofnzS03GqCO2SmMdqEGJNOZO0a5jhdJAoikXIaT+c3RV+/4kqzWL5aLKEBgJPJIsYwcZKvi+wmYZRns1H3qjecJvuAmideCVpQInOqP7lj2OSCioN4VjroecmJsixMoxwOq/5qaYJJjM8oUNLJRZUB/ki8xxdWGWMoljZJw1aqL83ciy0zkRoJ4uMetUrxP+8YWqi2yBnMkkNlWR5KEo5MjEqCkBjpigxPLMEE8VsVkSmWGFibE01W4K3+uV10ms1vatm6+G60XbLOqpwBudwCR7cQBvuoQNdIJDAM7zCm5M6L86787EcrTjlzin8gfP5AyfLkbM=</latexit>

yg
<latexit sha1_base64="iXKK5PQWQsZSMebTXFB4U0C9zdo=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuCG5cV7AM6Q8mkmTY0kxmSjDAM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OkAiujeN8o8rG5tb2TnW3trd/cHhUPz7p6ThVlHVpLGI1CIhmgkvWNdwINkgUI1EgWD+Y3RV+/4kpzWP5aLKE+RGZSB5ySoyVPC8iZhqEeTYfTUb1htN0FsDrxC1JA0p0RvUvbxzTNGLSUEG0HrpOYvycKMOpYPOal2qWEDojEza0VJKIaT9fZJ7jC6uMcRgr+6TBC/X3Rk4irbMosJNFRr3qFeJ/3jA14a2fc5mkhkm6PBSmApsYFwXgMVeMGpFZQqjiNiumU6IINbammi3BXf3yOum1mu5Vs/Vw3Wg7ZR1VOINzuAQXbqAN99CBLlBI4Ble4Q2l6AW9o4/laAWVO6fwB+jzB3mjkek=</latexit>

y2
<latexit sha1_base64="tzMgd/Oywzwmxy/k/uSArf/cuFE=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuCG5cV7AM6Q8mkmTY0kxmSjDAM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OkAiujeN8o8rG5tb2TnW3trd/cHhUPz7p6ThVlHVpLGI1CIhmgkvWNdwINkgUI1EgWD+Y3RV+/4kpzWP5aLKE+RGZSB5ySoyVPC8iZhqEeTYftUb1htN0FsDrxC1JA0p0RvUvbxzTNGLSUEG0HrpOYvycKMOpYPOal2qWEDojEza0VJKIaT9fZJ7jC6uMcRgr+6TBC/X3Rk4irbMosJNFRr3qFeJ/3jA14a2fc5mkhkm6PBSmApsYFwXgMVeMGpFZQqjiNiumU6IINbammi3BXf3yOum1mu5Vs/Vw3Wg7ZR1VOINzuAQXbqAN99CBLlBI4Ble4Q2l6AW9o4/laAWVO6fwB+jzBylPkbQ=</latexit>

Step 1 Step 2 Step 3

Input features X
<latexit sha1_base64="NbVv7p/jkQ3INzUAenSNjNmuhtk=">AAAB83icbVC7TsMwFL0pr1JeBUYWixaJqUpY6EYlFsaC6ENqospxndaq41i2g1RF/Q0WBhBiZWfiI9j4G5y2A7QcydLROffqHp9QcqaN6347hbX1jc2t4nZpZ3dv/6B8eNTWSaoIbZGEJ6obYk05E7RlmOG0KxXFcchpJxxf537ngSrNEnFvJpIGMR4KFjGCjZX8qh9jMwqjrDut9ssVt+bOgFaJtyCVq8+PO7Bo9stf/iAhaUyFIRxr3fNcaYIMK8MIp9OSn2oqMRnjIe1ZKnBMdZDNMk/RmVUGKEqUfcKgmfp7I8Ox1pM4tJN5RL3s5eJ/Xi81UT3ImJCpoYLMD0UpRyZBeQFowBQlhk8swUQxmxWREVaYGFtTyZbgLX95lbQvap5b8269SqMOcxThBE7hHDy4hAbcQBNaQEDCIzzDi5M6T86r8zYfLTiLnWP4A+f9B0P7k1I=</latexit><latexit sha1_base64="mRoA3tjfApY6vEd/onO+szXTc0I=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUnc2GXBjcsK9gFNKJPppB06mYSZG6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmEph0HW/ndLW9s7uXnm/cnB4dHxSPT3rmiTTjHdYIhPdD6nhUijeQYGS91PNaRxK3gundwu/98S1EYl6xFnKg5iOlYgEo2glv+7HFCdhlPfn9WG15jbcJcgm8QpSgwLtYfXLHyUsi7lCJqkxA89NMcipRsEkn1f8zPCUsikd84GlisbcBPky85xcWWVEokTbp5As1d8bOY2NmcWhnVxENOveQvzPG2QYNYNcqDRDrtjqUJRJgglZFEBGQnOGcmYJZVrYrIRNqKYMbU0VW4K3/uVN0r1peG7De/BqrWZRRxku4BKuwYNbaME9tKEDDFJ4hld4czLnxXl3PlajJafYOYc/cD5/AIVukUs=</latexit>

X
<latexit sha1_base64="NbVv7p/jkQ3INzUAenSNjNmuhtk=">AAAB83icbVC7TsMwFL0pr1JeBUYWixaJqUpY6EYlFsaC6ENqospxndaq41i2g1RF/Q0WBhBiZWfiI9j4G5y2A7QcydLROffqHp9QcqaN6347hbX1jc2t4nZpZ3dv/6B8eNTWSaoIbZGEJ6obYk05E7RlmOG0KxXFcchpJxxf537ngSrNEnFvJpIGMR4KFjGCjZX8qh9jMwqjrDut9ssVt+bOgFaJtyCVq8+PO7Bo9stf/iAhaUyFIRxr3fNcaYIMK8MIp9OSn2oqMRnjIe1ZKnBMdZDNMk/RmVUGKEqUfcKgmfp7I8Ox1pM4tJN5RL3s5eJ/Xi81UT3ImJCpoYLMD0UpRyZBeQFowBQlhk8swUQxmxWREVaYGFtTyZbgLX95lbQvap5b8269SqMOcxThBE7hHDy4hAbcQBNaQEDCIzzDi5M6T86r8zYfLTiLnWP4A+f9B0P7k1I=</latexit><latexit sha1_base64="mRoA3tjfApY6vEd/onO+szXTc0I=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUnc2GXBjcsK9gFNKJPppB06mYSZG6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmEph0HW/ndLW9s7uXnm/cnB4dHxSPT3rmiTTjHdYIhPdD6nhUijeQYGS91PNaRxK3gundwu/98S1EYl6xFnKg5iOlYgEo2glv+7HFCdhlPfn9WG15jbcJcgm8QpSgwLtYfXLHyUsi7lCJqkxA89NMcipRsEkn1f8zPCUsikd84GlisbcBPky85xcWWVEokTbp5As1d8bOY2NmcWhnVxENOveQvzPG2QYNYNcqDRDrtjqUJRJgglZFEBGQnOGcmYJZVrYrIRNqKYMbU0VW4K3/uVN0r1peG7De/BqrWZRRxku4BKuwYNbaME9tKEDDFJ4hld4czLnxXl3PlajJafYOYc/cD5/AIVukUs=</latexit>

w
<latexit sha1_base64="4KNhyc4aTFHYIKBOQnv8VqzovMU=">AAAB83icbVC7SgNBFL3rM8ZX1NJmMBGswq6N6QzYWEYxD8guYXYymwyZnV3moYQlv2FjoYitvZUfYeffOJuk0MQDA4dz7uWeOWHKmdKu++2srK6tb2wWtorbO7t7+6WDw5ZKjCS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4egq99v3VCqWiDs9TmkQ44FgESNYW8mv+DHWwzDKHiaVXqnsVt0p0DLx5qR8+flxCxaNXunL7yfExFRowrFSXc9NdZBhqRnhdFL0jaIpJiM8oF1LBY6pCrJp5gk6tUofRYm0T2g0VX9vZDhWahyHdjKPqBa9XPzP6xod1YKMidRoKsjsUGQ40gnKC0B9JinRfGwJJpLZrIgMscRE25qKtgRv8cvLpHVe9dyqd+OV6zWYoQDHcAJn4MEF1OEaGtAEAik8wjO8OMZ5cl6dt9noijPfOYI/cN5/AHM1k3E=</latexit><latexit sha1_base64="9wQrmC9lUsQwFzu3mcGkVybliME=">AAAB83icbVDLSsNAFL3xWeur6tLNYCu4Kokbuyy4cVnBPqANZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ2Nza3tnt7RX3j84PDqunJx2dJwqhm0Wi1j1AqpRcIltw43AXqKQRoHAbjC9zf3uIyrNY/lgZgn6ER1LHnJGjZUGtUFEzSQIs6d5bVipunV3AbJOvIJUoUBrWPkajGKWRigNE1Trvucmxs+oMpwJnJcHqcaEsikdY99SSSPUfrbIPCeXVhmRMFb2SUMW6u+NjEZaz6LATuYR9aqXi/95/dSEDT/jMkkNSrY8FKaCmJjkBZARV8iMmFlCmeI2K2ETqigztqayLcFb/fI66VzXPbfu3XvVZqOoowTncAFX4MENNOEOWtAGBgk8wyu8Oanz4rw7H8vRDafYOYM/cD5/ALSokWo=</latexit>

w
<latexit sha1_base64="4KNhyc4aTFHYIKBOQnv8VqzovMU=">AAAB83icbVC7SgNBFL3rM8ZX1NJmMBGswq6N6QzYWEYxD8guYXYymwyZnV3moYQlv2FjoYitvZUfYeffOJuk0MQDA4dz7uWeOWHKmdKu++2srK6tb2wWtorbO7t7+6WDw5ZKjCS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4egq99v3VCqWiDs9TmkQ44FgESNYW8mv+DHWwzDKHiaVXqnsVt0p0DLx5qR8+flxCxaNXunL7yfExFRowrFSXc9NdZBhqRnhdFL0jaIpJiM8oF1LBY6pCrJp5gk6tUofRYm0T2g0VX9vZDhWahyHdjKPqBa9XPzP6xod1YKMidRoKsjsUGQ40gnKC0B9JinRfGwJJpLZrIgMscRE25qKtgRv8cvLpHVe9dyqd+OV6zWYoQDHcAJn4MEF1OEaGtAEAik8wjO8OMZ5cl6dt9noijPfOYI/cN5/AHM1k3E=</latexit><latexit sha1_base64="9wQrmC9lUsQwFzu3mcGkVybliME=">AAAB83icbVDLSsNAFL3xWeur6tLNYCu4Kokbuyy4cVnBPqANZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ2Nza3tnt7RX3j84PDqunJx2dJwqhm0Wi1j1AqpRcIltw43AXqKQRoHAbjC9zf3uIyrNY/lgZgn6ER1LHnJGjZUGtUFEzSQIs6d5bVipunV3AbJOvIJUoUBrWPkajGKWRigNE1Trvucmxs+oMpwJnJcHqcaEsikdY99SSSPUfrbIPCeXVhmRMFb2SUMW6u+NjEZaz6LATuYR9aqXi/95/dSEDT/jMkkNSrY8FKaCmJjkBZARV8iMmFlCmeI2K2ETqigztqayLcFb/fI66VzXPbfu3XvVZqOoowTncAFX4MENNOEOWtAGBgk8wyu8Oanz4rw7H8vRDafYOYM/cD5/ALSokWo=</latexit>

y
<latexit sha1_base64="nDXi6ZrfgTUgDwQzIDFEqGvRxH4=">AAAB83icbVC7TsMwFL0pr1JehY4sFm0lpiphoWMkFsYi0YfURJXjOq1Vx4lsBymKuvENLAwgxMrPsLHxKThtB2g5kqWjc+7VPT5BwpnStv1llba2d3b3yvuVg8Oj45Pq6VlPxakktEtiHstBgBXlTNCuZprTQSIpjgJO+8HspvD7D1QqFot7nSXUj/BEsJARrI3kNbwI62kQ5tm8MarW7Za9ANokzorU3Vrz8RsAOqPqpzeOSRpRoQnHSg0dO9F+jqVmhNN5xUsVTTCZ4QkdGipwRJWfLzLPUdMoYxTG0jyh0UL9vZHjSKksCsxkEVGte4X4nzdMddj2cyaSVFNBlofClCMdo6IANGaSEs0zQzCRzGRFZIolJtrUVDElOOtf3iS9q5Zjt5w7p+62YYkynMMFXIID1+DCLXSgCwQSeIIXeLVS69l6s96XoyVrtVODP7A+fgA5iJNI</latexit><latexit sha1_base64="5RArxsV+W8oi4S+M4Gy5yPU2hbA=">AAAB83icbVC7TsMwFL0ur1JeBUYWixaJqUpY6FiJhbFI9CE1UeW4TmvVcSLbQYqi/gYLAwix8jNs/A1OmwFajmTp6Jx7dY9PkAiujeN8o8rW9s7uXnW/dnB4dHxSPz3r6zhVlPVoLGI1DIhmgkvWM9wINkwUI1Eg2CCY3xX+4IkpzWP5aLKE+RGZSh5ySoyVvKYXETMLwjxbNMf1htNylsCbxC1JA0p0x/UvbxLTNGLSUEG0HrlOYvycKMOpYIual2qWEDonUzayVJKIaT9fZl7gK6tMcBgr+6TBS/X3Rk4irbMosJNFRL3uFeJ/3ig1YdvPuUxSwyRdHQpTgU2MiwLwhCtGjcgsIVRxmxXTGVGEGltTzZbgrn95k/RvWq7Tch/cRqdd1lGFC7iEa3DhFjpwD13oAYUEnuEV3lCKXtA7+liNVlC5cw5/gD5/ALe0kWw=</latexit>

y
<latexit sha1_base64="nDXi6ZrfgTUgDwQzIDFEqGvRxH4=">AAAB83icbVC7TsMwFL0pr1JehY4sFm0lpiphoWMkFsYi0YfURJXjOq1Vx4lsBymKuvENLAwgxMrPsLHxKThtB2g5kqWjc+7VPT5BwpnStv1llba2d3b3yvuVg8Oj45Pq6VlPxakktEtiHstBgBXlTNCuZprTQSIpjgJO+8HspvD7D1QqFot7nSXUj/BEsJARrI3kNbwI62kQ5tm8MarW7Za9ANokzorU3Vrz8RsAOqPqpzeOSRpRoQnHSg0dO9F+jqVmhNN5xUsVTTCZ4QkdGipwRJWfLzLPUdMoYxTG0jyh0UL9vZHjSKksCsxkEVGte4X4nzdMddj2cyaSVFNBlofClCMdo6IANGaSEs0zQzCRzGRFZIolJtrUVDElOOtf3iS9q5Zjt5w7p+62YYkynMMFXIID1+DCLXSgCwQSeIIXeLVS69l6s96XoyVrtVODP7A+fgA5iJNI</latexit><latexit sha1_base64="5RArxsV+W8oi4S+M4Gy5yPU2hbA=">AAAB83icbVC7TsMwFL0ur1JeBUYWixaJqUpY6FiJhbFI9CE1UeW4TmvVcSLbQYqi/gYLAwix8jNs/A1OmwFajmTp6Jx7dY9PkAiujeN8o8rW9s7uXnW/dnB4dHxSPz3r6zhVlPVoLGI1DIhmgkvWM9wINkwUI1Eg2CCY3xX+4IkpzWP5aLKE+RGZSh5ySoyVvKYXETMLwjxbNMf1htNylsCbxC1JA0p0x/UvbxLTNGLSUEG0HrlOYvycKMOpYIual2qWEDonUzayVJKIaT9fZl7gK6tMcBgr+6TBS/X3Rk4irbMosJNFRL3uFeJ/3ig1YdvPuUxSwyRdHQpTgU2MiwLwhCtGjcgsIVRxmxXTGVGEGltTzZbgrn95k/RvWq7Tch/cRqdd1lGFC7iEa3DhFjpwD13oAYUEnuEV3lCKXtA7+liNVlC5cw5/gD5/ALe0kWw=</latexit>

6B;m`2 eX9 _2b?�T2 BMTmi 72�im`2bX h?2 p�MBHH� ;`QmT2/ +QMpQHmiBQM QT2`�@
iBQM Bb i`�Mb7Q`K2/ �b K�i`Bt@p2+iQ` KmHiBTHB+�iBQMX

�M/Xi ∈ RMCo′×NCo′ `2T`2b2Mi i?2 `2b?�T2/ QmiTmib �M/ BMTmib
`2bT2+iBp2Hv- rBi? M ! HW X 6Q` � H�v2` rBi? g ;`QmTb- i?2
p�MBHH� ;`QmT2/ +QMpQHmiBQM Bb,

y = Xw + v, UeX9V

r?2`2 y = [y%1 , · · · ,y%g ]%- X = /B�;[X1,X2, · · · ,Xg]- �M/ v =

[v%1 , · · · ,v%g ]%X h?2 KQ/2H 2``Q` v Bb �bbmK2/ iQ 7QHHQr BM/2@
T2M/2Mi B/2MiB+�H :�mbbB�M /Bbi`B#miBQM- BX2X- P(v) ∼ N(0,λI)-
r?2`2 λ Bb � ?vT2`@T�`�K2i2` +QMi`QHBM; i?2 T`2+BbBQM Q7 KQ/2H
2``Q`X I Bb �M B/2MiBiv K�i`BtX h?2 +QM+`2i2 7Q`K Q7 i?2 HBF2HB@
?QQ/ 7mM+iBQM BM 6Q`KmH�iBQM UeXjV +�M #2 Q#i�BM2/ �b 7QHHQrb,

P(Y|X,w) = P(y|X,w;λ) ∼ N(Xw,λI). UeX8V

�++Q`/BM; iQ 6B;X eX9- i?2 bBx2 Q7 K�i`BtX BbMCo′g×NCo′gX
>Qr2p2`- QM QM2 ?�M/- MQi2 i?�i i?2 p�MBHH� ;`QmT2/ +QMpQHm@
iBQM �/QTib i?2 bT�`b2 +QMpQHmiBQM +QMM2+iBQMb #2ir22M BMTmi
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�M/ QmiTmi +?�MM2Hb- #v /BpB/BM; i?2 BMTmi +?�MM2Hb- QmiTmi
+?�MM2Hb- �M/ i?2B` +QMM2+iBQMb BMiQ b2p2`�H ;`QmTbX h?mb i?2
K�i`Bt@p2+iQ` KmHiBTHB+�iBQM +�M #2 T2`7Q`K2/ ;`QmT #v ;`QmT-
BX2X- yi = Xiwi + vi- r?2`2 XiǶb bBx2 Bb MCo′ × NCo′X JQ`2@
Qp2`- Xi Bb �HbQ � #HQ+F /B�;QM�H K�i`Bt- r?Qb2 2�+? #HQ+F bBx2
Bb M ×N - r?B+? +�M 7�+BHBi�i2 i?2 K�i`Bt@p2+iQ` KmHiBTHB+�iBQM
QmiTmi +?�MM2H #v QmiTmi +?�MM2HX "2bB/2b- BM TQTmH�` p�MBHH�
;`QmT2/ +QMpQHmiBQM�H M2m`�H M2irQ`Fb- 7Q` 2t�KTH2- _2bL2si-
bK�HH F2`M2Hb U2X;X- k = 3 Q` k = 1V �`2 rB/2Hv �/QTi2/X PM
i?2 Qi?2` ?�M/- Qm` T`QTQb2/ b?�`BM; 7`�K2rQ`F Bb T2`7Q`K2/
H�v2` #v H�v2` BM ;`QmT2/ +QMpQHmiBQM�H H�v2`b- BMbi2�/ Q7 �HH
+QMpQHmiBQM�H H�v2`b- BM TQTmH�` *LL KQ/2HbX h?mb BM T`�+iB+2-
i?Bb `2b?�TBM; BMTmi 72�im`2b /Q2b MQi #`BM; � ?Q``B#H2 K2KQ`v
7QQiT`BMiX AM �//BiBQM- i?Bb `2b?�TBM; Bb QMHv T2`7Q`K2/ BM i?2
i`�BMBM; bi�;2 r?BH2 i?2 K2KQ`v 7QQiT`BMi /Q2b MQi BM+`2�b2 BM
i?2 BM72`2M+2 bi�;2X

�++Q`/BM; iQ i?2 M2irQ`F T�`�K2i2`b T`BQ` P(wi; γi,Bi) /2@
}M2/ BM 1[m�iBQM UeXRV �M/ i?2 HBF2HB?QQ/ 7mM+iBQM P(y|X,w)

/2}M2/ BM 1[m�iBQM UeX8V- i?2 TQbi2`BQ` Q7 M2irQ`F T�`�K2i2`b
�HbQ 7QHHQrb KmHiBp�`B�i2 :�mbbB�M /Bbi`B#miBQM P(w|y,X;γ,B,λ)

∼ N(µ,Σ)- r?2`2 i?2 K2�M µ �M/ i?2 +Qp�`B�M+2 K�i`Bt Σ �`2
`2T`2b2Mi2/ �b 7QHHQrb (Ryy),

µ = ΣwX
%(λI +XΣwX

%)−1(y −Xµw),

Σ = (Σ−1w +
1

λ
X%X)−1,

UeXeV

r?2`2 µ ! [µ%1 , · · · ,µ%g ]%- �M/ Σ ! /B�;[Σ1, · · · ,Σg]X µi �M/
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Σi �`2 i?2 TQbi2`BQ` K2�M �M/ i?2 +Qp�`B�M+2 K�i`Bt Q7 M2irQ`F
T�`�K2i2`b BM i?2 ;`QmT i- `2bT2+iBp2HvX

LQr iQ /2i2`KBM2 i?2 BMi`�@;`QmT +Q``2H�iBQM Bi �M/ i?2
BMi2`@;`QmT BKTQ`i�M+2 γi- r2 +�M i`�Mb7Q`K 6Q`KmH�iBQM UeXjV
�b 7QHHQrb,

K�t
B,γ,λ

HMP(y|X;B,γ,λ), UeXdV

r?2`2 i?2 K�`;BM�H HBF2HB?QQ/ 7mM+iBQM P(y|X;B,γ,λ) Bb /2@
}M2/ �b 7QHHQrb,

P(y|X;B,γ,λ) =

∫
P(y|X,w;λ)P(w;B,γ)/w. UeX3V

h?2M 6Q`KmH�iBQM UeXdV +�M #2 i`�Mb7Q`K2/ iQ i?2 2[mBp�H2Mi
7Q`KmH�iBQM �b 7QHHQrb,

KBM
B,γ,λ

L(B,γ,λ), UeXNV

r?2`2

L(B,γ,λ) ! −2 HMP(y|X;B,γ,λ)

= HM |λI +XΣwX
%|

+ (y −Xµw)
%(λI +XΣwX

%)−1(y −Xµw).

UeXRyV

aBM+2 Bi ?�b i?2 �#BHBiv iQ �/�TiBp2Hv H2�`M �M/ 2tTHQBi BMi`�@
;`QmT +Q``2H�iBQM 7Q` #2ii2` T2`7Q`K�M+2 �M/ QMHv i�F2b 72r
Bi2`�iBQMb- BM M2ti b2+iBQM- r2 BHHmbi`�i2 ?Qr iQ mb2 � ;`QmT
G�aaP ivT2 K2i?Q/ iQ ?�M/H2 6Q`KmH�iBQM UeXNV bQ i?�i i?2
BMi`�@;`QmT +Q``2H�iBQM Bi- i?2 BMi2`@;`QmT BKTQ`i�M+2 γi �M/
i?2 ?vT2`@T�`�K2i2` λ +�M #2 r2HH /2i2`KBM2/X
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eXkXj PTiBKBx�iBQM pB� :`QmT G�aaP hvT2 �H;Q`Bi?K

AM i?Bb bm#b2+iBQM- r2 7QHHQr i?2 rQ`F (R8d) �M/ mb2 � ;`QmT
G�aaP ivT2 �H;Q`Bi?K iQ /2i2`KBM2 ?vT2`@T�`�K2i2`b bQ i?�i
Bi +�M �+?B2p2 7�bi +QMp2`;2M+2X h?2 K�BM B/2� Bb b?QrM �b
7QHHQrb, 6B`biHv- r2 }M/ i?2 mTT2`@#QmM/ Q7 i?2 +Qbi 7mM+iBQM
L(B,γ,λ) /2}M2/ BM 1[m�iBQM UeXRyVX h?2M i?2 mTT2`@#QmM/
+�M #2 i`�Mb7Q`K2/ iQ #2 � ;`QmT G�aaP T`Q#H2KX �b � `2@
bmHi- r2 +�M bQHp2 Bi rBi? � ivTB+�H ;`QmT G�aaP bQHp2` KQ`2
2{+B2MiHvX

AM Q`/2` iQ }M/ �M �TT`QT`B�i2 mTT2`@#QmM/ Q7 L(B,γ,λ)- r2
BMi`Q/m+2 � i2KTQ`�`v 7mM+iBQM h(α) ! [ 1λ ||y−Xµw−Xα||22+
α%Σ−1w α]X α Bb /2}M2/ �b � i2KTQ`�`v p�`B�#H2- r?B+? Bb /B7@
72`2Mi 7`QK i?2 KQ/2H T�`�K2i2`b wX LQi2 i?�i i?2 7mM+iBQM
h(α) Bb +QMp2tX h?2`27Q`2- i?2`2 Bb � ;HQ#�H KBMBKmK α0- BX2X-
h(α0) ≤ h(α)- rBi? i?2 }`bi /2`Bp�iBp2 h(α0)′ = 0- r?2`2

α0 = (Σ−1w +X%X)−1(y −Xµw)
%X. UeXRRV

am#biBimiBM; 1[m�iBQM UeXRRV BMiQ i?2 7mM+iBQM h(α) �M/ mbBM;
qQQ/#m`v K�i`Bt B/2MiBiv (Ne) H2�/ iQ

h(α0) = (y −Xµw)
%(λI +XΣwX

%)−1(y −Xµw). UeXRkV

h?mb 7Q` i?2 `B;?i i2`K BM 1[m�iBQM UeXRyV- r2 ?�p2

(y −Xµw)
%(λI +XΣwX

%)−1(y −Xµw)

≡ KBM
α

[
1

λ
||y −Xµw −Xα||22 +α%Σ−1w α].

UeXRjV



*>�Sh1_ eX "�u1aA�L a>�_AL: :_PlS1. *PLoPGlhAPL Rj8

qBi? i?Bb- 1[m�iBQM UeXRyV Bb mTT2`@#QmM/2/ #v,

UL(α,γ,B,λ) = HM |λI +XΣwX
%|

+
1

λ
||y −Xµw −Xα||22 +α%Σ−1w α. UeXR9V

>2`2- r2 i2KTQ`�`BHv }t B �M/ λX h?2M BMbi2�/ Q7 /B`2+iHv
QTiBKBxBM; 6Q`KmH�iBQM UeXNV- r2 KBMBKBx2 i?2 mTT2`@#QmM/ BM
1[m�iBQM UeXR9V rX`XiX α �M/ γ �b 7QHHQrb,

KBM
α,γ

UL(α,γ). UeXR8V

6m`i?2`KQ`2- +QMbB/2`BM; i?2 i2`K (1/λ)||y−Xµw−Xα||22
Bb BM/2T2M/2Mi Q7 γ BM 1[m�iBQM UeXR9V- 6Q`KmH�iBQM UeXR8V +�M
#2 ?�M/H2/ BM irQ bi2Tb �Hi2`M�iBp2Hv �M/ Bi2`�iBp2HvX AM i?2 }`bi
bi2T- r2 QTiBKBx2 6Q`KmH�iBQM UeXR8V rX`XiX γ �b 7QHHQrb,

f(α) ! KBM
γ≥0

[HM |λI +XΣwX
%|+α%Σ−1w α], UeXReV

AM i?2 b2+QM/ bi2T- r2 QTiBKBx2 6Q`KmH�iBQM UeXR8V rX`XiX α �b
7QHHQrb,

KBM
α

||y −Xµw −Xα||22 + λf(α). UeXRdV

AM i?2 }`bi bi2T- bBM+2 g(γ) ! HM |λI + XΣwX%| Bb MQM@
/2+`2�bBM; �M/ +QM+�p2- g(γ) +�M #2 2tT`2bb2/ rBi? Bib +QM+�p2
+QMDm;�i2 g∗(z) �b 7QHHQrb (RN),

g(γ) ! HM |λI +XΣwX
%| = KBM

z≥0
z%γ − g∗(z), UeXR3V

r?2`2 i?2 +QM+�p2 +QMDm;�i2 Bb ;Bp2M �b 7QHHQrb,

g∗(z) = KBM
γ≥0

z%γ − HM |λI +XΣwX
%|. UeXRNV
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h?2`27Q`2- 1[m�iBQM UeXReV +�M #2 i`�Mb7Q`K2/ �b 1[m�iBQM UeXkyVX

f(α) = KBM
γ,z≥0

α%Σ−1w α+ z%γ − g∗(z)

= KBM
γ,z≥0

g∑

i=0

(
α%i B

−1
i αi

γi
+ ziγi

)
− g∗(z),

UeXkyV

r?2`2 z = [z1, z2, · · · , zg]%X JBMBKBxBM; 1[m�iBQM UeXkyV rX`XiX γ-
r2 ?�p2

γi = z
− 1

2
i

√
α%i B

−1
i αi, i = 1, 2, · · · , g. UeXkRV

>Qr2p2`- γi `2HB2b QM ziX �++Q`/BM; iQ 1[m�iBQM UeXR3V �M/ i?2
/m�HBiv T`QT2`iv (RN)- r2 +�M Q#i�BM

zi = h`[BiX
%
i (λI +XiΣwiX

%
i )
−1Xi]. UeXkkV

�++Q`/BM; iQ 1[m�iBQM UeXkRV �M/ 1[m�iBQM UeXkkV- γ `2HB2b
QM z �M/ z `2HB2b QM γ UΣwVX h?2`27Q`2- BM i?2 }`bi bi2T- r2
QTiBKBx2 6Q`KmH�iBQM UeXReV #v mT/�iBM; γ �M/ z- �Hi2`M�iBp2HvX

AM i?2 b2+QM/ bi2T- �7i2` γ �M/ z �`2 /2i2`KBM2/- 6Q`KmH�iBQM
UeXRdV Bb i`�Mb7Q`K2/ �b 7QHHQrb,

KBM
α

||y −Xµw −Xα||22 + λ
g∑

i=1

2z
1
2
i

√
α%i B

−1
i αi. UeXkjV

6Q`KmH�iBQM UeXkjV Bb �M BKTHB+Bi ;`QmT G�aaP 7Q`KmH�iBQMX hQ
K�F2 Bi KQ`2 +H2�`- r2 i`�Mb7Q`K Bi iQ #2 6Q`KmH�iBQM UeXk9V �b
7QHHQrb,

KBM
d

||t−Hd||22 + λ
g∑

i=1

||di||2, UeXk9V
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r?2`2 di = 2z1/2i B−1/2i αi- d = [d%1 ,d
%
2 , · · · ,d%g ]%- t = y−Xµw-

H = X·/B�;[B1/2
1 /(2z1/21 ),B1/2

2 /(2z1/22 ), · · · ,B1/2
g /(2z1/2g )]X 6Q`@

KmH�iBQM UeXk9V Bb � bi�M/�`/ ;`QmT G�aaP 7Q`KmH�iBQM- r?B+?
+�M ?�M/H2/ #v +�HHBM; +H�bbB+�H ;`QmT G�aaP bQHp2` U2X;X- (j)V
iQ /2i2`KBM2 αX

LQi2 i?�i /m`BM; i?2 �#Qp2 T`Q+2bb- r2 }t i?2 BMi`�@;`QmT
+Q``2H�iBQM B �M/ i?2 ?vT2`@T�`�K2i2` λX AM 7�+i- i?2 ?vT2`@
T�`�K2i2` λ +�M #2 �miQK�iB+�HHv /2i2`KBM2/ #v � ;`QmT G�aaP
bQHp2` (j)X "2bB/2b- �++Q`/BM; iQ (R8d)- bBM+2 α ?�b i?2 �TT`QtB@
K�i2 +Qp�`B�M+2 rBi? w- B +�M #2 �TT`QtBK�i2Hv 2biBK�i2/ #v
α 7`QK i?2 T`2pBQmb Bi2`�iBQM- i?�i Bb

Bi =
1

γi
Σwi ≈

1

γi
E[(αi − E(αi))(αi − E(αi))

%]. UeXk8V

AM T�`iB+mH�`- �++Q`/BM; iQ (8y)- i?2 }`bi@Q`/2` �miQ@`2;`2bbBp2
T`Q+2bb +Q``2bTQM/BM; iQ i?2 hQ2THBix K�i`Bt Bb KQ`2 bm{+B2Mi
iQ +�Tim`2 BMi`�@;`QmT +Q``2H�iBQMX h?2`27Q`2- i?2 BMi`�@;`QmT
+Q``2H�iBQM K�i`Bt Bi Bb `2TH�+2/ #v B̂i �b 7QHHQrb,

B̂i = hQ2THBix([R, `, · · · , `L*Q′−R]), UeXkeV

r?2`2 r = m̄1/m̄0- m̄0 �M/ m̄1 �`2 i?2 �p2`�;2b Q7 2H2K2Mib �HQM;
i?2 K�BM /B�;QM�H �M/ i?2 K�BM bm#@/B�;QM�H Q7Bi- `2bT2+iBp2HvX

AM bmKK�`v- i?2 /2p2HQT2/ ;`QmT G�aaP ivT2 �H;Q`Bi?K ~Qr
Bb b?QrM BM �H;Q`Bi?K dX q2 /Q MQi /B`2+iHv QTiBKBx2 6Q`Km@
H�iBQM UeXNVX AMbi2�/- r2 }M/ i?2 mTT2`@#QmM/ Q7 i?2 7mM+iBQM
L(B,γ,λ) �b b?QrM BM 1[m�iBQM UeXR9VX h?2M i?2 mTT2`@#QmM/
7mM+iBQM UL(α,γ,B,λ) Bb KBMBKBx2/ #v irQ bi2TbX AM i?2 }`bi
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bi2T- r2 �Hi2`M�iBp2Hv QTiBKBx2 6Q`KmH�iBQM UeXReV iQ Q#i�BM i?2
?vT2`@T�`�K2i2` γ BM 1[m�iBQM UeXkRV �M/ z BM 1[m�iBQM UeXkkVX
AM i?2 b2+QM/ bi2T- r2 i`�Mb7Q`K 6Q`KmH�iBQM UeXRdV �b �M 2[mBp@
�H2Mi ;`QmT G�aaP 7Q`KmH�iBQM �b b?QrM BM 6Q`KmH�iBQM UeXk9VX
�7i2` +�HHBM; i?2 ;`QmT G�aaP bQHp2`- r2 +�M /2i2`KBM2 d UαV
�M/ λ- bBKmHi�M2QmbHvX AM �//BiBQM- r2 mb2 1[m�iBQMb UeXk8V
�M/ UeXkeV iQ mT/�i2 i?2 ?vT2`@T�`�K2i2`b B �M/ B̂iX h?2
�#Qp2 T`Q+2bb Bb Bi2`�iBp2Hv T2`7Q`K2/ mMiBH +QMp2`;2M+2X h?2M
i?2 BMi`�@;`QmT +Q``2H�iBQMB- i?2 BMi2`@;`QmT BKTQ`i�M+2 γ �M/
i?2 ?vT2`@T�`�K2i2` λ �`2 /2i2`KBM2/X AM T`�+iB+2- Bi QMHv i�F2b
72r Bi2`�iBQMb BM �H;Q`Bi?K d Uk iQ 8 Bi2`�iBQMbVX AM 2�+? Bi2`�@
iBQM- �Mv 2{+B2Mi ;`QmT G�aaP �H;Q`Bi?K +�M #2 mb2/- r?B+?
#`BM; Km+? 7�bi2` �M/ bmBi�#H2 iQ i?2 b?�`BM; T�`�K2i2`b BM i?2
;`QmT2/ +QMpQHmiBQMX

�H;Q`Bi?K d :`QmT G�aaP iQ ?�M/H2 6Q`KmH�iBQM UeXNVX
_2[mB`2, X- y 7`QK QM2 ;`QmT2/ +QMpQHmiBQM�H H�v2`- M2irQ`F T�`�K2i2`b

wX
R, AMBiB�HBx2 B- γ- z �M/ λX
k, `2T2�i
j, lT/�i2 γ #v 1[m�iBQM UeXkRVc
9, lT/�i2 z #v 1[m�iBQM UeXkkVc
8, aQHp2 6Q`KmH�iBQM UeXk9V U6Q`KmH�iBQM UeXkjVV iQ Q#i�BM d UαV �M/
λc

e, lT/�i2 Bi = B̂i #v 1[m�iBQMb UeXk8V �M/ UeXkeVc
d, mMiBH *QMp2`;2M+2
3, `2im`M ?vT2`@T�`�K2i2`b B- γ �M/ λX
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eXkX9 Pp2`�HH ~Qr

AM i?Bb bm#b2+iBQM- r2 rBHH ;Bp2 �M Qp2`�HH ~Qr �#Qmi ?Qr iQ b?�`2
T�`�K2i2`b �KQM; /Bz2`2Mi ;`QmTb bQ i?�i i?2 p�MBHH� ;`QmT2/
+QMpQHmiBQM +�M #2 i`�Mb72``2/ �b i?2 b?�`BM; bi`m+im`2X

�7i2` B- γ �M/ λ �`2 /2i2`KBM2/ #v �H;Q`Bi?K d- BM 2�+?
;`QmT- KQ/2H T�`�K2i2`b wi +�M #2 /2i2`KBM2/ #v i?2 TQbi2`BQ`
K2�M �b b?QrM BM 1[m�iBQM UeXeV- i?�i Bb wi = µiX hQ b?�`2 i?2
T�`�K2i2`b �KQM; /Bz2`2Mi ;`QmTb BM QM2 ;`QmT2/ +QMpQHmiBQM�H
H�v2`- i?2 K2�M Q7 i?2 b?�`BM; T�`�K2i2`b µwb Bb /2}M2/ �b �
T`BQ` K2�M �b 7QHHQrb,

µwb =

∑g
i γiwi∑g
i γi

. UeXkdV

h?2 K2�M Bb i?2 r2B;?i2/ �p2`�;2 Q7 �HH M2irQ`F T�`�K2i2`b
Q#i�BM2/ BM i?2 H�bi Bi2`�iBQM- rBi? i?2 BMi2`@;`QmT BKTQ`i�M+2
γiX h?2M BM 1[m�iBQMb UeXRyV �M/ UeXR9V- i?2 T`BQ` K2�M Bb
µw = 1g ⊗ µwb = [µ%wb

,µ%wb
, · · · ,µ%wb

]%- �M/ 1g ∈ Rg Bb � p2+iQ`
r?Qb2 �HH 2H2K2Mib �`2 1X ⊗ `2T`2b2Mib i?2 E`QM2+F2` T`Q/@
m+iX h?2 b?�`BM; T`Q+2bb Bb b?QrM BM �H;Q`Bi?K 3X �b b?QrM
BM 6B;X eX8- BMBiB�HHv- �HH ;`QmTb ?�p2 /Bz2`2Mi T�`�K2i2`bX �7i2`
72r Bi2`�iBQMb- T�`�K2i2`b rBHH ;`�/m�HHv #2+QK2 i?2 b�K2 #v
Qm` T`QTQb2/ "�v2bB�M b?�`BM; 7`�K2rQ`FX AM T�`iB+mH�`- i?2
K2�M b?�`BM; K2i?Q/ Bb � bT2+B�H +�b2 Q7 Qm` T`QTQb2/ "�v2bB�M
b?�`BM; K2i?Q/- BX2X- γ ≡ 1gX

6Q` i?2 r?QH2 *LLKQ/2H- r2 �/QTi � b2T�`�i2@K2`;2 K2i?Q/@
QHQ;v (99) iQ b?�`2 r2B;?ib BM �HH ;`QmT2/ +QMpQHmiBQM�H H�v2`b-
i?�i Bb b2T�`�i2Hv mT/�iBM; T�`�K2i2`b #v HQbb 7mM+iBQM BM i?2
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�H;Q`Bi?K 3 "�v2bB�M b?�`BM; 7`�K2rQ`F
_2[mB`2, X- y 7`QK QM2 ;`QmT2/ +QMpQHmiBQM�H H�v2`- M2irQ`F T�`�K2i2`b

wX
R, AMBiB�HBx2 µwb

=
∑g

i wi/g- µw = 1g ⊗ µwb
c

k, `2T2�i
j, lT/�i2 B- γ �M/ λ #v �H;Q`Bi?K dc
9, lT/�i2 KQ/2H T�`�K2i2`bwi #v i?2 TQbi2`BQ` K2�M BM 1[m�iBQM UeXeVc
8, lT/�i2 i?2 b?�`BM; KQ/2H T�`�K2i2`b µwb

#v 1[m�iBQM UeXkdV �M/
µw = 1g ⊗ µwb

c
e, mMiBH *QMp2`;2M+2
d, `2im`M h?2 b?�`BM; r2B;?ib wb = µwb

X

.
.

.

Weights

.
.

.

Weights

.
.

.

Weights

.
.

Weights

.

Iteration 1 Iteration 2 Iteration 3 Sharing

6B;m`2 eX8 h?2 b?�`BM; T`Q+2bb Q7 ;`QmT2/ +QMpQHmiBQM T�`�K2i2`bX :`22M-
#Hm2 �M/ `2/ #Qt2b `2T`2b2Mi T�`�K2i2`b UF2`M2HbV BM i?`22 ;`QmTbX �7i2` 72r
Bi2`�iBQMb- �HH ;`QmTb ?�p2 i?2 b�K2 F2`M2Hb U;`2v #Qt2bV- r?B+? �`2 b?�`2/X

#�+F@T`QT�;�iBQM bi�;2 �M/ +QKTmiBM; HQbb 7mM+iBQM p�Hm2 BM i?2
7Q`r�`/ T`QT�;�iBQM bi�;2X :Bp2M � T`2@i`�BM2/ *LL KQ/2H- r2
}t KQ/2H T�`�K2i2`b BM MQM@;`QmT2/ +QMpQHmiBQM�H H�v2`b �M/
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mT/�i2 KQ/2H T�`�K2i2`b BM �HH ;`QmT2/ +QMpQHmiBQM�H H�v2`b #v
Qm` T`QTQb2/ "�v2bB�M b?�`BM; K2i?Q/ �b b?QrM BM �H;Q`Bi?K 3
7`QK 7`QMi H�v2`b iQ #�+F H�v2`b b2[m2MiB�HHv BM i?2 7Q`r�`/ T`QT@
�;�iBQM bi�;2X

h?2 HQbb p�Hm2 Bb +�H+mH�i2/ #v �HH mT/�i2/ b?�`2/ ;`QmT2/
+QMpQHmiBQM T�`�K2i2`b �M/ Qi?2` }t2/ KQ/2H T�`�K2i2`bX h?2M
i?2 HQbb p�Hm2 Bb mb2/ iQ mT/�i2/ �HH KQ/2H T�`�K2i2`bX "v
T2`7Q`KBM; i?Bb b?�`BM; T`Q+2bb 7Q` 72r 2TQ+?b- i?2 }M�H b?�`BM;
KQ/2H +�M #2 Q#i�BM2/X

LQi2 i?�i BMbi2�/ Q7 �HH H�v2`b BM *LL KQ/2H- Qm` T`QTQb2/
"�v2bB�M b?�`BM; 7`�K2rQ`F Bb T2`7Q`K2/ BM ;`QmT2/ +QMpQHm@
iBQM�H H�v2`b iQ i`�Mb72` iQ #2 i?2 b?�`BM; bi`m+im`2X

Ai Bb rQ`i? K2MiBQMBM; i?�i Qm` T`QTQb2/ "�v2bB�M b?�`BM;
7`�K2rQ`F Bb MQi QMHv +QKT`2bbBM; KQ/2Hb #mi �HbQ `2;mH�`BxBM;
T�`�K2i2`bX h?2 `2;mH�`Bx�iBQM i2+?MB[m2 +�M 2M+Qm`�;2 H2�`M@
BM; � KQ`2 bBKTH2 KQ/2H iQ �pQB/ i?2 `BbF Q7 Qp2`}iiBM; bQ i?�i
i?2 �++m`�+v +�M #2 BKT`Qp2/ (Ryy)X h?2 KQbi +QKKQM `2;m@
H�`Bx�iBQM i2+?MB[m2b �`2 _B/2 _2;`2bbBQM �M/ G�bbQ `2;`2bbBQM-
r?B+? +�M 7Q`+2 i?2 KQ/2H T�`�K2i2`b iQ /2+�v iQr�`/b x2`Qb
bQ i?�i KQ/2H +QKTH2tBiv Bb `2/m+2/ �M/ i?2 KQ/2H ;2M2`�H@
Bx2b #2ii2` (Ryy)X LQi2 i?�i /B`2+iHv H2�`MBM; � b?�`BM; ;`QmT2/
+QMpQHmiBQM bi`m+im`2 ?�b i?2 b�K2 K�MM2` rBi? /B`2+iHv 7Q`+@
BM; i?2 KQ/2H T�`�K2i2`b iQ x2`Qb- r?B+? #`BM;b T2`7Q`K�M+2
/2;`�/�iBQMX AM i?2 T`QTQb2/ "�v2bB�M b?�`BM; 7`�K2rQ`F- i?2
KQ/2H T�`�K2i2`b �`2 BKTQb2/ iQ #2 i?2 b�K2 �KQM; /Bz2`2Mi
;`QmTb #v �/�TiBp2Hv H2�`MBM; i?2 BMi`�@;`QmT +Q``2H�iBQM B �M/
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h�#H2 eXj _2bL2si QM *A6�_ .�i�b2iX

JQ/2H g

_2tL2si@j8 _2tL2si@8y
OS �++X UWV 6GPSb hBK2 OS �++X UWV 6GPSb hBK2 :*_
UJV *@Ry *@Ryy UJV UKbV UJV *@Ry *@Ryy UJV UKbV UWV

_2bL2si U#�b2HBM2V 9 RXkN NkX3d dkXNR kyk jjX9 kXyR NjXed djXy3 kdN 9kX3 RyyXyy

_2bL2si@. 9 RXRN U↓V NkXyk U↓V dkXRd U↓V kyk keXk RX83 U↓V NkX3N U↓V dkX3e U↓V kdN jjXj k8Xyy
_2bL2si@J 9 RXRN U↓V NjXjR U↑V djX99 U↑V kyk keXk RX83 U↓V NjXNy U↑V djX88 U↑V kdN jjXj k8Xyy
_2bL2si@" 9 RXRN U↓V N9XR8 U↑V d9X8e U↑V kyk keXk RX83 U↓V N9XNj U↑V d8X9e U↑V kdN jjXj k8Xyy

_2bL2si U#�b2HBM2V 3 RXjR NjXyy djXyd kR9 9jXj kXy9 NjXkk djXRe kNR 9dXj RyyXyy

_2bL2si@. 3 RXR3 U↓V NkXjk U↓V dkX8R U↓V kR9 j3X8 RXdy U↓V NjXR9 U↓V dkXdR U↓V kNR 9kXj k8Xyy
_2bL2si@J 3 RXR3 U↓V NjX9k U↑V djXek U↑V kR9 j3X8 RXdy U↓V NjXd3 U↑V djXNj U↑V kNR 9kXj RkX8y
_2bL2si@" 3 RXR3 U↓V N9Xy3 U↑V d9XNd U↑V kR9 j3X8 RXdy U↓V N8Xy9 U↑V deXRR U↑V kNR 9kXj RkX8y

_2bL2si U#�b2HBM2V Re RXj8 NkXNj U↑V djXkj U↑V kkk 93Xd kXRk NjXkj U↑V djXjR U↑V jyN 88Xy RyyXyy

_2bL2si@. Re RXke U↓V NkX93 U↓V dkX8d U↓V kkk 9jX3 RX33 U↓V NjXkk U↓V dkXNj U↓V jyN 8kXe eXk8
_2bL2si@J Re RXke U↓V NjXj3 U↑V djXe9 U↑V kkk 9jX3 RX33 U↓V NjXd3 U↑V djXdN U↑V jyN 8kXe eXk8
_2bL2si@" Re RXke U↓V N9Xdd U↑V d8X33 U↑V kkk 9jX3 RX33 U↓V N8XRd U↑V d8X3d U↑V jyN 8kXe eXk8

i?2 BMi2`@;`QmT BKTQ`i�M+2 γX h?mb i?2 BMimBiBQM #2?BM/ i?Bb
i2+?MB[m2 ?�b i?2 b�K2 K�MM2` �b i?2 +QKKQM `2;mH�`Bx�iBQMb-
r?B+? �/�TiBp2Hv 7Q`+2 i?2 KQ/2H T�`�K2i2`b iQ /2+�v iQr�`/b
x2`QbX �b � `2bmHi- r2 2tT2+i i?2 T`QTQb2/ "�v2bB�M b?�`BM;
7`�K2rQ`F +�M BKT`Qp2 i?2 �++m`�+v Q7 Q`B;BM�H KQ/2HbX

eXj 1tT2`BK2Mi�H _2bmHib

AM i?Bb b2+iBQM- r2 �TTHv Qm` "�v2bB�M b?�`BM; 7`�K2rQ`F QM
bQK2 TQTmH�` ;`QmT2/ +QMpQHmiBQM�H M2m`�H M2irQ`Fb- BM+Hm/BM;
_2bL2si (Rj9)- a?m|2L2i (R8k) �M/ :@.2Mb2L2i (93- 9N)X q2
i2bi i?2K QM *A6�_@Ry- *A6�_@Ryy (N)- �M/ AK�;2L2i (8)X �b
�M �#H�iBQM bim/v- iQ +H�`B7v i?2 BKT�+i Q7 i?2 T`QTQb2/ "�v2bB�M
b?�`BM; 7`�K2rQ`F- i?2 /B`2+iHv i`�BM2/ b?�`BM; ;`QmT2/ +QM@
pQHmiBQM�H M2m`�H M2irQ`Fb �M/ i?2 K2�M b?�`BM; K2i?Q/ �`2
�HbQ BKTH2K2Mi2/ 7Q` +QKT�`BbQMX h?2 /B`2+i i`�BMBM; K2i?Q/
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h�#H2 eX9 a?m|2L2i �M/ :@.2Mb2L2i QM *A6�_ .�i�b2iX

JQ/2H g
OS �++X UWV 6GPSb hBK2 :*_
UJV *@Ry *@Ryy UJV UKbV UWV

a?m|2L2i@Rt U#�b2HBM2V 9 yXek NRXe8 dRX93 Rye kjXy RyyXyy

a?m|2L2i@Rt@. 9 yXk3 U↓V NyXd3 U↓V dyX8e U↓V Rye RdXe k8Xyy
a?m|2L2i@Rt@J 9 yXk3 U↓V NkX9d U↑V dkXkN U↑V Rye RdXe k8Xyy
a?m|2L2i@Rt@" 9 yXk3 U↓V NjX8e U↑V djX3j U↑V Rye RdXe k8Xyy

a?m|2L2i@kt U#�b2HBM2V 9 RXj9 NRX93 dRXe8 Rkj kNX3 RyyXyy

a?m|2L2i@kt@. 9 yX93 U↓V NyXjk U↓V dyX9N U↓V Rkj kkXN k8Xyy
a?m|2L2i@kt@J 9 yX93 U↓V NkXe3 U↑V dkXyd U↑V Rkj kkXN k8Xyy
a?m|2L2i@kt@" 9 yX93 U↓V NjXdN U↑V djX3N U↑V Rkj kkXN k8Xyy

a?m|2L2i@Rt U#�b2HBM2V 3 RXj8 NkXkN dkXRk ky9 jjX9 RyyXyy

a?m|2L2i@Rt@. 3 yXey U↓V NRXRN U↓V dRX8d U↓V ky9 k3XR RkX8y
a?m|2L2i@Rt@J 3 yXey U↓V NjXRe U↑V dkXke U↑V ky9 k3XR RkX8y
a?m|2L2i@Rt@" 3 yXey U↓V N9Xyy U↑V dkXN3 U↑V ky9 k3XR RkX8y

:@.2Mb2L2i@3e U#�b2HBM2V 9 yXek NjXkR djX3N Ryk eN RyyXyy

:@.2Mb2L2i@3e@. 9 yXjj U↓V NkX3N U↓V djXR9 U↓V Ryk 8j k8Xyy
:@.2Mb2L2i@3e@J 9 yXjj U↓V NjXd3 U↑V djXde U↓V Ryk 8j k8Xyy
:@.2Mb2L2i@3e@" 9 yXjj U↓V N9XNR U↑V d8XRk U↑V Ryk 8j k8Xyy

+QMbi`m+ib � M2irQ`F rBi? i?2 T`QTQb2/ b?�`BM; bi`m+im`2 �M/
i?2M i`�BMb BiX h?2 K2�M b?�`BM; K2i?Q/ i`�BMb i?2 KQ/2H 7`QK
b+`�i+? �M/ 2�+? ;`QmT ?�b Bib QrM r2B;?ibX �i bQK2 +2`i�BM
i`�BMBM; 2TQ+?b- 2X;X- 3y �M/ Ryy 2TQ+?b- r2 �p2`�;2 i?2 r2B;?ib
�M/ i?2M +QMiBMm2 i?2 i`�BMBM; T`Q+2bbX AM i?2 2tT2`BK2Mi�H
`2bmHib- ǳ−DǴ `2T`2b2Mib i?2 `2bmHib Q7 /B`2+iHv i`�BM2/ b?�`@
BM; ;`QmT2/ +QMpQHmiBQM�H M2m`�H M2irQ`Fb- ǳ−MǴ `2T`2b2Mib
i?2 `2bmHib Q7 K2�M b?�`BM;- �M/ ǳ−BǴ `2T`2b2Mib i?2 "�v2bB�M
b?�`BM;X
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eXjXR AKTH2K2Mi�iBQM /2i�BHb �M/ 2tT2`BK2Mi�H b2iiBM;b

h`�BMBM; b2iiBM;b

PM *A6�_@Ry �M/ *A6�_@Ryy- r2 i2bi �HH Q7 i?2b2 i?`22 K2i?@
Q/bX h?2 BMBiB�H H2�`MBM; `�i2 Bb b2i �b 0.1X 6Q` _2bL2si �M/
a?m|2L2i- i?2 #�i+? bBx2 Bb Rk3 �M/ i?2 H2�`MBM; `�i2 Bb ;`�/@
m�HHv /BpB/2/ #v Ry �i 3R �M/ Rkk 2TQ+?b- rBi? Re9 i`�BMBM;
2TQ+?b BM iQi�HX 6Q` :@.2Mb2L2i- i?2 #�i+? bBx2 Bb e9- �M/ i?2
H2�`MBM; `�i2 Bb /BpB/2/ #v Ry �i R8y �M/ kk8 2TQ+?b- rBi? � iQi�H
Q7 jyy i`�BMBM; 2TQ+?bX *A6�_@Ry �M/ *A6�_@Ryy �`2 b?Q`i2/
�b *@Ry �M/ *@Ryy BM i?2 `2bmHi i�#H2bX

q2 i2bi i?2 b?�`BM; _2bL2si PM AK�;2L2iX h?2 H2�`MBM;
`�i2 Bb BMBiB�HHv b2i iQ yXR- /BpB/2/ #v Ry �i 8y �M/ dy 2TQ+?bX
h?2`2 �`2 Ny i`�BMBM; 2TQ+?b- �M/ i?2 #�i+? bBx2 Bb k8eX

Pm` QTiBKBx2` mb2b KQK2MimK QTiBKBx2`- rBi? KQK2MimK
yXN �M/ r2B;?i /2+�v 2× 10−4X

1p�Hm�iBQM J2i`B+b

S�`�K2i2` pQHmK2- KQ/2H �++m`�+v- �M/ ;`QmT2/ +QMpQHmiBQM
+QKT`2bbBQM `�iBQ U:*_V �`2 +QMbB/2`2/ �b i?2 2p�Hm�iBQM K2i@
`B+bX S�`�K2i2` pQHmK2- �##`2pB�i2/ �b ǳOSǴ- +QmMib �HH i?2
T�`�K2i2`b BM i?2 KQ/2H- BM+Hm/BM; ;`QmT2/ +QMpQHmiBQM�H H�v@
2`b �M/ Qi?2` HBM2�` Q` MQMHBM2�` H�v2`bX :*_ Bb QMHv 7Q` ;`QmT2/
+QMpQHmiBQM�H H�v2`b- BX2X- pQHmK2 Q7 i?2 b?�`BM; H�v2` /BpB/2/ #v
i?2 Q`B;BM�H pQHmK2 #27Q`2 b?�`BM;X h?2 +QKT`2bbBQM `�iBQ Q7
i?2 #�b2HBM2 KQ/2H Bb �HbQ 100WX 6Q` � ;`QmT2/ +QMpQHmiBQM�H
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h�#H2 eX8 Pm` T`QTQb2/ b?�`BM; _2bL2si@8y �M/ a?m|2L2i- BM +QKT�`BbQM
rBi? i?2 bi�i2@Q7@i?2@�`i KQ/2Hb QM *A6�_X

JQ/2H
J2i?Q/ OS �++X 6GPSb .�i�b2i

UJV UWV UJV

_2bL2i@8y

*S (9d) eX99 N9XR8 Reky

*@Ry

*�S (Ny) RXey NkXed @
:2M2iB+ (8e) dXdR NjXey N89
:�mbbB�M (8e) 8XN9 N9Xyy dj8

_2bL2si@8y
@" U;49V RX83 N9XNj kdN
@" U;43V RXdy N8Xy9 kNR
@" U;4ReV RX33 N8XRd jyN

_2bL2i@8y
6S (eN) dX3j djXey eRe

*@Ryy

*S (9d) NXk9 d9XRy Rd9y
S*�a (Rj3) 9Xyk djX39 9d8

_2bL2si@8y
@" U;49V RX83 d8X9e kdN
@" U;43V RXdy deXRR kNR
@" U;4ReV RX33 d8X3d jyN

JQ#BH2L2i@pk

α@R (ee) kXjy NyXky 3N

*@Ry

α@yXd8 (ee) RXdj 3dX3y ey
6G:*U;4kV (Rkj) RXR3 N9XRR R83
6G:*U;4jV (Rkj) yX38 N9Xky Rkk
6G:*U;49V (Rkj) yXe3 N9XRe Ryj
6G:*U;43V (Rkj) yX9j NjXyN de

a?m|2L2i
Rt@" U;49V yXk3 NjX8e Rye
kt@" U;49V yX93 NjXdN Rkj
Rt@" U;43V yXey N9Xyy ky9

H�v2` rBi? g ;`QmTb- �7i2` b?�`BM;- i?2 +QKT`2bbBQM `�iBQ Bb 1/gX
h?2`27Q`2- Qm` +QKT`2bbBQM `�iBQ `2HB2b QM i?2 MmK#2` Q7 ;`QmTbX
6Q` AK�;2L2i- r2 `2TQ`i hQT@R �M/ hQT@8 �++m`�+B2bX h?2 MmK@
#2` Q7 ~Q�iBM; TQBMi QT2`�iBQMb U6GPSbV �M/ `mMiBK2 �`2 �HbQ
�ii�+?2/X
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eXjXk 1tT2`BK2Mib QM *A6�_ .�i�b2i

Pm` b?�`BM; K2i?Q/ Bb �TTHB2/ iQ bQK2 #�b2HBM2 KQ/2Hb- BX2X-
_2bL2si- a?m|2L2i �M/ :@.2Mb2L2i iQ i2bi *A6�_@Ry �M/
*A6�_@Ryy- rBi? bQK2 M2+2bb�`v KQ/2H KQ/B}+�iBQMb BM h�@
#H2b eXj �M/ eX9X 6Q` _2bL2si@j8 �M/ _2tL2si@8y- iQ i2bi i?2
+�`/BM�HBiv- bQK2 i2bib �`2 +QM/m+i2/ QM ;`QmT2/ +QMpQHmiBQM�H
H�v2`b rBi? 9- 3- Re ;`QmTb- r?BH2 i?2 F2`M2H bBx2 Bb 3 × 3X h?2
TQBMi@rBb2 +QMpQHmiBQM�H H�v2`b �`2 MQi +QMbB/2`2/ ?2`2 bBM+2
i?2v �`2 MQi BM i?2 ;`QmT2/ +QMpQHmiBQM�H H�v2`b Q7 i?2b2 irQ
KQ/2HbX 6Q` a?m|2L2i- ;`QmT2/ +QMpQHmiBQM�H H�v2`b rBi? 9
�M/ 3 ;`QmTb �`2 i2bi2/X .Bz2`2Mi 7`QK _2bL2si- i?2 TQBMi@
rBb2 U1 × 1V +QMpQHmiBQMb BM a?m|2L2i �`2 ;`QmT2/ +QMpQHm@
iBQM�H H�v2`bX aQK2 2tT2`BK2Mib �`2 +QM/m+i2/ QM a?m|2L2i
rBi? 1× 1 +QMpQHmiBQMb iQ 7m`i?2` /2KQMbi`�i2 i?2 2z2+iBp2M2bb
Q7 Qm` b?�`BM; K2i?Q/X .2Mb2L2i +QMi�BMb #Qi? 3× 3 �M/ 1× 1

+QMpQHmiBQM�H H�v2`b- r?B+? �`2 #Qi? i2bi2/ iQ 7m`i?2` p�HB/�i2
i?2 +QKT�iB#BHBiv Q7 Qm` K2i?Q/X

�b �#H�iBQM bim/B2b- iQ +H�`B7v i?2 BKT�+ib Q7 Qm` T`QTQb2/
"�v2bB�M b?�`BM; 7`�K2rQ`F- r2 +QKT�`2 i?2 /B`2+iHv i`�BM2/
KQ/2H rBi? b?�`BM; ;`QmT2/ +QMpQHmiBQM- i?2 K2�M b?�`BM;- �M/
i?2 T`QTQb2/ "�v2bB�M b?�`BM;X h?2 `2bmHib �`2 b?QrM BM h�@
#H2b eXj �M/ eX9X 6Q` �HH Q7 i?2b2 i2bib- +QKT�`2/ rBi? i?2
+Q``2bTQM/BM; #�b2HBM2 KQ/2Hb- i?2 T2`7Q`K�M+2 /2;`�/�iBQMb
Q++m` BM �HH /B`2+iHv i`�BM2/ KQ/2HbX h?2 K2�M b?�`BM; K2i?Q/
+�M �+?B2p2 bHB;?i �++m`�+v BKT`Qp2K2Mib BM i?2 KQbi +�b2b #mi
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:@.2Mb2L2i@3e bBM+2 Bi Bb �#H2 iQ +QK#BM2 T�`�K2i2`b �KQM;
/Bz2`2Mi ;`QmTb rBi?Qmi /Bb+`BKBM�iBQM- BX2X- γ ≡ 1g BM 1[m�@
iBQM UeXkdVX *QKT�`2/ rBi? i?2 K2�M b?�`BM; K2i?Q/- Qm`
"�v2bB�M b?�`BM; 7`�K2rQ`F +�M #`BM; bB;MB}+�Mi �++m`�+v BK@
T`Qp2K2Mib- KQbiHv KQ`2 i?�M 2W- bBM+2 Bi +QMbB/2`b i?2 BMi`�@
;`QmT +Q``2H�iBQM �M/ i?2 BMi2`@;`QmT BKTQ`i�M+2 iQ +QK#BM2
T�`�K2i2`b �KQM; /Bz2`2Mi ;`QmTb rBi? /Bb+`BKBM�iBQMbX AM
Qi?2` rQ`/b- Bi Bb �#H2 iQ /Bb+`BKBM�i2Hv +QK#BM2 T�`�K2i2`b
iQ �+?B2p2 K2bb�;2 T�bbBM; iQ /Bz2`2Mi 72�im`2b �++Q`/BM; iQ
i?2 BKTQ`i�M+2b H2�`M2/ 7`QK K�tBKmK HBF2HB?QQ/ 2biBK�iBQM
BM 1[m�iBQM UeXNVX aQK2 i2bib �+?B2p2 ?B;?2` BKT`Qp2K2Mib-
2X;X- BM h�"G1 eXj- _2bL2si@8y@" rBi? 3 ;`QmTb QM *A6�_@
Ryy BKT`Qp2b i?2 �++m`�+v #v 76.11W − 73.16W = 2.95W rBi?
i?2 H2bb T�`�K2i2` pQHmK2X �b � `2bmHi- i?2 T`QTQb2/ "�v2bB�M
b?�`BM; 7`�K2rQ`F +�M BKT`Qp2 i?2 T�`�K2i2` 2{+B2M+v- `2/m+2
i?2 T�`�K2i2` `2/mM/�M+v �M/ �HH2pB�i2 i?2 Qp2`}iiBM; Bbbm2X

Pm` "�v2bB�M b?�`BM; K2i?Q/ +�M `2bmHi BM BKT`2bbBp2 +QK@
T`2bbBQM �M/ `mMiBK2 T2`7Q`K�M+2X aBM+2 7Q` ;`QmT2/ +QMpQHm@
iBQM�H H�v2`b rBi? g ;`QmTb- i?2 :*_ Bb 1/g- KQ`2 ;`QmTb K2�M
#2ii2` +QKT`2bbBQM `�iBQX �++Q`/BM; iQ h�#H2b eXj �M/ eX9- �b i?2
;`QmT MmK#2` BM+`2�b2b- Qm` K2i?Q/ �+?B2p2b ?B;?2` +QKT`2b@
bBQM `�iBQbX *QMpQHmiBQM�H H�v2`b rBi? 9 ;`QmTb ?�p2 i?2 KBMBK�H
:*_- BX2X- +QKT`2bb2/ iQ yXk8 iBK2bX .BpB/BM; iQ Re ;`QmTb +�M
#`BM; i?2 K�tBK�H +QKT`2bbBQM `�iBQ- BX2X- yXyek8 iBK2bX 1t+2Ti
7Q` ;`QmT2/ +QMpQHmiBQM�H H�v2`b- � ivTB+�H M2m`�H M2irQ`F +QM@
i�BMb K�Mv Qi?2` HBM2�` Q` MQM@HBM2�` H�v2`bX h?2 KQ/2Hb rBi?
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KQ`2 ;`QmT2/ +QMpQHmiBQM�H H�v2`b ?�p2 #2ii2` +QKT`2bbBQM T2`@
7Q`K�M+2 7Q` T�`�K2i2` pQHmK2 #v mbBM; Qm` "�v2bB�M b?�`BM;
K2i?Q/X AM h�"G1 eXj- 7Q` _2bL2si KQ/2Hb rBi? i?2 HBKBi2/
MmK#2` Q7 3× 3 +QMpQHmiBQM�H H�v2`b- r2 +�M �+?B2p2 mT iQ 21W
U(2.01−1.58)/2.01V Qp2`�HH pQHmK2 `2/m+iBQMX AM h�"G1 eX9- 6Q`
i?2 b?�`BM; :@.2Mb2L2i@3e- i?2 T�`�K2i2` pQHmK2 Bb `2/m+2/ #v
46.77W U(0.62− 0.33)/0.62VX h?2 b?�`BM; a?m|2L2i@Rt `2/m+2b
i?2 T�`�K2i2` pQHmK2 #v 54.8W U(0.62 − 0.28)/0.62V- �M/ i?2
T�`�K2i2` pQHmK2 BM a?m|2L2i@kt `2/m+2b KQ`2 i?�M 64.17W
U(1.34− 0.48)/1.34VX h?2 T`QTQb2/ b?�`BM; K2i?Q/ +�M �+?B2p2
i?2 KQ`2 bB;MB}+�Mi T�`�K2i2` `2/m+iBQMb 7Q` *LL rBi? i?2
KQ`2 ;`QmT2/ +QMpQHmiBQM�H H�v2`bX :2M2`�HHv- i?2 /22T2` �M/
H�`;2` KQ/2Hb bmz2` 7`QK ?B;?2` `BbFb Q7 Qp2`}iiBM;X qBi? Qm`
"�v2bB�M b?�`BM; 7`�K2rQ`F- r2 +�M �HH2pB�i2 i?Bb T`Q#H2K #v
`2/m+BM; T�`�K2i2` pQHmK2X

AM T�`iB+mH�`- +QKT�`2/ rBi? i?2b2 #�b2HBM2 K2i?Q/b- Qm` T`Q@
TQb2/ b?�`BM; ;`QmT2/ +QMpQHmiBQM /Q2b MQi `2/m+2 6GPSb BM
i?2 BM72`2M+2 bi�;2X >Qr2p2`- �b b?QrM BM 6B;X eXk- i?2 T�`�K2@
i2`b �`2 b?�`2/ �KQM; /Bz2`2Mi ;`QmTbX h?2 b?�`BM; T�`�K2i2`
bi`�i2;v +�M `2/m+2 i?2 �+im�H MmK#2` Q7 K2KQ`v �++2bb2b bQ
i?�i i?2 BM72`2M+2 iBK2 +�M #2 `2/m+2/- �b b?QrM BM h�#H2b eXj
�M/ eX9X h?2 `mMiBK2 `2bmHib �`2 i2bi2/ QM QM2 E�;;H2 LpB/�
h2bH� SRyy URe :" K2KQ`v- dky :"fb #�M/rB/i?VX Ai Bb #2@
HB2p2/ i?�i r2 +�M �+?B2p2 #2ii2` `mM T2`7Q`K�M+2b QM 6S:�
rBi? /�i�~Qr QTiBKBx�iBQMb (Rkd)X

q2 �HbQ +QKT�`2 Qm` K2i?Q/ rBi? i?2 bi�i2@Q7@i?2@�`i K2i?@
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Q/b QM _2bL2i- JQ#BH2L2i �M/ .2Mb2L2i QM *A6�_ /�i�b2i-
�b b?QrM BM h�#H2b eX8 �M/ eXeX h?2b2 K2i?Q/b BM+Hm/2 2{@
+B2Mi KQ/2H �`+?Bi2+im`2 K2i?Q/b (8e- eeĜe3- Nj) �M/ +QKT`2b@
bBQM K2i?Q/b �i p�`BQmb H2p2Hb- bm+? �b }Hi2` T`mMBM; (eN) �M/
+?�MM2H T`mMBM; (9d-3y-Ny-Rkj-Rj3-R83)X Ai Bb rQ`i? K2MiBQMBM;
i?�i i?2 ;`QmT T`mMBM; (Rkj- R83) Bb � bT2+B�H +?�MM2H T`mMBM;
bBM+2 i?2 BMTmi +?�MM2Hb- QmiTmi +?�MM2Hb- �M/ i?2B` +QMM2+iBQMb
�`2 /BpB/2/ BMiQ b2p2`�H ;`QmTbX

�++Q`/BM; iQ h�#H2b eX8 �M/ eXe- Qm` K2i?Q/ QmiT2`7Q`Kb �HH
Q7 i?2 +m``2Mi 2{+B2Mi KQ/2H �`+?Bi2+im`2 K2i?Q/b (8e-eeĜe3-Nj)
bBM+2 i?2v /Q MQi +QMbB/2` +Q``2H�iBQMb �KQM; T�`�K2i2`b BM i?2
i`�BMBM; bi�;2 bQ i?�i i?2 KQ/2H T2`7Q`K�M+2 Bb bB;MB}+�MiHv
/2;`�/2/X AM T�`iB+mH�`- Bi Bb ?�`/ iQ K�F2 � #2ii2` i`�/2@Qz
#2ir22M �++m`�+v �M/ T�`�K2i2` pQHmK2- 2p2M i?`Qm;? bQK2
�/p�M+2/ M2m`�H �`+?Bi2+im`2 b2�`+? K2i?Q/b �`2 �/QTi2/ iQ
/2i2`KBM2 KQ/2H +QM};m`�iBQMb (8e)X lMHBF2 i?2b2 i`�/BiBQM�H
+QKT`2bbBQM K2i?Q/b (9d- eN- 3y- Ny- Rkj- Rj3- R83)- Qm` T`QTQb2/
"�v2bB�M b?�`BM; 7`�K2rQ`F /Q2b MQi +QKTH2i2Hv T`mM2 +?�MM2Hb
Q` }Hi2`b UF2`M2HbVX AMbi2�/- +QKT�`2/ rBi? i?2 ;`QmT2/ +QMpQ@
HmiBQM- r2 `2b2`p2 �HH }Hi2`b UF2`M2HbV �M/ +?�MM2Hb- �M/ /Bb+`BK@
BM�i2Hv +QK#BM2 T�`�K2i2`b iQ �+?B2p2 K2bb�;2 T�bbBM; iQ 72�@
im`2b rBi? /Bz2`2Mi BKTQ`i�M+2bX h?2 `2mb2/ r2B;?ib- bi`m+im`2b
Q7 KQ/2H T�`�K2i2`b �M/ i?2 �/�TiBp2 BKTQ`i�M+2 H2�`MBM; bi`�i@
2;v +�M `2/m+2 i?2 T�`�K2i2` `2/mM/�M+v- BKT`Qp2 2{+B2M+v
�M/ �HH2pB�i2 i?2 Qp2`}iiBM; Bbbm2X AM T�`iB+mH�`- +QKT�`2/ rBi?
i?2 bi�i2@Q7@i?2@�`i ;`QmT T`mMBM; K2i?Q/b r?B+? T`mM2 b2p2`�H
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mMBKTQ`i�Mi ;`QmTb (Rkj- R83)- Qm` K2i?Q/ `2b2`p2b �HH ;`QmTb
i?mb bi`BFBM; � #2ii2` #�H�M+2 #2ir22M �++m`�+v �M/ T�`�K2i2`
pQHmK2X

eXjXj 1tT2`BK2Mib QM AK�;2L2i

hQ 7m`i?2` 2p�Hm�i2 i?2 BKT�+i Q7 Qm` "�v2bB�M b?�`BM; 7`�K2@
rQ`F 7Q` KQ/2H T2`7Q`K�M+2 QM H�`;2 /�i� b2ib- r2 i2bi i?2 b?�`@
BM; _2bL2si@8y QM AK�;2L2i /�i�b2iX q2 7QHHQr i?2 +QM};m`�@
iBQMb BM (Rj9)X h?2 MmK#2` Q7 ;`QmTb Bb jkX

q2 +QKT�`2 Qm` K2i?Q/ rBi? i?2 bi�i2@Q7@i?2@�`i 2{+B2Mi
KQ/2H �`+?Bi2+im`2 K2i?Q/b (89-3j-Rye-Rjj-R93-R88) iQ 2t�KBM2
KQ/2H �++m`�+v- T�`�K2i2` pQHmK2 �M/ 6GPSb BM h�"G1 eXdX
Ai Bb b?QrM i?�i Qm` T`QTQb2/ "�v2bB�M b?�`BM; 7`�K2rQ`F #2�ib
i?2b2 bi�i2@Q7@i?2@�`i 2{+B2Mi KQ/2H �`+?Bi2+im`2 K2i?Q/b BM
i2`Kb Q7 i?2 KQ/2H �++m`�+v �M/ i?2 T�`�K2i2` pQHmK2X AM T�`@
iB+mH�`- bQK2 �/p�M+2/ MQ`K�HBx�iBQM H�v2`b �`2 /2p2HQT2/ iQ
2M?�M+2 i?2 ;2M2`�HBx�iBQM �#BHBiv Q7 i?2 KQ/2H #mi i?2v K�F2
KQ/2H +mK#2`bQK2 r?BH2 #`BM;BM; KQ`2 6GPSb (89-3j-Rye-Rjj-
R93)X "2bB/2b- +QKT�`2/ rBi? i?2 /vM�KB+ ;`QmTBM; +QMpQHm@
iBQM (R88)- i?2 b?�`BM; ;`QmT2/ +QMpQHmiBQM +�M `2/m+2 T�`�K2@
i2` pQHmK2 bBM+2 KQ/2H T�`�K2i2`b �`2 b?�`2/ �KQM; /Bz2`2Mi
;`QmTbX 6Q` i?2 b?�`BM; _2bL2si@8y@" QM AK�;2L2i- r2 +�M `2@
/m+2 i?2 T�`�K2i2`b BM ;`QmT +QMpQHmiBQM�H H�v2`b #v 96.875W-
BX2X- 100W − 3.125W = 96.875WX h?2 `2mb2 KQ/2H T�`�K2i2`b
bi`m+im`2 rBi? i?2 �/�TiBp2 BKTQ`i�M+2 H2�`MBM; bi`�i2;v +�M
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h�#H2 eXe Pm` b?�`BM; :@.2Mb2L2i- BM +QKT�`BbQM rBi? .2Mb2L2i QM *A6�_X

JQ/2H OS �++X UWV 6GPSb
UJV *@Ry *@Ryy UJV

.2Mb2L2i@9y@T`mM2/ (3y) yXee N9X3R d9Xdk RNy

.2Mb2.b+UF4jeV (e3) yX9d N9Xy8 d9Xk9 Rkj

.oL@dd (Nj) yX9y NjXyN dkXey @

.2Mb2L2i@Ryy@. (ed) yXdy NjXRk dkXjN keN

.2Mb2L2i@3e U;49V (R83) yX8N N9Xye d9Xy9 RjkXd
:@.2Mb2L2i@3e@" U;49V yXjj N9XNR d8XRk Ryk

h�#H2 eXd Pm` T`QTQb2/ b?�`BM; _2bL2si@8y BM +QKT�`BbQM rBi? i?2 bi�i2@
Q7@i?2@�`i KQ/2Hb QM AK�;2L2i .�i�b2iX

JQ/2H
OS �++X UWV 6GPSb
UJV hQT@R hQT@8 UJV

_2bL2i@8y@"L (89) k8X8e ddXey NjXdy 9R8R
_2bL2i@8y@:L (Rjj) k8X8e deXyy NkX3y 9R88
_2bL2i@8y@aL (3j) k8X8e deXNy NjXky 9kk8
_2bL2i@8y@aaL (Rye) k8X8e ddXky NjXRy 9R3e
_2bL2i@8y@1L (R93) k8XNR d3XRy NjXey 9jk8
:@_2bL2si@8y (R88) k8Xyy d3X9y N9Xyy 9yNy
_2bL2si@8y@" U;4jkV kjXej d3X3e N9X89 9kyy

BKT`Qp2 KQ/2H �++m`�+v iQ 78.86W �M/ 94.54W 7Q` iQT@R �M/
iQT@8X

eXjX9 JQ/2H *QKT�iB#BHBiv

h?2 2tT2`BK2Mi�H `2bmHib �HbQ p2`B7v i?�i Qm` K2i?Q/ ?�b bi`QM;
+QKT�iB#BHBiv r?BH2 i�+FHBM; p�`BQmb ;`QmT2/ +QMpQHmiBQM�H KQ/@
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6B;m`2 eXe PTiBKBx�iBQM Ai2`�iBQM pbX γ p�Hm2b Q7 _2bL2si@8y Ug = 8VX
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6B;m`2 eXd PTiBKBx�iBQM Ai2`�iBQM pbX ∆γ �M/ ∆wX 6Qm` KQ/2Hb �`2 HBbi2/
?2`2- BX2X _2bL2si@j8 Ug = 8- g = 16V �M/ _2bL2si@8y Ug = 8- g = 16VX

2Hb- 7`QK 3× 3 +QMpQHmiBQMb iQ 1× 1 TQBMi@rBb2 +QMpQHmiBQMb BM
_2bL2si- a?m|2L2i �M/ :@.2Mb2L2i- 7Q` /Bz2`2Mi MmK#2`b Q7
;`QmTb U/Bz2`2Mi +�`/BM�HBiB2bV- QM /Bz2`2Mi /�i�b2ib �b b?QrM BM
h�#H2b eXj �M/ eX9X Pp2`�HH- Qm` 2tT2`BK2Mib HBbi2/ �#Qp2 ?�p2
+Qp2`2/ �HH Q7 i?2b2 /Bp2`b2 ;`QmT2/ +QMpQHmiBQM bi`m+im`2bX
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eXjX8 AMi2`@:`QmT AKTQ`i�M+2

AMi2`@;`QmT BKTQ`i�M+2 Bb T`QTQb2/ BM Qm` 7`�K2rQ`FX γi `2~2+ib
i?2 BMi2`@;`QmT BKTQ`i�M+2 Q7 ;`QmT iX AM Qm` KQ/2H- i?2 bi�#H2
p�Hm2b Q7 �HH i?2 γi �`2 Kmim�HHv /BbiBM+iX 6B;X eXe Bb i�F2M �b
�M 2t�KTH2 iQ BHHmbi`�i2 i?BbX 6Q` � H�v2` BM _2bL2si@8y rBi?
3 ;`QmTb- 2�+? γi Bb BMBiB�HBx2/ �b R #27Q`2 i`�BMBM;X AM Qi?2`
rQ`/b- BM i?2 #2;BMMBM;- i?2b2 ;`QmTb �`2 2[m�HHv BKTQ`i�MiX
�7i2` �#Qmi 8 QTiBKBx�iBQM Bi2`�iBQMb- i?2b2 γ `2�+? /Bz2`2Mi
bi�#H2 bi�imbX h?2 ;`QmT rBi? ?B;?2` γi Bb KQ`2 BKTQ`i�MiX A7
r2 mb2 K2�M b?�`BM;- i?2 γi +�M �Hr�vb #2 `2;�`/2/ �b R- BX2X-
γ ≡ 1g BM 1[m�iBQM UeXkdVX AM +QKT�`BbQM- Qm` "�v2bB�M b?�`BM;
7`�K2rQ`F +�M #2ii2` +?�`�+i2`Bx2 i?2 /Bz2`2M+2b Q7 BMi2`@;`QmT
BKTQ`i�M+2- `2�bQM�#Hv �M/ 2z2+iBp2HvX

eXjXe *QMp2`;2M+2

hQ p2`B7v i?2 QTiBKBx�iBQM �M/ +QMp2`;2M+2 Q7 Qm` K2i?Q/ KQ`2
+H2�`Hv- BM _2bL2si@j8 Ug = 8- g = 16V �M/ _2bL2si@8y Ug = 8-
g = 16V- QM2 H�v2` Bb b�KTH2/ 7`QK 2�+? KQ/2H �M/ Bib ∆γ

�M/ ∆w �`2 b?QrM BM 6B;X eXdU�V �M/ 6B;X eXdU#V- `2bT2+iBp2HvX
1�+? H�v2` ?�b b2p2`�H ;`QmTb- �M/ ∆γ Bb +QKTmi2/ �++Q`/BM;
iQ 1[m�iBQM UeXk3VX

∆γ =
g∑

i=1

∣∣∣∣∣
γ(t+1)
i − γ(t)i

γ(t+1)
i

∣∣∣∣∣ . UeXk3V

∆w Bb 7Q` w �M/ Bb i?2 bmKK�iBQM Q7 �HH i?2 2H2K2Mi@rBb2
+?�M;2b #2ir22M irQ +QMiBMmQmb i`�BMBM; bi2TbX P#pBQmbHv- #v
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mbBM; �H;Q`Bi?K 3- T�`�K2i2` w +QMp2`;2b [mB+FHv- �M/ γ 7Q`
2�+? ;`QmT �HbQ `2�+?2b � bi�#H2 bi�imb [mB+FHvX �MQi?2` i`2M/
Bb i?�i i?2 KQ/2Hb rBi? KQ`2 T�`�K2i2`b U2X;X- _2bL2si@8y rBi?
g = 16V +�M ?�p2 � 7�bi2` +QMp2`;2M+2 `�i2X

eX9 amKK�`v

AM i?Bb +?�Ti2`- r2 T`QTQb2 � b?�`BM; ;`QmT2/ +QMpQHmiBQM bi`m+@
im`2 rBi? i?2 "�v2bB�M b?�`BM; 7`�K2rQ`F iQ 2{+B2MiHv 2HBKBM�i2
T�`�K2i2` `2/mM/�M+v �M/ #QQbi KQ/2H T2`7Q`K�M+2X AMi`�@
;`QmT +Q``2H�iBQM �M/ BMi2`@;`QmT BKTQ`i�M+2 �`2 BMi`Q/m+2/
BMiQ i?2 T`BQ` Q7 i?2 T�`�K2i2`bX q2 ?�M/H2 i?2 J�tBKmK
hvT2 AA HBF2HB?QQ/ 2biBK�iBQM T`Q#H2K Q7 i?2 BMi`�@;`QmT +Q``2@
H�iBQM �M/ BMi2`@;`QmT BKTQ`i�M+2 #v � ;`QmT G�aaP ivT2 �H;Q@
`Bi?KX 1tT2`BK2Mib /2KQMbi`�i2 i?2 T`QTQb2/ b?�`BM; ;`QmT2/
+QMpQHmiBQM bi`m+im`2 rBi? i?2 "�v2bB�M b?�`BM; 7`�K2rQ`F +�M
`2/m+2 T�`�K2i2`b �M/ BKT`Qp2 T`2/B+iBQM �++m`�+vX h?2 T`Q@
TQb2/ b?�`BM; 7`�K2rQ`F +�M `2/m+2 T�`�K2i2`b mT iQ 64.17WX
6Q` _2bL2si@8y rBi? i?2 b?�`BM; ;`QmT2/ +QMpQHmiBQM QM AK�@
;2L2i /�i�b2i- M2irQ`F T�`�K2i2`b +�M #2 `2/m+2/ #v 96.875W
BM ;`QmT2/ +QMpQHmiBQM�H H�v2`b- �M/ �++m`�+B2b �`2 BKT`Qp2/ iQ
78.86W �M/ 94.54W 7Q` iQT@R �M/ iQT@8X

! 1M/ Q7 +?�Ti2`X



*?�Ti2` d

*QM+HmbBQM

AM i?Bb i?2bBb- r2 ?�p2 T`QTQb2/- +mbiQKBx2/ �M/ /2p2HQT2/ �
72r K2i?Q/QHQ;B2b iQ �+?B2p2 ?�`/r�`2 `2HB�#BHBiv �M/ 2{+B2M+v
BM /2bB;M- p2`B}+�iBQM �M/ �TTHB+�iBQM bi�;2b BM i?2 �/p�M+2/
b2MbQ` bvbi2KX AM i?Bb +?�Ti2`- r2 +QM+Hm/2 2�+? K2i?Q/QHQ;v
�M/ i?2M ;Bp2 � +QKT`2?2MbBp2 �+?B2p2K2Mi 7Q` i?2 /2p2HQTK2Mi
Q7 i?2 �/p�M+2/ b2MbQ` bvbi2KX

PM QM2 ?�M/- b2MbQ` +�HB#`�iBQM +�M #2 mb2/ iQ 2ti2M/ b2MbQ`
HB72iBK2 2p2M B7 i?2 b2MbQ` r�b /2bB;M2/ rBi?Qmi +QMbB/2`BM; i?2
`2HB�#BHBivX AMbi2�/ Q7 `2TH�+BM; �;2/ b2MbQ`b- r2 ?�p2 /2p2HQT2/
� bT�iB�H +Q``2H�iBQM KQ/2H iQ +�HB#`�i2 b2MbQ` K2�bm`2K2MibX
h?mb- K�BMi2M�M+2 +Qbib +�M #2 `2/m+2/ BM i?2 /2THQv2/ BMi2HHB@
;2Mi 2H2+i`QMB+b bvbi2KbX

�;BM; `2HB�#BHBiv bBKmH�iBQM Bb � F2v bi2T BM i?2 /2bB;M p2`@
B}+�iBQMX h?2 i`�/BiBQM�H �;BM; `2HB�#BHBiv bBKmH�iBQM Bb p2`v
iBK2@+QMbmKBM; bQ i?�i Bi +�mb2b HQr p2`B}+�iBQM 2{+B2M+v �M/
BM+`2�b2 iBK2 �M/ /2p2HQTK2Mi +QbiX q2 ?�p2 T`QTQb2/ � /�i�@
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/`Bp2M K2i?Q/- /22T >@:*L- iQ �+?B2p2 � bB;MB}+�Mi bT22/mT BM
i?2 �;BM; `2HB�#BHBiv p2`B}+�iBQMX AM i?2 BM/mbi`v- i?Bb K2i?Q/QH@
Q;v +�M T`QKQi2 i?2 /2p2HQTK2Mi Q7 A* /2bB;M �M/ p2`B}+�iBQMX

_QmiBM; Bb � F2v bi2T BM i?2 T?vbB+�H /2bB;M bi�;2 �M/ TH�vb �M
BKTQ`i�Mi `QH2 BM i?2 /2bB;M ~QrX h?2 i`�/BiBQM�H p2`B}+�iBQM@
i?2M@}t �TT`Q�+?2b �`2 ?�`/ iQ �+?B2p2 /2bB;M +HQbm`2X q2 ?�p2
T`QTQb2/ � i?2`K�H@/`Bp2M S*" `QmiBM; K2i?Q/QHQ;v iQ BMi2@
;`�i2 i?2`K�H `2HB�#BHBiv p2`B}+�iBQM BMiQ i?2 `QmiBM; bi�;2X Pm`
T`QTQb2/ K2i?Q/QHQ;v +�M #2 2�bBHv i`�Mb72``2/ iQ #2 i?2 Qi?2`
T2`7Q`K�M+2@/`Bp2M `QmiBM; K2i?Q/QHQ;vX AM i?2 BM/mbi`v- i?Bb
K2i?Q/QHQ;v +�M �+?B2p2 bB;MB}+�Mi bT22/mT BM i?2 /2bB;M +HQ@
bm`2 bQ i?�i Bi +�M `2/m+2 iBK2 �M/ /2p2HQTK2Mi +QbiX

*LL +QKT`2bbBQM Bb � F2v bi2T 7Q` 7�+BHBi�iBM; T`�+iB+�H /2@
THQvK2Mi BM i?2 b2MbQ` bvbi2KX q2 ?�p2 T`QTQb2/ � "�v2bB�M
b?�`BM; ;`QmT2/ +QMpQHmiBQMX Ai Bb 2�bv iQ +mbiQKBx2 BM K�Mv
�/p�M+2/ *LL �`+?Bi2+im`2X AMbi2�/ Q7 mbBM; 2tT2MbBp2 �M/ �/@
p�M+2/ T`Q+2bbBM; mMBi- *LL +QKT`2bbBQM +�M 7�+BHBi�i2 /2THQv@
K2Mi QM i?2 +?2�T T`Q+2bbBM; mMBi �M/ `2/m+2 +QbiX "2bB/2b-
*LL +QKT`2bbBQM Bb �HbQ � F2v bi2T iQ BKT`Qp2 BM72`2M+2 2{@
+B2M+vX

PM i?2 Qi?2` ?�M/- Qm` T`QTQb2/ K2i?Q/QHQ;B2b +QMi�BM "�v2bB�M
KQ/2HBM;- H2�`MBM;@#�b2/ K2i?Q/QHQ;v �M/ ;`�/B2Mi@#�b2/ QTiB@
KBx�iBQMX �b b?QrM BM 6B;X dXR- "�v2bB�M KQ/2HBM; Bb +mbiQKBx2/
7Q` b2MbQ` +�HB#`�iBQM �M/ "�v2bB�M b?�`BM; ;`QmT2/ +QMpQHmiBQMX
G2�`MBM;@#�b2/ K2i?Q/QHQ;v Bb /2p2HQT2/ 7Q` �;BM; /2;`�/�iBQM
2biBK�iBQM �M/ i?2`K�H@/`Bp2M S*" `QmiBM;X �HH 7Q`KmH�iBQMb



*>�Sh1_ dX *PL*GlaAPL R8d

�`2 ?�M/H2/ #v ;`�/B2Mi@#�b2/ QTiBKBx�iBQMX h?�MFb iQ i?2b2
TQr2`7mH K2i?Q/QHQ;B2b- i?2v +�M #2 H2p2`�;2/ iQ �+?B2p2 ?�`/@
r�`2 `2HB�#BHBiv �M/ 2{+B2M+vX q2 ?QT2 i?Bb i?2bBb +�M T`QKQi2
i?2 /2p2HQTK2Mi Q7 �/p�M+2/ b2MbQ` bvbi2K �M/ �+?B2p2 ;QQ/
?�`/r�`2 `2HB�#BHBiv �M/ 2{+B2M+vX

Sensor calibration Aging degradation 
estimation

Thermal-driven PCB 
routing Bayesian sharing 

grouped convolution

Gradient-based optimization

Bayesian modeling Learning-based 
methodology

6B;m`2 dXR h?2 `2H�iBQMb?BT #2ir22M K2i?Q/QHQ;B2b �M/ rQ`Fb Q7 i?Bb i?2bBbX

! 1M/ Q7 +?�Ti2`X



"B#HBQ;`�T?v

(R) "QQbiX ?iiTb,ffrrrX#QQbiXQ`;fX

(k) 1M;BM22`Ƕb ;mB/2 iQ �++m`�i2 b2MbQ` K2�bm`2K2MibX
?iiT,ff/QrMHQ�/XMBX+QKf2p�Hm�iBQMf/�[fk8R33n
a2MbQ`nq?Bi2S�T2`nA�XT/7X

(j) :`QmT G�aaP aQHp2`X ?iiTb,ff;Bi?m#X+QKf7�#B�MTf
;`QmTnH�bbQX

(9) >vT2`HvMtX ?iiTb,ff2/�XbrXbB2K2MbX+QKf2M@lafT+#f
?vT2`HvMtfX

(8) AK�;2L2i /�i�b2iX ?iiT,ffrrrXBK�;2@M2iXQ`;X

(e) S+# H�vQmi 7`�K2rQ`FX ?iiTb,ff;Bi?m#X
+QKf�bT/�+@bm#KBbbBQM@T+#@H�vQmif
S*"@G�vQmi@6`�K2rQ`FX

(d) S+##2M+?K�`FbX ?iiTb,ff;Bi?m#X+QKf
�bT/�+@bm#KBbbBQM@T+#@H�vQmifS*""2M+?K�`FbX

(3) SviQ`+?X ?iiTb,ffTviQ`+?XQ`;fX
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https://www.boost.org/
http://download.ni.com/evaluation/daq/25188_Sensor_WhitePaper_IA.pdf
http://download.ni.com/evaluation/daq/25188_Sensor_WhitePaper_IA.pdf
https://github.com/fabianp/group_lasso
https://github.com/fabianp/group_lasso
https://eda.sw.siemens.com/en-US/pcb/hyperlynx/
https://eda.sw.siemens.com/en-US/pcb/hyperlynx/
http://www.image-net.org
https://github.com/aspdac-submission-pcb-layout/PCB-Layout-Framework
https://github.com/aspdac-submission-pcb-layout/PCB-Layout-Framework
https://github.com/aspdac-submission-pcb-layout/PCB-Layout-Framework
https://github.com/aspdac-submission-pcb-layout/PCBBenchmarks
https://github.com/aspdac-submission-pcb-layout/PCBBenchmarks
https://pytorch.org/


"A"GAP:_�S>u R8N

(N) h?2 *A6�_@Ry �M/ *A6�_@Ryy /�i�b2ibX ?iiTb,ffrrrX
+bXiQ`QMiQX2/mf�F`Bxf+B7�`X?iKHX

(Ry) k@h2`KBM�H A* h2KT2`�im`2 h`�Mb/m+2`X ?iiTb,ffrrrX
�M�HQ;X+QKfK2/B�f2Mfi2+?MB+�H@/Q+mK2Mi�iBQMf
/�i�@b?22ibf�.8NyXT/7- kyRjX

(RR) L2r :2M2`�iBQM _2HB�#BHBiv JQ/2H- kyReX ?iiT,
ffrrrXKQb@�FXQ`;f#2`F2H2vnkyRefTm#HB+�iBQMbf
hRRnsB2nJPa@�En"2`F2H2vnkyReXT/7X

(Rk) L�iBQM�H _2M2r�#H2 1M2`;v G�#Q`�iQ`v PT2Maim@
/BQ ai�M/�`/b- kyR3X ?iiTb,ff;Bi?m#X+QKfL_1Gf
QT2Mbim/BQ@bi�M/�`/bX

(Rj) PT2Maim/BQȉ- kyR3X ?iiTb,ffrrrXQT2Mbim/BQXM2iX

(R9) _2@h?BMFBM; _2HB�#BHBiv �M�HvbBb- kyR3X ?iiTb,
ffBM/B+QX2b�XBMif2p2Mifkkkf+QMi`B#miBQMbf
ky3Nf�ii�+?K2MibfRddNfkyddf�JA*a�nyenR3nR3n
_2h?BMFBM;n_2HB�#BHBivn�M�HvbBbXT/7X

(R8) GX "�Hx�MQ �M/ _X LQr�FX "HBM/ +�HB#`�iBQM Q7 b2MbQ` M2i@
rQ`FbX AM AMi2`M�iBQM�H avKTQbBmK QM AM7Q`K�iBQM S`Q@
+2bbBM; BM a2MbQ` L2irQ`Fb UASaLV- T�;2b dNĜ33X �*J-
kyydX

(Re) CX "X "2`Mbi2BM- JX :m`}MF2H- sX GB- CX q�Hi2`b-
uX a?�TB`�- �M/ JX h�HKQ`X 1H2+i`QMB+ +B`+mBi `2HB�#BHBiv

https://www.cs.toronto.edu/~kriz/cifar.html
https://www.cs.toronto.edu/~kriz/cifar.html
https://www.analog.com/media/en/technical-documentation/data-sheets/AD590.pdf
https://www.analog.com/media/en/technical-documentation/data-sheets/AD590.pdf
https://www.analog.com/media/en/technical-documentation/data-sheets/AD590.pdf
http://www.mos-ak.org/berkeley_2016/publications/T11_Xie_MOS-AK_Berkeley_2016.pdf
http://www.mos-ak.org/berkeley_2016/publications/T11_Xie_MOS-AK_Berkeley_2016.pdf
http://www.mos-ak.org/berkeley_2016/publications/T11_Xie_MOS-AK_Berkeley_2016.pdf
https://github.com/NREL/openstudio-standards
https://github.com/NREL/openstudio-standards
https://www.openstudio.net
https://indico.esa.int/event/222/contributions/2089/attachments/1779/2077/AMICSA_06_18_18_ReThinking_Reliability_Analysis.pdf
https://indico.esa.int/event/222/contributions/2089/attachments/1779/2077/AMICSA_06_18_18_ReThinking_Reliability_Analysis.pdf
https://indico.esa.int/event/222/contributions/2089/attachments/1779/2077/AMICSA_06_18_18_ReThinking_Reliability_Analysis.pdf
https://indico.esa.int/event/222/contributions/2089/attachments/1779/2077/AMICSA_06_18_18_ReThinking_Reliability_Analysis.pdf


"A"GAP:_�S>u Rey

KQ/2HBM;X JB+`Q2H2+i`QMB+b _2HB�#BHBiv- 9eURkV,RN8dĜRNdN-
kyyeX

(Rd) *X@1X "B+?Qi �M/ SX aB�``vX :`�T? T�`iBiBQMBM;X CQ?M qBH2v
� aQMb- kyRjX

(R3) 1X "Q;�iBMX aB;M�H �M/ TQr2` BMi2;`BivĜbBKTHB}2/X S2�`bQM
1/m+�iBQM- kyRyX

(RN) aX "Qv/- aX SX "Qv/- �M/ GX o�M/2M#2`;?2X *QMp2t QTiB@
KBx�iBQMX *�K#`B/;2 mMBp2`bBiv T`2bb- kyy9X

(ky) aX *?�M;- qX >�M- CX h�M;- :X@CX ZB- *X *X �;;�`r�H-
�M/ hX aX >m�M;X >2i2`Q;2M2Qmb M2irQ`F 2K#2//BM; pB�
/22T �`+?Bi2+im`2bX AM �*J AMi2`M�iBQM�H *QM72`2M+2 QM
EMQrH2/;2 .Bb+Qp2`v �M/ .�i� JBMBM; UE..V- T�;2b RRNĜ
Rk3- kyR8X

(kR) :X *?2M- qX *?QB- sX um- hX >�M- �M/ JX *?�M/`�F2`X
G2�`MBM; 2{+B2Mi Q#D2+i /2i2+iBQM KQ/2Hb rBi? FMQrH2/;2
/BbiBHH�iBQMX AM *QM72`2M+2 QM L2m`�H AM7Q`K�iBQM S`Q+2bb@
BM; avbi2Kb ULASaV- T�;2b d9kĜd8R- kyRdX

(kk) JX *?2M- wX q2B- wX >m�M;- "X .BM;- �M/ uX GBX aBKTH2 �M/
/22T ;`�T? +QMpQHmiBQM�H M2irQ`FbX AM AMi2`M�iBQM�H *QM@
72`2M+2 QM J�+?BM2 G2�`MBM; UA*JGV- T�;2b Rdk8ĜRdj8-
kykyX

(kj) SX *?2M- aX aB- uX GB- *X *?2H#�- �M/ *X@CX >bB2?X
:`QmT_2/m+2, "HQ+F@rBb2 HQr@`�MF �TT`QtBK�iBQM 7Q`



"A"GAP:_�S>u ReR

M2m`�H H�M;m�;2 KQ/2H b?`BMFBM;X AM *QM72`2M+2 QM L2m@
`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb ULASaV- T�;2b RyN33Ĝ
RyNN3- kyR3X

(k9) _X *?2M- qX w?QM;- >X u�M;- >X :2M;- sX w2M;-
�M/ "X umX 6�bi2` `2;BQM@#�b2/ ?QibTQi /2i2+iBQMX AM
�*JfA111 .2bB;M �miQK�iBQM *QM72`2M+2 U.�*V- T�;2b
RĜe- kyRNX

(k8) sX *?2M- sX GB- �M/ aX sX@.X h�MX 6`QK `Q#mbi +?BT
iQ bK�`i #mBH/BM;, *�. �H;Q`Bi?Kb �M/ K2i?Q/QHQ;B2b
7Q` mM+2`i�BMiv �M�HvbBb Q7 #mBH/BM; T2`7Q`K�M+2X AM
A111f�*J AMi2`M�iBQM�H *QM72`2M+2 QM *QKTmi2`@�B/2/
.2bB;M UA**�.V- T�;2b 98dĜ9e9- kyR8X

(ke) sX *?2M- sX GB- �M/ aX sX@.X h�MX Pp2`pB2r Q7 +v#2`@
T?vbB+�H i2KT2`�im`2 2biBK�iBQM BM bK�`i #mBH/BM;b, 6`QK
KQ/2HBM; iQ K2�bm`2K2MibX AM AL6P*PJ qQ`Fb?QTb-
T�;2b k8RĜk8e- kyReX

(kd) 6X *?QHH2iX s+2TiBQM, .22T H2�`MBM; rBi? /2Ti?rBb2 b2T�@
`�#H2 +QMpQHmiBQMbX AM A111 *QM72`2M+2 QM *QKTmi2` oB@
bBQM �M/ S�ii2`M _2+Q;MBiBQM U*oS_V- T�;2b Rk8RĜRk83-
kyRdX

(k3) CX *QM; �M/ SX >X J�//2MX S2`7Q`K�M+2@/`Bp2M `QmiBM;
rBi? KmHiBTH2 bQm`+2bX A111 h`�Mb�+iBQMb QM *QKTmi2`@
�B/2/ .2bB;M Q7 AMi2;`�i2/ *B`+mBib �M/ avbi2Kb Uh*�.V-
RNNdX



"A"GAP:_�S>u Rek

(kN) _X .B2bi2HX :`�T? h?2Q`vX aT`BM;2`@o2`H�; L2r uQ`F-
kyy8X

(jy) CX .BM;- �X oX :`B#QF- CX qX >BM2b- �M/ "X _�bKmbb2MX
_2/mM/�Mi b2MbQ` +�HB#`�iBQM KQMBiQ`BM; mbBM; BM/2T2M@
/2Mi +QKTQM2Mi �M�HvbBb �M/ T`BM+BT�H +QKTQM2Mi �M�Hv@
bBbX _2�H@iBK2 bvbi2Kb- kdURV,kdĜ9d- kyy9X

(jR) CX@qX 6�M; �M/ uX@qX *?�M;X �`2�@BfQ ~BT@+?BT `QmiBM;
7Q` +?BT@T�+F�;2 +Q@/2bB;M +QMbB/2`BM; bB;M�H bF2rbX A111
h`�Mb�+iBQMb QM *QKTmi2`@�B/2/ .2bB;M Q7 AMi2;`�i2/ *B`@
+mBib �M/ avbi2Kb Uh*�.V- kNU8V,dRRĜdkR- kyRyX

(jk) CX 62M;- aX J2;2`B�M- �M/ JX SQiFQMD�FX JQ/2H@#�b2/ +�H@
B#`�iBQM 7Q` b2MbQ` M2irQ`FbX AM a2MbQ`b- pQHmK2 k- T�;2b
djdĜd9kX A111- kyyjX

(jj) JX 62m`2`- CX hX aT`BM;2M#2`;- �M/ 6X >mii2`X AMBiB�HBxBM;
"�v2bB�M ?vT2`T�`�K2i2` QTiBKBx�iBQM pB� K2i�@H2�`MBM;X
AM ���A *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2 U���AV-
T�;2b RRk3ĜRRj8- kyR8X

(j9) EX :�M+?2p- "X h�bF�`- �M/ CX :�K�X 1tT2+i�iBQM K�tB@
KBx�iBQM �M/ TQbi2`BQ` +QMbi`�BMibX AM *QM72`2M+2 QM L2m@
`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb ULASaV- T�;2b 8eNĜ
8de- kyy3X

(j8) sX :�Q- *X .2M;- JX GBm- wX w?�M;- .X wX S�M- �M/
uX GBMX G�vQmi bvKK2i`v �MMQi�iBQM 7Q` �M�HQ; +B`+mBib



"A"GAP:_�S>u Rej

rBi? ;`�T? M2m`�H M2irQ`FbX AM A111f�*J �bB� �M/
aQmi? S�+B}+ .2bB;M �miQK�iBQM *QM72`2M+2 U�aS.�*V-
T�;2b R8kĜR8d- kykRX

(je) >X :2M;- >X u�M;- GX w?�M;- CX JB�Q- 6X u�M;- sX w2M;-
�M/ "X umX >QibTQi /2i2+iBQM pB� �ii2MiBQM@#�b2/ /22T
H�vQmi K2i`B+ H2�`MBM;X AM A111f�*J AMi2`M�iBQM�H *QM@
72`2M+2 QM *QKTmi2`@�B/2/ .2bB;M UA**�.V- T�;2b RĜ3-
kykyX

(jd) SX oX :B�KTQm`�b- �X �X _QMiQ;B�MMBb- �M/ EX .X
EQmi`QmK#�bX �Hi2`M�iBM; Bi2`�iBp2Hv `2r2B;?i2/ H2�bi
b[m�`2b KBMBKBx�iBQM 7Q` HQr@`�MF K�i`Bt 7�+iQ`Bx�iBQMX
A111 h`�Mb�+iBQMb QM aB;M�H S`Q+2bbBM;- edUkV,9NyĜ8yj-
kyRNX

(j3) _X :B`b?B+FX 6�bi _@*LLX AM A111 AMi2`M�iBQM�H *QM72`@
2M+2 QM *QKTmi2` oBbBQM UA**oV- T�;2b R99yĜR993- kyR8X

(jN) :X >X :QHm# �M/ *X 6X o�M GQ�MX J�i`Bt +QKTmi�iBQMbX
C>l S`2bb- kyRkX

(9y) qX GX >�KBHiQM- _X uBM;- �M/ CX G2bFQp2+X AM/m+iBp2
`2T`2b2Mi�iBQM H2�`MBM; QM H�`;2 ;`�T?bX AM *QM72`2M+2
QM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb ULASaV- T�;2b
Ryk8ĜRyj8- kyRdX

(9R) aX >�M- >X J�Q- �M/ qX CX .�HHvX .22T *QKT`2bbBQM,
*QKT`2bbBM; /22T M2m`�H M2irQ`Fb rBi? T`mMBM;- i`�BM2/
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[m�MiBx�iBQM �M/ >mzK�M +Q/BM;X AM AMi2`M�iBQM�H *QM@
72`2M+2 QM G2�`MBM; _2T`2b2Mi�iBQMb UA*G_V- kyReX

(9k) aX >�M- CX SQQH- CX h`�M- �M/ qX .�HHvX G2�`MBM; #Qi?
r2B;?ib �M/ +QMM2+iBQMb 7Q` 2{+B2Mi M2m`�H M2irQ`FX AM
*QM72`2M+2 QM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb
ULASaV- T�;2b RRj8ĜRR9j- kyR8X

(9j) EX >2- sX w?�M;- aX _2M- �M/ CX amMX .22T `2bB/m�H
H2�`MBM; 7Q` BK�;2 `2+Q;MBiBQMX AM A111 *QM72`2M+2 QM
*QKTmi2` oBbBQM �M/ S�ii2`M _2+Q;MBiBQM U*oS_V- T�;2b
ddyĜdd3- kyReX

(99) uX >2- sX w?�M;- �M/ CX amMX *?�MM2H T`mMBM; 7Q` �+@
+2H2`�iBM; p2`v /22T M2m`�H M2irQ`FbX AM A111 AMi2`@
M�iBQM�H *QM72`2M+2 QM *QKTmi2` oBbBQM UA**oV- T�;2b
Rj3NĜRjNd- kyRdX

(98) hX@uX >Q- uX@qX *?�M;- aX@CX *?2M- �M/ .X@hX
G22X *`Qbbi�HF@�M/ T2`7Q`K�M+2@/`Bp2M KmHiBH2p2H 7mHH@+?BT
`QmiBM;X A111 h`�Mb�+iBQMb QM *QKTmi2`@�B/2/ .2bB;M Q7
AMi2;`�i2/ *B`+mBib �M/ avbi2Kb Uh*�.V- k9UeV,3eNĜ3d3-
kyy8X

(9e) �X :X >Qr�`/- JX w?m- "X *?2M- .X E�H2MB+?2MFQ-
qX q�M;- hX q2v�M/- JX �M/`22iiQ- �M/ >X �/�KX JQ@
#BH2M2ib, 1{+B2Mi +QMpQHmiBQM�H M2m`�H M2irQ`Fb 7Q` KQ@
#BH2 pBbBQM �TTHB+�iBQMbX �`sBp T`2T`BMi �`sBp,Rdy9Xy93eR-
kyRdX
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(9d) uX >m- aX amM- CX GB- sX q�M;- �M/ ZX :mX � MQp2H +?�M@
M2H T`mMBM; K2i?Q/ 7Q` /22T M2m`�H M2irQ`F +QKT`2bbBQMX
�`sBp T`2T`BMi �`sBp,R3y8XRRjN9- kyR3X

(93) :X >m�M;- aX GBm- GX o�M /2` J��i2M- �M/ EX ZX q2BM@
#2`;2`X *QM/2Mb2L2i, �M 2{+B2Mi /2Mb2M2i mbBM; H2�`M2/
;`QmT +QMpQHmiBQMbX AM A111 *QM72`2M+2 QM *QKTmi2` oB@
bBQM �M/ S�ii2`M _2+Q;MBiBQM U*oS_V- T�;2b kd8kĜkdeR-
kyR3X

(9N) :X >m�M;- wX GBm- GX o�M .2` J��i2M- �M/ EX ZX q2BM@
#2`;2`X .2Mb2Hv +QMM2+i2/ +QMpQHmiBQM�H M2irQ`FbX AM
A111 *QM72`2M+2 QM *QKTmi2` oBbBQM �M/ S�ii2`M _2+Q;@
MBiBQM U*oS_V- T�;2b 9dyyĜ9dy3- kyRdX

(8y) CX >m�M;- hX w?�M;- �M/ .X J2i�t�bX G2�`MBM; rBi? bi`m+@
im`2/ bT�`bBivX CQm`M�H Q7 J�+?BM2 G2�`MBM; _2b2�`+?-
RkULQpV,jjdRĜj9Rk- kyRRX

(8R) ZX >m�M;- *X 6�M;- 6X u�M;- sX w2M;- �M/ sX GBX 1{@
+B2Mi KmHiBp�`B�i2 KQK2Mi 2biBK�iBQM pB� "�v2bB�M KQ/2H
7mbBQM 7Q` �M�HQ; �M/ KBt2/@bB;M�H +B`+mBibX AM �*JfA111
.2bB;M �miQK�iBQM *QM72`2M+2 U.�*V- T�;2 ReN- kyR8X

(8k) ZX >m�M;- *X 6�M;- 6X u�M;- sX w2M;- .X w?Qm- �M/ sX GBX
1{+B2Mi T2`7Q`K�M+2 KQ/2HBM; pB� /m�H@T`BQ` "�v2bB�M
KQ/2H 7mbBQM 7Q` �M�HQ; �M/ KBt2/@bB;M�H +B`+mBibX AM
�*JfA111 .2bB;M �miQK�iBQM *QM72`2M+2 U.�*V- T�;2b
RĜe- kyReX
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(8j) �X hX A?H2`- CX qX 6Bb?2`- _X GX JQb2b- �M/ �X aX qBHH@
bFvX LQMT�`�K2i`B+ #2HB27 T`QT�;�iBQM 7Q` b2MbQ` b2H7@
+�HB#`�iBQMX AM A111 AMi2`M�iBQM�H *QM72`2M+2 QM �+Qmb@
iB+b- aT22+? �M/ aB;M�H S`Q+2bbBM; UA*�aaSV- pQHmK2 j-
T�;2b 3eRĜ3e9X A111- kyy9X

(89) aX AQz2 �M/ *X ax2;2/vX "�i+? MQ`K�HBx�iBQM, �++2H2`�iBM;
/22T M2irQ`F i`�BMBM; #v `2/m+BM; BMi2`M�H +Qp�`B�i2 b?B7iX
AM AMi2`M�iBQM�H *QM72`2M+2 QM J�+?BM2 G2�`MBM; UA*JGV-
T�;2b 993Ĝ98eX SJG_- kyR8X

(88) CX C�`pBb �M/ .X _X a?B2`X :`�T?@i?2Q`2iB+ �M�HvbBb Q7
}MBi2 J�`FQp +?�BMbX �TTHB2/ K�i?2K�iB+�H KQ/2HBM;, �
KmHiB/Bb+BTHBM�`v �TT`Q�+?- T�;2 38- RNNNX

(8e) JX C�p�?2`BTB- JX a�K`�;?- hX C�pB/B- �M/ 6X EQmb?�M7�`X
�/�Mb, �/�TiBp2 MQM@mMB7Q`K b�KTHBM; 7Q` �miQK�i2/ /2@
bB;M Q7 +QKT�+i /MMbX A111 CQm`M�H Q7 a2H2+i2/ hQTB+b BM
aB;M�H S`Q+2bbBM;- R9U9V,d8yĜde9- kykyX

(8d) uX EBK �M/ �X JX _mb?X a2[m2M+2@H2p2H FMQrH2/;2 /BbiBH@
H�iBQMX AM *QM72`2M+2 1KTB`B+�H J2i?Q/b BM L�im`�H G�M@
;m�;2 S`Q+2bbBM; U1JLGSV- T�;2b RjRdĜRjkd- kyReX

(83) .X SX EBM;K�- hX a�HBK�Mb- �M/ JX q2HHBM;X o�`B�iBQM�H
/`QTQmi �M/ i?2 HQ+�H `2T�`�K2i2`Bx�iBQM i`B+FX AM *QM72`@
2M+2 QM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb ULASaV-
T�;2b k8d8Ĝk83j- kyR8X
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(8N) .X SX EBM;K� �M/ JX q2HHBM;X �miQ@2M+Q/BM; p�`B�iBQM�H
"�v2bX �`sBp T`2T`BMi �`sBp,RjRkXeRR9- kyR9X

(ey) hX LX EBT7 �M/ JX q2HHBM;X a2KB@bmT2`pBb2/ +H�bbB}+�iBQM
rBi? ;`�T? +QMpQHmiBQM�H M2irQ`FbX AM AMi2`M�iBQM�H *QM@
72`2M+2 QM G2�`MBM; _2T`2b2Mi�iBQMb UA*G_V- kyReX

(eR) CX EHB+T2`�- �X "QD+?2pbFB- �M/ aX :ɃMM2K�MMX S`2/B+i
i?2M T`QT�;�i2, :`�T? M2m`�H M2irQ`Fb K22i T2`bQM�HBx2/
T�;2`�MFX AM AMi2`M�iBQM�H *QM72`2M+2 QM G2�`MBM; _2T@
`2b2Mi�iBQMb UA*G_V- kyR3X

(ek) CX EHB+T2`�- aX q2BĽ2M#2`;2`- �M/ aX :ɃMM2K�MMX .Bzm@
bBQM BKT`Qp2b ;`�T? H2�`MBM;X AM *QM72`2M+2 QM L2m`�H AM@
7Q`K�iBQM S`Q+2bbBM; avbi2Kb ULASaV- T�;2b Rjj89ĜRjjee-
kyRNX

(ej) �X E`Bx?2pbFv- AX amibF2p2`- �M/ :X 1X >BMiQMX AK�@
;2L2i +H�bbB}+�iBQM rBi? /22T +QMpQHmiBQM�H M2m`�H M2i@
rQ`FbX AM *QM72`2M+2 QM L2m`�H AM7Q`K�iBQM S`Q+2bbBM;
avbi2Kb ULASaV- T�;2b RyNdĜRRy8- kyRkX

(e9) EX EmM�H- hX .?�`- JX J�/?mbm/�M- CX SQQD�`v-
�X a?�`K�- qX sm- aX JX "m`Mb- CX >m- _X >�`D�MB- �M/
aX aX a�T�iM2F�`X :�M�, ;`�T? +QMpQHmiBQM�H M2irQ`F
#�b2/ �miQK�i2/ M2iHBbi �MMQi�iBQM 7Q` �M�HQ; +B`+mBibX AM
A111f�*J S`Q+22/BM;b .2bB;M- �miQK�iBQM �M/ h2bi BM
1m`TQ2 U.�h1V- T�;2b 88Ĝey- kykyX
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(e8) EX EmM/2`iX h?2 .2bB;M2`’b :mB/2 iQ aTB+2 �M/ aT2+i`2ȉX
aT`BM;2` a+B2M+2 � "mbBM2bb J2/B�- kyyeX

(ee) aX EmM/m- JX L�x2KB- JX S2/`�K- EX JX *?m;;- �M/
SX �X "22`2HX S`2@/2}M2/ bT�`bBiv 7Q` HQr@+QKTH2tBiv +QM@
pQHmiBQM�H M2m`�H M2irQ`FbX A111 h`�Mb�+iBQMb QM *QK@
Tmi2`b- eNUdV,Ry98ĜRy83- kykyX

(ed) :X GB- sX a?2M- CX GB- �M/ CX q�M;X .B�;QM�H@F2`M2H +QM@
pQHmiBQM�H M2m`�H M2irQ`Fb 7Q` BK�;2 +H�bbB}+�iBQMX .B;Bi�H
aB;M�H S`Q+2bbBM;- Ry3,Ryk3N3- kykRX

(e3) :X GB- JX w?�M;- CX GB- 6X Gp- �M/ :X hQM;X 1{+B2Mi
/2Mb2Hv +QMM2+i2/ +QMpQHmiBQM�H M2m`�H M2irQ`FbX S�ii2`M
_2+Q;MBiBQM- RyN,RydeRy- kykRX

(eN) >X GB- �X E�/�p- AX .m`/�MQpB+- >X a�K2i- �M/ >X SX :`�7X
S`mMBM; }Hi2`b 7Q` 2{+B2Mi +QMpM2ibX AM AMi2`M�iBQM�H *QM@
72`2M+2 QM G2�`MBM; _2T`2b2Mi�iBQMb UA*G_V- kyRdX

(dy) ZX GB- wX >�M- �M/ sX@JX qmX .22T2` BMbB;?ib BMiQ ;`�T?
+QMpQHmiBQM�H M2irQ`Fb 7Q` b2KB@bmT2`pBb2/ H2�`MBM;X AM
���A *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2 U���AV- pQH@
mK2 jk- kyR3X

(dR) uX GB- uX GBM- JX J�/?mbm/�M- �X a?�`K�- qX sm- aX aX
a�T�iM2F�`- _X >�`D�MB- �M/ CX >mX � +mbiQKBx2/ ;`�T?
M2m`�H M2irQ`F KQ/2H 7Q` ;mB/BM; �M�HQ; A* TH�+2K2MiX AM
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A111f�*J AMi2`M�iBQM�H *QM72`2M+2 QM *QKTmi2`@�B/2/
.2bB;M UA**�.V- T�;2b RĜN- kykyX

(dk) wX GB- uX q�M;- �X u�M;- �M/ >X u�M;X .`B7i /2i2+iBQM
�M/ +�HB#`�iBQM Q7 b2MbQ` M2irQ`FbX AM AMi2`M�iBQM�H *QM@
72`2M+2 QM qB`2H2bb *QKKmMB+�iBQMb � aB;M�H S`Q+2bbBM;
Uq*aSV- T�;2b RĜeX A111- kyR8X

(dj) "X GBM �M/ "X umX aK�`i #mBH/BM; mM+2`i�BMiv �M�HvbBb pB�
�/�TiBp2 G�bbQX A1h *v#2`@S?vbB+�H avbi2Kb, h?2Q`v �
�TTHB+�iBQMb- kURV,9kĜ93- kyRdX

(d9) hX@*X GBM- .X J2``BHH- uX@uX qm- *X >QHix- �M/ *X@EX
*?2M;X � mMB}2/ T`BMi2/ +B`+mBi #Q�`/ `QmiBM; �H;Q`Bi?K
rBi? +QKTHB+�i2/ +QMbi`�BMib �M/ /Bz2`2MiB�H T�B`bX AM
A111f�*J �bB� �M/ aQmi? S�+B}+ .2bB;M �miQK�iBQM
*QM72`2M+2 U�aS.�*V- kykRX

(d8) aX GBM; �M/ hX ai`Q?K2`X a2H7@+�HB#`�iBQM �M/ #BHBM2�` BM@
p2`b2 T`Q#H2Kb pB� HBM2�` H2�bi b[m�`2bX aA�J CQm`M�H QM
AK�;BM; a+B2M+2b UaAAJaV- RRURV,k8kĜkNk- kyR3X

(de) CX GBm- "X LB- uX u�M- SX w?Qm- aX *?2M;- �M/ CX >mX SQb2
i`�Mb72``�#H2 T2`bQM `2@B/2MiB}+�iBQMX AM A111 *QM72`2M+2
QM *QKTmi2` oBbBQM �M/ S�ii2`M _2+Q;MBiBQM U*oS_V-
T�;2b 9yNNĜ9Ry3- kyR3X

(dd) JX GBm- EX w?m- CX :m- GX a?2M- sX h�M;- LX amM- �M/
.X wX S�MX hQr�`/b /2+`vTiBM; i?2 �`i Q7 �M�HQ; H�v@
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Qmi, SH�+2K2Mi [m�HBiv T`2/B+iBQM pB� i`�Mb72` H2�`MBM;X
AM A111f�*J S`Q+22/BM;b .2bB;M- �miQK�iBQM �M/ h2bi
BM 1m`TQ2 U.�h1V- kykyX

(d3) aX GBm- ZX amM- SX GB�Q- uX GBM- �M/ "X umX :HQ#�H TH�+2@
K2Mi rBi? /22T H2�`MBM;@2M�#H2/ 2tTHB+Bi `Qmi�#BHBiv QT@
iBKBx�iBQMX A111f�*J S`Q+22/BM;b .2bB;M- �miQK�iBQM
�M/ h2bi BM 1m`TQ2 U.�h1V- kykRX

(dN) qX GBm- .X �M;m2HQp- .X 1`?�M- *X ax2;2/v- aX _22/- *X@uX
6m- �M/ �X *X "2`;X aa., aBM;H2 b?Qi KmHiB#Qt /2i2+iQ`X AM
1m`QT2�M *QM72`2M+2 QM *QKTmi2` oBbBQM U1**oV- T�;2b
kRĜjd- kyReX

(3y) wX GBm- CX GB- wX a?2M- :X >m�M;- aX u�M- �M/ *X w?�M;X
G2�`MBM; 2{+B2Mi +QMpQHmiBQM�H M2irQ`Fb i?`Qm;? M2irQ`F
bHBKKBM;X AM A111 AMi2`M�iBQM�H *QM72`2M+2 QM *QKTmi2`
oBbBQM UA**oV- T�;2b kdjeĜkd99- kyRdX

(3R) CX GQM;- 1X a?2H?�K2`- �M/ hX .�``2HHX 6mHHv +QMpQHmiBQM�H
M2irQ`Fb 7Q` b2K�MiB+ b2;K2Mi�iBQMX AM A111 *QM72`2M+2
QM *QKTmi2` oBbBQM �M/ S�ii2`M _2+Q;MBiBQM U*oS_V-
T�;2b j9jRĜj99y- kyR8X

(3k) *X GQmBxQb- EX lHH`B+?- �M/ JX q2HHBM;X "�v2bB�M +QK@
T`2bbBQM 7Q` /22T H2�`MBM;X AM *QM72`2M+2 QM L2m`�H AM@
7Q`K�iBQM S`Q+2bbBM; avbi2Kb ULASaV- T�;2b jk33ĜjkN3-
kyRdX
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(3j) SX GmQ- CX _2M- wX S2M;- _X w?�M;- �M/ CX GBX .Bz2`2M@
iB�#H2 H2�`MBM;@iQ@MQ`K�HBx2 pB� brBi+?�#H2 MQ`K�HBx�iBQMX
AM AMi2`M�iBQM�H *QM72`2M+2 QM G2�`MBM; _2T`2b2Mi�iBQMb
UA*G_V- kyRNX

(39) uX J�- _X *?2M- qX GB- 6X a?�M;- qX um- JX *?Q- �M/
"X umX � mMB}2/ �TT`QtBK�iBQM 7`�K2rQ`F 7Q` +QKT`2bb@
BM; �M/ �++2H2`�iBM; /22T M2m`�H M2irQ`FbX AM A111 AMi2`@
M�iBQM�H *QM72`2M+2 QM hQQHb rBi? �`iB}+B�H AMi2HHB;2M+2
UA*h�AV- T�;2b jdeĜj3jX A111- kyRNX

(38) uX J�- wX >2- qX GB- GX w?�M;- �M/ "X umX lM/2`bi�M/BM;
;`�T?b BM 1.�, 6`QK b?�HHQr iQ /22T H2�`MBM;X AM �*J AM@
i2`M�iBQM�H avKTQbBmK QM S?vbB+�H .2bB;M UAaS.V- T�;2b
RRNĜRke- kykyX

(3e) uX J�- >X _2M- "X E?�BH�Mv- >X aBFF�- GX GmQ- EX L�i�`�@
D�M- �M/ "X umX >B;? T2`7Q`K�M+2 ;`�T? +QMpQHmiBQM�H
M2irQ`Fb rBi? �TTHB+�iBQMb BM i2bi�#BHBiv �M�HvbBbX AM
�*JfA111 .2bB;M �miQK�iBQM *QM72`2M+2 U.�*V- T�;2b
RĜe- kyRNX

(3d) CX J�B`�H- 6X "�+?- CX SQM+2- �M/ :X a�TB`QX PMHBM2 /B+iBQ@
M�`v H2�`MBM; 7Q` bT�`b2 +Q/BM;X AM AMi2`M�iBQM�H *QM72`@
2M+2 QM J�+?BM2 G2�`MBM; UA*JGV- T�;2b e3NĜeNe- kyyNX

(33) JX J2BbbM2` �M/ GX >2/`B+?X 62�ib, 6`�K2rQ`F 7Q` 2tTHQ@
`�iBp2 �M�HQ; iQTQHQ;v bvMi?2bBbX A111 h`�Mb�+iBQMb QM
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*QKTmi2`@�B/2/ .2bB;M Q7 AMi2;`�i2/ *B`+mBib �M/ avbi2Kb
Uh*�.V- j9UkV,kRjĜkke- kyR9X

(3N) 1X JBHmxxQ- LX .X G�M2- �X hX *�KT#2HH- �M/ _X PH7�iB@
a�#2`X *�HB#`22, � b2H7@+�HB#`�iBQM bvbi2K 7Q` KQ#BH2 b2M@
bQ` M2irQ`FbX AM AMi2`M�iBQM�H *QM72`2M+2 QM .Bbi`B#mi2/
*QKTmiBM; BM a2MbQ` avbi2Kb U.*PaaV- T�;2b jR9ĜjjRX
aT`BM;2`- kyy3X

(Ny) "X JBMM2?�M �M/ �X a�p�FBbX *�b+�/2/ T`QD2+iBQM, 1M/@
iQ@2M/ M2irQ`F +QKT`2bbBQM �M/ �++2H2`�iBQMX AM A111
*QM72`2M+2 QM *QKTmi2` oBbBQM �M/ S�ii2`M _2+Q;MBiBQM
U*oS_V- T�;2b RydR8ĜRydk9- kyRNX

(NR) �X uX L;X S`2p2MiBM; Qp2`}iiBM; Q7 +`Qbb@p�HB/�iBQM /�i�X
AM AMi2`M�iBQM�H *QM72`2M+2 QM J�+?BM2 G2�`MBM; UA*JGV-
pQHmK2 Nd- T�;2b k98Ĝk8j- RNNdX

(Nk) EX LB- LX _�K�M�i?�M- JX LX >X *?2?�/2- GX "�Hx�MQ-
aX L�B`- aX w�?2/B- 1X EQ?H2`- :X SQiiB2- JX >�Mb2M- �M/
JX a`Bp�bi�p�X a2MbQ` M2irQ`F /�i� 7�mHi ivT2bX �*J
h`�Mb�+iBQMb QM a2MbQ` L2irQ`Fb UhPaLV- 8UjV,k8- kyyNX

(Nj) CX Pm �M/ uX GBX o2+iQ`@F2`M2H +QMpQHmiBQM�H M2m`�H M2i@
rQ`FbX L2m`Q+QKTmiBM;- jjy,k8jĜk83- kyRNX

(N9) JX JX Px/�H �M/ JX .X qQM;X � H2M;i?@K�i+?BM; `Qmi@
BM; �H;Q`Bi?K 7Q` ?B;?@T2`7Q`K�M+2 T`BMi2/ +B`+mBi #Q�`/bX
A111 h`�Mb�+iBQMb QM *QKTmi2`@�B/2/ .2bB;M Q7 AMi2@
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;`�i2/ *B`+mBib �M/ avbi2Kb Uh*�.V- k8URkV,kd39ĜkdN9-
kyyeX

(N8) CX S�HK2`- EX E`2mix@.2H;�/Q- "X .X _�Q- �M/ .X SX qBT7X
o�`B�iBQM�H 1J �H;Q`Bi?Kb 7Q` MQM@:�mbbB�M H�i2Mi p�`B@
�#H2 KQ/2HbX AM *QM72`2M+2 QM L2m`�H AM7Q`K�iBQM S`Q@
+2bbBM; avbi2Kb ULASaV- T�;2b Ry8NĜRyee- kyyeX

(Ne) qX >X S`2bb- aX �X h2mFQHbFv- qX hX o2ii2`HBM;- �M/ "X SX
6H�MM2`vX LmK2`B+�H `2+BT2b j`/ 2/BiBQM, h?2 �`i Q7 b+B@
2MiB}+ +QKTmiBM;X *�K#`B/;2 mMBp2`bBiv T`2bb- kyydX

(Nd) .X _�M/�HHX _�TB/Hv KBtBM; J�`FQp +?�BMb rBi? �TTHB@
+�iBQMb BM +QKTmi2` b+B2M+2 �M/ T?vbB+bX *QKTmiBM; BM
a+B2M+2 � 1M;BM22`BM; U*Ba1V- 3UkV,jyĜ9R- kyyeX

(N3) "X _�x�pBX .2bB;M Q7 �M�HQ; *JPa BMi2;`�i2/ +B`+mBibX
h�i� J+:`�r@>BHH 1/m+�iBQM- kyykX

(NN) >X _2M- :X 6X EQF�B- qX CX hm`M2`- �M/ hX@aX EmX S�`�@
;`�T?, G�vQmi T�`�bBiB+b �M/ /2pB+2 T�`�K2i2` T`2/B+iBQM
mbBM; ;`�T? M2m`�H M2irQ`FbX AM �*JfA111 .2bB;M �m@
iQK�iBQM *QM72`2M+2 U.�*V- T�;2b RĜe- kykyX

(Ryy) *X _Q#2`iX J�+?BM2 H2�`MBM;- � T`Q#�#BHBbiB+ T2`bT2+iBp2X
h�vHQ` � 6`�M+Bb- kyR9X

(RyR) uX _QM;- qX >m�M;- hX sm- �M/ CX >m�M;X .`QT2/;2,
hQr�`/b /22T ;`�T? +QMpQHmiBQM�H M2irQ`Fb QM MQ/2 +H�b@
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bB}+�iBQMX AM AMi2`M�iBQM�H *QM72`2M+2 QM G2�`MBM; _2T@
`2b2Mi�iBQMb UA*G_V- kykyX

(Ryk) PX _QMM2#2`;2`- SX 6Bb+?2`- �M/ hX "`QtX l@M2i, *QM@
pQHmiBQM�H M2irQ`Fb 7Q` #BQK2/B+�H BK�;2 b2;K2Mi�iBQMX
AM AMi2`M�iBQM�H *QM72`2M+2 QM J2/B+�H AK�;2 *QKTmi@
BM; �M/ *QKTmi2` �bbBbi2/ AMi2`p2MiBQM UJA**�AV- T�;2b
kj9Ĝk9RX aT`BM;2`- kyR8X

(Ryj) hX a�HBK�Mb- .X EBM;K�- �M/ JX q2HHBM;X J�`FQp +?�BM
JQMi2 *�`HQ �M/ p�`B�iBQM�H BM72`2M+2, "`B/;BM; i?2 ;�TX
AM AMi2`M�iBQM�H *QM72`2M+2 QM J�+?BM2 G2�`MBM; UA*JGV-
T�;2b RkR3ĜRkke- kyR8X

(Ry9) *X a+?HɃM/2`- EX q�b+?M2+F- SX _Qii2`- aX G�+?2MK�MM-
>X _2BbBM;2`- 6X lM;�`- �M/ :X :2Q`;�FQbX 6`QK /2@
pB+2 �;BM; T?vbB+b iQ �miQK�i2/ +B`+mBi `2HB�#BHBiv bB;M
QzX AM A111 AMi2`M�iBQM�H _2HB�#BHBiv S?vbB+b avKTQbBmK
UA_SaV- T�;2b RĜRkX A111- kyRNX

(Ry8) .X a2M;mTi� �M/ aX aX a�T�iM2F�`X 1biBK�iBM; +B`+mBi �;@
BM; /m2 iQ "hA �M/ >*A mbBM; `BM;@Qb+BHH�iQ`@#�b2/ b2M@
bQ`bX A111 h`�Mb�+iBQMb QM *QKTmi2`@�B/2/ .2bB;M Q7 AM@
i2;`�i2/ *B`+mBib �M/ avbi2Kb Uh*�.V- jeURyV,Re33ĜRdyR-
kyRdX

(Rye) qX a?�Q- hX J2M;- CX GB- _X w?�M;- uX GB- sX q�M;- �M/
SX GmQX aaL, G2�`MBM; bT�`b2 brBi+?�#H2 MQ`K�HBx�iBQM
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pB� bT�`b2biK�tX AM A111 *QM72`2M+2 QM *QKTmi2` oBbBQM
�M/ S�ii2`M _2+Q;MBiBQM U*oS_V- T�;2b 99jĜ98R- kyRNX

(Ryd) qX a?�Q- aX h�M;- sX S�M- SX h�M- sX q�M;- �M/ SX GmQX
*?�MM2H 2[mBHB#`BmK M2irQ`Fb 7Q` H2�`MBM; /22T `2T`2b2M@
i�iBQMX AM AMi2`M�iBQM�H *QM72`2M+2 QM J�+?BM2 G2�`MBM;
UA*JGV- T�;2b 3e98Ĝ3e89X SJG_- kykyX

(Ry3) LX �X a?2`r�MBX �H;Q`Bi?Kb 7Q` oGaA T?vbB+�H /2bB;M �m@
iQK�iBQMX aT`BM;2` a+B2M+2 � "mbBM2bb J2/B�- kyRkX

(RyN) LX a`Bp�bi�p�- :X >BMiQM- �X E`Bx?2pbFv- AX amibF2p2`- �M/
_X a�H�F?mi/BMQpX .`QTQmi, � bBKTH2 r�v iQ T`2p2Mi M2m@
`�H M2irQ`Fb 7`QK Qp2`}iiBM;X CQm`M�H Q7 J�+?BM2 G2�`MBM;
_2b2�`+?- R8URV,RNkNĜRN83- kyR9X

(RRy) JX aX ai�MFQpBÉ- aX aX ai�MFQpBÉ- �M/ EX >X CQ?�MbbQMX
.Bbi`B#mi2/ #HBM/ +�HB#`�iBQM BM HQbbv b2MbQ` M2irQ`Fb pB�
QmiTmi bvM+?`QMBx�iBQMX A111 h`�Mb�+iBQMb QM �miQK�iB+
*QMi`QH Uh�*V- eyURkV,jk8dĜjkek- kyR8X

(RRR) >X@uX am- *X@>X >bm- �M/ uX@GX GBX am#?mMi2`, � ?B;?@
T2`7Q`K�M+2 �M/ b+�H�#H2 bm#@+B`+mBi `2+Q;MBiBQM K2i?Q/
rBi? T`Ƀ72`@2M+Q/BM;X AM A111f�*J S`Q+22/BM;b .2bB;M-
�miQK�iBQM �M/ h2bi BM 1m`TQ2 U.�h1V- T�;2b R83jĜR83e-
kyR8X

(RRk) wX am- GX 6�M;- qX E�M;- .X >m- JX SB2iBF BM2M- �M/
GX GBmX .vM�KB+ ;`QmT +QMpQHmiBQM 7Q` �++2H2`�iBM; +QM@
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pQHmiBQM�H M2m`�H M2irQ`FbX AM 1m`QT2�M *QM72`2M+2 QM
*QKTmi2` oBbBQM U1**oV- T�;2b Rj3ĜR88X aT`BM;2`- kykyX

(RRj) ZX amM- hX *?2M- CX JB�Q- �M/ "X umX SQr2`@/`Bp2M /MM
/�i�~Qr QTiBKBx�iBQM QM 7T;�X AM A111f�*J AMi2`M�@
iBQM�H *QM72`2M+2 QM *QKTmi2`@�B/2/ .2bB;M UA**�.V-
T�;2b RĜdX A111- kyRNX

(RR9) EX "X ami�`B�- SX _2M- �X JQ?�Miv- sX 62M;- _X q�M;-
_X >m�M;- �M/ uX *�QX .miv +v+H2 b?B7i mM/2`
bi�iB+f/vM�KB+ �;BM; BM k3MK ?F@K; i2+?MQHQ;vX AM A111
AMi2`M�iBQM�H _2HB�#BHBiv S?vbB+b avKTQbBmK UA_SaV-
T�;2b *�ĜdX A111- kyR8X

(RR8) *X ax2;2/v- oX o�M?Qm+F2- aX AQz2- CX a?H2Mb- �M/ wX qQ@
DM�X _2i?BMFBM; i?2 BM+2TiBQM �`+?Bi2+im`2 7Q` +QKTmi2`
pBbBQMX AM A111 *QM72`2M+2 QM *QKTmi2` oBbBQM �M/ S�i@
i2`M _2+Q;MBiBQM U*oS_V- T�;2b k3R3Ĝk3ke- kyReX

(RRe) JX h�F`m`B- aX _�D�b2;�`�`- aX *?�HH�- *X G2+FB2- �M/
JX S�H�MBbr�KBX aT�iBQ@i2KTQ`�H KQ/2HHBM;@#�b2/ /`B7i@
�r�`2 rB`2H2bb b2MbQ` M2irQ`FbX A1h rB`2H2bb b2MbQ` bvb@
i2Kb- RUkV,RRyĜRkk- kyRRX

(RRd) _X >X hm- 1X _Qb2M#�mK- qX uX *?�M- *X *X GB- 1X JB@
M�KB- EX Zm�/2`- SX EX EQ- �M/ *X >mX "2`F2H2v `2@
HB�#BHBiv iQQHb@"1_hX A111 h`�Mb�+iBQMb QM *QKTmi2`@
�B/2/ .2bB;M Q7 AMi2;`�i2/ *B`+mBib �M/ avbi2Kb Uh*�.V-
RkURyV,R8k9ĜR8j9- RNNjX
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(RR3) 6X q�M;- SX *�+?2+?Q- qX w?�M;- aX amM- sX GB- _X E�MD-
�M/ *X :mX "�v2bB�M KQ/2H 7mbBQM, H�`;2@b+�H2 T2`@
7Q`K�M+2 KQ/2HBM; Q7 �M�HQ; �M/ KBt2/@bB;M�H +B`+mBib
#v `2mbBM; 2�`Hv@bi�;2 /�i�X A111 h`�Mb�+iBQMb QM
*QKTmi2`@�B/2/ .2bB;M Q7 AMi2;`�i2/ *B`+mBib �M/ avb@
i2Kb Uh*�.V- j8U3V,Rk88ĜRke3- kyReX

(RRN) >X q�M;- sX >m- ZX w?�M;- uX q�M;- GX um- �M/ >X >mX
ai`m+im`2/ T`mMBM; 7Q` 2{+B2Mi +QMpQHmiBQM�H M2m`�H M2i@
rQ`Fb pB� BM+`2K2Mi�H `2;mH�`Bx�iBQMX A111 CQm`M�H Q7
a2H2+i2/ hQTB+b BM aB;M�H S`Q+2bbBM;- R9U9V,dd8Ĝd33- kyRNX

(Rky) >X q�M;- EX q�M;- CX u�M;- GX a?2M- LX amM- >X@aX G22-
�M/ aX >�MX :*L@_G +B`+mBi /2bB;M2`, h`�Mb72`�#H2 i`�M@
bBbiQ` bBxBM; rBi? ;`�T? M2m`�H M2irQ`Fb �M/ `2BM7Q`+2K2Mi
H2�`MBM;X AM �*JfA111 .2bB;M �miQK�iBQM *QM72`2M+2
U.�*V- T�;2b RĜe- kykyX

(RkR) >X q�M;- ZX w?�M;- uX q�M;- GX um- �M/ >X >mX ai`m+@
im`2/ T`mMBM; 7Q` 2{+B2Mi +QMpM2ib pB� BM+`2K2Mi�H `2;@
mH�`Bx�iBQMX AM AMi2`M�iBQM�H CQBMi *QM72`2M+2 QM L2m`�H
L2irQ`Fb UAC*LLV- T�;2b RĜ3X A111- kyRNX

(Rkk) CX q�M;- >X "�B- CX qm- �M/ CX *?2M;X "�v2bB�M �miQK�iB+
KQ/2H +QKT`2bbBQMX A111 CQm`M�H Q7 a2H2+i2/ hQTB+b BM
aB;M�H S`Q+2bbBM;- R9U9V,dkdĜdje- kykyX

(Rkj) sX q�M;- JX E�M- aX a?�M- �M/ sX *?2MX 6mHHv H2�`M@
�#H2 ;`QmT +QMpQHmiBQM 7Q` �++2H2`�iBQM Q7 /22T M2m`�H M2i@
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rQ`FbX AM A111 *QM72`2M+2 QM *QKTmi2` oBbBQM �M/ S�i@
i2`M _2+Q;MBiBQM U*oS_V- T�;2b Ny9NĜNy83- kyRNX

(Rk9) uX q�M;- �X u�M;- sX *?2M- SX q�M;- uX q�M;- �M/
>X u�M;X � /22T H2�`MBM; �TT`Q�+? 7Q` #HBM/ /`B7i +�H@
B#`�iBQM Q7 b2MbQ` M2irQ`FbX A111 a2MbQ`b CQm`M�H-
RdURjV,9R83Ĝ9RdR- kyRdX

(Rk8) uX q�M;- �X u�M;- wX GB- sX *?2M- SX q�M;- �M/ >X u�M;X
"HBM/ /`B7i +�HB#`�iBQM Q7 b2MbQ` M2irQ`Fb mbBM; bT�`b2
"�v2bB�M H2�`MBM;X A111 a2MbQ`b CQm`M�H- ReUReV,ek9NĜ
ekey- kyReX

(Rke) uX q�M;- �X u�M;- wX GB- SX q�M;- �M/ >X u�M;X "HBM/
/`B7i +�HB#`�iBQM Q7 b2MbQ` M2irQ`Fb mbBM; bB;M�H bT�+2 T`Q@
D2+iBQM �M/ E�HK�M }Hi2`X AM AMi2`M�iBQM�H *QM72`2M+2
QM AMi2HHB;2Mi a2MbQ`b- a2MbQ` L2irQ`Fb �M/ AM7Q`K�iBQM
S`Q+2bbBM; UAaaLASV- T�;2b RĜe- kyR8X

(Rkd) sX q2B- uX GB�M;- �M/ CX *QM;X Pp2`+QKBM; /�i� i`�Mb@
72` #QiiH2M2+Fb BM 6S:�@#�b2/ .LL �++2H2`�iQ`b pB� H�v2`
+QMb+BQmb K2KQ`v K�M�;2K2MiX AM �*JfA111 .2bB;M
�miQK�iBQM *QM72`2M+2 U.�*V- T�;2b RĜe- kyRNX

(Rk3) qX q2M- *X qm- uX q�M;- uX *?2M- �M/ >X GBX G2�`MBM;
bi`m+im`2/ bT�`bBiv BM /22T M2m`�H M2irQ`FbX AM *QM72`2M+2
QM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb ULASaV- T�;2b
kyd9Ĝky3k- kyReX
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(RkN) EX q?Bi2?Qmb2 �M/ .X *mHH2`X *�HB#`�iBQM �b T�`�K2i2`
2biBK�iBQM BM b2MbQ` M2irQ`FbX AM �*J BMi2`M�iBQM�H rQ`F@
b?QT QM qB`2H2bb b2MbQ` M2irQ`Fb �M/ �TTHB+�iBQMb- T�;2b
8NĜedX �*J- kyykX

(Rjy) aX qB2/2K�MM- >X EB`+??Qz2`- aX J�iH�;2- SX >��b2-
�X J�`#�M- hX J�`BM+- .X L2mK�MM- �X PbK�M-
.X J�`T2- >X a+?r�`x- 2i �HX .22T*�"�*, *QMi2ti@
�/�TiBp2 #BM�`v �`Bi?K2iB+ +Q/BM; 7Q` /22T M2m`�H M2irQ`F
+QKT`2bbBQMX AM A*JG qQ`Fb?QT- kyRNX

(RjR) 6X qm- �X aQmx�- hX w?�M;- *X 6B7iv- hX um- �M/ EX q2BM@
#2`;2`X aBKTHB7vBM; ;`�T? +QMpQHmiBQM�H M2irQ`FbX AM
AMi2`M�iBQM�H *QM72`2M+2 QM J�+?BM2 G2�`MBM; UA*JGV-
T�;2b e3eRĜe3dR- kyRNX

(Rjk) GX qm- AX 1X@>X u2M- wX w?�M;- EX sm- GX w?�Q- sX S2M;-
uX sB�- �M/ *X �;;�`r�HX a+�H�#H2 ;HQ#�H �HB;MK2Mi
;`�T? F2`M2H mbBM; `�M/QK 72�im`2b, 6`QK MQ/2 2K#2/@
/BM; iQ ;`�T? 2K#2//BM;X AM �*J AMi2`M�iBQM�H *QM72`@
2M+2 QM EMQrH2/;2 .Bb+Qp2`v �M/ .�i� JBMBM; UE..V-
T�;2b R9R3ĜR9k3- kyRNX

(Rjj) uX qm �M/ EX >2X :`QmT MQ`K�HBx�iBQMX AM 1m`QT2�M *QM@
72`2M+2 QM *QKTmi2` oBbBQM U1**oV- T�;2b jĜRN- kyR3X

(Rj9) aX sB2- _X :B`b?B+F- SX .QHH�`- wX hm- �M/ EX >2X �;;`2@
;�i2/ `2bB/m�H i`�Mb7Q`K�iBQMb 7Q` /22T M2m`�H M2irQ`FbX
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AM A111 *QM72`2M+2 QM *QKTmi2` oBbBQM �M/ S�ii2`M
_2+Q;MBiBQM U*oS_V- T�;2b R9NkĜR8yy- kyRdX

(Rj8) wX sB2- uX@>X >m�M;- :X@ZX 6�M;- >X _2M- aX@uX 6�M;-
uX *?2M- �M/ CX >mX _Qmi2M2i, _Qmi�#BHBiv T`2/B+iBQM 7Q`
KBt2/@bBx2 /2bB;Mb mbBM; +QMpQHmiBQM�H M2m`�H M2irQ`FX AM
A111f�*J AMi2`M�iBQM�H *QM72`2M+2 QM *QKTmi2`@�B/2/
.2bB;M UA**�.V- kyR3X

(Rje) wX sB2- >X _2M- "X E?�BH�Mv- uX a?2M;- aX a�MiQb?- CX >m-
�M/ uX *?2MX SQr2`M2i, h`�Mb72`�#H2 /vM�KB+ B` /`QT
2biBK�iBQM pB� K�tBKmK +QMpQHmiBQM�H M2m`�H M2irQ`FX AM
A111f�*J �bB� �M/ aQmi? S�+B}+ .2bB;M �miQK�iBQM
*QM72`2M+2 U�aS.�*V- T�;2b RjĜR3X A111- kykyX

(Rjd) EX sm- *X GB- uX hB�M- hX aQMQ#2- EX@BX E�r�`�#�v�b?B-
�M/ aX C2;2HF�X _2T`2b2Mi�iBQM H2�`MBM; QM ;`�T?b rBi?
DmKTBM; FMQrH2/;2 M2irQ`FbX AM AMi2`M�iBQM�H *QM72`2M+2
QM J�+?BM2 G2�`MBM; UA*JGV- T�;2b 898jĜ89ek- kyR3X

(Rj3) EX u�K�KQiQ �M/ EX J�2MQX S*�a, S`mMBM; +?�MM2Hb
rBi? �ii2MiBQM bi�iBbiB+b 7Q` /22T M2irQ`F +QKT`2bbBQMX AM
"`BiBb? J�+?BM2 oBbBQM *QM72`2M+2 U"Jo*V- kyRNX

(RjN) hX u�M �M/ JX .X qQM;X _2+2Mi `2b2�`+? /2p2HQTK2Mi BM
S*" H�vQmiX AM A111f�*J AMi2`M�iBQM�H *QM72`2M+2 QM
*QKTmi2`@�B/2/ .2bB;M UA**�.V- T�;2b jN3Ĝ9yjX A111-
kyRyX
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(R9y) hX u�M �M/ JX .X qQM;X *Q``2+iHv KQ/2HBM; i?2 /B�;@
QM�H +�T�+Biv BM 2b+�T2 `QmiBM;X A111 h`�Mb�+iBQMb QM
*QKTmi2`@�B/2/ .2bB;M Q7 AMi2;`�i2/ *B`+mBib �M/ avb@
i2Kb Uh*�.V- jRUkV,k38ĜkNj- kyRkX

(R9R) hX u�M- SX@*X qm- ZX J�- �M/ JX .X qQM;X PM i?2 2b+�T2
`QmiBM; Q7 /Bz2`2MiB�H T�B`bX AM A111f�*J AMi2`M�iBQM�H
*QM72`2M+2 QM *QKTmi2`@�B/2/ .2bB;M UA**�.V- T�;2b
eR9ĜekyX A111- kyRyX

(R9k) uX u�M- "X LB- �M/ sX u�M;X S`2/B+iBM; ?mK�M BMi2`�+@
iBQM pB� `2H�iBp2 �ii2MiBQM KQ/2HX AM AMi2`M�iBQM�H CQBMi
*QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2 UAC*�AV- T�;2b jk98Ĝ
jk8R- kyRdX

(R9j) uX u�M;- ZX >m�M;- "X qm- hX w?�M;- GX J�- :X :�K@
#�`/2HH�- JX "HQii- GX G�p�;MQ- EX oBbb2`b- CX q�r`xvM2F-
2i �HX avM2i;v, �H;Q`Bi?K@?�`/r�`2 +Q@/2bB;M 7Q` +QMpM2i
�++2H2`�iQ`b QM 2K#2//2/ 6S:�bX AM �*J avKTQbBmK
QM 6S:�b- T�;2b kjĜjk- kyRNX

(R99) JX "X u2Hi2M- SX .X 6`�MxQM- �M/ JX "X ai22`X am``Q;�i2@
KQ/2H@#�b2/ �M�HvbBb Q7 �M�HQ; +B`+mBib—T�`i AA, _2HB�#BH@
Biv �M�HvbBbX A111 h`�Mb�+iBQMb QM .2pB+2 �M/ J�i2`B�Hb
_2HB�#BHBiv Uh.J_V- RRUjV,9eeĜ9dj- kyRRX

(R98) wX um- wX amM- _X q�M;- CX w?�M;- �M/ _X >m�M;X >Qi +�`@
`B2` /2;`�/�iBQM@BM/m+2/ /vM�KB+ p�`B�#BHBiv BM 6BM61hb,
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1tT2`BK2Mib �M/ KQ/2HBM;X A111 h`�Mb�+iBQMb QM 1H2+@
i`QM .2pB+2b Uh1.V- edU9V,R8RdĜR8kk- kykyX

(R9e) ZX w?�M;- JX w?�M;- hX *?2M- CX 6�M- wX u�M;- �M/ :X GBX
1H2+i`B+Biv i?27i /2i2+iBQM mbBM; ;2M2`�iBp2 KQ/2HbX AM
A111 AMi2`M�iBQM�H *QM72`2M+2 QM hQQHb rBi? �`iB}+B�H
AMi2HHB;2M+2 UA*h�AV- T�;2b kdyĜkd9X A111- kyR3X

(R9d) ZX w?�M;- JX w?�M;- hX *?2M- wX amM- uX J�- �M/ "X umX
_2+2Mi �/p�M+2b BM +QMpQHmiBQM�H M2m`�H M2irQ`F �++2H2`@
�iBQMX L2m`Q+QKTmiBM;- jkj,jdĜ8R- kyRNX

(R93) _X w?�M;- wX S2M;- GX qm- wX GB- �M/ SX GmQX 1t2KTH�`
MQ`K�HBx�iBQM 7Q` H2�`MBM; /22T `2T`2b2Mi�iBQMX AM A111
*QM72`2M+2 QM *QKTmi2` oBbBQM �M/ S�ii2`M _2+Q;MBiBQM
U*oS_V- T�;2b RkdkeĜRkdj8- kykyX

(R9N) hX w?�M;- :X@CX ZB- "X sB�Q- �M/ CX q�M;X AMi2`H2�p2/
;`QmT +QMpQHmiBQMbX AM A111 AMi2`M�iBQM�H *QM72`2M+2 QM
*QKTmi2` oBbBQM UA**oV- T�;2b 9jdjĜ9j3k- kyRdX

(R8y) hX w?�M;- aX u2- EX w?�M;- CX h�M;- qX q2M- JX 6�`/�/-
�M/ uX q�M;X � bvbi2K�iB+ .LL r2B;?i T`mMBM; 7`�K2@
rQ`F mbBM; �Hi2`M�iBM; /B`2+iBQM K2i?Q/ Q7 KmHiBTHB2`bX AM
1m`QT2�M *QM72`2M+2 QM *QKTmi2` oBbBQM U1**oV- T�;2b
R39ĜRNN- kyR3X

(R8R) hX w?�M;- uX w?�M;- wX GB- wX aQM;- �M/ >X GBmX avbi2K@
H2p2H +�HB#`�iBQM 7Q` /�i� 7mbBQM BM rB`2H2bb b2MbQ` M2irQ`FbX
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�*J h`�Mb�+iBQMb QM a2MbQ` L2irQ`Fb UhPaLV- NUjV,k3-
kyRjX

(R8k) sX w?�M;- sX w?Qm- JX GBM- �M/ CX amMX a?m|2L2i, �M
2ti`2K2Hv 2{+B2Mi +QMpQHmiBQM�H M2m`�H M2irQ`F 7Q` KQ#BH2
/2pB+2bX AM A111 *QM72`2M+2 QM *QKTmi2` oBbBQM �M/
S�ii2`M _2+Q;MBiBQM U*oS_V- T�;2b e393Ĝe38e- kyR3X

(R8j) uX w?�M; �M/ SX 1X "�;MQHBX � KQ/2HBM; K2i?Q/QHQ;v
7Q` i?2`K�H �M�HvbBb Q7 i?2 T+# bi`m+im`2X JB+`Q2H2+i`QMB+b
CQm`M�H- 98U3V,RyjjĜRy8k- kyR9X

(R89) uX w?�M;- �X S2MM�iBMB- �M/ SX 1X "�;MQHBX � i?2`K�H
KQ/2H 7Q` i?2 T+# bi`m+im`2 BM+Hm/BM; i?2`K�H +QMi`B#m@
iBQM Q7 i`�+2b �M/ pB�bX AM A111 AMi2`M�iBQM�H qQ`Fb?QT
QM h?2`K�H AMp2biB;�iBQM Q7 A*b �M/ avbi2Kb- T�;2b RĜeX
A111- kyRkX

(R88) wX w?�M;- CX GB- qX a?�Q- wX S2M;- _X w?�M;- sX q�M;-
�M/ SX GmQX .Bz2`2MiB�#H2 H2�`MBM;@iQ@;`QmT +?�MM2Hb pB�
;`QmT�#H2 +QMpQHmiBQM�H M2m`�H M2irQ`FbX AM A111 AMi2`@
M�iBQM�H *QM72`2M+2 QM *QKTmi2` oBbBQM UA**oV- T�;2b
j89kĜj88R- kyRNX

(R8e) wX w?�M; �M/ "X .X _�QX aT�`b2 bB;M�H `2+Qp2`v rBi?
i2KTQ`�HHv +Q``2H�i2/ bQm`+2 p2+iQ`b mbBM; bT�`b2 "�v2bB�M
H2�`MBM;X A111 CQm`M�H Q7 a2H2+i2/ hQTB+b BM aB;M�H S`Q@
+2bbBM;- 8U8V,NRkĜNke- kyRRX
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(R8d) wX w?�M; �M/ "X .X _�QX 1ti2MbBQM Q7 a"G �H;Q`Bi?Kb
7Q` i?2 `2+Qp2`v Q7 #HQ+F bT�`b2 bB;M�Hb rBi? BMi`�@#HQ+F
+Q``2H�iBQMX A111 h`�Mb�+iBQMb QM aB;M�H S`Q+2bbBM;-
eRU3V,kyyNĜkyR8- kyRjX

(R83) _X w?�Q �M/ qX GmFX 1{+B2Mi bi`m+im`2/ T`mMBM; �M/ �`@
+?Bi2+im`2 b2�`+?BM; 7Q` ;`QmT +QMpQHmiBQMX AM A111 AMi2`@
M�iBQM�H *QM72`2M+2 QM *QKTmi2` oBbBQM UA**oV- T�;2b
RNeRĜRNdy- kyRNX

(R8N) >X w?Qm- qX CBM- �M/ aX sX@.X h�MX :`B/M2i, 6�bi /�i�@
/`Bp2M 2K@BM/m+2/ B` /`QT T`2/B+iBQM �M/ HQ+�HBx2/ }tBM;
7Q` QM@+?BT TQr2` ;`B/ M2irQ`FbX AM A111f�*J AMi2`M�@
iBQM�H *QM72`2M+2 QM *QKTmi2`@�B/2/ .2bB;M UA**�.V-
T�;2b RĜNX A111- kykyX

(Rey) wX w?Qm- wX w?m- CX *?2M- uX J�- "X um- hX@uX >Q-
:X G2KB2mt- �M/ �X Ap�MQpX *QM;2biBQM@�r�`2 ;HQ#�H `Qmi@
BM; mbBM; /22T +QMpQHmiBQM�H ;2M2`�iBp2 �/p2`b�`B�H M2i@
rQ`FbX AM �*JfA111 qQ`Fb?QT QM J�+?BM2 G2�`MBM; 7Q`
*�. UJG*�.V- T�;2b RĜeX A111- kyRNX

(ReR) EX w?m- JX GBm- uX GBM- "X sm- aX GB- sX h�M;- LX amM- �M/
.X wX S�MX :2MBmb`Qmi2, � M2r �M�HQ; `QmiBM; T�`�/B;K
mbBM; ;2M2`�iBp2 M2m`�H M2irQ`F ;mB/�M+2X AM A111f�*J
AMi2`M�iBQM�H *QM72`2M+2 QM *QKTmi2`@�B/2/ .2bB;M UA*@
*�.V- T�;2b RĜ3- kyRNX
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(Rek) JX wr2`;2`- JX L2mM2`- �M/ >X :`�2#X SQr2`@/QrM +B`+mBi
bvMi?2bBb 7Q` �M�HQ;fKBt2/@bB;M�HX AM A111f�*J AMi2`@
M�iBQM�H *QM72`2M+2 QM *QKTmi2`@�B/2/ .2bB;M UA**�.V-
T�;2b e8eĜeej- kyR8X

(Rej) JX wr2`;2`- JX L2mM2`- �M/ >X :`�2#X �M�HQ; TQr2`@
/QrM bvMi?2bBbX A111 h`�Mb�+iBQMb QM *QKTmi2`@�B/2/
.2bB;M Q7 AMi2;`�i2/ *B`+mBib �M/ avbi2Kb Uh*�.V-
jeURkV,RN89ĜRNed- kyRdX
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