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.�i�@.`Bp2M h?2`KQbi�ib @ 6Q` 622/#�+F- *QK7Q`i- �M/ _2HB�#BHBiv
#v

JBH�M C�BM

am#KBii2/ iQ i?2 .2T�`iK2Mi Q7 *QKTmi2` a+B2M+2
QM P+iQ#2` Ry- kyRN- BM T�`iB�H 7mH}HHK2Mi Q7 i?2

`2[mB`2K2Mib 7Q` i?2 /2;`22 Q7
.Q+iQ` Q7 S?BHQbQT?v

�#bi`�+i
AM #mBH/BM;b- �B` +QM/BiBQMBM; +QMbmK2b � bB;MB}+�Mi T`QTQ`iBQM Q7 i?2 �;;`2;�i2 2H2+i`B+Biv
#BHHX aT2+B}+�HHv- BM `2bB/2MiB�H �M/ bK�HH@b+�H2 +QKK2`+B�H #mBH/BM;b- T2QTH2 T`272` iQ mb2
`QQK@H2p2H �*b U�* bi�M/b 7Q` �B` *QM/BiBQMBM; BM i?Bb i?2bBbV rBi? �M BM@#mBHi i?2`KQ@
bi�iX �b i?2`KQbi�i b2iiBM;b +QM+2Tim�HHv ;Qp2`M �* 2M2`;v +QMbmKTiBQM �M/ mb2` +QK7Q`ic
Qp2` i?2 v2�`b- `2b2�`+?2`b bT2Mi � bB;MB}+�Mi �KQmMi Q7 iBK2 �M/ 2zQ`i BM 2M?�M+BM; i?2`@
KQbi�ib iQ 2Mbm`2 QTiBK�H mb�;2 Q7 �*bX "v �M�HvxBM; Q++mT�MibǶ #2?�pBQm`- iQ/�v- bK�`i
i?2`KQbi�ib- rBi? KmHiBTH2 b2MbQ`v �#BHBiB2b- +�M �miQK�iB+�HHv �/Dmbi i?2 b2i i2KT2`�im`2
iQ K�tBKBx2 #Qi? @ 2M2`;v b�pBM;b �M/ mb2` +QK7Q`iX

q?BH2 i?2`KQbi�ib �`2 bK�`i �M/ m#B[mBiQmb- i?2v Q7i2M `2Hv QM Q++mT�MibǶ /vM�KB+
b+?2/mH2 7Q` i?2 �miQK�i2/ +QMi`QH Q7 i?2 b2i@TQBMi i2KT2`�im`2X 6Q` � ivTB+�H ?QK2- r?2`2
2p2`vQM2 7QHHQrb � T�`iB+mH�` `QmiBM2- �Mv /2pB�iBQM BM /�BHv b+?2/mH2 Q7i2M H2�/b iQ mb2`
/Bb+QK7Q`iX AM �//BiBQM iQ i?�i- bK�`i i?2`KQbi�ib M2Bi?2` +QMbB/2` bT�iB�H p�`B�iBQMb �+`Qbb
i?2 #mBH/BM;b- MQ` i2KTQ`�H p�`B�iBQMb- bm+? �b +HBK�i2 +?�M;2- r?BH2 +?�M;BM; i?2 b2i i2K@
T2`�im`2X am#b2[m2MiHv- 2p2M iQ/�v- i?2 2tT2MbBp2 i?2`KQbi�ib �`2 +QM}M2/ iQ �miQK�i2/
i2KT2`�im`2 p�`B�iBQM- rBi? � HBKBi2/ b+QT2 Q7 #QQbiBM; i?2 2M2`;v b�pBM;b �M/ 2M?�M+BM;
i?2 mb2` +QK7Q`iX AM i?Bb /Bbb2`i�iBQM- r2 �//`2bb i?2b2 +QM+2`Mb �M/ BMi`Q/m+2 .�i�@.`Bp2M
h?2`KQbi�ib iQ K�F2 �* 2tT2`B2M+2 2{+B2Mi �M/ +QK7Q`i�#H2 7Q` i?2 mb2`bX

6B`bi- r2 T`QTQb2 S�*J�L i?�i KQMBiQ`b `QQK i2KT2`�im`2 iQ 2Mbm`2 i2M�MibǶ T�`@
iB+BT�iBQM /m`BM; �* mb�;2 #v T`QpB/BM; �+iBQM�#H2 2M2`;v@722/#�+FX L2ti- r2 `2+QKK2M/
� *QK7Q`i@1M2`;v h`�/2@Qz U*1hV FMQ#- `2�HBx2/ i?`Qm;? �M QTiBKBx�iBQM 7`�K2rQ`F- iQ
�HHQr mb2`b iQ #�H�M+2 i?2B` +QK7Q`i �M/ b�pBM;b rBi?Qmi rQ``vBM; �#Qmi i?2 `B;?i b2i i2K@
T2`�im`2X Pm` bim/v BM/B+�i2b i?�i bm+? � FMQ# +�M `2/m+2 `2bB/2MibǶ /Bb+QK7Q`i #v kjW �M/
b�p2 keW 2M2`;vX h?B`/- r2 BMp2biB;�i2 i?2 BKT�+i Q7 Q++mT�M+v T`2/B+iBQM 2``Q`b QM Q++m@
T�MibǶ +QK7Q`i �M/ iQi�H 2M2`;v +QMbmKTiBQM Q7 � #mBH/BM;X 6BM�HHv- r2 T`QTQb2 :`2BM� @
iQ +QMiBMmQmbHv KQMBiQ` i?2 `2�/BHv �p�BH�#H2 �K#B2Mi BM7Q`K�iBQM 7`QK i?2 i?2`KQbi�i �M/
iBK2Hv `2TQ`i `27`B;2`�Mi H2�Fb i?`Qm;? i?2 +QBHb UQ` p�Hp2bV Q7 � `27`B;2`�iBQM mMBiX am+?
H2�Fb r�bi2 bB;MB}+�Mi 2M2`;v- `BbF Q++mT�MibǶ ?2�Hi?- �M/ �z2+i mb2` +QK7Q`iX Pm` K2i?Q/b
�`2 MQp2H- b+�H�#H2- �M/ KQ`2 2z2+iBp2 i?�M i?2 bi�i2@Q7@i?2@�`i bK�`i i?2`KQbi�ibX

h?2bBb amT2`pBbQ`, .`X �K�`D22i aBM;?
hBiH2, �bbBbi�Mi S`Q72bbQ`- AAAh .2H?B

h?2bBb amT2`pBbQ`, .`X oBF�b *?�M/�M
hBiH2, a+B2MiBbi- S�+B}+ LQ`i?r2bi L�iBQM�H G�#Q`�iQ`v
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h`�MbH�iBQM,

h?2 b2Mb2b �`2 bmT2`BQ` iQ i?2 #Q/v- �M/ bmT2`BQ` iQ i?2 b2Mb2b Bb i?2
KBM/X "2vQM/ i?2 KBM/ Bb i?2 BMi2HH2+i- �M/ 2p2M #2vQM/ i?2 BMi2HH2+i Bb

i?2 BM/BpB/m�H +QMb+BQmbM2bbX
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�+FMQrH2/;K2Mib

aQK2iBK2b BiǶb i?2 DQm`M2v i?�i i2�+?2b vQm � HQi �#Qmi vQm` /2biBM�iBQMX
Ĝ �m#`2v .`�F2 :`�?�K- *�M�/B�M �`iBbi

AM kyRd- 7Q` � +QM72`2M+2 T�T2` T`2b2Mi�iBQM- A pBbBi2/ i?2 #2�miB7mH BbH�M/ Q7 J�mB

BM >�r�BB- � bi�i2 BM i?2 lMBi2/ ai�i2b Q7 �K2`B+�X .m`BM; i?�i pBbBi- A- �HQM; rBi? Kv

;B`H7`B2M/- r2Mi QM � e8@KBH2 HQM; `Q�/ i`BT QM � irQ@H�M2 ?B;?r�v- +QMM2+iBM; E�?mHmB rBi?

i?2 iQrM Q7 >�M� BM 2�bi J�mBX Ai Bb � ?B;?Hv `2+QKK2M/2/ �+iBpBiv B7 vQm �`2 i`�p2HHBM;

iQ i?2 BbH�M/ Q7 J�mBX PM i?2 r�v iQ >�M�- r2 2M+QmMi2`2/ 2M+?�MiBM; i`�BHb H2�/BM;

iQ r�i2`7�HH TQQHb- /2HB;?i7mH #2�+?2b- b+2MB+ KQmMi�BMb- �KQM; K�Mv Qi?2` #`2�i?i�FBM;

pB2rbX PM+2 vQm `2�+? >�M�- vQm rQmH/ bQQM `2�HBb2 i?�i i?2 `Q�/r�v iQ >�M� Bb MQi �#Qmi

i?2 /2biBM�iBQM- Bi Bb �#Qmi i?2 DQm`M2vX LQr r?2M A HQQF #�+F- A }M/ i?Bb `Q�/@i`BT [mBi2

�M�HQ;Qmb iQ Kv S?. DQm`M2vX h?2 S?. r�b M2p2` �#Qmi ;`�/m�iBM; Q` ;2iiBM; � /2;`22-

Bi BMpQHp2/ H2�`MBM; 7`QK i?2 mTb �M/ /QrMb Q7 i?2 `2b2�`+?- /2p2HQT � T`Q#H2K@bQHpBM;

�iiBim/2- �M/ M2irQ`F rBi? i?2 `2b2�`+?2`b �+`Qbb i?2 rQ`H/X

q?2M r2 TH�MM2/ i?2 i`BT iQ >�M�- iQ #2 ?QM2bi- A ?�/ MQ T`BQ` 2tT2`B2M+2 Q7 /`BpBM; �

+�` BM i?2 la�X q2 /`Bp2 QM i?2 H27i bB/2 Q7 i?2 `Q�/ BM AM/B�c ?Qr2p2`- BM i?2 la�- T2QTH2

/`Bp2 QM i?2 `B;?i bB/2 Q7 i?2 r�vX P7 +Qm`b2- A r�b HQr QM +QM}/2M+2 bBM+2 A ?�/ � HBiiH2

T`�+iB+�H FMQrH2/;2 �#Qmi i?2 i`�{+ `mH2b BM i?2 la�X �HH A ?�/ r�b i?2 BMi2Mi �M/ 7�Bi? BM

Kv /`BpBM; bFBHHbX am#b2[m2MiHv- r2 /2+B/2/ iQ ;Q QM i?Bb `Q�/@i`BT- �M/ A /2+B/2/ iQ biB+F

iQ i?2 #�bB+b Q7 /`BpBM;X GBF2rBb2- r?2M A r�b �#Qmi iQ bi�`i i?2 i2`KBM�H /2;`22 Q7 Kv

2/m+�iBQM Ui?2 S?.V- A r�bMǶi bm`2 B7 A +QmH/ TmHH i?Bb QzX A r�bMǶi bm`2 B7 A �K `2�/v 7Q`

i?Bb HQM;@i2`K +QKKBiK2MiX A ?�/ iQ +QMbB/2` #Qi? T2`bQM�H �M/ }M�M+B�H +QMbi`�BMibX �i

i?�i iBK2 �HbQ- �HH A ?�/ r�b i?2 BMi2MiX A r�Mi2/ iQ rQ`F QM +?�HH2M;BM; T`Q#H2Kb- H2�`M

M2r bimz- �M/ /Q bQK2i?BM; BMMQp�iBp2X �M/ A #2HB2p2 i?2 `2�bQM A ?�/ i?Bb FBM/ Q7 �iiBim/2

HB2/ bQK2r?2`2 BM Kv +?BH/?QQ/ �M/ mT#`BM;BM;X

A ?�/ � T`BpBH2;2/ +?BH/?QQ/- �HH i?�MFb iQ Kv KQi?2` UJ`b o22M� C�BMV �M/ Kv 7�i?2`

UJ` aX EX C�BMVX lMHBF2 K2- Kv 7�i?2` ?�/ � `Qm;? �M/ iQm;? +?BH/?QQ/ #2+�mb2 Kv

;`�M/7�i?2` UJ` _X .X C�BMV T�bb2/ �r�v �i �M 2�`Hv �;2X q?BH2 ?2 r�b 2ti`2K2Hv i�H2Mi2/-

�i K�Mv iBK2b- ?2 ?�/ iQ +QKT`QKBb2 rBi? ?Bb /`2�Kb #2+�mb2 M2Bi?2` ?2 ?�/ i?2 `2bQm`+2b

MQ` i?2 bBim�iBQM r�b 7�pQm`�#H2X >2 rQ`F2/ ?�`/- 7Q+mb2/ QM 7�KBHv- �M/ K�/2 bm`2 i?�i ?Bb

FB/b ?�/ iQ M2p2` +QKT`QKBb2 rBi? i?2B` /`2�KbX 6Q` mb UK2 �M/ Kv bB#HBM;bV- ?2 2Mbm`2/
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i?�i r2 mM/2`bi�M/ i?2 bB;MB}+�M+2 Q7 2/m+�iBQM BM Qm` HB72 �M/ M2p2` mM/2`2biBK�i2 Qm`

�#BHBiv iQ �+?B2p2 bQK2i?BM; r2 r�MiX A biBHH `2K2K#2` i?2 r�v ?2 mb2/ iQ r�F2 mT 2�`Hv

BM i?2 KQ`MBM; �M/ i�F2 Qm` +H�bb2b #27Q`2 H2�pBM; 7Q` ?Bb Q{+2X >2 r�b bQ 2{+B2Mi rBi?

?Bb rQ`F- ?2 rQmH/ M2p2` r�bi2 � KBMmi2 BM ?Bb Q{+2X >2 rQmH/ iBK2Hv r`�T mT ?Bb rQ`F-

+QK2 #�+F BM i?2 2p2MBM;- �M/ bT2M/ iBK2 rBi? mbX 6Q` �Mv /Qm#i- BM �Mv bm#D2+i- r2 mb2/

iQ �TT`Q�+? ?BK- `�i?2` i?�M i?2 i2�+?2`bX >2 rQmH/ 2tTH�BM i?2 +QM+2Ti bQ r2HH i?�i i?2`2

Bb MQ +?�M+2 i?�i r2 rQmH/ 7Q`;2i Bi- �MviBK2 bQQM BM i?2 7mim`2X �i iBK2b- r?2M ?2 ?�/ MQ

mT7`QMi �Mbr2`b- ?2 rQmH/ bT2M/ ?Bb iBK2 `2�/BM; i?2 i2ti- H2�`M i?2 +QM+2Ti- �M/ 2tTH�BM Bi

iQ mbX A biBHH rQM/2`- B7 MQi � #�MF2`- ?Qr r2HH Q7 � i2�+?2` ?2 rQmH/ ?�p2 #22M5 AMi2MiBQM�HHv

Q` mMBMi2MiBQM�HHv- ?2 K�/2 bm`2 i?�i r2 �Hr�vb ?�p2 i?2 `B;?i KBM/b2i iQ i�+FH2 � T`Q#H2KX

LQr- r?2i?2` vQm i�F2 Kv `Q�/ i`BT iQ >�M�- Q` #2;BMMBM; Q7 Kv S?.- vQm rBHH /2}MBi2Hv

}M/ � ;HBKTb2 Q7 i?Bb �iiBim/2 BM Kv #2?�pBQm`X

LQr- �b TH�MM2/- r2 #2;�M 2�`Hv BM i?2 KQ`MBM; 7Q` i?Bb `Q�/ i`BTX PM Qm` r�v- r2

?�/ iQ T�bb M�``Qr #`B/;2b- i�F2 b?�`T im`Mb- �M/ 2Mbm`2 � b�72 /`Bp2X AM S?. DQm`M2v �b

r2HH- r2 7�+2 +?�HH2M;2b �HKQbi 2p2`v /�vX q?2i?2` /m2 iQ �M 2tT2`BK2Mi 7�BHm`2- Q` � T�T2`

`2D2+iBQM- r2 K22i Qm` QrM b2i Q7 ?B;?b �M/ HQrbX AM i?Qb2 iBK2b- � /Qb2 Q7 T2`bBbi2M+2

�M/ b2H7@KQiBp�iBQM Bb Q7i2M `2[mB`2/X 6Q` K2- i?2 /Qb2 mb2/ iQ +QK2 7`QK Kv KQi?2`X q2

�HH FMQr i?�i � KQi?2`Ƕb HQp2 Bb Tm`2 �M/ mM+QM/BiBQM�H- �M/ A r�b 7Q`imM�i2 2MQm;? iQ

2tT2`B2M+2 i?�iX q?2i?2` A ?�/ iQ H2�p2 2�`Hv �i bBt BM i?2 KQ`MBM; Q` ?�/ iQ +QK2 H�i2 BM

i?2 MB;?i- b?2 rBHH K�F2 bm`2 A ;2i � ?2�Hi?v ?QK2@+QQF2/ K2�H 2p2`v iBK2X q?2i?2` b?2 Bb

BHH Q` 722HBM; HQr- A ?�p2 M2p2` b22M ?2` i�FBM; � /�v QzX A ;m2bb i?Bb FBM/ Q7 +QKKBiK2Mi

+�M QMHv 2tBbi r?2M vQm HQp2 r?�i vQm �`2 /QBM;X q?2M A mb2/ iQ b22 ?2` +QKKBiK2Mi

H2p2H- � T�T2` `2D2+iBQM- Q` � +Q/2 7�BHm`2- mb2/ iQ HQQF [mBi2 BMbB;MB}+�Mi iQ K2X AM Kv

S?.- i?Bb i?Qm;?i �Hr�vb #QQbi2/ mT Kv +QM}/2M+2 �i i?2 HQr iBK2b- 2bT2+B�HHv /m`BM; i?2

KB/@S?. +`BbBb- �M/ 2p2Mim�HHv 2M;`�p2/ � };?i@#�+F bTB`Bi BM K2X A +QmH/ HBi2`�HHv r`Bi2 �

#QQF QM i?2 +QMi`B#miBQM Q7 Kv T�`2Mib BM #mBH/BM; Kv +?�`�+i2`X LQi QMHv i?2v b?�T2/ Kv

T2`bQM�HBiv- #mi i?2v �HbQ bmTTQ`i2/ K2 r?2M A M22/2/ i?2K i?2 KQbiX A FMQr- r?�i2p2` A

/Q- A rBHH �Hr�vb `2K�BM BM/2#i2/ iQ Kv J��- "�mDB- .�/B- �M/ .�/m 7Q` i?2B` mM+QM/BiBQM�H

bmTTQ`i- HQp2- �M/ +?�`�+i2`@#mBH/BM; mT#`BM;BM;X

LQr- �i i?Bb TQBMi- A ?�/ i?2 +?�`�+i2` �M/ i?2 �iiBim/2 7`QK Kv mT#`BM;BM;X aiBHH-

A M22/2/ � `Q�/K�T �M/ i?2 ;mB/�M+2 iQ M�pB;�i2 i?2 `Qmi2- iQ #Qi? >�M� �M/ i?2 S?.

;`�/m�iBQMX AM i?2 `Q�/ i`BT iQ >�M�- r2 M22/2/ M�pB;�iBQM iQ 2Mbm`2 i?�i r2 �`2 QM i?2
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`B;?i i`�+F �M/ ;2iiBM; K�tBKmK Qmi Q7 i?2 `Q�/ i`BTX GBF2rBb2- BM Kv HB72- A M22/2/ i?2

FMQrH2/;2- � b2Mb2 Q7 /Bb+`BKBM�iBM; i?2 `B;?i 7`QK i?2 r`QM;- �M/ �r�`2M2bb i?�i A b?QmH/

�Hr�vb /Q r?�i A HQp2X A `2+2Bp2/ i?�i ;mB/�M+2 7`QK Kv i2�+?2`b �M/ i?2 ;m`mbX A7 A `2+�HH

+Q``2+iHv- A r�b M2p2` BMi2`2bi2/ BM b+B2M+2 mMiBH i?2 MBMi? bi�M/�`/X aBM+2 A r�b bQ Km+?

BMbTB`2/ #v i?2 T2`bQM�HBiv Q7 Kv 7�i?2`- A �Hr�vb BMi2M/2/ iQ bim/v +QKK2`+2- mMiBH A K2i

J`b S�`�KD22i E�m`X

AM i?2 MBMi? bi�M/�`/- Kv 7�i?2` `2+2Bp2/ � i`�Mb72` iQ E�`M�H U� +Biv BM >�`v�M�V-

�M/ MQr- A ?�/ iQ +QMiBMm2 Kv MBMi? bi�M/�`/ BM E2M/`Bv� oB/v�H�v�- E�`M�HX AM i?Bb

M2r b+?QQH- J`b S�`�KD22i E�m` r�b Qm` b+B2M+2 i2�+?2`X A r�b �Hr�vb �K�x2/ #v ?2`

2tT2`BK2Mi@/`Bp2M �TT`Q�+? iQ i2�+?BM; b+B2M+2X AM MQ iBK2- b+B2M+2 #2+�K2 Kv 7�pQm`Bi2

bm#D2+iX A- r?Q r�b � #2HQr@�p2`�;2 bim/2Mi BM b+B2M+2- rQM � b+B2M+2 [mBx }`bi iBK2 BM

i?2 MBMi? bi�M/�`/X �HQM; rBi? J`b E�m`- A rQmH/ �HbQ HBF2 iQ �+FMQrH2/;2 i?2 BKK2Mb2

bmTTQ`i 7`QK Kv i?2M b+?QQH T`BM+BT�HX lM7Q`imM�i2Hv- A /QMǶi `2K2K#2` ?Qr iQ bT2HH ?2`

M�K2 +Q``2+iHvX h?Qm;? A r�b �M �p2`�;2 bim/2Mi- b?2 �Hr�vb #2HB2p2/ i?�i A +�M iQT i?2

#�i+? �M/ b+Q`2 r2HH BM Kv #Q�`/ 2t�KbX >2` +QMbi�Mi 2M+Qm`�;2K2Mi bB;MB}+�MiHv #QQbi2/

Kv +QM}/2M+2- �M/ A �+im�HHv 2pQHp2/ �b � iQTT2` BM Kv b+?QQH rBi? NRX9W BM i?2 i2Mi?

;`�/2X "v i?2 iBK2 A +QKTH2i2/ Kv i2Mi? ;`�/2- +QKK2`+2 r�b MQ KQ`2 Kv 7�pQm`Bi2

bi`2�K- �M/ A +?Qb2 iQ Tm`bm2 b+B2M+2 BM Kv ?B;? b+?QQHX

6�bi 7Q`r�`/ iQ i?2 }`bi b2K2bi2` Q7 Kv K�bi2`b- A K2i .` �K�`D22i aBM;?- �M �bbBbi�Mi

S`Q72bbQ` �i AAAh@.2H?B- �M/ Kv S?. �/pBbQ`X >2 Bb QM2 T2`bQM r?QK A �/KB`2 �M/ `2bT2+i

� HQi 7Q` ?Bb ?QM2bi �M/ ?�`/rQ`FBM; T2`bQM�HBivX A /BbiBM+iHv `2+�HH Qm` }`bi K22iBM; BM

r?B+? A 2tTHB+BiHv b?Qr2/ Kv BMi2`2bi BM rQ`FBM; rBi? ?BKX h?Qm;? A +QmH/MǶi mM/2`bi�M/

� bBM;H2 rQ`/ ?2 b�B/ Ur2 /Bb+mbb2/ ?QK2 �miQK�iBQMV- A FM2r A +QmH/ H2�`M � HQi 7`QK i?Bb

�;;`2bbBp2 �M/ T�bbBQM�i2 `2b2�`+?2`X LQr- r?2M A HQQF #�+F- A ?�p2 MQ `2;`2i BM b�vBM;

i?�i A iQQF i?2 `B;?i /2+BbBQMX 1p2M i?Qm;? ?2 /2+B/2/ iQ ;Q 7Q` ?Bb QrM bi�`imT- ?2 M2p2`

+QKT`QKBb2/ QM i?2 iBK2 7Q` ?Bb S?. bim/2MibX A biBHH rQM/2` ?Qr ?2 TmHH2/ i?Bb QzX AM i?2

BMBiB�H /�vb- ?2 ?�/ mb Ui?2 S?. bim/2MibV- ?Bb bi�`imT- �M/ � v2�`@QH/ #�#v- #mi bQK2?Qr-

2p2M BM i?Bb +`�xv #mbv b+?2/mH2- ?2 �Hr�vb ?�/ i?2 iBK2 iQ ;mB/2 mbX AM `2im`M- �HH ?2

M22/2/ r�b bQK2 bmTTQ`i 7`QK mbX 6Q` BMbi�M+2- Q7i2M- ?2 rQmH/ r�Mi mb iQ rQ`F 7`QK ?Bb

Q{+2- Q` Qi?2` iBK2b ?2 KB;?i r�Mi mb iQ bm#KBi i?2 rQ`F irQ r22Fb #27Q`2 i?2 /2�/HBM2X

A ;m2bb i?�i r�b [mBi2 `2�bQM�#H2 Q7 ?BKX

h?`Qm;?Qmi Kv S?.- .` aBM;? �Hr�vb biQQ/ #v K2- KQiBp�i2/ K2 iQ �BK ?B;?2`- �M/
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KQ`2 BKTQ`i�MiHv- H2i K2 b?�T2 Kv S?.X AM �//BiBQM iQ i?Bb- ?2 ?2HT2/ K2 BM #mBH/BM; Kv

M2irQ`FX h?`Qm;? ?BK QMHv- A K2i .` oBF�b *?�M/�M- r?Q 2p2Mim�HHv #2+�K2 Kv i?2bBb

+Q@�/pBbQ`X oBF�b ;`�/m�i2/ BM J2+?�MB+�H 1M;BM22`BM; 7`QK i?2 lMBp2`bBiv Q7 AHHBMQBb �i

l`#�M�@*?�KT�B;M- �M/ ?2 r�b rQ`FBM; �i A"J `2b2�`+? �i i?2 iBK2 A K2i ?BKX qBi?

oBF�b- A mb2/ iQ ;2i � iQi�HHv /Bz2`2Mi T2`bT2+iBp2 #2+�mb2 ?2 r�b 7`QK i?2 K2+?�MB+�H

2M;BM22`BM; #�+F;`QmM/- �M/ r2 r2`2 7`QK +QKTmi2` b+B2M+2X LQi Dmbi ?Bb +QMi`B#miBQMb

K�/2 i?2 i?2bBb KmHiB/Bb+BTHBM�`v #mi �HbQ ;�p2 Qm` rQ`F i?2 `B;?i /B`2+iBQMX qBi? oBF�bǶb

K2+?�MB+�H �M/ BM/mbi`B�H 2tT2`B2M+2- �M/ �K�`D22iǶb �+�/2KB+ �M/ 2Mi`2T`2M2m`b?BT 2t@

TQbm`2- A #2HB2p2 A r�b 7Q`imM�i2 iQ /Q � S?. BM � /Bp2`b2 2MpB`QMK2MiX LQi QMHv Kv i?2bBb

�/pBbQ`b #mi 2p2M Kv +QHH�#Q`�iQ`b �M/ +QKKBii22 K2K#2`b �HbQ TH�v2/ � +`m+B�H `QH2 BM

i?Bb HQM; K�`�i?QM Q7 S?.X

Pm` +QHH�#Q`�iQ`b �M/ i?2bBb 2p�Hm�iBQM +QKKBii22b iQ;2i?2` biQQ/ mT �b �M 2bb2MiB�H

TBHH�` Q7 Kv S?. i?2bBbX AM kyRe- r2 }`bi +QHH�#Q`�i2/ rBi? S`Q7 a`BMBp�b�M E2b?�p �M/

S`Q7 *�i?2`BM2 _Qb2M#2`; �i i?2 lMBp2`bBiv Q7 q�i2`HQQ- *�M�/�X �i i?�i iBK2- A rQ`F2/

rBi? .` _�+?2H E E�H�BK�MB iQ bim/v ?v#`B/ +QMi`QH bi`�i2;B2b 7Q` ?2�iBM;- p2MiBH�iBQM- �M/

�B`@+QM/BiBQMBM; mMBib U>o�*bVX AM kyR3- A pBbBi2/ _2bTQMbBp2 1MpB`QMK2Mi :`QmT �i JAh

J2/B� G�# iQ bim/v i?2 `QH2 Q7 `QQK i2KT2`�im`2 BM � K2/B�i2/ �iKQbT?2`2X AM JAh- A

K�BMHv rQ`F2/ rBi? .` L�M w?�Q- mM/2` i?2 ;mB/�M+2 Q7 S`Q7 CQb2T? � S�`�/BbQX q?BH2

JAh �M/ i?2 lMBp2`bBiv Q7 q�i2`HQQ Qz2`2/ K2 � /Bz2`2Mi QmiHQQF Q7 Kv `2b2�`+? T`Q#H2Kc

w2M�iBt- A"J _2b2�`+? G�#- �M/ SLLG T`QpB/2/ K2 Km+? `2[mB`2/ BM/mbi`B�H 2tTQbm`2X AM

SLLG- A K�BMHv rQ`F2/ rBi? .` PbK�M �?K2/ QM �M�HvbBM; i`�/2Qz BM +Qbi �M/ �++m`�+v

Q7 i?2 b2MbQ`b 7Q` 7�mHi /2i2+iBQM �M/ /B�;MQbBbX

AM �//BiBQM iQ Qm` +QHH�#Q`�iQ`b- Kv i?2bBb 2p�Hm�iBQM +QKKBii22b +QMbBbi2MiHv ;mB/2/

K2 BM i?2 `B;?i /B`2+iBQM �M/ T`QpB/2/ +QMbi`m+iBp2 722/#�+FX Pm` +Q`2 �MMm�H +QKKBi@

i22 +QKT`Bb2/ Q7 S`Q7 E`Bi?B _�K�K`Bi?�K 7`QK AAh "QK#�v- S`Q7 ump`�D �;�`r�H 7`QK

*�`M2;B2 J2HHQM lMBp2`bBiv- �M/ S`Q7 _B+?� aBM;? 7`QK AAAh@.2H?BX h?Qm;? i?2 +QKKBii22

r�b � ?�`/ Mmi iQ +`�+F- i?2 +QMbi`m+iBp2 722/#�+F 7`QK bm+? �M 2tT2`i +QKKBii22 2p2M@

im�HHv 2Mbm`2/ [m�HBiv rQ`F 7`QK K2X GBF2rBb2- i?2 +QKKBii22 K2K#2`b Q7 Kv [m�HB7vBM;

2t�K- .` oBD�v �`v� 7`QK A"J _2b2�`+?- �M/ S`Q7 Smb?T2M/`� aBM;? �M/ S`Q7 S`�p2b?

"Bv�MB 7`QK AAAh@.2H?B- M�``Qr2/ /QrM Kv `2b2�`+? T`Q#H2KX "2+�mb2 Q7 i?2 ?B;? 2tT2+@

i�iBQMb Q7 Kv +QKKBii22 K2K#2`b- A �Hr�vb bm#KBii2/- �M/ 2p2Mim�HHv T`2b2Mi2/ Kv rQ`F

�i `2Tmi2/ p2Mm2bX AM +QM72`2M+2b- A ?�/ � ?�#Bi Q7 /Bb+mbbBM; Kv rQ`F BM i?2 S?. 7Q`mKb-
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r?B+? A 7QmM/ [mBi2 #2M2}+B�H BM 7Q`KmH�iBM; Kv `2b2�`+? T`Q#H2KX AM S2`*QK kyRe- A rQM

i?2 "2bi S?. 6Q`mK S`2b2Mi�iBQM �r�`/X AM i?2 S?. 7Q`mK- A `2+2Bp2/ +`m+B�H 722/#�+F

7`QK i?2 +QKKBii22 Q7 S`Q7 �`+?�M JBb`� 7`QK aJl �M/ S`Q7 LB`K�Hv� _Qv 7`QK lJ"*X

AM l#B*QKT kyRd- � /Q+iQ`�H +QHHQ[mBmK +QKKBii22 BM+Hm/BM; S`Q7 �MBM/ E .2v 7`QK i?2

lMBp2`bBiv Q7 q�b?BM;iQM- .�pB/ .2�`K�M 7`QK :QQ;H2 _2b2�`+?- �M/ JQMB+� h2MiQ`B 7`QK

*A*1a1 bm;;2bi2/ K2 b2p2`�H TQbbB#H2 2ti2MbBQMb Q7 Kv rQ`FX

AM i?2 2M/- �7i2` �+FMQrH2/;BM; i?2 722/#�+F 7`QK +QKKBii22 K2K#2`b Qp2` i?2 v2�`b-

A 2p2Mim�HHv +QM+Hm/2/ Kv `2b2�`+? rQ`F �M/ bm#KBii2/ i?2 }M�H /`�7i Q7 Kv /Bbb2`i�iBQM

iQ i?2 i?2bBb 2p�Hm�iBQM +QKKBii22X h?2 i?2bBb +QKKBii22 +QKT`Bb2/ Q7 S`Q7 �H2t _Q;2`b

7`QK i?2 lMBp2`bBiv Q7 Pt7Q`/- S`Q7 1H2M� :�m`� 7`QK *Qp2Mi`v lMBp2`bBiv- �M/ S`Q7 am/BT

JBb`� 7`QK AAh E?�`�;Tm`X �;�BM- � T�M2H Q7 /BbiBM;mBb?2/ �M/ r2HH@FMQrM `2b2�`+?2`bX hQ

#2 ?QM2bi- S`Q7 �H2t _Q;2`b Bb Kv `QH2 KQ/2H #�b2/ QM i?2 FBM/ �M/ [m�HBiv Q7 rQ`F ?2 /Q2bX

:Bp2M ?Bb #mbv b+?2/mH2- A r�b MQi 2p2M bm`2 i?�i ?2 rQmH/ �++2Ti Qm` BMpBi�iBQM iQ DQBM Kv

i?2bBb +QKKBii22X Ai r�b /2}MBi2Hv �M ?QMQm` 7Q` K2 iQ ;`�/m�i2 rBi? Kv �+�/2KB+ `QH2

KQ/2H #2BM; Kv 2p�Hm�iQ`X h?2 +QKK2Mib 7`QK i?Bb /BbiBM;mBb?2/ T�M2H TQHBb?2/ i?2 }M�H

/`�7i �M/ +QKT2HH2/ K2 iQ TQM/2` � HQM; i2`K BKT�+i Q7 Kv `2b2�`+?X Pp2`�HH- A #2HB2p2

i?Bb i?2bBb Bb � +QK#BM2/ 2zQ`i #v K2- Kv �/pBbQ`b- Qm` +QHH�#Q`�iQ`b- �M/ i?2 +QKKBii22

K2K#2`bX qBi?Qmi i?2 `B;?i ;mB/�M+2- A �K [mBi2 bm`2 i?�i i?2 iBK2Hv +QKTH2iBQM Q7 M2Bi?2`

i?2 DQm`M2v iQ >�M� MQ` i?2 K�`�i?QM Q7 S?. r�b T`�+iB+�HX

JQpBM; 7Q`r�`/- A ?QT2 vQm `2K2K#2` i?�i A r�b MQi i`�p2HHBM; �HQM2c Kv ;B`H7`B2M/ r�b

�++QKT�MvBM; K2X LQi QMHv b?2 �bbBbi2/ K2 BM /`BpBM;- r2 iQ;2i?2` +?2`Bb?2/ 2�+? KQK2Mi-

`2HBb?2/ �HH i?2 b+2MB+ #2�miB2b- �M/ +`2�i2/ K2KQ`B2bX .�H�B G�K�- � bTB`Bim�H ;m`m- QM+2

b�B/- Ǵ� ?mK�M #2BM; Bb � bQ+B�H �MBK�HǴX A }`KHv #2HB2p2 BM i?Bb T?BHQbQT?vX A i?BMF i?�i

r?�i2p2` r2 /Q- r?2`2p2` r2 �`2 BM Qm` HB72- T2QTH2 �`QmM/ mb K�F2 � bB;MB}+�Mi BKT�+i QM

Qm` i?Qm;?i T`Q+2bb- HB72bivH2- �M/ i?2 r�v Q7 HBpBM;X AM i?2 DQm`M2v Q7 S?. ;`�/m�iBQM- A

r�b 7Q`imM�i2 iQ #2 �++QKT�MB2/ #v bmTTQ`iBp2 bB#HBM;b- 2M+Qm`�;BM; �M/ 7mM 7`B2M/b- �M/ �

/2HB;?i7mH T�`iM2`X A rQmH/ #2;BM rBi? Kv bBbi2` S�H�F C�BM �M/ #`Qi?2` Emb?�H C�BM- rBi?

r?QK A b?�`2/ � 7�B` b?�`2 Q7 bKBH2b �M/ +`B2bX h?Qm;? A r�b i?2 #B; #`Qi?2`c ?Qr iQ bKBH2

BM ?�`/ iBK2b- �M/ ?Qr iQ i�+FH2 iQm;? T2QTH2- Bb bQK2i?BM; A ?�p2 H2�`Mi 7`QK i?2KX q?2M

i2Mb2/- r2 rQmH/ bBi 7Q` ?Qm`b- Q` ;Q 7Q` � bi`QHH iQ +?Bi@+?�i �M/ HBbi2M iQ 2�+? Qi?2`X 6Q`

K2- Q7i2M- i?�i �+i2/ �b � i?2`�Tv BM Kv ?�`/ iBK2bX

:QQ/ +QKT�Mv BM � DQm`M2v Q7i2M K�F2b i?2 r�v b22K b?Q`i2`X �HQM; rBi? Kv bB#HBM;b-
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BM Kv DQm`M2v- A r�b 7Q`imM�i2 iQ ?�p2 J`B/mH� rBi? K2X AM 2p2`v b2Mb2- b?2 Bb Kv #2ii2`

?�H7- �b r2 /Q +QKTHBK2Mi 2�+? Qi?2`X A7 A �K �M BMi`Qp2`i- b?2 Bb �M 2ti`Qp2`i rBi? � bi`QM;

QTBMBQM �#Qmi ?2` HB72 +?QB+2bX A7 A T`272` +Qz22- b?2 Bb � i2� HQp2`X A �K � #B; "QHHvrQQ/

7�M- #mi b?2 �/KB`2b >QHHvrQQ/X "mi �b i?2v b�v- QTTQbBi2 �ii`�+ib5 A ?B;?Hv �TT`2+B�i2 i?2

7�+i i?�i r2 �`2 bQ /Bz2`2Mi #2+�mb2 r2 2M/ mT 2tT2`B2M+BM; i?2 #2bi Q7 #Qi? i?2 rQ`H/bX AM

iQm;? iBK2b- r?2M A �K �MtBQmb- b?2 rBHH ?QH/ Kv ?�M/ �M/ T`QKTi K2 iQ bi�v bi`QM;2`X A7

A �K b�/- b?2 rBHH }M/ r�vb iQ +?22` K2 mTX AM b?Q`i- b?2 ?�b #22M Kv T2`bQM�H i?2`�TBbi-

r?2`2 �M �TTQBMiK2Mi r�b MQi M2+2bb�`vX q?2i?2` Bi r�b Kv S?. Q` `Q�/r�v iQ >�M�- B7

b?2 rQmH/MǶi ?�p2 bmTTQ`i2/ K2- A KB;?i ?�p2 +`�b?2/ �i KmHiBTH2 Q++�bBQMbX

G�bi #mi /2}MBi2Hv MQi H2�bi- A rQmH/ M2ti HBF2 iQ �+FMQrH2/;2 i?2 +`m+B�H `QH2 Q7 Kv

7`B2M/b @ i?2 7�KBHv A +?Qb2 7Q` Kvb2H7X aBM+2 +?BH/?QQ/- A 722H A �Hr�vb ?�/ i?2 #2bi b2i

Q7 T2QTH2 QM Kv bB/2X Jv 7�i?2` ?�/ � i`�Mb72`�#H2 DQ#- �M/ r2 mb2/ iQ KQp2 QM2 +Biv iQ

�MQi?2`- `2;mH�`HvX q2 /B/MǶi ?�p2 bQ+B�H K2/B� BM i?2 Nyb- �M/ i?2`27Q`2- A HQbi +QMi�+i rBi?

KQbi Q7 Kv +?BH/?QQ/ 7`B2M/bX h?Qm;? A TQbb2bb � p2`v 7�/2 K2KQ`v Q7 Kv +?BH/?QQ/- A +QmH/

M2p2` 7Q`;2i a�Fb?B 7`QK Eo 6�`B/�#�/X a?2 r�b � /2HB;?i7mH ;B`H r?Q �Hr�vb T`Qi2+i2/ K2

BM i?2 #mHHBb? 2MpB`QMK2Mi Uv2b- A /B/ ;2i #mHHB2/5VX q2 mb2/ iQ ;Q iQ b+?QQH iQ;2i?2`- TH�v

iQ;2i?2`- �M/ 2p2M };?i iQ;2i?2`X :QQ/ K2KQ`B2b5 A ;m2bb i?2 M2ti iBK2 r?2M A b?�`2/

bm+? � bi`QM; #QM/ Q7 7`B2M/b?BT r�b r?2M A KQp2/ iQ LAh S�iM� 7Q` Kv #�+?2HQ`Ƕb /2;`22

@ i?2 ;QH/2M 2`� Q7 Kv HB72X

AM Kv mM/2`;`�/m�i2 T`Q;`�K- A K2i bQK2 Q7 i?2 }M2bi #mi HmM�iB+ T2QTH2 QM i?2 2�`i?X

PM i?2 }`bi /�v Bib2H7- A K2i a�?BH- S`�/22T- PS- �#?Bb?2F- J�?BT�H- �M/ _�Kbr�`QQT-

r?Q 2M/ mT #2BM; Kv ~�iK�i2bX q2 �HH r2`2 7`QK /Bz2`2Mi bi`2�Kb Q7 2M;BM22`BM;- #mi

r2 b?�`2/ � bi`QM; #QM/ �KQM; Qm`b2Hp2bX h?Qm;? A rQMǶi /2Mv i?2 7�+i i?�i r2 �HbQ

?�/ /Bz2`2M+2b UHBF2 �Mv 7�KBHvV- MQ QM2 +QmH/ mM/2`KBM2 i?2 bi`2M;i? Q7 Qm` mMBQMX Pm`

2ti2M/2/ 2p2MBM; /Bb+mbbBQMb- +QQFBM; b2bbBQMb- i`�BM i`�p2Hb- �M/ KQpB2 MB;?ib �`2 bQK2 Q7

i?2 72r K2KQ`B2b i?�i +QmH/ M2p2` 7�/2 �r�v 7`QK Kv KBM/X h?2 i2``B}+ #�i+?K�i2b HBF2

�pBM�b?- LB`�D- �b?Bb?- "?mpM2b?- L22i2b?- �M/ �#?Bb?2F- iQ M�K2 � 72r- r2`2 i?2 B+BM;

QM i?2 +�F2X P7i2M- /m`BM; i?2 S?.- r?2M2p2` A M22/2/ }M�M+B�H bmTTQ`i- i?2v rQMǶi i?BMF

irB+2 #27Q`2 Qz2`BM; i?2 �bbBbi�M+2X aBM+2 Kv mM/2`;`�/- i?2b2 7QHFb ?�p2 #22M Kv 2ti2M/2/

7�KBHv �r�v 7`QK ?QK2X q2 �HH �`2 biBHH +QMM2+i2/ �M/ K22i `2;mH�`HvX 1p2M iQ/�v- BM Qm`

#mbv b+?2/mH2- r2 Q7i2M }M/ iBK2 iQ bBi 7Q` � /`BMF �M/ i�HF 7Q` ?Qm`bX A ?QT2 i?Bb 7`B2M/b?BT

;Q2b 7Q`2p2`X

Re



aQQM �7i2` Kv "Xh2+?- A KQp2/ #�+F iQ .2H?B iQ Tm`bm2 Kv K�bi2`Ƕb /2;`22 �i AAAh@

.2H?BX aBM+2 A r�b KQpBM; 7`QK ?Qbi2Hb iQ Kv ?QK2- A FM2r i?BM;b rBHH +?�M;2X A FM2r i?�i

A rBHH HQb2 i?2 7`22/QK Q7 � +�`2H2bb #�+?2HQ`- i?2 pB#`�M+v Q7 Kv ?Qbi2H HB72- �M/ i?2 HB#2`iv

Q7 #`2�FBM; i?2 `mH2b �M/ `2;mH�iBQMbX �M/ i?�i r�b ?�`/5 A `2K2K#2` i?2 +QKKmi2 QM Kv

}`bi /�v r?2M A i`�p2HH2/ 7`QK Kv ?QK2 iQ Kv +QHH2;2 rBi? � #�;- � iB{M #Qt- �M/ � r�i2`

#QiiH2 BM Kv ?�M/bX JQbi Q7 i?2 T2QTH2 BM i?�i bm#r�v HQQF2/ iB`2/ �M/ r2`2 bH22TBM;- �M/

A r�b rQM/2`BM; r?v �`2 i?2v bQ 2t?�mbi2/ BM i?2 KQ`MBM;X aQQM- A ;Qi Kv �Mbr2`bX GB72

BM .2H?B Bb ?2+iB+ �M/ 7�bi@T�+2/X uQm Kmbi `mM 7�bi iQ #2 BM i?Bb `�+2 2Hb2 vQm rBHH #2 H27i

#2?BM/X A r�b +QKKmiBM; 2p2`v /�v- i`vBM; iQ r`�T mT Kv rQ`F BM iBK2- +�i+?BM; mT i?2

T�+2 Q7 .2H?B- #mi 72HH /QrM b?�`THv BM i?2 }`bi b2K2bi2` Bib2H7X A ;m2bb i?�i r�b QM2 Q7

i?2 iQm;?2bi iBK2b 7Q` K2 #2+�mb2 �HH Kv 7`B2M/b r2`2 bT`2�/ �+`Qbb AM/B�- �M/ A r�b BM �

/Bz2`2Mi 2MpB`QMK2Mi rBi? T2QTH2 BM � iQi�HHv /Bz2`2Mi KBM/b2iX A /BbiBM+iHv `2K2K#2` i?�i
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R AMi`Q/m+iBQM jR

RXR aT�+2 *QQHBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jR

RXRXR AKT�+i QM *HBK�i2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X jk

RXRXk :Qp2`MK2Mi SQHB+B2b X X X X X X X X X X X X X X X X X X X X X X X X X X X jj

RXk h2+?MB+�H "�+F;`QmM/ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9

RXkXR _QH2 Q7 � h?2`KQbi�i X X X X X X X X X X X X X X X X X X X X X X X X X X j8

RXj _2b2�`+? ai�i2K2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j3

RX9 h?2bBb *QMi`B#miBQMb �M/ PmiHBM2 X X X X X X X X X X X X X X X X X X X X X X X X jN

RX8 h?2bBb Sm#HB+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9k

RX8XR �+iBQM�#H2 1M2`;v 622/#�+F X X X X X X X X X X X X X X X X X X X X X X X 9k

RX8Xk �/�TiBp2 �M/ S2`bQM�HBx2/ *QK7Q`i X X X X X X X X X X X X X X X X X X 9j

RX8Xj _2HB�#BHBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j

k 1M2`;v 1biBK�iBQM h?`Qm;? h?2`KQbi�i 98

kXR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 98

kXk _2H�i2/ qQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9d

kXj lb2 *�b2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9N

kX9 avbi2K �`+?Bi2+im`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8y

kX8 avbi2K AKTH2K2Mi�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8R

kX8XR S�*J�L@G X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8R

kX8Xk S�*J�L@S X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 89

kX8Xj S�*J�L@1M;BM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X 88

kXe 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 88

kXeXR 1tT2`BK2Mi�H a2imT X X X X X X X X X X X X X X X X X X X X X X X X X X X 8e
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kXeXk 1p�Hm�iBQM *`Bi2`B� X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8e

kXeXj .�i� o�HB/�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8d

kXeX9 �M�HvbBb Q7 �* ai�i2 .2i2+iBQM /m`BM; 1biBK�iBQM X X X X X X X X X X 83

kXeX8 a2MbBiBpBiv �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X 83

kXeXe �M�HvbBb Q7 �* 1M2`;v 1biBK�iBQM � S`2/B+iBQM �++m`�+v X X X X X X 8N

kXd *?�HH2M;2b �M/ .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X ey

kXdXR a2MbQ` SQbBiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR

kXdXk P++mT�MibǶ AMi2`72`2M+2 X X X X X X X X X X X X X X X X X X X X X X X X X ek

kXdXj GQM; lb�;2b /m`BM; LB;?i X X X X X X X X X X X X X X X X X X X X X X X X ej

j *QK7Q`i�#H2 1M2`;v a�pBM;b e8

jXR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e8

jXk _2H�i2/ qQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e3

jXj PTiBKBx�iBQM 6`�K2rQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dy

jXjXR PTiBKBx2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dR

jXjXk hmM2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d9

jXjXj SmiiBM; h?BM;b hQ;2i?2` @ � *�b2 aim/v X X X X X X X X X X X X X X X d3

jX9 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3y

jX9XR .�i� *QHH2+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3R

jX9Xk o�HB/�iBQM Q7 hmM2/ S�`�K2i2`b X X X X X X X X X X X X X X X X X X X X X 3k

jX9Xj AKT�+i �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3d

jX8 *?�HH2M;2b �M/ .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ny

9 AM~m2M+2 Q7 S`2/B+iBQM 1``Q`b Nj

9XR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Nj

9Xk _2H�i2/ qQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N8

9XkXR *2Mi`�H >o�* *QMi`QHH2`b X X X X X X X X X X X X X X X X X X X X X X X X N8

9XkXk S2`bQM�H 1MpB`QMK2Mi�H *QMi`QH X X X X X X X X X X X X X X X X X X X X N8

9XkXj 1``Q` �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N8

9Xj >o�* *QMi`QH ai`�i2;B2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ne

9XjXR a+?2/mH2@#�b2/ +QMi`QH X X X X X X X X X X X X X X X X X X X X X X X X X X Nd

9XjXk _2�+iBp2 +QMi`QH X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Nd

9XjXj JQ/2H S`2/B+iBp2 *QMi`QH X X X X X X X X X X X X X X X X X X X X X X X X Nd
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9X9XR J�bi2` JQ/mH2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryk

9X9Xk JQ/2HBM; P++mT�M+v S`2/B+iBQM 1``Q`b X X X X X X X X X X X X X X X X Ryj

9X9Xj aBKmH�iQ` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry9

9X9X9 J2i`B+b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry8

9X8 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry3

9X8XR h2bi "mBH/BM; .2b+`BTiBQM X X X X X X X X X X X X X X X X X X X X X X X X Ry3

9X8Xk .�i�b2i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RyN

9X8Xj 1p�Hm�iBQM a2imT X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRy

9X8X9 AMbB;?ib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRR

9Xe *?�HH2M;2b �M/ .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR9

8 G2�F�;2 .2i2+iBQM RRd

8XR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRd

8Xk _2H�i2/ qQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RkR

8XkXR 6�mHi .2i2+iBQM 6`�K2rQ`Fb X X X X X X X X X X X X X X X X X X X X X X X RkR

8XkXk G2�F�;2 .2i2+iBQM 6`�K2rQ`Fb X X X X X X X X X X X X X X X X X X X X X Rkk

8Xj �TT`Q�+? X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk9

8XjXR G2�`M LQ`K�H "2?�pBQm` X X X X X X X X X X X X X X X X X X X X X X X X X Rk9

8XjXk JQMBiQ` 7Q` G2�F�;2 .2i2+iBQM X X X X X X X X X X X X X X X X X X X X X Rkd

8X9 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RkN

8X9XR 1p�Hm�iBQM J2i`B+b X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rjy

8X9Xk JQ/2H o�HB/�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RjR

8X9Xj _2bmHib �M/ �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X RjR

8X8 *?�HH2M;2b �M/ .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rjd

8X8XR JQ/2HHBM; 1``Q` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rjd

8X8Xk 6�Hb2 L2;�iBp2b � SQbBiBp2b X X X X X X X X X X X X X X X X X X X X X X X RjN

8X8Xj "2vQM/ _27`B;2`�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X R9y

e *QM+HmbBQM �M/ 6mim`2 qQ`F R9R

eXR 622/#�+F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9k

eXk *QK7Q`i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9j
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eXj _2HB�#BHBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R99

eX9 PmiHQQF X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9e

eX9XR *Q;MBiBp2 h?2`KQbi�ib X X X X X X X X X X X X X X X X X X X X X X X X X X R9e

eX9Xk 6.. 7Q` *QKK2`+B�H >o�* X X X X X X X X X X X X X X X X X X X X X X X R9d

eX9Xj *QKTH2t 1MpB`QMK2Mib X X X X X X X X X X X X X X X X X X X X X X X X X R93

� :2M2`B+ n@`2;BQM AKTH2K2Mi�iBQM Q7 h?2`K�H JQ/2H R8R

" h?2`K�H JQ/2H 7Q` AMp2`i2` �* R8j

* 1ti2MbBQM iQ >QK2 1MpB`QMK2Mi R88

kk



GBbi Q7 6B;m`2b

R@R *m``2MiHv- irQ@i?B`/ �*b �`2 7QmM/ BM *?BM�- C�T�M- �M/ LQ`i? �K2`B+�X AM

7mim`2- 2K2`;BM; 2+QMQKB2b rBi? ?Qi +HBK�i2 Ubm+? �b AM/B�V �`2 2tT2+i2/ iQ

H2�/ i?2 b�H2b +?�`i (dy)X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jk

R@k �+`Qbb �HH i?2 `2;BQMb- bT�+2 +QQHBM; +QMi`B#mi2b bB;MB}+�MiHv iQr�`/b #Qi?-

2H2+i`B+Biv /2K�M/ �M/ i?2 T2�F HQ�/ (dy)X X X X X X X X X X X X X X X X X X X X jj

R@j o�TQ` *QKT`2bbBQM *v+H2, _27`B;2`�Mi ~Qrb i?`Qm;? /Bz2`2Mi +QKTQM2Mib

Q7 i?2 �* iQ +QQH i?2 bT�+2X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9

R@9 _QQK i2KT2`�im`2 ~m+im�i2b #2ir22M on �M/ Q77 ?vbi2`2bBb iQ bi�v +HQb2 iQ

i?2 b2iTQBMi i2KT2`�im`2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9

R@8 6Q` � T2`bQM�H Q{+2- i?2 THQi BM/B+�i2b i?2 p�`B�iBQM BM Q++mT�M+v �i /Bz2`2Mi

?Qm` Q7 i?2 /�vX aT2+B}+�HHv /m`BM; T2�F ?Qm`b- i?2 p�`B�iBQM +QmH/ #2 [mBi2

bB;MB}+�MiX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jd

R@e �`+?Bi2+im`2 Q7 .�i�@.`Bp2M h?2`KQbi�ib, hQT H�v2` Bb i?2 BMTmi H�v2`c JB/@

/H2 H�v2` Bb i?2 H2�`MBM; bi�;2 r?2`2 7`�K2rQ`F imM2b i?2 KQ/2H T�`�K2i2`b

i?`Qm;? b2MbQ`v /�i�c "QiiQK H�v2` +QMi�BMb �TTHB+�iBQMb #mBHi QM iQT Q7

imM2/ i?2`K�H KQ/2HX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jN

k@R (k@R�)_QQK i2KT2`�im`2 `2+Q`/2/ �i KmHiBTH2 HQ+�iBQMb UGR@AM 7`QMi Q7 i?2

�*- Gk@6�`i?2` �r�v 7`QK i?2 �*- Gj@AM i?2 �ii�+?2/ #�i?`QQK rBi? i?2

/QQ` +HQb2/- G9@Pi?2` +Q`M2` Q7 i?2 `QQKVX >2`2- i?2 b2iTQBMi i2KT2`�im`2

Bb ky◦*X (k@R#) h?2 b2iTQBMi i2KT2`�im`2 Bb �M BMbm{+B2Mi K2i`B+ iQ `2TQ`i

i?2 �* 2M2`;v +QMbmKTiBQMX X X X X X X X X X X X X X X X X X X X X X X X X X X X 9e

kj



k@k lb2 +�b2 Q7 S�*J�L, q?2M i?2 �* Bb brBi+?2/ PL- i?2 b2i i2KT2`�im`2

�M/ r2�i?2` 7Q`2+�bi Bb mb2/ rBi? i?2 H2�`M2/ KQ/2H iQ T`2/B+i i?2 �* 2M2`;v

+QMbmKTiBQM �i KmHiBTH2 b2i i2KT2`�im`2bX q?2M i?2 �* Bb brBi+?2/ Qz-

S�*J�L 2biBK�i2b �* 2M2`;v +QMbmKTiBQM /m`BM; i?2 mb�;2X h?2 +QHH2+i2/

`QQK i2KT2`�im`2 /�i� �M/ +Q``2bTQM/BM; r2�i?2` +QM/BiBQMb 7`QK `2+2Mi n

?BbiQ`B+�H mb�;2b �`2 mb2/ iQ mT/�i2 i?2 i?2`K�H KQ/2HX X X X X X X X X X X X 9N

k@j AHHmbi`�iBQM 7Q` 2biBK�iBQM Q7 �* bi�i2 mbBM; i?2 `QQK i2KT2`�im`2 /�i� ;QBM;

i?`Qm;? p�`BQmb bi�;2b UG27i iQ _B;?iVc U�V a�KTH2 mb�;2 7`QK �M �T�`iK2Mi-

U"V ∆h�+i �HQM; rBi? /2i2+i2/ +Hmbi2`b 7Q` i?2 mb�;2- U*V 1p2Mi /2i2+iBQM �M/

K�i+?BM; �7i2` }Hi2`BM; QMHv RampUp UbB;MB}+�Mi BM+`2�b2 BM i2KT2`�im`2V

�K/ RampDown UbB;MB}+�Mi /2+`2�b2 BM i2KT2`�im`2V 2p2Mib- U.V 1biBK�i2/

�* bi�i2 rBi? �+im�H TQr2` +QMbmKTiBQM Q7 �* X X X X X X X X X X X X X X X X 8R

k@9 �* �b irQ bi�i2 /B�;`�K rBi? TQbbB#H2 i`�MbBiBQMb UG27iVX ∆h�+i �M/ ∆hb2i

bm{+B2Mi 72�im`2b iQ +H�bbB7v �* bi�i2 r?BH2 H2�`MBM; �M/ T`2/B+iBM; U_B;?iVX

q?Bi2 /Qi BM/B+�i2b Con- r?BH2 #H�+F /Qi BM/B+�i2b CQ77 bi�i2X X X X X X X X X 8j

k@8 o�HB/�iBQM Q7 /Bz2`2Mi /�i�b2ib mb2/ 7Q` i?2 2KTB`B+�H 2p�Hm�iBQM Q7 S�*J�LX 8d

k@e S�*J�L �+?B2p2/ ?B;?2` 6@a+Q`2b �+`Qbb �HH i?2 `QQKb 2t+2Ti 7Q` i?2 QM2

rBi? BKT`QT2` b2MbQ` TQbBiBQMBM; U2X; _QQK@eVX Ai +H�bbB}2/ K�DQ`Biv T2`@

+2Mi�;2 Q7 Con 2p2Mib U3yWV r?2M �p2`�;2/ �+`Qbb �HH i?2 `QQKb X X X X X X 83

k@d (k@d�) �Hi?Qm;? _�M/QK "B�b ?�/ +QKT�`�#H2 6@a+Q`2b #mi TQQ` T`2/B+iBQM

�++m`�+vX (k@d#) 6Q` n = 10 U`2+2Mi ?BbiQ`B+�H mb�;2bV- bvbi2K �+?B2p2/ i?2

T2�F p�Hm2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8N

k@3 *QKT�`BbQM Q7 �* 2M2`;v 2biBK�iBQM (k@3�- k@3#- k@3+) �M/ T`2/B+iBQM (k@3/-

k@32- k@37) �++m`�+v #�b2/ QM p�`BQmb BM~m2M+BM; T�`�K2i2`b @ `QQK U7Q` i?2`@

K�H T`QT2`iB2bV- b2i i2KT2`�im`2 U#2BM; /B`2+iHv mb2/ BM i?2 T`2/B+iBQM KQ/2HV

�M/ �* K�Mm7�+im`2` UTQbbB#Hv H2�/BM; iQ /Bz2`2Mi +QMi`QH K2+?�MBbKbVX X X ey

k@N ∆on (k@N�) �M/ ∆Q77 (k@N#) p�`B2b �+`Qbb �HH i?2 `QQKb /m`BM; mb�;2bX X X X X eR

k@Ry o�`B�iBQM BM ∆on �M/ ∆Q77 H2�/b iQ KBb�HB;M2/ T`2/B+i2/ �M/ `2+Q`/2/ i2K@

T2`�im`2 +v+H2b (k@Ry�)X aBKBH�`Hv- Q++mT�MibǶ BMi2`p2MiBQM /BbiQ`ib �+im�H

i2KT2`�im`2 +v+H2b `2bmHiBM; BM TQQ` +H�bbB}+�iBQM Q7 �* bi�i2 /m`BM; T`2/B+@

iBQMb (k@Ry#)X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ek

k9



j@R 6Q` � ;Bp2M r2�i?2` +QM/BiBQM- �HB+2- "Q#- �M/ 1p2 KB;?i 722H +QK7Q`i�#H2 �i

/Bz2`2Mi b2i i2KT2`�im`2b /2T2M/BM; QM i?2B` BM/BpB/m�H T`272`2M+2bX 1p2M

rBi?BM i?2B` +QK7Q`i�#H2 #�M/ UBM/B+�i2/ #v b?�/2/ `2;BQMV- i?2`2 Bb � b+QT2

Q7 p�`vBM; i?2 i?2`KQbi�i i2KT2`�im`2 iQ �+?B2p2 #2ii2` +QK7Q`i r?BH2 KBM@

BKBxBM; i?2 �* 2M2`;v +QMbmKTiBQMX SQ`i�#H2Y i?2`KQbi�i 2KTQr2`b i?2

`2bB/2Mib BM /2+B/BM; #2ir22M �ii�BMBM; i?2 T2�F +QK7Q`i UCET = 0V- K�t@

BKBxBM; i?2 2M2`;v b�pBM;b 7Q` CET = 1 UBX2X TQr2` b�pBM; KQ/2V- Q` K�BM@

i�BMBM; � #�H�M+2 #2ir22M #Qi? U0 < CET < 1VX X X X X X X X X X X X X X X X X ee

j@k G27i iQ _B;?i, �HB+2 K2MiBQMb i?2 i?2`KQbi�i i2KT2`�im`2 �M/ ?2` +QK7Q`i

`2[mB`2K2Mib U*1hV i?`Qm;? ?2` bK�`iT?QM2 #27Q`2 brBi+?BM; QM i?2 �*X

"2bB/2b i?2 mb2` BMTmi- i?2 QTiBKBx2` UQ7 i?2 7`�K2rQ`FV �HbQ i�F2b � imM2/

i?2`K�H KQ/2H ;2M2`�i2/ #v H2�`MBM; i?2 T�`�K2i2`b Q7 � ;2M2`B+ Ui?2`K�HV

KQ/2H mbBM; i?2 /�i� 7`QK `2+2Mi n ?BbiQ`B+�H �* mb�;2b 7`QK �HB+2Ƕb `QQKX

h?2 b2i i2KT2`�im`2- *1h- �M/ imM2/ i?2`K�H KQ/2H �+i �b �M BMTmi 7Q`

i?2 7`�K2rQ`F iQ T`2/B+i QTiBK�H b2i i2KT2`�im`2 7Q` i?2 �HB+2 7Q` � ;Bp2M

r2�i?2` 7Q`2+�biX h?Qm;? i?2 QTiBKBx2` T`2/B+ib 7Q` � }t2/ /m`�iBQM- Bi

T2`BQ/B+�HHv mT/�i2b i?2 b2i i2KT2`�im`2 rBi? +?�M;BM; �iKQbT?2`B+ +QM/BiBQMbX dy

j@j SB+iQ`B�H `2T`2b2Mi�iBQM Q7 p�`BQmb i?2`K�H BMi2`�+iBQMb +QMbB/2`2/ BM i?2

i?2`K�H KQ/2H Q7 i?2 T`QTQb2/ QTiBKBx�iBQM 7`�K2rQ`F X X X X X X X X X X X d8

j@9 G2�p2 T@Qmi *`Qbb o�HB/�iBQM, lbBM; /�i� 7`QK qa BMbi2�/ Q7 Ga ?�/ HBiiH2

BKT�+i QM _Ja1 r?2M Q#D2+iBp2 7mM+iBQM p�`B2/ 7`QK PR iQ Pj #mi BMi`Q@

/m+2/ mM+2`i�BMiv BM 2biBK�iBM; Thir �+`Qbb #Qi? U�V "2/`QQK U*1"_V �M/

UkV GBpBM; _QQK U*1G_V 7`QK i?2 +QMi`QHH2/ 2tT2`BK2MiX U+V hmM2/ i?2`K�H

KQ/2H UmbBM; PR �b i?2 Q#D2+iBp2 7mM+iBQMV- 2biBK�i2/ i?2 i2KT2`�im`2 �+`Qbb

i?`22 `2;BQMb rBi? `2�bQM�#H2 �++m`�+v r?BH2 mbBM; qa UiQ KQMBiQ` r2�i?2`V

7Q` #Qi? i?2 `QQKb BM +QMi`QHH2/ 2tT2`BK2MiX U/V �++m`�+v BM 2biBK�iBM; Thir

7Q` #Qi? #2/`QQKb UAa_R- Aa_k- Aa_8V �M/ HBpBM; `QQKb UAa_j- Aa_9V 7`QK

i?2 BM@bBim /2THQvK2MiX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3j

j@8 *QMbi�Mi MQBb2 Ui?`Qm;? p�`BQmb bQm`+2bV `2bmHib BM BMbB;MB}+�Mi /2pB�iBQM

7`QK i?2 A/H2 b+2M�`BQX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 38

j@e � H�#2HH2/ mb�;2 /2TB+iBM; /vM�KB+ �M/ `�M/QK MQBb2 7`QK KmHiBTH2 bQm`+2b

�i /Bz2`2Mi iBK2 BMbi�M+2b /m`BM; i?2 �* mb�;2X X X X X X X X X X X X X X X X X 38

k8



j@d aBKmH�iBQM 2``Q` bi�#BHBx2b #2vQM/ � i`�BMBM; /�i�b2i +QMi�BMBM; 7Qm` mb�;2bX 38

j@3 AKT�+i �M�HvbBb, U�V 1M2`;v b�pBM;b BM+`2�b2 r?2M r2 KQp2 Qm` QTiBKBx�iBQM

;Q�H 7`QK KBMBKBxBM; /Bb+QK7Q`i iQ K�tBKBx2 2M2`;v b�pBM;b Uα = 0.0→ 1.0V

�+`Qbb �HH i?2 `QQKbX h?2 TQ`i�#H2Y i?2`KQbi�i Bb +QMbBbi2Mi rBi? �+?B2pBM;

i?2b2 2M2`;v b�pBM;b �+`Qbb /Bz2`2Mi b2i i2KT2`�im`2 7Q` #Qi? ivT2 Q7 `QQKbc

U#V "2/`QQK �M/ U+V GBpBM; _QQK 7`QK i?2 +QMi`QHH2/ 2tT2`BK2MiX U/V q?2M

+QKT�`2/ rBi? TQ`i�#H2 i?2`KQbi�i- TQ`i�#H2Y i?2`KQbi�i BM+`2�b2b +QK7Q`i

U#v `2/m+BM; /Bb+QK7Q`iV �+`Qbb �HH i?2 `QQKX aBKBH�` iQ 2M2`;v b�pBM;b- W

+?�M;2 BM /Bb+QK7Q`i U∆discomV- r?2M KQp2/ 7`QK TQ`i�#H2 iQ i?2 TQ`i�#H2Y

i?2`KQbi�i- ?�b � r2�F +Q``2H�iBQM rBi? Tset �+`Qbb #Qi? U2V "2/`QQK �M/

U7V GBpBM; _QQK 7`QK i?2 +QMi`QHH2/ 2tT2`BK2MiX X X X X X X X X X X X X X X X 3d

9@R h?2`K�HaBK Bb � HB;?ir2B;?i *f*YY #�b2/ #mBH/BM; bBKmH�iBQM TH�i7Q`K i?�i

7Q+mb2b QM �M�HvbBM; i?2 BM~m2M+2 Q7 T`2/B+iBQM 2``Q`b QM >o�* QT2`�iBQMbX RyR

9@k AMTmi 7Q`K�i 7Q` h?2`K�HaBKX X X X X X X X X X X X X X X X X X X X X X X X X X X Ryk

9@j h?2 ?�`/ HBM2 BM/B+�i2b i?2 �+im�H `QQK i2KT2`�im`2 �M/ /Qii2/ HBM2 BM/B+�i2b

i?2 T`2/B+i2/ `QQK i2KT2`�im`2X X X X X X X X X X X X X X X X X X X X X X X X X Ry9

9@9 �b 2``Q` BM+`2�b2b- i?2 2M2`;v +QMbmKTiBQM �M/ Q++mT�MibǶ /Bb+QK7Q`i p�`v

/2T2M/BM; QM i?2 M�im`2 �M/ i?2 iBKBM; Q7 T`2/B+iBQM 2``Q`bX 8W 2``Q`b QM

i?2 H27i �M/ kyW QM i?2 `B;?iX G�`;2 +B`+H2bfi`B�M;H2b BM/B+�i2 � T2`72+i

T`2/B+iBQM b+2M�`BQ �M/ bK�HH +B`+H2bfi`B�M;H2b +Q``2bTQM/ iQ i?Qb2 b+2M�`BQb

r?2M Q++mT�M+v T`2/B+iBQM r�b 2``QM2QmbX X X X X X X X X X X X X X X X X X X X Ryd

9@8 6Q` 2p�Hm�iBQM- r2 +QMbB/2`2/ � ?vTQi?2iB+�H #mBH/BM; +QMbBbiBM; Q7 8 `QQKb

b2T�`�i2/ #v r�HHbX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry3

9@e q2 b�KTH2 Q++mT�M+v 2p2`v jy b2+QM/bc BM 2p2`v Ry@KBMmi2 BMi2`p�H- i?2`2

2tBbi ky K2�bm`2K2Mib Q7 Q++mT�M+vX >2`2- i?2 +QHQ` BM/B+�i2b i?2 MmK#2`

Q7 jy b2+QM/b BMbi�M+2b BM � Ry@KBMmi2 BMi2`p�H r?2M i?2 `QQK r�b Q++mTB2/X

LQiB+2 i?�i `QQK rQmH/ #2 K�`F2/ Q++mTB2/ 7Q` �HH i?2 i?`22 b+2M�`BQb- ?Qr@

2p2`- i?2 T2`+2Mi�;2 Q7 BMbi�M+2b r?2M i?2 `QQK r�b Q++mTB2/ 7Q` H2bb i?�M

k KBMmi2b UBM i?2 `�M;2 Q7 Uy- 8)V Bb `2H�iBp2Hv HQrX X X X X X X X X X X X X X X X RyN

ke



9@d (G27i) h?2 �``Qr BM/B+�i2b i?2 T2`7Q`K�M+2 /2;`�/�iBQM- BM i2`Kb Q7 2M@

2`;v +QMbmKTiBQM �M/ mb2` +QK7Q`i- r?2M r2 KQp2 7`QK T`2/B+iBp2 iQ MQM@

T`2/B+iBp2 +QMi`QH bi`�i2;B2bX (_B;?i) 1``Q` #�`b BM/B+�i2 i?2 p�`B�iBQM BM

/Bz2`2Mi bBKmH�i2/ b+2M�`BQbX 6Q` bvbi2K iQ #2 KQ`2 `Q#mbi- i?2 H2M;i? Q7

2``Q` #�` b?QmH/ #2 bK�HH2`X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRy

9@3 6Q` 20W T`2/B+iBQM 2``Q` BM Q++mT�M+v- a� Bb KQ`2 `2HB�#H2 �M/ `Q#mbi La

�+`Qbb �HH i?2 k8 /�vb Q7 bmKK2`X X X X X X X X X X X X X X X X X X X X X X X X X RRR

9@N (G27i) h?2 �``Qr BM/B+�i2b i?2 T2`7Q`K�M+2 /2;`�/�iBQM- BM i2`Kb Q7 2M@

2`;v +QMbmKTiBQM �M/ mb2` +QK7Q`i- r?2M r2 KQp2 7`QK T`2/B+iBp2 iQ MQM@

T`2/B+iBp2 +QMi`QH bi`�i2;B2bX (_B;?i) 1``Q` #�`b BM/B+�i2 i?2 p�`B�iBQM BM

/Bz2`2Mi bBKmH�i2/ b+2M�`BQbX 6Q` bvbi2K iQ #2 KQ`2 `Q#mbi- i?2 H2M;i? Q7

2``Q` #�` b?QmH/ #2 bK�HH2`X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRk

9@Ry 6Q` 2``Q` T2`+2Mi�;2 �b ?B;? �b 20W- MQi2 i?�i a� ?�b H2bb /2pB�iBQM BM >o�*

QT2`�iBQMb i?�M LaX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRj

8@R :�b H2�F�;2 bi�`i2/ QM J�`+? kR- #mi K�M�;2` F2Ti mbBM; i?2 _l 7Q` � r22F

�M/ +QKTH�BM2/ QM J�`+? kN r?2M Bi biQTT2/ +QQHBM;X .2H�v BM `2TQ`iBM;

`27`B;2`�iBQM H2�F H2/ iQ +QKTH2i2 b?mi/QrM Q7 biQ`2 QT2`�iBQMb 7Q` k@j /�vbX RR3

8@k _QQK i2KT2`�im`2 /2T2M/b QM i?2 �+iBpBiB2b Q7 biQ`2 K�M�;2` �M/ b2�bQM�H

2MpB`QMK2Mi�H +?�M;2bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRN

8@j (G27i) :`2BM� i�F2b �K#B2Mi BM7Q`K�iBQM 7`QK i?2 bK�`i i?2`KQbi�i �M/

r2�i?2` +QM/BiBQMb 7`QK � i?B`/@T�`iv +HQm/@#�b2/ r2�i?2` b2`p2` iQ imM2 i?2

T�`�K2i2`b Q7 � HmKT2/ i?2`K�H KQ/2HX hmM2/ i?2`K�H KQ/2H bBKmH�i2b i?2

`QQK i2KT2`�im`2 7Q` H2�F�;2 /2i2+iBQMX hQ BM+Q`TQ`�i2 i2KTQ`�H +?�M;2b BM

i?2 2MpB`QMK2Mi- :`2BM� `2;mH�`Hv mT/�i2b i?2 KQ/2H T�`�K2i2`bX (_B;?i)

6`QK /�i�- r2 Q#b2`p2/ i?�i B7 i?2 i2KT2`�im`2 rBi?BM � `QQK Bb +QMbBbi2MiHv

#2vQM/ i?2 2biBK�i2b 7Q` je ?Qm`b- i?2M i?2`2 �`2 ?B;? +?�M+2b Q7 `27`B;2`�Mi

H2�F�;2 BM i?2 _lX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk9

8@9 A7 i?2 K�M�;2`b Q7 irQ `QQKb ?�p2 ǵbBKBH�`Ƕ `QmiBM2- i?2M i?2`2 �`2 ;QQ/

+?�M+2b i?�i i?2 ?Qm`Hv i2KT2`�im`2 T`Q}H2 Q7 i?Qb2 `QQKb rBHH �HbQ #2 ǵbBKBH�`ǶXRke

8@8 .m`BM; rQ`FBM; ?Qm`b- i?2 QmiH2i K�M�;2`b �`2 Km+? KQ`2 MQBbv i?�M i?2

MQM@rQ`FBM; ?Qm`bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RjR

kd



8@e Pm` �M�HvbBb BM/B+�i2b- � bBKTH2 v2i TQr2`7mH 7`�K2rQ`F- :`2BM� `2/m+2/ i?2

�p2`�;2 H2�F�;2 `2TQ`iBM; /2H�v #v 8@e /�vb- bB;MB}+�Mi 2MQm;? iQ �pQB/ 2M@

2`;v r�bi�;2 �M/ K�BMi�BM 7QQ/ [m�HBiv #v iBK2Hv `2T�B`BM; i?2 `27`B;2`�iBQM

mMBiX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rjj

8@d "2vQM/ #2BM; �++m`�i2 BM /2i2+iBM; i?2 ;�b H2�F�;2b- :`2BM� +�M �HbQ b�p2

2M2`;v �M/ F22T i?2 `QQK 8◦*@e◦* +QH/2`- 2p2`v /�v /m`BM; i?2 dgm T2`BQ/ @

i?2 MmK#2` Q7 /�vb #2ir22M K�Mm�H `2TQ`iBM; �M/ H2�F�;2 /2i2+iBQM #v :`2BM�XRj9

8@3 (G27i �M/ JB//H2) AM �//BiBQM iQ H2�F�;2- :`2BM� �HbQ `2TQ`i2/ k3 BMbi�M+2b

Q7 B+2 7Q`K�iBQM �M/ KQiQ` 7�BHm`2 /m`BM; i?2 bim/vX (_B;?i) :`2BM� +�M #2

2ti2M/2/ iQ KQMBiQ` i?2 2{+B2M+v Q7 K�BMi2M�M+2 +QMi`�+iQ` BM `2T�B`BM; �

`2TQ`i2/ 7�mHiX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rje

8@N (G27i �M/ JB//H2) AM�#BHBiv iQ �++m`�i2Hv 2biBK�i2 `QQK i2KT2`�im`2 +HQb2 iQ

QM �M/ Qz ?vbi2`2bBb H2�/b iQ KBb�HB;MK2Mi BM 2biBK�i2/ �M/ `2+Q`/2/ i2K@

T2`�im`2 bB;M�HbX (_B;?i) *m``2Mi KQ/2H Bb mM�r�`2 Q7 /vM�KB+ mb2` �+iBpBiB2b

�M/ �bbmK2b +QMbi�Mi i?2`K�H MQBb2 BM i?2 `QQKX Ai Bb �MQi?2` K�DQ` bQm`+2

Q7 KQ/2HHBM; 2``Q`- 2bT2+B�HHv BM `2bB/2MiB�H �T�`iK2MibX X X X X X X X X X X X X Rjd

�@R _2bBbiBp2@*�T�+BiBp2 L2irQ`F 7Q` i?2 :2M2`B+ AKTH2K2Mi�iBQM X X X X X X X X R8k

�@k SB+iQ`B�H `2T`2b2Mi�iBQM Q7 `QQK i2KT2`�im`2 �M/ �* TQr2` +QMbmKTiBQM 7Q`

LQM@AMp2`i2` UiQTV �M/ AMp2`i2` U#QiiQKV �* X X X X X X X X X X X X X X X X X R8k

k3



GBbi Q7 h�#H2b

kXR q2 +QHH2+i2/ /�i� 7`QK b2p2M `QQKbX a2+QM/ +QHmKM `2T`2b2Mib MmK#2` Q7

/�vb r2 +QHH2+i2/ i?2 /�i�- i?B`/ +QHmKM b?Qrb p�`BQmb Tset mb2/ /m`BM;

i?2 bim/vX �* i2+?MB+�H bT2+B}+�iBQMb �`2 �b bmTTHB2/ #v i?2 K�Mm7�+im`2`X

_QQK bT2+B}+�iBQMb- i?�i BKT�+i i?2`K�H KQ/2HBM;- BM+Hm/2b Q++mT�M+v /2@

MQiBM; �p2`�;2 O Q7 Q++mT�Mib BM i?2 `QQK �M/ ~QQ` `�iBQ `2T`2b2MiBM; T`Q@

TQ`iBQM Q7 `QQKǶb ~QQ` MmK#2` iQ iQi�H ~QQ`b BM i?2 #mBH/BM; X X X X X X X X 8e

jXR SJo `�M;2b 7Q` 2�+? b2Mb�iBQM H2p2H X X X X X X X X X X X X X X X X X X X X X X dk

jXk GBbi Q7 bvK#QHb mb2/ BM i?2 T`QTQb2/ i?2`K�H KQ/2H X X X X X X X X X X X X X dd

jXj AHHmbi`�iBQM Q7 QTiBKBb�iBQM 7`�K2rQ`F i?`Qm;? �M �* mb�;2 r?2`2 �* Bb

+m``2MiHv b2i �i 21◦C X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dN

jX9 hmM2/ T�`�K2i2`b Q7 i?2 i?2`K�H KQ/2H 7Q` 2�+? `QQKb 7`QK #Qi? +QMi`QHH2/

�M/ BM@bBim /2THQvK2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3e

9XR GBbi Q7 >o�* +QMi`QH p�`B�#H2b X X X X X X X X X X X X X X X X X X X X X X X X X Ne

9Xk GBbi Q7 bvK#QHb mb2/ BM i?2 i?2`K�H KQ/2H X X X X X X X X X X X X X X X X X X X N3

9Xj LQi�iBQMb mb2/ BM i?2 `2pBb2/ i?2`K�H KQ/2H X X X X X X X X X X X X X X X X X X Ryy

*XR GBbi Q7 bvK#QHb mb2/ BM i?2 T`QTQb2/ i?2`K�H KQ/2H X X X X X X X X X X X X X R8e

kN



jy



*?�Ti2` R

AMi`Q/m+iBQM

A7 AM/B�Ƕb mb�;2 Q7 �B` +QM/BiBQMBM; 2p2Mim�HHv K�i+?2b i?2 lXaX H2p2H-
Bib 2M2`;v /2K�M/ 7Q` +QQHBM; rQmH/ #2 R9 iBK2b i?�i Q7 i?2 lXaX

Ĝ JB+?�2H aBp�F- �K2`B+�M a+B2MiBbi J�;�xBM2 UkyRjV

RXR aT�+2 *QQHBM;

PM+2 � Hmtm`v- bT�+2 +QQHBM; Bb MQr #2+QKBM; �M BM/BbT2Mb�#H2 T�`i Q7 Qm` HB72bivH2X q?2i?2`

Bi Bb � ?QK2- � H�#Q`�iQ`v- � /�i� +2Mi`2- � ?QbTBi�H- Q` �Mv Qi?2` 2bb2MiB�H #mBH/BM;- bT�+2

+QQHBM; Bb pBi�H BM /�v@iQ@/�v �+iBpBiB2b Q7 ?mK�M HB72X *m``2MiHv- NyW Q7 T2QTH2 BM BM/mb@

i`B�HBx2/ +QmMi`B2b HBF2 lMBi2/ ai�i2b Q7 �K2`B+� �M/ C�T�M �`2 mbBM; 8yy KBHHBQM ?2�iBM;-

p2MiBH�iBQM- �M/ �B`@+QM/BiBQM2`b U>o�*bV- +QMbmKBM; 8X9 hq? Q7 2M2`;v 2p2`v v2�`- �+`Qbb

#Qi? `2bB/2MiB�H �M/ +QKK2`+B�H #mBH/BM;bX qBi? +?�M;BM; +HBK�iB+ +QM/BiBQMb- ;`QrBM; /Bb@

TQb�#H2 BM+QK2b- r2 �`2 2tT2+iBM; i?2 rQ`H/rB/2 /2K�M/ 7Q` bT�+2 +QQHBM; iQ ;`Qr 7`QK Rk

hq? iQ ekyy hq?- #v ky8y (dy)X AMi2`2biBM;Hv- dyW Q7 i?Bb /2K�M/ Bb HBF2Hv iQ +QK2 7`QK

kX3 #BHHBQM T2QTH2 HBpBM; BM i?2 ?Qii2bi 2K2`;BM; 2+QMQKB2b Q7 i?2 rQ`H/- r?2`2 +m``2MiHv-

QMHv 3W Q7 T2QTH2 TQbb2bb �B`@+QM/BiBQM2`b U6B;m`2 R@RVX AM +QMi`�bi iQ /2p2HQT2/ 2+QMQKB2b-

T2QTH2 BM i?2b2 /2p2HQTBM; 2+QMQKB2b T`272` bTHBi Q` `QQK@H2p2H �B`@+QM/BiBQMBM;R- 2bT2+B�HHv

BM `2bB/2MiB�H �T�`iK2Mib �M/ bK�HH@b+�H2 +QKK2`+B�H #mBH/BM;bX

aT�+2 +QQHBM; +QMi`B#mi2b bB;MB}+�MiHv iQ i?2 iQi�H 2H2+i`B+Biv #BHH �M/ �HbQ �++QmMib 7Q`

� +QMbB/2`�#H2 T`QTQ`iBQM Q7 i?2 T2�F /2K�M/X �+`Qbb i?2 rQ`H/- bT�+2 +QQHBM; �++QmMib
RAM i?Bb T�T2`- ?2`2 QMr�`/- r2 `272` bTHBi Q` `QQK@H2p2H �B`@+QM/BiBQMBM; BMi2`+?�M;2�#Hv iQ �b �* Q`

�B`@+QM/BiBQM2`X

jR



6B;m`2 R@R, *m``2MiHv- irQ@i?B`/ �*b �`2 7QmM/ BM *?BM�- C�T�M- �M/ LQ`i? �K2`B+�X AM
7mim`2- 2K2`;BM; 2+QMQKB2b rBi? ?Qi +HBK�i2 Ubm+? �b AM/B�V �`2 2tT2+i2/ iQ H2�/ i?2 b�H2b
+?�`i (dy)X

7Q` � H�`;2 b?�`2 Q7 T2�F /2K�M/- r?B+? Tmib bB;MB}+�Mi bi`2bb QM Qm` TQr2` bvbi2Kb U6B;@

m`2 R@kVX AM ?Qi �M/ ?mKB/ +QmMi`B2b- i?2 /�BHv T2�F ivTB+�HHv Q++m`b BM i?2 �7i2`MQQM-

r?2M i?2 QmibB/2 i2KT2`�im`2 Bb p2`v ?B;?X AM a�m/B �`�#B�- �B` +QM/BiBQMBM; �++QmMib 7Q`

� bi�;;2`BM; 8RW Q7 iQi�H 2H2+i`B+Biv /2K�M/- rBi? /2K�M/ BM bmKK2` irB+2 �b ?B;? �b

/m`BM; i?2 rBMi2`b (je)X .2bTBi2 bm+? � MQi2rQ`i?v +QMi`B#miBQM- Q++mT�Mib Q7i2M TQbb2bb

HBiiH2 mM/2`bi�M/BM; Q7 KQbi bmBi�#H2 �* b2iiBM;b- i?2 i`�/2@Qz #2ir22M i?2B` +QK7Q`i �M/

2H2+i`B+Biv #BHH- �M/ i?2 #2M2}ib Q7 `2;mH�` K�BMi2M�M+2 Q7 i?2B` �TTHB�M+2 (3y)X *QMbB/2`@

BM; HBiiH2 �r�`2M2bb �KQM; T2QTH2- H�+F Q7 2M2`;v@2{+B2Mi bvbi2Kb BM ?QK2b- �M/ 2biBK�i2/

;`Qri? Q7 bT�+2 +QQHBM; /2K�M/- ?�M/HBM; bm+? � K�bbBp2 2M2`;v /2K�M/ rBHH bQQM #2 �

b2p2`2 +QM+2`M ;HQ#�HHv (Rjj)X

RXRXR AKT�+i QM *HBK�i2

"2bB/2b bi`2bbBM; mT Qm` ;`B/ �M/ TQr2` bvbi2Kb- �*b �HbQ BKT�+i Qm` +HBK�i2 #v 2KBiiBM;

;`22M?Qmb2 ;�b2b- /B`2+iHv �M/ BM/B`2+iHvX :`22M?Qmb2 ;�b2b Ubm+? �b *P2- r�i2` p�TQ`-

K2i?�M2- �KQM; Qi?2`bV �#bQ`# BM7`�`2/ `�/B�iBQMb r?B+? ;`�/m�HHv BM+`2�b2b i?2 i2KT2`�@

im`2 Q7 2�`i?Ƕb bm`7�+2 �M/ �iKQbT?2`2- 2p2Mim�HHv +QMi`B#miBM; iQ ;HQ#�H r�`KBM;X AM kyRe-

bT�+2 +QQHBM; �HQM2 2KBii2/ RRjy KBHHBQM iQMM2b Q7 *P2- �b +QKTmi2/ #�b2/ QM i?2 +�`#QM

7QQiT`BMi Q7 2H2+i`B+Biv ;2M2`�iBQM- �i iBK2b Q7 �* mb�;2 (dy)X lM7Q`imM�i2Hv- +QMbB/2`BM; i?2

7mim`2 /2K�M/- i?2 +�`#QM 7QQiT`BMi 7`QK �*b Bb QMHv ;QBM; iQ BM+`2�b2- mMH2bb r2 2tTHQ`2

jk



6B;m`2 R@k, �+`Qbb �HH i?2 `2;BQMb- bT�+2 +QQHBM; +QMi`B#mi2b bB;MB}+�MiHv iQr�`/b #Qi?-
2H2+i`B+Biv /2K�M/ �M/ i?2 T2�F HQ�/ (dy)X

2M2`;v@2{+B2Mi r�vb iQ QTiBKBx2 #Qi?- 2tBbiBM; �M/ 7mim`BbiB+ �B`@+QM/BiBQM2`bX :Bp2M i?�i

+HBK�i2 +?�M;2 Bb � `2�HBiv MQr- Bi Bb 2p2M KQ`2 +`BiB+�H 7Q` mb iQ `2/m+2 #Qi? /B`2+i �M/

BM/B`2+i 2KBbbBQMb Q7 ;`22M?Qmb2 ;�b2b 7`QK i?2 �*b- bm#bi�MiB�HHvX

RXRXk :Qp2`MK2Mi SQHB+B2b

lM/2`bi�M/BM; i?2 bB;MB}+�Mi BKT�+i Q7 �*b QM 2M2`;v /2K�M/ �M/ 2MpB`QMK2Mi- ;Qp2`M@

K2Mib �+`Qbb i?2 rQ`H/ BKTQb2/ b2p2`�H TQHB+B2b- 2bT2+B�HHv BM i?2 H�bi 72r /2+�/2bX 6Q`

BMbi�M+2- BM RN3d- RNd lL K2K#2` bi�i2b bB;M2/ i?2 JQMi`2�H S`QiQ+QH iQ /Bb+QMiBMm2 i?2

mb2 Q7 +?HQ`Q~mQ`Q+�`#QMb U*6*bV �M/ ?v/`Q+?HQ`Q~mQ`Q+�`#QMb U>*6*bV �b i?2 `27`B;2`@

�Mib (dy)X aBM+2 i?2M- i?2 �;`22K2Mi r2Mi mM/2` 2B;?i `2pBbBQMb rBi? H�i2bi QM P+iQ#2`

kyRe BM EB;�HB- _r�M/�X AM EB;�HB �K2M/K2Mi- i?2 b�K2 RNd T�`iB2b �;`22/ iQ T`Q;`2bbBp2Hv

T?�b2/QrM i?2 T`Q/m+iBQM �M/ mb2 Q7 ?v/`Q~mQ`Q+�`#QMb U>6*bV �`QmM/ i?2 rQ`H/X

"2bB/2b `2;mH�iBM; `27`B;2`�Mib- /Bz2`2Mi +QmMi`B2b BMi`Q/m+2/ KmHiBTH2 2M2`;v@2{+B2M+v

bi�M/�`/b �M/ H�#2HBM; T`Q;`�Kb iQ T`QKQi2 2{+B2Mi �B`@+QM/BiBQM2`bX qBi? i?2 bmTTQ`i

7`QK i?2 ;Qp2`MK2Mib Q7 lMBi2/ ai�i2b- AM/B�- *?BM�- *�M�/�- �M/ a�m/B �`�#B�- i?2 *H2�M

1M2`;v JBMBbi2`B�H- H�mM+?2/ �M �/p�M+2/ *QQHBM; *?�HH2M;2 BM kyRe iQ 2M+Qm`�;2 i?2 /2@

p2HQTK2Mi �M/ /2THQvK2Mi Q7 bmT2`@2{+B2Mi- bK�`i- +HBK�i2@7`B2M/Hv �M/ �zQ`/�#H2 +QQHBM;

i2+?MQHQ;B2b iQ BKT`Qp2 �p2`�;2 �* 2{+B2M+v #v jyW #v kyjy (dy)X AM/2T2M/2MiHv- i?2

:Qp2`MK2Mi Q7 AM/B� Bib2H7 T`QTQb2/ `2TH�+2K2Mi Q7 BM2{+B2Mi �*b rBi? 2M2`;v@2{+B2Mi

jj



Compressor

CondenserEvaporator

Expansion Valve

Warm 
Air

Cold 
Air

6B;m`2 R@j, o�TQ` *QKT`2bbBQM *v+H2, _2@
7`B;2`�Mi ~Qrb i?`Qm;? /Bz2`2Mi +QKTQ@
M2Mib Q7 i?2 �* iQ +QQH i?2 bT�+2X

On 
Hysteresis

Off 
Hysteresis

Room 
Temperature

Compressor 
Status

6B;m`2 R@9, _QQK i2KT2`�im`2 ~m+im�i2b
#2ir22M on �M/ Q77 ?vbi2`2bBb iQ bi�v +HQb2
iQ i?2 b2iTQBMi i2KT2`�im`2X

�*b �i � bm#bB/Bx2/ +Qbi (R83)X aBKBH�`Hv- i?2 6`2M+? :Qp2`MK2Mi K�M/�i2/ i?�i /m`BM;

2ti`2K2 T2`BQ/b Q7 ?2�i- �i H2�bi QM2 `QQK QM 2�+? ~QQ` BM 2p2`v `2iB`2K2Mi ?QK2 Kmbi #2

K�BMi�BM2/ �i � i2KT2`�im`2 H2bb i?�M k8◦* (dy)X

q?BH2 i?2`2 ?�p2 #22M b2p2`�H 2zQ`ib #v /Bz2`2Mi :Qp2`MK2Mib �+`Qbb i?2 rQ`H/- #Qi?

BM/2T2M/2MiHv �M/ iQ;2i?2`- i?2`2 Bb � b+QT2 Q7 BKT`Qp2K2Mi 7`QK i2+?MQHQ;vǶb T2`bT2+iBp2X

P++mT�Mib ?�#Bim�HHv F22T i?2B` �* b2iiBM;b mM+?�M;2/ Umbm�HHv �i K�tBKmKV- B;MQ`2 +m`@

`2Mi r2�i?2` +QM/BiBQMb- b?v �r�v 7`QK `2;mH�` K�BMi2M�M+2- �M/ F22T `mMMBM; i?2B` �* �i

`2/m+2/ 2{+B2M+vX AM b2p2`�H BMbi�M+2b- r2 MQiB+2/ i?�i i2M�Mib `mM i?2B` �* �i K�tBKmK

�M/ mb2 #H�MF2ib BMbi2�/ Q7 mT/�iBM; i?2 �* b2iiBM;bX P7i2M- /m2 iQ B``2;mH�` K�BMi2M�M+2-

i2M�Mib 7�+2 T`Q#H2Kb bm+? �b B+2 7Q`K�iBQM- �B` #HQ+F�;2- �M/ `27`B;2`�Mi H2�F�;2X qBi?

`2/m+2/ 2{+B2M+v- �* 7�BHb iQ T`QpB/2 i?2 /2bB`2/ +QK7Q`i �M/ r�bi2b bB;MB}+�Mi 2M2`;vX

h?2 rB/2bT`2�/ T`2b2M+2- iQ;2i?2` rBi? i?2 b+QT2 Q7 BKT`Qp2K2Mi- K�F2 `QQK@H2p2H �B`@

+QM/BiBQMBM; �M �ii`�+iBp2 i�`;2i 7Q` 2M2`;v +QMb2`p�iBQM- 2bT2+B�HHv BM i?2 `2bB/2MiB�H �M/

bK�HH@b+�H2 +QKK2`+B�H #mBH/BM;b Q7 2K2`;BM; 2+QMQKB2b rBi? � ?Qi +HBK�i2X

RXk h2+?MB+�H "�+F;`QmM/

hvTB+�HHv- �M �* rQ`Fb QM i?2 T`BM+BTH2 Q7 i?2 p�TQm` +QKT`2bbBQM +v+H2 U6B;m`2 R@jVX AM

i?2 #2;BMMBM;- 7�M iQr�`/b i?2 2p�TQ`�iQ` +QBH /`�rb �B` 7`QK i?2 `QQKX q?2M �B` T�bb2b

j9



Qp2` i?2 2p�TQ`�iQ` +QBHb- i?2 HQr@T`2bbm`2 HQr@i2KT2`�im`2 HB[mB/ `27`B;2`�Mik UrBi?BM i?2

+QBHbV �#bQ`#b ?2�i 7`QK i?2 �B`- �M/ i?2 7�M +B`+mH�i2b +QH/ �B` #�+F BMiQ i?2 `QQKX .m2 iQ

?2�i �#bQ`TiBQM- HB[mB/ `27`B;2`�Mi +?�M;2b iQ ?B;?@i2KT2`�im`2 `27`B;2`�Mi p�TQm`bX >B;?@

i2KT2`�im`2 HQr@T`2bbm`2 `27`B;2`�Mi p�TQm`b 2Mi2` BMiQ i?2 +QKT`2bbQ`- r?2`2 +QKT`2bbQ`

BM+`2�b2b i?2 T`2bbm`2 Q7 i?2 `27`B;2`�Mi p�TQm`b 7Q` i?2 +QM/2Mb�iBQMX AM +QM/2Mb�iBQM-

i?2 �BK Bb iQ 2D2+i ?2�i 7`QK i?2 `27`B;2`�Mi iQ i?2 QmibB/2 2MpB`QMK2MiX hQ /Q bQ- 7�M

iQr�`/b i?2 +QM/2Mb2` +QBH 2ti`�+ib ?Qi �B` 7`QK i?2 Qmi/QQ` r?B+? T�bb2b Qp2` i?2 +QM@

/2Mb2` +QBHb ?�pBM; ?B;?@T`2bbm`2 �M/ ?B;?@i2KT2`�im`2 `27`B;2`�Mi p�TQm`bX .m2 iQ +QM@

/2Mb�iBQM- ?B;?@i2KT2`�im`2 `27`B;2`�Mi p�TQm`b #2+QK2 HQr@i2KT2`�im`2 HB[mB/ `27`B;2`�Mi-

r?B+? i?2M 2Mi2`b i?2 2tT�MbBQM p�Hp2X h?2 2tT�MbBQM p�Hp2 7m`i?2` `2/m+2b i?2 T`2bbm`2 Q7

HQr@i2KT2`�im`2 `27`B;2`�Mi HB[mB/ 7Q` i?2 2p�TQ`�iQ` +QBHbX

AM i?Bb /Bbb2`i�iBQM- r2 `272` � bBM;H2 p�TQm` +QKT`2bbBQM +v+H2 �b *QKT`2bbQ` *v+H2X

AM �Mv �B`@+QM/BiBQM2`- +QKT`2bbQ` +QMbmK2b i?2 K�tBKmK �KQmMi Q7 2H2+i`B+�H 2M2`;vX

h?2 �* 2M2`;v +QMbmKTiBQM K�BMHv /2T2M/b QM i?2 MmK#2` Q7 +QKT`2bbQ` +v+H2b �M/ i?2

/m`�iBQM Q7 2�+? +QKT`2bbQ` +v+H2X AMi2`2biBM;Hv- /m`BM; �M �* mb�;2j- i?2 MmK#2` Q7

+QKT`2bbQ` +v+H2b �M/ i?2 H2M;i? Q7 2�+? +v+H2 �HbQ ;Qp2`M i?2 mb2` +QK7Q`iX h?Qm;? #Qi?

i?2b2 T�`�K2i2`b 7m`i?2` `2Hv QM b2p2`�H +QMi2tim�H b2iiBM;b bm+? �b i?2 #mBH/BM; BMbmH�iBQM-

i?2 +QQHBM; HQ�/- i?2 �;2 Q7 i?2 �TTHB�M+2- �KQM; K�Mv Qi?2`bc BM � ;Bp2M +QMi2ti- i?2 �*

2M2`;v +QMbmKTiBQM Bb K�BMHv � 7mM+iBQM Q7 �* b2iiBM;b- �b T`QpB/2/ #v i?2 Q++mT�Mib QM

i?2 i?2`KQbi�iX aBM+2 Q++mT�Mib bT2+B7v i?2B` T`272`2M+2 Qp2` � i?2`KQbi�i- i?2 `QH2 Q7 �

i?2`KQbi�i /m`BM; �M �* mb�;2 Bb [mBi2 +`m+B�HX

RXkXR _QH2 Q7 � h?2`KQbi�i

qBi?BM �M �*- i?2 `QH2 Q7 � i?2`KQbi�i Bb iQ b2Mb2 i?2 `QQK i2KT2`�im`2 �M/ T2`7Q`K

bT2+B}+ �+iBQMb iQ F22T i?2 `QQK i2KT2`�im`2 +HQb2 iQ i?2 b2iTQBMi i2KT2`�im`2X q?BH2

�+iBQMb /2T2M/ QM i?2 ivT2 Q7 +QMi`QHH2`- �*b ivTB+�HHv ?�p2 � #�M;@#�M; +QMi`QHH2`- BM

r?B+?- i?2 i?2`KQbi�i mb2b QM �M/ Qz ?vbi2`2bBb �b HQr2` �M/ mTT2` #QmM/b 7Q` i?2 `QQK

i2KT2`�im`2- `2bT2+iBp2Hv U�b b?QrM BM 6B;m`2 R@9VX q?2M Q++mT�Mib im`M QM i?2 �* �i �

b2i i2KT2`�im`2- i?2 +QKT`2bbQ` im`Mb QM- �M/ �* bi�`ib TmiiBM; +QH/ �B` BMiQ i?2 `QQKX

.m2 iQ i?2 ~Qr Q7 +QH/ �B`- i?2 `QQK i2KT2`�im`2 /`QTb mT iQ � +2`i�BM H2p2H @ Qz ?vbi2`2bBb-
k_27`B;2`�Mi Bb � bT2+B�H +?2KB+�H +QKTQmM/ i?�i brBi+?2b Bi bi�i2 7`QK HB[mB/ iQ p�TQ`- p�TQ` iQ HB[mB/

#�+F �M/ 7Q`i? 7Q` i?2 ?2�i i`�Mb72`X
j�* mb�;2 Bb i?2 iBK2 mb2` brBi+?2b QM i?2 �* mMBi- iBHH b?2 brBi+?2b Bi QzX

j8



�i r?B+? +QKT`2bbQ` im`Mb Qz �M/ �HHQrb `QQK i2KT2`�im`2 iQ BM+`2�b2 mT iQ QM ?vbi2`2bBb

@ i?2 mTT2` #QmM/X q?2M `QQK i2KT2`�im`2 ;Q2b #2vQM/ i?2 QM ?vbi2`2bBb- i?2 +QKT`2bbQ`

im`Mb QM �;�BM- �M/ �* bi�`ib +QQHBM; i?2 bT�+2X "v +v+HBM; i?2 `QQK i2KT2`�im`2 #2ir22M

on Q` Q77 ?vbi2`2bBb- i?2 i?2`KQbi�i i`B2b iQ F22T i?2 �p2`�;2 `QQK i2KT2`�im`2 +HQb2 iQ i?2

b2iTQBMi i2KT2`�im`2 �M/ K�BMi�BM mb2` +QK7Q`iX PM i?2 Qi?2` ?�M/- i?2 i?2`KQbi�i �HbQ

/2+B/2b i?2 +QKT`2bbQ` bi�i2 UonfQ77VX h?mb- � i?2`KQbi�i ;Qp2`Mb #Qi? mb2` +QK7Q`i �M/

�* 2M2`;v +QMbmKTiBQMc �M/ i?2`27Q`2- Bi Bb +`m+B�H 7Q` QTiBKBxBM; �* QT2`�iBQMbX

*QKT`2?2M/BM; i?2 MQi2rQ`i?BM2bb Q7 i?2`KQbi�ib- H�i2Hv- b2p2`�H bim/B2b ?�p2 #22M 7Q@

+mbBM; QM /2p2HQTBM; bK�`i �M/ 2M2`;v@2{+B2Mi i?2`KQbi�ib 7Q` i?2 �*bX S`Q;`�KK�#H2

i?2`KQbi�ib r2`2 QM2 Q7 i?2 BMBiB�H �ii2KTib iQ QTiBKBx2 �B`@+QM/BiBQMBM; �+`Qbb `2bB/2MiB�H

#mBH/BM;bX "2vQM/ +QMp2MiBQM�H i?2`KQbi�ib- i?2v Qz2`2/ �M �//BiBQM�H 72�im`2 iQ b2i �M

QT2`�iBM; b+?2/mH2X >Qr2p2`- 7Q` � `2;mH�` ?QK2- r?2`2 2p2`v#Q/v 7QHHQrb � /BbiBM+i `Qm@

iBM2- T`Q;`�KK�#H2 i?2`KQbi�ib T`Qp2/ iQ #2 �M BM2{+B2Mi �TT`Q�+? (N9- Rjk)X L2ti BM HBM2

r2`2 i?2 bK�`i i?2`KQbi�ib (Ryd)X lMHBF2 T`Q;`�KK�#H2 i?2`KQbi�ib- bK�`i i?2`KQbi�ib

H2�`M i?2 /�BHv b+?2/mH2 Q7 i?2 i2M�Mib iQ +?�M;2 i?2 i?2`KQbi�i i2KT2`�im`2- �miQK�iB@

+�HHvX :QQ;H2 L2bi (RR3) Bb QM2 bm+? `2�HBx�iBQM Q7 bK�`i i?2`KQbi�ib 7Q` `2bB/2MiB�H bT�+2bX

:QQ;H2 L2bi Qz2`b MmK2`Qmb KQ/2b Q7 QT2`�iBQMb- bm+? �b bH22T KQ/2- 2M2`;v@b�pBM; KQ/2-

�KQM; K�Mv Qi?2`bX �FBM- Qi?2` +QKK2`+B�H bK�`i i?2`KQbi�ib- bm+? �b h�/Q (R8k) �M/

a2MbB#Q (R93)- KQMBiQ` Q++mT�MibǶ HQ+�iBQMX q?2M i?2 i2M�Mib �`2 BM T`QtBKBiv Q7 i?2B`

`2bB/2M+2- i?2 i?2`KQbi�i rBHH brBi+? QM i?2 �* iQ T`2@+QQH i?2 bT�+2- �M/ brBi+? Qz i?2

�*- �b bQQM �b i2M�Mib H2�p2 i?2 TH�+2X *QMb2[m2MiHv- i?2`KQbi�ib iQ/�v �`2 bK�`i- 2M2`;v@

2{+B2Mi- THm;@M@TH�v- �M/ 2p2M �HHQr `2KQi2 b2MbBM; Q7 i?2 �* i?`Qm;? bK�`iT?QM2bX :Bp2M

i?2 #2M2}ib- r2 �`2 �MiB+BT�iBM; i?2 i?2`KQbi�i K�`F2i iQ ;`Qr #v 9yyW b?Q`iHv (N8)X

LQi iQ 7Q`;2i- i?2`KQbi�ib �HbQ ;�i?2` /�i�X aK�`i i?2`KQbi�ib KQMBiQ` T?vbB+�H T�@

`�K2i2`b bm+? �b `QQK i2KT2`�im`2- i2M�MibǶ /�BHv �+iBpBiB2b- �KQM; Qi?2`b- �M/ mbm�HHv

mTHQ�/ b2Mb2/ BM7Q`K�iBQM iQ i?2 +HQm/X lM7Q`imM�i2Hv- 2tBbiBM; i2+?MB[m2b mb2 � HBKBi2/

�KQmMi Q7 BM7Q`K�iBQM �M/ K�BMHv 7Q+mb QM Q++mT�MibǶ b+?2/mH2 iQ QTiBKBx2 �* QT2`�iBQMbX

q2 Kmbi mM/2`bi�M/ i?�i i?2 Q++mT�MibǶ b+?2/mH2 Bb /vM�KB+ �M/ biQ+?�biB+ #v M�im`2X �b

b?QrM BM 6B;m`2 R@8- i?2 T2`+2Mi�;2 Q++mT�M+v �i �Mv ?Qm` Q7 i?2 /�v +�M p�`v bB;MB}+�MiHv-

/2T2M/BM; QM i?2 b2[m2M+2 Q7 2p2Mib Q++m``2/ i?�i /�vX aBM+2 Bi Bb ?�`/ iQ H2�`M �M/ T`2/B+i

i?2 Q++mT�M+v �++m`�i2Hv- 2M2`;v@b�pBM; 72�im`2b Ubm+? �b �miQ@a+?2/mH2 �M/ �miQ@�r�vV

Q7 bK�`i i?2`KQbi�ib Ubm+? �b :QQ;H2 L2biV ?�p2 Q7i2M /Bb�TTQBMi2/ b2p2`�H +mbiQK2`b BM
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6B;m`2 R@8, 6Q` � T2`bQM�H Q{+2- i?2 THQi BM/B+�i2b i?2 p�`B�iBQM BM Q++mT�M+v �i /Bz2`2Mi
?Qm` Q7 i?2 /�vX aT2+B}+�HHv /m`BM; T2�F ?Qm`b- i?2 p�`B�iBQM +QmH/ #2 [mBi2 bB;MB}+�MiX

i?2 T�biX AM � mb2` bim/v QM bK�`i i?2`KQbi�ib- u�M; 2i �HX (Ree) MQiB+2/ KmHiBTH2 BMbi�M+2b

r?2`2 :QQ;H2 L2bi H2�`M2/ i?2 BM+Q``2+i b+?2/mH2- K�/2 2``QM2Qmb �bbmKTiBQMb �#Qmi i2M@

�MibǶ #2?�pBQm` �M/ iQQF r`QM; �+iBQMbX AM bm+? +�b2b- mb2`b rQmH/ ivTB+�HHv mMH2�`M i?2

i?2`KQbi�i �M/ i`v iQ 7QHHQr �M B/2�H b+?2/mH2 7Q` i?2 i?2`KQbi�iX

AM �//BiBQM iQ i?2 H2�`MBM; Bbbm2b- bK�`i i?2`KQbi�ib �`2 �HbQ mM�r�`2 Q7 i?2 rQ`FBM;

2MpB`QMK2MiX hvTB+�HHv- � bK�`i i?2`KQbi�i +�MMQi +QKTmi2 i?2 �KQmMi Q7 i?2`K�H H2�F@

�;2 ?�TT2MBM; i?`Qm;? i?2 `QQK- i?2 BKT�+i Q7 QmibB/2 r2�i?2` +QM/BiBQMb QM i?2 `QQK

i2KT2`�im`2- �M/ T`2b2Mi@/�v 2{+B2M+v Q7 i?2 �*X aBM+2 � bK�`i i?2`KQbi�i QMHv +�`2b

�#Qmi i?2 i2M�MibǶ /�BHv b+?2/mH2- bT�iB�H p�`B�iBQM �+`Qbb i?2 #mBH/BM;b /Q2b MQi K�ii2` iQ

i?2KX JQ`2Qp2`- bBM+2 i?2`KQbi�ib /Q MQi F22T i`�+F Q7 i?2 �iKQbT?2`2- i?2v ?�`/Hv FMQr

�Mvi?BM; �#Qmi i?2 i2KTQ`�H +?�M;2b ?�TT2MBM; BM i?2 TH�+2X � i?2`KQbi�i rQmH/ M2p2`

FMQr B7 i?2 2{+B2M+v Q7 �M �* Bb /2T`2+B�iBM; rBi? iBK2- Q` i?2`K�H H2�F�;2 Bb BM+`2�b@

BM; /m2 iQ TQQ` i?2`K�H BMbmH�iBQM Q7 i?2 r�HHbX �b Q7 MQr- Bi Bb ?�`/ 7Q` i?2`KQbi�ib iQ

bT2+mH�i2 r?v i2M�Mib �Hi2`2/ i?2 i?2`KQbi�i i2KT2`�im`2 QM �Mv T�`iB+mH�` /�vXƘAM Qi?2`

rQ`/b- � bK�`i i?2`KQbi�i +�MMQi HBMF i?2 +�mb2 rBi? i?2 2z2+iX

AM i?Bb /Bbb2`i�iBQM- r2 2ti2M/ aK�`i h?2`KQbi�ib iQ .�i�@.`Bp2M h?2`KQbi�ib � 7`�K2@

rQ`F i?�i T`BK�`BHv /2T2M/b QM i2KT2`�im`2 /�i� iQ H2�`M i?2 HmKT2/ T�`�K2i2`b Q7 �

i?2Q`2iB+�H KQ/2HX "v miBHBxBM; i?2 i2KT2`�im`2 BM7Q`K�iBQM- BM i?Bb i?2bBb- r2 bQm;?i iQ

K�F2 Q++mT�M+v /`Bp2M i?2`KQbi�ib- bT�+2@+2Mi`B+ i?2`KQbi�ibX aBM+2 r2 imM2 i?2 KQ/2H

jd



T�`�K2i2`b mbBM; i?2 b2MbQ` /�i� +QHH2+i2/ 7`QK i?2 `QQK- i?2 T`QTQb2/ 7`�K2rQ`F Bb +QM@

bB/2`�i2 Q7 bT�iB�H p�`B�iBQMb �+`Qbb i?2 #mBH/BM;bX am#b2[m2MiHv- .�i�@.`Bp2M h?2`KQbi�ib

�`2 +QMb+BQmb Q7 i?2B` rQ`FBM; 2MpB`QMK2MiX qBi? iBK2- �b i?2 7`�K2rQ`F +QHH2+ib KQ`2

�M/ KQ`2 /�i�- Bi F22Tb mT/�iBM; i?2 KQ/2H T�`�K2i2`b iQ �++QKKQ/�i2 i2KTQ`�H +?�M;2b

BM i?2 #mBH/BM;Ƕb i?2`K�H #2?�pBQm`X hmM2/ i?2`K�H KQ/2H BKBi�i2b i?2 i?2`K�H #2?�pBQm`

Q7 i?2 bT�+2 �M/ b2`p2b i?2 �TTHB+�iBQM H�v2`X Pm` �M�HvbBb QM `2�H@rQ`H/ BM/B+�i2b i?�i

.�i�@.`Bp2M h?2`KQbi�i Bb � ;2MmBM2Hv HQr@+Qbi- b+�H�#H2- �M/ m#B[mBiQmb r�v iQ K�F2 �*b

2M2`;v@2{+B2Mi- K�tBKBx2 mb2` +QK7Q`i- �M/ K�F2 �*b `2HB�#H2X

RXj _2b2�`+? ai�i2K2Mi

AM i?Bb /Bbb2`i�iBQM- r2 �BK iQ 2tTHQ`2- ǳ>Qr +�M r2 /2bB;M � 7`�K2rQ`F i?�i +�M rQ`F QM

iQT Q7 � bK�`i i?2`KQbi�i �M/ #2M2}i 7`QK i?2 2tBbiBM; BM7`�bi`m+im`2 iQ T`QpB/2 �+iBQM�#H2

722/#�+F- K�BMi�BM � +QK7Q`i�#H2 2MpB`QMK2Mi 7Q` i?2 mb2`b- �M/ 2Mbm`2 `2HB�#H2 7mM+iBQMBM;

Q7 i?2 �TTHB�M+2\ǴX hQ �Mbr2` i?2 #B; [m2biBQM- r2 ?�/ iQ �Mbr2` i?2 7QHHQrBM; [m2biBQMb @

RX q2 +�M b�p2 8W@R8W 2M2`;v i?`Qm;? �+iBQM�#H2 722/#�+F (jj)X >Qr �++m`�i2Hv +�M

bK�`i i?2`KQbi�ib T`QpB/2 �+iBQM�#H2 2M2`;v 722/#�+F iQ i?2 i2M�Mib- r?BH2 mbBM; i?2

/�i� 7`QK Bib BM#mBHi b2MbQ`b\ h?2 7`�K2rQ`F Kmbi MQi `2[mB`2 �//BiBQM�H BMbi`mK2M@

i�iBQM Q7 i?2 bT�+2- �M/ Bi b?QmH/ rQ`F rBi? KBMBK�H mb2` �ii2MiBQMX

kX *QMi`QH �TT`Q�+?2b �TTHvBM; �miQK�i2/ b2i@TQBMi p�`B�iBQM +�M b�p2 mT iQ keW 2M@

2`;v r?2M +QKT�`2/ rBi? b+?2/mH2/ b2i i2KT2`�im`2 (RR8)X *�M bK�`i i?2`KQbi�ib

�miQK�iB+�HHv +?�M;2 i?2 b2iTQBMi i2KT2`�im`2 r?BH2 �HHQrBM; mb2`b iQ #�H�M+2 i?2B`

+QK7Q`i �M/ b�pBM;bX\ q2 /QMǶi r�Mi i?2 mb2` iQ rQ``v �#Qmi i?2 `B;?i b2i i2KT2`�@

im`2X qBi? MQ �//BiBQM�H BMbi`mK2Mi�iBQM- i?2 i?2`KQbi�i b?QmH/ �/�Ti iQ i2KTQ`�H

+?�M;2b BM i?2 2MpB`QMK2Mi �M/ HQ+�HBx2 +QK7Q`i 7Q` i?2 i2M�MibX

jX h?2 2z2+iBp2M2bb Q7 T`2/B+iBp2 +QMi`QH bi`�i2;B2b U7Q` �*bV T`BM+BT�HHv `2HB2b QM i?2

T`2/B+iBQM �++m`�+v Q7 +QMi2tim�H T�`�K2i2`b- bm+? �b r2�i?2` �M/ Q++mT�M+vX aBM+2

Q++mT�M+v Bb +`BiB+�H 7Q` KQbiHv �HH T`2/B+iBp2 +QMi`QH bi`�i2;B2b- +�M r2 [m�MiB7v i?2

BKT�+i Q7 Q++mT�M+v T`2/B+iBQM 2``Q`b QM >o�* QT2`�iBQMb\ 6m`i?2`KQ`2- ?Qr +�M

r2 KBMBKBx2 i?2 BM~m2M+2 Q7 T`2/B+iBQM 2``Q`b �M/ bi�#BHBx2 i?2 +QMi`QH\
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User Input

Learn the Model Parameters

Applications

Sensor Data

Feedback Comfort Reliability

Thermal Model

6B;m`2 R@e, �`+?Bi2+im`2 Q7 .�i�@.`Bp2M h?2`KQbi�ib, hQT H�v2` Bb i?2 BMTmi H�v2`c JB//H2
H�v2` Bb i?2 H2�`MBM; bi�;2 r?2`2 7`�K2rQ`F imM2b i?2 KQ/2H T�`�K2i2`b i?`Qm;? b2MbQ`v
/�i�c "QiiQK H�v2` +QMi�BMb �TTHB+�iBQMb #mBHi QM iQT Q7 imM2/ i?2`K�H KQ/2HX

9X P7i2M- `27`B;2`�Mi H2�Fb i?`Qm;? i?2 +QBHb UQ` p�Hp2bV Q7 �M �* �M/ bHQrHv /BKBMBb?2b

Bib +QQHBM; +�T�+Biv r?BH2 �HHQrBM; Bi iQ #2 7mM+iBQM�HX am+? H2�Fb `BbF Q++mT�MibǶ

?2�Hi?- r�bi2 bB;MB}+�Mi 2M2`;v- �M/ BKT�+i i?2 `QQK i2KT2`�im`2X >Qr �++m`�i2Hv

+�M bK�`i i?2`KQbi�ib iBK2Hv `2TQ`i bm+? H2�Fb #v QMHv mbBM; i?2 `2�/BHv �p�BH�#H2

/�i� 7`QK Bib BM#mBHi b2MbQ`b\

AM i?Bb i?2bBb- r2 bvbi2K�iB+�HHv /2bB;M2/ �M/ bim/B2/ .�i�@.`Bp2M h?2`KQbi�ib #v 2tTHQ`BM;

�Mbr2`b iQ �HH i?2 `2b2�`+? [m2biBQMb- �b K2MiBQM2/ �#Qp2X

RX9 h?2bBb *QMi`B#miBQMb �M/ PmiHBM2

Pm` .�i�@.`Bp2M h?2`KQbi�i +QKT`Bb2b Q7 i?`22 H�v2`b @ URV BMTmi H�v2`- UkV H2�`MBM; H�v2`-

�M/ UjV i?2 �TTHB+�iBQM H�v2` U�b /2TB+i2/ BM 6B;m`2 R@eVX h?2 H2�`MBM; H�v2` i�F2b b2MbQ`

/�i� U7`QK i?2 i?2`KQbi�iV �M/ mb2` T`272`2M+2 Ubm+? �b b2iTQBMi i2KT2`�im`2V �b i?2 BMTmi-

�M/ `2;mH�`Hv imM2b i?2 KQ/2H UT`QpB/2/ �b i?2 BMTmiV T�`�K2i2`b iQ �++QKKQ/�i2 +?�M;2b

BM r2�i?2` +QM/BiBQMb- mb2` �+iBpBiB2b- �M/ p�`BQmb Qi?2` /vM�KB+b Q++m``BM; BM i?2 `QQKX

S`BM+BT�HHv- i?2 i?2`K�H #2?�pBQm` Q7 �Mv bT�+2 /2T2M/b QM i?2 MQM@BMimBiBp2 i?2`KQ/v@

M�KB+b- �M/ Bi Bb ?�`/ iQ KQMBiQ` 2�+? 7�+iQ` �z2+iBM; i?2 `QQK i2KT2`�im`2X h?2`27Q`2-
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BM .�i�@.`Bp2M h?2`KQbi�ib- r2 mb2 :`2v "Qt JQ/2HHBM;- BM r?B+? r2 imM2 i?2 HmKT2/

T�`�K2i2`b Q7 � i?2Q`2iB+�H i?2`K�H KQ/2H mbBM; i?2 b2MbQ` /�i� +QHH2+i2/ 7`QK i?2 T?vbB+�H

rQ`H/ (Ry3- Rjd)X �b imMBM; BMpQHp2b i?2 �+im�H /�i� 7`QK � T?vbB+�H bT�+2- i?2 �/Dmbi2/

T�`�K2i2`b ivTB+�HHv T`2b2Mi �M �TT`QtBK�i2 i?2`K�H #2?�pBQm` Q7 i?2 `QQKX h?2 bvbi2K

miBHBx2b i?2 imM2/ i?2`K�H KQ/2H iQ 2biBK�i2 `QQK i2KT2`�im`2- �* 2M2`;v +QMbmKTiBQM-

�KQM; b2p2`�H Qi?2` T�`�K2i2`b 7Q` i?2 �TTHB+�iBQM H�v2`X 1p2Mim�HHv- �TTHB+�iBQM H�v2`

i�F2b i?2 2biBK�i2b iQ i?2M T`QpB/2 @ URV �+iBQM�#H2 2M2`;v 722/#�+F- UkV �/�TiBp2 �M/ T2`@

bQM�HBx2/ +QK7Q`i- �M/ UjV +Q``2+iBp2 722/#�+F 7Q` i?2 �TTHB�M+2X L2ti- r2 /Bb+mbb 2�+?

�TTHB+�iBQM BM /2i�BHX

AM � bim/v- .�`#v 2i �HX (jj) MQiB+2/ i?�i /2i�BH2/ 722/#�+F �i i?2 �TTHB�M+2 H2p2H +QmH/

`2bmHi BM 8W@R8W b�pBM;b BM 2M2`;v +QMbmKTiBQMX AM *?�Ti2` k- r2 /Bb+mbb S�*J�L @

�M 2M2`;v@722/#�+F bvbi2K iQ MQM@BMi`mbBp2Hv U#v QMHv mbBM; i?2 i2KT2`�im`2 BM7Q`K�iBQMV

T`2/B+i �M/ 2biBK�i2 i?2 �* 2M2`;v +QMbmKTiBQM- T`BQ` iQ mb�;2 �M/ TQbi@mb�;2- `2bT2+@

iBp2HvX S�*J�L mb2b `QQK i2KT2`�im`2 U7`QK i?2 i?2`KQbi�iV �M/ r2�i?2` /�i� U7`QK

+HQm/@#�b2/ r2�i?2` b2`pB+2bV iQ H2�`M i?2 T�`�K2i2`b Q7 � i?2`K�H KQ/2HX h?2 H2�`M2/

i?2`K�H KQ/2H iQ;2i?2` rBi? 2biBK�i2/ �M/ T`2/B+i2/ 2M2`;v T`Q}H2 Q7 i?2 �TTHB�M+2 Bb

#2M2}+B�H 7Q` �TTHB+�iBQMb bm+? �b @ URV 7�mHi /2i2+iBQM �M/ /B�;MQbBb- UkV 2M2`;v@2{+B2Mi

+QMi`QH- UjV BKT`QpBM; /Bb�;;`2;�iBQM �++m`�+v 7Q` LAGJ �H;Q`Bi?Kb (Rkd) Ur?2M 7mb2/ rBi?

bK�`i K2i2` /�i�V- �M/ U9V B/2MiB7vBM; +?�M;2b BM i?2 i?2`K�H #2?�pBQm` Q7 i?2 `QQK U2X;X-

/2i2+i /QQ`frBM/Qr Bb QT2M r?2M �* Bb `mMMBM;VX hQ 2p�Hm�i2 S�*J�L- r2 +QM/m+i2/

�M BM@bBim bim/v �+`Qbb b2p2M ?QK2b BM .2H?B UAM/B�VX AM Qm` �M�HvbBb- i?2 T`QTQb2/ b2`pB+2

�+?B2p2/ �M �p2`�;2 �++m`�+v Q7 38XjW �M/ 3jXdW rBi? i?2 #2bi �++m`�+v Q7 NdXyW 7Q` i?2

2biBK�iBQM �M/ NjXjW 7Q` i?2 T`2/B+iBQM Q7 �* 2M2`;v +QMbmKTiBQM- �+`Qbb �HH ?QK2bX

A7 7QHHQr2/- �+iBQM�#H2 722/#�+F +�M b�p2 bB;MB}+�Mi 2M2`;vc ?Qr2p2`- i?2 `2�HBx�iBQM

Q7 i?2b2 2M2`;v b�pBM;b K�BMHv /2T2M/b QM `2bB/2MibǶ �iiBim/2c i?mb +�M #2M2}i 7`QK �m@

iQK�iBQM (kN)X hvTB+�HHv- i2M�Mib b2i i?2 �* i?2`KQbi�i i2KT2`�im`2 U�HbQ `272``2/ iQ �b

i?2 b2iTQBMi i2KT2`�im`2V- /2T2M/BM; QM i?2B` T2`bQM�H T`272`2M+2bX 6Q` i?2 b�K2 b2iTQBMi

i2KT2`�im`2 UBM � ;Bp2M �iKQbT?2`B+ +QM/BiBQM �M/ +QMi2tiV- r?BH2 bQK2 T2QTH2 KB;?i 722H

+QK7Q`i�#H2- Qi?2`b KB;?i 722H ?Qi Q` +QH/X h?mb- T2QTH2 +?QQb2 /Bz2`2Mi b2iTQBMi i2KT2`@

�im`2- �b T2` i?2B` +?QB+2X >Qr2p2`- i?Qm;? i?2 b2i i2KT2`�im`2 Bb � K�ii2` Q7 +?QB+2- Bi

/B`2+iHv BM~m2M+2b i?2 �* 2M2`;v +QMbmKTiBQMX 6Q` � ;Bp2M �iKQbT?2`B+ +QM/BiBQM- i?2

�* 2M2`;v +QMbmKTiBQM rQmH/ /2+`2�b2 �b r2 BM+`2�b2 i?2 i?2`KQbi�i i2KT2`�im`2X qBi?

9y



HBKBi2/ FMQrH2/;2 �#Qmi i?2 +QK7Q`i@2M2`;v i`�/2@Qz- `2bB/2Mib T`272` iQ b2i � }t2/ i?2`KQ@

bi�i i2KT2`�im`2 Umbm�HHv HQr2bi TQbbB#H2V BM i?2B` /�BHv `QmiBM2X AM *?�Ti2` j- r2 T`QTQb2

� *QK7Q`i@1M2`;v h`�/2@Qz U*1hV FMQ# QM bK�`i i?2`KQbi�ib iQ �HHQr mb2`b iQ #�H�M+2

i?2B` +QK7Q`i �M/ i?2 b�pBM;b rBi?Qmi i?2K rQ``vBM; �#Qmi i?2 `B;?i b2i i2KT2`�im`2X h?2

*1h FMQ# rBHH #2 T`2b2Mi QM i?2 mb2`Ƕb bK�`iT?QM2 bQ i?�i i?2v +�M `2TQ`i i?2B` BMi2`2bi

U�HQM; rBi? i?2 b2iTQBMi i2KT2`�im`2V- i?�i r?2i?2` i?2v r�Mi iQ K�tBKBxBM; b�pBM;b- Q`

K�tBKBxBM; +QK7Q`i- Q` #�H�M+2 #Qi?X Pm` �M�HvbBb #�b2/ QM `2�H /�i�- +QHH2+i2/ 7`QK �

+QMi`QHH2/ 2tT2`BK2Mi U�+`Qbb irQ `QQKb 7Q` irQ r22FbV �M/ �M BM@bBim /2THQvK2Mi U�+`Qbb

}p2 `QQKb 7Q` i?`22 KQMi?bV- BM/B+�i2b i?�i i?2 T`QTQb2/ b2`pB+2 +�M `2/m+2 `2bB/2MibǶ /Bb@

+QK7Q`i #v kjW U*1h b2H2+iBQM 7Q` K�tBK�H +QK7Q`iV �M/ b�p2 keW 2M2`;v r?2M r2 b2i

*1h 7Q` K�tBKBxBM; b�pBM;bX

h?Qm;? �miQK�i2/ +QMi`QH +QmH/ �bbBbi mb2`b BM K�tBKBxBM; i?2B` +QK7Q`i �M/ b�pBM;b-

i?2 2z2+iBp2M2bb Q7 �Mv ivTB+�H T`2/B+iBp2 +QMi`QH bi`�i2;v UHBF2 �#Qp2 K2MiBQM2/V /2T2M/b

QM i?2 T`2/B+iBQM �++m`�+v Q7 KQ/2H BMTmib- bm+? �b #mBH/BM; Q++mT�M+v �M/ QmibB/2 �B` i2K@

T2`�im`2X �b T`2/B+iBQM �++m`�+v /2i2`BQ`�i2b- T2`7Q`K�M+2 @ BM i2`Kb Q7 Q++mT�Mi +QK7Q`i

�M/ #mBH/BM; 2M2`;v mb2 @ /2;`�/2b �M/ K�v ;2i 2p2M rQ`b2 i?�M +QMp2MiBQM�H i2+?MB[m2bX

q?BH2 2tBbiBM; bim/B2b (Rkk) bim/B2/ i?2 BM~m2M+2 Q7 2``Q`b BM i?2 r2�i?2` 7Q`2+�bi- iQ i?2

#2bi Q7 Qm` FMQrH2/;2- i?2`2 2tBbi MQ bim/B2b �M�HvxBM; i?2 BKT�+i Q7 T`2/B+iBQM 2``Q`b BM

Q++mT�M+v QM mb2` +QK7Q`i �M/ iQi�H 2M2`;v +QMbmKTiBQMX qBi? i?2 ?2HT Q7 � bBKmH�iBQM

7`�K2rQ`F Uh?2`K�HaBK9V- BM *?�Ti2` 9- r2 bvbi2K�iB+�HHv bim/v i?2 BKT�+i Q7 Q++mT�M+v

T`2/B+iBQM 2``Q`b QM >o�* QT2`�iBQMbX "2bB/2b- r2 KQ/2H �M/ �M�Hvx2 i?2 2z2+i Q7 � T2`@

bQM�H 2MpB`QMK2Mi�H +QMi`QH bvbi2K US1*V BM i?2 T`2b2M+2 Q7 T`2/B+iBQM 2``Q`bX � S1*

+QmH/ #2 � 7�M Q` � ?2�i2` iQ T`QpB/2 T2`bQM�HBx2/ i?2`K�H +QK7Q`i (kk)X q2 }M/ i?�i S1*-

r?2M mb2/ rBi? � T`2/B+iBp2 +QMi`QH bi`�i2;v- +�M `2/m+2 #Qi? @ i?2 p�`B�#BHBiv BM 2M2`;v

+QMbmKTiBQM �M/ Q++mT�MibǶ /Bb+QK7Q`i- �M/ K�F2 T`2/B+iBp2 +QMi`QHH2`b KQ`2 `2HB�#H2X

q?2M r2 i�HF �#Qmi `2HB�#BHBiv- �MQi?2` +`BiB+�H �bT2+i Bb- iBK2Hv MQiB7vBM; � 7�mHi iQ

2Mbm`2 2{+B2Mi 7mM+iBQMBM; Q7 i?2 �TTHB�M+2X a2p2`�H `2�bQMb- bm+? �b �;2BM;- B``2;mH�`

K�BMi2M�M+2- �M/ BKT`QT2` ?�M/HBM; H2�/ iQ 7`2[m2Mi #`2�F/QrMb Q7 �Mv �TTHB�M+2X aQK2

7�BHm`2b �`2 bm//2M Ubm+? �b 2H2+i`B+�H 7�BHm`2V- Qi?2`b ?�TT2M ;`�/m�HHv Qp2` iBK2- �HbQ FMQrM

�b bHQr iBK2@p�`vBM; 7�mHibX q?BH2 Q++mT�Mib +�M [mB+FHv B/2MiB7v bm//2M 7�BHm`2b- b2MbBM;

i?2 2�`Hv bvKTiQKb Q7 bHQr iBK2@p�`vBM; 7�mHib `2[mB`2b /2i�BH2/ �ii2MiBQM �M/ i2+?MB+�H

9q2 �`2 biBHH rQ`FBM; QM Bib bi�#H2 `2H2�b2 7Q` i?2 +QKKmMBiv mb2 �M/ r2 ?QT2 iQ `2H2�b2 Bi bQQM
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i`�BMBM;X _27`B;2`�Mi H2�F�;2 Bb QM2 bm+? bHQr iBK2@p�`vBM; K2+?�MB+�H 7�mHi- [mBi2 +QKKQM

BM �B`@+QM/BiBQM2`b �M/ `27`B;2`�iQ`b (kj)X h?2 TmM+im`2 ?QH2 Q7i2M bi�`ib �b � TBM?QH2 H2�F

�M/ #2+QK2b #B;;2` r?2M ;Q2b mM/2i2+i2/X .m2 iQ i?2 HQbb Q7 `27`B;2`�Mi- i?2 +QKT`2bbQ`

rQ`Fb rBi? `2/m+2/ 2{+B2M+v �M/ i�F2b KQ`2 iBK2 i?�M i?2 mbm�H iQ +QQH i?2 `QQKc i?mb-

r�biBM; bB;MB}+�Mi 2M2`;vX AM �//BiBQM iQ 2M2`;v r�bi�;2 �M/ mb2` /Bb+QK7Q`i- i?2 H2�F�;2

2tTQb2b i2M�Mib iQ i?2 `27`B;2`�Mi- r?B+? Bb 2ti`2K2Hv /�M;2`Qmb 7Q` i?2B` ?2�Hi? (d)X 1�`Hv

/2i2+iBQM Q7 bm+? H2�Fb +�M #2M2}i BM @ URV �pQB/BM; H2�F�;2 Q7 ?�x�`/Qmb `27`B;2`�Mi BM

i?2 QT2M 2MpB`QMK2Mi- UkV `2/m+BM; i?2 2M2`;v r�bi�;2- �M/ UjV K�BMi�BMBM; i?2 /2bB`2/

i2KT2`�im`2X q?BH2 Q++mT�Mib mbm�HHv 7�BH iQ b2Mb2 i?2 2�`Hv bvKTiQKb Q7 bm+? H2�Fb-

+m``2Mi i2+?MB[m2b iQ `2TQ`i `27`B;2`�Mi H2�F�;2 �`2 Q7i2M mMb+�H�#H2X AM *?�Ti2` 8- r2

T`QTQb2 :`2BM� @ iQ +QMiBMmQmbHv KQMBiQ` i?2 `2�/BHv �p�BH�#H2 �K#B2Mi BM7Q`K�iBQM 7`QK

i?2 i?2`KQbi�i �M/ iBK2Hv `2TQ`i bm+? H2�FbX q2 2p�Hm�i2 Qm` �TT`Q�+? QM 74 QmiH2ib Q7 �

`2i�BH 2Mi2`T`Bb2X Pm` �M�HvbBb BM/B+�i2b i?�i i?2 T`QTQb2/ 7`�K2rQ`F +�M `2TQ`i H2�F�;2 �

r22F BM �/p�M+2 r?2M +QKT�`2/ iQ K�Mm�H `2TQ`iBM;X

h?2 /�i�@/`Bp2M i?2`KQbi�i Bb � HQr@+Qbi �M/ b+�H�#H2 2ti2MbBQM Q7 i?2 bK�`i i?2`KQ@

bi�i i?�i #2M2}ib 7`QK ;`2v@#Qt KQ/2HHBM; iQ T`QpB/2 2M2`;v@2{+B2Mi 722/#�+F- K�BMi�BM

T2`bQM�HBx2/ +QK7Q`i- �M/ 2Mbm`2 iBK2Hv MQiB}+�iBQM iQ i?2 mb2`b �#Qmi � 7�mHiX h?2 T`Q@

TQb2/ 7`�K2rQ`F Bb 2{+B2Mi- rQ`Fb Qmi@Q7@i?2@#Qt- �M/ +QKT�iB#H2 rBi? �Mv �B`@+QM/BiBQM2`

rBi? �M BM7`�`2/ UA_V `2KQi2X :Bp2M i?2 +m``2Mi b+2M�`BQ- bK�`i i?2`KQbi�ib �`2 �Mv@

r�vb ;QBM; iQ `2TH�+2 +QMp2MiBQM�H i?2`KQbi�ib BM i?2 M2�` 7mim`2X q2 #2HB2p2 2ti2M/BM;

bK�`i i?2`KQbi�ib iQ /�i�@/`Bp2M i?2`KQbi�ib T`2b2Mib � ;2MmBM2Hv m#B[mBiQmb r�v iQ 2Mbm`2

2M2`;v@2{+B2Mi mb�;2 Q7 i?2 �B`@+QM/BiBQMBM;X

RX8 h?2bBb Sm#HB+�iBQMb

q2 MQr 2MHBbi i?2 K�DQ` Tm#HB+�iBQMb i?�i +QMi`B#mi2/ iQ i?Bb i?2bBbX

RX8XR �+iBQM�#H2 1M2`;v 622/#�+F

RX JBH�M C�BM- �K�`D22i aBM;?- �M/ oBF�b *?�M/�MX ǴLQM@BMi`mbBp2 2biBK�iBQM �M/

T`2/B+iBQM Q7 `2bB/2MiB�H �+ 2M2`;v +QMbmKTiBQMXǴ A111 AMi2`M�iBQM�H *QM72`2M+2 QM

S2`p�bBp2 *QKTmiBM; �M/ *QKKmMB+�iBQMb UkyReVX
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RX8Xk �/�TiBp2 �M/ S2`bQM�HBx2/ *QK7Q`i

RX JBH�M C�BM- �K�`D22i aBM;?- �M/ oBF�b *?�M/�MX ǴSQ`i�#H2Y, � l#B[mBiQmb �M/

aK�`i q�v hQr�`/b *QK7Q`i�#H2 1M2`;v a�pBM;bXǴ S`Q+22/BM;b Q7 i?2 �*J QM AM@

i2`�+iBp2- JQ#BH2- q2�`�#H2 �M/ l#B[mBiQmb h2+?MQHQ;B2b UkyRdVX

RX8Xj _2HB�#BHBiv

RX JBH�M C�BM- _�+?2H E�H�BK�MB- a`BMBp�b�M E2b?�p- �M/ *�i?2`BM2 _Qb2M#2`;X Ǵlb@

BM; S2`bQM�H 1MpB`QMK2Mi�H *QK7Q`i avbi2Kb iQ JBiB;�i2 i?2 AKT�+i Q7 P++mT�M+v

S`2/B+iBQM 1``Q`b QM >o�* S2`7Q`K�M+2XǴ 1M2`;v AM7Q`K�iB+b CQm`M�H UkyR3VX

kX JBH�M C�BM- J`B/mH� :mTi�- �K�`D22i aBM;?- �M/ oBF�b *?�M/�MX Ǵ"2vQM/ *QMi`QH,

1M�#HBM; aK�`i h?2`KQbi�ib 7Q` G2�F�;2 .2i2+iBQMXǴ S`Q+22/BM;b Q7 i?2 �*J QM

AMi2`�+iBp2- JQ#BH2- q2�`�#H2 �M/ l#B[mBiQmb h2+?MQHQ;B2b UkyRNVX
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*?�Ti2` k

1M2`;v 1biBK�iBQM h?`Qm;?
h?2`KQbi�i

A7 vQm +�MǶi K2�bm`2 Bi- vQm +�MǶi BKT`Qp2 BiX
Ĝ GQ`/ E2HpBM- G2+im`2 QM Ǵ1H2+i`B+�H lMBib Q7 J2�bm`2K2MiǴ UR33jV

kXR AMi`Q/m+iBQM

P++mT�Mib- r?Q �`2 mM�r�`2 Q7 i?2B` 2H2+i`B+�H +QMbmKTiBQM- �// mT iQ QM2@i?B`/ iQ i?2B`

2H2+i`B+Biv #BHHb (RRN)X �KQM; �HH i?2 �TTHB�M+2b- ivTB+�HHv �p�BH�#H2 BM � ?QK2- �B`@+QM/BiBQMBM;

U�HbQ `272``2/ iQ �b �* BM i?Bb i?2bBbV +QMi`B#mi2b � bB;MB}+�Mi T`QTQ`iBQM iQ i?2 iQi�H 2H2+@

i`B+Biv #BHHX >Qr2p2`- 2p2M iQ/�v- `2�H@iBK2 �M/ �+iBQM�#H2 722/#�+F �#Qmi �* b2iiBM;b-

bm+? �b i?2 BKT�+i Q7 BM+`2�bBM; i?2 b2iTQBMi i2KT2`�im`2 #v 2�+? /2;`22 QM �* 2M2`;v

+QMbmKTiBQM- Bb #`Q�/Hv KBbbBM;X � /B`2+i K2i?Q/ iQ K2�bm` �* 2M2`;v +QMbmKTiBQM Bb

iQ mb2 BM@HBM2 THm; KQMBiQ`b (ky)X >Qr2p2`- bm+? THm; KQMBiQ`b �`2 ivTB+�HHv mM�p�BH�#H2

BM ?B;? +m``2Mi `�iBM;b- `2[mB`2/ 7Q` ?�M/HBM; H�`;2 i`�MbB2Mi +m``2Mi ~Qr �bbQ+B�i2/ rBi?

�* brBi+?@QM 2p2MibX h?2 rB/2bT`2�/ T`2b2M+2- ?B;? 2M2`;v +QMbmKTiBQM- �M/ HBiiH2 mM/2`@

bi�M/BM; Q7 QTiBK�H �* b2iiBM;b �KQM; T2QTH2 K�F2 �*b �M �ii`�+iBp2 i�`;2i 7Q` 2M2`;v

+QMb2`p�iBQMX h?Qm;? +QKK2`+B�H bK�`i i?2`KQbi�ib- bm+? �b L2bi (RR3)- h�/Q (R8k)- �M/

a2MbB#Q (R93) +�M �miQK�iB+�HHv +?�M;2 i?2 i?2`KQbi�i i2KT2`�im`2 iQ QTiBKBx2 �* QT2`�@

iBQMbc i?2v Q7i2M `2Hv QM Q++mT�MibǶ b+?2/mH2 �M/ �`2 mM�r�`2 �#Qmi i?2B` bm``QmM/BM;bX

AM i?Bb +?�Ti2`- r2 /Bb+mbb S�*J�L- �M 2M/@iQ@2M/ 722/#�+F bvbi2K i?�i H2p2`�;2b

`QQK i2KT2`�im`2 /�i� 7Q` 2biBK�iBQM �M/ T`2/B+iBQM Q7 �* 2M2`;v +QMbmKTiBQMX 1M2`;v

98



U�V _QQK h2KT2`�im`2 U#V 1M2`;v +QMbmKTiBQM T2` ?Qm`

6B;m`2 k@R, (k@R�)_QQK i2KT2`�im`2 `2+Q`/2/ �i KmHiBTH2 HQ+�iBQMb UGR@AM 7`QMi Q7 i?2 �*-
Gk@6�`i?2` �r�v 7`QK i?2 �*- Gj@AM i?2 �ii�+?2/ #�i?`QQK rBi? i?2 /QQ` +HQb2/- G9@
Pi?2` +Q`M2` Q7 i?2 `QQKVX >2`2- i?2 b2iTQBMi i2KT2`�im`2 Bb ky◦*X (k@R#) h?2 b2iTQBMi
i2KT2`�im`2 Bb �M BMbm{+B2Mi K2i`B+ iQ `2TQ`i i?2 �* 2M2`;v +QMbmKTiBQMX

2biBK�iBQM- TQbi@mb�;2- H2i i2M�Mib �M�Hvx2 i?2 BKT�+i Q7 +?Qb2M b2iiBM;b- iQ bmTTQ`i #2ii2`

/2+BbBQM K�FBM; 2p2Mim�HHvX PM i?2 Qi?2` ?�M/- T`2/B+iBp2 722/#�+F- �i i?2 #2;BMMBM; Q7 i?2

mb�;2- bi`Bp2b iQ BM~m2M+2 Q++mT�MibǶ #2?�pBQ`- r?2M Bi K�ii2`b i?2 KQbiX lMHBF2 i2M�MibǶ

/�BHv `QmiBM2- `QQK i2KT2`�im`2 Bb KQ`2 bi�#H2 bBM+2 Bi +?B2~v `2HB2b QM i?2 T?vbB+�H T`QT@

2`iB2b Q7 i?2 bT�+2- bm+? �b QmibB/2 r2�i?2` +QM/BiBQMb- +QQHBM; �//2/ #v �M �*- �M/ ?2�i

2t+?�M;2 i?`Qm;? Qi?2` 2MiBiB2b BM i?�i 2M+HQb2/ bT�+2X q?BH2 Bi Bb ?�`/ 7Q` � i?2`KQbi�i iQ

mM/2`bi�M/ i?2 `�iBQM�H2 #2?BM/ i2M�MibǶ T�`iB+mH�` �+iBQM- Bi Bb 72�bB#H2 7Q` � i?2`KQbi�i iQ

�M�Hvx2 i2KT2`�im`2 p�`B�iBQMb rBi?BM �M 2M+HQb2/ bT�+2X 6Q` BMbi�M+2- � i?2`KQbi�i KB;?i

MQi mM/2`bi�M/ r?v �HB+2 H27i 2�`Hv QM i?2 r22F2M/- #mi Bi +�M 2tT2+i `QQK i2KT2`�im`2 iQ

#2 `2H�iBp2Hv ?B;?2` r?2M i?2 QmibB/2 i2KT2`�im`2 Bb ?B;?X JQ`2Qp2`- �M�HvxBM; i2KT2`�@

im`2 p�`B�iBQM 2M�#H2b � i?2`KQbi�i iQ +QKT`2?2M/ �M 2MpB`QMK2Mi �M/ �/�Ti iQ i2KTQ`�H

p�`B�iBQMb rBi?BM i?2 `QQK- �M/ bT�iB�H p�`B�iBQMb �+`Qbb i?2 `QQKbX

>Qr2p2`- mbBM; i2KT2`�im`2 �b � T`Qtv 7Q` �* 2M2`;v +QMbmKTiBQM 2tTQb2b KmHiBTH2

QT2M +?�HH2M;2bX PM2 bm+? ?m`/H2 Bb i?2 TQbBiBQM Q7 i?2 i2KT2`�im`2 b2MbQ` BM i?2 `QQKX �b

b?QrM BM 6B;m`2 k@R�- i?2 �K#B2Mi i2KT2`�im`2 �i �Mv TQBMi BM i?2 `QQK /Bz2`b bB;MB}+�MiHv

7`QK i?2 i2KT2`�im`2 Q#b2`p2/ #v i?2 �* i?2`KQbi�iX �FBM iQ i?�i- i?2 �* 2M2`;v +QM@

bmKTiBQM b?QmH/ B/2�HHv BM+`2�b2 #v `2/m+BM; i?2 b2iTQBMi i2KT2`�im`2c ?Qr2p2`- �b b?QrM

BM 6B;m`2 k@R#- r2 Q#b2`p2/ bB;MB}+�Mi /2pB�iBQMb 7`QK i?2 2tT2+i2/ #2?�pBQ`- K�BMHv /m2

iQ i?2 BKT�+i Q7 i?2 i?2`K�H 2MpB`QMK2Mi BM i?2 `QQK �M/ r2�i?2` +QM/BiBQMbX aBM+2 i?2`2
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�`2 b2p2`�H Qi?2` MQM@BMimBiBp2 /vM�KB+b BMpQHp2/- i?2 mb2 Q7 i2KT2`�im`2 b2MbQ` �b � T`Qtv

7Q` �* 2M2`;v +QMbmKTiBQM Bb +QKTHB+�i2/X S�*J�L- iQ �//`2bb i?2b2 +QM+2`Mb- `2+Q`/b

�K#B2Mi `QQK i2KT2`�im`2 7`QK i?2 `QQK �M/ r2�i?2` BM7Q`K�iBQM 7`QK � +HQm/@#�b2/

r2�i?2` b2`pB+2 iQ /2p2HQT � i?2`K�H KQ/2H Q7 i?2 bT�+2X aBM+2 S�*J�L H2�`Mb i?2 T�@

`�K2i2`b Q7 i?2 i?2`K�H KQ/2H 7`QK i?2 /�i� ;�i?2`2/ i?`Qm;? i?2 `QQK- r2 2tT2+i i?2

i?2`K�H KQ/2H iQ `2T`2b2Mi i?2 bT�+2X q?2M i2M�Mib brBi+? QM i?2 �*- i?2 S�*J�L miB@

HBx2b i?2 i?2`K�H KQ/2H iQ T`2/B+i `QQK i2KT2`�im`2 �M/ T`QD2+i �* 2M2`;v +QMbmKTiBQM

�i /Bz2`2Mi b2iTQBMi i2KT2`�im`2bX �i i?2 #2;BMMBM; Q7 �M �* mb�;2- bm+? T`2/B+iBQMb �+i

�b � KQiBp�iBQM 7Q` i?2 i2M�Mib iQ +QMbB/2` 2M2`;v@2{+B2Mi i?2`KQbi�i i2KT2`�im`2X

aBM+2 S�*J�L Bb Tm`2Hv � /�i�@/`Bp2M 7`�K2rQ`F- Bi Bb T`�+iB+�H iQ �ii�+? S�*J�L

rBi? �Mv bK�`i i?2`KQbi�i �M/ T`QpB/2 M2�` `2�H@iBK2 722/#�+F iQ i?2 Q++mT�Mib �#Qmi

i?2 BKT�+i Q7 i?2B` +m``2Mi b2iiBM;bX AM bm+? � b+2M�`BQ- i?2 �BK rBHH #2 iQ TQi2MiB�HHv

KQiBp�i2 � +?�M;2 BM i2M�MibǶ #2?�pBQ` iQ b2i mT � bHB;?iHv ?B;?2` b2i i2KT2`�im`2- r?2M2p2`

`2[mB`2/X AM i?Bb bim/v- r2 2p�Hm�i2/ S�*J�L #�b2/ QM Bib �++m`�+v BM 2biBK�iBM; �M/

T`2/B+iBM; i?2 �* 2M2`;v +QMbmKTiBQMX 6Q` i?2 bim/v- rBi? �M BM@bBim /2THQvK2Mi- r2

+QHH2+i2/ i2KT2`�im`2 �M/ TQr2` +QMbmKTiBQM /�i� 7`QK b2p2M �T�`iK2Mib Q7 � +Biv- 7Q` �

iQi�H /m`�iBQM Q7 i?`22 KQMi?bX Pm` �M�HvbBb #�b2/ QM i?2 BM@bBim /2THQvK2Mi BM/B+�i2b i?�i

S�*J�L �+?B2p2/ �M �p2`�;2 �++m`�+v Q7 38W �M/ 39W rBi? i?2 #2bi �++m`�+v Q7 NdW

�M/ NjW 7Q` i?2 2biBK�iBQM �M/ T`2/B+iBQM Q7 �* 2M2`;v +QMbmKTiBQM- `2bT2+iBp2Hv- �+`Qbb

�HH ?QK2bX hQ i?2 #2bi Q7 Qm` FMQrH2/;2- Qm`b r�b i?2 }`bi rQ`F iQ 2biBK�i2 �M/ T`2/B+i

i?2 �* 2M2`;v +QMbmKTiBQM MQM@BMi`mbBp2Hv- #v QMHv b2MbBM; i?2 �K#B2Mi i2KT2`�im`2X

kXk _2H�i2/ qQ`F

PTiBKBx�iBQM Q7 >o�* bvbi2Kb 7Q` 2M2`;v +QMb2`p�iBQM ?�b #22M r2HH bim/B2/ BM i?2 T�biX

�TTHB�M+2@H2p2H 722/#�+F +�M #2 T`QpB/2/ #v /B`2+i KQMBiQ`BM; UmbBM; THm; HQ�/bV (ReR) Q` #v

/Bb�;;`2;�iBM; K2i2` H2p2H /�i� BMiQ �TTHB�M+2 H2p2H +QMbmKTiBQM (ej) mbBM; K�+?BM2 H2�`MBM;

�H;Q`Bi?KbX >Qr2p2`- mbBM; bm+? /B`2+i Q` BM/B`2+i KQMBiQ`BM; bvbi2Kb BM i?2 +QMi2ti Q7 �*

mb�;2- ivTB+�HHv HBKBib i?2 722/#�+F iQ �+im�H 2M2`;v +QMbmK2/ rBi?Qmi ;2iiBM; BMiQ i?2

/2i�BHb Q7 2biBK�iBQM �M/ T`2/B+iBQM Q7 2M2`;v �M/ Bib BMi2`/2T2M/2M+2 QM b2i i2KT2`�im`2X

.Bb�;;`2;�iBQM �H;Q`Bi?Kb (R9- 83- R8- 3N- 33)- r?2M +QK#BM2/ rBi? Qm` T`QTQb2/ bvbi2K-

rBHH QMHv ?2HT BM BKT`QpBM; i?2 Qp2`�HH �++m`�+v Q7 Qm` bvbi2KX
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a2p2`�H bim/B2b i`B2/ iQ K�F2 i?2`KQbi�ib KQ`2 BMi2HHB;2Mi iQ QTiBKBx2 �* 2M2`;v +QM@

bmKTiBQMX S`Q;`�KK�#H2 i?2`KQbi�ib r2`2 i?2 BMBiB�H 2zQ`ib BM i?Bb /B`2+iBQM r?2`2 Q++m@

T�Mib r2`2 �#H2 iQ ;Bp2 }t2/ b+?2/mH2bX >Qr2p2`- a�+?b 2iX �HX (R98) b?Qr2/ i?�i ?Qmb2?QH/b

rBi? bBKTH2 i?2`KQbi�ib b�p2/ KQ`2 2M2`;v QM �p2`�;2 i?�M T`Q;`�KK�#H2 i?2`KQbi�ibX

*QKK2`+B�H `2�+iBp2 i?2`KQbi�ib bm+? �b L2bi (RR3) +H�BK2/ 2M2`;v b�pBM;b #�b2/ QM Bib

BMi2HHB;2Mi �* +QMi`QH i?�i `2[mB`2 H2�`MBM; � b+?2/mH2 #27Q`2 i�FBM; �+iBQMbX "mi- QM2 Q7

i?2 T�`iB+BT�Mib BM � bm`p2v (Ree) `2TQ`i2/ L2bi �b �``Q;�Mi /m2 iQ Bib M�im`2 Q7 7Q`+BM;

i?2B` /2+BbBQM QM Q++mT�Mib #�b2/ QM Bib BM�++m`�i2 H2�`MBM;X aBKBH�` �ii2KTib (Ryd- Ne)

r2`2 K�/2 iQ �+im�i2 �* #�b2/ QM i?2 Q++mT�M+v �M/ bH22TBM; T�ii2`MbX a+Qii 2i �HX (R9e)

T`QTQb2/ b2MbQ`b #�b2/ �+im�iBQM r?BH2 _Q;2`b 2i �HX (R9j) BMi`Q/m+2/ � bvbi2K iQ +QMi`QH

?2�iBM; #�b2/ QM +�H+mH�i2/ i?2`K�H +QK7Q`i BM `2�H@iBK2X aim/B2b BM AM/B�M +QMi2ti (Rk- Rj)

b?Qr2/ i?�i �miQK�i2/ b2MbQ` #�b2/ >o�* +QMi`QH +QmH/ ?�p2 7�Hb2 TQbBiBp2b 7`QK b2MbQ`b

H2�/BM; iQ 2M2`;v r�bi�;2 Q` 7�Hb2 M2;�iBp2b H2�/BM; iQ Q++mT�MibǶ /Bb+QK7Q`iX

o�`BQmb K2i`B+b bm+? �b S`2/B+i2/ J2�M oQi2 USJoV (98) Q` Qi?2` bBKBH�` K2i`B+b (8R)

r2`2 T`QTQb2/ BM i?2 T2`bQM�HBx2/ ?QK2 ?2�iBM; /QK�BM iQ �//`2bb Q++mT�MibǶ +QK7Q`iX

>Qr2p2`- `2+2Mi bim/v (e8) b?Qr2/ i?�i QM2 ivT2 Q7 b2MbQ` Bb BMbm{+B2Mi �M/ BM2z2+iBp2 �i

+�Tim`BM; i?2 H�`;2` i?2`K�H +QK7Q`i TB+im`2 Q7 i?2 `QQKX h?mb- i?2 Q#D2+iBp2 Q7 S�*J�L

Bb iQ `2�bQM�#Hv H2�`M i?2 i?2`K�H KQ/2H Q7 i?2 `QQK #�b2/ QM ?BbiQ`B+�H mb�;2bX .2+BbBQMb

QM +QK7Q`i H2p2H �`2 H27i iQ i?2 Q++mT�Mib r?BH2 T`QpB/BM; i?2K rBi? BM7Q`K�iBQM- `2H�iBM;

b2i i2KT2`�im`2 rBi? 2M2`;v +QMbmKTiBQM- mbBM; i?2 H2�`M2/ KQ/2HX

_Q;2`b 2i �HX (R9k) U+HQb2bi iQ Qm` rQ`FV T`QTQb2/ JvCmQHQ r?2`2#v � la" #�b2/ i2K@

T2`�im`2 HQ;;2` +QHH2+ib i?2 `QQK i2KT2`�im`2 /�i�X lbBM; i?Bb /�i�- i?2B` 7`�K2rQ`F

H2�`Mb � i?2`K�H KQ/2H Q7 i?2 `QQK- BMpQHpBM; b2p2`�H T�`�K2i2`b BM+Hm/BM; H2�F�;2 `�i2-

?2�iBM; `�i2- �M/ i?2`K�H MQBb2 rBi?BM i?2 `QQKX >Qr2p2`- i?2B` T`Q+2bb `2[mB`2b bB;MB}+�Mi

BMi2`p2MiBQM 7`QK Q++mT�Mib �M/ �HbQ � bi�iB+ i?2`K�H KQ/2H i?�i KB;?i ;Bp2 BM�++m`�i2 T`2@

/B+iBQMb rBi? p�`vBM; QT2`�iBM; �M/ r2�i?2` +QM/BiBQMbX AM +QMi`�bi- S�*J�L mb2b /�i�

7`QK KmHiBTH2 mb�;2b- +QHH2+i2/ BM `2�H iBK2- K�FBM; Bi KQ`2 2z2+iBp2 7Q` i?2 T`2/B+iBQMX

lT/�iBM; i?2 i?2`K�H KQ/2H BM S�*J�L- �++QmMiBM; 7Q` /vM�KB+ QT2`�iBM; �M/ r2�i?2`

+QM/BiBQMb- `2[mB`2 MQ 2zQ`i 7`QK i?2 Q++mT�Mi i?mb K�FBM; Bi mb2`@7`B2M/Hv �b r2HHX
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6B;m`2 k@k, lb2 +�b2 Q7 S�*J�L, q?2M i?2 �* Bb brBi+?2/ PL- i?2 b2i i2KT2`�im`2 �M/
r2�i?2` 7Q`2+�bi Bb mb2/ rBi? i?2 H2�`M2/ KQ/2H iQ T`2/B+i i?2 �* 2M2`;v +QMbmKTiBQM �i
KmHiBTH2 b2i i2KT2`�im`2bX q?2M i?2 �* Bb brBi+?2/ Qz- S�*J�L 2biBK�i2b �* 2M2`;v
+QMbmKTiBQM /m`BM; i?2 mb�;2X h?2 +QHH2+i2/ `QQK i2KT2`�im`2 /�i� �M/ +Q``2bTQM/BM;
r2�i?2` +QM/BiBQMb 7`QK `2+2Mi n ?BbiQ`B+�H mb�;2b �`2 mb2/ iQ mT/�i2 i?2 i?2`K�H KQ/2HX

kXj lb2 *�b2

6B;m`2 k@k T`2b2Mib � ivTB+�H mb�;2 b+2M�`BQ 7Q` S�*J�L bvbi2KX �HB+2 ?�b � bK�`iT?QM2

rBi? �M �TTHB+�iBQM iQ +QMi`QH �* i?�i �HbQ ?�b �++2bb iQ �K#B2Mi i2KT2`�im`2 7`QK i?2

b2MbQ` 2K#2//2/ BM i?2 T?QM2X o�`BQmb +QKK2`+B�H /2pB+2b (R8k- R93) T`QpB/2 bm+? KQ#BH2

�TTHB+�iBQMb 7Q` i?2 mb2`bX h?2b2 /2pB+2b +QK2 rBi? A_ BMi2`7�+2 iQ +QKKmMB+�i2 rBi? i?2

�* #mi H�+F i?2 BMi2HHB;2M+2 #mBHi BMiQ i?2 S�*J�L bvbi2KX am+? � +QK#BM�iBQM Bb bBKBH�`

iQ BMi2HHB;2Mi +QMi`QH Q7 +2Mi`�H >o�* bvbi2Kb �b T2`7Q`K2/ #v :QQ;H2 L2bi (RR3)- r?BH2

�HbQ i�FBM; �++QmMi Q7 2M2`;v b�pBM;b �M/ �HB+2Ƕb +QK7Q`iX

�b �HB+2 brBi+?2b QM i?2 �*- S�*J�L 2ti`�+ib i?2 r2�i?2` 7Q`2+�bi- 7Q` i?2 �`2�

bm``QmM/BM; ?2` `2bB/2M+2- 7`QK �M QMHBM2 r2�i?2` b2`pB+2X q2�i?2` 7Q`2+�bi- iQ;2i?2` rBi?

i?2 i?2`K�H KQ/2H Q7 ?2` `QQK UH2�`M2/ 7`QK i?2 ?BbiQ`B+�H mb�;2V Bb mb2/ iQ T`2/B+i i?2 �*

2M2`;v +QMbmKTiBQM �`QmM/ Bib /2bB`2/ b2i i2KT2`�im`2 7Q` � /m`�iBQM K2MiBQM2/ #v ?2`X

lbBM; i?2 T`2/B+iBQMb- S�*J�L 2biBK�i2b i?2 +Qbi �HB+2 rBHH T�v B7 b?2 `mMb �* �i i?2

bT2+B}2/ b2i i2KT2`�im`2- iQ;2i?2` rBi? b�pBM;b TQbbB#H2 rBi? BM+`2�b2 BM b2i i2KT2`�im`2

#v 2�+? /2;`22X am+? BM7Q`K�iBQM +�M �bbBbi ?2` iQ /2+B/2 i?2 i`�/2@Qz #2ir22M +Qbi UBM

i2`Kb Q7 i?2 2H2+i`B+Biv #BHHV �M/ +QK7Q`i UBM i2`Kb Q7 /2bB`2/ `QQK i2KT2`�im`2VX

S�*J�L �b � #�+F2M/ b2`pB+2 �HbQ T`QpB/2b `QQK i2KT2`�im`2 `2�/BM;b iQ;2i?2` rBi?

r2�i?2` +QM/BiBQMb BM `2�H@iBK2 7Q` 2�bv �++2bbB#BHBiv Q7 BM7Q`K�iBQM iQ �HB+2 �M/ ?2` #2ii2`
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2M;�;2K2MiX �i i?2 2M/ Q7 2�+? �* mb�;2- S�*J�L 2biBK�i2b i?2 �* 2M2`;v +QMbmKTiBQM

7Q` i?2 `2+2Mi mb�;2 mbBM; i?2 +QHH2+i2/ `QQK i2KT2`�im`2 /�i�X 1biBK�i2/ 2M2`;v +�M ?2HT

?2` mM/2`bi�M/ i?2 BKT�+i Q7 ?2` +?Qb2M b2iiBM;b �M/ /2+B/2 i?2K �TT`QT`B�i2Hv Qp2` iBK2X

�b S�*J�L `2+2Bp2b �* QM �M/ Qz BMbi�M+2b- Bi +�M �HbQ BKT`Qp2 i?2 �++m`�+v Q7 LAGJ

�H;Q`Bi?Kb T2`7Q`KBM; 2M2`;v /Bb�;;`2;�iBQM 7Q` Qi?2` �TTHB�M+2b mbBM; K2i2` H2p2H /�i�X Ai

+�M ?2HT ?2` ;�BM #2ii2` BMbB;?i BMiQ ?2` 2H2+i`B+Biv #BHHb �M/ i�F2 BM7Q`K�iBp2 /2+BbBQMb U2X;X

`2TH�+BM; �M 2M2`;v BM2{+B2Mi `27`B;2`�iQ`VX

AM Bib }M�H bi2T- S�*J�L H2�`Mb i?2 i?2`K�H KQ/2H mbBM; i?2 +QHH2+i2/ `QQK i2KT2`�@

im`2 �M/ r2�i?2` +QM/BiBQMbX h?2 H2�`M2/ i?2`K�H KQ/2H T`2b2Mib i?2`KQ/vM�KB+ T`QT2`iB2b

Q7 i?2 bm``QmM/BM;X Ai +�M #2 mb2/ iQ /2i2+i �#MQ`K�H #2?�pBQ` Q7 i?2 Q++mT�Mib U2X;X QT2M

rBM/QrV Q` i?2 �TTHB�M+2 U2X;X �* +QM/2Mb2` rQ`FBM; BKT`QT2`HvVX

h?2 T`BK�`v +QMi`B#miBQM Q7 Qm` rQ`F Bb iQ T`QpB/2 BM7Q`K�iBp2 722/#�+F QM 2M2`;v

2{+B2Mi mb�;2 Q7 �* #v /2p2HQTBM; � i?2`K�H KQ/2H mbBM; 2�bv@iQ@+QHH2+i i2KT2`�im`2 /�i�X

1ti2MbBQM iQ Qi?2` mb2@+�b2b bm+? �b �MQK�Hv /2i2+iBQM- �miQK�i2/ +QMi`QH- �M/ BKT`Qp2/

/Bb�;;`2;�iBQM Bb H27i 7Q` 7mim`2 rQ`FX

kX9 avbi2K �`+?Bi2+im`2

q2 /2bB;M2/ S�*J�L iQ KQ/2H �* TQr2` +QMbmKTiBQM mbBM; `QQK i2KT2`�im`2 �M/

r2�i?2` BM7Q`K�iBQM iQ QmiTmi �+iBQM�#H2 BMbB;?ib 7Q` i?2 Q++mT�Mib �i bm++2bbBp2 T?�b2b

U7`QK T`2/B+iBQM iQ 2biBK�iBQMV Q7 �* mb�;2X E22TBM; BM KBM/ i?2 KQ/mH�`Biv �M/ 2ti2MbB@

#BHBiv Q7 i?2 S�*J�L- r2 T�`iBiBQM2/ Bi BMiQ i?`22 K�DQ` +QKTQM2Mib M�K2Hv S�*J�L@G-

S�*J�L@S- �M/ S�*J�L@1M;BM2X Ai rQ`Fb �b � #�+F2M/ b2`pB+2 +�T�#H2 Q7 bmTTQ`iBM;

p�`BQmb +QKK2`+B�H /2pB+2b (R8k- R93) T`QpB/BM; i?2B` QrM KQ#BH2 7`QMi@2M/bX

S�*J�L@G miBHBx2b i?2 b2i i2KT2`�im`2- `QQK i2KT2`�im`2- �M/ r2�i?2` +QM/BiBQMb-

/m`BM; �M �* mb�;2- iQ H2�`M i?2 7QHHQrBM; i?2`K�H T�`�K2i2`b 7Q` i?2 `QQK,

RX *QQHBM; _�i2, h?2 `�i2 �i r?B+? �* /BbbBT�i2b ?2�i 7`QK i?2 `QQKX

kX G2�F�;2 _�i2, h?2 `�i2 �i r?B+? `QQK ;2ib ?2�i2/ #2+�mb2 Q7 Bib bi`m+im`2 �M/ i?2`K�H

BMbmH�iBQMX h?2 bi`m+im`2 BM+Hm/2b p�`BQmb 7�+iQ`b bm+? �b i?2 MmK#2` Q7 rBM/Qrb- �`2�

Q7 i?2 `QQK �M/ K�i2`B�H Q7 i?2 r�HHbX

jX h?2`K�H LQBb2, o�`B�iBQMb BM i?2 `QQK i2KT2`�im`2 /m2 iQ mMFMQrM 7�+iQ`b- bm+? �b
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U�V _�r lb�;2 U#V *Hmbi2`BM; U+V 1p2Mi .2i2+iBQM �M/
J�i+?BM;

U/V 6BM�H _2bmHi

6B;m`2 k@j, AHHmbi`�iBQM 7Q` 2biBK�iBQM Q7 �* bi�i2 mbBM; i?2 `QQK i2KT2`�im`2 /�i� ;QBM;
i?`Qm;? p�`BQmb bi�;2b UG27i iQ _B;?iVc U�V a�KTH2 mb�;2 7`QK �M �T�`iK2Mi- U"V ∆h�+i
�HQM; rBi? /2i2+i2/ +Hmbi2`b 7Q` i?2 mb�;2- U*V 1p2Mi /2i2+iBQM �M/ K�i+?BM; �7i2` }Hi2`BM;
QMHv RampUp UbB;MB}+�Mi BM+`2�b2 BM i2KT2`�im`2V �K/ RampDown UbB;MB}+�Mi /2+`2�b2
BM i2KT2`�im`2V 2p2Mib- U.V 1biBK�i2/ �* bi�i2 rBi? �+im�H TQr2` +QMbmKTiBQM Q7 �*

QT2M rBM/Qr- ?2�i 2t+?�M;2 rBi? Qi?2` �TTHB�M+2b- T`2b2Mi BM i?2 `QQKX

S�*J�L@G �HbQ 2biBK�i2b i?2 �* 2M2`;v +QMbmKTiBQM mbBM; i?2 i2KT2`�im`2 /�i�- +QH@

H2+i2/ �i i?2 2M/ Q7 2�+? �* mb�;2X

S�*J�L@S Bb i?2 T`2/B+iBQM +QKTQM2Mi T`QpB/BM; 2M2`;v +QMbmKTiBQM �i p�`BQmb b2i

i2KT2`�im`2b- +QMbB/2`BM; r2�i?2` 7Q`2+�bi 7Q` i?�i /m`�iBQMX q?2M i?2 �* Bb brBi+?2/ QM-

S�*J�L@S i�F2b �b BMTmi i?2 b2i i2KT2`�im`2- i?2`K�H T�`�K2i2`b H2�`M2/ 7`QK ?BbiQ`B+�H

mb�;2b �M/ r2�i?2` 7Q`2+�bi iQ i?2M T`2/B+i i?2 �* 2M2`;v +QMbmKTiBQM T`BQ` iQ mb�;2X

S�*J�L@1M;BM2 Bb �M �/KBMBbi`�iBp2 +QKTQM2Mi i?�i +QMi`QHb Qi?2` 2H2K2Mib Q7

S�*J�L �M/ BMi2`�+ib rBi? r2�i?2` b2`pB+2 iQ 2ti`�+i r2�i?2` /�i� 7Q` i?2KX

kX8 avbi2K AKTH2K2Mi�iBQM

S�*J�L Bb BKTH2K2Mi2/ BM Svi?QM r?BH2 miBHBxBM; b2p2`�H HB#`�`B2b bmTTQ`iBM; K�+?BM2

H2�`MBM; iQQHb U2X;X S�M/�b �M/ b+BFBi@H2�`MVX q2 MQr /Bb+mbb i?2 BKTH2K2Mi�iBQM /2i�BHb

7Q` 2�+? +QKTQM2Mi Q7 S�*J�L- �b QmiHBM2/ BM a2+iBQM kX9X

kX8XR S�*J�L@G

�b i?2 Q++mT�Mi brBi+?2b Qz i?2 �*- S�*J�L@G ;�i?2`b i?2 iBK2 �MMQi�i2/ `QQK �M/

QmibB/2 i2KT2`�im`2 /�i� K2�bm`2/ �i � KBbK�i+?2/ b�KTHBM; `�i2 7Q` i?2 /m`�iBQM Ud =

tQ77− t(0)- r?2`2 t(0), tQ77 �`2 i?2 iBK2bi�KTb r?2M �* r�b brBi+?2/ QM �M/ Qz `2bT2+iBp2HvV
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�H;Q`Bi?K R, �H;Q`Bi?K iQ 2biBK�i2 �* bi�i2
AMTmi, t(0)- toff - h�+i
PmiTmi, a2bi

.�i� AMBiB�HBx�iBQM,
7Q` t← t(1) iQ toff /Q

∆(t)
Tact
← T (t)

act − T (t−1)
act

f E@J2�M +Hmbi2`BM; rBi? j +Hmbi2`b  f
*Hmbi2`BM;,
[C1, C2, C3] ← E@J2�MU∆h�+i - jV
E1 ← JBMU[C1, C2, C3]V ff RampDown 1p2Mi
E2 ← J�tU[C1, C2, C3]V ff RampUp 1p2Mi
f .2i2+i �* bi�i2 QM H�#2H2/ b2`B2b  f
1p2Mi .2i2+iBQM,
St0
est ← 1 ff �* bi�i2 �i bi�`i Q7 mb�;2

+m``n2p2Mi ← E1 ff *m``2Mi 2p2Mi
b2�`+? ← E2 ff L2ti 2p2Mi iQ /2i2+i
7Q` t← t(1) iQ toff /Q

B7 C(∆(t)
Tact

) == search i?2M
+m``n2p2Mi ← b2�`+?c
B7 b2�`+? 44 E2 i?2M S(t)

est ← 0- b2�`+? ← E1 c
2Hb2 S(t)

est ← 1- b2�`+? ← E2 c
2Hb2 _2i�BM T`2pBQmb bi�i2 �M/ 2p2Mi c

�* r�b QM �i b2i i2KT2`�im`2 UTsetVX hQ iBK2 �HB;M- i?Bb KQ/mH2 `2b�KTH2b i?2 +QHH2+i2/ /�i�

iQ R `2�/BM; 2p2`v k KBMmi2b �M/ BMi2`TQH�i2b i?2 KBbbBM; p�Hm2b mbBM; HBM2�` BMi2`TQH�iBQMRX

1biBK�iBQM

6B;m`2 k@j� 2t?B#Bib i?2 +Q``2H�iBQM #2ir22M i?2 `QQK i2KT2`�im`2 �M/ �* TQr2` +QM@

bmKTiBQMX �b i?2 `QQK �+?B2p2b � i2KT2`�im`2 TQ77- +HQb2 iQ Tset Uk9◦*V- i?2 +QKT`2bbQ`

im`Mb Qz `2bmHiBM; BM �M BM+`2�b2 BM i?2 `QQK i2KT2`�im`2X q?2M i?2 `QQK i2KT2`�im`2

BM+`2�b2b #2vQM/ � i?`2b?QH/- Ton Ui?Bb i?`2b?QH/ p�`B2b 7Q` /Bz2`2Mi �* �M/ i?2B` b2i i2K@

T2`�im`2bV- i?2 +QKT`2bbQ` Bb im`M2/ QM �;�BM- �M/ i?2 `QQK i2KT2`�im`2 bi�`ib /2+`2�bBM;X

�b � `2bmHi- i?2 `QQK i2KT2`�im`2 F22Tb ~m+im�iBM; �`QmM/ Tset `2bmHiBM; BM KmHiBTH2 +QK@

T`2bbQ` +v+H2b /m`BM; �M �* mb�;2X h?mb- r2 �bbmK2 �M �* iQ #2 � /2pB+2 rBi? irQ@bi�i2b

M�K2Hv Ub22 6B;m`2 k@9�Vc URV *QKT`2bbQ` PM UConV- �M/ UkV *QKT`2bbQ` Pz UCQ77V- r?2`2

i`�MbBiBQM /2T2M/b mTQM Ton- TQ77- h�+i- �M/ ∆h�+i /2}M2/ �b ∆(t)
Tact

= T (t)
act − T (t−1)

act X T (t)
act

R?iiTb,ff2MXrBFBT2/B�XQ`;frBFBfGBM2�`nBMi2`TQH�iBQM

8k



U�V ai�i2 i`�MbBiBQM /B�;`�K Q7 �* U#V �* ai�i2 *H�bbB}+�iBQM

6B;m`2 k@9, �* �b irQ bi�i2 /B�;`�K rBi? TQbbB#H2 i`�MbBiBQMb UG27iVX ∆h�+i �M/ ∆hb2i
bm{+B2Mi 72�im`2b iQ +H�bbB7v �* bi�i2 r?BH2 H2�`MBM; �M/ T`2/B+iBM; U_B;?iVX q?Bi2 /Qi
BM/B+�i2b Con- r?BH2 #H�+F /Qi BM/B+�i2b CQ77 bi�i2X

Bb i?2 `QQK i2KT2`�im`2 �M/ ∆(t)
Tact

bB;MB}2b �M BM+`2�b2 Q` /2+`2�b2 BM `QQK i2KT2`�im`2

�i tth iBK2 BMbi�M+2X q2 Q#b2`p2/ 7`QK Qm` /�i�b2i i?�i /m`BM; bi�i2 i`�MbBiBQM i?2`2 Bb �

bm//2M /2+`2�b2 URampDownV �M/ BM+`2�b2 URampUpV BM `QQK i2KT2`�im`2 +Q``2bTQM/BM;

iQ Con �M/ CQ77 bi�i2b `2bT2+iBp2Hv U6B;m`2 k@j#VX G2p2`�;BM; QM i?Bb Q#b2`p�iBQM- r2 `mM

E@J2�Mbk +Hmbi2`BM; Qp2` ∆h�+i - iQ B/2MiB7v RampUp �M/ RampDown 2p2Mib rBi?BM i?2

mb�;2 7QHHQr2/ #v 2p2Mi K�i+?BM; U6B;m`2 k@j+V iQ /2i2+i +Q``2bTQM/BM; �* bi�i2 �i �Mv

iBK2 /m`BM; i?2 mb�;2X S�*J�L@G mb2b 2biBK�iBQM �H;Q`Bi?K U�H;Q`Bi?K RV iQ QmiTmi

a2bi- � p2+iQ` Q7 y UCQ77V �M/ R UConV BM/B+�iBM; �* bi�i2 �i �Mv TQBMi /m`BM; i?2 mb�;2X

1M2`;v = Prated ×
(
∑tQ77

t=t(0) S
(t) − 1)

60
× 2 UkXRV

1[m�iBQM kXR K�Tb �* bi�i2 UaV iQ �M 2biBK�i2 Q7 �* 2M2`;v +QMbmKTiBQM U1M2`;v BM

KWhV mbBM; i?2 `�i2/ TQr2` UPrated BM KW V K2MiBQM2/ #v i?2 �* K�Mm7�+im`2`X

kh?Qm;? r2 �`2 �r�`2 i?�i E@J2�Mb +Hmbi2`BM; Bb b2MbBiBp2 iQ i?2 QmiHB2`bc rBi? T`BQ` FMQrH2/;2 �#Qmi
i?2 MmK#2` Q7 /BbiBM+i bT?2`B+�H +Hmbi2`b UF4jV �M/ HBKBi2/ /�i� bBx2 rBi?BM �M �* mb�;2- r2 7QmM/ E@J2�Mb
iQ #2 KQbi 2z2+iBp2 +Hmbi2`BM; i2+?MB[m2 7Q` i?2 S�*J�LX
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G2�`MBM;

h?2 +QMi`QH +B`+mBi`v 7Q` � T�`iB+mH�` �* mb2b Bib b2i i2KT2`�im`2 iQ brBi+? i?2 +QKT`2bbQ`

bi�i2X >Qr2p2`- i?2 `QQK i2KT2`�im`2 U�b Q#b2`p2/ �i �MQi?2` HQ+�iBQM BM � `QQK- �M/

mb2/ BM S�*J�L@GV +Q``2bTQM/BM; iQ i?2 +QKT`2bbQ` QM Q` Qz BMbi�M+2- /2pB�i2b 7`QK

i?2 i2KT2`�im`2 b22M #v �* U6B;m`2 k@R�VX hQ bBKTHB7v i?Bb +QKTH2t BMi2`/2T2M/2M+2

#2ir22M Tact �M/ Tset- r2 H2�`M �M �* bi�i2 +H�bbB}2` Qp2` ∆h�+i �M/ ∆hb2i U/2}M2/ �b

∆(t)
Tset

= T (t)
act − TsetV- bm{+B2Mi iQ +H�bbB7v �* bi�i2 U6B;m`2 k@9#VX q2 mb2 _�M/QK 6Q`2bi

*H�bbB}2` U_.6V �b �* bi�i2 +H�bbB}2` Qp2` ∆h�+i = {∆t(1)
Tact

,∆t(2)
Tact

,∆t(3)
Tact

, ...} �M/ ∆hb2i =

{∆t(1)
Tset

,∆t(2)
Tset

,∆t(3)
Tset

, ...} mbBM; � Tvi?QM HB#`�`v (Rjy)X

L2ti r2 H2�`M Qm` i?2`K�H KQ/2H- r?B+? Bb �M �/�Ti2/ p2`bBQM Q7 2�`HB2` T`2b2Mi2/

KQ/2H (R9k)X _QQK i2KT2`�im`2 UTactV �i �Mv iBK2 BMbi�M+2 /2T2M/b mTQM MmK2`Qmb 7�+iQ`b

�b /Bb+mbb2/ BM T`2pBQmb b2+iBQMbX >Qr2p2`- r2 2tTHB+BiHv +QMbB/2`2/ i?2 2z2+i Q7 �* +QQHBM;

�M/ 2ti2`M�H i2KT2`�im`2 7Q` Qm` i?2`K�H KQ/2H U1[m�iBQM kXkV- r?BH2 �++QmMiBM; 7Q` �HH

Qi?2` /vM�KB+ 7�+iQ`b �b i?2`K�H MQBb2 BM i?2 `QQKX

∆(t+1)
Tact

= α ∗ (T (t)
act − T (t)

ext) + β ∗ S(t)
est + γ ∗ T (t)

est + ϵ UkXkV

T (t)
ext Bb i?2 2ti2`M�H i2KT2`�im`2 �M/ S(t)

est /2TB+ib 2biBK�i2/ �* bi�i2- �i i?2 tth BMbi�M+2 Q7

i?2 �* mb�;2X G2�`M2/ T�`�K2i2`b Q7 i?2 KQ/2H �`2c URV G2�F�;2 _�i2 UαV- UkV *QQHBM; _�i2

UβV- UjV h?2`K�H MQBb2 /m2 iQ 2ti2`M�H bQm`+2b UγV- �M/ U9V h?2`K�H MQBb2 /m2 iQ BMi2`M�H

bQm`+2b UϵVX hQ H2�`M mMFMQrM T�`�K2i2`b Uθ = {α,β, γ, ϵ}V- r2 }`bi +QKTmi2 /2T2M/2Mi

p�`B�#H2b U∆(t+1)
Tact

V �M/ BM/2T2M/2Mi p�`B�#H2b ((T (t)
act − T (t)

ext), S
(t)
est, T

(t)
ext) 7Q` T`2pBQmb n `2+2Mi

mb�;2b �M/ i?2M mb2 HBM2�` `2;`2bbBQM iQ H2�`M i?2 mMFMQrM T�`�K2i2`bX

kX8Xk S�*J�L@S

S�*J�L +�Tim`2b �* b2i i2KT2`�im`2 7`QK i?2 Q++mT�Mi- iQ;2i?2` rBi? ?2` HQ+�iBQM- iQ

T`2/B+i �* 2M2`;v +QMbmKTiBQM 7Q` dpred- i?2 iBK2 /m`�iBQM 7Q` r?B+? Q++mT�Mi r�Mib iQ

T`2/B+iX "v /27�mHi- S�*J�L@S T`2/B+ib 7Q` � /m`�iBQM r?B+? Bb �p2`�;2 Q7 �HH ?BbiQ`B+�H

mb�;2bX 6Q` i?2 b�F2 Q7 2p�Hm�iBQM Tm`TQb2 r2 �bbmK2 dpred = d 7Q` 2p2`v mb�;2X

�H;Q`Bi?K k T`2b2Mib Qm` T`2/B+iBQM �H;Q`Bi?K iQ T`2/B+i `QQK i2KT2`�im`2 UhT`2/V

�M/ �* bi�i2 UaT`2/V #27Q`2 mbBM; i?2 �B` +QM/BiBQM2`X S`2/B+iBQM �H;Q`Bi?K mb2b T�`�K2i2`

p2+iQ`- θ = {α,β, γ, ϵ} H2�`M2/ Qp2` `2+2Mi n ?BbiQ`B+�H mb�;2b- +m``2Mi `QQK i2KT2`�im`2
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�H;Q`Bi?K k, �H;Q`Bi?K iQ T`2/B+i hT`2/ �M/ aT`2/

AMTmi, T (0)
act - Tset- dpred- θ- h2ti

PmiTmi, hT`2/- aT`2/

f *m``2Mi h2KT2`�im`2 �M/ �* ai�i2  f
.�i� AMBiB�HBx�iBQM,
T (0)
pred = T t(0)

act c
S(0)
pred = 1 c

f S`2/B+i ∆h�+i �M/ �* bi�i2  f
S`2/B+iBQM GQQT,
7Q` t← t(0) iQ toff /Q

∆(t+1)
Tact

= α ∗ (T (t)
pred − T (t)

ext) + β ∗ S(t)
pred + γ ∗ T (t)

ext + ϵc
T (t+1)
pred = T (t)

pred +∆(t+1)
Tact

c
∆(t+1)

Tset
= T (t+1)

pred − Tsetc
S(t+1)
pred = RDF (∆(t+1)

Tact
,∆(t+1)

Tset
)c

UT t(0)
act V- �* b2i i2KT2`�im`2 UTsetV- T`2/B+iBQM /m`�iBQM UdpredV �M/- r2�i?2` 7Q`2+�bi Uh2tiV

�b BMTmi iQ }`bi T`2/B+i ∆h�+i X h?2M Bi mb2b H2�`M2/ �* bi�i2 +H�bbB}2` U_.6V �HQM; rBi?

∆h�+i iQ T`2/B+i �* bi�i2 UaT`2/V 7Q` i?2 2MiB`2 T`2/B+iBQM /m`�iBQM UdpredVX

kX8Xj S�*J�L@1M;BM2

S�*J�L@1M;BM2 mb2b qmM/2`;`QmM/j 7Q` r2�i?2` 7Q`2+�bi- ?BbiQ`B+�H r2�i?2` /�i� �M/

`2�H iBK2 mT/�i2 Q7 QmibB/2 i2KT2`�im`2X Ai �HbQ K�M�;2b H2�`M2/ KQ/2Hb 7`QK ?BbiQ`B+�H

mb�;2b �HQM; rBi? K2i� BM7Q`K�iBQM bm+? �b d- T t(0)
act - T t(0)

ext - Tset �M/ p�`BQmb Qi?2` bi�iBbiB+b

`2H�i2/ iQ T`2/B+iBQM �M/ 2biBK�iBQM 7Q` 2p2`v �* mb�;2X

kXe 1p�Hm�iBQM

q2 +QM/m+i2/ �M BM@bBim bim/v BM b2p2M /Bz2`2Mi `QQKb Q7 b2p2M ?QK2b Qp2` � T2`BQ/ Q7

�TT`QtBK�i2Hv i?`22 KQMi?bX .m`BM; Qm` /�i� +QHH2+iBQM- r2 +QHH2+i2/ `QQK i2KT2`�im`2-

TQr2` +QMbmKTiBQM- �M/ 2ti2`M�H i2KT2`�im`2 /�i� rBi?Qmi BMi2`72`BM; Q++mT�MibǶ /�BHv

b+?2/mH2X 6`QK 2�+? ?QK2- r2 +QHH2+i2/ /�i� BM /Bz2`2Mi iBK2 BMi2`p�Hb �+`Qbb i?`22 KQMi?bX

q2 mb2/ TQr2` +QMbmKTiBQM /�i� �b ;`QmM/ i`mi? 7Q` i?2 2p�Hm�iBQM Tm`TQb2X h�#H2 kXR

bmKK�`Bx2b 2MpB`QMK2Mi Q7 i?2 b2p2M `QQKb rBi? i?2B` �* bT2+B}+�iBQMbX
j?iiT,ffrrrXrmM/2`;`QmM/X+QKf
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1tT2`BK2Mi�H a2imT �B` *QM/BiBQM2` h2+?MB+�H aT2+B}+�iBQMb _QQK aT2+B}+�iBQMb
OA. O.�vb lb2/

a2i
SQBMib

JQ/2H hQMM�;2 _�i2/
SQr2`
Uq�iibV

6HQQ`
�`2�
Ub[XKiV

qBM/Qr
qB/i?
UKiV

P++mT�M+v 6HQQ`

R R8 kd- k3 P@:2M2`�H �sw"R3:LG@q RX8 kR3y kyXye k R@k kfk
k N ky- kj- ke P@:2M2`�H RX8 kR3y RjXk k k@j kfRk
j Rj k8- ke- kd >Bi�+?B _�l8R3>h. RX8 R8dy kyXye k R@k 8fRk
9 9R k3 >�B2` >q@R3Gk>fkyRj RX8 RN8y kyXye k R@k 8fRk
8 N k8 *�``B2` :q_�* yR3._yyk RX8 RN8y RjXk k j@9 efRk
e Rk k3- kN G: G@*`2b+2Mi RX8h_ 8@

ai�`
RX8 Reyy kyXye k R@k dfRk

d N R3- k8 >Bi�+?B _�o8R3>h. RX8 R8d8 kyXye k R@k NfRk

h�#H2 kXR, q2 +QHH2+i2/ /�i� 7`QK b2p2M `QQKbX a2+QM/ +QHmKM `2T`2b2Mib MmK#2` Q7
/�vb r2 +QHH2+i2/ i?2 /�i�- i?B`/ +QHmKM b?Qrb p�`BQmb Tset mb2/ /m`BM; i?2 bim/vX �*
i2+?MB+�H bT2+B}+�iBQMb �`2 �b bmTTHB2/ #v i?2 K�Mm7�+im`2`X _QQK bT2+B}+�iBQMb- i?�i
BKT�+i i?2`K�H KQ/2HBM;- BM+Hm/2b Q++mT�M+v /2MQiBM; �p2`�;2 O Q7 Q++mT�Mib BM i?2 `QQK
�M/ ~QQ` `�iBQ `2T`2b2MiBM; T`QTQ`iBQM Q7 `QQKǶb ~QQ` MmK#2` iQ iQi�H ~QQ`b BM i?2 #mBH/BM;

kXeXR 1tT2`BK2Mi�H a2imT

q2 BMi2`7�+2/ � i2KT2`�im`2 b2MbQ` 7`QK J�tBK9 U�++m`�+v ±0.5◦*V Qp2` � bBM;H2 #Q�`/

+QKTmi2`8 iQ `2+Q`/ `QQK i2KT2`�im`2 /�i� �i R>xX 1�+? ?QK2 ?�/ � i?`22 T?�b2 TQr2`

bmTTHv rBi? � +H2�` FMQrH2/;2 Q7 i?2 T?�b2 bmTTHvBM; TQr2` iQ i?2 �*X lbBM; KQ/#mb

2M�#H2/ bK�`i 2H2+i`B+Biv K2i2`- r2 2ti`�+i2/ i?2 �* TQr2` +QMbmKTiBQM 7`QK i?2 T?�b2

H2p2H TQr2` +QMbmKTiBQMX q2 `2+Q`/2/ r2�i?2` +QM/BiBQMb mbBM; qmM/2`;`QmM/ �SA i?�i

T`QpB/2/ irQ `2�/BM;b Q7 ?BbiQ`B+�H r2�i?2` BM7Q`K�iBQM 7Q` 2p2`v ?Qm` �M/ QM2 `2�/BM; Q7

r2�i?2` 7Q`2+�bi 2p2`v ?Qm`X "2bB/2b- r2 �HbQ +QHH2+i2/ mb�;2 `2H�i2/ BM7Q`K�iBQM bm+? �b

iBK2 �i r?B+? �* r�b brBi+?2/ QM �M/ brBi+?2/ Qz �HQM; rBi? b2i i2KT2`�im`2 Q7 �*

7Q` i?�i mb�;2 7`QK i?2 Q++mT�MibX .m`BM; i?Bb BM@bBim /2THQvK2Mi- r2 `2+Q`/2/ �p2`�;2

2ti2`M�H i2KT2`�im`2 iQ #2 k3◦*- rBi? i?2 KBMBKmK �i k8◦* �M/ K�tBKmK �i jj◦*X

kXeXk 1p�Hm�iBQM *`Bi2`B�

lbBM; 1[m�iBQM kXj �M/ kX9- r2 2p�Hm�i2 i?2 T2`7Q`K�M+2 Q7 S�*J�L BM 2biBK�iBM; UEestV

�M/ T`2/B+iBM; UEpredV �* 2M2`;v +QMbmKTiBQM r?2M +QKT�`2/ rBi? �+im�H 2M2`;v +QM@

bmK2/ UEactV- +QHH2+i2/ 7Q` 2p�Hm�iBQM Tm`TQb2X

Eerror
est/pred =

Eest/pred − Eact

Eact
× 100 UkXjV

9?iiT,ff/�i�b?22ibXK�tBKBMi2;`�i2/X+QKf2Mf/bf.aR3"kyXT/7
8?iiT,ffrrrX`�bT#2``vTBXQ`;f
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U�V a2MbQ` pfb q2#bBi2 U#V >BbiQ`B+�H pfb 6Q`2+�bi

6B;m`2 k@8, o�HB/�iBQM Q7 /Bz2`2Mi /�i�b2ib mb2/ 7Q` i?2 2KTB`B+�H 2p�Hm�iBQM Q7 S�*J�LX

r?BH2- T`2/B+iBQM �++m`�+v �b,

Eacc
est/pred = 100− |Eerror

est/pred| UkX9V

r?2`2- Eerror
est/pred Bb i?2 2``Q` BM 2biBK�iBM;fT`2/B+iBM; �* 2M2`;v +QMbmKTiBQM �M/ Eacc

est/pred

/2MQi2b 2biBK�iBQMfT`2/B+iBQM �++m`�+v Q7 �* 2M2`;v +QMbmKTiBQMX

kXeXj .�i� o�HB/�iBQM

.�i�b2ib mb2/ �b T`Qtv- 2X;X r2�i?2` /�i� 7`QK r2�i?2` b2`pB+2 �b � T`Qtv 7Q` 2ti2`M�H

i2KT2`�im`2 �M/ ?BbiQ`B+�H 2ti2`M�H i2KT2`�im`2 7Q` i?2 r2�i?2` 7Q`2+�bi- �`2 p�HB/�i2/ 7Q`

i?2B` �++m`�+v #27Q`2 mbBM; 7Q` i?2 2p�Hm�iBQM Tm`TQb2X hQ p�HB/�i2 i?2 �++m`�+v Q7 2ti2`M�H

i2KT2`�im`2 /�i� �b T`QpB/2/ #v r2�i?2` b2`pB+2- r2 `2+Q`/2/ i2KT2`�im`2 BM Qm` +�KTmb

7Q` 72r /�vbX 6Q` i?2 b�K2 /m`�iBQM- r2 2ti`�+i2/ ?BbiQ`B+�H r2�i?2` /�i� 7`QK i?2 r2�i?2`

b2`pB+2X _2bmHib U6B;m`2 k@8�V b?Qr i?�i i?2 ?BbiQ`B+�H i2KT2`�im`2 T`QpB/2/ #v i?2 r2�i?2`

b2`pB+2 Bb +HQb2 iQ i?2 �+im�H 2ti2`M�H i2KT2`�im`2 rBi? � K2�M �#bQHmi2 /2pB�iBQM UJ�.V Q7

yXj◦*X aBM+2 S�*J�L i�F2b r2�i?2` 7Q`2+�bi- 7`QK i?2 r2�i?2` b2`pB+2- 7Q` i?2 T`2/B+iBQM

Q7 �* 2M2`;v +QMbmKTiBQM- i?2 Eacc
pred /2T2M/b QM i?2 �++m`�+v Q7 i?2 r2�i?2` 7Q`2+�biX q2

+QHH2+i2/ #Qi? i?2 7Q`2+�bi2/ i2KT2`�im`2 �M/ ?BbiQ`B+�H i2KT2`�im`2 7`QK i?2 r2#bBi2 7Q`

i?2 /m`�iBQM Q7 j9 ?Qm`b �M/ Q#b2`p2/ �M J�. Q7 yX3◦*- �b b?QrM BM 6B;m`2 k@8#X

8d



U�V 6@a+Q`2b U#V *QM7mbBQM J�i`Bt

6B;m`2 k@e, S�*J�L �+?B2p2/ ?B;?2` 6@a+Q`2b �+`Qbb �HH i?2 `QQKb 2t+2Ti 7Q` i?2 QM2 rBi?
BKT`QT2` b2MbQ` TQbBiBQMBM; U2X; _QQK@eVX Ai +H�bbB}2/ K�DQ`Biv T2`+2Mi�;2 Q7 Con 2p2Mib
U3yWV r?2M �p2`�;2/ �+`Qbb �HH i?2 `QQKb

kXeX9 �M�HvbBb Q7 �* ai�i2 .2i2+iBQM /m`BM; 1biBK�iBQM

h?2 T2`7Q`K�M+2 Q7 S�*J�L BM 2biBK�iBM; �* 2M2`;v +QMbmKTiBQM /2T2M/b mTQM i?2

�++m`�i2 +H�bbB}+�iBQM Q7 �* bi�i2 �i �Mv iBK2 BMbi�M+2 /m`BM; i?2 mb�;2X h?2 `2bmHi U6B;@

m`2 k@eV b?Qr i?�i i2KT2`�im`2 /�i� Bb bm{+B2Mi iQ 2biBK�i2 �* bi�i2 �i �Mv BMbi�M+2 Q7

iBK2 rBi? �M �p2`�;2 6@a+Q`2 Q7 3yXyW �+`Qbb �HH i?2 `QQKb �M/ i?2 #2bi 6@b+Q`2 #2BM;

N9X8WX q2 Q#b2`p2/ � TQQ` +H�bbB}+�iBQM �++m`�+v 7Q` _QQK@e- r?2`2 b2MbQ` r�b F2Ti 7�`

�r�v 7`QK i?2 �*X h?Bb BMi`Q/m+2/ � H�; #2ir22M i?2 �+im�H �M/ T`2/B+i2/ p�Hm2b H2�/BM;

iQ TQQ` 6@a+Q`2b #mi /2+2Mi T`2/B+iBQM �M/ 2biBK�iBQM �++m`�+vX >Qr2p2`- +H�bbB}+�iBQM

�++m`�+v +�M #2 BKT`Qp2/ BM bm+? b+2M�`BQb #v F22TBM; b2MbQ` +HQb2 iQ i?2 �*X q2 �HbQ

+QKT�`2/ Qm` �TT`Q�+? rBi? � `�M/QK #B�b �TT`Q�+?- BX2X �bbmKBM; �* bi�i2 iQ #2 Con

�Hr�vb U6B;m`2 k@d�V 2t+2Ti 7Q` irQ iBK2 BMbi�M+2bc URV "27Q`2 Q++mT�Mi brBi+?2b QM i?2 �*-

UkV �7i2` Q++mT�Mi brBi+?2b Qz i?2 �*X >Qr2p2`- bm+? � M�Bp2 �TT`Q�+? ?�/ +QKT�`�#H2

7@b+Q`2 #mi ?B;? MmK#2` Q7 7�Hb2 TQbBiBp2b �M/ i?mb TQQ` T`2/B+iBQM �++m`�+v UEacc
predVX

kXeX8 a2MbBiBpBiv �M�HvbBb

S�*J�L H2�`Mb 7`QK ?BbiQ`B+�H n mb�;2b iQ T`2/B+i 7Q` i?2 (n + 1)th mb�;2X hQ b2H2+i

i?2 p�Hm2 Q7 n- r2 K2�bm`2/ i?2 �p2`�;2 T`2/B+iBQM �++m`�+v r?BH2 p�`vBM; Bib p�Hm2 iBHH R8

U6B;m`2 k@d#VX q2 Q#b2`p2/ i?�i �p2`�;2 T`2/B+iBQM �++m`�+v Qp2` �HH i?2 `QQKb U/Qii2/
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U�V S�*J�L pfb _�M/QK "B�b U#V �++m`�+v bi�#BHBx2b �i n = 10

6B;m`2 k@d, (k@d�) �Hi?Qm;? _�M/QK "B�b ?�/ +QKT�`�#H2 6@a+Q`2b #mi TQQ` T`2/B+iBQM
�++m`�+vX (k@d#) 6Q` n = 10 U`2+2Mi ?BbiQ`B+�H mb�;2bV- bvbi2K �+?B2p2/ i?2 T2�F p�Hm2

HBM2V �+?B2p2b T2�F �i Ry �M/ b?Qr BMbB;MB}+�Mi BKT`Qp2K2Mi #2vQM/ i?�iX h?mb- r2 mb2/

Ry `2+2Mi ?BbiQ`B+�H mb�;2b iQ H2�`M Qm` i?2`K�H KQ/2H iQ T`2/B+i 7Q` i?2 M2ti mb�;2X

kXeXe �M�HvbBb Q7 �* 1M2`;v 1biBK�iBQM � S`2/B+iBQM �++m`�+v

q2 2p�Hm�i2 i?2 2biBK�iBQM �M/ T`2/B+iBQM �++m`�+v Q7 S�*J�L 7Q` 2�+? `QQK UrBi? /B7@

72`2Mi +QK#BM�iBQM Q7 `QQK �M/ �* bT2+B}+�iBQMbV- 2�+? b2i i2KT2`�im`2 �+`Qbb /Bz2`2Mi

?QK2b �M/ �*b- �M/ �+`Qbb /Bz2`2Mi �* K�Mm7�+im`2`b iQ mM/2`bi�M/ i?2 ;2M2`�H �TTHB+�@

#BHBiv Q7 S�*J�L �+`Qbb /Bp2`b2 mb�;2bX 6B;m`2 k@3� T`2b2Mib i?2 p�`B�iBQM BM 2biBK�iBQM

Q7 �* 2M2`;v +QMbmKTiBQM- mbBM; `QQK i2KT2`�im`2 /�i�- �+`Qbb �HH i?2 `QQKbX aBKBH�`Hv-

6B;m`2 k@3/ T`2b2Mib #Qt THQi 7Q` `QQK H2p2H T`2/B+iBQM �++m`�+v BM 2M2`;v 7Q`2+�bi Q7 �*

mb�;2X q2 `2+Q`/2/ �M 2biBK�iBQM �++m`�+v Q7 38XjW U"2bi@NdXyWV �M/ T`2/B+iBQM �++m`�+v

Q7 3jXdW U"2bi@NjXjWV r?2M �p2`�;2/ Qp2` �HH i?2 `QQKbX 6m`i?2`- /m`BM; Qm` 2tT2`BK2Mi-

Q++mT�Mib mb2/ �* �i p�`BQmb b2i i2KT2`�im`2b- �b b?QrM BM *QHmKM j Q7 h�#H2 kXRX 6B;@

m`2 k@32 �M/ k@3# b?Qrb i?�i M2Bi?2` i?2 2biBK�iBQM �M/ MQ` i?2 T`2/B+iBQM r2`2 #B�b2/

iQ � bT2+B}+ b2i i2KT2`�im`2b- 7Q` �HH i?2 `QQKbX 6Q` 2t�KTH2- bBM+2 R3◦* r�b mb2/ QMHv

7Q` _QQK@d- Bib p�`B�iBQM BM 2biBK�iBQM �M/ T`2/B+iBQM �++m`�+v Bb bBKBH�`X �+`Qbb �HH i?2

b2i i2KT2`�im`2b- r2 Q#b2`p2/ i?�i i?2 �p2`�;2 T`2/B+iBQM �++m`�+v r�b 3kX9W rBi? #2bi

�++m`�+v Q7 NjXkW- r?BH2 i?2 �p2`�;2 2biBK�iBQM �++m`�+v r�b 38XkW rBi? #2bi �++m`�+v Q7

RyyXyWX 6Q` T`2/B+iBQM- r2 ?�/ 72r b2i i2KT2`�im`2b �b Bi 2t+Hm/2b i?Qb2 TQBMib i?�i r2`2
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U�V _QQK qBb2 U#V a2i h2KT2`�im`2 qBb2 U+V J�Mm7�+im`2` qBb2

U/V _QQK qBb2 U2V a2i h2KT2`�im`2 qBb2 U7V J�Mm7�+im`2` qBb2

6B;m`2 k@3, *QKT�`BbQM Q7 �* 2M2`;v 2biBK�iBQM (k@3�- k@3#- k@3+) �M/ T`2/B+iBQM (k@3/- k@32-
k@37) �++m`�+v #�b2/ QM p�`BQmb BM~m2M+BM; T�`�K2i2`b @ `QQK U7Q` i?2`K�H T`QT2`iB2bV- b2i
i2KT2`�im`2 U#2BM; /B`2+iHv mb2/ BM i?2 T`2/B+iBQM KQ/2HV �M/ �* K�Mm7�+im`2` UTQbbB#Hv
H2�/BM; iQ /Bz2`2Mi +QMi`QH K2+?�MBbKbVX

mb2/ 7Q` H2�`MBM; i?2 i?2`K�H KQ/2H BMBiB�HHvX h?2`2 r2`2 QMHv � bK�HH MmK#2` Q7 mb�;2b

�i bQK2 Q7 i?2 b2i i2KT2`�im`2b i?mb `2bmHiBM; BM bK�HH2` p�`B�iBQM BM T`2/B+iBQM �++m`�+v

7Q` bm+? i2KT2`�im`2 b2iiBM;bX 6B;m`2 k@3+ �M/ 6B;m`2 k@37 BHHmbi`�i2b 2M2`;v T`2/B+iBQM �M/

2biBK�iBQM �++m`�+v- `2bT2+iBp2Hv- #�b2/ QM p�`B�iBQMb BM i?2 KQ/2H Q7 �*b mb2/ BM Qm` 2t@

T2`BK2Mi�iBQMX q2 Q#b2`p2/ �M �p2`�;2 �++m`�+v Q7 39XRW �M/ 38XyW rBi? #2bi �++m`�+v Q7

NkXeW �M/ NjXjW 7Q` i?2 2biBK�iBQM �M/ T`2/B+iBQM Q7 �* 2M2`;v +QMbmKTiBQM- `2bT2+iBp2HvX

kXd *?�HH2M;2b �M/ .Bb+mbbBQM

S�*J�L Bb T`BM+BT�HHv /2bB;M2/ 7Q` `QQK H2p2H �*b �M/ ?2�pBHv /2T2M/b QM i?2 `QQK

i2KT2`�im`2X >Qr2p2`- `QQK i2KT2`�im`2 /2T2M/b mTQM p�`BQmb 7�+iQ`b bm+? �b b2MbQ`

TQbBiBQMBM;- MmK#2` Q7 Q++mT�Mib �M/ i?2B` �+iBpBiB2b- �KQM; Qi?2`bX AM i?Bb b2+iBQM- r2

�M�Hvb2 i?2 QmiHB2`b BM 2biBK�iBQM �M/ T`2/B+iBQM �++m`�+v Q7 S�*J�L- +�mb2/ T`BK�`@

ey



U�V ∆on U#V ∆Q77

6B;m`2 k@N, ∆on (k@N�) �M/ ∆Q77 (k@N#) p�`B2b �+`Qbb �HH i?2 `QQKb /m`BM; mb�;2bX

BHv 7`QK BKT2`72+i �TTHB+�#BHBiv Q7 i?2 i?2`K�H KQ/2HX h?Bb `2[mB`2 7m`i?2` `2b2�`+? BMiQ

BM+HmbBQM Q7 KmHiBTH2 i?2`KQ/vM�KB+ T`QT2`iB2b iQ 2M`B+? i?2 +m``2Mi KQ/2H #2BM; H2�`M2/X

kXdXR a2MbQ` SQbBiBQM

AM � b2T�`�i2 +QMi`QHH2/ 2tT2`BK2Mi- r2 BMbi�HH2/ 7Qm` /Bz2`2Mi i2KT2`�im`2 b2MbQ`b �i /B7@

72`2Mi HQ+�iBQMb BM i?2 `QQKX 6B;m`2 k@R� b?Qrb i?�i i2KT2`�im`2 b22M #v �* UGRV Bb p2`v

/Bz2`2Mi i?�M �K#B2Mi i2KT2`�im`2 �i Qi?2` HQ+�iBQMb UGk- Gj- G9VX h?2b2 p�`B�iBQMb BK@

T�+i 2biBK�iBQM �++m`�+v �b i2KT2`�im`2 /`QT M2�` i?2 �* UK�DQ` 7�+iQ` BM 2biBK�iBQM

�H;Q`Bi?KV Bb bB;MB}+�MiHv H�`;2` i?�M � HQ+�iBQM 7�`i?2` iQ �*X

�HbQ- �* +QMi`QH �H;Q`Bi?K /2T2M/b mTQM i?2 `2im`M �B` i2KT2`�im`2 i?�i /2pB�i2b 7`QK

`QQK i2KT2`�im`2 �i �Mv Qi?2` TQBMi BM i?2 `QQKX ∆on Bb i?2 i2KT2`�im`2 /Bz2`2M+2 #2ir22M

`QQK i2KT2`�im`2 �M/ +QKT`2bbQ` QM i2KT2`�im`2- TonX ∆Q77 Bb i?2 /Bz2`2M+2 #2ir22M `QQK

i2KT2`�im`2 �M/ +QKT`2bbQ` Qz i2KT2`�im`2- TQ77X A/2�HHv- #Qi? Ton �M/ TQ77- b?QmH/ `2K�BM

+QMbi�Mi /m`BM; �M �* mb�;2X >Qr2p2`- i?2`K�H MQBb2 �`QmM/ i?2 b2MbQ` `2bmHib BM p�`vBM;

∆on U6B;m`2 k@N�V �M/ ∆Q77 U6B;m`2 k@N#V- �b �HbQ Q#b2`p2/ BM Qm` /�i� +QHH2+iBQMX GQr2`

r�b i?2 b2i i2KT2`�im`2- KQ`2 r2`2 i?2 /2pB�iBQMb U_QQK@dVX h?Bb K�F2b � K�DQ` BKT�+i

QM T`2/B+iBQM �++m`�+v #2+�mb2 T`2/B+i2/ bi�i2 +?�M;2 KB;?i p�`v 7`QK �+im�H bi�i2 +?�M;2

Q7 �* �M/ i?Bb 2``Q` �++mKmH�i2b Qp2` i?2 iBK2 7Q` 2�+? mb�;2 U6B;m`2 k@Ry�VX q2 /2THQv2/

i2KT2`�im`2 b2MbQ` BM bQK2 QT2M bT�+2 rBi?BM i?2 `QQK r?BH2 �HbQ �++QmMiBM; 7Q` 2bi?2iB+b

eR



U�V AKT�+i Q7 ∆on �M/ ∆Q77 U#V P++mT�MibǶ AMi2`p2MiBQM

6B;m`2 k@Ry, o�`B�iBQM BM ∆on �M/ ∆Q77 H2�/b iQ KBb�HB;M2/ T`2/B+i2/ �M/ `2+Q`/2/ i2KT2`@
�im`2 +v+H2b (k@Ry�)X aBKBH�`Hv- Q++mT�MibǶ BMi2`p2MiBQM /BbiQ`ib �+im�H i2KT2`�im`2 +v+H2b
`2bmHiBM; BM TQQ` +H�bbB}+�iBQM Q7 �* bi�i2 /m`BM; T`2/B+iBQMb (k@Ry#)X

BM i?2 `QQK iQ 2Mbm`2 Bib T`2b2M+2 Bb +QK7Q`i�#H2 iQ i?2 Q++mT�MibX AM i?2 7mim`2- r2 TH�M iQ

2M`B+? S�*J�L iQ �miQK�iB+�HHv +H�bbB7v i?2 HQ+�iBQM Q7 i2KT2`�im`2 b2MbQ` rBi? `272`2M+2

iQ i?2 �* BM i?2 `QQK �M/ �++Q`/BM;Hv �/�Ti i?2 i?2`K�H KQ/2H 7Q` BKT`Qp2/ �++m`�+vX

kXdXk P++mT�MibǶ AMi2`72`2M+2

P++mT�Mib BMi2`72`2 BM irQ r�vb- 2Bi?2` #v +?�M;BM; �* b2iiBM;b Q` #v T2`7Q`KBM; �+iBpB2b

i?�i BKT�+i i2KT2`�im`2 bm``QmM/BM; i?2 b2MbQ` /m`BM; � mb�;2X *?�M;BM; �* b2i i2K@

T2`�im`2 r�b Q#b2`p2/ 7`2[m2MiHv BM Qm` /2THQvK2Mi �+`Qbb �HH i?2 `QQKb `2bmHiBM; BM TQQ`

T`2/B+iBQM �++m`�+v BM bm+? b+2M�`BQb �b S�*J�L T`2/B+i2/ �bbmKBM; Tset iQ #2 +QMbi�Mi

/m`BM; i?2 mb�;2X aBKBH�`Hv- `2�H@iBK2 �+iBpBiB2b Q7 Q++mT�Mib bm+? �b iQ@�M/@7`Q KQp2K2Mib

7`QK QM2 `QQK iQ �MQi?2`- im`MBM; QMfQz Qi?2` �TTHB�M+2b U7�MbV �HbQ �z2+i `QQK i2KT2`@

�im`2 bB;MB}+�MiHvX 6Q` 2t�KTH2 U6B;m`2 k@Ry#V- Q++mT�Mi rQF2 mT �`QmM/ yd,yy �J �M/

BKT�+i Q7 ?Bb �+iBpBiv Bb pBbB#H2X >Qr2p2`- �MMQi�iBM; bm+? �+iBpBiB2b 7Q` 2p2`v mb�;2 `2[mB`2

KQ`2 BMbi`mK2Mi�iBQMX am+? /BbiQ`i2/ +v+H2b BKT�+i #Qi? 2biBK�iBQM �M/ T`2/B+iBQM �++m@

`�+v �b i?2B` �H;Q`Bi?Kb #2BM; 7mM+iBQM Q7 `QQK i2KT2`�im`2X >Qr2p2`- i?2b2 +?�HH2M;2b

+�M #2 �//`2bb2/ #v BM+Q`TQ`�iBM; +QMi2ti BM7Q`K�iBQM bm+? �b Q++mT�M+v BM7Q`K�iBQM iQ

H2�`M � /�BHv b+?2/mH2 Q7 i?2 Q++mT�Mib 7Q` i?2 T`2/B+iBQMbX

ek



kXdXj GQM; lb�;2b /m`BM; LB;?i

.m`BM; i?2 MB;?i- ;2M2`�HHv �* `mM 7Q` HQM; /m`�iBQMb �M/ 2ti2`M�H i2KT2`�im`2 UBMBiB�HHv

?B;?2`V ;Q2b HQr2` i?�M i?2 `QQK i2KT2`�im`2 BM KB/ Q7 i?2 MB;?iX AM i?2b2 b+2M�`BQ-

r?2`2 i?2 2ti2`M�H i2KT2`�im`2 Bb HQr2` i?�M i?2 �* b2i i2KT2`�im`2- i?2 +QKT`2bbQ`

b?QmH/ B/2�HHv im`M QzX S�*J�L T`2/B+iBQM KQ/2H- �++QmMiBM; 7Q` p�`B�iBQM BM 2ti2`M�H

i2KT2`�im`2- rBHH �HbQ rQ`F �b T2` i?Bb B/2�H b+2M�`BQX >Qr2p2`- /m2 iQ �//BiBQM�H bQm`+2b

Q7 i?2`K�H MQBb2 BM i?2 `QQK- i?2 +QKT`2bbQ` K�v biBHH +QMiBMm2 `mMMBM;- H2�/BM; iQ TQQ`

T`2/B+iBQM �++m`�+vX

o�`B�iBQMb BM `QQK i2KT2`�im`2 /2T2M/ mTQM MmK2`Qmb 7�+iQ`b bm+? �b MmK#2` Q7 Q+@

+mT�Mib- ?mK�M �+iBpBiB2b- i?2 MmK#2` Q7 /QQ`b � rBM/Qrb iQ;2i?2` rBi? r?2i?2` i?2v

�`2 QT2M Q` +HQb2/ �M/ i?2`K�H �TTHB�M+2b T`2b2Mi BM i?2 `QQKX >Qr2p2`- �MMQi�iBM; 2�+?

7�+iQ` +�M K�F2 i?2 KQ/2H +QKTH2t �HQM; rBi? K�FBM; Bi +mK#2`bQK2 7Q` i?2 Q++mT�Mi

iQ �++m`�i2Hv `2TQ`i 2�+? Q7 i?2b2 T�`�K2i2`b �b �M/ r?2M i?2v +?�M;2X h?2`27Q`2- r?BH2

+QKT`QKBbBM; QM i?2 �++m`�+v BM bQK2 Q7 i?2 mb�;2 BMbi�M+2b- r2 bBKTHB}2/ i?2 i?2`K�H

KQ/2H rBi? Tset �b i?2 QMHv BMTmi #v i?2 Q++mT�MiX Ai Bb BKTQ`i�Mi iQ MQi2 i?�i /m2 iQ i?2b2

`2�bQMb- �++m`�i2 T`2/B+iBQM Q7 �* bi�i2 �i �Mv BMbi�Mi Bb � p2`v +QKTH2t i�bFX 6Q` i?2 mb2

+�b2 U;BpBM; 2M2`;v +QMbmKTiBQM 722/#�+F iQ i?2 Q++mT�MibV /Bb+mbb2/ BM i?Bb +?�Ti2`- 2p2M

B7 i?2 2t�+i bi�i2 �i K�DQ`Biv Q7 i?2 BMbi�M+2b Bb BM�++m`�i2- Bi Bb BKTQ`i�Mi iQ �+?B2p2 ?B;?

H2p2H Q7 �++m`�+v BM 2M2`;v +QMbmKTiBQM T`2/B+iBQM �M/ 2biBK�iBQMX am+? � #2?�pBQ` r�b

�HbQ Q#b2`p2/ rBi? S�*J�L r?2`2#v r?BH2 i?2 T`2+BbBQM �M/ `2+�HH 7Q` i?2 T`2/B+iBQM r2`2

BM�++m`�i2 i?2 Qp2`�HH 2M2`;v T`2/B+iBQM �++m`�+v r�b biBHH `2�bQM�#Hv ;QQ/X

ej
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*?�Ti2` j

*QK7Q`i�#H2 1M2`;v a�pBM;b

�miQK�iBQM �TTHB2/ iQ �M BM2{+B2Mi QT2`�iBQM rBHH K�;MB7v i?2
BM2{+B2M+vX

Ĝ "BHH :�i2b- 6QmM/2` Q7 JB+`QbQ7i *Q`TQ`�iBQM

jXR AMi`Q/m+iBQM

A7 7QHHQr2/- 722/#�+F +�M H2�/ iQ bB;MB}+�Mi 2M2`;v b�pBM;b- ?Qr2p2`- i?2 `2�HBx�iBQM Q7 i?2b2

2M2`;v b�pBM;b K�BMHv /2T2M/ QM i?2 `2bB/2MibǶ �iiBim/2c i?mb +�M #2M2}i 7`QK �miQK�@

iBQM (kN)X a2p2`�H bim/B2b (j9- Rj) BM/B+�i2 i?�i 2{+B2Mi �M/ QTiBKBx2/ mb�;2 Q7 �M �*

+�M b�p2 bB;MB}+�Mi 2M2`;v r?BH2 K�BMi�BMBM; i?2 mb2` +QK7Q`iX hQ 722/ BM i?2 +QK7Q`i

`2[mB`2K2Mib- i2M�Mib ivTB+�HHv b2i i?2 �* i?2`KQbi�i i2KT2`�im`2 U�HbQ `272``2/ �b i?2

b2i i2KT2`�im`2V r?B+? p�`B2b �+`Qbb T2QTH2- /2T2M/BM; QM i?2B` T2`bQM�H T`272`2M+2bX 6Q`

BMbi�M+2- i?2 +QK7Q`i Q7 �HB+2- "Q#- �M/ 1p2 ;Q2b mT �M/ /QrM 7Q` /BbiBM+i p�Hm2b Q7 b2i

i2KT2`�im`2 r?BH2 �bbmKBM; i?2 b�K2 2z2+i Q7 2ti`BMbB+ 7�+iQ`b bm+? �b r2�i?2` U6B;m`2 j@

RVX S2QTH2 bBKBH�` iQ 1p2 T`272` � ?B;?2` `�M;2 Q7 i?2`KQbi�i i2KT2`�im`2 �M/ Qi?2`b HBF2

�HB+2 722H TH2�b�Mi B7 �* QT2`�i2b �i HQr i2KT2`�im`2 7Q` � T�`iB+mH�` +HBK�i2X h?Qm;?

b2i i2KT2`�im`2 Bb � K�ii2` Q7 +?QB+2- Bi /B`2+iHv BM~m2M+2b i?2 �* 2M2`;v +QMbmKTiBQMX

SQ`i`�v2/ #v i?2 #H�+F �``Qr UBM 6B;m`2 j@RV- i?2 �* 2M2`;v +QMbmKTiBQM /2+`2�b2b �b i?2

mb2` `�Bb2b i?2 i?2`KQbi�i i2KT2`�im`2 7Q` � ;Bp2M �iKQbT?2`B+ +QM/BiBQMX h?Bb r�v- rBi?

�HB+2Ƕb T`272`2M+2b- b?2 rBHH �Hr�vb 2M/ mT +QMbmKBM; QM i?2 ?B;?2` bB/2 �M/ bi�`i #2HB2pBM;

U`�i?2` BM+Q``2+iHvV i?�i b�pBM;b �`2 #2vQM/ i?2 #QmM/ Q7 TQbbB#BHBiB2bX

S2QTH2 722H +QK7Q`i�#H2 BM � `�M;2 Q7 i2KT2`�im`2bX �HB+2 Bb mM�r�`2 Q7 i?2 7�+i i?�i

e8



	

16 17 18 19 20 21 22 23 24 25 26 27 28
Set Temperature

Comfort Range for Alice, Bob and Eve
Alice Bob Eve

Scope for 
Savings

AC Energy 
Consumption

CET = 0

CET = 1

6B;m`2 j@R, 6Q` � ;Bp2M r2�i?2` +QM/BiBQM- �HB+2- "Q#- �M/ 1p2 KB;?i 722H +QK7Q`i�#H2 �i
/Bz2`2Mi b2i i2KT2`�im`2b /2T2M/BM; QM i?2B` BM/BpB/m�H T`272`2M+2bX 1p2M rBi?BM i?2B`
+QK7Q`i�#H2 #�M/ UBM/B+�i2/ #v b?�/2/ `2;BQMV- i?2`2 Bb � b+QT2 Q7 p�`vBM; i?2 i?2`KQ@
bi�i i2KT2`�im`2 iQ �+?B2p2 #2ii2` +QK7Q`i r?BH2 KBMBKBxBM; i?2 �* 2M2`;v +QMbmKTiBQMX
SQ`i�#H2Y i?2`KQbi�i 2KTQr2`b i?2 `2bB/2Mib BM /2+B/BM; #2ir22M �ii�BMBM; i?2 T2�F +QK@
7Q`i UCET = 0V- K�tBKBxBM; i?2 2M2`;v b�pBM;b 7Q` CET = 1 UBX2X TQr2` b�pBM; KQ/2V- Q`
K�BMi�BMBM; � #�H�M+2 #2ir22M #Qi? U0 < CET < 1VX

r?2i?2` b?2 b2i i?2 i?2`KQbi�i �i 18◦C- 19◦C- Q` 20◦C- b?2 rBHH T2`+2Bp2 bBKBH�` b2Mb�@

iBQMb U/2TB+i2/ #v #Hm2 b?�/2/ �`2� BM 6B;m`2 j@RV 7Q` � ;Bp2M 2MpB`QMK2MiX LQr- �bbmK2

i?�i �HB+2 bi�`ib i?2 �* �i 18◦C i?BMFBM; i?�i HQr2`BM; i?2 i?2`KQbi�i i2KT2`�im`2 rBHH

K�F2 i?2 `QQK KQ`2 +QK7Q`i�#H2X a?2 ?�`/Hv FMQrb i?�i `�BbBM; i?2 b2i i2KT2`�im`2 iQ

19◦C +�M �ii�BM i?2 T2�F +QK7Q`i U7Q` ?2`V r?BH2 �HbQ `2/m+BM; i?2 �* 2M2`;v +QMbmKT@

iBQMX JQ`2Qp2`- KQpBM; i?2 b2i i2KT2`�im`2 iQ 20◦C +�M 7m`i?2` BM+`2�b2 i?2 b�pBM;b U7`QK

�*V r?BH2 K�FBM; ?2` bHB;?iHv U�M/ TQbbB#Hv rBi?BM �M �++2Ti�#H2 `�M;2V mM+QK7Q`i�#H2X

qBi? HBKBi2/ FMQrH2/;2 �#Qmi i?2 +QK7Q`i@2M2`;v i`�/2@Qz- `2bB/2Mib UHBF2 �HB+2V T`272` iQ

b2i � }t2/ i?2`KQbi�i i2KT2`�im`2 BM i?2B` /�BHv `QmiBM2X h?2`27Q`2- � i?2`KQbi�i b?QmH/

`2TQ`i i?2 mb2`b- ǳq?�i i2KT2`�im`2 b2iiBM;b rBHH T`QpB/2 T2`bQM�H +QK7Q`i �M/ i?2 +Qbi 2{@

+B2M+v\Ǵ (R8y)X ai�i2@Q7@i?2@�`i +QKK2`+B�HHv �p�BH�#H2 TQ`i�#H2 i?2`KQbi�ib (R8k- R93) �M/

bK�`i �*b (Ryy) 2KmH�i2 i?2 A_ UBM7`�`2/V +QKK�M/b Q7 i?2 �* `2KQi2c i?mb �HHQrBM; i?2K

iQ +QMi`QH i?2B` �* 2p2M 7`QK i?2B` bK�`iT?QM2X "2bB/2b- i?2v �HbQ KQMBiQ` i?2 mb2` HQ+�@

iBQM iQ T`QpB/2 ǳ+QK7Q`iǴ 72�im`2b bm+? �b HQ+�iBQM #�b2/ QMfQz �M/ T`2+QQHBM; i?2 `QQK

�b T2` i?2 b+?2/mH2 b2i #v i?2 mb2`X �Hi?Qm;? TQ`i�#H2 i?2`KQbi�ib +QHH2+i i2KT2`�im`2

ee



/�i� 7`QK Q++mTB2/ �`2�- i?2v M2Bi?2` KQMBiQ` i?2 mb2` +QK7Q`i rBi?BM i?2 `QQK MQ` �bbBbi

i?2 `2bB/2Mib BM �+?B2pBM; i?2B` /2bB`2/ +QK7Q`i �M/ b�pBM;b- bBKmHi�M2QmbHvX � i?2`KQbi�i

b?QmH/ T`QpB/2 Q++mT�Mib rBi? � r�v iQ �/Dmbi �M/ +QMi`QH i?2 +QM/BiBQMbc B7 MQi ;Bp2M-

+QMi`QHb #2+QK2 BM2z2+iBp2- BM�TT`QT`B�i2 Q` mMmb�#H2 (Rky)X h?mb- i?2`2 Bb � ?B;? KQiBp�@

iBQM iQ T`QpB/2 mb2`b rBi? �M �//BiBQM�H FMQ# i?�i �HHQrb i?2K iQ bT2+B7v i?2B` ;Q�H #2vQM/

i?2 b2i i2KT2`�im`2 @ KBMBKBx2 �* 2M2`;v +QMbmKTiBQM Ub�pBM;bV- K�tBKBx2 +QK7Q`i- Q`

K�BMi�BM � #�H�M+2 #2ir22M #Qi?X "�b2/ QM i?2 BMTmi bT2+B}2/ #v `2bB/2Mib QM i?2 FMQ#-

i?2 i?2`KQbi�i b?QmH/ �/Dmbi i?2 b2i i2KT2`�im`2 iQ �ii�BM i?2 T2�F +QK7Q`i �M/ 2M2`;v

b�pBM;b- bBKmHi�M2QmbHvX *QMi`QH �TT`Q�+?2b �TTHvBM; �miQK�i2/ b2i@TQBMi p�`B�iBQM UBX2X

BMi2HHB;2MiV b�p2 mT iQ keW 2M2`;v r?2M +QKT�`2/ rBi? b+?2/mH2/ b2i i2KT2`�im`2 (RR8)X

q2 #mBH/ TQ`i�#H2Y i?2`KQbi�i QM iQT Q7 i?2 2tBbiBM; TQ`i�#H2 i?2`KQbi�i #v �//BM; �

FMQ# Up�`vBM; #2ir22M y �M/ RV iQ H2i i?2 `2bB/2Mib QTiBKBx2 #2ir22M +QK7Q`i �M/ 2M2`;v

+QMbmKTiBQMX q2 +�HH i?Bb FMQ# *1h @ *QK7Q`i 1M2`;v h`�/2@QzX h?2 FMQ# Bb T�`i Q7

i?2 KQ#BH2 �TTHB+�iBQM Umb2/ iQ `2KQi2Hv +QMi`QH i?2 �*V r?2`2 i2M�Mib K2MiBQM i?2B`

BMi2`2bi U�HQM; rBi? i?2 b2i@TQBMi i2KT2`�im`2V @ K�tBKBb2 b�pBM;b- Q` K�tBKBb2 +QK7Q`i-

Q` #�H�M+2 #Qi?X LB+QH 2iX �HX (Rky) TQBMi2/ Qmi i?`22 +QMi2tim�H p�`B�#H2b iQ /2+B/2 B7

+QM/BiBQMb �`2 +QK7Q`i�#H2 7Q` i?2 `2bB/2Mib @ +HBK�i2- M�im`2 Q7 i?2 #mBH/BM;- �M/ iBK2X

h�FBM; i?2 rQ`F 7Q`r�`/- r2 `2�HBx2 i?2 T`QTQb2/ i?2`KQbi�i i?`Qm;? �M QTiBKBx�iBQM

7`�K2rQ`F i?�i +QMbB/2`b �HH i?`22 bi�i2/ p�`B�#H2bX h?2 7`�K2rQ`F H2p2`�;2b � T?vbB+b@

#�b2/ i?2`K�H KQ/2H iQ bBKmH�i2 i?2 `QQK 2MpB`QMK2Mi 7Q` �Mv r2�i?2` +QM/BiBQMbX hQ

H2�`M i?2 KQ/2H T�`�K2i2`b- 7`�K2rQ`F `2+Q`/b i?2 `QQK i2KT2`�im`2 /�i� �M/ �/�Tib i?2

;2M2`B+ KQ/2H iQ BKBi�i2 i?2 i?2`K�H #2?�pBQm` Q7 i?2 `QQKX qBi? iBK2- �b 7`�K2rQ`F

+QHH2+ib KQ`2 �M/ KQ`2 /�i�- Bi F22Tb mT/�iBM; i?2 KQ/2H T�`�K2i2`b iQ �++QKKQ/�i2

i2KTQ`�H +?�M;2b BM #mBH/BM;Ƕb i?2`K�H #2?�pBQm`X 6Q` � ;Bp2M r2�i?2` 7Q`2+�bi- i?2 imM2/

i?2`K�H KQ/2H rQ`Fb �b � bBKmH�iBQM i2bi#2/ iQ /2+B/2 i?2 QTiBK�H i?2`KQbi�i i2KT2`�im`2

7Q` i?2 �*- r?BH2 QTiBKBxBM; 7Q` Q++mT�MibǶ +QK7Q`i �M/ i?2 2M2`;v b�pBM;b- BM/2T2M/2MiHv

�M/ DQBMiHvX AM i?Bb rQ`F- r2 +QMbB/2` � HmKT2/ T�`�K2i2` i?2`K�H KQ/2H i?�i /BpB/2b i?2

`QQK BMiQ KmHiBTH2 xQM2b �M/ �TTHB2b 7Q` i?2`K�H #�H�M+2 �+`Qbb i?2K Ua2+iBQM jXjXkVX :Bp2M

i?2 KQ/mH�` �`+?Bi2+im`2 Q7 i?2 7`�K2rQ`F- i?2 i?2`K�H KQ/2H U�M/ i?2 Qi?2` +QKTQM2MibV

�`2 `2TH�+2�#H2 rBi? i?2B` `2}M2/ p2`bBQMb iQ 7m`i?2` BKT`Qp2 i?2 Qmi+QK2X

q2 �M�Hvx2/ i?2 #2M2}ib Q7 2M?�M+BM; TQ`i�#H2 iQ TQ`i�#H2Y i?2`KQbi�ib iQr�`/b `2@

/m+BM; i?2 mb2` /Bb+QK7Q`i �M/ BKT`QpBM; i?2 2M2`;v b�pBM;bX 6Q` i?2 bim/v- r2 ;�i?2`2/
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i2KT2`�im`2 /�i� 7`QK � irQ@r22F +QMi`QHH2/ 2tT2`BK2Mi BM irQ `QQKb U� #2/`QQK �M/

� HBpBM; `QQKV Q7 � ?QK2 �M/ � i?`22@KQMi? BM@bBim /2THQvK2Mi �+`Qbb }p2 `QQKb Q7 }p2

/Bz2`2Mi ?QK2bX 6Q` i?2 bi�i2/ /�i�b2i- Qm` �M�HvbBb BM/B+�i2b i?�i TQ`i�#H2Y i?2`KQbi�ib

+�M `2/m+2 `2bB/2MibǶ /Bb+QK7Q`i #v kjW r?2M i`vBM; iQ �ii�BM T2�F +QK7Q`i- �M/ b�p2 keW

2M2`;v BM TQr2`@b�pBM; KQ/2X S2`p�bBp2 �/QTiBQM Q7 TQ`i�#H2Y i?2`KQbi�ib +�M `2bmHi BM

bB;MB}+�Mi �;;`2;�i2 `2/m+iBQMb �i i?2 ;HQ#�H b+�H2 iQ �ii�BM bmbi�BM�#H2 mb2 Q7 2M2`;vX

hQ bmKK�`Bx2- i?2 K�DQ` +QMi`B#miBQMb Q7 i?Bb +?�Ti2` �`2,

RX 1ti2M/BM; TQ`i�#H2 i?2`KQbi�ib iQ � bK�`i TQ`i�#H2Y i?2`KQbi�ib i?�i 2[mBT i?2

`2bB/2Mib rBi? � *1h FMQ# iQ bT2+B7v i?2B` +QK7Q`i `2[mB`2K2Mib �HQM; rBi? i?2 b2i

i2KT2`�im`2X

kX PTiBKBx�iBQM 7`�K2rQ`F iQ /vM�KB+�HHv p�`v i?2 b2i i2KT2`�im`2 U7Q` i?2 �*V �b

+HBK�i2 +?�M;2bc i?mb- �+?B2pBM; i?2 /2bB`2/ *1h p�Hm2- �b BMTmi #v i?2 mb2`b QM

TQ`i�#H2Y i?2`KQbi�iX

jX 6B2H/ 2p�Hm�iBQM Q7 2ti2M/BM; TQ`i�#H2 iQ TQ`i�#H2Y i?2`KQbi�ib 7Q` � HmKT2/ i?2`K�H

KQ/2H- /2KQMbi`�iBM; bBKmHi�M2Qmb b�pBM;b BM 2M2`;v +QMbmKTiBQM �M/ BKT`Qp2K2Mi

BM mb2` +QK7Q`iX

jXk _2H�i2/ qQ`F

S`Q;`�KK�#H2 i?2`KQbi�ib r2`2 QM2 Q7 i?2 BMBiB�H �ii2KTib BM i?2 /B`2+iBQM Q7 2M2`;v b�p@

BM;b BM +2Mi`�H >o�* U>2�iBM;- o2MiBH�iBQM �M/ *QQHBM;V mMBib �+`Qbb `2bB/2MiB�H #mBH/BM;bX

"2vQM/ i?2 +QMp2MiBQM�H i?2`KQbi�ib- i?2v Qz2`2/ �M �//BiBQM�H 72�im`2 iQ b2i >o�* QT@
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BM; `2bB/2Mib Q++mT�M+v T�ii2`Mb iQ +QMi`QH i?2 >o�*X :QQ;H2 L2bi (RR3) Bb QM2 bm+? `2�H@

Bx�iBQM Q7 bK�`i i?2`KQbi�ib 7Q` `2bB/2MiB�H bT�+2bX _2+2Mi bim/B2b (dk- Ne- Rj9- R9e) 2pBM+2/

i?2 72�bB#BHBiv Q7 2M2`;v@2{+B2Mi +QMi`QH 7Q` +2Mi`�HBx2/ >o�* mMBib r?BH2 mbBM; `2�+iBp2

�M/ T`2/B+iBp2 i?2`KQbi�ibX >Qr2p2`- BM +QMi`�bi iQ /2p2HQT2/ +QmMi`B2b- `QQK H2p2H bTHBi

Q` rBM/Qr �B` +QM/BiBQM2`b U/2+2Mi`�HBx2/ �*bV �`2 +QKKQM �+`Qbb /2p2HQTBM; +QmMi`B2bX

:Bp2M �M BM#mBHi i?2`KQbi�i U?�pBM; �M BM#mBHi +QMi`QHH2`V Q7 i?2 rBM/Qr �*b- Bi Bb BM72�bB#H2
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iQ mb2 +QKK2`+B�H bK�`i i?2`KQbi�ib rBi? i?2KX

.2+2Mi`�HBx2/ �*b �`2 m#B[mBiQmb BM K�Mv T�`ib Q7 i?2 rQ`H/c i?mb QTiBKBxBM; i?2B`

2M2`;v +QMbmKTiBQM Bb M22/ Q7 i?2 ?Qm`X �TTHB�M+2@H2p2H 722/#�+F +�M `2bmHi BM 8@R8W

b�pBM;b BM TQr2` +QMbmKTiBQM (jj)X lM/2`bi�M/BM; i?2 MQi2rQ`i?BM2bb Q7 i?2 �TTHB�M+2@

H2p2H 722/#�+F- S�*J�L BM7Q`K2/ Q++mT�Mib �#Qmi i?2 BKT�+i Q7 +?�M;BM; i?2`KQbi�i

i2KT2`�im`2 QM �* 2M2`;v +QMbmKTiBQM BM i?2 AM/B�M +QMi2ti (dd- d3)X JvCmQHQ mb2/

i2KT2`�im`2 /�i� +QHH2+i2/ 7`QK � la" HQ;;2` iQ H2�`M � i?2`K�H KQ/2H Q7 i?2 `QQK iQ BM72`
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/�i� /`Bp2M 7`�K2rQ`F 7Q` �* HQ�/ 7Q`2+�biBM; mbBM; �/p�M+2/ K�+?BM2 H2�`MBM; i2+?MB[m2bX

S`2pBQmb bim/B2b (Ryk- Ryj) �HbQ T`QTQb2/ +QMi`QH �H;Q`Bi?Kb iQ QTiBKBx2 /miv@+v+H2b Q7

i?2 �* +QKT`2bbQ`X aQK2 bim/B2b (N- NN- RyR) �HbQ bm;;2bi2/ mT;`�/2b 7Q` p�`BQmb �*

+QKTQM2Mib 7Q` 2M2`;v@2{+B2Mi mb�;2 Q7 i?2 /2+2Mi`�HBx2/ �*bX q?BH2 i?2 722/#�+F #�b2/

�TT`Q�+?2b /2T2M/ QM i?2 `2bB/2Mib iQ /2+B/2 i?2B` +QK7Q`i- ?�`/r�`2 mT;`�/�iBQMb UQ7

rBM/Qr �*bV K�F2b p�`BQmb �bbmKTiBQMb �#Qmi i?2 ?mK�M +QK7Q`i /m`BM; i?2 /2bB;M T?�b2X

hQ 7m`i?2` �K2HBQ`�i2 i?2 mb2` 2tT2`B2M+2- K�Mm7�+im`2`b BMi`Q/m+2/ bK�`i �M/ r2#@

#�b2/ �*b ?�pBM; MmK2`Qmb KQ/2b Q7 QT2`�iBQMb Ubm+? �b bH22T KQ/2V- �HQM; rBi? i?2

+�T�#BHBiv iQ +QMi`QH i?2 �* 7`QK i?2 bK�`iT?QM2X aBKBH�`Hv- bi�i2@Q7@i?2@�`i TQ`i�#H2

i?2`KQbi�ib U(R8k)- (R93)V �HHQr `2bB/2Mib iQ QT2`�i2 i?2B` �* HQ+�HHv �b r2HH �b `2KQi2Hv

U7`QK �Mv Qi?2` HQ+�iBQMV i?`Qm;? i?2B` bK�`iT?QM2bX q?2M i?2 mb2`Ƕb bK�`iT?QM2 HQ+�iBQM

Bb +HQb2 iQ ?QK2- i?2v T`2@+QQHf?2�i i?2 `QQK UiQ BKT`Qp2 `2bB/2MibǶ +QK7Q`iV �M/ brBi+? �*

Qz UiQ b�p2 2M2`;vV �b bQQM �b Q++mT�Mib H2�p2 i?2B` `2bB/2M+2X >Qr2p2`- mM/2`bi�M/BM; i?2

BKT�+i Q7 QmibB/2 r2�i?2` +QM/BiBQMb �M/ i?2`KQbi�i i2KT2`�im`2 iQr�`/b 2M2`;v b�pBM;b

�M/ Q++mT�Mib +QK7Q`i U�b bim/B2/ BM i?Bb +?�Ti2`V T`QpB/2 �M �ii`�+iBp2 p�Hm2 T`QTQbBiBQM

7Q` rBM/Qr �* mMBib (j9- ed- ee)X am+? �M �M�HvbBb Bb H�`;2Hv �#b2Mi BM `2b2�`+? HBi2`�im`2

i?�i T`BK�`BHv 7Q+mb2/ QM QTiBKBxBM; +2Mi`�H >o�* 7Q` /2p2HQT2/ +QmMi`B2bX

h?2 bT2+B}2/ �/p�M+2b UBM i?2 /QK�BM Q7 `2bB/2MiB�H +QM/BiBQMBM;V M2Bi?2` KQMBiQ`b

i?2 mb2` 2tT2`B2M+2 MQ` [m�MiB7v i?2 2z2+i Q7 i?2B` 2M2`;v@2{+B2Mi �TT`Q�+? QM i?2 `2b@

B/2MibX aim/B2b (Rj3- 8k) T`QTQb2/ i?2`K�H BK�;BM; iQ KQMBiQ` i?2`K�H +QK7Q`i Q7 i?2

Q++mT�Mib r?BH2 �ii2KTiBM; iQ `2/m+2 2M2`;v 7QQiT`BMib i?`Qm;? �B` +QM/BiBQMBM;X AM `2bB@

/2MiB�H �T�`iK2Mib- +�K2`� b2MbBM; rBHH #2 � #`2�+? Q7 i?2 `2bB/2MibǶ T`Bp�+vX J+*�`iM2v

2iX �HX (RRR) b?Qrb i?�i +?�M;BM; i?2 b2i i2KT2`�im`2 rBi? Qmi/QQ` i2KT2`�im`2 /Q2b MQi

BM+`2�b2 i?2 /Bb+QK7Q`i r?BH2 `�BbBM; i?2 2M2`;v b�pBM;bX 6QHHQrBM; QM i?2b2 bim/B2b- r2 T`Q@
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6B;m`2 j@k, G27i iQ _B;?i, �HB+2 K2MiBQMb i?2 i?2`KQbi�i i2KT2`�im`2 �M/ ?2` +QK7Q`i
`2[mB`2K2Mib U*1hV i?`Qm;? ?2` bK�`iT?QM2 #27Q`2 brBi+?BM; QM i?2 �*X "2bB/2b i?2 mb2`
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H2�`MBM; i?2 T�`�K2i2`b Q7 � ;2M2`B+ Ui?2`K�HV KQ/2H mbBM; i?2 /�i� 7`QK `2+2Mi n ?BbiQ`B+�H
�* mb�;2b 7`QK �HB+2Ƕb `QQKX h?2 b2i i2KT2`�im`2- *1h- �M/ imM2/ i?2`K�H KQ/2H �+i
�b �M BMTmi 7Q` i?2 7`�K2rQ`F iQ T`2/B+i QTiBK�H b2i i2KT2`�im`2 7Q` i?2 �HB+2 7Q` � ;Bp2M
r2�i?2` 7Q`2+�biX h?Qm;? i?2 QTiBKBx2` T`2/B+ib 7Q` � }t2/ /m`�iBQM- Bi T2`BQ/B+�HHv mT/�i2b
i?2 b2i i2KT2`�im`2 rBi? +?�M;BM; �iKQbT?2`B+ +QM/BiBQMbX

TQb2 TQ`i�#H2Y i?2`KQbi�i rBi? � *1h FMQ# iQ bT2+B7v +QK7Q`i `2[mB`2K2Mib �HQM; rBi?

i?2 i?2`KQbi�i i2KT2`�im`2X hQ `2�HBx2 r2 T`QTQb2 �M QTiBKBx�iBQM 7`�K2rQ`F i?�i miBHBx2b

� i?2Q`2iB+�H i?2`K�H KQ/2H iQ p�`v i?2 b2i i2KT2`�im`2 r?BH2 +QMbB/2`BM; +?�M;BM; r2�i?2`

+QM/BiBQMbX h?2 7`�K2rQ`F �miQK�iB+�HHv H2�`Mb i?2 KQ/2H T�`�K2i2`b U#27Q`2 2p2`v �*

mb�;2V mbBM; ?BbiQ`B+�H /�i� iQ �/�Ti i?2 i?2`K�H KQ/2H iQ �Mv `QQK r?BH2 �HbQ �++QmMiBM;

7Q` +?�M;2b BM i?2 HQ+�H +QM/BiBQMb rBi? iBK2X

jXj PTiBKBx�iBQM 6`�K2rQ`F

"2vQM/ b2i i2KT2`�im`2- � TQ`i�#H2Y i?2`KQbi�i T`QpB/2b i?2 mb2` rBi? �M �//BiBQM�H FMQ#

Q7 *1h U*QK7Q`i@1M2`;v h`�/2@QzV `2�HBx2/ i?`Qm;? �M QTiBKBx�iBQM 7`�K2rQ`F +QKT`BbBM;

Q7 � imM2` �M/ �M QTiBKBx2` U6B;m`2 j@kVX AMBiB�HHv- imM2` Q7 i?2 7`�K2rQ`F i�F2b � HmKT2/

i?2`K�H KQ/2H �M/ imM2b Bib T�`�K2i2`b 7Q` � T�`iB+mH�` `QQK 2MpB`QMK2Mi �7i2` ;�i?2`BM;

i?2 /�i� 7`QK � 72r �* mb�;2b BM i?�i `QQKX h?2 T`Q+2bb Q7 mbBM; `2�H@rQ`H/ /�i� iQ imM2

T�`�K2i2`b Q7 � i?2`K�H KQ/2H Bb +�HH2/ :`2v "Qt JQ/2HHBM; �M/ rB/2Hv T`�+iBb2/ #v i?2
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`2b2�`+?2`b BM p�`BQmb /QK�BMbX L2ti- i?2 QTiBKBx2` i�F2b b2i i2KT2`�im`2 �M/ *1h U7`QK

i?2 mb2`V- �M/ i?2 imM2/ i?2`K�H KQ/2H U7`QK i?2 imM2`V iQ QTiBK�HHv +QMi`QH i?2 �*X

h?2 imM2/ i?2`K�H KQ/2H �HQM; rBi? +m``2Mi `QQK i2KT2`�im`2 �M/ i?2 r2�i?2` 7Q`2+�bi

2KTQr2`b i?2 QTiBKBx2` BM bBKmH�iBM; i2KT2`�im`2 �+`Qbb i?2 `QQKX h?2 bBKmH�i2/ /�i�

7Q` i?2 i?2`KQbi�i i2KT2`�im`2 Ub2i #v i?2 mb2`V �+ib �b � `272`2M+2 TQBMi iQ +QKTmi2 i?2

+QK7Q`i `2[mB`2K2Mib Q7 i?2 mb2` BX2X r?2`2 Bi HB2b QM i?2 +m`p2 U7`QK 6B;m`2 j@RVX h?2

QTiBKBx2` miBHBx2b i?2 +�H+mH�i2/ +QK7Q`i iQ HQQF 7Q` �M QTiBK�H i?2`KQbi�i i2KT2`�im`2 iQ

�+?B2p2 i?2 /2bB`2/ *1h p�Hm2X PM +QKTH2iBQM Q7 QM;QBM; mb�;2 U�M/ T`BQ` iQ M2ti �*

mb�;2V- 7`�K2rQ`F mT/�i2b i?2 KQ/2H T�`�K2i2`b r?BH2 mbBM; i?2 /�i� ;�i?2`2/ 7`QK i?2

+m``2Mi mb�;2 �M/ � 72r Qi?2` `2+2Mi ?BbiQ`B+�H �* mb�;2bX

jXjXR PTiBKBx2`

�M �* +QMi�BMb �M BM#mBHi i?2`KQbi�i i?�i mb2b on �M/ Q77 ?vbi2`2bBb iQ K�BMi�BM i?2 /2bB`2/

`QQK i2KT2`�im`2- b2i #v i?2 mb2` QM i?2 i?2`KQbi�iX q?2M i2KT2`�im`2 b2MbQ` UQ7 i?2

BM#mBHi i?2`KQbi�iV- 2K#2//2/ rBi?BM i?2 �*- b2Mb2b i?�i `QQK i2KT2`�im`2 Bb +HQb2 iQ i?2

HQr2` i?`2b?QH/ UQ77 ?vbi2`2bBbV- i?2 +QMi`QHH2` UQ7 i?2 BM#mBHi i?2`KQbi�iV b?mib /QrM i?2

+QKT`2bbQ`- � K�DQ` TQr2` +QMbmKBM; +QKTQM2Mi Q7 i?2 �*X *Q``2bTQM/BM;Hv- r?2M i?2

`QQK i2KT2`�im`2 �ii�BMb i?2 mTT2` i?`2b?QH/ Uon ?vbi2`2bBbV- i?2 +QMi`QHH2` �;�BM im`Mb QM

i?2 +QKT`2bbQ`X �i �Mv iBK2 BMbi�M+2 /m`BM; i?2 �* mb�;2- i?2 i?2`KQbi�i i2KT2`�im`2

UT`QpB/2/ #v i?2 mb2`V Bb mb2/ #v i?2 �* iQ /2+B/2 r?2i?2` iQ F22T +QKT`2bbQ` on Q`

Q77X *QKT`2bbQ` #2BM; i?2 K�DQ` TQr2` +QMbmKBM; +QKTQM2Mi Q7 i?2 �*- Bib bi�i2 U�i �Mv

iBK2 BMbi�M+2V T`BM+BT�HHv /`Bp2b i?2 �* 2M2`;v +QMbmKTiBQMX h?mb- iQ BKT`Qp2 i?2 mb2`

2tT2`B2M+2- i?2 QTiBKBx2` }M/b � b2i i2KT2`�im`2 rBi? H2�bi BKT�+i QM i?2 mb2` +QK7Q`i

r?BH2 KBMBKBxBM; i?2 +QKT`2bbQ` on /m`�iBQMX

q?2M � `2bB/2Mi im`Mb QM i?2 �*- UbV?2 b2ib i?2 i?2`KQbi�i i2KT2`�im`2 �M/ � *1h

p�Hm2X h?2 QTiBKBx2` miBHBx2b i?2 b2i i2KT2`�im`2 iQ bBKmH�i2 i?2 `QQK i2KT2`�im`2 �M/

�* +QKT`2bbQ` bi�i2X >Qr2p2`- rBi?BM � `QQK- i?2 i2KT2`�im`2 BM �Mv `2;BQM /2T2M/b QM

MmK2`Qmb 7�+iQ`b bm+? �b i?2 /Bbi�M+2 7`QK i?2 �*- 2tTQbm`2 iQ 2ti2`M�H r2�i?2` +QM/BiBQMb-

�M/ ?2�i i`�Mb72` 7`QK i?2 �/D�+2Mi bT�+2b- �KQM; Qi?2`bX h?mb- i?2 7`�K2rQ`F H2p2`�;2b

� i?2Q`2iB+�H i?2`K�H KQ/2H iQ mM/2`bi�M/ i2KT2`�im`2 p�`B�iBQMb rBi?BM i?2 `QQKX �b

i?2`K�H +QM/BiBQMb K�v p�`v bB;MB}+�MiHv 7`QK QM2 ?QK2 iQ �MQi?2`- i?2 imM2` �/Dmbib i?2

KQ/2H T�`�K2i2`b 7Q` � T�`iB+mH�` 2MpB`QMK2Mi mbBM; i?2 /�i� 7`QK Bib ?BbiQ`B+�H �* mb�;2bX

dR



a2Mb�iBQM pmvll UGQr2` GBKBiV pmvul UlTT2` GBKBiV TKp`27

*QH/ @ @kX8 @jXy
*QQH @kX8 @RX8 @kXy
aHB;?iHv *QQH @RX8 @yX8 @RXy
L2mi`�H @yX8 YyX8 yXy
aHB;?iHv q�`K YyX8 YRX8 YRXy
q�`K YRX8 YkX8 YkXy
>Qi YkX8 @ YjXy

h�#H2 jXR, SJo `�M;2b 7Q` 2�+? b2Mb�iBQM H2p2H

h?2 QTiBKBx�iBQM 7`�K2rQ`F- mbBM; i?2 imM2/ i?2`K�H T�`�K2i2`b �M/ r2�i?2` 7Q`2+�bi-

T`2/B+ib �* +QKT`2bbQ` bi�i2 UiQ +QKTmi2 savingsV �M/ i?2 `2;BQM@rBb2 i2KT2`�im`2 UiQ

+�H+mH�i2 `2;BQM@rBb2 /Bb+QK7Q`iV 7Q` p�`BQmb i?2`KQbi�i i2KT2`�im`2X q?BH2 savings UBM

�* 2M2`;v +QMbmKTiBQMV [m�MiB}2b i?2 BKT�+i Q7 � T�`iB+mH�` b2i i2KT2`�im`2 QM �* 2M2`;v

+QMbmKTiBQM- /Bb+QK7Q`i bB;MB}2b i?2 2z2+i QM Q++mT�MibǶ +QK7Q`iX h?2 QTiBKBx2` QmiTmib

� i?2`KQbi�i i2KT2`�im`2 i?�i K�tBKBx2b i?2 r2B;?i2/ �p2`�;2 Q7 savings �M/ /Bb+QK7Q`i

7Q` � ;Bp2M p�Hm2 Q7 *1hX

savings (W) =
Eact − Enew

Eact
× 100 UjXRV

1M2`;v a�pBM;b

Ai Bb i?2 T2`+2Mi�;2 +?�M;2 BM �* 2M2`;v +QMbmKTiBQM #27Q`2 UEactV �M/ �7i2` UEnewV +?�M;@

BM; i?2 i?2`KQbi�i i2KT2`�im`2 U1[m�iBQM jXRVX

/Bb+QK7Q`i =| pmvact − pmvref | UjXkV

P++mT�MibǶ .Bb+QK7Q`i

6`�M;2`Ƕb S`2/B+i2/ J2�M oQi2 UpmvV Bb �M AaP ddjy bi�M/�`/ �M/ rB/2Hv mb2/ iQ 2biBK�i2

?mK�M +QK7Q`i rBi?BM i?2 #mBH/BM;b (98)X Ai �bbB;Mb � MmK2`B+�H p�Hm2 #�b2/ QM RX �K#B2Mi

�B` i2KT2`�im`2 U◦CV- kX K2�M `�/B�Mi i2KT2`�im`2 U◦CV- jX �B` p2HQ+Biv BM i?2 `QQK Um/sV-

9X `2H�iBp2 ?mKB/Biv UWV- 8X K2i�#QHB+ `�i2 Q7 i?2 Q++mT�Mib UmetV- �M/ eX +HQi?BM; BMbmH�iBQM

Q7 i?2 Q++mT�Mib UcloVX PM � i?2`K�H b+�H2- pmv p�`B2b 7`QK *QH/ U@jV iQ >Qi UYjV �M/

+QMbBbib Q7 b2p2M b2MbBiBpBiv H2p2Hb 7Q` i?2 ?mK�Mb Uh�#H2 jXRV 2�+? ?�pBM; � HQr2` UpmvllV

dk



�M/ �M mTT2` #QmM/ UpmvulVX *QK7Q`i Bb bm#D2+iBp2 �M/ /Bz2`b 7`QK T2`bQM@iQ@T2`bQMX

:Bp2M i?�i T2QTH2 �/�Ti i?2Kb2Hp2b iQ � T�`iB+mH�` 2MpB`QMK2Mi- i?2B` T`272``2/ b2Mb�iBQM

Q7i2M /2pB�i2b 7`QK L2mi`�H (e3- Rj3)X h?2`27Q`2- i?2 T`QTQb2/ 7`�K2rQ`F #�b2/ QM i?2

b2i i2KT2`�im`2 T`QpB/2/ #v i?2 `2bB/2Mib 2biBK�i2b i?2 /2bB`2/ b2Mb�iBQM Q7 i?2 Q++mT�MibX

h?2 QTiBKBx2` i?2M HQQFb 7Q` � i?2`KQbi�i i2KT2`�im`2 i?�i F22Tb i?2 pmv +HQb2 iQ i?2

KB/TQBMi UTKp`27V Q7 i?2 2biBK�i2/ b2Mb�iBQM H2p2H U1[m�iBQM jXkVX

h?Qm;? Bi Bb pB�#H2 iQ KQMBiQ` 2�+? 7�+iQ` r?B+? Bb `2[mB`2/ iQ +QKTmi2 pmv- i?2 +m``2Mi

i?2`K�H KQ/2H U/Bb+mbb2/ BM a2+iBQM jXjXkV Q7 i?2 7`�K2rQ`F +QKTmi2b pmv mbBM; i2KT2`�@

im`2 BM i?2 `2;BQM UmM/2` +QMbB/2`�iBQMV �b i?2 �K#B2Mi �B` i2KT2`�im`2- r�HH i2KT2`�im`2

�b i?2 K2�M `�/B�Mi i2KT2`�im`2- �M/ `2K�BMBM; �b T2` i?2 �a>_�1 Uh?2 �K2`B+�M aQ+B@

2iv Q7 >2�iBM;- _27`B;2`�iBQM �M/ �B`@*QM/BiBQMBM; 1M;BM22`bV bi�M/�`/bX q2 /Bb+mbb pmv

+QKTmi�iBQMb �M/ p�Hm2 Q7 2�+? 7�+iQ` BM /2i�BH BM a2+iBQM jXjXjX

*QK7Q`i@1M2`;v h`�/2@Qz

h?2 �* b2iiBM;b /Bz2` �+`Qbb i?2 mb2`b �++Q`/BM; iQ i?2B` +QQHBM; `2[mB`2K2MibX aQK2 T2QTH2

T`272` iQ QTiBKBx2 i?2 �* mb�;2 iQ `2/m+2 i?2B` 2H2+i`B+Biv #BHH- r?BH2 Qi?2`b +?QQb2 iQ +Qp2`

i?2Kb2Hp2b rBi? i?B+F #H�MF2ib �M/ b2i i?2B` �* i?2`KQbi�i iQ HQr2bi TQbbB#H2 i2KT2`�im`2X

h?2 T`QTQb2/ 7`�K2rQ`F �HHQrb i?2 `2bB/2Mib iQ K2MiBQM i?2B` T`272`2M+2 i?`Qm;? *1h- 7Q`

�Mv i?2`KQbi�i i2KT2`�im`2X

b+Q`2 = α× ̂b�pBM;b + (1− α)× (1− ̂/Bb+QK7Q`i ) UjXjV

h?2 QTiBKBx�iBQM 7mM+iBQM U1[m�iBQM jXjV K�tBKBx2b score iQ ;2i i?2 QTiBK�H p�Hm2 Q7

b2i i2KT2`�im`2 7Q` i?2 i?2`KQbi�iX hQ #`BM; #Qi? Usavings �M/ /Bb+QK7Q`iV QM i?2 b�K2

b+�H2 U(y- R)V- ̂b�pBM;b �M/ ̂/Bb+QK7Q`i �`2 i?2 K2i`B+ p�Hm2b MQ`K�HBx2/ rBi? i?2 K�tBKmK

b�pBM;b �M/ /Bb+QK7Q`i- 7Q` i?2 T�`iB+mH�` �* mb�;2X q2 bm#i`�+i i?2 H�i2` ?�H7 7`QK 1

iQ K�F2 i?2 Qp2`�HH T`Q#H2K � K�tBKBx�iBQM T`Q#H2KX α Bb i?2 r2B;?i i?�i `�M;2b 7`QK 0

UKBM /Bb+QK7Q`iV iQ 1 UK�t savingsV �M/ /2+B/2/ #�b2/ QM i?2 p�Hm2 b2i #v i?2 `2bB/2Mib

QM *1h QM i?2 TQ`i�#H2Y i?2`KQbi�iX q?BH2 }M/BM; i?2 QTiBK�H i?2`KQbi�i i2KT2`�im`2-

7`�K2rQ`F 2Mbm`2b i?�i i?2 7QHHQrBM; +QMbi`�BMib �`2 b�iBb}2/,

RX Enew ≤ Eold BX2X BM rQ`bi +�b2- QTiBKBx2` b?QmH/ `2im`M i?2 �+im�H i?2`KQbi�i i2K@

T2`�im`2 b2i #v i?2 mb2`bX

dj



kX pmvll ≤ pmvnew ≤ pmvul BX2X �Mv +?�M;2 BM i?2`KQbi�i i2KT2`�im`2 b?QmH/ F22T

Q++mT�MibǶ +QK7Q`i UBX2X pmvnewV rBi?BM i?2 b�K2 b2MbBiBpBiv H2p2H �b Q7 pmvoldX

aBM+2 Q++mT�Mib �`2 7`22 iQ mb2 i?2 �* �b T2` i?2B` +QMp2MB2M+2- i?2 QTiBKBx2` +QMbB/2`b

pmvold �b i?2B` +QK7Q`i�#H2 b2MbBiBpBiv H2p2HX h?2`27Q`2- i?2 b2+QM/ +QMbi`�BMi 2Mbm`2b i?�i

mb2` +QK7Q`i U�7i2` +?�M;BM; i?2 i?2`KQbi�i i2KT2`�im`2V `2K�BMb rBi?BM i?2 HQr2` UpmvllV

�M/ mTT2` UpmvulV HBKBib Q7 i?2 �+im�H b2MbBiBpBiv H2p2H Uh�#H2 jXRVX

jXjXk hmM2`

.Bz2`2Mi T�`ib UQ` `2;BQMbV Q7 � `QQK T2`+2Bp2 /Bz2`2Mi i2KT2`�im`2X h?2 2[m�iBQM #2ir22M

`2;BQM@rBb2 i2KT2`�im`2 Bb MQM@HBM2�`c i?2`27Q`2- i?2 7`�K2rQ`F M22/b � bBKTHB}2/ KQ/2H iQ

2KmH�i2 i?2 i?2`K�H `2bTQMb2 Q7 � #mBH/BM; #v +�Tim`BM; Bib 2bb2MiB�H #2?�pBQm`X aim/B2b

b?Qr i?�i �M�HvbBb #�b2/ QM ǵHmKTBM;Ƕ 2MiB`2 `QQK BMiQ � bK�HH MmK#2` Q7 T�`�K2i2`b

+�M ?2HT /2p2HQT bK�`i- TQr2`7mH- �M/ 2M2`;v@2{+B2Mi bQHmiBQMb (R9k- 8R- 8k)X AM +QMi`�bi

iQ 2ti2MbBp2 BMbi`mK2Mi�iBQM Q7 � `QQK- 2K#2//BM; i?2`K�H KQ/2H BM i?2 7`�K2rQ`F �HbQ

2Mbm`2b b+�H�#BHBiv Q7 i?2 �TT`Q�+? iQ �Mv 2MpB`QMK2MiX q2 MQr T`2b2Mi QM2 bm+? i?2`K�H

KQ/2H iQ /2KQMbi`�i2 i?2 �TT`Q�+?X h?Qm;? BM i?2 bT2+B}2/ KQ/2H- r2 /BpB/2 i?2 `QQK

BMiQ i?`22 `2;BQMb- �TT2M/Bt � T`2b2Mib � ;2M2`B+ 7Q`KmH�iBQM 7Q` �M n@`2;BQMb bT�+2X

h?2`K�H JQ/2H

AM � +QMi`QHH2/ 2tT2`BK2Mi- r2 /2THQv2/ i2KT2`�im`2 b2MbQ` BM i?`22 /BbiBM+i `2;BQMb UH2iǶb

b�v _R- _k- _jV �M/ MQi2/ �M �p2`�;2 i2KT2`�im`2 Q7 23◦C- 27◦C- �M/ 34◦C U/m`BM; i?2 �*

mb�;2V 7Q` � b2i i2KT2`�im`2 Q7 24◦CX JQiBp�i2/ #v G�F2 h?2`K�H ai`�iB}+�iBQM (jk) i?�i

/BpB/2b i?2 H�F2 BMiQ j /Bz2`2Mi i?2`K�H xQM2b @ iQT xQM2 r?B+? `2+2Bp2b bmMHB;?i- #QiiQK

xQM2 r?B+? Bb �Hr�vb /�`F �M/ +QH/- �M/ � KBtBM; xQM2 BM #2ir22M r?2`2BM r�i2` 7`QK iQT

�M/ #QiiQK xQM2 KBt /m2 iQ +m``2Mibc r2 �HbQ /BpB/2 i?2 `QQK BMiQ j `2;BQMb @ GQr AKT�+i

_2;BQM UlirV- JQ/2`�i2 AKT�+i _2;BQM UmirV- �M/ >B;? AKT�+i _2;BQM UhirVX >2`2- hir

+Q``2bTQM/b iQ i?2 �`2� BM T`QtBKBiv Q7 i?2 �*- i?mb 7�+BM; /B`2+i �M/ i?2 K�tBK�H BKT�+i

Q7 i?2 +QH/ �B` +QKBM; 7`QK i?2 �*X 6m`i?2`- mir Bb i?2 `2;BQM r?2`2 Q++mT�Mib bT2M/ i?2B`

bB;MB}+�Mi iBK2 �M/ Q7i2M ?�p2 �M BM/B`2+i 2z2+i Q7 �* +QQHBM;- r?BH2 lir T`BK�`BHv BM+Hm/2b

i?2 +Q`M2` bT�+2b Q7 i?2 `QQKX AMbi2�/ Q7 T?vbB+�H #QmM/�`B2b- i?2b2 `2;BQMb �`2 +QMbB/2`2/

iQ #2 b2T�`�i2/ #v � i?BM H�v2` Q7 �B` ?�pBM; M2;HB;B#H2 i?2`K�H K�bbX h?2 7`�K2rQ`F

d9



         Wall Exposed to Weather (Cwall) 

Adjacent Rooms

Walls Exposed to Adjacent Rooms

Cmir

Chir

Clir

Thir

TmirTlir

Text

Twall

Kext
lir Kext

mir

Kext
hir

Kwall
mir Kwall

hirKwall
lir

Kext
wall

AC

Khir
mir

Kmir
lir

QAC

6B;m`2 j@j, SB+iQ`B�H `2T`2b2Mi�iBQM Q7 p�`BQmb i?2`K�H BMi2`�+iBQMb +QMbB/2`2/ BM i?2 i?2`K�H
KQ/2H Q7 i?2 T`QTQb2/ QTiBKBx�iBQM 7`�K2rQ`F

2ti2M/b � 2nd Q`/2` i?2`K�H KQ/2H (jd) �M/ i�`;2ib iQ BKT`Qp2 i?2 mb2` 2tT2`B2M+2 BM mir

7Q` i?2 /2KQMbi`�iBQM Tm`TQb2X

(T (t+1)
wall − T (t)

wall)× Cwall

τ
= Kwall

ext × (T (t)
ext − T (t)

wall) +Khir
wall × (T (t)

hir − T (t)
wall)

+Kmir
wall × (T (t)

mir − T (t)
wall) +K lir

wall × (T (t)
lir − T (t)

wall)

UjX9V

(T (t+1)
hir − T (t)

hir)× Chir

τ
= Khir

ext × (T (t)
ext − T (t)

hir) +Khir
wall × (T (t)

wall − T (t)
hir)

+Kmir
hir × (T (t)

mir − T (t)
hir)−QAC × SAC + ηhir

UjX8V

(T (t+1)
mir − T (t)

mir)× Cmir

τ
= Kmir

ext × (T (t)
ext − T (t)

mir) +Kmir
wall × (T (t)

wall − T (t)
mir)

+Kmir
hir × (T (t)

hir − T (t)
mir) +K lir

mir × (T (t)
lir − T (t)

mir) + ηmir

UjXeV

d8



(T (t+1)
lir − T (t)

lir )× Clir

τ
= K lir

ext × (T (t)
ext − T (t)

lir ) +K lir
wall × (T (t)

wall − T (t)
lir )

+K lir
mir × (T (t)

mir − T (t)
lir ) + ηlir

UjXdV

1[m�iBQM jX9 �M/ 1[m�iBQM jX8@jXd /2b+`B#2 i?2 K�i?2K�iB+�H 7Q`KmH�iBQM 7Q` i?2 ?2�i

HQbif;�BM2/ U/m2 iQ BM/B+�i2/ i?2`K�H BMi2`�+iBQMbV #v i?2 r�HH U7�+BM; QmibB/2V- �M/ i?2

i?`22 `2;BQMb Q7 i?2 `QQK Uhir- mir- �M/ lirV- `2bT2+iBp2Hv- BM � ;Bp2M iBK2 BMi2`p�H τ X

.m`BM; i?2 iBK2 /m`�iBQM τ - r2 +QMbB/2` +QM/m+iBp2 ?2�i i`�Mb72`b /m2 iQ i?2 /Bz2`2M+2 BM

i2KT2`�im`2 Q7 i?2 `2;BQM UmM/2` +QMbB/2`�iBQMV �M/ i?2 �/D�+2Mi bT�+2b bm+? �b r2�i?2`

+QM/BiBQMb- r�HH U7�+BM; QmibB/2V- M2B;?#Qm`BM; `2;BQMb- �M/ i?2 �* �b /2TB+i2/ BM 6B;m`2 j@

jX q2 �bbmK2 M2;HB;B#H2 ?2�i i`�Mb72` i?`Qm;? �/D�+2Mi `QQKb rBi?BM i?2 ?QK2X Text

i�F2b +�`2 Q7 i?2 +?�M;BM; r2�i?2` +QM/BiBQMb �M/ i?2`K�H MQBb2 U/2TB+i2/ #v ηr- r?2`2

r ∈ {hir,mir, lir}V BM 2�+? `2;BQM KQ/2Hb i?2 /vM�KB+ Q++mT�M+v T�ii2`Mb �M/ p�`BQmb

Qi?2` �+iBpBiB2b- bm+? �b 7`2[m2Mi QT2MBM;f+HQbBM; Q7 /QQ`bfrBM/Qrb BM i?2 `QQKX

θ = {Cwall, Chir, Cmir, Clir,K
hir
wall,K

mir
wall,K

lir
wall,K

hir
ext ,K

mir
ext ,K

lir
ext,

Kwall
ext ,Kmir

hir ,K lir
mir, ηhir, ηmir, ηlir, QAC}

UjX3V

h�#H2 jXk HBbib �HH i?2 bvK#QHb mb2/ BM i?2 i?2`K�H KQ/2HX h?2 i?2`K�H KQ/2H +QMbBbib

Q7 Rd T�`�K2i2`b U1[m�iBQM jX3V r?2`2 2�+? T�`�K2i2` Bb T?vbB+�HHv bB;MB}+�Mi BM i?2 `2�H@

rQ`H/ �M/ b?QmH/ #2 �/�Ti2/ iQ � T�`iB+mH�` 2MpB`QMK2MiX .2T2M/BM; QM i?2 K�i2`B�H Q7

i?2 r�HH- BMbmH�iBQM [m�HBiv- �M/ p�`BQmb �bbmKTiBQMb- Bi Bb 72�bB#H2 iQ +QKTmi2 i?2Q`2iB+�H

p�Hm2b 7Q` i?2 bi�i2/ T�`�K2i2`b- #mi i?�i rBHH K�F2 i?2 �TT`Q�+? mMb+�H�#H2 �+`Qbb /Bp2`b2

ivT2 Q7 `QQKbX "2bB/2b- rBi? �;BM;- 2�+? T�`�K2i2` Q7 � i?2`K�H KQ/2H +�M b22 MQi2rQ`i?v

/2pB�iBQMb BM i?2B` p�Hm2b- 2X;X 2{+B2M+v Q7 �* KB;?i /2;`�/2 rBi? iBK2X h?2`27Q`2- #27Q`2

T`2/B+iBM; 2�+? �* mb�;2- i?2 imM2` �miQK�iB+�HHv �/Dmbib 2�+? T�`�K2i2` UQ7 i?2 i?2`K�H

KQ/2HV #�b2/ QM i?2 /�i� ;�i?2`2/ 7`QK � 72r `2+2Mi ?BbiQ`B+�H �* mb�;2bX h?2 imM2` mb2b

i?2Q`2iB+�H p�Hm2b 7`QK i?2 HBi2`�im`2 (k8- 88) iQ /2`Bp2 �TT`QT`B�i2 `�M;2 7Q` BMBiB�HBxBM; i?2

T�`�K2i2`bX AMBiB�HBx�iBQM #�b2/ QM i?2Q`2iB+�H p�Hm2b 2Mbm`2b BM+HmbBQM Q7 /QK�BM FMQrH2/;2

r?BH2 T2`7Q`KBM; bi�iBbiB+�H QTiBKBx�iBQMX

de



avK#QH .2b+`BTiBQM lMBi

τ a�KTHBM; AMi2`p�H b

r h?2`K�H `2;BQM ∈ {hir,mir, lir} −

ηr h?2`K�H MQBb2 BM `2;BQM r −

QAC *QQHBM; +�T�+Biv Q7 �* kW

T (t)
r h2KT2`�im`2 BM `2;BQM r �i iBK2 BMbi�M+2 t ◦C

T (t)
ext 1ti2`M�H i2KT2`�im`2 �i iBK2 BMbi�M+2 t ◦C

T (t)
wall h2KT2`�im`2 Q7 r�HH U7�+BM; QmibB/2V �i iBK2 BMbi�M+2 t ◦C

Cr h?2`K�H +�T�+Biv Q7 `2;BQM r kJ/K

Cwall h?2`K�H +�T�+Biv Q7 r�HH U7�+BM; QmibB/2V kJ/K

Kr
wall >2�i i`�Mb72` +Q2{+B2Mi #2ir22M r�HH U7�+BM; QmibB/2V �M/ `2;BQM r kW/K

Kr
ext >2�i i`�Mb72` +Q2{+B2Mi #2ir22M 2ti2`M�H 2MpB`QMK2Mi �M/ `2;BQM r kW/K

Kwall
ext >2�i i`�Mb72` +Q2{+B2Mi #2ir22M r�HH U7�+BM; QmibB/2V �M/ r2�i?2` kW/K

Kmir
hir >2�i i`�Mb72` +Q2{+B2Mi #2ir22M hir �M/ mir kW/K

K lir
mir >2�i i`�Mb72` +Q2{+B2Mi #2ir22M mir �M/ lir kW/K

S(t)
AC �* +QKT`2bbQ` bi�i2 UonfQ77V �i iBK2 BMbi�M+2 t −

h�#H2 jXk, GBbi Q7 bvK#QHb mb2/ BM i?2 T`QTQb2/ i?2`K�H KQ/2H

hmM2/ h?2`K�H JQ/2H

h?2 TQr2` Q7 :`2v "Qt JQ/2HHBM; HB2b BM Bib �#BHBiv iQ imM2 i?2 KQ/2H T�`�K2i2`b UrBi?

iBK2V mbBM; i?2 b2MbQ`v /�i�X �b imMBM; BMpQHp2b i?2 �+im�H Ui2KT2`�im`2V /�i� +QHH2+i2/

7`QK i?2 `QQK- i?2 �/Dmbi2/ T�`�K2i2`b �`2 �M �TT`QtBK�i2 `2T`2b2Mi�iBQM Q7 i?2 i?2`K�H

#2?�pBQm` Q7 i?2 `QQKX "v mbBM; i?2 /�i� 7`QK `2+2Mi n �* mb�;2b- imM2` F22Tb mT/�iBM;

i?2 T�`�K2i2`b U#27Q`2 2�+? �* mb�;2V iQ �++QKKQ/�i2 +?�M;2b BM r2�i?2` +QM/BiBQMb-

mb2` �+iBpBiB2b UBM i?2 7Q`K Q7 i?2`K�H MQBb2V- �M/ p�`BQmb Qi?2` /vM�KB+b Q7 i?2 `QQKX h?2

QTiBK�H T�`�K2i2` p2+iQ` θ∗ KBMBKBx2b i?2 iQi�H b[m�`2/ 2``Q` #2ir22M 2biBK�i2/ UT (t)
hirV

�M/ Q#b2`p2/ UT̄ (t)
hirV i2KT2`�im`2 BM hir iQ imM2 i?2 KQ/2H T�`�K2i2`b U1[m�iBQM jXNVX

θ∗ = �`;KBM
θ

tQ77∑

t=ton
(T (t)

hir − T̄ (t)
hir)

2 UjXNV

ton �M/ tQ77 �`2 i?2 iBK2 BMbi�M+2b r?2M mb2` im`M2/ i?2 �* QM �M/ Qz- `2bT2+iBp2HvX h?2

Q#D2+iBp2 7mM+iBQM Bb +QMp2t �M/ [m�/`�iB+ rBi? �//2/ +QMbi`�BMib Q7 {Cr, Cwall,Kr
ext,K

r
wall,

Kwall
ext ,Kmir

hir ,K lir
mir, QAC} ≥ 0, ∀r ∈ {hir,mir, lir}X q2 bQHp2 i?Bb +QMbi`�BM2/ +QMp2t QTiB@

dd



KBx�iBQM T`Q#H2K mbBM; i?2 aLPSh bQHp2` BM �JSG- � KQ/2HHBM; H�M;m�;2 7Q` K�i?2K�iB@

+�H T`Q;`�KKBM;X AM �M �ii2KTi iQ �pQB/ HQ+�H QTiBKmK- r2 BMBiB�HBx2 2�+? T�`�K2i2` rBi?

ir2Miv `�M/QK BMbi�M+2b Q7 T�`�K2i2`b- HBKBib UHQr2` �M/ mTT2`V Q7 r?QK �`2 /2`Bp2/ 7`QK

i?2 /QK�BM FMQrH2/;2X 1KTB`B+�H 2p�Hm�iBQM Qp2` i?2 +QHH2+i2/ /�i�b2i b?Qrb i?�i i?2 /�i�

7`QK n = 4 mb�;2b U2�+? Q7 H2M;i? 9 ?Qm`bV +�M imM2 i?2 U/Bb+mbb2/V i?2`K�H KQ/2H rBi? �

/2+2Mi �++m`�+vX

h?2 QTiBKBx2` miBHBx2b i?2 imM2/ i?2`K�H KQ/2H iQ T`2/B+i `2;BQM@rBb2 i2KT2`�im`2 �M/

�* +QKT`2bbQ` bi�i2 �i 2�+? iBK2 BMbi�M+2X q?BH2 `2;BQM@rBb2 i2KT2`�im`2 +QKTmi2b i?2

mb2` +QK7Q`i- i?2 T`2/B+i2/ +QKT`2bbQ` bi�i2 USACV +�H+mH�i2b i?2 �* 2M2`;v +QMbmKTiBQM

U1[m�iBQM jXRyVX

Energy (kWh) = Pr ×
∑tQ77

t=ton S
(t)
AC

3600
× τ UjXRyV

Pr Bb i?2 `�i2/ TQr2` +QMbmKTiBQM Q7 i?2 �*- �M/ S(t)
AC /2MQi2b i?2 �* +QKT`2bbQ`

bi�i2 �i �Mv iBK2 BMbi�M+2 tX >2`2- ton �M/ tQ77 �`2 i?2 iBK2 BMbi�M+2b r?2M mb2` im`M2/ QM

�M/ Qz i?2 �*- `2bT2+iBp2HvX 1/τ /2MQi2b i?2 b�KTHBM; `�i2 BM ?2`ix U>xV mb2/ 7Q` i?2 /�i�

+QHH2+iBQMX

jXjXj SmiiBM; h?BM;b hQ;2i?2` @ � *�b2 aim/v

6Q` � `�M/QK /�v 7`QK QM2 Q7 i?2 `QQKb Q7 BM@bBim /2THQvK2Mi- r2 MQr BHHmbi`�i2 i?2

7mM+iBQMBM; Q7 i?2 T`QTQb2/ 7`�K2rQ`F BM }M/BM; QTiBK�H b2i@i2KT2`�im`2 iQ +QMi`QH i?2

�*X 6Q` i?2 b+2M�`BQ mM/2` +QMbB/2`�iBQM- i?2 i?2`KQbi�i Bb T`2b2Mi BM hir �M/ b2i �i 21◦CX

h?2 b2MbQ`b �`2 +QHH2+iBM; /�i� 2p2`v k KBMmi2b- i?mb b2iiBM; τ = 600 b2+QM/b iQ +QKTmi2 i?2

�* 2M2`;v +QMbmKTiBQMX "2bB/2b- r2 mb2 bi�M/�`/ �a>_�1 p�Hm2b 7Q` Qi?2` T�`�K2i2`b

iQ +�H+mH�i2 pmv �i �Mv iBK2 BMbi�M+2 /m`BM; �M �* mb�;2X h?2 Q++mT�Mib M2p2` mb2/ i?2

7�Mbc i?mb r2 mb2 bi�M/�`/ p�Hm2 U7Q` � bi�iB+ 2MpB`QMK2MiV 7Q` i?2 p2HQ+Biv Q7 �B` BX2X yX8

KfbX q2 b2i `2H�iBp2 ?mKB/Biv iQ 8yW �b i?2 i?2`K�H KQ/2H Ua2+iBQM jXjXkV QMHv T`2/B+ib

i?2 `QQK i2KT2`�im`2X h?Qm;? Bi Bb 72�bB#H2 iQ T`2/B+i ?mKB/Biv #v mbBM; � 7m`i?2` +QKTH2t

i?2`K�H KQ/2H- r2 HBKBi i?2 b+QT2 Q7 i?Bb bim/v iQ i2KT2`�im`2 QMHv �M/ H2�p2 /vM�KB+

?mKB/Biv 2tTHQ`�iBQM �b T�`i Q7 Qm` 7mim`2 rQ`FX q2 +QM/m+i2/ #Qi? i?2 bim/B2b /m`BM;

bmKK2`bc i?mb r2 b2i +HQi?BM; H2p2H iQ #2 yX8 cloX �HbQ- ;Bp2M i?�i bim/v BM+Hm/2/ QMHv

#2/`QQKb �M/ HBpBM; `QQKb- Q++mT�Mib r2`2 2Bi?2` bBiiBM; Q` bH22TBM; /m`BM; i?2 �* mb�;2b

d3



+QK7Q`i savings score

hb2i TKp /Bb+QK7Q`i ̂/Bb+QK7Q`i ̂+QK7Q`i 2M2`;v savings ̂b�pBM;b α = 0.2 0.5 0.8

21 −0.13 6.24

22 +0.08 0.21 0.25 yXd8 5.46 0.78 yXk9 y.e8 0.50 0.34

23 +0.28 0.41 0.49 yX8R 4.68 1.56 yX93 0.51 y.8y 0.49

24 +0.49 0.62 0.74 yXke 3.83 2.41 yXd9 0.36 0.50 y.e8
25 +0.71 0.84 1.00 yXyy 2.29 3.25 RXyy inv inv inv

h�#H2 jXj, AHHmbi`�iBQM Q7 QTiBKBb�iBQM 7`�K2rQ`F i?`Qm;? �M �* mb�;2 r?2`2 �* Bb +m`@
`2MiHv b2i �i 21◦C

U�HbQ +QM}`K2/ #v i?2 `2bB/2MibVX h?mb- r2 b2i K2i�#QHB+ `�i2 2[m�H iQ RXy met- /2}M2/ 7Q`

Q++mT�Mib bBiiBM; BM i?2 `QQKX h?2 p�Hm2 Q7 τ �M/ Qi?2` T�`�K2i2`b UiQ +QKTmi2 pmvV rBHH

#2 p�HB/ 2p2M 7Q` i?2 bm#b2[m2Mi �M�HvbBb Q7 i?2 7`�K2rQ`F BM a2+iBQM jX9X

h�#H2 jXj b?Qrb i?2 �M�HvbBb iQ }M/ QTiBK�H b2i i2KT2`�im`2 7Q` � ;Bp2M p�Hm2 Q7 b2i

i2KT2`�im`2 �M/ *1h UQ` αVX q?2M b2i �i 21◦C- i?2 p�Hm2 Q7 pmv = −0.13 BM/B+�i2b i?�i

`2bB/2Mib UBM mirV rBHH 722H L2mi`�H /m`BM; i?2 �* mb�;2 �M/ +QMbmK2 6.24kWh 2M2`;vX

"�b2/ QM i?Bb BM7Q`K�iBQM- i?2 QTiBKBx2` Q7 i?2 7`�K2rQ`F HQQFb 7Q` � b2i i2KT2`�im`2 i?�i

K�tBKBx2b i?2 score �M/ F22Tb i?2 b2Mb�iBQM H2p2H �i L2mi`�H UBM mirVX

J�tBKBx2 *QK7Q`i Uα = 0.2V

q?2M α UQ` *1hV Bb b2i iQ yXk- i?2 QTiBKBx2` +?�M;2b i?2 i?2`KQbi�i i2KT2`�im`2 iQ 22◦C

7Q` K�tBKBxBM; i?2 mb2` +QK7Q`i /m`BM; i?2 �* mb�;2X "v BM+`2�bBM; i?2 b2i i2KT2`�im`2

#v 1◦C U21◦C → 22◦CV- `2bB/2Mib rBHH 2tT2`B2M+2 #2ii2` +QK7Q`i �b Bi #`BM;b i?2 pmv +HQb2`

iQ i?2 K2�M p�Hm2 Q7 L2mi`�H b2Mb�iBQM Upmv = 0.0VX JQ`2Qp2`- `mMMBM; i?2 �* �i 22◦C

�HbQ `2/m+2b i?2 �* 2M2`;v +QMbmKTiBQM #v 0.78 kWh UBX2X RjWV r?BH2 BKT`QpBM; i?2 mb2`

2tT2`B2M+2X

*QK7Q`i�#H2 1M2`;v a�pBM;b Uα = 0.5V

*1h = 0.5 BKTHB2b i?�i mb2`b �`2 `2�/v iQ +QKT`QKBb2 � HBiiH2 QM i?2B` +QK7Q`i #mi �HbQ

HQQFBM; 7Q` TQi2MiB�H 2M2`;v b�pBM;b 7Q` i?2 �*X h?Qm;? scores `2K�BM b�K2 #v BM+`2�bBM;

i?2 i?2`KQbi�i i2KT2`�im`2 iQ 22◦C- 23◦C- Q` 24◦C- i?2 QTiBKBx2` b2i �* �i 23◦CX "v

/QBM; bQ- 2M2`;v b�pBM;b BM+`2�b2b iQ k8W UrBi? � bHB;?i /`QT BM +QK7Q`iV r?BH2 K�BMi�BMBM;

�M 2[mBHB#`BmK #2ir22M #Qi? +QK7Q`i �M/ i?2 b�pBM;bX

dN



J�tBKBx2 a�pBM;b Uα = 0.8V

L2ti- r2 /2KQMbi`�i2 i?2 TQi2MiB�H Q7 i?2 7`�K2rQ`F BM K�tBKBxBM; i?2 �* 2M2`;v b�pBM;bX

h?Qm;? b2iiBM; i?2 i?2`KQbi�i iQ 25◦C rBHH `2bmHi BM K�tBK�H b�pBM;b- #mi Bi pBQH�i2b i?2

b2+QM/ +QMbi`�BMi Q7 i?2 QTiBKBx�iBQM 7mM+iBQM UQ7 i?2 QTiBKBx2`V BX2X pmvnew b?QmH/ `2K�BM

rBi?BM i?2 b�K2 b2MbBiBpBiv H2p2H UL2mi`�HVX �b Tset = 25◦C Bb �M BMp�HB/ i2KT2`�im`2

U/2TB+i2/ #v invV 7Q` i?2 i?2`KQbi�i- 7`�K2rQ`F QT2`�i2b i?2 �* �i 24◦C iQ �+?B2p2 i?2

/2bB`2/ *1hX _�BbBM; i?2 b2i i2KT2`�im`2 7`QK 21◦C iQ 24◦C BM+`2�b2b i?2 2M2`;v b�pBM;b

iQ jNW BX2X i?`22 iBK2b Q7 i?2 2M2`;v b�pBM;b Q#i�BM2/ #v b2iiBM; i?2 *1h = 0.2X

h?2 7`�K2rQ`F BM � TQ`i�#H2Y i?2`KQbi�i /vM�KB+�HHv /2+B/2b i?2 b2i i2KT2`�im`2- �b

2tTH�BM2/ �#Qp2- BM }t2/ iBK2 rBM/Qrb #v HQQFBM; �i i?2 r2�i?2` T`2/B+iBQM 72i+?2/ 7`QK �

r2�i?2` bi�iBQMX h?Bb rBHH 2Mbm`2 i?�i r?BH2 i?2 mb2` T`QpB/2b � bi�iB+ `272`2M+2 b2i i2KT2`@

�im`2 �M/ � T2`bQM�H /2bB`2 iQ QTiBKBx2 #2ir22M +QK7Q`i �M/ 2M2`;v b�pBM;b- i?2 7`�K2rQ`F

�miQK�iB+�HHv F22Tb +?�M;BM; i?2 b2i i2KT2`�im`2 BM �++Q`/�M+2 rBi? mb2` BMTmibX L2ti- r2

�bb2bb i?2 �++m`�+v Q7 Qm` imM2/ i?2`K�H KQ/2H BM bBKmH�iBM; i?2 i2KT2`�im`2 U�+`Qbb i?2

`2;BQMbV 7QHHQr2/ #v i?2 BKT�+i �M�HvbBb UQ7 #Qi? TQ`i�#H2 �M/ TQ`i�#H2Y i?2`KQbi�ibV QM

Q++mT�MibǶ +QK7Q`i �M/ i?2 �* 2M2`;v b�pBM;bX

jX9 1p�Hm�iBQM

AM `2�H rQ`H/- TQ`i�#H2Y i?2`KQbi�i b2Mb2b i2KT2`�im`2 7`QK � bBM;H2 HQ+�iBQM BM i?2 `QQKX

hQ 2KmH�i2 i?2 �+im�H +QM/BiBQM BM /Bz2`2Mi T�`ib Q7 i?2 `QQK- T`QTQb2/ 7`�K2rQ`F mb2b

� HmKT2/ T�`�K2i2` i?2`K�H KQ/2Hc imM2/ mbBM; i?2 i2KT2`�im`2 /�i� ;�i?2`2/ 7`QK i?2

b2MbBM; TQBMiX 6Q` � +QKT`2?2MbBp2 �M�HvbBb- r2 +�``B2/ Qmi � +QMi`QHH2/ 2tT2`BK2Mi BM

irQ `QQKb U#2/`QQK �M/ HBpBM; `QQK Q7 � ?QK2V Qp2` irQ r22Fb �M/ +QHH2+i2/ /�i� 7`QK

i?`22 /Bz2`2Mi HQ+�iBQMb rBi?BM i?2 `QQK- 2�+? `2T`2b2MiBM; � /Bz2`2Mi i?2`K�H xQM2X h?2

+QMi`QHH2/ 2tT2`BK2Mib ?2HT2/ mb BM 2t�KBMBM; p�`BQmb ?vTQi?2bBbX 6Q` � #`Q�/ �M/ /Bp2`b2

2p�Hm�iBQM Q7 TQ`i�#H2Y- r2 +QM/m+i2/ �M BM@bBim /2THQvK2Mi �+`Qbb }p2 /Bz2`2Mi ?QK2b

Qp2` � /m`�iBQM Q7 i?`22 KQMi?b �M/ KQMBiQ`2/ 2p2`v/�v �* mb�;2 #v i?2 Q++mT�MibX 6Q`

#Qi? i?2 /�i�b2i- mbBM; G2�p2@T@Qmi *`Qbb o�HB/�iBQM UGTQ@*oV- r2 �bb2bb imM2/ T�`�K2i2`b

UQ7 HmKT2/ i?2`K�H KQ/2HV BM 2biBK�iBM; i?2 i2KT2`�im`2 �+`Qbb /Bz2`2Mi `2;BQMbX G�i2`-

mbBM; i?2 imM2/ KQ/2Hb- r2 �M�Hvx2 i?2 BKT�+i Q7 TQ`i�#H2Y i?2`KQbi�ib QM Q++mT�MibǶ

+QK7Q`i �M/ �* 2M2`;v +QMbmKTiBQMX q2 #2;BM i?Bb b2+iBQM #v #`B2}M; Qm` 2tT2`BK2Mi�H

3y



b2imT mb2/ 7Q` i?2 /�i� +QHH2+iBQM �+`Qbb +QMi`QHH2/ �M/ BM@bBim /2THQvK2MibX

jX9XR .�i� *QHH2+iBQM

6Q` #Qi? +QMi`QHH2/ 2tT2`BK2Mib �M/ BM@bBim /2THQvK2Mi- r2 +QMM2+i2/ � HQr@+Qbi i2KT2`@

�im`2 b2MbQ` UJ�tBK .aR3"kyRV iQ � bBM;H2@#Q�`/ +QKTmi2` U_�bT#2``v SBVX 6Q` ;`QmM/

i`mi?- r2 �HbQ KQMBiQ`2/ TQr2` +QMbmKTiBQM Q7 i?2 �* �+`Qbb �HH i?2 `QQKbX q2 Tmb?2/

i?2 +QHH2+i2/ /�i� iQ � +HQm/ b2`p2`X

*QMi`QHH2/ 1tT2`BK2Mi

q2 /2THQv2/ i?`22 i2KT2`�im`2 b2MbQ`b BM � #2/`QQK U`2T`2b2Mi2/ �b *1"_ ?2`2BMV �M/

� HBpBM; `QQK U/2bB;M�i2/ �b *1G_ ?2`2BMV Q7 � ?QK2 7Q` � /m`�iBQM Q7 irQ r22FbX q?BH2

i?2 #2/`QQK r�b bK�HH BM bBx2 U~QQ` �`2� Q7 RjXk m2V ?�pBM; � RX8 iQMM2 �*- i?2 HBpBM;

`QQK r�b +QKT�`�iBp2Hv H�`;2` BM bBx2 U~QQ` �`2� Q7 kyXye m2V +QMi�BMBM; � k iQMM2 �*X

hQ /2+B/2 i?2 `2;BQMb 7Q` TH�+2K2Mi Q7 i2KT2`�im`2 b2MbQ`b- r2 �bF2/ � 72r pQHmMi22`b iQ

722H i?2 +QQHBM; 7`QK i?2 �* �i /BbiBM+i TQBMib BM i?2 `QQKX 6Q` 2�+? `QQK- r2 +QK#BM2/

pQHmMi22`bǶ 722/#�+F rBi? i2KT2`�im`2 K2�bm`2K2Mib �i i?Qb2 HQ+�iBQMb iQ /2THQv i?`22

i2KT2`�im`2 b2MbQ`- QM2 BM 2�+? `2;BQM Q7 i?2 i?2`K�H KQ/2H @ ?B;? BKT�+i `2;BQM UhirV-

KQ/2`�i2 BKT�+i `2;BQM UmirV- �M/ HQr BKT�+i `2;BQM UlirVX hQ KQMBiQ` r2�i?2` +QM/BiBQMb-

r2 F2Ti QM2 i2KT2`�im`2 b2MbQ` BM i?2 #�H+QMv Q7 i?2 ?QK2X .m`BM; i?2 bim/v- r2 b2i i?2

i?2`KQbi�i iQ /Bz2`2Mi i2KT2`�im`2b �M/ 2tT2`B2M+2/ /Bp2`b2 r2�i?2` +QM/BiBQMbX

AM@aBim .2THQvK2Mi

hQ 7m`i?2` p�HB/�i2 Qm` ?vTQi?2bBb BM `2�H@rQ`H/- r2 �HbQ +QM/m+i2/ �M BM@bBim /2THQvK2Mi BM

}p2 /Bz2`2Mi ?QK2b U7Q` i?`22 KQMi?bV r?B+? +QMbBbi Q7 i?`22 #2/`QQKb UAa_R- Aa_k- Aa_8V

�M/ irQ HBpBM; `QQKb UAa_j- Aa_9VX PM2 Q7 i?2 #B;;2bi +?�HH2M;2b 7Q` BM@bBim /2THQvK2Mi

r�b iQ 2Mbm`2 Q++mT�MibǶ +QK7Q`i BM /�BHv `QmiBM2X h?2`27Q`2- /m`BM; i?2 /�i� +QHH2+iBQM- r2

�bF2/ `2bB/2Mib iQ 7QHHQr i?2B` mbm�H `QmiBM2 �M/ QMHv +QM}`K i?2B` i?2`KQbi�i i2KT2`�im`2

7Q` 2�+? �* mb�;2X 6m`i?2`- iQ �pQB/ BM+QMp2MB2M+2 iQ i?2 Q++mT�Mib- r2 KQMBiQ`2/ i2KT2`@

�im`2 QMHv BM hir UM2�`#v �*V �M/ �* TQr2` +QMbmKTiBQM U7Q` ;`QmM/ i`mi?VX hQ KQMBiQ`

i?2 r2�i?2` +QM/BiBQMb- r2 mb2/ �M �SA Q7 i?B`/ T�`iv r2�i?2` bi�iBQMb Uq2�i?2` qQ`H/

PMHBM2 (Re9)V r?B+? `2TQ`ib i2KT2`�im`2 �b `2+Q`/2/ #v i?2B` M2�`2bi bi�iBQM 2p2`v ?�H7 �M
R?iiTb,ffrrrXK�tBKBMi2;`�i2/X+QKf2MfT`Q/m+ibf�M�HQ;fb2MbQ`b@�M/@b2MbQ`@BMi2`7�+2f.aR3"kyX?iKH
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?Qm`X q2 mM/2`bi�M/ i?�i MQi KQMBiQ`BM; i?2 i2KT2`�im`2 BM Qi?2` `2;BQMb U7Q` imMBM; i?2

i?2`K�H KQ/2HV �M/ �HbQ mbBM; � T`Qtv UBM i?2 7Q`K Q7 � r2�i?2` b2`p2`V iQ KQMBiQ` r2�i?2`

+QM/BiBQMb +�M /2p2HQT � #B�b /m`BM; i?2 BKT�+i �M�HvbBb Q7 /�i� 7`QK BM@bBim /2THQvK2MiX

>Qr2p2`- i?Bb �HbQ `2T`2b2Mib � ;2MmBM2Hv HQr@+Qbi �M/ b+�H�#H2 i`�MbBiBQM iQ TQ`i�#H2Y i?�i

KQMBiQ`b i?2 i2KT2`�im`2 �i QMHv QM2 HQ+�iBQM BM i?2 `QQKX q2 mb2 /�i� 7`QK +QMi`QHH2/

2tT2`BK2Mib iQ mM/2`bi�M/ i?2 �++m`�+v 7Q` 2biBK�iBM; i2KT2`�im`2 �+`Qbb i?2 `2;BQMb r?2M

/�i� 7`QK QMHv QM2 `2;BQM Bb �p�BH�#H2X

error =

√
1[(T (t)

r − T̄ (t)
r )2], ∀r ∈ {hir,mir, lir} UjXRRV

jX9Xk o�HB/�iBQM Q7 hmM2/ S�`�K2i2`b

hmM2/ i?2`K�H KQ/2H 7`QK Qm` QTiBKBx�iBQM 7`�K2rQ`F Bb � T`2@`2[mBbBi2 iQ �M�Hvx2 i?2

BKT�+i Q7 b2i i2KT2`�im`2 �M/ TH�+2K2Mi Q7 TQ`i�#H2Y i?2`KQbi�i QM Q++mT�MibǶ +QK7Q`i

�M/ �* 2M2`;v +QMbmKTiBQMX q2 mb2 `QQi K2�M b[m�`2 2``Q` U_Ja1V BM 2biBK�i2/ i2KT2`@

�im`2 �+`Qbb i?2 /Bz2`2Mi `2;BQMb iQ 2p�Hm�i2 i?2 �++m`�+v Q7 T`QTQb2/ 7`�K2rQ`F BM imMBM;

i?2 T�`�K2i2`b Q7 i?2 i?2`K�H KQ/2H U1[m�iBQM jXRRV- r?2`2 1[.] /2MQi2b i?2 2tT2+i�iBQM

Q7 b[m�`2/ 2``Q`X

G2�p2 T@Qmi *`Qbb o�HB/�iBQM UGTQ@*oV

q2 i2`K �M �* mb�;2 �b i?2 /m`�iBQM 7`QK i?2 iBK2 mb2` brBi+?2/ QM i?2 �* iBHH i?2v

brBi+?2/ Bi QzX AM G2�p2@T@Qmi *`Qbb o�HB/�iBQM UGTQ@*oV- r2 i`�BM i?2 KQ/2H 7`QK n− p

�* mb�;2b �M/ i2bi i?2 imM2/ T�`�K2i2`b Qp2` `2K�BMBM; p mb�;2bX >2`2 n Bb i?2 iQi�H

MmK#2` Q7 bm+? �* mb�;2b Q#b2`p2/ /m`BM; i?2 /�i� +QHH2+iBQM �M/ p /2MQi2b i?2 bBx2 Q7

i2bi /�i�b2iX 6Q` 2t�KTH2- B7 i?2`2 �`2 Ry �* mb�;2b BM � ?QK2 �M/ p 2[m�Hb jyW- i?2M

r2 i`�BM Qm` KQ/2H mbBM; }`bi b2p2M mb�;2b �M/ i2bi i?2 imM2/ T�`�K2i2`b Qp2` `2K�BMBM;

i?`22 mb�;2bX Ai +QMiBMm2b BM � +B`+mH�` 7�b?BQM mMiBH Bi H2�`Mb i?2 KQ/2H QM �HH TQbbB#H2

+QK#BM�iBQMb Q7 n − p +QMb2+miBp2 �* mb�;2bX AM Qm` +�b2- r2 /BpB/2/ i?2 iQi�H MmK#2`

Q7 mb�;2b UnV BMiQ dyW i`�BMBM; �M/ jyW i2biBM; /�i�b2i 7Q` �HH i?2 `QQKb- 7`QK #Qi? i?2

/2THQvK2MibX
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6B;m`2 j@9, G2�p2 T@Qmi *`Qbb o�HB/�iBQM, lbBM; /�i� 7`QK qa BMbi2�/ Q7 Ga ?�/ HBiiH2
BKT�+i QM _Ja1 r?2M Q#D2+iBp2 7mM+iBQM p�`B2/ 7`QK PR iQ Pj #mi BMi`Q/m+2/ mM+2`i�BMiv
BM 2biBK�iBM; Thir �+`Qbb #Qi? U�V "2/`QQK U*1"_V �M/ UkV GBpBM; _QQK U*1G_V 7`QK
i?2 +QMi`QHH2/ 2tT2`BK2MiX U+V hmM2/ i?2`K�H KQ/2H UmbBM; PR �b i?2 Q#D2+iBp2 7mM+iBQMV-
2biBK�i2/ i?2 i2KT2`�im`2 �+`Qbb i?`22 `2;BQMb rBi? `2�bQM�#H2 �++m`�+v r?BH2 mbBM; qa UiQ
KQMBiQ` r2�i?2`V 7Q` #Qi? i?2 `QQKb BM +QMi`QHH2/ 2tT2`BK2MiX U/V �++m`�+v BM 2biBK�iBM;
Thir 7Q` #Qi? #2/`QQKb UAa_R- Aa_k- Aa_8V �M/ HBpBM; `QQKb UAa_j- Aa_9V 7`QK i?2 BM@bBim
/2THQvK2MiX

PR,
tQ77∑

t=ton
(T (t)

hir − T̄ (t)
hir)

2,

Pk,
∑

r∈{hir,mir}

tQ77∑

t=ton
(T (t)

r − T̄ (t)
r )2,

Pj,
∑

r∈{hir,mir,lir}

tQ77∑

t=ton
(T (t)

r − T̄ (t)
r )2

UjXRkV

q2 #2;BM i?2 p�HB/�iBQM rBi? �M�HvxBM; i?2 BM~m2M+2 Q7 RX +?QB+2 Q7 Q#D2+iBp2 7mM+iBQM

BX2X PR- Pk- �M/ Pj U1[m�iBQM jXRkV- �M/ kX KQMBiQ`BM; r2�i?2` +QM/BiBQMb mbBM; � HQ+�H

b2MbQ` UGaV BM TH�+2 Q7 �M �SA 7`QK i?B`/ T�`iv r2�i?2` bi�iBQM UqaVX

�b r2 p�`v i?2 Q#D2+iBp2 7mM+iBQM 7`QK PR iQ Pj- r2 M22/ �//BiBQM�H i2KT2`�im`2 BM@

7Q`K�iBQM b2Mb2/ �+`Qbb /Bz2`2Mi `2;BQMbX 6B;m`2 j@9� �M/ j@9# +QKT�`2 i?2 _Ja1 UBM
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2biBK�iBM; ThirV 7Q` *1"_ �M/ *1G_- `2bT2+iBp2Hv- �+`Qbb i?`22 /Bz2`2Mi Q#D2+iBp2 7mM+@

iBQMb r?2M mbBM; qa �M/ Ga iQ KQMBiQ` i?2 QmibB/2 r2�i?2` +QM/BiBQMbX q2 Q#b2`p2 i?�i

BM+Hm/BM; KQ`2 BM7Q`K�iBQM UPR→Pk→PjV BM i?2 Q#D2+iBp2 7mM+iBQM r?BH2 K�FBM; � HBi@

iH2 BKT`Qp2K2Mi BM 2biBK�iBM; Thir �+`Qbb #Qi? i?2 `QQKb- `2/m+2/ bi�M/�`/ /2pB�iBQM #v

0.03◦CX q2 7m`i?2` MQi2/ i?�i i2KT2`�im`2 7`QK qa /2pB�i2/ U�#bQHmi2HvV #v 6◦C Uσ =

2.8◦CV 7`QK i?2 i2KT2`�im`2 b2Mb2/ #v Ga- `2bmHiBM; BM bQK2 mM+2`i�BMiv BM 2biBK�iBM; Thir

UBX2X BM+`2�b2 BM bi�M/�`/ /2pB�iBQMVX

L2ti- r2 p�HB/�i2 i?2 imM2/ i?2`K�H KQ/2H UmbBM; GTQ@*oV QM i?2 /�i� 7`QK i?2 +QM@

i`QHH2/ 2tT2`BK2Mi UBM 2biBK�iBM; Thir- Tmir- �M/ TlirV r?BH2 mbBM; PR �b i?2 Q#D2+iBp2

7mM+iBQM �M/ r2�i?2` /�i� 7`QK qQ`H/ q2�i?2` PMHBM2 (Re9)X 6B;m`2 j@9+ b?Qrb i?2 K2�M

error BM 2biBK�iBM; i2KT2`�im`2 �+`Qbb i?2 i?`22 `2;BQMb r?BH2 mbBM; i?2 imM2/ i?2`K�H

KQ/2HX q2 MQiB+2/ � K2�M _Ja1 Q7 1.54◦C Uσ = 0.38◦CV- 1.19◦C Uσ = 0.68◦CV- �M/

1.64◦C Uσ = 1.48◦CV BM 2biBK�iBM; Thir- Tmir �M/ Tlir- `2bT2+iBp2Hv- BM i?2 #2/`QQKX 1p2M

i?Qm;? i?2 HBpBM; `QQK r�b H�`;2` i?�M i?2 #2/`QQK- �M/ +QMM2+i2/ iQ � +Q``B/Q` UTQbbB@

#Hv `2bmHiBM; BM bQK2 i?2`K�H H2�F�;2V- imM2/ i?2`K�H KQ/2H 2biBK�i2/ Thir- Tmir �M/ Tlir

rBi? �M _Ja1 Q7 1.22◦C Uσ = 0.68◦CV- 1.15◦C Uσ = 0.99◦CV- �M/ 1.81◦C Uσ = 1.18◦CVX

h?2b2 2``Q`b �HB;M rBi? i?Qb2 T`2b2Mi2/ BM i?2 2tBbiBM; HBi2`�im`2 (jd) �M/ b?Qr i?�i i?2`K�H

KQ/2H Bb `2�bQM�#H2 2MQm;? iQ 2biBK�i2 i2KT2`�im`2 �+`Qbb i?2 `2;BQMb- bT2+B}+�HHv 7Q` Qm`

�TTHB+�iBQMX q?BH2 `2/m+BM; Q#D2+iBp2 7mM+iBQM UiQ PRV �M/ mbBM; qa UiQ KQMBiQ` r2�i?2`V

#`BM;b � HBiiH2 mM+2`i�BMiv BM i?2 imM2/ T�`�K2i2`b- i?2v �`2 +`BiB+�H BM 2Mbm`BM; i?�i i?2

T`QTQb2/ �TT`Q�+? Bb b+�H�#H2 �M/ H2bb BMi`mbBp2 7Q` i?2 Q++mT�MibX hQ #2 +HQb2` iQ � b+�H�#H2

b+2M�`BQ �M/ �M�Hvx2 Bib 2z2+iBp2M2bb- r2 /2THQv2/ QMHv QM2 Ui2KT2`�im`2V b2MbQ` BM hir �M/

mb2/ Ui?B`/@T�`ivV r2�i?2` b2`p2` 7Q` i?2 p�HB/�iBQM Q7 imM2/ i?2`K�H KQ/2Hb 7`QK BM@bBim

/2THQvK2MiX q2 Q#b2`p2/ i?�i _Ja1 BM+`2�b2/ iQ 3.15◦C Uσ = 0.77◦CV 7Q` i?2 #2/`QQKb

UAa_R- Aa_k- Aa_8V �M/ 7.4◦C Uσ = 4.6◦CV 7Q` i?2 HBpBM; `QQKb UAa_j- Aa_9V- �b b?QrM BM

6B;m`2 j@9/X

q?2`2 h?BM;b q2Mi q`QM;\

S`BK�`v `2�bQM 7Q` i?2 BM+`2�b2 BM 2``Q`b �M/ bi�M/�`/ /2pB�iBQM 7Q` BM@bBim /2THQvK2Mi Bb

i?2 BM+`2�b2 BM i?2`K�H MQBb2 /m2 iQ MmK2`Qmb mM+QMi`QHH2/ �M/ /vM�KB+b �+iBpBiB2b Q7 i?2

Q++mT�Mib T`2b2Mi BM i?2 `QQKX AM a2+iBQM jXjXk r2 QmiHBM2/ � i?2`K�H KQ/2H i?�i /2TB+ib

i?2 /vM�KB+ �+iBpBiB2b Q7 i?2 Q++mT�Mib �b � MQBb2 BM 2�+? `2;BQM UηrV r?B+? Bb +QMbi�Mi �i �Mv
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6B;m`2 j@8, *QMbi�Mi MQBb2
Ui?`Qm;? p�`BQmb bQm`+2bV
`2bmHib BM BMbB;MB}+�Mi /2pB@
�iBQM 7`QK i?2 A/H2 b+2M�`BQX

	

Window 
Open 

Door 
Open 

Power 
Cut Fan Running 

6B;m`2 j@e, � H�#2HH2/ mb@
�;2 /2TB+iBM; /vM�KB+ �M/
`�M/QK MQBb2 7`QK KmHiBTH2
bQm`+2b �i /Bz2`2Mi iBK2 BM@
bi�M+2b /m`BM; i?2 �* mb@
�;2X

6B;m`2 j@d, aBKmH�iBQM 2``Q`
bi�#BHBx2b #2vQM/ � i`�BMBM;
/�i�b2i +QMi�BMBM; 7Qm` mb@
�;2bX

iBK2 BMbi�M+2 tX h?mb- � bQm`+2 ;2M2`�iBM; +QMbi�Mi Ui?2`K�HV MQBb2 rBHH K�F2 BMbB;MB}+�Mi

2z2+i QM bBKmH�iBQM �++m`�+v- �Hi?Qm;? /vM�KB+ �M/ `�M/QK �+iBpBiB2b /m`BM; i?2 �* mb�;2

+�M BM+`2�b2 i?2 bBKmH�iBQM 2``Q`b bB;MB}+�MiHvX 6Q` BMbi�M+2- r2 +�``B2/ Qmi �M 2tT2`BK2Mi

UBM � +QMi`QHH2/ b2iiBM;V iQ mM/2`bi�M/ i?2 BKT�+i Q7 }p2 �+iBpBiB2b BM bBKmH�iBM; i?2 `QQK

i2KT2`�im`2 @ RX F22TBM; /QQ`b QT2M- kX F22TBM; rBM/Qrb QT2M- jX `mMMBM; i?2 U+2BHBM;V 7�M-

9X bBM;H2 Q++mT�Mi rQ`FBM;- �M/ 8X KmHiBTH2 Q++mT�Mib rQ`FBM; U6B;m`2 j@8VX .m`BM; i?2

2tT2`BK2Mi- r2 +�``B2/ Qmi 2�+? �+iBpBiv 7Q` �M ?Qm` mM/2` bBKBH�` r2�i?2` +QM/BiBQMb �M/

MQi2/ bHB;?i /2pB�iBQMb BM _Ja1 �+`Qbb i?2 �+iBpBiB2bX >Qr2p2`- 7Q` BM@bBim /2THQvK2Mi-

mb2`b r2`2 �HHQr2/ iQ 7QHHQr i?2B` /�BHv b+?2/mH2 r?B+? `2bmHi2/ BM U� 72rV �* mb�;2b i?�i

BM+Q`TQ`�i2/ U`�M/QKV MQBb2 7`QK KmHiBTH2 Q7 bm+? bQm`+2bX hQ BHHmbi`�i2- 6B;m`2 j@e T`2b2Mib

QM2 bm+? mb�;2 �MMQi�i2/ rBi? KmHiBTH2 �+iBpBiB2b i?�i �`Qb2 �i /BbiBM+i iBK2 BMi2`p�Hb r?BH2

mbBM; i?2 �*X �b i?2 U+m``2MiV KQ/2H Bb mM�r�`2 Q7 +?�M;BM; 7�Mf/QQ`frBM/Qr bi�imb

UQMfQzV- Bi rBHH T`2/B+i �bbmKBM; �M �p2`�;2 MQBb2 i?`Qm;? i?2b2 bQm`+2bc i?mb BM~�iBM; i?2

2``Q`bX AM #2/`QQK- T2QTH2 mb2/ i?2B` �* KQbiHv /m`BM; i?2 MB;?i r?BH2 bH22TBM;c i?mb- i?2

BM~m2M+2 Q7 /vM�KB+ �+iBpBiB2b Bb H2bb r?2M +QKT�`2/ iQ i?2 HBpBM; `QQKbX 6m`i?2`- HBpBM;

`QQKb �HbQ BM+Hm/2 K�Mv b?�`2/ bT�+2b bm+? �b +Q``B/Q` BKT�+iBM; i?2 i?2`K�H H2�F�;2

7`QK i?2 `QQK �M/ `�BbBM; i?2 �p2`�;2 2``Q` /m`BM; +`Qbb@p�HB/�iBQMX q?BH2 � ?B;?2` Q`/2`

i?2`K�H KQ/2H +�M `2/m+2 i?2b2 2``Q`b- #mi bm+? � KQ/2H rBHH `2[mB`2 KQ`2 BM7Q`K�iBQMc

i?mb �//BiBQM�H BMbi`mK2Mi�iBQM Q7 i?2 ?QK2X
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S�`�K2i2` *1"_ *1G_ Aa_R Aa_k Aa_j Aa_9 Aa_8

QAC , kW e dXN 8Xk 9XN dXe 3 8Xjk

Chir, kJ/K kye 9d8 jRR 8Re d3d 3ek 9jN

Cmir, kJ/K R93 Rey R93 j93 9N8 jjd kdR

Clir, kJ/K Ny RRy 8y R8y kd8 9jR RRk

Cwall, kJ/K e8j R8j 98j R8j 3jj edy 9Nk

Khir
wall, kW/K yXj9 yXR3 yXkk yXRk yX3j yXj8 yXRe

Kmir
wall, kW/K yXye yXkj yXRR yXyR yX8R yXk9 yXyd

K lir
wall, kW/K yXyj yXj8 yXyN yXyj yXNR yX9R yXk8

Khir
ext , kW/K yXyN yXjk yXRj yXRj RX8N yXkj yXk3

Kmir
ext , kW/K yXk9 yXRj yXyk yXyk yX39 yX99 yXyd

K lir
ext, kW/K yX9 yXR9 yXyd yXyj yXd8 yXN8 yXR8

Kmir
hir , kW/K yXkN RXR yX9 yX33 yX3k RXRk yXNN

K lir
mir, kW/K yXjd yXe yXkj yX9j yX38 yXjd yX3d

Kwall
ext , kW/K yXR8 yXR8 yXRd yXyN yXdk yXje yXRe

ηhir yXR8 yXj9 yXke yXdR jXR RXj3 yX9d

ηmir yX93 yXR3 yXjj yXej jXde jXyN yX8N

ηlir yXj8 yX93 yX93 yX83 8X38 9Xy8 RXk

h�#H2 jX9, hmM2/ T�`�K2i2`b Q7 i?2 i?2`K�H KQ/2H 7Q` 2�+? `QQKb 7`QK #Qi? +QMi`QHH2/ �M/
BM@bBim /2THQvK2Mib

a2MbBiBpBiv �M�HvbBb

h?2 imM2` H2�`Mb 7`QK ?BbiQ`B+�H n mb�;2b iQ T`2/B+i �M/ �M�Hvx2 (n+1)th mb�;2 7Q` QTiBK�H

b2i i2KT2`�im`2X hQ b2H2+i i?2 p�Hm2 Q7 n- r2 K2�bm`2/ i?2 �p2`�;2 bBKmH�iBQM �++m`�+v

7Q` �HH i?2 `QQKb U7`QK BM@bBim /2THQvK2MiV r?BH2 p�`vBM; i?2 bBx2 Q7 i`�BMBM; /�i� 7`QK

QM2 iQ i2M �* mb�;2b U6B;m`2 j@dVX q2 Q#b2`p2/ i?�i bBKmH�iBQM �++m`�+v �p2`�;2/ Qp2`

�HH i?2 `QQKb U/Qii2/ HBM2V bi�#BHBx2b �i 7Qm` mb�;2b �M/ b?Qrb BMbB;MB}+�Mi BKT`Qp2K2Mi

#2vQM/ i?�iX h?mb- BM `2�H@rQ`H/- r2 mb2/ 7Qm` `2+2Mi ?BbiQ`B+�H mb�;2b iQ H2�`M Qm` i?2`K�H

KQ/2H iQ T`2/B+i 7Q` i?2 M2ti mb�;2X >Qr2p2`- iQ b2i mT i?2 i2bi#2/ U7Q` AKT�+i �M�HvbBbV-

r2 imM2/ i?2 i?2`K�H KQ/2H 7Q` 2�+? `QQK mbBM; i?2 +QKTH2i2 /�i�b2i BX2X BM+Hm/BM; �HH

�* mb�;2b 7Q` � T�`iB+mH�` `QQKX �b r2 �`2 #QmM/ iQ `2bT2+i i?2 T`Bp�+v +QM+2`Mb Q7 i?2

pQHmMi22`b- i?2 HBbi Q7 H2�`M2/ T�`�K2i2`b 2Mbm`2b i?�i `2bmHib �`2 `2T`Q/m+B#H2 2p2M i?Qm;?

r2 �`2 mM�#H2 iQ b?�`2 i?2 /�i�b2ibX h�#H2 jX9 bmKK�`Bx2b i?2 H2�`M2/ KQ/2H T�`�K2i2`b
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6B;m`2 j@3, AKT�+i �M�HvbBb, U�V 1M2`;v b�pBM;b BM+`2�b2 r?2M r2 KQp2 Qm` QTiBKBx�iBQM
;Q�H 7`QK KBMBKBxBM; /Bb+QK7Q`i iQ K�tBKBx2 2M2`;v b�pBM;b Uα = 0.0 → 1.0V �+`Qbb �HH
i?2 `QQKbX h?2 TQ`i�#H2Y i?2`KQbi�i Bb +QMbBbi2Mi rBi? �+?B2pBM; i?2b2 2M2`;v b�pBM;b
�+`Qbb /Bz2`2Mi b2i i2KT2`�im`2 7Q` #Qi? ivT2 Q7 `QQKbc U#V "2/`QQK �M/ U+V GBpBM; _QQK
7`QK i?2 +QMi`QHH2/ 2tT2`BK2MiX U/V q?2M +QKT�`2/ rBi? TQ`i�#H2 i?2`KQbi�i- TQ`i�#H2Y
i?2`KQbi�i BM+`2�b2b +QK7Q`i U#v `2/m+BM; /Bb+QK7Q`iV �+`Qbb �HH i?2 `QQKX aBKBH�` iQ 2M2`;v
b�pBM;b- W +?�M;2 BM /Bb+QK7Q`i U∆discomV- r?2M KQp2/ 7`QK TQ`i�#H2 iQ i?2 TQ`i�#H2Y
i?2`KQbi�i- ?�b � r2�F +Q``2H�iBQM rBi? Tset �+`Qbb #Qi? U2V "2/`QQK �M/ U7V GBpBM; _QQK
7`QK i?2 +QMi`QHH2/ 2tT2`BK2MiX

7Q` �HH i?2 `QQKbX lbBM; i?2 i2bi#2/- r2 M2ti T`2b2Mi Qm` BKT�+i �M�HvbBb QM TQ`i�#H2Y

i?2`KQbi�ib iQ [m�MiB7v i?2B` BKT�+i QM Q++mT�MibǶ +QK7Q`i �M/ �* 2M2`;v +QMbmKTiBQM-

BM i2`Kb Q7 savings �M/ /Bb+QK7Q`iX

jX9Xj AKT�+i �M�HvbBb

PTiBKBx�iBQM 7`�K2rQ`F `2[mB`2b imM2/ i?2`K�H KQ/2H UQ7 i?2 `QQKV- 2ti2`M�H i2KT2`�im`2-

�M/ Thir �i i?2 iBK2 r?2M �* r�b im`M2/ QM UtonVX h?2`27Q`2- iQ +�``v Qmi i?2 BKT�+i

�M�HvbBb- r2 +QHH2+i2/ ?BbiQ`B+�H r2�i?2` /�i� 7Q` i?2 T2`BQ/ r?2M r2 +QM/m+i2/ #Qi? i?2

bim/B2b U+QMi`QHH2/ �M/ BM@bBimVX 6`QK Qm` UBM@bBimV /�i�b2i- r2 Q#b2`p2/ i?�i Km+? U98WV

Q7 i?2 �* mb�;2b U�+`Qbb �HH i?2 `QQKbV r�b #2ir22M Rk �J �M/ 9 �JX h?2`27Q`2- 7Q` i?2

T2`BQ/ Q7 +QMi`QHH2/ bim/v Uk r22FbV �M/ BM@bBim /2THQvK2Mi Uj KQMi?bV- mbBM; i?2 imM2/

i?2`K�H KQ/2H Q7 2�+? `QQK- r2 2biBK�i2/ i?2 i2KT2`�im`2 UBM hir- mir- �M/ lirV #2ir22M
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Rk �J iQ 9 �J r?BH2 +QMbB/2`BM; � /Bp2`b2 b2i Q7 i?2`KQbi�i i2KT2`�im`2X .m`BM; i?2

bBKmH�iBQM- r2 b2i i?2 i?2`KQbi�i �i 25◦C U7Q` i?2 +QMi`QHH2/ 2tT2`BK2MiV �M/ 7`2[m2MiHv

mb2/ b2i i2KT2`�im`2 U#v i?2 `2bB/2MibV 7Q` BM@bBim /2THQvK2Mi BX2X 27◦C UAa_RV- 24◦C

UAa_kV- 26◦C UAa_jV- 25◦C UAa_9V- �M/ 21◦C UAa_8VX "�b2/ QM i?2 2biBK�i2/ i2KT2`�im`2

K2�bm`2K2Mib U�+`Qbb �HH `2;BQMbV �M/ �* +QKT`2bbQ` bi�i2- r2 �bb2bb i?2 TQi2MiB�H Q7

TQ`i�#H2Y i?2`KQbi�ib BM �ii�BMBM; K�tBKmK b�pBM;b r?BH2 `2/m+BM; Q++mT�MibǶ /Bb+QK7Q`iX

∆/Bb+QK(W) =
/Bb+QK7Q`ipot − /Bb+QK7Q`ipot+

/Bb+QK7Q`ipot
UjXRjV

q2 mb2 ∆discom U1[m�iBQM jXRjV iQ /2TB+i T2`+2Mi�;2 +?�M;2 BM /Bb+QK7Q`i r?2M b?B7iBM;

7`QK TQ`i�#H2 iQ � TQ`i�#H2Y i?2`KQbi�iX >2`2- /Bb+QK7Q`ipot+ BM/B+�i2b Q++mT�MibǶ /Bb@

+QK7Q`i Q#b2`p2/ /m2 iQ TQ`i�#H2Y i?2`KQbi�ib 7Q` i?2 QTiBK�H b2iiBM;b- r?BH2 /Bb+QK7Q`ipot
/2TB+ib i?2 /Bb+QK7Q`i BM+m``2/ #v mbBM; TQ`i�#H2 i?2`KQbi�ibX � ?B;?2` p�Hm2 Q7 ∆discom

BKTHB2b #2ii2` mb2` +QK7Q`i UQ` `2/m+2/ /Bb+QK7Q`iV B7 brBi+?2/ 7`QK TQ`i�#H2 iQ � TQ`i�#H2Y

i?2`KQbi�i iQ QTiBKBx2 �* 2M2`;v +QMbmKTiBQMX

6B;m`2 j@3� �M/ 6B;m`2 j@3/ b?Qrb i?2 �p2`�;2 savings �M/ ∆discom Ur?2M +QKT�`2/

iQ i?2 TQ`i�#H2 i?2`KQbi�iV �+`Qbb /Bz2`2Mi `QQKb r?BH2 p�`vBM; i?2 α BM 1[m�iBQM jXjX

�b r2 KQp2 Qm` QTiBKBx�iBQM iQ K�tBKBx2 2M2`;v b�pBM;b 7`QK K�tBKBxBM; Q++mT�MibǶ

+QK7Q`i Uα = 0 → 1V- r2 MQi2/ � bB;MB}+�Mi BM+`2�b2 BM 2M2`;v b�pBM;b �+`Qbb �HH i?2

`QQKb- rBi? K�tBKmK 2M2`;v b�pBM;b Q7 8yW �+?B2p2/ 7Q` Aa_jX PM i?2 Qi?2` 2M/ Q7 i?2

bT2+i`mK- rBi? α = 0- bB;MB}+�Mi BKT`Qp2K2Mi BM +QK7Q`i r�b �+?B2p2/ U�b 2tT2+i2/V-

rBi? i?2 K�tBKmK +?�M;2 BM +QK7Q`i #2BM; 8yW �ii�BM2/ 7Q` Aa_kX 6m`i?2`- BM +QMi`QHH2/

2tT2`BK2Mib- r2 +QHH2+i2/ /�i� �i /Bz2`2Mi b2i i2KT2`�im`2b iQ mM/2`bi�M/ i?2 b�pBM;b �M/

+QK7Q`i TQi2MiB�H �+`Qbb /Bz2`2Mi mb2` b2iiBM;bX q2 Q#b2`p2/ i?�i BKT`Qp2K2Mi BM +QK7Q`i

U6B;m`2 j@32- j@37V �HQM; rBi? BM+`2�b2/ 2M2`;v b�pBM;b U6B;m`2 j@3#- j@3+V Bb �+?B2p�#H2

�+`Qbb � `�M;2 Q7 b2i i2KT2`�im`2bX "27Q`2 KQpBM; 7m`i?2`- r2 `2KBM/ `2�/2`b i?�i �+`Qbb

�HH i?2 QTiBKBx�iBQM Ui?�i r2 /Bb+mbb MQrV- r2 2Mbm`2 i?�i i?2 +QMbi`�BMib URV Enew ≤ Eold-

�M/ UkV pmvll ≤ pmvnew ≤ pmvul �`2 K2i- �b /Bb+mbb2/ BM i?2 T`2pBQmb b2+iBQMX

J�tBKBx2 P++mT�MibǶ *QK7Q`i Uα = 0.0V

h?2 DQ# Q7 i?2 �* Bb iQ K�BMi�BM +QK7Q`i�#H2 `QQK i2KT2`�im`2 7Q` i?2 Q++mT�MibX h?mb- r2

#2;BM Qm` �M�HvbBb rBi? K�tBKBxBM; +QK7Q`i UQ` KBMBKBxBM; /Bb+QK7Q`iV 7Q` i?2 Q++mT�MibX
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qBi? α = 0.0- Qm` �M�HvbBb b?Qrb i?�i TQ`i�#H2Y i?2`KQbi�ib `2/m+2 Q++mT�MibǶ /Bb+QK7Q`i

#v kjW Uσ = 11WV U6B;m`2 j@3/V r?BH2 biBHH b�pBM; RRW Uσ = 7WV U6B;m`2 j@3�V 2M2`;v

U�+`Qbb �HH i?2 `QQKbV- �b +QKT�`2/ iQ TQ`i�#H2 i?2`KQbi�iX h?2b2 BKT`Qp2K2Mib Qp2`

TQ`i�#H2 i?2`KQbi�i �`2 ;Bp2M i?2 7�+i i?�i TQ`i�#H2Y i?2`KQbi�i b22F iQ �ii�BM T2�F U7`QK

6B;m`2 j@RV 7Q` �HB+2 r?B+? 2Mbm`2b KBMBK�H /Bb+QK7Q`i UBM mirV r?BH2 QTiBKBxBM; 7Q` �*

2M2`;v +QMbmKTiBQMX

*QK7Q`i�#H2 1M2`;v a�pBM;b Uα = 0.5V

h?2 TQr2` Q7 TQ`i�#H2Y i?2`KQbi�i HB2b BM Bib TQi2MiB�H iQ �ii�BM +QK7Q`i�#H2 2M2`;v b�pBM;b

BX2X QTiBKBx2 �* 2M2`;v +QMbmKTiBQM r?BH2 K�BMi�BMBM; Q++mT�MibǶ +QK7Q`iX �b r2 KQp2

α iQ yX8- savings BM+`2�b2/ iQ kRW Uσ = 14WV r?BH2 `2/m+BM; /Bb+QK7Q`i #v dW Uσ = 15WVX

h?2 ?B;? /2pB�iBQMb UBM ∆discomV Bb ;Bp2M i?2 7�+i i?�i ?mK�M +QK7Q`i K�v p�`v bB;MB}+�MiHv

�b T2` i?2 r2�i?2` +QM/BiBQMbX h?mb- rBi? � +?�M;2 BM +HBK�i2- +QK7Q`i `2[mB`2K2Mib Q7 �HB+2

U+m`p2 BM 6B;m`2 j@RV K�v b?B7i 2Bi?2` iQr�`/b H27i Q` `B;?iX >Qr2p2`- �HB+2 7QHHQrBM; � /�BHv

`QmiBM2 rBHH QT2`�i2 ?2` �* �i 18◦C r?B+? +�M 7�HH iQr�`/b H27i QM i?2 Km+? HQr2` bB/2

�M/ �HbQ +HQb2 iQ i?2 T2�F p�Hm2X .2T2M/BM; QM r?2`2 mb2` +QK7Q`i `2bB/2b UQM i?2 +m`p2V

7Q` � ;Bp2M b2i i2KT2`�im`2 �M/ r2�i?2` +QM/BiBQMb- HBF2HB?QQ/ Q7 b�pBM;b �M/ +QK7Q`i K�v

p�`v bB;MB}+�MiHv BM K�;MBim/2X am+? p�`B�iBQMb �+`Qbb /Bp2`b2 +HBK�i2 7m`i?2` �/pQ+�i2 i?2

M2+2bbBiv Q7 TQ`i�#H2Y i?2`KQbi�i 7Q` `2bB/2MiB�H �*bX

J�tBKBx2 1M2`;v a�pBM;b Uα = 1.0V

L2ti- r2 KQp2 Qm` QTiBKBx�iBQM ;Q�H iQr�`/b K�tBKBxBM; i?2 2M2`;v b�pBM;bX q2 Q#b2`p2/

i?�i MQr TQ`i�#H2Y i?2`KQbi�i Bb MQ #2ii2` i?�M � TQ`i�#H2 i?2`KQbi�i BM `2/m+BM; i?2

Q++mT�MibǶ /Bb+QK7Q`i r?BH2 QTiBKBxBM; i?2 �* 2M2`;v +QMbmKTiBQMX .Bb+QK7Q`i BMi`Q@

/m+2/ #v TQ`i�#H2Y i?2`KQbi�i BM+`2�b2/ #v RyW Uσ = 12WV r?2M +QKT�`2/ rBi? TQ`i�#H2

i?2`KQbi�i- ?Qr2p2`- 2M2`;v b�pBM;b �HbQ BM+`2�b2/ iQ keW Uσ = 12WVX

hQ +QM+Hm/2- `272``BM; iQ savings 7Q` 18◦C U7`QK 6B;m`2 j@3#V- Qm` �M�HvbBb BM/B+�i2b

i?�i TQ`i�#H2Y i?2`KQbi�i 2KTQr2`b �HB+2 BM b�pBM; RyW 2M2`;v r?BH2 F22TBM; ?2` +QK7Q`i

BMi�+i Uα = 0.5V r?BH2 mbBM; i?2 b2i i2KT2`�im`2 7`QK ?2` /�BHv `QmiBM2X qBi? bHB;?i

/Bb+QK7Q`i- b�pBM;b U7`QK �*V +�M `�Bb2 mT iQ R9W #v brBi+?BM; iQ TQr2` b�pBM; KQ/2 Q7 i?2

i?2`KQbi�iX JQ`2Qp2`- iQ /Q bQ- �HH b?2 M22/ iQ /Q Bb b2i i?2 i?2`KQbi�i �i �Mv i2KT2`�im`2

�M/ K2MiBQM ?2` `2[mB`2K2Mib UT2�F +QK7Q`ifK�tBK�H b�pBM;bV �i *1h- �M/ TQ`i�#H2Y
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i?2`KQbi�i rBHH i�F2 +�`2 Q7 2p2`vi?BM; 2Hb2X "v mbBM; i?2 TQ`i�#H2Y i?2`KQbi�ib- `2bB/2Mib

UHBF2 �HB+2V +�M �ii�BM � #�H�M+2 #2ir22M i?2B` +QK7Q`i �M/ 2M2`;v b�pBM;bX .2T2M/BM; QM

i?2B` T`272`2M+2- i?2v +�M b�p2 mT iQ keW 2M2`;v Ur?2M b2i QM TQr2` b�pBM; KQ/2V �M/

`2/m+2 i?2B` /Bb+QK7Q`i #v kjW r?BH2 �BKBM; 7Q` i?2 T2�F +QK7Q`iX _2�HBx2/ b�pBM;b +�M

#2 bB;MB}+�MiHv BKT`Qp2/ #v 7m`i?2` QTiBKBxBM; i?2 +QMi`QH HQ;B+ Q7 TQ`i�#H2Y i?2`KQbi�i

i?`Qm;? p�`BQmb �TTHB+�iBQMb- r?B+? r2 /Bb+mbb BM i?2 M2ti b2+iBQMX

jX8 *?�HH2M;2b �M/ .Bb+mbbBQM

AM i?Bb rQ`F- r2 T`QTQb2/ TQ`i�#H2Y i?2`KQbi�i i?�i mb2b � knd Q`/2` i?2`K�H KQ/2H iQ

K�F2 �* QT2`�iBQMb 2M2`;v@2{+B2Mi �M/ +QK7Q`i�#H2 7Q` i?2 mb2`bX 6Q` i?2 /2i�BH2/ i?2`@

K�H KQ/2H- r2 /2TB+i2/ MmK2`Qmb bQm`+2b �z2+iBM; i?2 `QQK i2KT2`�im`2 Ubm+? �b /QQ`b-

rBM/Qrb- 7�Mb- �KQM; Qi?2`V �b � HmKT2/ i?2`K�H MQBb2 i?�i 2Mbm2/ HQr2` �++m`�+v 7Q` �

72r mb�;2b 7`QK BM@bBim /2THQvK2MiX >Qr2p2`- i?2`K�H KQ/2H Bb �M BMTmi iQ i?2 7`�K2@

rQ`F- �M/ BMbi�HHBM; KQiBQM b2MbQ`b UiQ /2i2+i Q++mT�M+vV �M/ `2H�v b2MbQ`b UiQ /2i2`KBM2

/QQ`frBM/Qr bi�imbV rBHH �HHQr i?2 bvbi2K iQ miBHBx2 i?2`K�H KQ/2Hb rBi? HQr 2``Q`bX >�p@

BM; b�B/ i?�i- i?2 7`�K2rQ`F Bb QT2M iQ `2}M2K2Mib 7Q` �Mv n@`2;BQM `QQK U�TT2M/Bt �V-

TH�+2b r?2`2 `2bB/2Mib TQbb2bb BMp2`i2` �*b U�TT2M/Bt "V- Q` �Mv Qi?2` b+2M�`BQc i?2`27Q`2-

KQ/2H �bbmKTiBQMb b?QmH/ MQi #2 +QM7mb2/ rBi? i?2 HBKBi�iBQMbX

L2ti- i?Qm;? r2 T`QTQb2 TQ`i�#H2Y i?2`KQbi�i- i?Bb bim/v M2Bi?2` /2�Hb rBi? i?2 i?2`@

KQbi�i /2bB;M MQ` Bib KQ#BH2 �TTHB+�iBQMX aim/B2b b?Qr i?�i ?mK�M@+2Mi`B+ T`QiQivT2b Q7

bm+? /2pB+2b U�M/ �TTHB+�iBQMbV +�M bB;MB}+�MiHv BM~m2M+2 i?2 Qmi+QK2bc i?mb r2 F22T i?�i

i?`2�/ QT2M 7Q` i?2 +QM+2`M2/ +QKKmMBivX 6m`i?2`- i?2 QTiBKBx�iBQM 7`�K2rQ`F +QKT`Bb2b

Q7 irQ +QKTQM2Mib @ URV QTiBKBx2`- �M/ UkV imM2`X h?2 QTiBKBx�iBQM 7mM+iBQM UQ7 QTiBKBx2`V

�BK iQ K�tBKBx2 i?2 r2B;?i2/ �p2`�;2 Q7 savings �M/ /Bb+QK7Q`iX h?2 bi�i2/ 7mM+iBQM

2Mbm`2/ keW b�pBM;b 7Q` TQr2`@b�pBM; KQ/2 �M/ 2M?�M+2/ i?2 mb2` 2tT2`B2M+2 #v kjW BM

�M �ii2KTi iQ �ii�BM T2�F +QK7Q`i 7Q` i?2 `2bB/2MibX h?Qm;? i?2 rB/2 �/QTiBQM �+`Qbb i?2

+QKKmMBiv 2bi�#HBb?2b i?2 `2�bQM #2?BM/ i?2 +?QB+2 Q7 K2i`B+b Ubm+? �b SJoV- �M/ 7mM+iBQMb

U7Q` savings- /Bb+QK7Q`i- �M/ scoreV BM i?2 7`�K2rQ`Fc i?2v �`2 i?2 Mmi �M/ #QHib Q7 i?2

T`QTQb2/ bvbi2KX 6Q` BMbi�M+2- BM +m``2Mi BKTH2K2Mi�iBQM- r2 QMHv +QMbB/2` i2KT2`�im`2

BM hir �M/ r�HH i2KT2`�im`2 iQ +QKTmi2 pmvc ?Qr2p2`- i?2 7Q`KmH�iBQM BM+Hm/2b Qi?2` T�@

`�K2i2`b �HbQ- bm+? �b �B` p2HQ+Biv- `2H�iBp2 ?mKB/Biv- K2i�#QHB+ `�i2 Q7 i?2 Q++mT�Mib- �M/
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+HQi?BM; BMbmH�iBQMX q?BH2 r2 +�M b2Mb2 i?2b2 T�`�K2i2`b- /B`2+iHv Q` BM/B`2+iHv- iQ 2M`B+?

i?2 KQ/2H- i?2 +m``2Mi BKTH2K2Mi�iBQM Bb HBKBi2/ �M/ �bbmK2b bi�M/�`/ �a>_�1 p�Hm2b

7Q` i?2 Qi?2` T�`�K2i2`bX aBM+2 iB;?i2MBM; i?2K KB;?i #QQbi i?2 T2`7Q`K�M+2 Q7 TQ`i�#H2Y

i?2`KQbi�i- r2 2M+Qm`�;2 i?2 +QKKmMBiv iQ bim/v i?2B` p�`B�Mib iQr�`/b 2M?�M+BM; i?2

T`QTQb2/ 7`�K2rQ`FX

h?2 TQ`i�#H2Y i?2`KQbi�i Bb +�T�#H2 2MQm;? iQ rQ`F 7Q` �Mv rBM/Qr �* BM �Mv ;2Q;@

`�T?v Q7 i?2 rQ`H/- #mi r2 �M�Hvx2/ Bib 2z2+iBp2M2bb i?`Qm;? � /�i�b2i +QHH2+i2/ 7`QK i?2

?QK2b Q7 � T�`iB+mH�` �`2� BM AM/B�X *HBK�i2- mb2`bǶ �iiBim/2 UiQr�`/b 2M2`;v b�pBM;bV- �M/

K�Mv Qi?2` 7�+iQ`b /Bz2` bB;MB}+�MiHv �+`Qbb i?2 ;2Q;`�T?B2bX h?Qm;? i?2 b?QrM MmK#2`b

�`2 �M BM/B+�iBQM Q7 #2ii2` +QK7Q`i �HQM; rBi? MQi�#H2 2M2`;v b�pBM;b- i?2`2 +�M #2 +QMbB/2`@

�#H2 /Bb+`2T�M+v �+`Qbb U�M/ rBi?BMV i?2 +QmMi`B2bX h?2`27Q`2- � `2�H@rQ`H/ BKTH2K2Mi�iBQM

Bb +`BiB+�H iQ mM/2`bi�M/ Bib 2z2+iBp2M2bb BM �+?B2pBM; i?2 /2bB`2/ ;Q�HbX

NR
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*?�Ti2` 9

AM~m2M+2 Q7 S`2/B+iBQM 1``Q`b

A �K ;QBM; iQ K�F2 � T`2/B+iBQM @ Bi +QmH/ ;Q 2Bi?2` r�vX
Ĝ _QM �iFBMbQM- "`Bi�BMǶb "2bi@EMQrM 6QQi#�HH SmM/Bi

9XR AMi`Q/m+iBQM

AM i?2 HBi2`�im`2- b2p2`�H bim/B2b T`QTQb2/ /Bz2`2Mi +QMi`QH bi`�i2;B2b r?B+? #`Q�/Hv 7�HH BMiQ

irQ +�i2;Q`B2b, `2�+iBp2 (ey) �M/ T`2/B+iBp2 (dN- Rkj)X hvTB+�HHv- BM � `2�+iBp2 +QMi`QHH2`-

�B`@+QM/BiBQM2`b `2bTQM/ iQ K2�bm`2/ Q++mT�M+v BM � xQM2X >2`2- Q++mT�M+v Bb K2�bm`2/

mbBM; KQiBQM- CO2 b2MbQ`b- Q` #v KQMBiQ`BM; #mBH/BM;Ƕb qB6B BM7`�bi`m+im`2 (R8N)X aBM+2

#mBH/BM;b ivTB+�HHv i�F2 bQK2 iBK2 iQ `2bTQM/ iQ +QMi`QH BMTmib- #2ii2` T2`7Q`K�M+2 +�M #2

Q#i�BM2/ mbBM; T`2/B+iBp2 +QMi`QH bi`�i2;v r?2`2 i?2 +QMi`QHH2` b2H2+ib i?2 QTiBK�H i`�D2+iQ`v

Q7 b2i TQBMib 7Q` � }MBi2 iBK2 ?Q`BxQM (de)X P7 i?2 T`2/B+iBp2 +QMi`QH i2+?MB[m2b- T2`?�Tb i?2

#2bi@FMQrM �TT`Q�+? Bb JQ/2H S`2/B+iBp2 *QMi`QH UJS*V (8j)X

AM � ivTB+�H JS*- � FMQrM #mBH/BM; i?2`K�H KQ/2H 2biBK�i2b i?2 7mim`2 bvbi2K bi�i2

mbBM; 7Q`2+�bib Q7 KQ/2H BMTmib- bm+? �b #mBH/BM; Q++mT�M+v �M/ QmibB/2 �B` i2KT2`�im`2X

>Qr2p2`- i?2 2z2+iBp2M2bb Q7 i?Bb �TT`Q�+? /2T2M/b QM i?2 �++m`�+v Q7 i?2 T`2/B+iBQMbX �b

T`2/B+iBQM �++m`�+v /2i2`BQ`�i2b- JS* T2`7Q`K�M+2 @ BM i2`Kb Q7 Q++mT�Mi +QK7Q`i �M/

#mBH/BM; 2M2`;v mb2 @ /2;`�/2b �M/ K�v ;2i 2p2M rQ`b2 i?�M +QMp2MiBQM�H i2+?MB[m2bX AM

`2+2Mi rQ`F- PH/2rm`i2H 2i �HX (Rkk) 2ti2MbBp2Hv bim/B2/ i?2 BM~m2M+2 Q7 2``Q`b BM r2�i?2`

7Q`2+�bi QM >o�* 2M2`;v +QMbmKTiBQM �M/ Q++mT�MibǶ +QK7Q`i �M/ [m�MiB}2/ i?2 BKT�+i

Q7 KBbT`2/B+iBQMbX >Qr2p2`- i?2 rQ`F M2Bi?2` �//`2bb2/ 2``Q`b BM Q++mT�M+v T`2/B+iBQM MQ`

bim/B2/ i?2 r�vb iQ KBiB;�i2 i?2 BM~m2M+2 Q7 T`2/B+iBQM 2``Q`bX

Nj



AM i?Bb +?�Ti2`- r2 �//`2bb i?Bb ;�TX q?BH2 mbBM; i?2 Q++mT�M+v /�i� 7`QK � +QKK2`+B�H

#mBH/BM;- r2 bim/v i?2 BM~m2M+2 Q7 Q++mT�M+v 2``Q`b QM JS* T2`7Q`K�M+2 mbBM; � +mbiQK@

#mBHi #mBH/BM; bBKmH�iQ`X q2 �HbQ KQ/2H �M/ �M�Hvx2 i?2 BKT�+i Q7 T2`bQM�H 2MpB`QMK2Mi�H

+QMi`QH bvbi2K US1*V BM i?2 T`2b2M+2 Q7 T`2/B+iBQM 2``Q`bX � S1* +QmH/ #2 �M Qz@i?2@b?2H7

/2bFiQT 7�M Q` � ?2�i2` iQ T`QpB/2 BM/BpB/m�H i?2`K�H +QK7Q`i (kk)X q2 }M/ i?�i S1* r?2M

mb2/ rBi? KQ/2H T`2/B+iBp2 +QMi`QH- +�M `2/m+2 #Qi? @ i?2 p�`B�#BHBiv BM 2M2`;v +QMbmKTiBQM

�M/ i?2 Q++mT�MibǶ /Bb+QK7Q`iX

Pm` +QMi`B#miBQMb �`2 �b 7QHHQrb,

RX q2 T`2b2Mi i?2 /2bB;M �M/ /2p2HQTK2Mi Q7 � #mBH/BM; i?2`K�H bBKmH�iQ` i?�i KQ/2Hb

+QMp2MiBQM�H b+?2/mH2@#�b2/- `2�+iBp2 Q++mT�M+v@#�b2/- �M/ T`2/B+iBp2 JS*@#�b2/

>o�* +QMi`QHH2`bX

kX q2 2ti2M/ i?2 JS*@#�b2/ +QMi`QH bi`�i2;v T`QTQb2/ #v E�H�BK�MB 2i �HX (38) �M/

�HHQr S1* iQ `2�+i #2ir22M �Mv irQ +QMb2+miBp2 bi�i2b Q7 i?2 bvbi2KX

jX q2 [m�MiB7v i?2 BKT�+i Q7 Q++mT�M+v T`2/B+iBQM 2``Q`b QM irQ JS*@#�b2/ +QMi`QH

bi`�i2;B2b @ rBi? �M/ rBi?Qmi S1*X 6Q` �M�HvbBb- r2 mb2 Q++mT�M+v /�i� 7`QK 7Q`iv@

}p2 pQHmMi22`b Qp2` i?`22 KQMi?b �M/ bBKmH�iBQMb Q7 � i2bi #mBH/BM; BM #Qi? ?2�iBM;

�M/ +QQHBM; b2�bQMbX

9X Ai Bb BKTQ`i�Mi i?�i Q++mT�M+v 7Q`2+�bi 2``Q`b �`2 `2�HBbiB+c i?mb- r2 T`QTQb2 � K2i?Q/

iQ bvbi2K�iB+�HHv BMi`Q/m+2 `2�HBbiB+ Q++mT�M+v 2``Q`b BMiQ JS* T`2/B+iBQMb mbBM; `2�H@

rQ`H/ Q++mT�M+v /�i�X

h?2 `2bi Q7 i?2 +?�Ti2` Bb Q`;�MBx2/ �b 7QHHQrbX a2+iBQM 9Xk /Bb+mbb2b i?2 HBi2`�im`2 �M/

bim/B2b +QM/m+i2/ BM i?2 T�biX AM a2+iBQM 9Xj- r2 QmiHBM2 i?2 +QMi`QH bi`�i2;B2b bim/B2/ BM

i?2 +?�Ti2`X AM a2+iBQM 9X9- r2 T`2b2Mi i?2 /2i�BH2/ �`+?Bi2+im`2 �M/ /2bB;M Q7 i?2 i?2`K�H

bBKmH�iQ` 7QHHQr2/ #v /2i�BH2/ �M�HvbBb BM a2+iBQM 9X8X AM a2+iBQM 9Xe- r2 /Bb+mbb b2p2`�H

HBKBi�iBQMb �M/ TQbbB#H2 7mim`2 /B`2+iBQMb Q7 i?2 bim/v �M/ +QM+Hm/2 i?2 +?�Ti2`X

N9



9Xk _2H�i2/ qQ`F

9XkXR *2Mi`�H >o�* *QMi`QHH2`b

AM i?2 T�bi- `2b2�`+?2`b ?�p2 2ti2MbBp2Hv bim/B2/ i?2 QTiBKBx�iBQM Q7 >o�* +QMi`QHH2`b iQ

KBMBKBx2 i?2 �;;`2;�i2 2M2`;v +QMbmKTiBQM �M/ K�tBKBx2 mb2` +QK7Q`i (dj- dd)X �;�`r�H

2i �HX (j) bim/B2/ �;;`2bbBp2 /miv +v+HBM; Q7 >o�* #�b2/ QM Q++mT�M+v T�ii2`Mb rBi?BM i?2

#mBH/BM;X Gm 2i �HX (Ryd) T`QTQb2/ � bK�`i i?2`KQbi�i iQ �miQK�i2 >o�* +QMi`QH #v b2MbBM;

Q++mT�M+v �M/ bH22TBM; T�ii2`Mb BM `2bB/2MiB�H #mBH/BM;bX h?2 Q++mT�M+v@#�b2/ +QMi`QH �H@

HQrb #mBH/BM;b iQ QT2`�i2 QmibB/2 Q7 +QK7Q`i `2;BK2b r?2M mMQ++mTB2/- i?mb `2/m+BM; 2M2`;v

mb�;2 (99)X >2M+27Q`i?- b2p2`�H Qi?2` bim/B2b �HbQ 2tTHQ`2/ i?2 mb2 Q7 Q++mT�M+v BM7Q`K�iBQM

iQ QTiBKBx2 i?2 >o�* 2M2`;v QT2`�iBQMb (9j- RR- 99- RR3- 3- dk- N9- Ne- R9e- Re8)X >Qr2p2`-

+2Mi`�HBx2/ >o�* +QMi`QHH2`b /BpB/2 � #mBH/BM; BMiQ i?2`K�H xQM2b +QKT`BbBM; Q7 T`Bp�i2

�M/ b?�`2/ bT�+2bX qBi?BM 2�+? xQM2- i?2b2 +QMi`QH bi`�i2;B2b K�BMi�BM �a>_�1 bi�M@

/�`/ r?BH2 �bbmKBM; 2�+? xQM2 �b 2Bi?2` Q++mTB2/ Q` mMQ++mTB2/c i?mb- B;MQ`BM; BM/BpB/m�H

+QK7Q`i `2[mB`2K2MibX

9XkXk S2`bQM�H 1MpB`QMK2Mi�H *QMi`QH

6Q` T2`bQM�HBx2/ +QK7Q`i- bim/B2b T`QTQb2/ iQ mb2 T2`bQM�H 2MpB`QMK2Mi�H +QMi`QH bvbi2Kb

US1*bV- 2bT2+B�HHv BM b?�`2/ bT�+2b (kk- R3- RdR- 8k- 8R- Rje)X lMHBF2 +QMp2MiBQM�H +2Mi`�HHv@

+QMi`QHH2/ >o�* bvbi2K- r?2`2 T2QTH2 b?�`2 i?2 b�K2 b2i TQBMi i2KT2`�im`2 (j8- d9)- S1*

bvbi2Kb +�M K22i i?2 +QK7Q`i `2[mB`2K2Mib Q7 �HH Q++mT�Mib- �H#2Bi �i i?2 +Qbi Q7 �//BiBQM�H

2M2`;v 2tT2M/Bim`2X E�H�BK�MB 2i �HX (38) K2`;2/ S1* rBi? KQ/2H T`2/B+iBp2 +QMi`QH iQ

7m`i?2` KBMBKBx2 i?2 >o�* 2M2`;v +QMbmKTiBQM �M/ K�tBKBx2 i?2 mb2` +QK7Q`iX

h?Qm;? �/p�M+2/ T`2/B+iBp2 +QMi`QH bi`�i2;B2b Ubm+? �b JS*V ?�p2 i?2 TQi2MiB�H iQ

QTiBKBx2 >o�* QT2`�iBQMb bB;MB}+�MiHv- MQM2 Q7 i?2 bim/B2b K2MiBQM2/ �#Qp2 [m�MiB7v i?2

BM~m2M+2 Q7 i?2 T`2/B+iBQM 2``Q`b QM i?2 2M2`;v +QMbmKTiBQM Q7 >o�* �M/ QM i?2 Q++mT�MibǶ

+QK7Q`iX

9XkXj 1``Q` �M�HvbBb

PH/2rm`i2H 2i �HX (Rkk) bim/B2/ i?2 BM~m2M+2 Q7 2``Q`b BM r2�i?2` 7Q`2+�bi QM JS*@+QMi`QHH2/

>o�* QT2`�iBQMb- �M/ i?2B` `2bmHib BM/B+�i2 i?�i i?2 [m�HBiv Q7 r2�i?2` T`2/B+iBQMb ?B;?Hv

+Q``2H�i2b rBi? i?2 T2`7Q`K�M+2 Q7 i?2 KQ/2H T`2/B+iBp2 +QMi`QHH2`X >Qr2p2`- i?2 bim/v QMHv
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avK#QH .2b+`BTiBQM lMBi

u(t) amTTHv �B` i2KT2`�im`2 �i iBK2 t ◦*

vij(t) _�i2 Q7 ~Qr Q7 bmTTHv �B` BM `QQK j Q7 � o�o xQM2 i �i iBK2 t m3/s

h�#H2 9XR, GBbi Q7 >o�* +QMi`QH p�`B�#H2b

7Q+mb2/ QM T`2/B+iBQM 2``Q`b BM i?2 r2�i?2` 7Q`2+�bi �M/ i?2 2p�Hm�iBQM r�b HBKBi2/ iQ ǳTm`2Ǵ

JS*@#�b2/ >o�* +QMi`QHH2`X :Bp2M i?�i Q++mT�M+v T`2/B+iBQM Bb �HbQ �M BMTmi iQ JS*-

Bi Bb 2bb2MiB�H iQ �M�Hvx2 i?2 BM~m2M+2 Q7 Q++mT�M+v T`2/B+iBQM 2``Q`b QM >o�* QT2`�iBQMbX

"2bB/2b- i?2 bim/v (Rkk) Bb HBKBi2/ iQ >o�* �M/ /Q2b MQi BM+Q`TQ`�i2 i?2 BKT�+i Q7 S1*b

BM b�iBb7vBM; i?2 +QK7Q`i `2[mB`2K2Mib Q7 Q++mT�MibX

AM i?Bb +?�Ti2`- r2 2ti2M/ i?2 rQ`F BM (Rkk) �M/ BM (38) #v }`bi �M�HvxBM; i?2 2z2+i Q7

T`2/B+iBQM 2``Q`b BM Q++mT�M+v �M/ H�i2` 2tTHQ`BM; i?2 #2M2}ib Q7 S1*b BM KBiB;�iBM; UQ`

KBMBKBxBM;V i?2 BM~m2M+2 Q7 T`2/B+iBQM 2``Q`b QM >o�* QT2`�iBQMbX Pm` bim/v BM/B+�i2b

i?�i T`2/B+iBp2 +QMi`QH bi`�i2;B2b K�F2 >o�* QT2`�iBQMb ?B;?Hv mM`2HB�#H2X >B;? p�`B�#BHBiv

?�b /Bb+Qm`�;2/ #mBH/BM; K�M�;2`b iQ mb2 �/p�M+2/ >o�* +QMi`QH bi`�i2;B2b- �M/ i?mb- i?2v

?�p2 +QMiBMm2/ mbBM; +QMp2MiBQM�H >o�* +QMi`QHH2`bX

9Xj >o�* *QMi`QH ai`�i2;B2b

AM � ivTB+�H +QKK2`+B�H #mBH/BM;- bT�+2b �`2 2Bi?2` T`Bp�i2 Ubm+? �b Q{+2bV Q` b?�`2/ Ubm+? �b

+�72i2`B�- +Q``B/Q`V- �M/ � b2i Q7 T`Bp�i2 �M/ b?�`2/ bT�+2b +QMbiBimi2b � xQM2X qBi?BM 2�+?

xQM2- i?2`2 2tBbib � o�o mMBi i?�i i�F2b �B` 7`QK �>l �i � T�`iB+mH�` i2KT2`�im`2 Uu(t)V

�M/ bmTTHB2b Bi �+`Qbb i?2 `QQKb �i � bT2+B}+ `�i2 Uvij(t)V iQ K�BMi�BM i?2 `QQK i2KT2`�im`2

+HQb2 iQ i?2 b2i TQBMi i2KT2`�im`2X >2`2- j BM/B+�i2b i?2 `QQK MmK#2` BM i?2 ith xQM2 Q7

i?2 #mBH/BM;X hQ 2Mbm`2 � +QMbBbi2Mi bmTTHv Q7 7`2b? �B`- �>l `2+B`+mH�i2b QMHv � HBKBi2/

�KQmMi Q7 mb2/ �B` Ur(t)V �M/ 2D2+ib i?2 `2K�BMBM; �B` BM i?2 QT2M 2MpB`QMK2MiX

.2}M2/ BM h�#H2 9XR- u(t)- vij(t)- �M/ r(t) �`2 F2v >o�* +QMi`QH T�`�K2i2`b �M/ i?2B`

p�Hm2b �`2 ivTB+�HHv /2+B/2/ #v i?2 +QMi`QH bi`�i2;vX AM i?Bb b2+iBQM- r2 /Bb+mbb i?2 7Qm`

+QMi`QH bi`�i2;B2b- BKTH2K2Mi2/ iQ �M�Hvx2 i?2 BM~m2M+2 Q7 Q++mT�M+v T`2/B+iBQM 2``Q`b QM

>o�* QT2`�iBQMbX h?2 }`bi irQ K2i?Q/b �`2 MQM@T`2/B+iBp2- �M/ #mBH/BM; K�M�;2`b rB/2Hv

mb2 i?2b2 bi`�i2;B2b BM +QKK2`+B�H #mBH/BM;b iQ/�vc r?2M 2KTHQv2/- i?2 >o�* QT2`�iBQMb

�`2 BM/2T2M/2Mi Q7 T`2/B+iBQM 2``Q`bX h?2 H�bi irQ �`2 JS*@#�b2/ +QMi`QH bi`�i2;B2bX AM

Ne



i?2 +?�Ti2`- r2 mb2 MQM@T`2/B+iBp2 +QMi`QH bi`�i2;B2b �b i?2 #�b2HBM2 bi`�i2;B2b 7Q` T`2/B+iBp2

+QMi`QH bi`�i2;B2b r?2M Q++mT�M+v T`2/B+iBQM Bb MQi T2`72+iX

9XjXR a+?2/mH2@#�b2/ +QMi`QH

AM � b+?2/mH2@#�b2/ +QMi`QH Q7 >o�*- i?2 #mBH/BM; K�M�;2` bi�`ib i?2 >o�* �i � }t2/

iBK2 BM i?2 KQ`MBM; �M/ b?mib Bi /QrM BM i?2 2p2MBM; UivTB+�HHv 9 AM iQ 6 PMVX PM

�Mv /�v- �>l bmTTHB2b �B` �i � bi�iB+ i2KT2`�im`2 r?B+? Bb +?Qb2M #�b2/ QM i?2 b2�bQM

UbmKK2`frBMi2`V- �M/ i?2 b2i TQBMi i2KT2`�im`2 /Q2b MQi p�`v rBi?BM � /�vX "�b2/ QM

�a>_�1 bi�M/�`/bR- r2 b2i i?2 bmTTHv �B` i2KT2`�im`2 Uu(t)V iQ 15◦* 7Q` bmKK2`b �M/

20◦* 7Q` rBMi2`bX 6Q` #Qi? b2�bQMb- i?2 `�iBQ Q7 `2mb2 �B` UrV �M/ `�i2 Q7 ~Qr Q7 bmTTHv �B`

Uv(t)V Bb +QMbi�Mi �i 0.8 �M/ 0.236 m3/s- `2bT2+iBp2HvX h?2 �TT`Q�+? Bb M�Bp2 #mi rB/2Hv

mb2/ #v #mBH/BM; K�M�;2`b BM +QKK2`+B�H #mBH/BM;bX

9XjXk _2�+iBp2 +QMi`QH

AM `2�+iBp2 +QMi`QH bi`�i2;B2b- o�o +QQHb Q` ?2�ib i?2 bT�+2 QMHv B7 T2QTH2 �`2 T`2b2Mi BM i?2

+Q``2bTQM/BM; o�o xQM2X AM i?2 T�bi- bim/B2b ?�p2 bm;;2bi2/ b2p2`�H /B`2+i �M/ BM/B`2+i

>o�* +QMi`QH bi`�i2;B2b iQ 2biBK�i2 Q++mT�M+vc r2 mb2 i?2 Q++mT�M+v /�i� �M/ BKTH2K2Mi

i?2 bi`�i2;v T`QTQb2/ #v �`/�F�MB�M 2i �HX (8) 7Q` #2M+?K�`FBM;X

9XjXj JQ/2H S`2/B+iBp2 *QMi`QH

JQ/2H T`2/B+iBp2 +QMi`QH UJS*V Bb � `2+2Mi �TT`Q�+? 7Q` >o�* r?2`2 +QMi`QHH2` +�M +QK@

Tmi2 i?2 `QQK i2KT2`�im`2 Qp2` � }MBi2 iBK2 ?Q`BxQM (k)X hvTB+�HHv- � i?2`K�H KQ/2H mbBM;

Q++mT�M+v 2biBK�i2b �M/ r2�i?2` 7Q`2+�bi /2i2`KBM2b i?2 7mim`2 bvbi2K bi�i2 Qp2` � iBK2

?Q`BxQMX AM Qm` BKTH2K2Mi�iBQM Q7 JS*- r2 mb2/ 1[m�iBQM 9XR �b i?2 i?2`K�H KQ/2H i?�i

+QMbB/2`b i?2 BM~m2M+2 Q7 >o�*- �iKQbT?2`B+ i2KT2`�im`2- ?2�iBM; HQ�/ #v i?2 Q++mT�Mib-

�M/ Qi?2` ?2�iBM; Q` +QQHBM; HQ�/b T`2b2Mi BM i?2 `QQK (R9y)X h�#H2 9Xk HBbib �HH bvK#QHb Q7

R�K2`B+�M aQ+B2iv Q7 >2�iBM;- _27`B;2`�iBQM �M/ �B`@*QM/BiBQMBM; @ � ;HQ#�H Q`;�MBb�iBQM i?�i Tm#HBb?2b
bi�M/�`/b �M/ ;mB/2HBM2b `2H�i2/ iQ >o�*X

Nd



avK#QH .2b+`BTiBQM .27�mHi lMBi

ρ .2MbBiv Q7 �B` 1.204 kg/m3

σ aT2+B}+ ?2�i Q7 �B` 1.003 kJ/(kg.K)

τ a�KTHBM; BMi2`p�H − s

nz hQi�H MmK#2` Q7 o�o xQM2b BM � #mBH/BM; − −

ni
r hQi�H MmK#2` Q7 `QQKb BM o�o xQM2 i − −

Oij(t) P++mT�M+v BM `QQK j Q7 xQM2 i �i iBK2 t − −

T ij(t) h2KT2`�im`2 BM `QQK j Q7 xQM2 i �i iBK2 t /m2 iQ >o�* − ◦C

Tex(t) 1ti2`M�H i2KT2`�im`2 �i iBK2 t − ◦C

Cij h?2`K�H +�T�+Biv Q7 `QQK j BM xQM2 i 2000 kJ/K

αij
ex >2�i i`�Mb72` +Q2{+B2Mi #2ir22M QmibB/2 �M/ `QQK j BM xQM2 i 0.048 kJ/(K.s)

Qij
ap >2�i HQ�/ /m2 iQ ?2�iBM;f+QQHBM; 2[mBTK2Mib BM `QQK j Q7 xQM2 i 0.1 kW

Qij
oc >2�i HQ�/ /m2 iQ Q++mT�Mi BM `QQK j Q7 xQM2 i 0.1 kW

h�#H2 9Xk, GBbi Q7 bvK#QHb mb2/ BM i?2 i?2`K�H KQ/2H

i?2 i?2`K�H KQ/2H �M/ i?2B` /27�mHi p�Hm2bX

T ij(t+ 1)− T ij(t)

τ
× Cij =

ρσ

ni
r
× vij(t)× (u(t)− T ij(t))

+ αij
ex × (Tex(t)− T ij(t))

+ (Qij
oc +Qij

ap)×Oij(t)

U9XRV

6Q` i?2 iBK2 ?Q`BxQM- i?2 +QMi`QHH2` +QKTmi2b u(t)- vij(t)- �M/ r(t)- #v bQHpBM; �M QTiBKBx�@

iBQM T`Q#H2K mbBM; i?2 +m``2Mi bi�i2 Q7 i?2 bvbi2K- rBi? �M Q#D2+iBp2 iQ KBMBKBx2 i?2 iQi�H

2M2`;v +QMbmKTiBQM U1[m�iBQM 9XkVX

Po(t) = V (t)× ηh × (u(t)− Tcu(t)) + V (t)× V (t)× η7

+ V (t)× ηc × (Tmx(t)− Tcu(t))
U9XkV

r?2`2-

V (t) =
nz∑

i=1

ni
r∑

j=1

vij(t) U9XjV

V (t) /2TB+ib i?2 iQi�H �B` bmTTHB2/ �+`Qbb �HH i?2 `QQKb rBi?BM � #mBH/BM;- ηh �M/ ηc BM/B+�i2

i?2 2{+B2M+v Q7 i?2 ?2�iBM; �M/ +QQHBM; mMBi- `2bT2+iBp2HvX Tcu(t) �M/ Tmx(t) /2MQi2 i?2

N3



i2KT2`�im`2 Q7 �B` +QKBM; 7`QK i?2 +QQHBM; �M/ KBtBM; mMBi- `2bT2+iBp2HvX ηf Bb i?2 2{+B2M+v

Q7 i?2 o�o 7�M r?B+? Bb bmTTHvBM; �B` iQ i?2 `QQKX .2i�BHb �#Qmi i?2 TQr2` +QMbmK2/ #v

i?2 bmTTHv 7�M +�M #2 7QmM/ BM _�##�MB 2i �HX (Rje)X

h?2 QTiBKBx�iBQM T`Q#H2K +QMbi`�BMib i?2 +QK7Q`i BM/2t iQ `2K�BM rBi?BM i?2 bT2+B}2/

#QmM/b iQ 2Mbm`2 mb2` +QK7Q`iX AM i?Bb bim/v- r2 mb2 rB/2Hv mb2/ K2i`B+ SJo @ S`2/B+i2/

J2�M oQi2- iQ K2�bm`2 mb2` +QK7Q`i (9e)X Pi?2` +QMbi`�BMib BM+Hm/2 iBK2@b+�H2 HBKBi�iBQMb-

i?2`K�H /vM�KB+b U1[m�iBQMb 9XRV- �M/ +QMbi`�BMib /B+i�i2/ #v i?2 bvbi2K b2imT Ubm+?

�b i?2`K�H +QK7Q`i �M/ >o�* QT2`�iBQM b?QmH/ `2K�BM rBi?BM � /2bB`2/ `�M;2VX AM i?Bb

+?�Ti2`- r2 BKTH2K2Mi2/ JS* rBi? irQ iBK2@b+�H2b r?2`2 i?2 +QMi`QHH2` mT/�i2b i?2 bmTTHv

�B` i2KT2`�im`2 2p2`v ?Qm` �M/ i?2 bmTTHv �B` pQHmK2 2p2`v Ry KBMmi2bX h?2 �#Qp2 iBK2@

b+�H2b �`2 ivTB+�HHv /2i2`KBM2/ #v i?2 T?vbB+�H HBKBi�iBQM Q7 �M >o�* mMBiX 6Q` KQ`2 /2i�BHb

�#Qmi i?Bb bT2+B}+ 7Q`KmH�iBQM Q7 i?2 QTiBKBx�iBQM T`Q#H2K- TH2�b2 `272` iQ E�H�BK�MB 2i

�HX (3e)X

9XjX9 JS* rBi? S2`bQM�H 1MpB`QMK2Mi *QMi`QHH2`

_2+2MiHv- E�H�BK�MB 2i �HX (38) T`QTQb2/ � ?v#`B/ >o�* +QMi`QHH2` �M/ +QK#BM2/ JS* rBi?

� T2`bQM�H 2MpB`QMK2Mi�H +QMi`QH bvbi2KX AM i?2 bim/v- (38) mb2/ aSPh @ �M Qz@i?2@b?2H7

/2bFiQT 7�Mf?2�i2` rBi? HQ+�H i2KT2`�im`2 b2MbBM; �M/ � +QKTmi2`@+QMi`QHH2/ �+im�iQ` iQ

T`QpB/2 BM/BpB/m�H i?2`K�H +QK7Q`iX �bbmKBM; T2`72+i T`2/B+iBQM Q7 Q++mT�M+v �M/ QmibB/2

i2KT2`�im`2- i?2 bim/v b?Qrb i?�i +QK#BMBM; JS* rBi? aSPh Bb 2z2+iBp2 BM `2/m+BM; i?2

iQi�H 2M2`;v +QMbmKTiBQM #v +?QQbBM; �TT`QT`B�i2 i?2`K�H b2i#�+Fb /m`BM; i?2 BMi2`p�Hb Q7

bT�`b2 Q++mT�M+vX

�i i?2 iBK2 Q7 T�`iB�H Q++mT�M+v- >o�* `mMb �i � #�b2 i2KT2`�im`2 r?B+? Bb bHB;?iHv

?B;?2` UBM bmKK2`bV Q` HQr2` UBM rBMi2`bV i?�M i?2 /2bB`2/ i2KT2`�im`2X 1[m�iBQM 9XR

/2TB+ib i?2 #�b2 i2KT2`�im`2 U/m2 iQ >o�*V r?B+? /2T2M/b QM >o�*- 2ti2`M�H r2�i?2`

+QM/BiBQMb- �M/ Q++mT�Mib rBi?BM i?2 bT�+2X

T ij
hv(t+ 1)− T ij

hv(t)

τ
× Cij =

ρσ

ni
r
× vij(t)× (uij(t)− T ij

hv(t))

+ αij
ex × (Tex(t)− T ij

hv(t)) +Qij
ap ×Oij(t)

U9X9V

AM i?2 T`QTQb2/ �TT`Q�+?- r2 �bbmK2 i?�i `QQK Bb /BpB/2/ BMiQ irQ `2;BQMb, Q++mTB2/ @

i?2 T�`i Q7 i?2 `QQK r?2`2 i?2 Q++mT�Mi Bb T`2b2Mic �M/ mMQ++mTB2/ @ i?2 Qi?2` T�`i Q7 i?2

NN



avK#QH .2b+`BTiBQM .27�mHi lMBi

T ij
hv(t) h2KT2`�im`2 BM `QQK j Q7 xQM2 i �i iBK2 t /m2 iQ >o�* − ◦C

∆ij
oc(t) *?�M;2 BM i2KT2`�im`2 Q7 Q++mTB2/ `2;BQM Q7 `QQK j BM xQM2 i �i iBK2 t − ◦C

T ij
oc(t) h2KT2`�im`2 BM Q++mTB2/ `2;BQM Q7 `QQK j BM xQM2 i �i iBK2 t − ◦C

T ij
un(t) h2KT2`�im`2 BM mMQ++mTB2/ `2;BQM Q7 `QQK j BM xQM2 i �i iBK2 t − ◦C

Cij
oc h?2`K�H +�T�+Biv Q7 Q++mTB2/ `2;BQM Q7 `QQK j BM xQM2 i 200 kJ/K

αin
>2�i i`�Mb72` +Q2{+B2Mi #2ir22M Q++mTB2/ �M/ mMQ++mTB2/ `2;BQMb Q7
`QQK j BM xQM2 i

0.1425 kJ/(K.s)

Qij
he >2�i HQ�/ /m2 iQ aSPh BM `QQK j Q7 xQM2 i 0.7 kW

h�#H2 9Xj, LQi�iBQMb mb2/ BM i?2 `2pBb2/ i?2`K�H KQ/2H

`QQKX

AM i?2 Q++mTB2/ `2;BQM- aSPh T`QpB/2b i?2 Qzb2i +QK7Q`i iQ �ii�BM i?2 +QK7Q`i `2[mB`2@

K2Mib Q7 i?2 Q++mT�MiX AM 1[m�iBQM 9X9- r2 b?Qr ?Qr i?2 `QQK i2KT2`�im`2 +?�M;2b r?2M

i�FBM; BMiQ �++QmMi i?2 BKT�+i Q7 >o�*- ?2�i 2t+?�M;2 rBi? i?2 QmibB/2- 2ti2`M�H r2�i?2`

+QM/BiBQMb- �M/ Qi?2` ?2�iBM;f+QQHBM; HQ�/b T`2b2Mi BM i?2 `QQKX AM 1[m�iBQM 9X8- r2 i?2M

+�H+mH�i2 i?2 +?�M;2 BM i2KT2`�im`2 /m2 iQ aSPh- Q++mT�Mi- �M/ Qi?2` ?2�i 2t+?�M;BM;

HQ�/ T`2b2Mi BM i?2 `QQK- 7QHHQr2/ #v i2KT2`�im`2 BM i?2 Q++mTB2/ T�`i Q7 i?2 `QQK BM 1[m�@

iBQM 9XeX PM i?2 Qi?2` ?�M/- BM i?2 mMQ++mTB2/ TQ`iBQM U1[m�iBQM 9XdV- #Qi? aSPh �M/

i?2 Q++mT�Mib BM/B`2+iHv BM~m2M+2 i?2 `QQK i2KT2`�im`2 /m2 iQ i?2`K�H +QmTHBM; #2ir22M

i?2 irQ xQM2b- KQ/2H2/ #v i?2 ?2�i i`�Mb72` +Q2{+B2Mi αinXh�#H2 9Xj HBbib i?2 M2r MQi�iBQMb

mb2/ BM i?2 2ti2M/2/ KQ/2HX

∆ij
oc(t+ 1)−∆ij

oc(t)

τ
× Cij

oc = Qij
oc ×Oij(t) +Qij

he × Sij
he(t)

− αij
in ×∆ij

oc(t)

U9X8V

T ij
oc(t+ 1) = T ij

hv(t+ 1) +∆ij
oc(t+ 1) U9XeV

T ij
un(t+ 1) = T ij

hv(t+ 1) +
τ × αin

Cij − Cij
oc

×∆ij
oc(t) U9XdV

h?2 `2pBb2/ Q#D2+iBp2 7mM+iBQM ?�b �//BiBQM�H T�`�K2i2`b Sf 7Q` 7�M �M/ She 7Q` ?2�i2`

U1[m�iBQM 9X3VX � 7�M +QMbmK2b M2;HB;B#H2 TQr2`- i?mb i?2 Q#D2+iBp2 7mM+iBQM QMHv +QMbB/2`b

i?2 TQr2` +QMbmKTiBQM Q7 aSPhǶb ?2�i2`X

Ryy
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6B;m`2 9@R, h?2`K�HaBK Bb � HB;?ir2B;?i *f*YY #�b2/ #mBH/BM; bBKmH�iBQM TH�i7Q`K i?�i
7Q+mb2b QM �M�HvbBM; i?2 BM~m2M+2 Q7 T`2/B+iBQM 2``Q`b QM >o�* QT2`�iBQMbX

Po(t) = V (t)× ηh × (u(t)− Tcu(t)) + V (t)× V (t)× η7

+ V (t)× ηc × (Tmx(t)− Tcu(t)) +
nz∑

i=1

ni
r∑

j=1

Sij
he(t)

U9X3V

h?2 +QMi`QHH2` /2i2`KBM2b >o�* +QMi`QH T�`�K2i2`b Uh�#H2 9XRV QM � Ry@KBMmi2 iBK2b+�H2

�M/ BM #2ir22M- 7�Mf?2�i2` UQ7 aSPhV `2�+ib iQ Q++mT�M+v 2p2`v jy b2+QM/bX "v /QBM;

bQ- aSPh �bbBbib i?2 +QMi`QHH2` BM `2;mH�iBM; i?2 /Bb+QK7Q`i i?�i KB;?i �`Bb2 /m2 iQ KBb@

T`2/B+iBQMbc i?mb 2Mbm`BM; #Qi? @ T2`bQM�HBx2/ +QK7Q`i �M/ KBMBK�H BM~m2M+2 Q7 T`2/B+iBQM

2``Q`b QM >o�* QT2`�iBQMbX L2ti- r2 /Bb+mbb i?2 bBKmH�iQ`X

9X9 aBKmH�iQ` aQ7ir�`2 �`+?Bi2+im`2

hQ 2p�Hm�i2 i?2 BKT�+i Q7 7Q`2+�bi 2``Q`b QM i?2 /Bz2`2Mi >o�* +QMi`QHH2`b- r2 #mBHi �

i?2`K�H bBKmH�iQ` +�HH2/ h?2`K�HaBKk (d8)X h?2`K�HaBK Bb � HB;?ir2B;?i *f*YY #�b2/

bBKmH�iBQM TH�i7Q`K- r?Qb2 7Q+mb Bb iQ bim/v i?2 BM~m2M+2 Q7 T`2/B+iBQM 2``Q`b QM >o�*
kq2 �`2 biBHH rQ`FBM; QM Bib bi�#H2 `2H2�b2 7Q` i?2 +QKKmMBiv mb2 �M/ r2 ?QT2 iQ `2H2�b2 Bi bQQM

RyR



6B;m`2 9@k, AMTmi 7Q`K�i 7Q` h?2`K�HaBKX

QT2`�iBQMbX h?2`K�HaBK- �b b?QrM BM 6B;m`2 9@R- +QMbBbib Q7 7Qm` K�DQ` KQ/mH2b,

RX J�bi2` @ iQ ?�M/H2 /�i� AfP �M/ T`2T`Q+2bbBM;-

kX 1``Q` J�M�;2K2Mi @ iQ BMD2+i mM#B�b2/ 2``Q`b BM i?2 Q++mT�M+v bi`2�Kb-

jX aBKmH�iQ` @ iQ bBKmH�i2 `QQK i2KT2`�im`2 7Q` � ;Bp2M i?2`K�H KQ/2H �M/ +QMi`QH HQ;B+-

9X �M�Hvb2` @ iQ +QKTmi2 2M2`;v +QMbmKTiBQM- Q++mT�Mi +QK7Q`i- �M/ �M�Hvx2 bBKmH�i2/

/�i� bi`2�KbX

AM i?2 +m``2Mi p2`bBQM- aBKmH�iQ` KQ/mH2 BM+Q`TQ`�i2b �JSG (9) Ĝ �M �H;2#`�B+ KQ/2HBM;

H�M;m�;2 7Q` i?2 K�i?2K�iB+�H T`Q;`�KKBM; Ĝ iQ +QKTmi2 i?2 +QMi`QH T�`�K2i2`bX

9X9XR J�bi2` JQ/mH2

h?2 J�bi2` KQ/mH2 i�F2b �b BMTmi ?BbiQ`B+�H r2�i?2` �M/ Q++mT�M+v /�i� BM *ao U*QKK�

a2T�`�i2/ o�Hm2bV 7Q`K�i- � mb2`@;2M2`�i2/ /2b+`BTiBQM Q7 i?2 #mBH/BM;- �M/ bBKmH�iBQM

+QMi`QH T�`�K2i2`b U6B;m`2 9@kV BM+Hm/BM; bi�`i �M/ biQT iBK2 Q7 i?2 bBKmH�iBQM- T�`�K2i2`b

Q7 i?2 i?2`K�H KQ/2H- +QMi`QH bi`�i2;v- �KQM; Qi?2`bX "27Q`2 2t2+miBM; i?2 bBKmH�iBQMb- i?2

J�bi2` KQ/mH2 T`2@T`Q+2bb2b i?2 /�i�- �M/ �7i2` +QKTH2iBQM b�p2b i?2 QmiTmi Q7 bBKmH�iBQM

BM i?2 *ao 7Q`K�iX

Ryk



9X9Xk JQ/2HBM; P++mT�M+v S`2/B+iBQM 1``Q`b

h?2`K�HaBK `2T`2b2Mib Q++mT�M+v /�i� 7Q` � /�v �b � bi`BM; Q7 +QMb2+miBp2 yǶb U7Q` mMQ++m@

TB2/ rQ`FbT�+2bV �M/ RǶb U7Q` Q++mTB2/ bT�+2bVX q2 +QMbB/2` QMHv irQ bi�i2b Q7 Q++mT�M+v

#2+�mb2 � K�DQ`Biv Q7 Q++mT�M+v T`2/B+iBQM �H;Q`Bi?Kb mb2 Q++mT�M+v �b � irQ@bi�i2 p�`B@

�#H2X q2 +�HH i?Bb bi`BM; �M Q++mT�M+v bi`BM;X h?2 H2M;i? Q7 � bBM;H2 Q++mT�M+v bi`BM;

/2T2M/b mTQM i?2 b�KTHBM; `�i2 Q7 i?2 Q++mT�M+v /�i�X .�i� b�KTH2/ 2p2`v i2M KBMmi2b

rBHH ;2M2`�i2 �M Q++mT�M+v bi`BM; Q7 H2M;i? R99 +?�`�+i2`b- �M/ B7 i?2 b�KTHBM; `�i2 Bb i?B`iv

b2+QM/b- i?2 bi`BM; rBHH #2 k33y +?�`�+i2`b HQM;X

1``Q` J�i`Bt

Ai Bb BKTQ`i�Mi i?�i Q++mT�M+v 7Q`2+�bi 2``Q`b #2 `2�HBbiB+X 6Q` 2t�KTH2- Bi /Q2b MQi K�F2

b2Mb2 iQ `�M/QKHv ~BT Q++mT�M+v bi�i2b- bBM+2 i?Bb K�v `2bmHi BM 7Q`2+�biBM; Q++mT�M+v /m`@

BM; i?2 KB//H2 Q7 i?2 MB;?i- r?B+? Bb p2`v mMHBF2HvX Pm` F2v BMbB;?i Bb i?�i � HBF2Hv Qmi+QK2

Q7 �M 2``Q`2/ 7Q`2+�bi Bb iQ 7Q`2+�bi �MQi?2` p�HB/ Q++mT�M+v bi`BM;- rBi? i?2 Q#b2`p�iBQM i?�i

i?2 ?B;?2` i?2 2``Q` `�i2- i?2 H�`;2` i?2 /Bbi�M+2- BM �M �TT`QT`B�i2 K2i`B+ bT�+2- #2ir22M

i?2 i`m2 �M/ i?2 2``Q`2/ bi`BM;bX

q2 mb2 i?2 7QHHQrBM; �TT`Q�+?, 6Q` � /�i�b2i rBi? n Q++mT�M+v bi`BM;b- 2�+? +2HH Q7

�M 2``Q` K�i`Bt /2TB+ib i?2 >�KKBM; .Bbi�M+2 #2ir22M �Mv irQ Q++mT�M+v bi`BM;b Ĝ i?2

MmK#2` Q7 KBbK�i+?BM; +?�`�+i2`b (eR)X hQ MQ`K�HBx2- r2 /BpB/2 p�Hm2 BM 2�+? +2HH #v i?2

H2M;i? Q7 Q++mT�M+v bi`BM;X h?2 2``Q` K�i`Bt Bb � bvKK2i`B+ K�i`Bt Q7 bBx2 n2 r?B+? ?2HTb

BM bvbi2K�iB+�HHv BMD2+iBM; mM#B�b2/ 2``Q`b BM i?2 Q++mT�M+v /�i�X

hQ BHHmbi`�i2- +QMbB/2` � b+2M�`BQ r?2`2 r2 r�Mi iQ �M�Hvx2 /Bz2`2Mi +QMi`QH bi`�i2;B2b

rBi? RyW T`2/B+iBQM 2``Q` BM i?2 Q++mT�M+v /�i�X h?2 2``Q` K�M�;2K2Mi KQ/mH2 rBHH `272`

2``Q` K�i`Bt 7Q` �M Q++mT�M+v bi`BM; r?B+? Bb +HQb2bi iQ i?2 /�v Q7 �M�HvbBbX q2 i2`K i?2

b2H2+i2/ Q++mT�M+v bi`BM; �b i?2 `272`2M+2 bi`BM;X h?2 KQ/mH2 rBHH i?2M HQQF BMiQ i?2 2``Q`

K�i`Bt iQ }M/ �HH i?Qb2 bi`BM;b i?�i ?�p2 RyW 2``Q` �b +QKT�`2/ iQ i?2 `272`2M+2 bi`BM; �M/

`�M/QKHv b2H2+i QM2X q2 +�HH i?2 b2H2+i2/ QM2 �M 2``QM2Qmb bi`BM;X A7 i?2 /�v U`272`2M+2

bi`BM;V r�b jyW Q++mTB2/- i?2M i?2 Q++mT�M+v BM i?2 2``QM2Qmb bi`BM; K�v 7�HH �Mvr?2`2 BM

#2ir22M kyW@9yWX

Ryj



U�V h?2`K�HaBK +�M bBKmH�i2 /�BHv `QQK i2KT2`�im`2 rBi?
�M _Ja1 Q7 1.52◦C(σ = 0.18◦C)X

Te
m

pe
ra

tu
re

 (
◦ C

)

U#V _2+Q`/2/ pfb aBKmH�i2/

6B;m`2 9@j, h?2 ?�`/ HBM2 BM/B+�i2b i?2 �+im�H `QQK i2KT2`�im`2 �M/ /Qii2/ HBM2 BM/B+�i2b
i?2 T`2/B+i2/ `QQK i2KT2`�im`2X

9X9Xj aBKmH�iQ`

h?2 bBKmH�iQ` KQ/mH2 i�F2b BMTmi 7`QK i?2 K�bi2` �M/ 2``Q` K�M�;2K2Mi KQ/mH2b iQ bBK@

mH�i2 i?2 `QQK i2KT2`�im`2X Ai +QKT`Bb2b irQ K�DQ` #HQ+Fb @ RX i?2`K�H KQ/2H @ /2TB+ib

p�`BQmb i?2`K�H BMi2`�+iBQMb Q++m``BM; rBi?BM � `QQK- �M/ kX +QMi`QH KQ/mH2 @ iQ +QKTmi2

i?2 +QMi`QH T�`�K2i2`bX AM i?2 +m``2Mi p2`bBQM- r2 ?�p2 BKTH2K2Mi2/ irQ i?2`K�H KQ/2Hb

@ RX bBM;H2 `2;BQM @ MQ T�`iBiBQM 2tBbib rBi?BM � `QQK U1[m�iBQM 9XRV- �M/ kX irQ `2;BQMb @

i?2 Q++mTB2/ �`2� Bb b2T�`�i2/ 7`QK i?2 mMQ++mTB2/ TQ`iBQM #v � i?BM H�v2` Q7 �B` U1[m�@

iBQMb 9X9@9XdVX �b /Bb+mbb2/ BM a2+iBQM 9Xj- r2 ?�p2 BKTH2K2Mi2/ 7Qm` >o�* +QMi`QHH2`b BM

h?2`K�HaBK @ RX b+?2/mH2@#�b2/- kX `2�+iBp2- jX KQ/2H T`2/B+iBp2 +QMi`QH UMQ aSPh /2pB+2

T`2b2MiV- �M/ 9X aSPh@�r�`2 KQ/2H T`2/B+iBp2 +QMi`QHX AM i?2 `2bi Q7 i?2 +?�Ti2`- r2 rBHH

mb2 La �b �M �+`QMvK 7Q` LQ@aSPh KQ/2H T`2/B+iBp2 +QMi`QH �M/ a� 7Q` aSPh@�r�`2

JS*X

aBKmH�iQ` o�HB/�iBQM

hQ [m�MiB7v i?2 �++m`�+v Q7 h?2`K�HaBK BM bBKmH�iBM; `QQK i2KT2`�im`2- 7`QK � `QQK BM

`2bB/2MiB�H �T�`iK2Mi- r2 +QHH2+i2/ i2KT2`�im`2 /�i� 7Q` 17 /�vb �M/ +�``B2/ Qmi H2�p2@T@Qmi

+`Qbb p�HB/�iBQM rBi? p = 5X AM bm+? �M �TT`Q�+?- r2 p�HB/�i2 i?2 KQ/2H QM p Q#b2`p�iBQMb

�M/ mb2 i?2 `2K�BMBM; Q#b2`p�iBQMb 7Q` i`�BMBM;X q2 mb2/ � MQM@HBM2�` bQHp2` r?Qb2 Q#D2+@

iBp2 r�b iQ KBMBKBx2 i?2 `2bB/m�H #2ir22M T`2/B+i2/ �M/ �+im�H `QQK i2KT2`�im`2X h?2

Ry9



bBKmH�iQ` imM2b 7QHHQrBM; KQ/2H T�`�K2i2`b @

RX i?2`K�H +�T�+Biv Q7 i?2 `QQK UCV-

kX ?2�i i`�Mb72` +Q2{+B2Mi #2ir22M QmibB/2 �M/ `QQK UαexV-

jX +Q2{+B2Mi Q7 ?2�iBM;f+QQHBM; UρσV

9X ?2�i HQ�/ /m2 iQ Q++mT�Mib UQacV- �M/

8X ?2�i HQ�/ /m2 iQ ?2�iBM;f+QQHBM; �TTHB�M+2b UQacVX

Pm` �M�HvbBb UBM 6B;m`2 9@j�V BM/B+�i2b i?�i h?2`K�HaBK +�M bBKmH�i2 i?2 /�BHv `QQK i2K@

T2`�im`2 rBi? �M _Ja1 U_QQi J2�M a[m�`2 1``Q`V Q7 1.52◦C(σ = 0.18◦C)X 6B;m`2 9@j#

/2TB+ib i?2 �p2`�;2 UbQHB/ HBM2V �M/ T`2/B+i2/ U/�b?2/ HBM2V `QQK i2KT2`�im`2X LQi2 i?�i

i?Qm;? i?2 T`2/B+i2/ `QQK i2KT2`�im`2 7QHHQrb i?2 T�ii2`M Q7 �+im�H `QQK i2KT2`�im`2-

Bi 7�BHb iQ �HB;M T2`72+iHvX h?Qm;? KBb�HB;MK2Mi /Q2b BM+`2�b2 i?2 _Ja1 �i bQK2 iBK2

BMbi�M+2b- r2 7QmM/ i?�i Bi ?�b HBiiH2 Qp2`�HH BKT�+i QM iQi�H 2M2`;v +QMbmKTiBQM �M/ Q++m@

T�MibǶ +QK7Q`iX

9X9X9 J2i`B+b

1M2`;v *QMbmKTiBQM

1[m�iBQM 9XN +QKTmi2b i?2 iQi�H 2M2`;v +QMbmKTiBQM Q7 � #mBH/BM; 7Q` � /�vX >2`2- Po(t) /2@

MQi2b i?2 TQr2` +QMbmKTiBQM Q7 >o�* �M/ Qi?2` ?2�iBM;f+QQHBM; /2pB+2b- τ Bb i?2 b�KTHBM;

`�i2- �M/ nt Bb i?2 MmK#2` Q7 /�BHv b�KTH2bX

E =
nt∑

t=0

Po(t)× τ

3600
U9XNV

P++mT�Mi .Bb+QK7Q`i

h?2`K�HaBK H2p2`�;2b S`2/B+i2/ J2�M oQi2 USJoV (e) iQ 2biBK�i2 i?2 +QK7Q`i H2p2H Q7

i?2 Q++mT�Mib U1[m�iBQM 9XRyVX �i � ;Bp2M iBK2 BMbi�Mi t- B7 SJo UP ij(t)V HB2b rBi?BM i?2

+QK7Q`i `2[mB`2K2Mib U[Pll, Pul]V Q7 �M BM/BpB/m�H i?2M r2 K�`F i?2 `QQK �b +QK7Q`i�#H2-

2Hb2 mM+QK7Q`i�#H2X Dij
W /2MQi2b i?2 T2`+2Mi�;2 Q7 iBK2 BMbi�M+2b BM � /�v r?2M i?2 mb2`

r�b mM+QK7Q`i�#H2 BM i?2 `QQKX

Ry8



P ij(t) = P1× T ij
oc(t)− P2× vija (t) + P3× vija (t)× vija (t)− P4 U9XRyV

Dij(t) = max(0, Pll − P ij(t), P ij(t)− Pul) U9XRRV

Dij
W =

∑nt
t=0[D

ij(t) ̸= 0]∑nt
t=0[O

ij(t) = 1]
U9XRkV

_Q#mbiM2bb

S`2/B+iBQM 2``Q`b �`2 biQ+?�biB+ BM M�im`2 �M/ i?2B` BKT�+i QM 2M2`;v +QMbmKTiBQM �M/

Q++mT�Mi +QK7Q`i /2T2M/b QM irQ 7�+iQ`b,

L�im`2 Q7 i?2 1``Q`, A7 i?2 T`2/B+iBQM �H;Q`Bi?K KBbT`2/B+ib Q++mT�M+v 7Q` b?Q`i iBK2

BMi2`p�Hb Ub�v 7Q` � KBMmi2 Q` bQV- r2 i2`K i?2 T`2/B+iBQM 2``Q`b �b TQBMi 2``Q`b- Qi?2`rBb2

r2 +�HH i?2K #m`bi 2``Q`bX 6Q` � T�`iB+mH�` 2``Q` T2`+2Mi�;2- �M 2``QM2Qmb Q++mT�M+v bi`BM;

+�M ?�p2 TQBMi 2``Q`b- #m`bi 2``Q`b- Q` � KBt Q7 #Qi?c `2bmHiBM; BM /Bz2`2Mi p�Hm2b Q7 2M2`;v

+QMbmKTiBQM �M/ Q++mT�MibǶ /Bb+QK7Q`i 7Q` i?2 b�K2 2``Q` T2`+2Mi�;2X

hBKBM; Q7 i?2 1``Q`, h?2 Q++mT�M+v T`2/B+iBQM �H;Q`Bi?K +�M K�F2 2``Q`b �i �Mv

iBK2 Q7 i?2 /�v @ bm+? �b /m`BM; T2�F Q` MQM@T2�F iBK2X *QMbB/2` i?2 bBim�iBQM r?2`2 i?2

Q++mT�M+v T`2/B+iBQM ?�b R8W 2``Q` /m`BM; i?2 T2�F ?Qm`b �M/ i?2 +QMi`QHH2` �bbmK2b QM2

Q7 i?2 }p2 `QQKb iQ #2 Q++mTB2/ i?Qm;? Bi r�b mMQ++mTB2/X AM i?Bb bBim�iBQM i?2`2 Bb � ?B;?

+?�M+2 i?�i i?2 >o�* KB;?i #2 �H`2�/v `mMMBM; /m`BM; i?�i iBK2X :Bp2M i?2 7�+i i?�i

i?2 Qi?2` 7Qm` `QQKb �`2 Q++mTB2/- i?Bb T�`iB+mH�` T`2/B+iBQM 2``Q` rBHH ?�p2 �M BMbB;MB}+�Mi

BKT�+i QM i?2 >o�* QT2`�iBQMbX >Qr2p2`- /m`BM; MB;?i iBK2- i?2 b�K2 2``Q` T2`+2Mi�;2

KB;?i r�bi2 bB;MB}+�Mi 2M2`;vX h?Bb BHHmbi`�i2b i?�i i?2 iBKBM; Q7 i?2 T`2/B+iBQM 2``Q`b ?�b

� bB;MB}+�Mi BKT�+i QM #Qi? +QK7Q`i �M/ 2M2`;v +QMbmKTiBQMX

6Q` � bT2+B}+ 2``Q` T2`+2Mi�;2- /2T2M/BM; QM i?2 M�im`2 �M/ iBKBM; Q7 i?2 2``Q`b- i?2

2M2`;v +QMbmKTiBQM �M/ mb2` /Bb+QK7Q`i K�v 2Bi?2` BM+`2�b2 Q` /2+`2�b2- TQi2MiB�HHv /2bi�@

#BHBxBM; >o�* QT2`�iBQMbX 6Q` � bT2+B}+ 2t�KTH2- +QMbB/2` i?2 #B; +B`+H2 �M/ i`B�M;H2 BM

6B;m`2 9@9- r?B+? /2TB+i i?2 2M2`;v +QMbmKTiBQM �M/ mb2` /Bb+QK7Q`i 7Q` La �M/ a� +QM@

i`QHH2`b `2bT2+iBp2Hv 7Q` T2`72+i Q++mT�M+v T`2/B+iBQMb BM � T�`iB+mH�` bBKmH�iBQM b+2M�`BQX

6Q` � bT2+B}+ 2``Q` T2`+2Mi�;2- i?2 bK�HH +B`+H2b ULaV �M/ i`B�M;H2b Ua�V /2TB+i i?2 2M2`;v

+QMbmKTiBQM �M/ mb2` /Bb+QK7Q`i 7Q` }7i22M /Bz2`2Mi 2``QM2Qmb Q++mT�M+v bi`BM;bX q2 MQ@

Rye



6B;m`2 9@9, �b 2``Q` BM+`2�b2b- i?2 2M2`;v +QMbmKTiBQM �M/ Q++mT�MibǶ /Bb+QK7Q`i p�`v
/2T2M/BM; QM i?2 M�im`2 �M/ i?2 iBKBM; Q7 T`2/B+iBQM 2``Q`bX 8W 2``Q`b QM i?2 H27i �M/
kyW QM i?2 `B;?iX G�`;2 +B`+H2bfi`B�M;H2b BM/B+�i2 � T2`72+i T`2/B+iBQM b+2M�`BQ �M/ bK�HH
+B`+H2bfi`B�M;H2b +Q``2bTQM/ iQ i?Qb2 b+2M�`BQb r?2M Q++mT�M+v T`2/B+iBQM r�b 2``QM2QmbX

iB+2/ i?�i �b T`2/B+iBQM 2``Q` BM+`2�b2b 7`QK 5W UH27iV iQ 20W U`B;?iV- i?2 TQBMib BM/B+�iBM;

2``QM2Qmb bi`BM;b bi�`i KQpBM; �r�v 7`QK i?2 `2bmHib Q#i�BM2/ 7`QK T2`72+i T`2/B+iBQMX

LQi2 i?�i i?2 +B`+H2b ULaV �`2 KQ`2 b+�ii2`2/ i?�M i?2 i`B�M;H2b Ua�VX AM i?2 +�b2 Q7 La-

i?2 bvbi2K /2+B/2b i?2 +QMi`QH T�`�K2i2`b bm+? i?�i i?2 /2bB`2/ `QQK i2KT2`�im`2 Ur?B+?

Bb i?2 b�K2 7Q` 2�+? `QQKV Bb �+?B2p2/ �+`Qbb �HH i?2 `QQKbX AM +�b2 Q7 � bm//2M +?�M;2 BM

i?2 Q++mT�M+v- La mT/�i2b i?2 +QMi`QH T�`�K2i2`b- #mi Bi i�F2b bB;MB}+�Mi iBK2 iQ `2@�ii�BM

i?2 2M2`;v@/Bb+QK7Q`i i`�/2Qz b2iTQBMiX AM +QMi`�bi- BM a�- i?2 +QMi`QHH2` FMQrb i?2 +m``2Mi

bi�i2 Q7 aSPhc i?mb- i?2 +QMi`QHH2` +?QQb2b � b2i TQBMi bm+? i?�i >o�* T`QpB/2b � +2`i�BM

H2p2H Q7 +QK7Q`i iQ i?2 Q++mT�Mib �M/ aSPh T`QpB/2b i?2 M2+2bb�`v �//BiBQM�H Qzb2iX aSPh-

#2BM; `2bTQMbBp2 BM M�im`2- F22Tb i?2 +QK7Q`i H2p2H Q7 BM/BpB/m�Hb rBi?BM i?2 /2bB`2/ `�M;2

rBi? BMbB;MB}+�Mi BM+`2�b2 BM �;;`2;�i2 2M2`;v +QMbmKTiBQMX h?2`27Q`2- 2p2M B7 i?2 2``Q`

T2`+2Mi�;2 BM+`2�b2b- i?2 2M2`;v �M/ /Bb+QK7Q`i bi�vb +HQb2 iQ i?2 T2`72+i T`2/B+iBQM 7Q` a�

r?2`2�b La #2+QK2b ?B;?Hv mMbi�#H2X

hQ +�Tim`2 i?Bb T?2MQK2MQM- 1[m�iBQM 9XRj /2}M2b � robust Ucs ∈ {NS, SA}V K2i`B+

r?B+? [m�MiB}2b i?2 `Q#mbiM2bb Q7 � T�`iB+mH�` +QMi`QH bi`�i2;v cs iQr�`/b i?2 T`2/B+iBQM

2``Q`bX Ai +QKTmi2b i?2 MmK#2` Q7 BMbi�M+2b i?�i bi�v rBi?BM i?2 /2bB`2/ HBKBib Q7 i?2

#mBH/BM; K�M�;2`X

Ryd



Room-1 Room - 2 Room - 3 Room - 4 Room - 5

Climate Conditions

VAV ZoneCorridor

6B;m`2 9@8, 6Q` 2p�Hm�iBQM- r2 +QMbB/2`2/ � ?vTQi?2iB+�H #mBH/BM; +QMbBbiBM; Q7 8 `QQKb
b2T�`�i2/ #v r�HHbX

robustcs (W) =
O Q7 BMbi�M+2b rBi?BM HBKBib

iQi�H O Q7 BMbi�M+2b × 100 U9XRjV

6Q` +QM+`2i2M2bb- r2 mb2 ±20 kWh �M/ ±5W �b i?2 �++2Ti�#H2 HBKBib 7Q` 2M2`;v +QM@

bmKTiBQM �M/ Q++mT�MibǶ /Bb+QK7Q`i- `2bT2+iBp2Hv- �b b?QrM #v i?2 `2+i�M;H2b BM i?2 };m`2X

6Q` i?2 ;Bp2M b+2M�`BQ UBM 6B;m`2 9@9V- r?2M i?2 2``Q` T2`+2Mi�;2 Bb BM+`2�bBM; 7`QK 5W

iQ 20W- La Bb H2bb robust iQr�`/b i?2 T`2/B+iBQM 2``Q` U60W → 0WV- ?Qr2p2`- a� `2K�BMb

+QMbBbi2Mi U100W → 93WVX 6Q` � T`2/B+iBp2 +QMi`QH bi`�i2;v- � S1* bvbi2K UHBF2 aSPhV

KBiB;�i2b i?2 2z2+i Q7 T`2/B+iBQM 2``Q`b iQ K�F2 i?2 >o�* QT2`�iBQMb KQ`2 `2HB�#H2 �M/

`Q#mbiX q?2M2p2` i?2`2 Bb �M mM2tT2+i2/ Q++mT�M+v BM i?2 `QQK- aSPh +�M `2�+i [mB+FHv

�b +QKT�`2/ iQ +2Mi`�H >o�* bvbi2K r?B+? ?�b � bHQr2` iBK2@b+�H2X

9X8 1p�Hm�iBQM

9X8XR h2bi "mBH/BM; .2b+`BTiBQM

6Q` Qm` 2p�Hm�iBQM- r2 +QMbB/2` � bBM;H2 xQM2 BM � ivTB+�H #mBH/BM; +QKT`BbBM; Q7 }p2 `QQKb

r?2`2 2�+? `QQK Bb bm``QmM/2/ #v r�HHb QM i?`22 bB/2b �M/ ?�b � rBM/Qr 2tTQb2/ iQ r2�i?2`

+QM/BiBQMb QM i?2 7Qm`i? U6B;m`2 9@8VX q2 �bbmK2 �M �>l �M/ � o�o mMBi BM i?2 #mBH/BM;X

h?Qm;? i?2 bi`m+im`2 Bb ?vTQi?2iB+�H- Bi Bb � ivTB+�H �`+?Bi2+im`2 7Q` 7�+mHiv Q{+2b BM lMBp2`@

bBiB2b r?2`2 i?B+F #`B+F r�HHb b2T�`�i2 i?2 `QQKbX q2 #2HB2p2 i?�i i?2 F2v BMbB;?ib Q#i�BM2/

7Q` i?2 bim/v �`2 r2HH `2T`2b2Mi�iBp2 Q7 KQ`2 +QKTHB+�i2/ #mBH/BM; �`+?Bi2+im`2bX LQi2 i?�i

h?2`K�HaBK +�M �HbQ /2�H rBi? KQ`2 +QKTHB+�i2/ bi`m+im`2b- b?QmH/ i?�i #2 /2bB`2/X q?2M
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6B;m`2 9@e, q2 b�KTH2 Q++mT�M+v 2p2`v jy b2+QM/bc BM 2p2`v Ry@KBMmi2 BMi2`p�H- i?2`2 2tBbi
ky K2�bm`2K2Mib Q7 Q++mT�M+vX >2`2- i?2 +QHQ` BM/B+�i2b i?2 MmK#2` Q7 jy b2+QM/b BMbi�M+2b
BM � Ry@KBMmi2 BMi2`p�H r?2M i?2 `QQK r�b Q++mTB2/X LQiB+2 i?�i `QQK rQmH/ #2 K�`F2/
Q++mTB2/ 7Q` �HH i?2 i?`22 b+2M�`BQb- ?Qr2p2`- i?2 T2`+2Mi�;2 Q7 BMbi�M+2b r?2M i?2 `QQK
r�b Q++mTB2/ 7Q` H2bb i?�M k KBMmi2b UBM i?2 `�M;2 Q7 Uy- 8)V Bb `2H�iBp2Hv HQrX

r2 2p�Hm�i2 JS* rBi? � `2�+iBp2 +QMi`QHH2`- r2 �HbQ +QMbB/2` 2z2+i Q7 aSPh ?2�i2`f7�M QM

i?2 `QQK i2KT2`�im`2X 6Q` i?2 bi�i2/ b+2M�`BQ- r2 M2ti /Bb+mbb i?2 /�i�b2iX

9X8Xk .�i�b2i

h?2`K�HaBK `2[mB`2b `2�H@rQ`H/ Q++mT�M+v /�i� iQ ;2M2`�i2 �M 2``Q` K�i`BtX q2 H2p2`�;2/

�M 2tBbiBM; /2THQvK2Mi 7`QK Qm` mMBp2`bBiv +�KTmb �M/ ;�i?2`2/ Q++mT�M+v /�i� U�HQM;

rBi? Qi?2` BM7Q`K�iBQMV 7`QK KQ`2 i?�M }7iv pQHmMi22`b Ĝ BM+Hm/BM; bim/2Mib- 7�+mHiv- �M/

i?2 bi�z K2K#2`b 2p2`v jy b2+QM/b 7Q` � v2�`X

�M JS* `2[mB`2b Q++mT�M+v BM7Q`K�iBQM BM 2p2`v Ry@KBMmi2 iQ +QKTmi2 i?2 +QMi`QH T�@

`�K2i2`b k9 ?Qm` iBK2 ?Q`BxQMc i?2`27Q`2- r2 mTb�KTH2 i?2 Q++mT�M+v /�i� 7`QK jy@b2+QM/b

iQ Ry@KBMmi2b #v �TTHvBM; i?2 7QHHQrBM; `mH2 @ ǳJ�`F � Ry@KBMmi2 BMi2`p�H mMQ++mTB2/ B7

�HH i?2 jy@b2+QM/ BMbi�M+2b BM/B+�i2 i?2 `QQK iQ #2 mMQ++mTB2/- 2Hb2 K�`F i?2 bT�+2 �b Q+@

+mTB2/ǴX >Qr2p2`- rBi? i?Bb bi`�i2;v- 2p2M B7 � bBM;H2 BMbi�M+2 BM i?2 Ry@KBMmi2 BMi2`p�H Bb

Q++mTB2/- i?2 +QMi`QHH2` rBHH K�`F i?2 bT�+2 �b Q++mTB2/ 7Q` i?2 r?QH2 /m`�iBQMX hQ mM@

/2`bi�M/ r?2i?2` bm+? � #B�b Bb HBKBiBM; Q` MQi- r2 �M�Hvx2/ i?2 Q++mT�M+v /�i� �M/ Qm`

�M�HvbBb BM/B+�i2b i?�i /�i� ?�b QMHv jW Ry@KBMmi2 BMbi�M+2b r?2`2 i?2 `QQK Bb Q++mTB2/ 7Q`
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U�V 1M2`;v@/Bb+QK7Q`i THQi r?2M T`2/B+iBQM
Bb T2`72+iX

U#V �b 2``Q` BM+`2�b2b 5W → 20W- a� bi�vb KQ`2
`Q#mbi i?�M LaX

6B;m`2 9@d, (G27i) h?2 �``Qr BM/B+�i2b i?2 T2`7Q`K�M+2 /2;`�/�iBQM- BM i2`Kb Q7 2M2`;v
+QMbmKTiBQM �M/ mb2` +QK7Q`i- r?2M r2 KQp2 7`QK T`2/B+iBp2 iQ MQM@T`2/B+iBp2 +QMi`QH
bi`�i2;B2bX (_B;?i) 1``Q` #�`b BM/B+�i2 i?2 p�`B�iBQM BM /Bz2`2Mi bBKmH�i2/ b+2M�`BQbX 6Q`
bvbi2K iQ #2 KQ`2 `Q#mbi- i?2 H2M;i? Q7 2``Q` #�` b?QmH/ #2 bK�HH2`X

H2bb i?�M k KBMmi2b U6B;m`2 9@eVX h?2`27Q`2- r2 QMHv K�`F � Ry@KBMmi2 BMi2`p�H mMQ++mTB2/

B7 i?2 `QQK r�b Q++mTB2/ �i �HH i?2 jy@b2+QM/ BMbi�M+2b rBi?BM i?�i BMi2`p�HX

9X8Xj 1p�Hm�iBQM a2imT

Pm` ?vTQi?2bBb Bb i?�i i?2 #2M2}ib Q7 mbBM; � S1* bvbi2K HBF2 aSPh �HQM; rBi? >o�*

+QMi`QHH2` KBiB;�i2b i?2 BM~m2M+2 Q7 T`2/B+iBQM 2``Q`b QM JS*@#�b2/ >o�* QT2`�iBQMX

q2 p�HB/�i2 i?Bb ?vTQi?2bBb �bbmKBM; Q++mT�Mib BM �HH i?2 }p2 `QQKb ?�p2 bBKBH�` +QK7Q`i

`2[mB`2K2Mib, [23◦*, 25◦*] BM bmKK2`b �M/ [21◦*, 23◦*] BM rBMi2`bX 6Q` i?2 ;Bp2M b2imT- r2

+QKT�`2 i?2 T2`7Q`K�M+2 Q7 T`2/B+iBp2 �M/ MQM@T`2/B+iBp2 >o�* +QMi`QHH2`b 7Q` k8 /�vb-

#Qi? BM bmKK2`b �M/ rBMi2`bX

6Q` 2�+? /�v- r2 b2H2+i �M Q++mT�M+v bi`BM; 7`QK i?2 2``Q` K�i`Bt i?�i /2pB�i2b U7`QK

i?2 +m``2Mi /�vV #v i?2 2``Q` T2`+2Mi�;2 bT2+B}2/ BM i?2 bvbi2KX 6Q` BMbi�M+2- B7 r2 rBb? iQ

BMi`Q/m+2 RyW 2``Q` BM i?2 +m``2Mi /�v Q++mT�M+v bi`BM;- r2 b2�`+? 7Q` �MQi?2` Q++mT�M+v

bi`BM; BM ?BbiQ`B+�H /�i� r?2`2 k33 Qmi Q7 k33y BMbi�M+2b U7Q` � /�i� b�KTH2/ 2p2`v jy

b2+QM/bV ?�p2 � KBbK�i+? rBi? i?2 +m``2Mi /�v Q++mT�M+v bi`BM;X h?2`K�HaBK miBHBx2b

#Qi? �+im�H �M/ 2``QM2Qmb Q++mT�M+v bi`BM; iQ bBKmH�i2 i?2 #mBH/BM; U/2TB+i2/ BM 6B;m`2 9@

8V 7Q` �HH i?2 7Qm` +QMi`QH bi`�i2;B2b �M/ +QKT�`2 i?2B` T2`7Q`K�M+2X
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6B;m`2 9@3, 6Q` 20W T`2/B+iBQM 2``Q` BM Q++mT�M+v- a� Bb KQ`2 `2HB�#H2 �M/ `Q#mbi La �+`Qbb
�HH i?2 k8 /�vb Q7 bmKK2`X

hQ KBiB;�i2 �Mv #B�b BM i?2 b2H2+iBQM Q7 2``QM2Qmb Q++mT�M+v bi`BM;b- h?2`K�HaBK 2p�H@

m�i2b }7i22M /Bz2`2Mi 2``QM2Qmb Q++mT�M+v T�ii2`Mb 7Q` 2�+? /�v �M/ 2``Q` T2`+2Mi�;2X

6m`i?2`KQ`2- � b2T�`�i2 �M�HvbBb 7Q` 2�+? Q7 i?2 irQ b2�bQMb T`QpB/2b #2ii2` mM/2`bi�M/BM;

Q7 i?2 BM~m2M+2 Q7 b2�bQM�H p�`B�iBQMbX

9X8X9 AMbB;?ib

AM i?2 Dm`Bb/B+iBQM +Q``2bTQM/BM; iQ Qm` i2KT2`�im`2 /�i� b2i- BX2X- aQmi?r2bi2`M PMi�`BQ- r2

}M/ i?�i 7Q` �HH +QMi`QH bi`�i2;B2b- i?2 >o�* bvbi2K +QMbmK2b H2bb 2M2`;v BM bmKK2`b r?2M

+QKT�`2/ iQ rBMi2`b Ub22 6B;m`2b 9@d�- 9@N�VX AM Qm` b2iiBM;- i?2 QmibB/2 i2KT2`�im`2 BM

bmKK2`b Bb QMHv � 72r /2;`22b ?B;?2` i?�M i?2 /2bB`2/ `QQK i2KT2`�im`2 �M/ bQ i?2 >o�*

?�b iQ Tmi BM H2bb 2zQ`i iQ �+?B2p2 i?2 /2bB`2/ +QK7Q`iX PM i?2 Qi?2` ?�M/- BM rBMi2`b- i?2

>o�* 2M2`;v +QMbmKTiBQM Bb bB;MB}+�MiHv ?B;?2` #2+�mb2 i?2 QmibB/2 i2KT2`�im`2 Bb [mBi2

+QH/X AM rBMi2`b- �HH +QMi`QH bi`�i2;B2b �ii2KTi iQ K�BMi�BM � `QQK i2KT2`�im`2 BM i?2 `�M;2

Q7 21◦C �M/ 23◦C r?B+? Bb Km+? ?B;?2` i?�M i?2 QmibB/2 i2KT2`�im`2 U�TT`QtX −10◦CVX

*QMb2[m2MiHv- >o�* ?�b iQ 2tT2M/ KQ`2 2M2`;v BM rBMi2`b i?�M BM bmKK2`b iQ �ii�BM i?2

/2bB`�#H2 +QK7Q`i +QM/BiBQMb BM i?2 Q++mTB2/ xQM2bX
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U�V 1M2`;v@/Bb+QK7Q`i THQi r?2M T`2/B+iBQM
Bb T2`72+iX

U#V 1p2M rBi? bHQr ?2�i2`- a� Bb #2ii2` Q` +QKT�@
`�#H2 i?�M LaX

6B;m`2 9@N, (G27i) h?2 �``Qr BM/B+�i2b i?2 T2`7Q`K�M+2 /2;`�/�iBQM- BM i2`Kb Q7 2M2`;v
+QMbmKTiBQM �M/ mb2` +QK7Q`i- r?2M r2 KQp2 7`QK T`2/B+iBp2 iQ MQM@T`2/B+iBp2 +QMi`QH
bi`�i2;B2bX (_B;?i) 1``Q` #�`b BM/B+�i2 i?2 p�`B�iBQM BM /Bz2`2Mi bBKmH�i2/ b+2M�`BQbX 6Q`
bvbi2K iQ #2 KQ`2 `Q#mbi- i?2 H2M;i? Q7 2``Q` #�` b?QmH/ #2 bK�HH2`X

lb2` 1tT2`B2M+2

h?2 b+?2/mH2@#�b2/ �M/ `2�+iBp2 +QMi`QHH2`b +�M K�F2 Q++mT�Mib mM+QK7Q`i�#H2 �M/ v2i

+QMbmK2 bB;MB}+�Mi 2M2`;v- 2p2M rBi? T2`72+i T`2/B+iBQMX q?2M b2i iQ 7QHHQr � }t2/ b+?2/@

mH2- >o�* bmTTHB2b �B` �i � +QMbi�Mi ~Qr �M/ i2KT2`�im`2- �M/ /Q2b MQi +QMbB/2` Q++m@

T�MibǶ b+?2/mH2b Q` /�BHv i2KT2`�im`2 +?�M;2bX 6Q` TB+iQ`B�H `2T`2b2Mi�iBQM- r2 mb2 2M2`;v@

/Bb+QK7Q`i THQi r?2`2 t@�tBb /2MQi2b i?2 /�BHv 2M2`;v +QMbmKTiBQM Q7 i?2 #mBH/BM; �M/

v@�tBb `2T`2b2Mib i?2 iQi�H /Bb+QK7Q`i 7Q` i?2 mb2`bX *QMb2[m2MiHv- rBi? � b+?2/mH2@#�b2/

+QMi`QH bi`�i2;v- mb2` 2tT2`B2M+2 HB2b BM i?2 iQT@`B;?i +Q`M2` Q7 i?2 2M2`;v@/Bb+QK7Q`i THQi

rBi? K�tBKmK 2M2`;v +QMbmKTiBQM �HQM; rBi? MQi�#H2 /Bb+QK7Q`i 7Q` #Qi? i?2 b2�bQMb Ub22

6B;m`2b 9@d�- 9@N�VX PM i?2 Qi?2` ?�M/- � `2�+iBp2 +QMi`QHH2` rBi? Q++mT�M+v BM7Q`K�iBQM Bb

K�`;BM�HHv #2ii2` Q` 2[mBp�H2Mi iQ i?2 b+?2/mH2@#�b2/ +QMi`QHH2`X JQ/2H T`2/B+iBp2 +QMi`QH

UrBi? MQ aSPhV b?Qrb bB;MB}+�Mi BKT`Qp2K2Mi BM KBMBKBxBM; #Qi? 2M2`;v +QMbmKTiBQM

�M/ Q++mT�MibǶ /Bb+QK7Q`iX :Bp2M i?2 r2�i?2` 7Q`2+�bi �M/ Q++mT�M+v T`2/B+iBQM- JS*

F22Tb mT/�iBM; i?2 i2KT2`�im`2 �M/ pQHmK2 Q7 bmTTHv �B` �i `2;mH�` iBK2 BMi2`p�HbX

�b +2Mi`�H >o�* mMBi +�MMQi +�i2` iQ i?2 /vM�KB+ b+?2/mH2 Q7 i?2 Q++mT�Mib- /Bb+QK@

7Q`i BM La Bb bHB;?iHv ?B;?2` i?�M i?2 ?v#`B/ +QMi`QH bi`�i2;v i?�i BMi2;`�i2b aSPh rBi?
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6B;m`2 9@Ry, 6Q` 2``Q` T2`+2Mi�;2 �b ?B;? �b 20W- MQi2 i?�i a� ?�b H2bb /2pB�iBQM BM >o�*
QT2`�iBQMb i?�M LaX

JS* iQ b�iBb7v i?2 +QK7Q`i `2[mB`2K2Mib Q7 2�+? BM/BpB/m�H BM i?2 #mBH/BM;X AM a�- i?2

+2Mi`�H >o�* bvbi2K Bb �r�`2 Q7 i?2 aSPh bvbi2K- i?2`27Q`2- i?2 +QMi`QHH2` +?Qb2b i?2 b2i

TQBMi i2KT2`�im`2 bm+? i?�i >o�* +�M T`QpB/2 KBMBK�H +QK7Q`i- �M/ aSPh +�M Qzb2i i?2

BM/BpB/m�H +QK7Q`i `2[mB`2K2MibX h?Bb `2bmHib BM �//BiBQM�H b�pBM;b BM 2M2`;v r?2M i?2`2 Bb

T�`iB�H Q++mT�M+v Bb BM HBM2 rBi? i?2 `2bmHib 7`QK T`2pBQmb bim/v #v _�+?2H 2i �HX (38)X L2ti-

r2 Q#b2`p2/ i?�i i?2 /Bb+QK7Q`i Bb M2;HB;B#H2 7Q` bmKK2` �b QTTQb2/ iQ rBMi2`X h?2 7�M

�bbBbib i?2 Q++mT�Mi BM [mB+FHv �+?B2pBM; ?2` /2bB`2/ +QK7Q`i H2p2H �b QTTQb2/ iQ � ?2�i2`

r?B+? i�F2b +QKT�`�iBp2Hv KQ`2 iBK2 iQ BM+`2�b2 i?2 i2KT2`�im`2 iQ T`QpB/2 i?2 Qzb2iX

AM +QM+HmbBQM- B``2bT2+iBp2 Q7 i?2 b2�bQM- #Qi? a� �M/ La bi`�i2;B2b BKT`Qp2 +QK7Q`i �M/

2M2`;v +QKT�`2/ iQ b+?2/mH2@#�b2/ �M/ `2�+iBp2- rBi? a� QmiT2`7Q`KBM; LaX

1``Q` �M�HvbBb

q?2M Q++mT�M+v T`2/B+iBQMb �`2 2``QM2Qmb- /2T2M/BM; mTQM i?2 M�im`2 �M/ iBKBM; Q7 2``Q`b-

2M2`;v +QMbmKTiBQM �M/ Q++mT�MibǶ /Bb+QK7Q`i p�`v- ?2M+2 >o�* QT2`�iBQMb #2+QK2 ?B;?Hv

p�`B�#H2X q?2M �M�Hvb2/ Qp2` k8 /�vb 2�+? 7Q` R8 /Bz2`2Mi Q++mT�M+v T�ii2`Mb- r2 }M/

i?�i i?2 a� +QMi`QH bi`�i2;v Bb KQ`2 `Q#mbi i?�M La 2p2M rBi? � ?B;? 2``Q` T2`+2Mi�;2X

�b i?2 T`2/B+iBQM 2``Q` BM+`2�b2 7`QK 5W iQ 20W- i?2 T2`7Q`K�M+2 Q7 La /`QTb r?BH2 a�

T2`7Q`K�M+2 `2K�BMb [mBi2 +QMbBbi2Mi U6B;m`2 9@d#VX 6Q` 20W T`2/B+iBQM 2``Q`- a� Uσ = 5WV
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Bb 12W KQ`2 `Q#mbi i?�M La Uσ = 16WVX

L2ti- 6B;m`2 9@3 b?Qrb i?�i i?2 a� Bb +QMbBbi2MiHv `Q#mbi �+`Qbb �HH i?2 /�vb �b +QKT�`2/

iQ La 7Q` 20W T`2/B+iBQM 2``Q` BM i?2 Q++mT�M+vX >B;?Hv mM`2HB�#H2 >o�* QT2`�iBQMb H2�/

iQ bB;MB}+�Mi p�`B�iBQMb BM i?2 2M2`;v +QMbmKTiBQM �M/ i?2 mb2` +QK7Q`iX h?Qm;? i?2 7�M

K�F2b BMbB;MB}+�Mi BKT�+i QM i?2 `QQK i2KT2`�im`2- Bi [mB+FHv �+?B2p2b i?2 /2bB`2/ +QK7Q`i

H2p2H #v T`QpB/BM; � +QQHBM; T2`+2TiBQM iQ i?2 mb2`X h?mb- i?2 7�M Bb p2`v ?2HT7mH BM /2�HBM;

rBi? i?2 mM2tT2+i2/ +?�M;2b BM i?2 Q++mT�M+v Q7 i?2 `QQK r?BH2 La �HQM2 7�BHb iQ /Q bQX

q2 MQiB+2/ i?�i � 7�M Bb KQ`2 2z2+iBp2 �M/ [mB+F2` i?�M � ?2�i2` BM KBiB;�iBM; i?2 2z2+i

Q7 T`2/B+iBQM 2``Q`b QM #Qi? 2M2`;v +QMbmKTiBQM �M/ /Bb+QK7Q`iX q?2M � `QQK ;2ib Q++m@

TB2/- � ?2�i2` bHQrHv BM+`2�b2b i?2 `QQK i2KT2`�im`2 iQ �+?B2p2 i?2 +QK7Q`i `2[mB`2K2Mib

Q7 i?2 Q++mT�MibX h?Bb `2bmHib BM 72r BMi2`p�Hb Q7 /Bb+QK7Q`i 7Q` i?2 mb2`X h?Bb 2z2+i Bb

pBbB#H2 BM 6B;m`2b 9@N#- 9@RyX 6Q` 20W T`2/B+iBQM 2``Q`- r2 MQiB+2/ i?�i i?2 a� Bb MQr 2p2M

H2bb `Q#mbi i?�M La QM 72r /�vb /m2 iQ i?2 bHQr `2�+iBQM Q7 i?2 aSPh ?2�i2`X >Qr2p2`-

i?2 �p2`�;2 T2`7Q`K�M+2 Q7 a� Bb biBHH #2ii2` Q` +QKT�`�#H2 i?�M LaX

9Xe *?�HH2M;2b �M/ .Bb+mbbBQM

AM i?Bb +?�Ti2`- r2 �M�Hvb2/ i?2 BM~m2M+2 Q7 T`2/B+iBQM 2``Q`b BM Q++mT�M+v QM i?2 >o�*

QT2`�iBQMb r?BH2 H2p2`�;BM; � +mbiQK@#mBHi #mBH/BM; bBKmH�iQ` @ h?2`K�HaBKX AM i?Bb b2+iBQM-

r2 bmKK�`Bx2 Qm` `2bmHib- /Bb+mbb p�`BQmb HBKBi�iBQMb Q7 i?2 bim/v 7QHHQr2/ #v `2b2�`+?

[m2biBQMb r?B+? �`2 QT2M 7Q` i?2 +QKKmMBivX

Pm` BMbB;?ib BM+Hm/2 i?2 7QHHQrBM;, 6B`bi- Qm` /�i�b2i BM/B+�i2b i?�i �;;`2;�i2 2M2`;v

+QMbmKTiBQM Bb ?B;?2` BM rBMi2`b i?�M BM bmKK2`bX a2+QM/- BMi2;`�iBM; � S1* HBF2 aSPh

rBi? � T`2/B+iBp2 >o�* +QMi`QHH2` Bb /2}MBi2Hv #2ii2` Q` +QKT�`�#H2 i?�M � Tm`2 JS*

#�b2/ �TT`Q�+?X h?B`/- 7Q` a� +QMi`QHH2`- 7�bi `2�+iBp2 /2pB+2 Ubm+? �b 7�MV Bb 20W #2ii2`

i?�M i?2 ?2�i2`- BM i2`Kb Q7 Q++mT�Mib /Bb+QK7Q`iX 6BM�HHv- La ivTB+�HHv 7�BHb iQ b�iBb7v i?2

+QK7Q`i `2[mB`2K2Mib QM �Mv /�vX

Pm` rQ`F bmz2`b 7`QK irQ K�BM HBKBi�iBQMbX 6B`bi- r?BH2 i?2 i?2`K�H KQ/2H UQ7 h?2`@

K�HaBKV +QMbB/2`2/ i?2 2z2+i Q7 MmK2`Qmb bQm`+2b Ubm+? �b r2�i?2`- Q++mT�M+vV �z2+iBM;

i?2 `QQK i2KT2`�im`2- i?2`2 biBHH 2tBbi p�`BQmb Qi?2` 7�+iQ`b Ubm+? �b ?mKB/BivV r?B+? �`2

+`BiB+�H 7Q` bm+? �M�HvbBbX q2 TH�M iQ 2tTHQ`2 bm+? 7�+iQ`b �M/ 2M`B+? i?2 /�i� 7Q` � /22T2`

�M�HvbBb BM 7mim`2X
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a2+QM/- r2 +�``B2/ Qmi i?2 bim/v i?`Qm;? � /�i�b2i +QHH2+i2/ 7`QK � T�`iB+mH�` T�`i

Q7 i?2 rQ`H/X *HBK�i2- mb2`bǶ �iiBim/2 UiQr�`/b 2M2`;v b�pBM;bV- �M/ K�Mv Qi?2` 7�+iQ`b

/Bz2` bB;MB}+�MiHv �+`Qbb i?2 ;2Q;`�T?B2bX h?Qm;? i?2 `2bmHib BM/B+�i2 i?�i a� Bb KQ`2

`Q#mbi i?�M La- i?2`2 +�M #2 +QMbB/2`�#H2 /Bb+`2T�M+v �+`Qbb U�M/ rBi?BMV i?2 +QmMi`B2bX

� `2�H@rQ`H/ BKTH2K2Mi�iBQM Q7 i?2 i2+?MQHQ;v Bb +`BiB+�H iQ mM/2`bi�M/ Bib 2z2+iBp2M2bb BM

�+?B2pBM; i?2 /2bB`2/ ;Q�HbX

q2 }M/ i?�i KBiB;�iBM; i?2 2z2+i Q7 T`2/B+iBQM 2``Q`b TQbb2bb +QMbB/2`�#H2 TQi2MiB�H

BM QTiBKBbBM; i?2 >o�* QT2`�iBQMb rBi? T`2/B+iBp2 +QMi`QHH2`bX q?BH2 KQ/2H T`2/B+iBp2

+QMi`QH UJS*V Bb QM2 Q7 i?2 KQbi T`QKBbBM; bi�i2 Q7 i?2 �`i >o�* +QMi`QH bi`�i2;B2b- Bib

T2`7Q`K�M+2 Bb HBKBi2/ #v i?2 �++m`�+v Q7 i?2 r2�i?2` �M/ Q++mT�M+v T`2/B+iBQMbX h?2`27Q`2-

r2 /2bB;M2/ � +mbiQK@#mBHi #mBH/BM; bBKmH�iQ` Ĝ h?2`K�HaBK Ĝ iQ �M�Hvb2 i?2 BM~m2M+2 Q7

T`2/B+iBQM 2``Q`b QM >o�* QT2`�iBQMbX q2 �HbQ T`QTQb2/ � K2i?Q/ iQ BMi`Q/m+2 `2�HBbiB+

2``Q`b BM Q++mT�M+v 7Q` i?2 �M�HvbBbX Pm` BMBiB�H �M�HvbBb BM/B+�i2b i?�i T`2/B+iBQM 2``Q`

UBM Q++mT�M+vV Q7 20W +�M K�F2 i?2 >o�* QT2`�iBQMb ?B;?Hv mMbi�#H2 BM i2`Kb Q7 #Qi?

2M2`;v +QMbmKTiBQM �M/ Q++mT�MibǶ +QK7Q`iX _2+2Mi HBi2`�im`2 b?Qrb i?�i Bi Bb 72�bB#H2 iQ

mb2 � T2`bQM�H i?2`K�H +QK7Q`i bvbi2K Ĝ aSPh Ĝ �HQM; rBi? T`2/B+iBp2 bi`�i2;v iQ 2Mbm`2

T2`bQM�HBb2/ +QK7Q`i BM T2`bQM�H �M/ b?�`2/ bT�+2bX q2 Q#b2`p2/ i?�i r?BH2 aSPh Bb

2z2+iBp2 BM �ii�BMBM; #2ii2` T2`bQM�HBb2/ +QK7Q`i- Bi �HbQ bi`2M;i?2Mb i?2 T`2/B+iBp2 bi`�i2;B2b

#v KBiB;�iBM; i?2 BM~m2M+2 Q7 T`2/B+iBQMb 2``Q`b QM 2M2`;v +QMbmKTiBQM �M/ Q++mT�MibǶ

+QK7Q`i #2+�mb2 Bi rQ`Fb �i � }M2` iBK2@b+�H2 i?�M i?2 JS*@#�b2/ >o�*X 1KTHQvBM; �

T2`bQM�H i?2`K�H +QK7Q`i bvbi2K- bm+? �b aSPh- r2 bi�v BM i?2 �++2Ti�#H2 `2;BQM N8W Q7

i?2 iBK2b �b QTTQb2 iQ 3jW Q7 i?2 iBK2b 2p2M 7Q` i?2 T`2/B+iBQM 2``Q`b �b ?B;? �b 20W- BM

i?2 Q++mT�M+vc i?mb- KQiBp�iBM; � `2HB�#H2 +QMi`QH bi`�i2;v �+`Qbb i?2 +QKK2`+B�H #mBH/BM;bX
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*?�Ti2` 8

G2�F�;2 .2i2+iBQM

q�i+? i?2 HBiiH2 i?BM;b- � bK�HH H2�F +�M bBMF � ;`2�i b?BTX
Ĝ "2MD�KBM 6`�MFHBM- 6QmM/BM; 6�i?2` Q7 i?2 lMBi2/ ai�i2b

8XR AMi`Q/m+iBQM

q?BH2 2M2`;v b�pBM;b �M/ mb2` +QK7Q`i �`2 2bb2MiB�H- 7�mHi /2i2+iBQM Bb Q7 T�`�KQmMi BKTQ`@

i�M+2X _27`B;2`�Mi H2�F�;2 Bb � +QKKQM K2+?�MB+�H 7�mHi BM +QKT`2bbQ` #�b2/ �TTHB�M+2b

r?B+? �`2 T`BK�`BHv mb2/ 7Q` �B`@+QM/BiBQMBM; �M/ `27`B;2`�iBQM Tm`TQb2b (kj)X h?2 TmM+@

im`2 ?QH2 Q7i2M bi�`ib �b � TBM?QH2 H2�F �M/ #2+QK2b #B;;2` r?2M ;Q2b mM/2i2+i2/X .m2

iQ i?2 HQbb Q7 `27`B;2`�Mi- +QKT`2bbQ` U� +QKTQM2Mi rBi?BM i?2 _lV rQ`Fb rBi? `2/m+2/

2{+B2M+v �M/ i�F2b KQ`2 iBK2 Ui?�M i?2 mbm�HV iQ +QQH i?2 `QQK- i?mb- r�biBM; bB;MB}+�Mi

2M2`;vX AM �//BiBQM iQ i?�i- i?2 H2�F�;2 2tTQb2b i2M�Mib iQ `27`B;2`�Mi r?B+? Bb 2ti`2K2Hv

/�M;2`Qmb 7Q` i?2B` ?2�Hi? (d)X h?2 +QMb2[m2M+2b Q7 `27`B;2`�Mi H2�F�;2 �`2 2p2M rQ`b2 7Q`

`2i�BH QmiH2ib r?Q b2i mT +QH/@`QQKb iQ T`2b2`p2 T2`Bb?�#H2 7QQ/ Bi2Kb Umbm�HHv �i 5◦*@8◦*V-

�M/ i?2 biQ`2/ T`Q/m+i ;Q2b #�/ /m2 iQ BKT`QT2` +QQHBM; #v i?2 _l /m`BM; i?2 H2�F�;2X

1�`Hv /2i2+iBQM Q7 bm+? H2�Fb +�M #2M2}i i?2 `2i�BH 2Mi2`T`Bb2b BM @ RX BM+`2�bBM; i?2B` T`Q}ib

#v `2/m+BM; i?2 2M2`;v r�bi�;2- kX �pQB/BM; H2�F�;2 Q7 ?�x�`/Qmb `27`B;2`�Mi BM i?2 QT2M

2MpB`QMK2Mi- �M/ jX K�BMi�BMBM; i?2 T`Q/m+i [m�HBiv (9y- jN- 9N- j9)X

lM7Q`imM�i2Hv- biQ`2 K�M�;2`b mbm�HHv H�+F M2+2bb�`v bFBHHb iQ b2Mb2 i?2 H2�F�;2 �i �M

2�`Hv bi�;2- �M/ mM/2i2+i2/ H2�Fb rB/2M rBi? iBK2 �b _l `2K�BMb 7mM+iBQM�H /m`BM; i?2

H2�F�;2X �i #`2�F/QrM TQBMi- _l biQTb +QQHBM; 7QHHQr2/ #v i?2 +QKTH2i2 b?mi/QrM Q7

QmiH2i 7Q` 72r /�vbX 6B;m`2 8@R /2TB+ib QM2 bm+? b+2M�`BQ r?2`2 biQ`2 K�M�;2` `2TQ`i2/ i?2
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Normal RU 
Operations Faulty RU Downtime

6B;m`2 8@R, :�b H2�F�;2 bi�`i2/ QM J�`+? kR- #mi K�M�;2` F2Ti mbBM; i?2 _l 7Q` � r22F
�M/ +QKTH�BM2/ QM J�`+? kN r?2M Bi biQTT2/ +QQHBM;X .2H�v BM `2TQ`iBM; `27`B;2`�iBQM H2�F
H2/ iQ +QKTH2i2 b?mi/QrM Q7 biQ`2 QT2`�iBQMb 7Q` k@j /�vbX

T`Q#H2K r?2M _l #`QF2- �M/ i?2 biQ`2 r2Mi Qmi Q7 QT2`�iBQMbX AM �//BiBQM iQ `2T�B`BM;

+Qbi- i?2 QrM2` �HbQ /2�Hi rBi? i?2 bi�HBM; Q7 biQ`2/ T`Q/m+ib �M/ #mbBM2bb HQbb QrBM; iQ i?2

/QrMiBK2X *m``2Mi i2+?MB[m2b 7Q` H2�F�;2 /2i2+iBQM �`2 ivTB+�HHv +�i2;Q`Bx2/ �b /B`2+i �M/

BM/B`2+i K2i?Q/b (ReN)X .B`2+i K2i?Q/b- bm+? �b >�HB/2 H2�F /2i2+iQ`- `2[mB`2 �M 2tT2`i iQ

mb2 i?2 /2i2+iQ` 7Q` QM@bTQi H2�F�;2 /2i2+iBQM rBi? +2`i�BM T`2+�miBQMb (kR- 3R- RyN)X PM i?2

Qi?2` ?�M/- BM/B`2+i i2+?MB[m2b M22/ bT2+B�HBx2/ b2MbQ`b iQ KQMBiQ` i2KT2`�im`2- T`2bbm`2-

�M/ K�bb ~Qr `�i2 �i KmHiBTH2 TQBMib BMbB/2 i?2 �TTHB�M+2 (9d- RjN- RkN)X �b T`2bbm`2

�M/ K�bb ~Qr b2MbQ`b �`2 KQ`2 2tT2MbBp2 i?�M i2KT2`�im`2 b2MbQ`- b2p2`�H bim/B2b 7Q+mb2/

QM HBKBiBM; i?2 MmK#2` Q7 b2MbQ`b 7Q` H2�F�;2 /2i2+iBQM (93- ReN)X >Qr2p2`- 2p2M rBi? i?2

HBKBi2/ b2MbQ`b- uQQ 2i �HX (ReN) `2[mB`2/ i2KT2`�im`2 b2MbQ`b �i }p2 TQBMib BMbB/2 i?2 bvbi2K

@ RX �B` BMH2i Q7 BM/QQ` mMBi- kX �B` BMH2i Q7 Qmi/QQ` mMBi- jX 2p�TQ`�iQ` KB/TQBMi- 9X +QM/2Mb2`

KB/TQBMi- �M/ 8X +QKT`2bbQ` /Bb+?�`;2 TQBMiX am+? �M 2ti2MbBp2 b2MbQ` BMbi�HH�iBQM Ui?�i iQQ

rBi?BM i?2 �TTHB�M+2V Q7i2M HBKBib BM/B`2+i i2+?MB[m2b iQ H�#Q`�iQ`v b2imT �M/ +QMbB/2`2/ �b

�M 2tT2MbBp2 �M/ mMb+�H�#H2 bQHmiBQM iQ i?2 T`Q#H2KX

AM i?Bb +?�Ti2`- r2 `2BM7Q`+2 bK�`i i?2`KQbi�ib rBi? :`2BM�R @ � 7`�K2rQ`F i?�i Q#@

b2`p2b /2pB�iBQMb BM i?2 K2�bm`2/ i2KT2`�im`2 7`QK i?2 2biBK�i2/ i2KT2`�im`2 iQ /2i2+i

`27`B;2`�Mi H2�F�;2X h?2 2biBK�i2b +QK2 7`QK � HmKT2/ T�`�K2i2` i?2`K�H KQ/2H r?Qb2

T�`�K2i2`b �`2 imM2/ iQ � T�`iB+mH�` `QQK 2MpB`QMK2Mi #v i?2 �K#B2Mi BM7Q`K�iBQM b2Mb2/

#v i?2 i?2`KQbi�iX aK�`i i?2`KQbi�ib �`2 RX THm;@M@TH�v @ MQ M22/ Q7 i2+?MB+B�M 7Q` BMbi�H@
R:`2BM� Bb �M A+2H�M/B+ rQ`/ i?�i K2�Mb iQ B/2MiB7vX
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U�V .m`BM; /�viBK2 biQ`2 K�M�;2` 7`2[m2MiHv
pBbBib i?2 +QH/@`QQK r?B+? H2�/b iQ ?B;? i2K@
T2`�im`2 BM rQ`FBM; ?Qm`bX

U#V AM rBMi2`b U.2+2K#2` kyRe @ J�`+? kyRdV-
`QQK i2KT2`�im`2 bi�vb BM � HQr2` `�M;2 �b +QK@
T�`2/ iQ bmKK2`bX

6B;m`2 8@k, _QQK i2KT2`�im`2 /2T2M/b QM i?2 �+iBpBiB2b Q7 biQ`2 K�M�;2` �M/ b2�bQM�H
2MpB`QMK2Mi�H +?�M;2bX

H�iBQM- kX �HHQr `2KQi2 b2MbBM; Q7 _l- jX M2p2` BMi2`p2M2 BM i?2 /�BHv `QmiBM2 Q7 i?2 biQ`2

K�M�;2`b- �M/ 9X �MiB+BT�i2/ iQ BM+`2�b2 #v 9yyW BM M2ti +QmTH2 Q7 v2�`b (N8)X :Bp2M i?2

#2M2}ib- bim/B2b BM i?2 T�bi 2tTHQ`2/ bK�`i i?2`KQbi�ib 7Q` mb2` 722/#�+F (d3)- Q++mT�M+v

/2i2+iBQM (Nk)- 2M2`;v@2{+B2Mi +QMi`QH (Ryd)- �KQM; K�Mv Qi?2` �TTHB+�iBQMX >Qr2p2`- iQ

i?2 #2bi Q7 Qm` FMQrH2/;2- MQ QM2 ?�b bim/B2/ bK�`i i?2`KQbi�ib 7Q` H2�F�;2 /2i2+iBQMX q2

#2HB2p2 2M?�M+BM; bK�`i i?2`KQbi�ib 7Q` H2�F�;2 /2i2+iBQM T`2b2Mib � ;2MmBM2Hv HQr@+Qbi

�M/ b+�H�#H2 bQHmiBQM 7Q` i?2 T`Q#H2KX

.2bTBi2 �HH i?2 #2M2}ib- QM2 Kmbi �HbQ MQi2 i?�i i?2 Qp2`�HH T`Q#H2K Bb MQM@i`BpB�H �M/

2t?B#Bib KmHiBTH2 +?�HH2M;2bX _QQK i2KT2`�im`2 Bb b2MbBiBp2 iQ i?2 �+iBQMb Q7 QmiH2i K�M@

�;2` U6B;m`2 8@k�V �M/ QmibB/2 r2�i?2` +QM/BiBQMb U6B;m`2 8@k#V- �M/ #Qi? i?2b2 T�`�K2i2`b

/Bz2` bB;MB}+�MiHv �+`Qbb i?2 QmiH2ibX 1p2M rBi?BM � biQ`2- i?2 /�BHv `QmiBM2 Q7 i?2 K�M�;2`-

+HBK�iB+ +QM/BiBQMb- �M/ }iM2bb H2p2H Q7 �M �TTHB�M+2 +?�M;2 +QMbB/2`�#Hv rBi? iBK2X hQ

+QMbB/2` #Qi? i2KTQ`�H �M/ bT�iB�H p�`B�iBQMb- :`2BM� miBHBx2b � }`bi@Q`/2` i?2`K�H KQ/2H

r?B+? bBKmH�i2b i?2 `QQK i2KT2`�im`2 r?BH2 +QMbB/2`BM; i?2 BM~m2M+2 Q7 QmiH2i K�M�;2`

�M/ +HBK�i2 QmibB/2 i?2 `QQKX :`2BM� +QHH2+ib r2�i?2` /�i� i?`Qm;? � +HQm/@#�b2/ r2�i?2`

b2`pB+2- �M/ KQMBiQ`b mb2` �+iBpBiv i?`Qm;? � /QQ` b2MbQ`X qBi? iBK2- �b 7`�K2rQ`F `2@

+2Bp2b KQ`2 �M/ KQ`2 +H2�M /�i�- Bi F22Tb mT/�iBM; i?2 KQ/2H T�`�K2i2`b iQ �++QKKQ/�i2

i2KTQ`�H +?�M;2b BM #mBH/BM;Ƕb i?2`K�H #2?�pBQm`X >Qr2p2`- +H2�M i`�BMBM; /�i� @ r?2M MQ

7�mHi 2tBbib rBi?BM i?2 _l @ Bb Bib2H7 � +?�HH2M;2 rBi? KQbi Q7 i?2 2tBbiBM; i2+?MB[m2b 7Q`

H2�F�;2 /2i2+iBQMX hQ 2Mbm`2 +H2�M /�i� /m`BM; i?2 H2�`MBM; T?�b2- :`2BM� /Q2b MQi +QMbB/2`

i?Qb2 /�vb r?B+? r2`2 B/2MiB}2/ �b H2�FBM; r?BH2 KQMBiQ`BM; i?2 _lX AM i?2 BMBiB�H bi�;2b-
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r?2M bm{+B2Mi +H2�M /�i� Bb mM�p�BH�#H2 iQ imM2 i?2 KQ/2H T�`�K2i2`b- :`2BM� #2M2}ib

7`QK i`�Mb72` H2�`MBM; �M/ mb2b i?2 T�`�K2i2`b Q7 � +QMi2tim�HHv ǵbBKBH�`Ƕ QmiH2iX "Qi?-

+H2�M /�i� �M/ i`�Mb72` H2�`MBM; 2Mbm`2 i?�i i?2 T`QTQb2/ 7`�K2rQ`F Bb `2�/v@iQ@rQ`F 7`QK

i?2 /�v Q7 BMbi�HH�iBQMX 6BM�HHv- :`2BM� +QKT�`2b i?2 2biBK�i2b 7`QK i?2 imM2/ i?2`K�H

KQ/2H rBi? b2MbQ` K2�bm`2K2Mib �M/ r?2M i?2 �+im�H i2KT2`�im`2 Bb bm{+B2MiHv �#Qp2 i?2

2biBK�i2- i?2 bvbi2K `�Bb2b � H2�F�;2 ~�;X

P7 +Qm`b2- `QQK i2KT2`�im`2 +�M #2 ?B;?2` i?�M i?2 2biBK�i2b 2p2M r?2M _l Bb rQ`FBM;

}M2 U7�Hb2 TQbBiBp2V- �M/ pB+2@�@p2`b�- i?2 7`�K2rQ`F KB;?i +QM7mb2 i?2 BMBiB�H bvKTiQKb Q7

H2�F�;2 rBi? i?2 MQBb2 ;2M2`�i2/ 7`QK K�Mm�H BMi2`p2MiBQMb U7�Hb2 M2;�iBp2VX 6Q` BMbi�M+2-

BM 6B;m`2 8@R- i?2 `QQK i2KT2`�im`2 Bb BM i?2 `�M;2 Q7 8◦*@10◦* BM i?2 BMBiB�H bi�;2b Q7 i?2

`27`B;2`�Mi H2�F- �FBM iQ i2KT2`�im`2 p�`B�iBQMb /m2 iQ i2M�MibǶ �+iBpBiB2b BM 6B;m`2 8@k�X

A7 KBb+H�bbB}+�iBQM Bb � 7�Hb2 M2;�iBp2 UKBbBM7Q`K2/ i?�i _l Bb }M2V- i?2M `2T�B`BM; rBHH

;2i /2H�v2/ mMiBH i?2 QmiH2i K�M�;2` B/2MiB}2b i?2 H2�F�;2X >Qr2p2`- B7 KBb+H�bbB}+�iBQM Bb

� 7�Hb2 TQbBiBp2 UKBbBM7Q`K2/ i?�i _l #`QF2V- i?2M i?2 +QKT�Mv KB;?i 2M/ mT T�vBM; �

bB;MB}+�Mi �KQmMi iQ i?2B` K�BMi2M�M+2 +QMi`�+iQ` 7Q` i?2 mMM2+2bb�`v pBbBibX q?BH2 bm+?

pBbBib �`2 BKKQ/2`�i2- i?2v �`2 �MMQvBM; 7Q` i?2 biQ`2 K�M�;2` �M/ /Bb`mTiBp2 iQ i?2 /�BHv

QT2`�iBQMbX >2M+27Q`i?- :`2BM� 2KTHQvb *lalJ U*mKmH�iBp2 amK *QMi`QHV i2+?MB[m2 iQ

2Mbm`2 i?�i mb2` ;2ib MQiB}2/ QMHv r?2M i?2 bvbi2K Bb +QM}/2Mi �#Qmi i?2 H2�F�;2X

q2 2p�Hm�i2 :`2BM� mbBM; i?2 /�i� +QHH2+i2/ 7`QK d9 QmiH2ib Q7 � `2i�BH 2Mi2`T`Bb2 7Q`

QM2 v2�`X 6Q` ;`QmM/ i`mi? p2`B}+�iBQM- r2 mb2 7�mHi HQ;b �b `2TQ`i2/ #v i?2 b2`pB+BM;

+QKT�Mv �7i2` �//`2bbBM; i?2 7�mHiX _2bmHib BM/B+�i2 i?�i :`2BM� Bb +QKT�`�#H2 Q` #2ii2`

i?�M K�Mm�H `2TQ`iBM;X h?2 T`QTQb2/ 7`�K2rQ`F +�M `2/m+2 i?2 �p2`�;2 `2TQ`iBM; /2H�v

#v 8@e /�vb- r?2M +QKT�`2/ iQ K�Mm�H `2TQ`iBM;X AM Qi?2` rQ`/b- 2p2M B7 QmiH2i K�M�;2`b

+QmH/ mb2 i?2 H2�F�;2 /2i2+iQ`b Ubm+? �b >�HB/2 H2�F /2i2+iQ`V- i?2v rQmH/ ?�p2 /2H�v2/

i?2 `2T�B`BM; #v �HKQbi � r22FX q2 +QmH/MǶi +QKT�`2 :`2BM� rBi? BM/B`2+i K2i?Q/b UQ7

H2�F�;2 /2i2+iBQMV #2+�mb2 T`QTQb2/ i2+?MB[m2b �`2 Q7i2M HBKBi2/ #v i?2 M22/ Q7 bT2+B�HBx2/

b2MbQ`b iQ KQMBiQ` i2KT2`�im`2 �i KmHiBTH2 TQBMib rBi?BM i?2 _lX

:Bp2M i?2 2M2`;v@b�pBM; 72�im`2b �M/ Qi?2` �/p�M+2K2Mib- bK�`i i?2`KQbi�ib �`2 �Mv@

r�vb ;QBM; iQ `2TH�+2 i`�/BiBQM�H i?2`KQbi�ib p2`v bQQMX �b Q7 MQr- i?2`KQbi�ib +�M KQMBiQ`

`QQK i2KT2`�im`2- i2M�MibǶ /�BHv �+iBpBiB2b k- �M/ 2p2M mTHQ�/ i?2 b2Mb2/ BM7Q`K�iBQM iQ

kh?Qm;?- BM i?Bb bim/v- r2 mb2/ /QQ` b2MbQ` iQ KQMBiQ` ?mK�M �+iBpBiB2b- �TT2M/Bt * /Bb+mbb2b �M
2ti2M/2/ i?2`K�H KQ/2H r?B+? `2TH�+2b /QQ` b2MbQ` rBi? i?2 KQiBQM b2MbQ` Q7 i?2 bK�`i i?2`KQbi�iX
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i?2 +HQm/X GQ+�iBQM@#�b2/ /2i�BH2/ r2�i?2` BM7Q`K�iBQM Bb `2�/BHv �p�BH�#H2 7`QK b2p2`�H

+HQm/@#�b2/ +HBK�i2 KQMBiQ`BM; �TTHB+�iBQMbX "v +QK#BMBM; i?2 irQ TB2+2b Q7 BM7Q`K�iBQM-

r2 +�M mb2 :`2BM� 7Q` H2�F�;2 /2i2+iBQM rBi?Qmi BMbi`mK2MiBM; i?2 �TTHB�M+2X AM �//BiBQM

iQ #2BM; b+�H�#H2- i?2 T`QTQb2/ �TT`Q�+? Bb `2HB�#H2 2MQm;? iQ K�BMi�BM 7QQ/ [m�HBiv �M/

;2M2`�i2 KBMBK�H 7�Hb2 �H�`KbX 6BM�HHv- :`2BM� `2[mB`2b KBMBK�H UQ` MQV BMi2`p2MiBQM 7`QK

i?2 biQ`2 K�M�;2` �M/ 2Mbm`2b MQM@BMi2``mTiBp2 rQ`FBM; ?Qm`bX *m``2MiHv- BM +QHH�#Q`�iBQM

rBi? �M 2M2`;v@�M�HviB+b #�b2/ p2Mim`2- r2 �`2 rQ`FBM; QM i?2 /2THQvK2Mi Q7 T`QTQb2/

i?2`KQbi�ib �+`Qbb �HH i?2 d9 QmiH2ib r?B+? r2`2 +QMbB/2`2/ �b T�`i Q7 i?Bb bim/vX

8Xk _2H�i2/ qQ`F

�MQK�Hv /2i2+iBQM Bb �M �+iBp2 `2b2�`+? �`2� rBi? �M 2ti2MbBp2 HBi2`�im`2 BM MmK2`Qmb

/QK�BMb �M/ �TTHB+�iBQMb (ke- Nj)X PM2 bm+? T`Q#H2K Bb 7�mHi /2i2+iBQM �M/ /B�;MQbBb U6..V

r?2`2 i?2 Q#D2+iBp2 Bb iQ }`bi B/2MiB7v � K�H7mM+iBQM2/ �TTHB�M+2 7QHHQr2/ #v � `QQi@+�mb2

�M�HvbBb iQ /B�;MQb2 i?2 T`Q#H2K (89- dR)X lbm�HHv- i?2 T�`iB�H Q` +QKTH2i2 7�BHm`2 Q7 i?2

?�`/r�`2 UT`2b2Mi BM i?2 2[mBTK2MiV #`BM;b /QrM i?2 r?QH2 bvbi2KX h?Qm;? i?2 HBi2`�im`2

QM 7�mHi /2i2+iBQM BM K2+?�MB+�H mMBib Bb +QMbB/2`�#Hv 2ti2MbBp2- r2 rBHH HBKBi i?2 b+QT2 Q7

i?Bb bm`p2v QMHv iQ +QKT`2bbQ`@#�b2/ �TTHB�M+2bX

8XkXR 6�mHi .2i2+iBQM 6`�K2rQ`Fb

hvTB+�HHv- 7�mHi /2i2+iBQM 7`�K2rQ`Fb 7Q` +QKT`2bbQ`@#�b2/ �TTHB�M+2b �`2 /2bB;M2/ 2Bi?2`

7Q` _27`B;2`�iBQM lMBib (RN- R8e)- Q` >2�iBM;- o2MiBH�iBQM- �M/ �B` *QM/BiBQMBM; lMBib

U>o�*V (Rej- kj- j3- Rdy)X A``2bT2+iBp2 Q7 ivT2 Q7 �TTHB�M+2- KQbi 7�mHi /2i2+iBQM 2M;BM2b

�`2 /2bB;M2/ QM i?2 T`BM+BT�H @ bBKmH�i2 � #�b2HBM2 �M/ +QKT�`2 rBi? i?2 K2�bm`2/ bB;M�H

UKQbiHv 2M2`;vV iQ K�`F �Mv /2pB�iBQMb /m2 iQ i?2 7�mHi (9R- RRk- RRe- 8y- Rk8- kd)X PǶL2BH

2i �HX (Rk9) bBKmH�i2/ i?2 2M2`;v +QMbmKTiBQM i?`Qm;? � #mBH/BM; bBKmH�iBQM 7`�K2rQ`F-

1M2`;vSHmb (jR)- �M/ +QKT�`2/ rBi? +m``2Mi 2M2`;v +QMbmKTiBQM iQ B/2MiB7v �++2Ti�#H2

T2`7Q`K�M+2X J�p`QK�iB/Bb 2i �HX (RRy) bm;;2bi2/ �M �`iB}+B�H M2m`�H M2irQ`F #�b2/ KQ/2H

iQ T`QpB/2 2M2`;v #�b2HBM2- �M/ mb2 i?2 #�b2HBM2 iQ /2i2+i 7�mHib BM bmT2`K�`F2i `27`B;2`�iQ`bX

GB 2i �HX (Ry8) bim/B2/ +Q``2H�iBQM #2ir22M 2H2+i`B+�H bB;M�Hb �M/ i?2 +QKKQM 7�mHib 7Q` `QQ7@

iQT �B` +QM/BiBQM2`b #v +QM/m+iBM; � b2`B2b Q7 2tT2`BK2MibX a`BMBp�b�M 2i �HX (R9N) T`QTQb2/

�M 2M2`;v KQ/2H iQ TB+F �MQK�HB2b BM i?2 TQr2` bB;M�im`2 Q7 bmT2`K�`F2i `27`B;2`�iQ`bX

RkR



SQr2` +QMbmKTiBQM /�i� T`QpB/2b #2ii2` pBbB#BHBiv Q7 H2�F�;2 i?�M i?2 `QQK i2KT2`�@

im`2 #2+�mb2 Bi Bb H2bb b2MbBiBp2 iQ 2MpB`QMK2Mi�H MQBb2- bm+? �b Q++mT�MibǶ �+iBpBivX 1p2M

i2+?MB+B�Mb T`272` iQ �M�Hvx2 2H2+i`B+�H +QKTQM2Mi bm+? �b BMTmifQmiTmi pQHi�;2 �M/ bmTTHv

+m``2Mi 7Q` 7�mHi /2i2+iBQMX JQ`2Qp2`- rBi? i?2 �/p2Mi Q7 �/p�M+2/ i2+?MB[m2b iQ 2biBK�i2

mb�;2 �M/ QT2`�iBM; +QM/BiBQMb Q7 i?2 �TTHB�M+2 i?`Qm;? LAGJ ULQM@AMi`mbBp2 GQ�/ JQM@

BiQ`BM;V (Re- Rd) �M/ 1JA U1H2+i`QK�;M2iB+ AMi2`72`2M+2V bB;M�im`2b (k3- 8N- R9d- 83)- i?2

mb2 Q7 2M2`;v bB;M�H 7Q` 7�mHi /2i2+iBQM Bb rQ`i?r?BH2X >Qr2p2`- QM2 Kmbi MQi2 i?�i i?Qm;?

TQr2` bB;M�H Bb mb27mH 7Q` 7�mHi /2i2+iBQM- Bi rQMǶi �HHQr mb iQ KQMBiQ` i?2 +QMb2[m2M+2bX

q?2M 7�mHi Q++m`b- TQr2` bB;M�H +�MMQi i2HH B7 i?2 �TTHB�M+2 Bb K�BMi�BMBM; bmBi�#H2 i2K@

T2`�im`2 7Q` i?2 Q++mT�Mib UB7 +QM/BiBQMBM; i?2 �B`V- Q` i?2 biQ`2/ T`Q/m+ib Ur?2M mbBM; 7Q`

`27`B;2`�iBQMVX

aim/B2b �HbQ KQMBiQ`2/ /Bz2`2Mi Qi?2` T�`�K2i2`b iQ /2p2HQT � #H�+F #Qt KQ/2H 7Q` 7�mHi

/2i2+iBQM (Red- Re3- ek)X E2`2b 2i �HX (Ny) KQMBiQ`2/ +QKT`2bbQ` 7`2[m2M+v iQ B/2MiB7v 7�mHi

+QM/BiBQM BM i?2 `27`B;2`�Mi mMBiX SQ`i2` 2i �HX (Rj8) +QHH2+i2/ �+im�H QT2`�iBM; T�`�K2i2`b

7`QK � b2i Q7 KB+`Qbvbi2K b2MbQ`b BMbi�HH2/ i?`Qm;?Qmi i?2 `27`B;2`�iBQM �M/ +QKT�`2/ rBi?

B/2�H +QM/BiBQMb Q7 i?2 bvbi2K 7Q` 7�mHi /2i2+iBQMX S�vM2 2i �HX (RkN- Rk3) T`QTQb2/ b2H7

i`�BMBM; Q7 � 7�mHi 7`22 KQ/2H- �M/ mb2/ i?2 KQ/2H iQ /2i2+i 7�mHi i?`Qm;? � /�i�@+Hmbi2`BM;

�TT`Q�+? r?BH2 Q#b2`pBM; i2KT2`�im`2 �i MBM2 TQBMib rBi?BM �M �B`@+QM/BiBQM2`X aBKBH�`Hv-

EmHF�`MB 2i �HX (Nd) /2bB;M2/ � `�M/QK 7Q`2bi@#�b2/ #BM�`v +H�bbB}2` iQ /2i2+i Bbbm2b BM

`27`B;2`�iBQM +�b2b r?BH2 mbBM; i2KT2`�im`2 bB;M�H �M/ /27`Qbi bi�i2 7`QK bmT2`K�`F2i `2@

7`B;2`�iBQM +�b2bX q?BH2 KQbi Q7 i?2 �#Qp2 K2MiBQM2/ bim/B2b 7Q+mb2/ QMHv QM /2i2+iBM;

ǵ�#`mTiǶ 7�mHib- MQM2 Q7 i?2K HQQF2/ BMiQ i?2 T`Q#H2K Q7 `27`B;2`�Mi H2�F�;2X

8XkXk G2�F�;2 .2i2+iBQM 6`�K2rQ`Fb

aT2+B}+�HHv 7Q` H2�F�;2 /2i2+iBQM- `2b2�`+?2`b /2bB;M2/ bvbi2Kb T`BK�`BHv 7`QK i?2 T2`bT2+@

iBp2 Q7 K2+?�MB+�H 2M;BM22`BM;- ivTB+�HHv +�i2;Q`Bx2/ �b /B`2+i �M/ BM/B`2+i K2i?Q/bX

.B`2+i J2i?Q/b

AM /B`2+i K2i?Q/b- ivTB+�HHv � i2+?MB+B�M pBbBib i?2 bBi2 �M/ mb2b � H2�F�;2 /2i2+iQ` (kR- RyN)

iQ +QM}`K i?2 H2�FX >�BH2v /2i2+iQ` (3R) Bb QM2 bm+? rB/2Hv mb2/ H2�F /2i2+iQ` BM r?B+?

~�K2 +?�M;2b i?2 +QHQ` r?2M `27`B;2`�Mi Bb T`2b2Mi BM i?2 2MpB`QMK2MiX S�`2F? (Rke) T`Q@

TQb2/ +QKTQbBiBQM Q7 ~mQ`2b+2Mi- �HFvH bm#biBimi2/ T2`vH2M2@/v2- �M/ � TQHv?�HQ;2M�i2/

Rkk



?v/`Q+�`#QM `27`B;2`�Mi iQ pBbm�HHv /2i2+i `27`B;2`�Mi H2�F�;2X h?Qm;? i?2b2 /2i2+iQ`b �`2

�++m`�i2- QM2 Kmbi mb2 i?2K rBi? +2`i�BM T`2+�miBQMbX 6Q` BMbi�M+2- r2 +�MMQi mb2 >�B@

H2v /2i2+iQ` rBi? ?v/`Q+�`#QM `27`B;2`�MibX JQ`2Qp2`- i?2 2z2+iBp2M2bb Q7 /B`2+i K2i?Q/b

T`BK�`BHv `2HB2b QM K�M�;2`Ƕb �#BHBiv BM iBK2Hv /2i2+iBM; i?2 H2�F�;2X

AM/B`2+i J2i?Q/b

�Hi2`M�iBp2Hv- BM BM/B`2+i K2i?Q/b- 7`�K2rQ`F KQMBiQ`b KmHiBTH2 T�`�K2i2`b �i /Bz2`2Mi

TQBMib rBi?BM i?2 �TTHB�M+2 7Q` H2�F�;2 /2i2+iBQM (3k- R8j- R9R- 39- 9k- RRj- RR9)X h�vHQ`

2i �HX (R89) /2bB;M2/ � M2m`�H M2irQ`F iQ �M�Hvx2 /�i� 7`QK KmHiBTH2 KQMBiQ`BM; �H�`Kb

iQ T`2/B+i `27`B;2`�Mi H2�F�;2X _QbbB 2i �HX (R99) T`QTQb2/ � bi�iBbiB+�H `mH2@#�b2/ H2�F�;2

/2i2+iBQM i2+?MB[m2 r?B+? +QmH/ /2i2+i 8W HQbb Q7 `27`B;2`�Mi i?`Qm;? 2ti2MbBp2 BMbi`mK2M@

i�iBQMX "`2mF2` 2i �HX (k9) bim/B2/ MBM2 i2KT2`�im`2 �M/ QM2 `2H�iBp2 ?mKB/Biv T�`�K2i2`b

iQ +?�`�+i2`Bx2 bQ7i 7�mHib Ubm+? �b HQbb Q7 `27`B;2`�MiV �M/ i?2B` BKT�+i QM i?2 QT2`�iBQMb Q7

`QQ7 iQT �B` +QM/BiBQM2`bX �b K�DQ`Biv Q7 H2�F�;2 /2i2+iBQM `2b2�`+? (Ry9- RRd- 8d) �bbmK2b

bi2�/v@bi�i2- EBK 2i �HX (NR) T`QTQb2/ � K2i?Q/QHQ;v 7Q` /2p2HQTBM; � bi2�/v@bi�i2 /2i2+iQ`

7Q` �Mv ;2M2`B+ p�TQm`@+QKT`2bbBQM bvbi2KX ai2�/v@bi�i2 BM Bib2H7 Bb � KBbH2�/BM; i2`K #2@

+�mb2 T�`�K2i2`b Q7 � p�TQm`@+QKT`2bbBQM bvbi2K �`2 /vM�KB+ BM `2�H@rQ`H/ (NR)X h?2`27Q`2-

i?2 bim/v `2+QKK2M/2/ BM+HmbBQM Q7 �HH H2�F�;2 /2i2+iBQM 72�im`2b U7Q` #2bi `2bmHibV r?B+?

K�F2b Qp2`�HH �TT`Q�+? 2tT2MbBp2 /m2 iQ 2ti2MbBp2 BMbi`mK2Mi�iBQM Q7 i?2 �TTHB�M+2X

hQ KBMBKBx2 i?2 MmK#2` Q7 b2MbQ`b �M/ b2MbBM; TQBMib- 6Bb2`� 2i �HX (9d- 93) /2p2HQT2/

�M 2M2`;v +QMbmKTiBQM KQ/2H #v KQMBiQ`BM; MBM2 T�`�K2i2`b UBM+Hm/BM; `2H�iBp2 ?mKB/Biv

�M/ +�`#QM@/BQtB/2 H2p2HV iQ /BbiBM;mBb? �MQK�HQmb �M/ /2;`�/�iBQM 2p2MibX AM � T�i2Mi2/

i2+?MQHQ;v- amxmFB 2i �HX (R8R) +QKT�`2/ i?2Q`2iB+�H ?2�i /BbbBT�iBQM Q7 i?2 +QM/2Mb2` rBi?

�+im�H i2KT2`�im`2 /Bz2`2M+2 UBM i?2 +QM/2Mb2`V 7Q` i?2 H2�F�;2 /2i2+iBQMX AM i?2 b�K2

/B`2+iBQM- uQQ 2i �HX (ReN) KQMBiQ`2/ i2KT2`�im`2 /Bz2`2M+2 #2ir22M BMH2i �B` �M/ KB/TQBMi

Q7 ?2�i 2t+?�M;2` iQ /2i2+i i?2 `27`B;2`�Mi +?�`;2 H2p2HX 1p2M i?Qm;? MmK#2` Q7 b2MbBM;

TQBMib �`2 H2bb- BMp�bBp2 b2MbBM; Q7i2M HBKBib i?2 2p�Hm�iBQM Q7 bi�i2/ �TT`Q�+?2b iQ � +QM@

i`QHH2/ 2MpB`QMK2MiX *QMb2[m2MiHv- i?2 2{+�+v `2HB2b QM i?2 p�HB/Biv Q7 �bbmKTiBQMb 7`QK

+QMi`QHH2/ 2MpB`QMK2Mi iQ � `2�H@rQ`H/ b+2M�`BQX

Rkj



Simulator

Greina

Real-World 
Environment

Tr
(t+1) = µr ×Tr

(t ) + µe ×Te
(t ) + µdr × Sdr

(t ) + µru × Sru
(t ) +ηr

Learn Monitor

Sensed

Simulated

Server
Greina

U�V :`2BM� Bb � irQ@bi2T T`Q+2bbX h?2 T`QTQb2/ 7`�K2rQ`F
}`bi H2�`Mb i?2 ivTB+�H i2KT2`�im`2 T`Q}H2 Q7 i?2 `QQK 7QH@
HQr2/ #v KQMBiQ`BM; i?2 _l 7Q` `27`B;2`�Mi H2�F�;2X

Fit May be Fit

Refrigerant 
Leaking

May be 
Leaking

br < 24 br ≥ 24br < 12

br < 36

br ≥ 12

br < 12

br ≥ 36

U#V 6Q` 2�+? `QQK r- :`2BM� K�BM@
i�BMb � #m+F2i p�`B�#H2 UbrV iQ H�#2H
i?2 _l �i 2�+? ?Qm`X

6B;m`2 8@j, (G27i) :`2BM� i�F2b �K#B2Mi BM7Q`K�iBQM 7`QK i?2 bK�`i i?2`KQbi�i �M/ r2�i?2`
+QM/BiBQMb 7`QK � i?B`/@T�`iv +HQm/@#�b2/ r2�i?2` b2`p2` iQ imM2 i?2 T�`�K2i2`b Q7 � HmKT2/
i?2`K�H KQ/2HX hmM2/ i?2`K�H KQ/2H bBKmH�i2b i?2 `QQK i2KT2`�im`2 7Q` H2�F�;2 /2i2+iBQMX
hQ BM+Q`TQ`�i2 i2KTQ`�H +?�M;2b BM i?2 2MpB`QMK2Mi- :`2BM� `2;mH�`Hv mT/�i2b i?2 KQ/2H
T�`�K2i2`bX (_B;?i) 6`QK /�i�- r2 Q#b2`p2/ i?�i B7 i?2 i2KT2`�im`2 rBi?BM � `QQK Bb
+QMbBbi2MiHv #2vQM/ i?2 2biBK�i2b 7Q` je ?Qm`b- i?2M i?2`2 �`2 ?B;? +?�M+2b Q7 `27`B;2`�Mi
H2�F�;2 BM i?2 _lX

8Xj �TT`Q�+?

AM :`2BM�- 2p2`v QmiH2i ;Q2b i?`Qm;? � irQ@bi2T T`Q+2bb @ RX H2�`M i?2 MQ`K�H #2?�pBQm`-

�M/ kX KQMBiQ` i?2 `27`B;2`�iBQM mMBi 7Q` H2�F�;2- �b b?QrM BM 6B;m`2 8@jX

8XjXR G2�`M LQ`K�H "2?�pBQm`

AM � ivTB+�H `QQK r- i?2 +?�M;2 BM i2KT2`�im`2- BM � ;Bp2M iBK2 BMi2`p�H τ UBM b2+QM/bV-

T`BK�`BHv /2T2M/b QM i?2 ?2�i i`�Mb72``2/ #v i?2 r2�i?2` QmibB/2 i?2 `QQK- i?2 ?2�i �//2/

#v i?2 QT2M /QQ`- �M/ i?2 ?2�i 2ti`�+i2/ #v i?2 `27`B;2`�iBQM mMBi U1[m�iBQM 8XRVX

(T (t+1)
r − T (t)

r )× Cr

τ
= Kr

e × (T (t)
e − T (t)

r ) + (Qdr × S(t)
dr
) + (Qru × S(t)

rur
) + ηr U8XRV

>2`2- T (t)
r �M/ T (t)

e /2MQi2 i?2 �p2`�;2 `QQK �M/ 2ti2`M�H i2KT2`�im`2 BM i?2 H�bi iBK2

BMi2`p�H τ U#2ir22M t �M/ t−1V- `2bT2+iBp2HvX Cr Bb i?2 i?2`K�H +�T�+Biv Q7 i?2 `QQK- �M/ Kr
e

Bb i?2 ?2�i i`�Mb72` +Q2{+B2Mi #2ir22M `QQK �M/ 2ti2`M�H r2�i?2` +QM/BiBQMbX q2 /2`Bp2/

i?2 KQ/2H 7`QK "�+?2` 2i �HX (Ry)X

q?2M bmTTHv BM i?2 7`QMi `mMb Qmi- i?2 K�M�;2` QT2Mb i?2 `QQK iQ ;2i i?2 7`2b? biQ+F

Rk9



�M/ S(t)
dr

/2MQi2b i?2 bi�i2 Q7 /QQ` UQT2Mf+HQb2V �i iBK2 tX :Bp2M i?�i _l Bb � irQ@bi�i2

�TTHB�M+2 @ RX +QKT`2bbQ` QM- �M/ kX +QKT`2bbQ` Qz- r?2`2 +QKT`2bbQ` Bb i?2 K�DQ` TQr2`

+QMbmKBM; +QKTQM2Mi Q7 _l- S(t)
rur Bb i?2 bi�i2 Q7 _l �i iBK2 tX *Q``2bTQM/BM;Hv- Qdr

�M/ Qru /2MQi2 i?2 �KQmMi Q7 ?2�i �//2/ i?`Qm;? i?2 /QQ`- �M/ ?2�i 2ti`�+i2/ #v i?2

`27`B;2`�iBQM mMBi- `2bT2+iBp2HvX ηr Bb i?2 i?2`K�H MQBb2 BMi`Q/m+2/ #v i?2 `�M/QK 2p2MibX

µr = 1− Kr
e ∗ τ
Cr

, µe =
Kr

e ∗ τ
Cr

, µdr =
Qdr ∗ τ
Cr

,

µru =
Qru ∗ τ

Cr
, η′r =

ηr ∗ τ
Cr

U8XkV

AM bi�i2 bT�+2 `2T`2b2Mi�iBQM- r2 +�M HmKT i?2 T�`�K2i2`b U�b b?QrM BM 1[m�iBQM 8XkV

�M/ `2r`Bi2 i?2 i?2`K�H KQ/2H �b 1[m�iBQM 8XjX :`2BM� H2�`Mb i?2 KQ/2H T�`�K2i2`b

Uθ =< µr, µe, µdr, µru, η′r >V i?`Qm;? HBM2�` `2;`2bbBQM r?BH2 mbBM; i?2 /�i� bi`2�Kb Q7 `QQK

i2KT2`�im`2 Uh`V- 2ti2`M�H i2KT2`�im`2 Uh2V- /QQ` bi�imb Ua/`V- �M/ _l bi�imb Ua`m`VX

hmMBM; i?2 T�`�K2i2`b Q7 � T?vbB+b@#�b2/ i?2`K�H KQ/2H #v mbBM; i?2 `2�H@rQ`H/ /�i� Bb

+�HH2/ :`2v "Qt JQ/2HHBM; �M/ rB/2Hv T`�+iBb2/ #v i?2 `2b2�`+?2`b BM b2p2`�H /QK�BMb (jd)X

�b imMBM; BMpQHp2b b2MbQ` /�i�- i?2 KQ/2H rBi? �/Dmbi2/ T�`�K2i2`b `2T`2b2Mib �M �TT`Qt@

BK�i2 i?2`K�H #2?�pBQm` Q7 i?2 `QQKX

T (t+1)
r = µr × T (t)

r + µe × T (t)
e + µdr × S(t)

dr
+ µru × S(t)

rur
+ η′r U8XjV

:`2BM� imM2b KQ/2H T�`�K2i2`b 2p2`v KQMi? i?`Qm;? aiQ+?�biB+ :`�/B2Mi .2b+2Mi (RjR)X

h?2 QMHBM2 H2�`MBM; 2Mbm`2b i?�i KQ/2H �/�Tib iQ `2+2Mi +?�M;2b Q++m``BM; BM i?2 2MpB`QM@

K2Mi- rBi?Qmi 7Q`;2iiBM; i?2 2tBbiBM; FMQrH2/;2X hQ 2Mbm`2 +H2�M /�i� /m`BM; i?2 H2�`MBM;

T?�b2- :`2BM� /Q2b MQi +QMbB/2` i?Qb2 /�vb r?B+? r2`2 B/2MiB}2/ �b H2�FBM; r?BH2 KQMB@

iQ`BM; i?2 _lX 6Q` BMbi�M+2- B7 :`2BM� H�#2HH2/ `27`B;2`�iBQM mMBi �b _27`B;2`�Mi G2�FBM; 7Q`

}p2 /�vb BM i?2 H�bi KQMi?- i?2 H2�`MBM; KQ/mH2 rQMǶi +QMbB/2` /�i� 7`QK i?Qb2 }p2 /�vb iQ

imM2 i?2 KQ/2H T�`�K2i2`bX _�iBQM�H2 #2?BM/ i?Bb Bb i?�i B7 _l r�b mM�#H2 iQ F22T `QQK

i2KT2`�im`2 rBi?BM i?2 HBKBib 7Q` KQ`2 i?�M je ?Qm`b +QMb2+miBp2Hv- Bi r�b MQi �M B/2�H

bBim�iBQM �M/ i?2`2 r�b � T`Q#H2KX .m`BM; i?Qb2 }p2 /�vb- i?2 T`Q#H2K +QmH/ ?�p2 #22M

_27`B;2`�Mi G2�F�;2 Ui`m2 TQbBiBp2V- Q` �M QM;QBM; K�BMi2M�M+2 U7�Hb2 TQbBiBp2Vc 2Bi?2` r�v-

i?Qb2 }p2 /�vb �`2 �#MQ`K�H 7Q` i?2 QmiH2iX

AMBiB�HHv- r2 bT2+B}2/ irQ F2v 72�im`2b Q7 :`2BM� @ RX Bi mb2b `2�/BHv �p�BH�#H2 BM7Q`K�iBQM

Rk8
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Similarity (in door opening events)
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6B;m`2 8@9, A7 i?2 K�M�;2`b Q7 irQ `QQKb ?�p2 ǵbBKBH�`Ƕ `QmiBM2- i?2M i?2`2 �`2 ;QQ/ +?�M+2b
i?�i i?2 ?Qm`Hv i2KT2`�im`2 T`Q}H2 Q7 i?Qb2 `QQKb rBHH �HbQ #2 ǵbBKBH�`ǶX

7`QK i?2 bK�`i i?2`KQbi�i- �M/ kX Bi +�M bi�`i KQMBiQ`BM; i?2 _l rBi?Qmi r�BiBM; 7Q` i?2

b2MbQ` /�i� 7Q` � HQM; iBK2X h?Qm;? i?2 T`QTQb2/ 7`�K2rQ`F +�M +QHH2+i `QQK i2KT2`�im`2

Uh`V �M/ /QQ` bi�imb Ua/`V BM7Q`K�iBQM 7`QK i?2 i?2`KQbi�i- �M/ 2ti2`M�H i2KT2`�im`2 Uh2V

7`QK �Mv i?B`/@T�`iv r2�i?2` b2`p2`- i?2 `27`B;2`�iBQM bi�i2 Ua`m`V- r?B+? ivTB+�HHv `2[mB`2b

�TTHB�M+2@H2p2H KQMBiQ`BM; Bb mM�p�BH�#H2 iQ i?2 7`�K2rQ`FX AM �//BiBQM iQ i?�i- r�BiBM; 7Q`

+H2�M /�i� 7Q` � HQM; iBK2 BM i?2 BMBiB�H bi�;2b Q7 /2THQvK2Mi +�M bB;MB}+�MiHv /2H�v i?2

KQMBiQ`BM; T`Q+2bbX :`2BM� H2p2`�;2b /QK�BM �/p�M+2K2Mib iQ 7mH}HH i?2b2 `2[mB`2K2MibX

ai�i2 Q7 _27`B;2`�iBQM lMBi

C�BM 2iX �HX (d3)- T`QTQb2/ � +H�bbB}+�iBQM #�b2/ �H;Q`Bi?K iQ /2i2`KBM2 +QKT`2bbQ` bi�i2

7`QK i?2 `QQK i2KT2`�im`2X h?2 BMimBiBQM r�b iQ }`bi B/2MiB7v +QKT`2bbQ` QM �M/ Qz

2p2Mib 7`QK i?2 i2KT2`�im`2 /�i� 7QHHQr2/ #v 2p2Mi b2[m2M+BM; iQ 2biBK�i2 i?2 bi�i2 p2+iQ`

7Q` _lX q?2M +QKT`2bbQ` im`Mb QM- i?2 `QQK i2KT2`�im`2 [mB+FHv ;Q2b /QrM /m2 iQ i?2

�//BiBQM Q7 +QH/ �B`- �M/ r?2M +QKT`2bbQ` im`Mb Qz- i?2 `QQK i2KT2`�im`2 b?QQib mT /m2 iQ

i?2`K�H H2�F�;2X h?2 2biBK�iBQM �H;Q`Bi?K U1�V mb2b F@K2�Mb iQ b2;`2;�i2 bm//2M BM+`2�b2

�M/ bm//2M /2+`2�b2 BM `QQK i2KT2`�im`2 UBM τ iBK2V 7`QK MQ`K�H p�`B�iBQMbX PM i?2

b2;`2;�i2/ 2p2Mib- i?2 �H;Q`Bi?K �TTHB2b b2[m2M+BM; �M/ `2+`2�i2b i?2 +QKT`2bbQ` +v+H2b Q7

i?2 `27`B;2`�iBQM mMBiX q2 2KTHQv 2biBK�iBQM �H;Q`Bi?K iQ `2T`2b2Mi _l bi�i2 �b � 7mM+iBQM

Q7 `QQK i2KT2`�im`2 Ua`m` = EA(h`)V �M/ H2�`M i?2 KQ/2H T�`�K2i2`bX PM2 Kmbi MQi2

Rke



�H;Q`Bi?K j, _�MFBM; �H;Q`Bi?K
f Dh

r BM/B+�i2b i?2 K2/B�M Q7 iQi�H MmK#2` Q7 /QQ` QT2MBM; BMbi�M+2b
Q++m``2/ BM i?2 hth ?Qm` 7Q` i?2 rth `QQK �+`Qbb �HH i?2 /�vbX
h ∈ [1, 24]  f

AMTmi, .` r?2`2 r Bb i?2 A. Q7 M2r `QQK
PmiTmi, S�`�K2i2`b < µr, µe, µdr, µru, η′r > Q7 KQbi ǵbBKBH�`Ƕ QmiH2i U`QQK r∗V
f a+Q`2 BM/B+�i2b i?2 <bBKBH�`Biv^ BM i?2 /QQ` QT2MBM; T�ii2`Mb Q7

irQ `QQKb �+`Qbb i?2 /�vX  f
*QKTmi2 a+Q`2,
Si = ∥.B −.`∥2- ∀i ∈ &�p�BH�#H2 QmiH2ib'c
f a2H2+i i?2 `QQK MmK#2` rBi? KBMBKmK b+Q`2  f
a2H2+i ǵaBKBH�`Ƕ PmiH2i,
r∗ = �`;KBM

i
(a)

i?�i :`2BM� 2biBK�i2b bi�i2 p2+iQ` QMHv r?2M _l Bb rQ`FBM; }M2 #2+�mb2 H2�`MBM; `2[mB`2b

+H2�M /�i�X

S�`�K2i2` AMBiB�HBx�iBQM

q?2M � biQ`2 +QK2b mM/2` KQMBiQ`BM;- i?2`2 2tBbib MQ /�i� iQ H2�`M i?2 KQ/2H T�`�K2i2`b 7Q`

i?2 T�`iB+mH�` QmiH2iX hQ #2;BM KQMBiQ`BM;- r2 2tTHQ`2/ +Q``2H�iBQM #2ir22M i?2 ǵbBKBH�`BivǶ

BM K�M�;2`Ƕb /�BHv `QmiBM2 �M/ i?2 ?Qm`Hv i2KT2`�im`2 T`Q}H2 �+`Qbb i?2 /�v U6B;m`2 8@9VX

q2 /2bB;M2/ � `�MFBM; �H;Q`Bi?K U�H;Q`Bi?K jV i?�i bQ`ib �HH i?2 �p�BH�#H2 biQ`2b #�b2/ QM

i?2 ǵbBKBH�`BivǶ BM i?2 /�BHv `QmiBM2 Q7 i?2B` `2bT2+iBp2 K�M�;2`bX h?2 7`�K2rQ`F b2H2+ib i?2

KQbi ǵbBKBH�`Ƕ biQ`2 �M/ mb2b Bib T�`�K2i2`b iQ KQMBiQ` i?2 `27`B;2`�iBQM mMBi 7Q` H2�F�;2

/2i2+iBQM mMiBH bm{+B2Mi +H2�M /�i� U7`QK i?2 M2r QmiH2iV Bb �p�BH�#H2 iQ mT/�i2 i?2 KQ/2H

T�`�K2i2`bX q2 mb2 l2@MQ`K iQ K2�bm`2 i?2 bBKBH�`BivX q2 /Q MQi mb2 `QQK i2KT2`�im`2

iQ K2�bm`2 ǵbBKBH�`BivǶ #2+�mb2 Bi Bb TQbbB#H2 i?�i _l Bb 7�mHiv �i i?2 iBK2 Q7 BMbi�HH�iBQMX

q?2M i?2`2 2tBbib MQ ǵbBKBH�`Ƕ QmiH2i- i?2 KQMBiQ`BM; KQ/mH2 UQ7 :`2BM�V mb2b 10◦* �b �

/27�mHi i?`2b?QH/ jX

8XjXk JQMBiQ` 7Q` G2�F�;2 .2i2+iBQM

�i i?2 2M/ Q7 2�+? ?Qm`- i?2 imM2/ i?2`K�H KQ/2H 2biBK�i2b ivTB+�H i2KT2`�im`2 T`Q}H2 Q7

i?2 `QQK U�h`V- 7Q` i?2 7`�K2rQ`F iQ HQQF 7Q` `27`B;2`�Mi H2�F�;2X >Qr2p2`- Bi Bb BM72�bB#H2 iQ
jh?2 `27`B;2`�iBQM mMBib �`2 bmTTQb2/ iQ K�BMi�BM � i2KT2`�im`2 `�M;2 Q7 5◦*@8◦* BM i?2 +QH/@`QQKbX

hvTB+�HHv- i2KT2`�im`2 `2K�BMb ?B;?2` Ui?�M i?2 HBKBibV /m`BM; i?2 rQ`FBM; ?Qm`b- �M/ rBi?BM i?2 HBKBib
/m`BM; i?2 MQM@rQ`FBM; ?Qm`bX h?2 10◦* Bb i?2 K2/B�M p�Hm2 7Q` #Qi? rQ`FBM; �M/ MQM@rQ`FBM; ?Qm`bX

Rkd



2biBK�i2 i?2 i2KT2`�im`2 T`Q}H2 r?B+? T2`72+iHv �HB;Mb rBi? i?2 �+im�H i2KT2`�im`2 T`Q}H2-

�M/ i?2 `2�bQM HB2b BM i?2 +QMi`QH bi`�i2;v 2K#2//2/ rBi?BM i?2 BMi2`M�H i?2`KQbi�i Q7 �

ivTB+�H `27`B;2`�iBQM mMBiX h?2 BM#mBHi i?2`KQbi�i Q7 �M _l mb2b QM ?vbi2`2bBb �b �M mTT2`

i?`2b?QH/ �M/ Qz ?vbi2`2bBb �b � HQr2` i?`2b?QH/X q?2M `QQK i2KT2`�im`2 ;Q2b #2vQM/

i?2 QM ?vbi2`2bBb- i?2 i?2`KQbi�i im`Mb QM i?2 +QKT`2bbQ`- �M/ i?2 `QQK i2KT2`�im`2

bi�`ib /2+`2�bBM;X am#b2[m2MiHv- r?2M i?2 `QQK i2KT2`�im`2 `2�+?2b i?2 Qz ?vbi2`2bBb-

i?2 i?2`KQbi�i im`Mb Qz i?2 +QKT`2bbQ` �M/ �HHQrb `QQK i2KT2`�im`2 iQ BM+`2�b2 mT iQ

QM ?vbi2`2bBbX >Qr2p2`- BM `2�H@rQ`H/- i?2 i2KT2`�im`2 `2�/BM;b 7`QK BM#mBHi i?2`KQbi�i Q7

_l /Bz2`b bB;MB}+�MiHv 7`QK i?2 /2THQv2/ b2MbQ` K2�bm`2K2MibX �b Bi Bb /B{+mHi 7Q` i?2

2ti2`M�H i2KT2`�im`2 b2MbQ` iQ K�i+? i?2 i2KT2`�im`2 `2�/BM;b �b b2Mb2/ #v i?2 BM#mBHi

b2MbQ`- Bi Bb �HbQ ?�`/ iQ �++m`�i2Hv T`2/B+i `QQK i2KT2`�im`2 �i 2p2`v iBK2 BMbi�M+2X A7 r2

Q#b2`p2 /2pB�iBQMb BM i?2 `�r i2KT2`�im`2 T`Q}H2b Uh` �M/ �h`V 7Q` �MQK�Hv /2i2+iBQM- i?2

KBb�HB;MK2Mib rBHH H2�/ iQ 7�Hb2 +QM+HmbBQMb 9X

AMbi2�/- :`2BM� �M�Hvb2b ?Qm`Hv K2�M i2KT2`�im`2 iQ K�`F B7 i?2 _l BM � T�`iB+mH�`

?Qm` Bb �MQK�HQmb Q` MQiX h?2 `2�bQM Bb i?�i i?2 +v+HBM; ?2HTb i?2 i?2`KQbi�i BM �+?B2pBM;

� i2KT2`�im`2 r?B+? Bb i?2 �p2`�;2 Q7 QM �M/ Qz ?vbi2`2bBbX 6Q` BMbi�M+2- BM i?2 +m``2Mi

b+2M�`BQ- QmiH2ib mb2 8◦* �b Qz ?vbi2`2bBb �M/ 3◦* �b on ?vbi2`2bBb iQ K�BMi�BM �M �p@

2`�;2 i2KT2`�im`2 Q7 eX8◦* BM i?2 `QQKX h?Qm;? i?2 i2KT2`�im`2 �i �Mv iBK2 BMbi�M+2

K�v KBb�HB;M- i?2 �p2`�;2 i2KT2`�im`2 BM i?�i ?Qm` b?QmH/ `2K�BM +HQb2 iQ eX8◦*X h?mb-

1[m�iBQM 8X9 }`bi +QKTmi2b K2�M �+im�H UT h
r V �M/ 2biBK�i2/ UT̃ h

r V i2KT2`�im`2 7QHHQr2/ #v

1[m�iBQM 8X8 iQ /2i2`KBM2 i?2 /2+BbBQM #QmM/�`v 7Q` H2�F�;2 /2i2+iBQM BM ?Qm` hX

T h
r =

∑
h h`

(3600/τ)
, T̃ h

r =

∑
h

�h`
(3600/τ)

U8X9V

T̂ h
r = T̃ h

r + σh
r U8X8V

>2`2- T̃ h
r Bb i?2 2biBK�i2/ K2�M i2KT2`�im`2- σh

r Bb i?2 bi�M/�`/ /2pB�iBQM BM h` BM �M

?Qm` h- �M/ T̂ h
r /2MQi2b i?2 2biBK�i2/ /2+BbBQM #QmM/�`v 7Q` i?2 T�`iB+mH�` ?Qm` h �M/ `QQK

rX A7 i?2 b2Mb2/ K2�M i2KT2`�im`2 UT h
r V Bb #2vQM/ i?2 2biBK�i2 UT̂ h

r V- i?2M r2 K�`F i?�i

bT2+B}+ ?Qm` �MQK�HQmb U�H;Q`Bi?K 9VX 6m`i?2`KQ`2- iQ ;�BM +QM}/2M+2 i?�i /2pB�iBQMb �`2

/m2 iQ H2�F�;2- :`2BM� �TTHB2b *lalJ U*mKmH�iBp2 amKV +QMi`QH bi`�i2;v (Rek) �M/ K�BM@

9q2 /Bb+mbb KBb�HB;MK2Mi BM /2i�BH BM a2+iBQM 8X8 @ .Bb+mbbBQMb

Rk3



�H;Q`Bi?K 9, lT/�i2 "m+F2i
f a2Mb2/ �M/ 1biBK�i2/ _QQK h2KT2`�im`2  f
AMTmi, T h

r - T̂ h
r - hmon- anlock- br

PmiTmi, br

f lT/�i2 "m+F2i o�Hm2  f
B7 T h

r > T̂ h
r i?2M

br = br + 1c
anlock = hmonc ff _2b2i i?2 HQ+F

2Hb2 B7 T h
r ≤ T̂ h

r i?2M
anlock = anlock − 1c
B7 anlock == 0 i?2M

br = 0c ff _2b2i i?2 #m+F2i
2Hb2

br = br − 1c

i�BMb � #m+F2i p�`B�#H2 UbrV iQ KQMBiQ` +QMb2+miBp2 bm+? �MQK�HQmb BMbi�M+2bX q?2M2p2`

`QQK i2KT2`�im`2 ;Q2b #2vQM/ i?2 /2+BbBQM #QmM/�`v- i?2 KQMBiQ`BM; KQ/mH2 BM+`2K2Mib

i?2 br p�Hm2 #v QM2 U�H;Q`Bi?K 9VX 6Q` 2p2`v +QMb2+miBp2 ?Qm`- r?2M `QQK i2KT2`�im`2

Bb rBi?BM i?2 2biBK�i2/ HBKBib- br /2+`2�b2b #v QM2 mMBiX A7 `QQK i2KT2`�im`2 bi�vb #2HQr

i?2 /2+BbBQM #QmM/�`v 7Q` hmon ?Qm`b- :`2BM� �bbmK2b _l Bb rQ`FBM; }M2 �M/ `2b2ib i?2

#m+F2iX AM +�b2 Q7 KBbbBM; BM7Q`K�iBQM- br p�Hm2 `2K�BMb mM+?�M;2/X

G�#2H i?2 _27`B;2`�iBQM lMBi

AM i?2 }M�H bi2T- :`2BM� H�#2Hb i?2 `27`B;2`�iBQM mMBi #�b2/ QM Bib #m+F2i p�Hm2 UbrV BM

i?2 T�`iB+mH�` ?Qm` hX Pm` �M�HvbBb BM/B+�i2b i?�i B7 i?2 `QQK i2KT2`�im`2 Bb #2vQM/ i?2

2biBK�i2/ /2+BbBQM #QmM/�`v 7Q` +QMb2+miBp2Hv je ?Qm`b- i?2M i?2`2 �`2 K�tBKmK +?�M+2b

Q7 `27`B;2`�Mi H2�F�;2X h?Qm;? r2 H2�`M2/ i?2 +m``2Mi i`�MbBiBQM i?`2b?QH/b 7`QK i?2 /�i�-

r2 +�M �Hr�vb �/Dmbi i?2b2 b2iiBM;b #�b2/ QM mb2` `2[mB`2K2MibX

8X9 1p�Hm�iBQM

6Q` i?2 bim/v- r2 /2THQv2/ � +mbiQKBx2/ i?2`KQbi�i �M/ TQr2` K2i2` �+`Qbb d9 QmiH2ib Q7 �

`2i�BH 2Mi2`T`Bb2X 6`QK CmHv kyRe mMiBH CmM2 kyRd- i?2`KQbi�ib +QHH2+i2/ `QQK i2KT2`�im`2

�M/ /QQ` BM7Q`K�iBQM 7`QK i?2 +QH/@`QQKb- �M/ 2M2`;v K2i2`b ;�i?2`2/ �TTHB�M+2 H2p2H

TQr2` +QMbmKTiBQMX 1p2`v +QH/ `QQK Bb 9 7i rB/2- 9 7i HQM;- �M/ 8 7i ?B;?X qBi? i?B+F r�HHb

�M/ /QQ`b- i?2b2 ?B;?Hv BMbmH�i2/ +QH/ `QQKb +�M K�BMi�BM biQ`�;2 i2KT2`�im`2 �Mvr?2`2

RkN



#2ir22M −2◦* �M/ 5◦*X q2 F22T i?2`KQbi�ib +HQb2 iQ i?2 #HQr2` 7�M UQ7 i?2 _lV- #2+�mb2

i?�i �HHQrb :`2BM� iQ 7Q+mb KQ`2 QM i?2 QmiTmi Q7 `27`B;2`�iBQM mMBi �M/ H2bb QM i?2

i?2`K�H MQBb2b BM i?2 2MpB`QMK2MiX q2 �HbQ KQMBiQ`2/ i?2 r2�i?2` +QM/BiBQMb UBM i?2 `2;BQMV

i?`Qm;? �M �SA Q7 � +HQm/@#�b2/ r2�i?2` b2`pB+2 (Rey)X �HH i?2 QmiH2ib r2`2 HQ+�i2/ BM � +Biv

r?2`2 QmibB/2 i2KT2`�im`2 Bb mbm�HHv #2ir22M 21◦* �M/ 37◦*- �`QmM/ i?2 v2�`X h?2 `2i�BH

2Mi2`T`Bb2 K�BMi�BMb � HQ; Q7 +�HHb 7`QK i?2 biQ`2 K�M�;2`b `2;�`/BM; i?2 +QKTH�BMi BM i?2B`

+QH/@`QQKbX q2 mb2/ i?2 7�mHi HQ;b 7Q` ;`QmM/ i`mi? p2`B}+�iBQMX .m`BM; i?2 bim/v T2`BQ/-

`2T�B` T2`bQM B/2MiB}2/ 9k +�b2b Q7 `27`B;2`�Mi H2�F�;2 �+`Qbb jN QmiH2ib- BM �//BiBQM iQ

b2p2`�H Qi?2` /272+ibX AM `2K�BMBM; j8 biQ`2b- M2Bi?2` K�M�;2` MQ` `2T�B` T2`bQM K2MiBQM2/

�Mv BMbi�M+2 Q7 `27`B;2`�Mi H2�F�;2 BM i?2 HQ;b /m`BM; i?2 bim/v T2`BQ/X AM QM2 BMbi�M+2- i?2

QmiH2i K�M�;2` +�HH2/ � HQ+�H `2T�B` T2`bQM BMbi2�/ Q7 `2TQ`iBM; i?2 7�mHi iQ i?2 �mi?Q`Bb2/

K�BMi2M�M+2 +QMi`�+iQ`X

8X9XR 1p�Hm�iBQM J2i`B+b

q2 2p�Hm�i2 :`2BM� T`BK�`BHv QM irQ �bT2+ib @ RX KQ/2H �++m`�+v BM 2biBK�iBM; i?2 /2+BbBQM

#QmM/�`v U�h`V- �M/ kX KBMBKBbBM; i?2 /2H�v BM `2TQ`iBM; `27`B;2`�Mi H2�F�;2X

JQ/2HHBM; 1``Q`

6Q` 2�+? ?Qm`- r2 +QKTmi2 K2�M �#bQHmi2 /2pB�iBQM U/2MQi2/ #v ehV BM K2�bm`2/ Uh`V �M/

2biBK�i2/ i2KT2`�im`2 U�h`V iQ [m�MiB7v i?2 �++m`�+v Q7 KQ/2H T�`�K2i2`b BM bBKmH�iBM; i?2

`QQK i2KT2`�im`2 BM �M ?Qm` h U1[m�iBQM 8XeVX

eh =

∑
h |T̃

(t)
r − T (t)

r |
(3600/τ)

U8XeV

rdm = dtm − dts rdg = dtg − dts U8XdV

.2H�v BM _2TQ`iBM; i?2 G2�F�;2

q2 H�#2HH2/ �HH i?2 H2�F�;2 BMbi�M+2b #v bi�`i /�i2 UdtsV @ r?2M bvKTiQKb #2+�K2 pBbB#H2 BM

i?2 /�i�- �M/ 2M/ /�i2 UdteV @ r?2M `2T�B` T2`bQM `2T�B`2/ i?2 H2�FX _2TQ`iBM; /2H�v Bb i?2

MmK#2` Q7 /�vb #2ir22M i?2 bi�`i �M/ i?2 H2�F�;2 `2TQ`iBM; /�i2bX 1[m�iBQM 8Xe +QKTmi2b

`2TQ`iBM; /2H�v 7Q` biQ`2 K�M�;2` UrdmV �M/ :`2BM� UrdgVX >2`2- dtm �M/ dtg �`2 i?2 /�i2b
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6B;m`2 8@8, .m`BM; rQ`FBM; ?Qm`b- i?2 QmiH2i K�M�;2`b �`2 Km+? KQ`2 MQBbv i?�M i?2
MQM@rQ`FBM; ?Qm`bX

r?2M i?2 K�M�;2` �M/ :`2BM� `2TQ`i2/ i?2 H2�Fb- `2bT2+iBp2HvX

8X9Xk JQ/2H o�HB/�iBQM

�+`Qbb �HH i?2 QmiH2ib- Qm` �M�HvbBb QM +H2�M /�i� Ur?2M _l r�b }iV BM/B+�i2b i?�i KQ/2H +�M

bBKmH�i2 i?2 `QQK i2KT2`�im`2 rBi? � K2�M �#bQHmi2 2``Q` Q7 k◦* UrBi? σ 4 yXN◦*V- �b b?QrM

BM U6B;m`2 8@8VX 1biBK�iBQM 2``Q` Bb T`BK�`BHv /m2 iQ bm//2M i?2`K�H MQBb2 #v i?2 `�M/QK

2p2Mib @ bm+? �b H2�pBM; i?2 /QQ` QT2M- `2}HHBM; i?2 7QQ/ T`Q/m+ib �i � ?B;?2` i2KT2`�im`2X

6Q` i?2 b�K2 `2�bQM- i?2 2``Q` Bb mbm�HHv ?B;?2` /m`BM; i?2 QT2`�iBQM�H ?Qm`b- �b �HbQ 2pB/2Mi

7`QK i?2 #mKTbX 1``QM2Qmb 2biBK�iBQMb KB;?i KBbH2�/ :`2BM� i?�i `QQK i2KT2`�im`2 Bb

�#Qp2 i?2 2biBK�i2/ i2KT2`�im`2- #mi �//BM; bi�M/�`/ /2pB�iBQM BM 1[m�iBQM 8X8 KBMBKBb2b

bm+? BMbi�M+2bX

8X9Xj _2bmHib �M/ �M�HvbBb

AM i?2 bim/v T2`BQ/- r2 MQi2/ 9k BMbi�M+2b BM i?2 HQ;b r?2`2 2Bi?2` i?2 biQ`2 K�M�;2` Q` i?2

`2T�B` T2`bQM K2MiBQM2/ i?2 F2vrQ`/b @ ;�b8 �M/ H2�F�;2X AM 9 +�b2b- i?Qm;? i?2 `2+Q`/b ?�/

i?2 ;�b F2vrQ`/- MQ H2�F�;2 Q++m``2/ BM i?2 `27`B;2`�iBQM mMBi �i i?�i iBK2- �b p�HB/�i2/ #v

i?2 biQ`2 K�M�;2` �M/ i?2 /�i�X 6m`i?2`KQ`2- `27`B;2`�Mi H2�F�;2 b?Qrb T?vbB+�H bvKTiQKb-

bm+? �b r�i2` /`BTTBM; �M/ B+2 7Q`K�iBQM- r?B+? �`2 pBbB#H2 #27Q`2 �Mv H2�F�;2 T�ii2`M BM i?2

i2KT2`�im`2 /�i�X AM j bm+? BMbi�M+2b- QmiH2i K�M�;2`b [mB+FHv BMiBK�i2/ i?2 K�BMi2M�M+2

+QMi`�+iQ` iQ }t i?2 `27`B;2`�iBQM mMBi- �M/ :`2BM� ?�/ MQ /�i� iQ �M�Hvb2 i?2 bvKTiQKb 7Q`
8HQ+�H T2QTH2 Q7i2M mb2 i?2 rQ`/ ;�b iQ `272` `27`B;2`�Mi
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H2�F�;2 /2i2+iBQMX AM `2K�BMBM; j8 BMbi�M+2b- i?2 T`QTQb2/ 7`�K2rQ`F +Q``2+iHv B/2MiB}2/

k8 H2�Fb �M/ 7�BH2/ iQ /2i2+i H2�F�;2 BM i?2 `2K�BMBM; b+2M�`BQbX q?BH2 72r Q7 i?2K r2`2

;2MmBM2 bvbi2K 7�BHm`2b- Qi?2`b ?�TT2M2/ /m2 iQ mM;Qp2`M�#H2 +B`+mKbi�M+2b @

RX hQQ 1�`Hv iQ .2i2+i, .m`BM; i?2 H2�`MBM; T?�b2- :`2BM� #Q``Qrb i?2 KQ/2H T�@

`�K2i2`b 7`QK � ǵbBKBH�`Ƕ QmiH2iX q?BH2 :`2BM� bm++2bb7mHHv B/2MiB}2/ bBt H2�Fb r?2M

FMQrH2/;2 i`�Mb72``2/ 7`QK QM2 biQ`2 iQ �MQi?2`- Bi 7�BH2/ irB+2X

kX AKT`QT2` G2�`MBM;, PmiH2i K�M�;2`b ;2M2`�i2 bB;MB}+�Mi i?2`K�H MQBb2 BM i?2

`QQK i?`Qm;? i?2B` /vM�KB+ �M/ `�M/QK �+iBpBiB2bX q?BH2 i?2 KQ/2H +�M /2�H rBi?

bm+? MQBb2 rBi? � bm#bi�MiB�H �KQmMi Q7 /�i�- :`2BM� BM+Q``2+iHv H2�`Mb i?2 KQ/2H

T�`�K2i2`b r?2M i?2 /�i� Bb BMbm{+B2MiX JQ`2Qp2`- �b i?2 Q++mT�MibǶ #2?�pBQm` /Bz2`b

bB;MB}+�MiHv �+`Qbb i?2 QmiH2ib- i?2`2 2tBbib MQ /2}MBi2 r�v iQ +QKTmi2 @ >Qr Km+?

/�i� rBHH bm{+2 iQ i`�BM i?2 KQ/2H +Q``2+iHv\

jX LQBbv a2MbQ`, AM irQ +�b2b- r2 MQiB+2/ i?�i � 7�mHiv b2MbQ` r�b T`QpB/BM; BM+Q``2+i

i2KT2`�im`2 `2�/BM;b r?B+? `2bmHi2/ BM 7�Hb2 M2;�iBp2X >Qr2p2`- r2 #2HB2p2 i?�i i?2b2

Bbbm2b �`2 bQHp�#H2 rBi? #2ii2` ;Qp2`M�M+2 �`QmM/ i?2 /2THQvK2MiX

9X GQr QM _27`B;2`�Mi, ZmBi2 Q7i2M- � `27`B;2`�iBQM mMBi Bb �+im�HHv HQr QM `27`B;2`�Mi

U/m2 iQ ?2�pv mb�;2V- �M/ i?2`2 2tBbib MQ H2�F�;2X AM bm+? b+2M�`BQb- i?Qm;? i2KT2`@

�im`2 `2K�BMb BM � ?B;?2` `�M;2 �b _l Bb MQi `mMMBM; �i i?2 7mHH +�T�+Biv- #mi /Bz2`b

7`QK i?2 i2KT2`�im`2 T�ii2`Mb �b BM i?2 +�b2 Q7 `27`B;2`�Mi H2�F�;2X h?2`27Q`2- r?2M

_l r�b HQr QM `27`B;2`�Mi BM j bm+? BMbi�M+2b- i?2 i2+?MB+B�M K2MiBQM2/ ;�b iQT mT

BM i?2 HQ;c ?Qr2p2`- :`2BM� 7�BH2/ iQ }M/ i?2 bvKTiQKb Q7 `27`B;2`�Mi H2�F�;2X

6m`i?2`KQ`2- :`2BM� `2TQ`i2/ QMHv e BMbi�M+2b Q7 7�Hb2 TQbBiBp2b @ K�`F2/ _l �b H2�FBM;

r?BH2 Bi r�b rQ`FBM; }M2X AM 7Qm` Qmi Q7 bBt +�b2b- 2Bi?2` biQ`2 K�M�;2` Q` i2+?MB+B�M b?mi

/QrM i?2 `27`B;2`�iBQM mMBi 7Q` +QMbi`m+iBQM �M/ i?2 `2T�B`BM; rQ`FX �b i?2 b?mi/QrM r�b

mM2tT2+i2/- :`2BM� +QM7mb2/ i?2 `Bb2 BM `QQK i2KT2`�im`2 rBi? H2�F�;2 �M/ K�`F2/ i?2

`27`B;2`�iBQM mMBi �b H2�FBM;X AM `2K�BMBM; irQ BMbi�M+2b- _l #`QF2 �#`mTiHv /m2 iQ �M

2H2+i`B+�H 7�mHi �M/ bi�v2/ /QrM mMiBH � i2+?MB+B�M +�K2 iQ }t BiX *QMb2[m2MiHv- `QQK

i2KT2`�im`2 r2Mi ?B;? �M/ :`2BM� `�Bb2/ � `27`B;2`�Mi H2�F�;2 ~�;X �b i?2 +QKT�Mv-

K�BMi2M�M+2 +QMi`�+iQ`- �M/ i?2 QmiH2i K�M�;2`b �`2 mbm�HHv �r�`2 Q7 i?2b2 bBim�iBQMbc r2

#2HB2p2 i?2b2 ~�;b r2`2 ?�`KH2bbX AM �//BiBQM iQ i?Bb- :`2BM� �HbQ TBMTQBMi2/ � +�b2 Q7
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U+V .m2 iQ /2H�v BM }tBM; i?2 7�mHi
�M/ #�+FHQ; +QKTH�BMib- :`2BM� /2@
i2+i2/ i?2 7�mHi �7i2` K�Mm�H HQ;@
;BM; BM bBt BMbi�M+2bX

6B;m`2 8@e, Pm` �M�HvbBb BM/B+�i2b- � bBKTH2 v2i TQr2`7mH 7`�K2rQ`F- :`2BM� `2/m+2/ i?2
�p2`�;2 H2�F�;2 `2TQ`iBM; /2H�v #v 8@e /�vb- bB;MB}+�Mi 2MQm;? iQ �pQB/ 2M2`;v r�bi�;2 �M/
K�BMi�BM 7QQ/ [m�HBiv #v iBK2Hv `2T�B`BM; i?2 `27`B;2`�iBQM mMBiX

`27`B;2`�Mi H2�F�;2 r?2`2 biQ`2 K�M�;2` +�HH2/ �M mM�mi?Q`Bb2/ i2+?MB+B�M iQ `2T�B` i?2 _l

�M/ /B/MǶi MQiB7v i?2 2Mi2`T`Bb2X h?Qm;? bm+? +�b2b �`2 `�`2- i?2v �`2 � b2`BQmb +QM+2`M 7Q`

i?2 +QKT�MvX

"2vQM/ �++m`�+v

h?Qm;? �++m`�+v Bb 2bb2MiB�H- KBMBKBx�iBQM Q7 `2TQ`iBM; /2H�v Bb � KQ`2 bB;MB}+�Mi +QM+2`M

7Q` i?2 bi�F2?QH/2`b #2+�mb2 i?2 /2H�v Bb /B`2+iHv T`QTQ`iBQM�H iQ 2M2`;v r�bi�;2- ?2�Hi?

?�x�`/b- �M/ T`Q/m+i r�bi�;2X AM Qm` �M�HvbBb- r2 MQi2/ �M �p2`�;2 `2TQ`iBM; /2H�v Q7

b2p2M /�vb 7Q` :`2BM�- r?BH2 K�M�;2`b ?�/ � K2�M `2TQ`iBM; /2H�v Q7 Rk /�vb U6B;m`2 8@e�VX

AM RN Qmi Q7 k8 BMbi�M+2b- :`2BM� /2i2+i2/ H2�F�;2 #27Q`2 i?2 biQ`2 K�M�;2` U6B;m`2 8@eVX

AM 2B;?i +�b2b- i?2 /Bz2`2M+2 r�b �b ?B;? �b Ry@jy /�vbX h?2 2�`Hv /2i2+iBQM Q7 H2�F�;2

2t?B#Bib b2p2`�H #2M2}ibX

JBMBKBx2 1M2`;v q�bi�;2

AM a2+iBQM 8XR- r2 T`2b2Mi2/ � b+2M�`BQ U6B;m`2 8@RV r?2M `27`B;2`�iBQM mMBi ?�/ � ;�b H2�F@

�;2- �M/ QmiH2i K�M�;2` F2Ti mbBM; i?2 _l 7Q` KQ`2 i?�M � r22FX q?BH2 bm+? bBim�iBQMb �`2

+QKKQM �+`Qbb �HH i?2 biQ`2b- r2 MQiB+2/ bB;MB}+�Mi 2M2`;v r�bi�;2 BM /QBM; bQX 6B;m`2 8@d�

+QKT�`2b ?Qm`Hv 2M2`;v +QMbmKTiBQM /m`BM; i?2 MQ`K�H QT2`�iBQMb rBi? 7�mHiv QT2`�iBQMb-

r?2M _l ?�b � H2�F�;2X h?2`2 �`2 irQ 2bb2MiB�H i�F2�r�vb @ RX 2M2`;v +QMbmKTiBQM BM@

+`2�b2b bB;MB}+�MiHv /m`BM; i?2 rQ`FBM; ?Qm`b U�HKQbi 4xV- �M/ kX 2M2`;v +QMbmKTiBQM Bb
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U7V 1�`Hv /2i2+iBQM Q7 `27`B;@
2`�Mi H2�F�;2 #v :`2BM� ?�/
F2Ti i?2 `QQKb 8◦*@e◦* +QH/2`
/m`BM; i?2 `2TQ`iBM; /2H�v T2@
`BQ/ UdgmVX

6B;m`2 8@d, "2vQM/ #2BM; �++m`�i2 BM /2i2+iBM; i?2 ;�b H2�F�;2b- :`2BM� +�M �HbQ b�p2
2M2`;v �M/ F22T i?2 `QQK 8◦*@e◦* +QH/2`- 2p2`v /�v /m`BM; i?2 dgm T2`BQ/ @ i?2 MmK#2` Q7
/�vb #2ir22M K�Mm�H `2TQ`iBM; �M/ H2�F�;2 /2i2+iBQM #v :`2BM�X

p2`v ?B;? r?2M `27`B;2`�iBQM mMBi Bb H2�FBM; U�`QmM/ 7x /m`BM; i?2 MQM@rQ`FBM; ?Qm`bVX

dgm = dtg − dtm U8X3V

q?BH2 i?2 �+iBpBiB2b UQ` `QmiBM2V Q7 biQ`2 K�M�;2`b �`2 ?�`/ iQ +?�M;2- :`2BM� b22Kb

`Q#mbi 2MQm;? iQ KBMBKBx2 i?2 2M2`;v r�bi�;2 /m2 iQ ;�b H2�F�;2X 6B;m`2 8@d# +QKT�`2b

i?2 ?Qm`Hv 2M2`;v r�bi2/ BM i?2 dgm T2`BQ/ @ i?2 MmK#2` Q7 /�vb #2ir22M i?2 `2TQ`iBM; /�i2b

Q7 K�M�;2` �M/ :`2BM� U1[m�iBQM 8X3VX Pm` �M�HvbBb BM/B+�i2b i?�i B7 +2Mi`�H K�BMi2M�M+2

i2�K ?�/ i�F2M i?2 `2+QKK2M/�iBQMb 7`QK :`2BM�- i?2v KB;?i ?�p2 b�p2/ 8@Ry kWh 2M2`;v

2p2`v /�v Ur?2M _l r�b 7�mHivV r?B+? Bb irB+2 i?2 ivTB+�H /�BHv TQr2` +QMbmKTiBQM Q7 _l

U6B;m`2 8@d+VX h?2 M2;�iBp2 r�bi�;2 /2TB+i2/ i?Qb2 b+2M�`BQb r?2M _l biQTT2/ rQ`FBM;-

�M/ i?2 QmiH2i 2M/2/ mT +QMbmKBM; H2bb 2M2`;v BM +QKT�`BbQM iQ MQ`K�H QT2`�iBQMbX
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JBMBKBxBM; _BbF iQ S`Q/m+i Zm�HBiv

L2ti- r2 Q#b2`p2/ i?�i `QQK i2KT2`�im`2 `2K�BMb bB;MB}+�MiHv ?B;? /m`BM; i?2 ;�b H2�F�;2

U6B;m`2 8@d/VX >B;? i2KT2`�im`2 `BbFb i?2 T`Q/m+i [m�HBiv �M/ BKT�+ib i?2 biQ`2 QT2`�iBQMbX

h?2 �p2`�;2 `QQK i2KT2`�im`2 BM+`2�b2/ #v k◦*@j◦* BM #Qi? rQ`FBM; �M/ MQM@rQ`FBM;

?Qm`bX q?2M r2 �M�Hvx2/ �+`Qbb �HH i?2 RN BMbi�M+2b r?2`2 :`2BM� `2TQ`i2/ #27Q`2 i?2 biQ`2

K�M�;2`- r2 MQi2/ � K2/B�M BM+`2�b2 Q7 e◦* /m`BM; i?2 dgt T2`BQ/ 7Q` 2�+? ?Qm` Q7 i?2 /�v-

�+`Qbb /Bz2`2Mi QmiH2ib U6B;m`2 8@d2VX A7 K�BMi2M�M+2 i2�K ?�/ i�F2M i?2 `2+QKK2M/�iBQMb

7`QK :`2BM�- i?2v +QmH/ ?�p2 F2Ti i?2 `QQKb 8◦*@e◦* +QH/2` 2p2`v /�v Ur?2M _l r�b

7�mHivV- #v iBK2Hv `2T�B`BM; i?2 _l U6B;m`2 8@d7VX

1p2M i?Qm;? biQ`2 K�M�;2`b ?�p2 � #2M2}i Q7 Q#b2`pBM; i?2 T?vbB+�H bvKTiQKb Q7 H2�F@

�;2- :`2BM� B/2MiB}2/ RN Qmi Q7 k8 H2�F�;2b #27Q`2 i?2 biQ`2 K�M�;2`X h?Qm;? BM irQ

BMbi�M+2b- :`2BM� +QmH/MǶi /2i2+i i?2 H2�F�;2 #27Q`2 K�M�;2`c r2 �HbQ MQi2/ i?�i BM `2@

K�BMBM; i?`22 +�b2b- Bi Q++m``2/ /m2 iQ i?2 M2;HB;2M+2 Q7 i?2 K�BMi2M�M+2 +QMi`�+iQ`X q?BH2

QmiH2i K�M�;2` iBK2Hv `2TQ`i2/ i?2 H2�F�;2 iQ i?2 K�BMi2M�M+2 i2�K- i?2 K�BMi2M�M+2 +QM@

i`�+iQ` /B/MǶi i�F2 �Mv �+iBQM 7Q` b2p2`�H /�vbX *QMb2[m2MiHv- i?2 bvKTiQKb #2+�K2 pBbB#H2

�M/ :`2BM� /2i2+i2/ i?2 H2�F�;2 2p2M i?Qm;? biQ`2 K�M�;2` `2T2�i2/Hv +QKTH�BM2/ �#Qmi

i?2 H2�F�;2X

"2vQM/ G2�F�;2

h?Qm;? r2 /2bB;M2/ :`2BM� 7Q` `27`B;2`�Mi H2�F�;2- r2 Q#b2`p2/ i?�i i?2 T`QTQb2/ 7`�K2@

rQ`F �HbQ B/2MiB}2/ Qi?2` +QKKQM iBK2@p�`vBM; 7�mHibX

A+2 6Q`K�iBQM

.B`iv �B` }Hi2`b- /272+iBp2 2p�TQ`�iQ` Q` +QM/2Mb2` 7�Mb- H�+F Q7 `27`B;2`�Mi Q7i2M `2bmHib BM

i?2 7Q`K�iBQM Q7 B+2 BM i?2 `27`B;2`�iBQM mMBiX h?2 B+2 Q#bi`m+ib i?2 T�i? Q7 +QH/ �B` �M/

i?2 `27`B;2`�iBQM mMBi rQ`Fb �i � `2/m+2/ 2{+B2M+vX h?Qm;? i?2 bvKTiQKb Q7 B+2 7Q`K�iBQM

BM i2KT2`�im`2 /�i� K�v /2T2M/ QM i?2 7�mHi- 6B;m`2 8@3� /2TB+ib QM2 b+2M�`BQ r?2`2 i?2

BM+`2�b2 BM i2KT2`�im`2 Bb �FBM iQ `27`B;2`�Mi H2�F�;2 U6B;m`2 8@RVX A7 i?2 B+2 7Q`Kb /m2 iQ

?2�pv mb�;2 Q` � /B`iv }Hi2`- biQ`2 K�M�;2`b mbm�HHv +H2�M i?2 }Hi2`b- ?Qr2p2`- B7 i?2 B+2

7Q`Kb /m2 iQ � 7�mHi- B+2 F22Tb QM 7Q`KBM; 2p2M �7i2` +H2�MBM; �M/ K�M�;2` M22/b iQ +�HH

i?2 i2+?MB+B�M iQ `2T�B` i?2 _lX :`2BM� B/2MiB}2/ R3 bm+? BMbi�M+2b r?2`2 B+2 7Q`K2/ /m2
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U�V q?2M B+2 7Q`Kb /m2 iQ Qi?2`
`2�bQMb Ubm+? �b /B`iv }Hi2`bV-
i?2 T2�F TQr2` +QMbmKTiBQM `2@
K�BMb +QMbBbi2MiX
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U#V "27Q`2 7�BHm`2- KQiQ` rBi?BM
i?2 _l /`�rb ?B;? +m``2Mi
r?B+? BM+`2�b2b i?2 T2�F TQr2`
+QMbmKTiBQM Q7 _l #v RX8xX
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U+V 1p2M i?Qm;? QmiH2i K�M@
�;2`b iBK2Hv `2TQ`i i?2 H2�F�;2-
i?2 i2+?MB+B�Mb BMi`Q/m+2 � bB;@
MB}+�Mi /2H�v BM `2T�B`BM; i?2
_lX

6B;m`2 8@3, (G27i �M/ JB//H2) AM �//BiBQM iQ H2�F�;2- :`2BM� �HbQ `2TQ`i2/ k3 BMbi�M+2b
Q7 B+2 7Q`K�iBQM �M/ KQiQ` 7�BHm`2 /m`BM; i?2 bim/vX (_B;?i) :`2BM� +�M #2 2ti2M/2/ iQ
KQMBiQ` i?2 2{+B2M+v Q7 K�BMi2M�M+2 +QMi`�+iQ` BM `2T�B`BM; � `2TQ`i2/ 7�mHiX

iQ /B`iv �B` }Hi2` Q` /272+iBp2 7�MbX

*QM/2Mb2` JQiQ` 6�BHm`2

h?2 DQ# Q7 i?2 +QM/2Mb2` Bb iQ +QQH i?2 ?B;?@T`2bbm`2 `27`B;2`�Mi ;�b `2+2Bp2/ 7`QK i?2

+QKT`2bbQ` #v KQpBM; QmibB/2 �B` �+`Qbb i?2 +QM/2Mb2` +QBHbX h?`Qm;? +QM/2Mb�iBQM- i?2

?B;?@T`2bbm`2- ?B;?@i2KT2`�im`2 `27`B;2`�Mi ;�b +?�M;2b iQ HQr@i2KT2`�im`2 HB[mB/ `27`B;@

2`�MiX >Qr2p2`- /m2 iQ r2�` �M/ i2�`- �M/ ?B;? i2KT2`�im`2 /m`BM; i?2 bmKK2`b- i?2

+QM/2Mb2` 7�M KQiQ` mbm�HHv 7�BHb �M/ _l biQTb +QQHBM; i?2 `QQKX AM �M �ii2KTi iQ +QQH i?2

`QQK /m`BM; i?2 KQiQ` 7�BHm`2- _l bi�`ib /`�rBM; KQ`2 +m``2Mi r?B+? BM+`2�b2b i?2 T2�F

TQr2` +QMbmKTiBQM Q7 _l �M/ ?2�ib mT i?2 bvbi2K 7m`i?2` U6B;m`2 8@3#VX 1p2Mim�HHv- _l

#`2�Fb /QrM- �M/ K�M�;2` +�HHb � i2+?MB+B�M iQ `2T�B` i?2 KQiQ`X :`2BM� /2i2+i2/ i2M bm+?

BMbi�M+2b Q7 KQiQ` 7�BHm`2 �M/ `�Bb2/ i?2 �H�`K R@k /�vb #27Q`2 +QKTH2i2 b?mi/QrM Q7 i?2

_lX

hQ +QM+Hm/2- Qm` �M�HvbBb QM � `2�bQM�#Hv `B+? /�i�b2i +QHH2+i2/ 7`QK �+im�H }2H/ /2@

THQvK2Mib- BM/B+�i2b i?�i :`2BM� TQbb2bb2b i?2 TQr2` iQ iBK2Hv B/2MiB7v i?2 `27`B;2`�Mi

H2�F�;2 BMbi�M+2bX "2vQM/ #2BM; �++m`�i2- QM �M �p2`�;2- :`2BM� �HbQ T`Qp2/ iQ `2/m+2 i?2

`2TQ`iBM; /2H�v #v }p2 iQ bBt /�vbX h?2 BKT`Qp2K2Mi BM `2TQ`iBM; /2H�v +�M KBMBKBx2 i?2

2M2`;v r�bi�;2 �M/ K�BMi�BM /2bB`2/ i2KT2`�im`2 7Q` i?2 biQ`2/ Bi2KbX AMi2`2biBM;Hv- iQ

�+?B2p2 i?2b2 #2M2}ib- i?2 +QKT�Mv M22/b iQ QMHv mT;`�/2 i?2B` i`�/BiBQM�H i?2`KQbi�i iQ �

bK�`i i?2`KQbi�i rBi? :`2BM� `mMMBM; BM i?2 +HQm/ �M/ H2p2`�;BM; i?2 /�i� +QHH2+i2/ 7`QK

i?2 i?2`KQbi�iX Pm` bim/v BM/B+�i2b i?�i rBi? bK�`i i?2`KQbi�ib- i?2 bBKTH2 v2i TQr2`7mH
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Hysteresis

Room 
Temperature

Compressor 
Status

U�V 6Q` � +QKT`2bbQ` +v@
+H2- i?2 `QQK i2KT2`�@
im`2 bi�vb rBi?BM QM �M/
Qz ?vbi2`2bBbX

Te
m

pe
ra

tu
re
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◦ C

)

U#V q?BH2 ?�`/ HBM2 /2TB+ib
`2+Q`/2/ i2KT2`�im`2 bB;M�H-
/�b?2/ HBM2 `2T`2b2Mib 2biBK�i2/
i2KT2`�im`2 bB;M�HX

Window 
Open

Door 
Open

Power 
CutFan Running

U+V aiQ+?�biB+ mb2` �+iBpBiB2b
U2bT2+B�HHv BM `2bB/2MiB�H �T�`i@
K2MibV `2[mB`2 iBK2@p�`vBM;
MQBb2 BM i?2 i?2`K�H KQ/2HX

6B;m`2 8@N, (G27i �M/ JB//H2) AM�#BHBiv iQ �++m`�i2Hv 2biBK�i2 `QQK i2KT2`�im`2 +HQb2 iQ
QM �M/ Qz ?vbi2`2bBb H2�/b iQ KBb�HB;MK2Mi BM 2biBK�i2/ �M/ `2+Q`/2/ i2KT2`�im`2 bB;M�HbX
(_B;?i) *m``2Mi KQ/2H Bb mM�r�`2 Q7 /vM�KB+ mb2` �+iBpBiB2b �M/ �bbmK2b +QMbi�Mi i?2`K�H
MQBb2 BM i?2 `QQKX Ai Bb �MQi?2` K�DQ` bQm`+2 Q7 KQ/2HHBM; 2``Q`- 2bT2+B�HHv BM `2bB/2MiB�H
�T�`iK2MibX

7`�K2rQ`F- :`2BM� Bb 2�bBHv b+�H�#H2X

8X8 *?�HH2M;2b �M/ .Bb+mbbBQM

AM i?Bb +?�Ti2`- r2 /2bB;M2/ :`2BM� 7Q` H2�F�;2 /2i2+iBQM #v QMHv b2MbBM; i?2 �K#B2Mi

BM7Q`K�iBQM 7`QK i?2 bK�`i i?2`KQbi�ibX AM +QHH�#Q`�iBQM rBi? �M 2M2`;v@�M�HviB+ }`K- r2

�`2 +m``2MiHv 7Q+mb2/ QM i?2 /2THQvK2Mi Q7 :`2BM� �+`Qbb �HH i?2 d9 QmiH2ib 7Q` `B;Q`Qmb

2p�Hm�iBQM Q7 i?2 bvbi2K BM `2�H@rQ`H/X AM i?Bb b2+iBQM- r2 /Bb+mbb i?`22 TQbbB#H2 /BK2MbBQMb

iQ 2ti2M/ i?2 T`QTQb2/ 7`�K2rQ`FX

8X8XR JQ/2HHBM; 1``Q`

q2 `2Hv QM Qm` i?2`K�H KQ/2H iQ }`bi H2�`M � /2+BbBQM #QmM/�`v 7Q` :`2BM� iQ KQMBiQ` i?2

_l 7Q` �Mv H2�F�;2 QM � /�BHv #�bBbX h?Qm;? +m``2Mi KQ/2H 2biBK�i2b rBi? � K2�M �#bQHmi2

2``Q` Q7 2◦* UrBi? σ 4 0.9◦*V- i?2 `2�/2` b?QmH/ �HbQ #2 KBM/7mH Q7 i?2 7�+i i?�i i?2 KQ/2H

Bb � `2TH�+2�#H2 KQ/mH2 Q7 i?2 r?QH2 7`�K2rQ`FX AM �TT2M/Bt *- r2 T`2b2Mi QM2 bm+?

2ti2MbBQM Q7 +m``2Mi i?2`K�H KQ/2H r?B+? +�M 2biBK�i2 `QQK i2KT2`�im`2 rBi? �M _Ja1

Q7 2.85◦* UrBi? σ = 1.3◦*V 2p2M BM � ?B;?Hv MQBbv 2MpB`QMK2Mi Q7 `2bB/2MiB�H �T�`iK2MibX

PM 7m`i?2` �M�HvbBb- r2 MQiB+2/ i?�i 7QHHQrBM; �`2 i?2 T`BK�`v bQm`+2b Q7 2``Q`X

Rjd



JBb�HB;MK2Mi

q?2M r2 im`M QM i?2 �* U�HbQ �TTHB+�#H2 QM _lV- i?2 +QKT`2bbQ` r?B+? Bb i?2 K�DQ` TQr2`

+QMbmKBM; +QKTQM2Mi Q7 i?2 �* �HbQ im`Mb QM- �M/ bi�`ib TmiiBM; +QH/ �B` BMiQ i?2 `QQKX

.m2 iQ i?2 ~Qr Q7 +QH/ �B`- `QQK i2KT2`�im`2 /`QTb mT iQ � +2`i�BM H2p2H @ Qz ?vbi2`2bBb U�b

/2TB+i2/ BM 6B;m`2 8@N�VX �i i?Bb TQBMi- +QKT`2bbQ` im`Mb Qz �M/ �HHQr `QQK i2KT2`�im`2

iQ BM+`2�b2 mT iQ � +2`i�BM H2p2H @ QM ?vbi2`2bBbX �b i2KT2`�im`2 `2�+?2b i?2 QM ?vbi2`2bBb-

+QKT`2bbQ` im`Mb QM �;�BM �M/ bi�`ib +QQHBM; i?2 bT�+2X

h?2 +QMi`QH �H;Q`Bi?K Q7 �* /2+B/2b +QKT`2bbQ` bi�i2 #�b2/ QM i?2 `2im`M �B` i2KT2`@

�im`2 r?B+? Bb K2�bm`2/ BMbB/2 i?2 �*- M2�` i?2 }Hi2`bX G2iǶb +�HH Bi T`�iX PM i?2 Qi?2`

?�M/- r2 BMbi�HH i2KT2`�im`2 b2MbQ` Dmbi QmibB/2 i?2 �*- M2�` i?2 7�MX LQr- H2iǶb b�v Tr

`2T`2b2Mib `QQK i2KT2`�im`2 �b K2�bm`2/ #v i?2 b2MbQ` �M/ T̃r /2TB+ib i?2 2biBK�i2/ `QQK

i2KT2`�im`2X �b T2` i?2 +QMi`QH HQ;B+- i?2 +QMi`QHH2` rBHH im`M Qz i?2 +QKT`2bbQ` r?2M

T`�i ≥ TQ77X >Qr2p2`- ;Bp2M i?2 +QKTH2t MQM@HBM2�` i?2`KQ/vM�KB+b- Bi Bb BKT`�+iB+�H iQ

T`2+Bb2Hv 2biBK�i2 T`�i Q` Tr �i �Mv iBK2 BMbi�M+2c i?mb- T`�i − TQ77 �M/ T`�i − TQMX �b �

`2bmHi- T`�i − TQ77 ̸= T̃r − TQ77 �M/ T`�i − TQM ̸= T̃r − TQMX "�bB+�HHv- i?Qm;? i?2 2biBK�i2/

`QQK i2KT2`�im`2 7QHHQrb i?2 T�ii2`M- Bi 7�BHb iQ �HB;M T2`72+iHv rBi? i?2 K2�bm`2/ `QQK

i2KT2`�im`2X �b /2TB+i2/ BM 6B;m`2 8@N# �HbQ- i?2 �+im�H U?�`/ #H�+F HBM2V �M/ 2biBK�i2/

U/�b?2/ #H�+F HBM2V i2KT2`�im`2 bB;M�Hb �`2 KBb�HB;M2/X hQ KBMBKBx2 i?2 2z2+i Q7 2``Q` /m2

iQ KBb�HB;MK2Mi- r2 +QMbB/2` ?Qm`Hv K2�M i2KT2`�im`2 �M/ �// bi�M/�`/ /2pB�iBQM iQ #2

KQ`2 +QMb2`p�iBp2 r?BH2 KQMBiQ` i?2 _l 7Q` `27`B;2`�Mi H2�F�;2X

*QMbi�Mi h?2`K�H LQBb2

�MQi?2` K�DQ` `2�bQM Q7 2``Q` Bb i?2 i?2`K�H MQBb2 /m2 iQ MmK2`Qmb /vM�KB+b �+iBpBiB2b Q7

i?2 Q++mT�MibX 1bT2+B�HHv BM � `2bB/2MiB�H �T�`iK2Mi- KmHiBTH2 �+iBpBiB2b Q++m` �i /BbiBM+i

iBK2 BMi2`p�Hb /m`BM; i?2 �* mb�;2 U�b b?QrM BM 6B;m`2 8@N+VX >Qr2p2`- BM +m``2Mi BK@

TH2K2Mi�iBQM U1[m�iBQM 8XR �M/ 1[m�iBQM *XR@*X9V- r2 �bbmK2 i?2`K�H MQBb2 Bb +QMbi�Mi

�i �Mv iBK2X �b i?2 U+m``2MiV KQ/2H Bb mM�r�`2 Q7 bm+? /vM�KB+ �+iBpBiB2b- Bi rBHH +QK@

Tmi2 `QQK i2KT2`�im`2 r?BH2 �bbmKBM; +QMbi�Mi MQBb2 7`QK i?2b2 bQm`+2bc i?mb BM~�iBM;

i?2 2``Q`X q?BH2 +QMbi�Mi MQBb2 K�F2b HBiiH2 BKT�+i QM 2biBK�iBM; i?2 `QQK i2KT2`�im`2 BM

+QH/ `QQKb UbT�+2 Bb ?B;?Hv BMbmH�i2/ �M/ �+iBpBiB2b �`2 `2H�iBp2Hv H2bbV- Bi K�F2b bB;MB}+�Mi

BKT�+i QM i?2 i2KT2`�im`2 2biBK�iBQM 7Q` i?2 �T�`iK2MibX PM2 r�v iQ ?�M/H2 MQBb2 /m2 iQ
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/vM�KB+ �+iBpBiB2b Bb iQ }`bi B/2MiB7v i?2 �+iBpBiv U#�b2/ QM i2KT2`�im`2- Q++mT�M+v- �M/

iBK2 Q7 i?2 /�vV- �M/ i?2M +QKTmi2 i?2`K�H MQBb2 7Q` i?�i T�`iB+mH�` iBK2 BMbi�M+2X >�pBM;

b�B/ i?�i- r2 `2T2�i i?�i i?2 KQ/2H Bb � `2TH�+2�#H2 KQ/mH2 Q7 i?2 r?QH2 7`�K2rQ`Fc i?mb-

+QKKmMBiv Bb 2M+Qm`�;2/ iQ 2tTHQ`2 Qi?2` bm+? p�`B�Mib Q7 i?2 +m``2Mi KQ/2H iQ 2M?�M+2

:`2BM�Ƕb T2`7Q`K�M+2X

8X8Xk 6�Hb2 L2;�iBp2b � SQbBiBp2b

q2 /Bb+mbb2/ KmHiBTH2 b+2M�`BQb r?2M :`2BM� ;2M2`�i2/ #Qi?- 7�Hb2 M2;�iBp2b �M/ 7�Hb2

TQbBiBp2bX �7i2` b+`miBMBxBM; i?Qb2 bBim�iBQMb- r2 MQi2/ i?�i r2 +�M �pQB/ K�Mv Q7 i?Qb2

BMbi�M+2b i?`Qm;? mb2`@7`B2M/Hv �M/ BMi2`�+iBp2 BMi2`7�+2b UQ` �/p�M+2/ MQiB}+�iBQM bvbi2KbVX

"�bB+�HHv- #v BMpQHpBM; mb2`b- r2 +�M 2KTQr2` :`2BM� rBi? � irQ@r�v +QKKmMB+�iBQM rBi?

i?2 QmiH2i K�M�;2`b 7Q` �++m`�i2 2biBK�iBQM Q7 i?2 `27`B;2`�Mi H2�F�;2X AM b2p2`�H BMbi�M+2b-

K�M�;2`b bTQii2/ mMmbm�H 2p2Mib- bm+? �b ?B;? i2KT2`�im`2 Q` B+2 7Q`K�iBQMX A7 i?2v +QmH/

?�p2 MQiB}2/ :`2BM� i?`Qm;? � /2pB+2- :`2BM� rQmH/ ?�p2 mb2/ i?2 BM7Q`K�iBQM iQ /2i2+i

i?2 H2�F- 2p2M 2�`HvX aBKBH�`Hv- r2 /Bb+mbb2/ KmHiBTH2 +�b2b r?2`2 biQ`2 K�M�;2` iBK2Hv

`2TQ`i2/ i?2 H2�F #mi i?2 `2T�B` T2`bQM UQ` i?2 K�BMi2M�M+2 +QMi`�+iQ`V QMHv `2}HH2/ i?2 ;�b

BMbi2�/ Q7 }tBM; i?2 H2�F�;2X *QMb2[m2MiHv- `27`B;2`�iBQM mMBi �;�BM r2Mi /QrM BM � +QmTH2

Q7 r22Fb �M/ +QKT�Mv ?�/ iQ bmz2` 7`QK i?2 #mbBM2bb HQbb- BM �//BiBQM iQ mbm�H +QMb2[m2M+2b

Q7 `27`B;2`�iBQM H2�F�;2X A7 :`2BM� +QmH/ p�HB/�i2 2tBbi2M+2 Q7 �MQK�HQmb T�ii2`M 2p2M �7i2`

i?2 +Q``2+iBp2 �+iBQM- i?2 K�BMi2M�M+2 +QKT�Mv +QmH/ `2�bb2bb i?2 �TTHB�M+2X LQi QMHv i?2

irQ@r�v +QKKmMB+�iBQM rQmH/ KBMBKBx2 bm+? BMbi�M+2b- Bi rBHH �HbQ /2p2HQT � b2Mb2 Q7 i`mbi

7Q` i?2 bvbi2KX

>�pBM; b�B/ i?�i- QM2 Kmbi �HbQ `2K2K#2` i?�i mb2` �ii2MiBQM Bb +QbiHvX q?2M mb2`b �`2

BMpQHp2/- i?2 HBM2 #2ir22M � mb27mH bvbi2K �M/ �M �MMQvBM; bvbi2K Bb ivTB+�HHv p2`v i?BMX

lb2` BMTmi Bb mb27mH QMHv B7 i?2 bvbi2K Bb /2bB;M2/ r?BH2 +QMbB/2`BM; @

RX >Qr 7`2[m2MiHv mb2` b?QmH/ BMTmi i?2 BM7Q`K�iBQM\-

kX >Qr Km+? iBK2 /Q2b Bi i�F2 i?2 mb2` iQ BMTmi i?2 BM7Q`K�iBQM\-

jX >Qr 7`2[m2MiHv bvbi2K b?QmH/ MQiB7v i?2 mb2`b\-

9X Ab i?2 BMi2`7�+2 BMimBiBp2 �M/ mb2`@7`B2M/Hv\
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6Q` i?2 b�K2 `2�bQM- i?2 M2r 7`QMiB2`b QT2MBM; BM i?2 /QK�BM Q7 bK�`i �M/ �K#B2Mi

MQiB}+�iBQM �M/ �ii2MiBQM K�M�;2K2Mi bvbi2Kb- i?2 /2bB;M Q7 r2# �M/ KQ#BH2 �TTHB+�iBQM-

�M/ K�Mv bm+? 7�+iQ`b +�M bB;MB}+�MiHv BM~m2M+2 i?2 Qmi+QK2 Q7 i?Bb bim/vX AM 7mim`2-

r2 TH�M iQ BKTH2K2Mi i?2 T`QTQb2/ 7`�K2rQ`F U�HQM; rBi? i?2 mb2` 722/#�+FV iQ +`BiB+�HHv

2p�Hm�i2 i?2 2z2+iBp2M2bb Q7 :`2BM� BM �+?B2pBM; i?2 /2bB`2/ ;Q�Hb �i � Km+? H�`;2` b+�H2X

8X8Xj "2vQM/ _27`B;2`�iBQM

"2�miv Q7 :`2BM� HB2b BM Bib KQ/mH�` �M/ bvbi2K�iB+ �`+?Bi2+im`2- 2bT2+B�HHv i?2 `2TH�+2�#H2

i?2`K�H KQ/2H- �M/ �#BHBiv iQ rQ`F QM iQT Q7 bK�`i i?2`KQbi�ibX q?BH2 :`2BM� +�M #2M2}i

7`QK `2�/BHv �p�BH�#H2 BM7Q`K�iBQM 7`QK i?2 i?2`KQbi�i Ui2KT2`�im`2- Q++mT�M+vV- Bi +�M #2

�/�Ti2/ iQ /Bp2`b2 2MpB`QMK2Mib #v ir2�FBM; i?2 T`QTQb2/ i?2`K�H KQ/2HX AM �TT2M/Bt *-

r2 /Bb+mbb QM2 bm+? 2ti2MbBQM iQ � MQBbv ?QK2 2MpB`QMK2MiX SQQ` i?2`K�H BMbmH�iBQM �M/

iBK2@p�`vBM; biQ+?�biB+ �+iBpBiB2b Q7 T2QTH2 �`2 i?2 T`BK�`v irQ #�bBb Q7 i?2`K�H MQBb2 BM i?2

`2bB/2MiB�H �T�`iK2MibX >Qr2p2`- BM � b2T�`�i2 �M�HvbBb- r2 7QmM/ i?�i � MQM@HBM2�` i?2`K�H

KQ/2H +�M 2biBK�i2 `QQK i2KT2`�im`2 rBi? �M _Ja1 Q7 2.85◦* UrBi? σ = 1.3◦*VX

h?Qm;? Bi Bb 72�bB#H2 iQ 2ti2M/ :`2BM� 7Q` i?2 ?QK2 2MpB`QMK2Mi- i?2 `2�H +?�HH2M;2

HB2b BM 2p�Hm�iBM; i?2 2{+�+v Q7 T`QTQb2/ 7`�K2rQ`F BM bm+? �M 2MpB`QMK2MiX AM `2bB/2MiB�H

�T�`iK2Mib- i2M�Mib +�HH HQ+�H i2+?MB+B�Mb- �M/ ivTB+�HHv MQ 7�mHi HQ;b �`2 �p�BH�#H2X :`QmM/

i`mi? /�i� +QHH2+iBQM U�i � H�`;2 b+�H2V /2K�M/b 2MQ`KQmb bmTTQ`i 7`QK i2M�Mib �M/ i?2

i2+?MB+B�Mb BM b?�`BM; i?2 BM7Q`K�iBQM r?2M2p2` i?2`2 Bb � 7�mHiX 6Q` i?2 b�K2 `2�bQM- b2p@

2`�H bim/B2b BM i?2 T�bi ?�p2 2Bi?2` 2p�Hm�i2/ i?2B` �TT`Q�+? BM i?2Q`v- Q` BM � +QMi`QHH2/

2MpB`QMK2MiX q2 #2HB2p2 � +QKT`2?2MbBp2 2p�Hm�iBQM Q7 :`2BM� �+`Qbb `2bB/2MiB�H �T�`i@

K2Mib +�M #`BM; mT �//BiBQM�H BMi`B;mBM; BMbB;?ib �#Qmi #Qi?- i?2 2MpB`QMK2Mi �M/ i?2

bvbi2KX
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*?�Ti2` e

*QM+HmbBQM �M/ 6mim`2 qQ`F

AMi2HHB;2M+2 Bb i?2 �#BHBiv iQ �/�Ti iQ +?�M;2X
Ĝ S`Q7X ai2T?2M >�rFBM;

q?BH2 `BbBM; i2KT2`�im`2- �+`Qbb i?2 ;HQ#2- Bb K�FBM; �B`@+QM/BiBQMBM; � M2+2bbBiv `�i?2`

i?�M � Hmtm`vc ;`QrBM; BM+QK2 �M/ `2/m+BM; T`B+2b Q7 ?�`/r�`2 +QKTQM2Mib �`2 K�FBM;

i?2K �zQ`/�#H2- 2bT2+B�HHv BM 2K2`;BM; ?Qi 2+QMQKB2b HBF2 AM/B�X �b Q7 MQr- QMHv 8W@3W Q7

T2QTH2 BM AM/B� mb2 �B` +QM/BiBQM2`bX >Qr2p2`- ;Bp2M i?2 +m``2Mi K�`F2i i`2M/- K22iBM; i?2

2H2+i`B+Biv /2K�M/ U2bT2+B�HHv /m`BM; i?2 T2�F /2K�M/V rBHH #2+QK2 2p2M KQ`2 +?�HH2M;BM;

BM i?2 7mim`2X hQ 7mH}HH i?Bb ;`QrBM; /2K�M/ BM i?2 7mim`2- r2 Kmbi 2Mbm`2 2M2`;v@2{+B2Mi

mb�;2 Q7 i?2 �TTHB�M+2X aBM+2 i?2`KQbi�i TH�vb � +`m+B�H `QH2 BM /2+B/BM; mb2` +QK7Q`i �M/

�* 2M2`;v +QMbmKTiBQM- BM i?Bb /Bbb2`i�iBQM- r2 T`QTQb2/ .�i�@.`Bp2M h?2`KQbi�ib @ �M

2ti2MbBQM Q7 bK�`i i?2`KQbi�ibX

PM2 Kmbi `2K2K#2` i?�i i?2 }2H/ Q7 QTiBKBxBM; �B`@+QM/BiBQMBM; 2tT2`B2M+2 i?`Qm;?

i?2`KQbi�ib Bb /2+�/2b QH/X aBM+2 i?2 �/p2Mi Q7 T`Q;`�KK�#H2 i?2`KQbi�ib BM R338- i?2`@

KQbi�ib iQ/�v �`2 bK�`i- `2KQi2Hv �++2bbB#H2- #2ii2` BM /2bB;M- �M/ �#H2 iQ bm;;2bi QTiBK�H

b2iiBM;b #v H2�`MBM; Q++mT�MibǶ b+?2/mH2X :QQ;H2 L2bi (RR3) Bb QM2 bm+? `2�HBx�iBQM Q7 bK�`i

i?2`KQbi�ib 7Q` `2bB/2MiB�H bT�+2bX q?BH2 i?2`KQbi�ib �`2 bK�`i- i?2v biBHH `2Hv QM i?2

/vM�KB+ �M/ biQ+?�biB+ b+?2/mH2 Q7 i?2 Q++mT�Mib iQ QTiBKBx2 �* mb�;2X hQ H2�`M i?2

/�BHv b+?2/mH2- bK�`i i?2`KQbi�ib M22/ i?�i i2M�Mib 7QHHQr � T�`iB+mH�` b+?2/mH2 /m`BM; i?2

i`�BMBM; T2`BQ/X P7i2M- i?2`KQbi�i H2�`Mb �M B``2;mH�` b+?2/mH2 �M/ �Mv /2pB�iBQM 7`QK i?2

H2�`M2/ b+?2/mH2 H2�/b iQ /Bb+QK7Q`iX AM � bim/v- u�M; 2i �HX (Ree) b?Qr2/ i?�i i?2 2M2`;v

b�pBM; 72�im`2b Q7 i?2 L2bi- bm+? �b �miQ@a+?2/mH2 �M/ �miQ@�r�v- r2`2 M2Bi?2` 2z2+iBp2
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BM b�pBM; 2M2`;v- MQ` BM K�BMi�BMBM; i?2 mb2` +QK7Q`iX

PM i?2 +QMi`�`v- .�i�@.`Bp2M h?2`KQbi�i 7mM/�K2Mi�HHv `2HB2b QM i2KT2`�im`2 bB;M�H-

r?B+? Bb `2H�iBp2Hv bi�#H2 i?�M Q++mT�MibǶ b+?2/mH2X h?2 T`QTQb2/ 7`�K2rQ`F i�F2b b2M@

bQ`v /�i� 7`QK i?2 i?2`KQbi�i iQ imM2 i?2 HmKT2/ T�`�K2i2`b Q7 � i?2`K�H KQ/2H- r?B+?

2p2Mim�HHv b2`p2b i?2 �TTHB+�iBQM H�v2`X qBi? iBK2- �b i?2 7`�K2rQ`F +QHH2+ib KQ`2 �M/

KQ`2 /�i�- Bi F22Tb mT/�iBM; i?2 KQ/2H T�`�K2i2`b iQ �++QKKQ/�i2 i2KTQ`�H +?�M;2b BM

i?2 #mBH/BM;Ƕb i?2`K�H #2?�pBQ`X h?2 T`QTQb2/ 7`�K2rQ`F Bb +QKT�iB#H2 rBi? 2tBbiBM; BM@

7`�bi`m+im`2 Ub+�H�#H2V- `2[mB`2 MQ �//BiBQM�H BMbi`mK2Mi�iBQM UHQr@+QbiV- �M/ M22/ KBMBK�H

mb2` BMi2`p2MiBQM Umb2`@7`B2M/HvVX Pm` �M�HvbBb- #�b2/ QM `2�H@rQ`H/ /�i�- BM/B+�i2b i?�i

.�i�@.`Bp2M h?2`KQbi�ib +�M T`QpB/2 �+iBQM�#H2 2M2`;v@722/#�+F- /vM�KB+�HHv p�`v i?2

b2i TQBMi i2KT2`�im`2 7Q` T2`bQM�HBx2/ �M/ HQ+�HBx2/ +QK7Q`i- �M/ iBK2Hv B/2MiB7v H2�F�;2 iQ

2Mbm`2 `2HB�#H2 7mM+iBQMBM; Q7 i?2 �TTHB�M+2X AM i?Bb +?�Ti2`- r2 }`bi +QM+Hm/2 Qm` i?Qm;?ib

QM i?2 T`QTQb2/ 7`�K2rQ`F �M/ H�i2` T`2b2Mi Qm` QmiHQQF QM i?2 7mim`2 Q7 i?2`KQbi�ibX

eXR 622/#�+F

AM b2p2`�H T�`ib Q7 i?2 rQ`H/- �B`@+QM/BiBQMBM; Bb biBHH � Hmtm`v Bi2K- �M/ i?2 `2�bQM Bb- BM

�Mv ivTB+�H ?QK2- �* +QMi`B#mi2b � bB;MB}+�Mi T`QTQ`iBQM iQr�`/b i?2 KQMi?Hv 2H2+i`B+Biv

#BHHX aBM+2 i?2 BM7Q`K�iBQM Bb ivTB+�HHv �p�BH�#H2 �i i?2 2M/ Q7 i?2 KQMi?- Bi Bb ?�`/ 7Q`

i?2 Q++mT�Mib iQ `2�bQM- ǳq?v\ǴX P7i2M- �TTHB�M+2@H2p2H THm; KQMBiQ`b �`2 mM�p�BH�#H2 BM

?B;? +m``2Mi `�iBM;b- `2[mB`2/ iQ ?�M/H2 H�`;2 i`�MbB2Mi +m``2Mi ~Qr �bbQ+B�i2/ rBi? �*

brBi+?BM; QM 2p2MibX 1p2M B7 bm+? � THm; KQMBiQ` 2tBbib- 2Bi?2` Bi Bb 2tT2MbBp2- Q` M22/

i2+?MB+�H 2tT2`iBb2 7Q` BMbi�HH�iBQM- Q` +QmH/ MQi +QKKmMB+�i2 Qp2` i?2 M2irQ`F 7Q` `2�H@

iBK2 �M�HvbBbX h?2`27Q`2- r2 bi�`i2/ 2tTHQ`BM; BM/B`2+i r�vb Q7 �TTHB�M+2@H2p2H KQMBiQ`BM;

�M/ MQiB+2/ � bi`QM; +Q``2H�iBQM #2ir22M i2KT2`�im`2 �M/ TQr2` bB;M�HX

q2 +QM/m+i2/ �M BM@bBim /2THQvK2Mi BM b2p2M /Bz2`2Mi �T�`iK2Mib �M/ �bF2/ i?2 i2M�Mib

iQ 7QHHQr i?2B` /�BHv `QmiBM2X AM 2p2`v ?QK2- r2 BMbi�HH2/ � bK�`i K2i2` iQ KQMBiQ` �*

TQr2` +QMbmKTiBQM 7Q` i?2 ;`QmM/ i`mi? p2`B}+�iBQM �M/ � i2KT2`�im`2 b2MbQ` BM i?2 K�bi2`

#2/`QQK 7Q` /�i� KQ/2HBM;X AM i?2 2p2MBM;- r2 mb2/ iQ +QM/m+i � #`B27 bm`p2v 7Q` ;`QmM/

i`mi? p2`B}+�iBQM- BM r?B+?- r2 rQmH/ �bF bBKTH2 [m2biBQMb HBF2- ǳ�i r?�i iBK2b /B/ i?2v mb2

i?2 �*\Ǵ- ǳq?�i r�b i?2 b2iTQBMi i2KT2`�im`2 /m`BM; 2�+? mb�;2\Ǵ- ǳ>Qr K�Mv T2QTH2 r2`2

T`2b2Mi /m`BM; i?2 mb�;2\ǴX "�b2/ QM i?2 BMbB;?ib 7`QK i?2 /�i�- r2 /2bB;M2/ S�*J�L @ �
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722/#�+F bvbi2K i?�i QMHv b2Mb2b i?2 `QQK i2KT2`�im`2 iQ 2biBK�i2 �M/ T`2/B+i �* 2M2`;v

+QMbmKTiBQM 7Q` i?2 mb2`bX :Bp2M i?�i i?2 /2bB`2/ BM7Q`K�iBQM Bb `2�/BHv �p�BH�#H2 i?`Qm;?

bK�`i i?2`KQbi�ib- Qm` `2b2�`+? i2biB}2b i?�i S�*J�L Bb � HQr@+Qbi �M/ b+�H�#H2 2ti2MbBQM

iQ bK�`i i?2`KQbi�ib 7Q` T`QpB/BM; �+iBQM�#H2 2M2`;v 722/#�+FX Pm` `2i`QbT2+iBp2 2p�Hm�iBQM

BM/B+�i2b i?�i- QM �p2`�;2- S�*J�L +�M 2biBK�i2 �M/ T`2/B+i �* 2M2`;v +QMbmKTiBQM rBi?

�M �++m`�+v Q7 39W �M/ 38W- `2bT2+iBp2HvX

eXk *QK7Q`i

ǳ�?KK- b2iiBM; � i?2`KQbi�i i2KT2`�im`2 Bb [mBi2 +?�HH2M;BM; i�bFX A +QK2

?QK2- 722HBM; p2`v ?Qi �M/ bi�`i i?2 �* �i kjXXX i?2M BM bQK2 iBK2 Bi #2+QK2b

p2`v +QH/ �M/ A im`M Bi QzXXX �M/ �7i2` bQK2 iBK2- im`M Bi QM �;�BM UK�v #2 �i

� ?B;?2` i2KT2`�im`2VX uQm M2p2` FMQr r?�i iQ b2i �* QMXXXX i?2`27Q`2- /m`BM;

MB;?i A }t Kv �* �i k9@k8 �M/ mb2 #H�MF2iXXX �i bQK2 TQBMi A 722H +QH/ �M/

i�F2 i?2 #H�MF2i- �7i2` 72r KBMmi2b A bi�`i 722HBM; ?Qi �M/ `2KQp2 i?2 #H�MF2iX

h?Qm;?- BiǶb �MMQvBM; #mi i?�iǶb i?2 #2bi r�v A ?�p2 };m`2/ Qmi iBHH MQrXXXǴ @

S�`iB+BT�Mi

lb2` +QK7Q`i Bb bm#D2+iBp2c Bi /Bz2`b 7`QK QM2 T2`bQM iQ �MQi?2`X lM/2` T�`iB+mH�`

r2�i?2` +QM/BiBQMb- mb2` +QK7Q`i KB;?i /2T2M/ mTQM +QMi2ti- 2MpB`QMK2Mi- �M/ mb2` �+@

iBpBiB2bX qBi? i?Bb i?Qm;?i BM KBM/- r2 /2bB;M2/ S�*J�L iQ 2biBK�i2 �M/ T`2/B+i �*

2M2`;v +QMbmKTiBQM �i /Bz2`2Mi b2iTQBMi i2KT2`�im`2bc bQ i?�i- i?2 i2M�Mi +QmH/ /2+B/2

`B;?i i?2`KQbi�i i2KT2`�im`2 7Q` i?2Kb2Hp2bX >Qr2p2`- r2�i?2` +QM/BiBQM +?�M;2b rBi?

iBK2- �M/ � 722/#�+F@#�b2/ bvbi2K rQmH/ `2[mB`2 i2M�Mib iQ `2;mH�`Hv mT/�i2 i?2 i?2`KQ@

bi�i i2KT2`�im`2 @ ?B;?Hv BM+QMp2MB2Mi 7Q` i?2 Q++mT�MibX 6Q` BMbi�M+2- /m`BM; MB;?i iBK2-

r?2M Q++mT�Mib �`2 bH22TBM;- i?2v KB;?i MQi #Qi?2` iQ +?�M;2 i?2 i?2`KQbi�i i2KT2`�im`2c

BMbi2�/ b2i �* iQ � HQr2` i2KT2`�im`2 �M/ i�F2 � #H�MF2i r?2M `2[mB`2/X

A/2�HHv- � i?2`KQbi�i b?QmH/ �miQK�iB+�HHv b2i � i2KT2`�im`2 i?�i rQmH/ bm{+2 mb2`

+QK7Q`i �M/ �HbQ b�p2 2M2`;vX >Qr2p2`- BM /QBM; bQ- i?2`KQbi�ib b?QmH/ MQi #2 HBKBi2/ iQ

i?2`KQbi�i i2KT2`�im`2- BMbi2�/ T`QpB/2 mb2`b �M QTiBQM iQ bT2+B7v i?2B` ;Q�H @ KBMBKBx2

�* 2M2`;v +QMbmKTiBQM- Q` K�tBKBx2 mb2` +QK7Q`i- Q` K�BMi�BM � #�H�M+2 #2ir22M i?2KX

1p2Mim�HHv- #�b2/ QM mb2` T`272`2M+2- i?2 i?2`KQbi�i b?QmH/ +?�M;2 i?2 b2iTQBMi i2KT2`�@

im`2 iQ �+?B2p2 i?2 /2bB`2/ i`�/2@Qz #2ir22M +QK7Q`i �M/ 2M2`;vX hQ �//`2bb i?Bb +QM+2`M-
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r2 �//2/ � *QK7Q`i@1M2`;v h`�/2@Qz U*1hV FMQ# QM i?2 KQ#BH2 �TTHB+�iBQM Q7 bK�`i i?2`@

KQbi�ib- r?2`2 `2bB/2Mib +�M bT2+B7v i?2B` BMi2MiBQM UK�tX +QK7Q`ifb�pBM;bV- �HQM; rBi?

i?2 i?2`KQbi�i i2KT2`�im`2X L2ti- r2 /2bB;M2/ �M/ /2p2HQT2/ �M QTiBKBx�iBQM 7`�K2rQ`F

i?�i �miQK�iB+�HHv imM2b i?2 T�`�K2i2`b Q7 � ;2M2`B+ i?2`K�H KQ/2H iQ � T�`iB+mH�` `QQK

2MpB`QMK2MiX am#b2[m2MiHv- i?2 7`�K2rQ`F i�F2b imM2/ i?2`K�H KQ/2H �HQM; rBi? i?2 mb2`

BMTmi Ub2i i2KT2`�im`2 �M/ *1h p�Hm2V �M/ +m``2Mi r2�i?2` +QM/BiBQMb iQ /vM�KB+�HHv p�`v

i?2 �* i?2`KQbi�i i2KT2`�im`2X

Pm` bim/v BM/B+�i2b i?�i i?2 T`QTQb2/ 7`�K2rQ`F Bb T`�+iB+�H rBi? /�i� 7`QK � bBM;H2

HQ+�iBQM BM i?2 `QQK UbQK2r?2`2 +HQb2 iQ i?2 �*Vc i?mb- TQbb2bb ;`2�i TQi2MiB�H iQ b+�H2

mT rBi? 2tBbiBM; BM7`�bi`m+im`2X SQ`i�#H2Y i?2`KQbi�i- 2KTQr2`2/ rBi? i?2 2biBK�i2b Q7

i2KT2`�im`2 �+`Qbb /Bz2`2Mi `2;BQMb- +�M T`QpB/2 `2;BQM@bT2+B}+ +QK7Q`i r?2M +QKT�`2/ iQ

bK�`i i?2`KQbi�ibX Pm` 2p�Hm�iBQM #�b2/ QM i?2 /�i� +QHH2+i2/ 7`QK � +QMi`QHH2/ 2tT2`BK2Mi

UbT�MMBM; irQ `QQKb 7Q` Qp2` irQ r22FbV �M/ �M BM@bBim /2THQvK2Mi i2biB}2/ Bib 2{+�+v

BM `2/m+BM; Q++mT�MibǶ /Bb+QK7Q`i #v kjW Ur?2M K�tBKBxBM; i?2 mb2` 2tT2`B2M+2V- �M/

K�tBKBxBM; 2M2`;v b�pBM;b #v keW- /m`BM; i?2 TQr2`@b�pBM; KQ/2X Pp2`�HH- r2 7QmM/ i?�i

/vM�KB+�HHv p�`vBM; i?2 b2iTQBMi i2KT2`�im`2 iQ K�BMi�BM +QK7Q`i 2M2`;v i`�/2Qz U#�b2/ QM

mb2` T`272`2M+2V Bb 72�bB#H2 Ui?`Qm;? �Mv bK�`i i?2`KQbi�iV- mb2`@7`B2M/Hv U`2[mB`2 KBMBK�H

Q` MQ K�Mm�H BMi2`p2MiBQMV- �M/ 2z2+iBp2 U�b 2p�Hm�i2/ #�b2/ QM `2�H@rQ`H/ /�i�VX

eXj _2HB�#BHBiv

lMHBF2 �B`@+QM/BiBQMBM; BM `2bB/2MiB�H �T�`iK2Mib- T2QTH2 Q7i2M T`272` +2Mi`�HBx2/ ?2�iBM;-

p2MiBH�iBQM- �M/ �B`@+QM/BiBQMBM; U>o�*V mMBib BM +QKK2`+B�H #mBH/BM;bX hvTB+�HHv- BM �M

>o�*- i?2`2 Bb � +?BHH2` mMBi UQ` � 7m`M�+2 B7 r2 �`2 ?2�iBM;V iQ bmTTHv +QH/ �B`fr�i2` iQ

�B` >�M/HBM; lMBib U�>lbVX h?2 `QH2 Q7 �M �>l Bb iQ K�BMi�BM i?2 /2bB`2/ i2KT2`�im`2

BM � xQM2- Q7i2M +QMbBbiBM; Q7 T`Bp�i2 Ubm+? �b Q{+2bV �M/ b?�`2/ `2;BQMb UH�#b- HQ##vVX AM

bm+? b?�`2/ bT�+2b- Bi Bb BKT`�+iB+�H iQ b?mi /QrM +?BHH2`b �M/ �>lb r?2M Q++mT�Mib �`2

MQi T`2b2Mi BM i?2B` BM/BpB/m�H bT�+2bX AMbi2�/- #mBH/BM; K�M�;2`b `mM >o�* QM � b2i#�+F

b+?2/mH2- BM r?B+?- >o�* bmTTHB2b H2bb +QH/ �B` iQ i?2 `QQK- r?B+? Bb MQi BM mb2X LQr-

iQ ;2M2`�i2 �M QTiBK�H b2i#�+F b+?2/mH2 iQ `mM i?2 >o�*- T`2/B+iBp2 +QMi`QH bi`�i2;B2b 7Q`

+QKK2`+B�H >o�*- Q7i2M `2[mB`2 �M 2biBK�i2 Q7 Q++mT�M+v �+`Qbb i?2 #mBH/BM;X h?2`27Q`2-

BM bm+? +�b2b- i?2 2z2+iBp2M2bb Q7 i?2 +QMi`QH bi`�i2;v `2HB2b QM i?2 �++m`�+v Q7 Q++mT�M+v
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T`2/B+iBQMbX >B;? p�`B�#BHBiv BM i?2 Qmi+QK2 /m2 iQ T`2/B+iBQM 2``Q`b- K�F2b T`2/B+iBp2

+QMi`QH bi`�i2;v mM`2HB�#H2 7Q` +QKK2`+B�H #mBH/BM;bX h?mb- BM i?2 M2ti T�`i- r2 �M�Hvx2/

i?2 BM~m2M+2 Q7 Q++mT�M+v T`2/B+iBQM 2``Q`b QM mb2`bǶ +QK7Q`i �M/ iQi�H 2M2`;v +QMbmKTiBQMX

hQ bim/v i?2 BM~m2M+2 Q7 Q++mT�M+v T`2/B+iBQM 2``Q`b- r2 }`bi /2bB;M2/ � +mbiQK@#mBHi

#mBH/BM; bBKmH�iQ` Uh?2`K�HaBKV �M/ bvbi2K�iB+�HHv BMi`Q/m+2/ `2�HBbiB+ 2``Q`b BM i?2 Q++m@

T�M+v /�i�X AM Qm` �M�HvbBb- r2 2tTHQ`2/ i?�i Q++mT�M+v T`2/B+iBQM 2``Q`- �b ?B;? �b kyW-

+�M K�F2 � KQ/2H T`2/B+iBp2 +QMi`QH UJS*V #�b2/ bi`�i2;v ?B;?Hv mM`2HB�#H2- �b K2�bm`2/

QM �M 2M2`;v@+QK7Q`i b+�H2X L2ti- r2 MQiB+2/ i?�i � T2`bQM�H i?2`K�H +QK7Q`i bvbi2K UHBF2

aSPhV +QmH/ bi`2M;i?2M i?2 T`2/B+iBp2 bi`�i2;v #v KBiB;�iBM; i?2 BM~m2M+2 Q7 T`2/B+iBQMb

2``Q`b QM 2M2`;v +QMbmKTiBQM �M/ Q++mT�MibǶ +QK7Q`iX Pm` bim/B2b b?Qrb i?�i Bi Bb 72�bB@

#H2 iQ mb2 � T2`bQM�H i?2`K�H +QK7Q`i bvbi2K Ĝ aSPh Ĝ �HQM; rBi? i?2 T`2/B+iBp2 +QMi`QH

bi`�i2;v iQ 2Mbm`2 T2`bQM�HBx2/ +QK7Q`i BM T2`bQM�H �M/ b?�`2/ bT�+2bX �b aSPh rQ`Fb �i

� }M2` iBK2@b+�H2 i?�M i?2 JS*@#�b2/ >o�*- Bi +�M 2p2M +�i2` iQ i?2 /vM�KB+ b+?2/mH2 Q7

i?2 Q++mT�Mib- �M/ b�iBb7v i?2 +QK7Q`i `2[mB`2K2Mib Q7 2p2`v BM/BpB/m�H- r?BH2 KBiB;�iBM;

i?2 BM~m2M+2 Q7 T`2/B+iBQM 2``Q`bc i?mb- K�FBM; T`2/B+iBp2 +QMi`QHH2`b `2HB�#H2 2p2M 7Q` i?2

+QKK2`+B�H >o�*bX

"2vQM/ 2M2`;v@2{+B2Mi +QMi`QH- �MQi?2` +`BiB+�H �bT2+i Q7 2M2`;v@2{+B2Mi mb�;2 Q7 �M

�TTHB�M+2 Bb Bib `2HB�#H2 7mM+iBQMBM;X lbm�HHv- �;BM;- B``2;mH�` K�BMi2M�M+2- �M/ BKT`QT2`

?�M/HBM; H2�/ iQ 7`2[m2Mi #`2�F/QrMb Q7 i?2 �TTHB�M+2X q2- mM/2`bi�M/BM; i?2 #2M2}ib Q7

7�mHi /2i2+iBQM i?`Qm;? bK�`i i?2`KQbi�ib- M2ti /2p2HQT2/ �M mMbmT2`pBb2/ b2H7@H2�`MBM;

7`�K2rQ`F :`2BM� - i?�i b2Mb2b �K#B2Mi BM7Q`K�iBQM 7`QK i?2 bK�`i i?2`KQbi�i 7Q` `27`B;@

2`�Mi H2�F�;2 /2i2+iBQMX P7i2M- /m2 iQ i?2 HQbb Q7 `27`B;2`�Mi- i?2 +QKT`2bbQ` rQ`Fb rBi?

`2/m+2/ 2{+B2M+v �M/ i�F2b KQ`2 iBK2 i?�M i?2 mbm�H iQ +QQH i?2 `QQKc i?mb- r�biBM; bB;@

MB}+�Mi 2M2`;vX AM �//BiBQM iQ i?�i- i?2 H2�F�;2 2tTQb2b i2M�Mib iQ i?2 `27`B;2`�Mi- r?B+? Bb

2ti`2K2Hv /�M;2`Qmb 7Q` i?2B` ?2�Hi? (d)X h?2 T`QTQb2/ i2+?MB[m2 2KTHQvb :`2v@"Qt JQ/@

2HHBM; iQ 2biBK�i2 � /2+BbBQM #QmM/�`v �M/ H�i2` mb2b i?2 2biBK�i2b 7Q` H2�F�;2 KQMBiQ`BM;X

h?2 T2`7Q`K�M+2 2p�Hm�iBQM Q7 :`2BM� QM /�i� 7`QK d9 biQ`2b U7`QK � `2;BQM BM AM/B�V

BM/B+�i2b i?�i i?2 bBKTH2 v2i TQr2`7mH 7`�K2rQ`F +�M `2/m+2 i?2 `2TQ`iBM; /2H�v #v � r22F

rBi? #2bi Q7 �`QmM/ ky@jy /�vb BM 72r BMbi�M+2bX .m`BM; i?2b2 /�vb- i?2 `2i�BH 2Mi2`T`Bb2

+QmH/ ?�p2 b�p2/ irB+2 i?2 2M2`;v- �* +QMbmK2b QM � ivTB+�H /�vX JQ`2Qp2`- #v iBK2Hv

`2T�B`BM; i?2 �B`@+QM/BiBQMBM; mMBi- i?2v +QmH/ ?�p2 F2Ti i?2 `QQKb 8◦*@Ry◦* +QH/2` 2p2`v

/�v- r?2M `27`B;2`�Mi r�b H2�FBM; i?`Qm;? i?2 �*X
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eX9 PmiHQQF

GQQFBM; 7Q`r�`/- r2 2MpBbBQM bK�`i i?2`KQbi�ib iQ ;Q #2vQM/ i?2B` 7mM+iBQM�H HBKBi�iBQMb

�M/ TH�v � +`m+B�H `QH2 BM F22TBM; i?2 Q++mT�Mib +QK7Q`i�#H2- `2H�t2/- �M/ T`Q/m+iBp2X q?BH2

i?Bb /Bbb2`i�iBQM B/2MiB}2/ �M/ �//`2bb2/ � 72r 7mM/�K2Mi�H +?�HH2M;2b BM /2p2HQTBM; bm+?

� i?2`KQbi�i- i?2`2 �`2 b2p2`�H 2t+BiBM; /BK2MbBQMb Q7 bK�`i i?2`KQbi�ib r?B+? �`2 v2i iQ

2tTHQ`2X AM i?Bb b2+iBQM- r2 /Bb+mbb irQ bm+? ?Q`BxQMbX

eX9XR *Q;MBiBp2 h?2`KQbi�ib

Ai Bb � r2HH@bim/B2/ 7�+i i?�i i?2 �K#B2Mi `QQK i2KT2`�im`2 2z2+ib Q{+2 T`Q/m+iBpBiv (e9)-

bQ+B�H `2H�iBQMb (eN)- � bim/2MibǶ �#BHBiv iQ H2�`M (3j)- �M/ bH22T (RkR)- �KQM; K�Mv Qi?2`

Tbv+?QHQ;B+�H �M/ T?vbBQHQ;B+�H T�`�K2i2`b (jy- R88)X AM � bim/v- G�M; 2i �HX (N3) b?Qr2/

i?�i rQ`F2`b BM � +QH/ `QQK MQi QMHv K�F2 KQ`2 2``Q`b #mi �HbQ ;Bp2 HQr i?`Qm;?TmiX AM

�MQi?2` bim/v- S2`2x 2i �HX (3j) /2KQMbi`�i2/ ?Qr ?�`/ Bi Bb 7Q` i?2 bim/2Mib iQ 7Q+mb r?2M

i?2 `QQK i2KT2`�im`2 Bb iQQ ?Qi Q` +QH/X A7 r2 +�`27mHHv Q#b2`p2 i?2b2 bim/B2b- r2 rBHH

MQiB+2 i?�i iQ �+?B2p2 QTiBK�H QmiTmic i?2 +Q;MBiBp2 KBM/b2i Q7 i?2 i2M�Mib Kmbi �/�Ti iQ

i?�i 2MpB`QMK2MiX "�bB+�HHv- r?BH2 bim/2Mib KB;?i M22/ � H2�`MBM;@+2Mi`B+ 2MpB`QMK2Mi BM

b+?QQHb- T2QTH2 �i ?QK2 KB;?i T`272` � +�HK �M/ `2H�tBM; �iKQbT?2`2X h?2 i?2`KQbi�ib-

r?B+? +�M �bbBbi Q++mT�Mib BM �+?B2pBM; i?2 /2bB`2/ +Q;MBiBp2 bi�i2- r2 /2}M2 i?2K �b

*Q;MBiBp2 h?2`KQbi�ibX

>2`2- i?2 `2b2�`+? [m2biBQM Bb- ǳ:Bp2M �M 2MpB`QMK2Mi- +�M i?2`KQbi�ib p�`v i?2 b2i@

TQBMi i2KT2`�im`2 bm+? i?�i i2M�Mib +�M �+?B2p2 i?2 +Q;MBiBp2 KBM/b2i- /2bB`2/ 7Q` i?�i

2MpB`QMK2Mi\ǴX

PMHv 7`QK i?2 T2`bT2+iBp2 Q7 � i?2`KQbi�i- i?2 T`Q#H2K Bb ?�`/X �b Q7 MQr- i?2`KQbi�ib

+QHH2+i HBKBi2/ BM7Q`K�iBQMc r?B+? Bb BM�/2[m�i2 7Q` i?2 i?2`KQbi�i iQ +QKT`2?2M/ i?2

2MpB`QMK2Mi- �M/ Tbv+?QHQ;B+�H �M/ T?vbBQHQ;B+�H T�`�K2i2`b Q7 i?2 Q++mT�MibX >Qr2p2`-

rBi? i?2 �/p2Mi Q7 2ti2MbBp2 b2MbQ` M2irQ`Fb �b T�`i Q7 bK�`i ?QK2b- 2�+? b2MbBM; mMBi

Bb MQr +�T�#H2 Q7 T`QpB/BM; � T�`iB�H pB2r Q7 i?2 �iKQbT?2`2X 6Q` BMbi�M+2- rBi? HBKBi2/

�++m`�+v- r2 +�M +�Tim`2 +Q;MBiBp2 HQ�/ QM � T2`bQM- #v KQMBiQ`BM; +?�M;2b BM i?2 T2`bQMǶb

7Q`2?2�/ �M/ MQb2 i2KT2`�im`2 mbBM; � +QKK2`+B�H i?2`K�H +�K2`� (R)X lbBM; KmHiBTH2 bm+?

b2MbBM; mMBib- r2 #2HB2p2 i?�i Bi Bb 72�bB#H2 iQ ;2i #2ii2` pBbB#BHBiv Q7 i?2 2MpB`QMK2Mi #v

+QK#BMBM; i?2 T�`iB�H pB2r 7`QK i?2b2 b2MbBM; mMBibX
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AM +QHH�#Q`�iBQM rBi? JAh J2/B� G�#- r2 }`bi +QM/m+i2/ � T`2HBKBM�`v bim/v iQ [m�MiB7v

i?2 �++m`�+v Q7 i?2 i?2`K�H +�K2`� BM 2biBK�iBM; +Q;MBiBp2 HQ�/ BM � i2KT2`�im`2 p�`B�Mi

�iKQbT?2`2X AM �M Q{+2 `QQK- r2 TH�+2/ �M BM7`�`2/ +�K2`� �HQM; rBi? � pBbB#H2 +�K2`�

�M/ �bF2/ pQHmMi22`b iQ +QKTH2i2 � 72r i�bFb BM � ;Bp2M iBK2X .m`BM; i?2 bim/v- r2 �bF2/

i?2 pQHmMi22`b iQ r2�` � w2T?v` "BQ>�`M2bb 7Q` ;`QmM/ i`mi? /�i� +QHH2+iBQMX 6`QK Qm`

BMBiB�H �M�HvbBb- r2 MQiB+2/ KmHiBTH2 +?�HH2M;2b BM 2biBK�iBM; +Q;MBiBp2 HQ�/ 7`QK i2KT2`�im`2

+?�M;2b QM i?2 7�+2 �M/ i?2 MQb2 BM � MQBbv 2MpB`QMK2MiX �b Q7 MQr- r2 �`2 biBHH rQ`FBM;

QM bvbi2K /2p2HQTK2MiX >QT27mHHv- QM+2 i?2 bvbi2K Bb `2�/v- r2 rBHH +�``v Qmi � H�`;2@b+�H2

mb2` bim/v iQ ;2i +QM+HmbBp2 2pB/2M+2 7Q` i?2 ?vTQi?2bBb- �b �#Qp2@K2MiBQM2/X

eX9Xk 6.. 7Q` *QKK2`+B�H >o�*

"2vQM/ 722/#�+F �M/ +QK7Q`i- �MQi?2` 2bb2MiB�H �bT2+i Q7 2M2`;v@2{+B2Mi mb�;2 Q7 �M �*

Bb Bib 7�mHi@7`22 7mM+iBQMBM;X �b /Bb+mbb2/ BM *?�Ti2` 8- 7�mHiv �TTHB�M+2b r�bi2 bB;MB}+�Mi

2M2`;v- +QKT`QKBb2 mb2` +QK7Q`i- �M/ BM bQK2 +�b2b- i?2v +�M 2p2M #2 ?�x�`/Qmb 7Q` i?2

Q++mT�MibX h?2`27Q`2- Bi Bb BKT2`�iBp2 iQ BKTH2K2Mi �miQK�i2/ 7�mHi /2i2+iBQM �M/ /B�;MQbBb

iQ KQMBiQ` i?2 ?2�Hi? Q7 i?2 �TTHB�M+2 `2;mH�`HvX AM i?Bb /Bbb2`i�iBQM- r2 BKTH2K2Mi2/ QM2

bm+? 7�mHi /2i2+iBQM i2+?MB[m2 iQ `2TQ`i BMbi�M+2b Q7 `27`B;2`�Mi H2�F�;2X q?BH2 i?2`2 2tBbi

KmHiBTH2 H2�F�;2 /2i2+iBQM i2+?MB[m2b BM i?2 HBi2`�im`2- r2 2Mbm`2/ i?�i Qm` �TT`Q�+? miBHBx2b

QMHv i?�i BM7Q`K�iBQM- r?B+? Bb `2�/BHv �p�BH�#H2 7`QK � bK�`i i?2`KQbi�iX "v /QBM; bQ- r2

2Mbm`2/ b+�H�#BHBiv- m#B[mBiv- �M/ �/�Ti�#BHBiv 7Q` i?2 T`QTQb2/ 7`�K2rQ`FX

>Qr2p2`- B7 r2 HQQF �i +2Mi`�HBx2/ >o�* BM +QKK2`+B�H #mBH/BM;b- Bi Bb BKT`�+iB+�H iQ

`2TQ`i 7�mHib #v K2`2Hv KQMBiQ`BM; i?2 `QQK i2KT2`�im`2X aBM+2 �M >o�* mMBi +QKT`Bb2b

Q7 MmK2`Qmb +QKTQM2Mib- i?2 7�mHib K�v �`Bb2 �i `QQK@H2p2H- xQM2@H2p2H- Q` 2p2M �i i?2

#mBH/BM;@H2p2H- �M/ Bi Bb ?�`/ iQ TBMTQBMi � 7�mHi rBi?Qmi 2ti2MbBp2 BM7Q`K�iBQM �#Qmi i?2

bvbi2KX 6Q`imM�i2Hv- #mBH/BM; K�M�;2`b /Q KQMBiQ` KmHiBTH2 T�`�K2i2`b �i /Bz2`2Mi TQBMib

BM i?2 >o�* iQ K�BMi�BM i?2 /2bB`2/ i2KT2`�im`2 BM 2p2`v `QQKX

LQr- i?2 [m2biBQM Bb- ǴqBi? HBKBi2/ �//BiBQM�H b2MbBM;- +�M #mBH/BM; K�M�;2`b mb2 2t@

BbiBM; b2MbQ`b iQ KQMBiQ` i?2 ?2�Hi? Q7 �M >o�* mMBi\ǴX

AM +QHH�#Q`�iBQM rBi? PTiBKBb�iBQM �M/ *QMi`QH :`QmT �i SLLGR- r2 bi�`i2/ 2tTHQ`BM;

�M 2t+BiBM; /QK�BM Q7 7�mHi /2i2+iBQM �M/ /B�;MQbBb 7Q` >o�* mMBib BM +QKK2`+B�H #mBH/BM;bc

#mi rBi? i?2 ?2HT Q7 2tBbiBM; b2MbQ` M2irQ`FX qBi? i?2 ?2HT Q7 �/�TiBp2 *QMi`QH h2�K �i
RS�+B}+ LQ`i?r2bi L�iBQM�H G�#Q`�iQ`v- _B+?H�M/- q�- la�
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SLLG- r2 }`bi bBKmH�i2/ i?2 >o�* 7Q` � H�`;2 Q{+2 #mBH/BM;- mbBM; 1M2`;vSHmb �M/

.vKQH� 7`�K2rQ`FbX h?2 #mBH/BM; +QMbBbi2/ Q7 i?`22 ~QQ`b- rBi? 2�+? ~QQ` /BpB/2/ BMiQ

}p2 xQM2b �M/ 2�+? xQM2 +QKT`BbBM; Q7 #Qi? T`Bp�i2 �M/ b?�`2/ bT�+2bX AM i?2 bBKmH�iBQM

7`�K2rQ`F- r2 KQMBiQ`2/ RNk T�`�K2i2`b- r?B+? BM+Hm/2/ i2KT2`�im`2- T`2bbm`2- �B`@~Qr-

�M/ K�Mv Qi?2` T?vbB+�H �ii`B#mi2b �i /Bz2`2Mi TQBMib BM i?2 >o�* mMBiX AM i?2 /�i�b2i-

i?2`2 r2`2 i?`22 7�mHib 7Q` i?2 �M�HvbBb Tm`TQb2- Qzb2i BM Qmi/QQ` i2KT2`�im`2 b2MbQ`- Qzb2i

BM bmTTHv �B` i2KT2`�im`2 b2MbQ`- �M/ +QQHBM; +QBH p�Hp2 bim+F �i � T�`iB+mH�` TQbBiBQMX

AM Qm` T`2HBKBM�`v bim/v- r2 bT2+B}+�HHv 7Q+mb2/ QM i?2 T`Q#H2K Q7 +QQHBM; +QBH p�Hp2

bim+FX *m``2MiHv- r2 �`2 bim/vBM; i?2 i`�/2@Qz #2ir22M +Qbi- �++`m2/ BM K�BMi�BMBM; i?2

b2MbQ` M2irQ`F- �M/ #2M2}ib- BM i2`Kb Q7 �++m`�+v �M/ iBK2 BM /2i2+iBM; i?2 Bbbm2X Pm` BMBiB�H

BMp2biB;�iBQM BM/B+�i2b i?�i Bi Bb T`�+iB+�H iQ B/2MiB7v p�Hp2@bim+F Bbbm2 mbBM; �M 2Mb2K#H2

K�+?BM2 H2�`MBM; i2+?MB[m2b- #v QMHv KQMBiQ`BM; �K#B2Mi i2KT2`�im`2 �i �>l �M/ i?2

xQM2@H2p2HX �b Q7 MQr- r2 BMi2M/ iQ BM+Q`TQ`�i2 KmHiBTH2 bm+? 7�mHib BM Qm` �M�HvbBb �M/

bim/v /Bz2`2Mi K�+?BM2 H2�`MBM; �M/ /22T H2�`MBM; i2+?MB[m2b BM �++m`�i2Hv ;2M2`�iBM; �

?2�Hi? `2TQ`i 7Q` i?2 �TTHB�M+2- 2p2`v /�vX

eX9Xj *QKTH2t 1MpB`QMK2Mib

"2vQM/ `2bB/2MiB�H �M/ +QKK2`+B�H bT�+2b- r2 MQiB+2/ QM2 �MQi?2` BMi`B;mBM; �TTHB+�iBQM

b+2M�`BQ- r?B+? Bb � #B; `QQK rBi? KmHiB@bTHBi �B` +QM/BiBQM2`bX ZmBi2 Q7i2M- 2bT2+B�HHv BM

/2p2HQTBM; 2+QMQKB2b- bK�HH@b+�H2 +QKK2`+B�H Q{+2b- #�MFb- `2i�BH QmiH2ib mb2 KmHiBTH2 �*

mMBib Qp2` � +2Mi`�HBx2/ �B`@+QM/BiBQMBM; bvbi2KX am+? #mBH/BM;b �`2 ;2M2`�HHv HBKBi2/ iQ

� H�`;2 ?�HH QM � bBM;H2 ~QQ`- r?2`2 rQ`FbT�+2 +QKT`Bb2b Q7 KmHiBTH2 +m#B+H2bX hvTB+�HHv-

i?2`2 Bb MQ +2Mi`�H �mi?Q`Biv iQ +QMi`QH i?2b2 �*b �M/ i2M�Mib mb2 � `2KQi2 iQ b2i i?2

i?2`KQbi�i i2KT2`�im`2- 7Q` 2�+? �*X 6Q` bm+? � b+2M�`BQ- i?2`2 �`2 b2p2`�H QT2M@2M/2/

`2b2�`+? [m2biBQMb 7Q` i?2 +QKKmMBiv iQ 2tTHQ`2X aBM+2 BMbi�HH2/ �*b ivTB+�HHv `mM QM i?2B`

7mHH +�T�+BiB2b rBi?Qmi �++QmMiBM; 7Q` +QQHBM; BKT�+i 7`QK M2B;?#Q`BM; �*b b2`pBM; i?2 b�K2

xQM2- bm+? +QKK2`+B�H T`2KBb2b TQbb2bb i`2K2M/Qmb TQi2MiB�H 7Q` 2M2`;v b�pBM;bX E�`K�F�`

2i �HX (3d) T`QTQb2/ QM2 bm+? b+?2/mHBM; �H;Q`Bi?K iQ +QQ`/BM�i2 i?2 +QKT`2bbQ` +v+H2b Q7

KmHiBTH2 �*b iQ `2/m+2 T2�F /2K�M/ HQ�/X h?2`27Q`2- 2ti2M/BM; bK�`i i?2`KQbi�ib 7Q`

KmHiB@�* T`2KBb2b +QmH/ #2 ?B;?Hv #2M2}+B�H 7`QK #Qi? i?2 T2`bT2+iBp2b- 2M2`;v 2{+B2M+v-

�M/ mb2` +QK7Q`iX

"2vQM/ T2`bQM�H #2M2}ib- � bK�`i i?2`KQbi�i +QmH/ 2p2M #2 #2M2}+B�H 7Q` aK�`i :`B/b-

R93



�M 2bb2MiB�H +QKTQM2Mi Q7 i?2 aK�`i *BiB2b T`QD2+iX aBM+2 �B`@+QM/BiBQM2`b �`2 QM2 Q7 i?2

KQbi TQr2`@+QMbmKBM; �TTHB�M+2b BM �HKQbi 2p2`v ivT2 Q7 #mBH/BM;- +QQ`/BM�i2/ b+?2/mHBM;

Q7 �*b- �i +Biv@H2p2H- +QmH/ #2M2}i ;`B/b BM K�M�;BM; i?2 T2�F /2K�M/ HQ�/X JQ`2Qp2`- #v

�TTHvBM; �/p�M+2/ +QMi`QH bi`�i2;B2b- bm+? �b KQ/2H T`2/B+iBp2 +QMi`QH UJS*V- bK�`i ;`B/b

+�M 2p2M bm;;2bi QTiBK�H b2iTQBMi i2KT2`�im`2 7Q` /Bz2`2Mi ?Qm`b Q7 i?2 /�vX Ai Bb 2p2M

72�bB#H2 iQ T`QpB/2 �M BM+2MiBp2 iQ i?2 mb2`b- 7Q` 7QHHQrBM; i?2 `2+QKK2M/2/ b2iTQBMi b+?2/mH2

Q7 i?2 �*bX A7 �HHQr2/- i?2 i2M�Mib +QmH/ �miQK�iB+�HHv p�`v i?2 b2iTQBMi i2KT2`�im`2 iQ

QTiBKBx2 �* mb�;2 �M/ 2Mbm`2 mb2` +QK7Q`iX

q?BH2 #2M2}ib �`2 2M/H2bb- r2 biBHH M22/ iQ 2tTHQ`2 i?2K �M/ �TTHv i?2K BM i?2 `2�H

rQ`H/X 6Q` bi�`i2`b- i?Bb /Bbb2`i�iBQM BMi`Q/m+2b i?2 +QM+2Ti Q7 .�i�@.`Bp2M h?2`KQbi�ib

�M/ i2biB}2b Bib 2{+�+v i?`Qm;? /�i� +QHH2+i2/ 7`QK KmHiBTH2 }2H/ /2THQvK2MibX 6m`i?2`@

KQ`2- Qm` `2b2�`+? p�HB/�i2b i?�i .�i�@.`Bp2M h?2`KQbi�ib �`2 T`�+iB+�H- +QKT�iB#H2 UrBi?

#Qi? QH/ �M/ M2r ;2M2`�iBQM �*bV- b+�H�#H2- �M/ [mBi2 2z2+iBp2X >2M+27Q`i?- A #2HB2p2- BM

i?2 7mim`2- 7m`i?2` 2ti2M/BM; i?2 .�i�@.`Bp2M h?2`KQbi�ib rBHH #2 +`m+B�H BM �Hi2`BM; i?2

r�v r2 +m``2MiHv BMi2`�+i rBi? Qm` �B`@+QM/BiBQMBM; mMBib �M/ 2p2Mim�HHv K�F2 �*b ?B;?Hv

2{+B2Mi �M/ +QK7Q`i�#H2X
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�TT2M/Bt �

:2M2`B+ n@`2;BQM AKTH2K2Mi�iBQM
Q7 h?2`K�H JQ/2H

AM a2+iBQM j- r2 T`2b2Mi2/ � i?2`K�H KQ/2H 7Q` � `QQK /BpB/2/ BMiQ i?`22 `2;BQMb Uhir- mir-

lirV #�b2/ QM i?2 +QQHBM; BKT�+i Q7 �*X h?2 b?QrM KQ/2H Bb /2`Bp2/ 7`QK � ;2M2`B+ n@`2;BQM

7Q`KmH�iBQM Q7 � i?2`K�H KQ/2H �/�Ti2/ 7`QK (R8d- 8e) U1[m�iBQM �XR@�X9VX

(T (t+1)
wall − T (t)

wall)× Cwall

τ
= Kwall

ext × (T (t)
ext − T (t)

wall) +
rl∑

r=1

Kr
wall × (T (t)

r − T (t)
wall) U�XRV

(T (t+1)
1 − T (t)

1 )× C1

τ
=K1

ext × (T (t)
ext − T (t)

1 ) +K1
wall × (T (t)

wall − T (t)
1 )

+K2
1 × (T (t)

2 − T (t)
1 ) + η1 −QAC × SAC

U�XkV

(T (t+1)
r − T (t)

r )× Cr

τ
=Kr

ext × (T (t)
ext − T (t)

r ) +Kr
wall × (T (t)

wall − T (t)
r )

+Kr
r−1 × (T (t)

r−1 − T (t)
r ) +Kr+1

mir × (T (t)
r+1 − T (t)

r )

+ηr, ∀r ∈ [2, rl − 1]

U�XjV

R8R



K1ext
Kextwall

K1wall

Cwall

Krwall

Krext

Tr

KrLext

K
r
L
wall

T1

Kr1

K
r
L
r

C1 Cr CrL

TrL

Twall

Text

QAC

6B;m`2 �@R, _2bBbiBp2@*�T�+BiBp2 L2i@
rQ`F 7Q` i?2 :2M2`B+ AKTH2K2Mi�iBQM

AC Power 
Consumption

Room Temperature

AC Power 
Consumption

Room Temperature

Non-Inverter 
Air Conditioner

Inverter 
Air Conditioner

6B;m`2 �@k, SB+iQ`B�H `2T`2b2Mi�iBQM Q7 `QQK i2K@
T2`�im`2 �M/ �* TQr2` +QMbmKTiBQM 7Q` LQM@
AMp2`i2` UiQTV �M/ AMp2`i2` U#QiiQKV �*

(T (t+1)
rl − T (t)

rl )× Crl

τ
=Krl

ext × (T (t)
ext − T (t)

rl ) +Krl
wall × (T (t)

wall − T (t)
rl )

+Krl
rl−1 × (T (t)

rl−1 − T (t)
rl ) + ηrl

U�X9V

6Q` ;2M2`B+ BKTH2K2Mi�iBQM- r ∈ [1, rl] r?2`2 r = 1 BKTHB2b i?2 `2;BQM +HQb2bi iQ i?2 �*-

�M/ rl /2MQi2b i?2 7�`i?2bi `2;BQM 7`QK i?2 �*X τ Bb i?2 iBK2 +QMbi�Mi �M/ T (t)- C- �M/

η BM/B+�i2 i?2 i2KT2`�im`2 U�i �Mv iBK2 BMbi�M+2 tV- i?2`K�H +�T�+Biv- �M/ i?2`K�H MQBb2-

`2bT2+iBp2Hv- 7Q` i?2 HQ+�iBQM /2TB+i2/ #v i?2B` bm#b+`BTiX K Bb i?2 ?2�i i`�Mb72` +Q2{+B2Mi

#2ir22M i?2 `2;BQMb UBM+Hm/BM; r�HH �M/ 2ti2`M�H +QM/BiBQMbV b?QrM #v i?2B` bm#b+`BTi �M/

i?2 bmT2`b+`BTiX

|θ| = 5n+ 2 U�X8V

6B;m`2 �@R T`2b2Mib i?2 _2bBbiBp2@*�T�+BiBp2 M2irQ`F Q7 i?2 ;2M2`B+ BKTH2K2Mi�iBQM

r?2`2 i?2 i?2`K�H +�T�+Biv Q7 � T�`iB+mH�` �`2� Bb b?QrM �b � +�T�+BiQ`- �M/ `2bBbiQ` BM/B+�i2b

i?2 ?2�i i`�Mb72` #2ir22M i?2 irQ `2;BQMb UBM+Hm/BM; i?2 r�HH �M/ 2ti2`M�H +QM/BiBQMbVX h?2

bBx2 Q7 i?2 b2i Q7 T�`�K2i2`b U7Q` i?2 i?2`K�H KQ/2HV Bb /B`2+iHv T`QTQ`iBQM�H iQ i?2 MmK#2`

Q7 `2;BQMb UnV BM � `QQK U1[m�iBQM �X8VX h?Qm;? i?2 H�`;2 bBx2 Q7 T�`�K2i2`b K�F2b i?2

QTiBKBb�iBQM T`Q#H2K +QKTH2t �M/ bHQr- BM+`2�bBM; MmK#2` Q7 `2;BQMb rBHH QMHv M22/ �

`2}M2/ i?2`K�H KQ/2H 7Q` i?2 7`�K2rQ`FX

R8k



�TT2M/Bt "

h?2`K�H JQ/2H 7Q` AMp2`i2` �*

AM a2+iBQM jXjXk- r2 /Bb+mbb2/ � i?2`K�H KQ/2H rBi? � MQM@BMp2`i2` �*X am+? �M �* /2T2M/b

mTQM `2im`M �B` i2KT2`�im`2 U�b K2�bm`2/ #v BMi2`M�H i?2`KQbi�iV �M/ b2i i2KT2`�im`2

UT`QpB/2/ #v i?2 mb2`V iQ /2+B/2 i?2 +QKT`2bbQ` bi�i2 UonfQ77VX h?2 +QKT`2bbQ` Q7 � MQM@

BMp2`i2` �* ?�b � }t2/ bT22/ KQiQ` i?�i +�M 2Bi?2` `mM �i 7mHH bT22/- Q` biQT �HiQ;2i?2`X

h?mb- iQ K�BMi�BM i?2 /2bB`2/ i2KT2`�im`2- i?2 +QKT`2bbQ` KQiQ` Q7 � MQM@BMp2`i2` �*

`mMb �i 7mHH bT22/ mMiBH `2im`M �B` i2KT2`�im`2 `2�+?2b i?2 Q77 ?vbi2`2bBbX am#b2[m2MiHv-

+QMi`QHH2` +QKTH2i2Hv b?mib /QrM i?2 �* +QKT`2bbQ` iQ �HHQr `Bb2 BM i2KT2`�im`2- mMiBH on

?vbi2`2bBb Bb �ii�BM2/X .m2 iQ i2KT2`�im`2 +v+H2b- �p2`�;2 `QQK i2KT2`�im`2 `2K�BMb +HQb2

iQ i?2 i?2`KQbi�i i2KT2`�im`2 b2i #v i?2 mb2`X h?2`27Q`2- 7Q` � }t2/ bT22/ +QKT`2bbQ`-

i?2 b?QrM i?2`K�H KQ/2H /2MQi2/ i?2 �* bi�i2 i?`Qm;? � #BM�`v p�`B�#H2 SAC r?B+? +�M

2Bi?2` #2 on UBX2X SAC = 1V Q` Q77 UBX2X SAC = 0VX

PM i?2 Qi?2` ?�M/- �M BMp2`i2` �* ?�b � p�`B�#H2 bT22/ KQiQ` i?�i +�M rQ`F 2p2M �i � HQr

_SJ U`Qi�iBQMb T2` KBMmi2Vc �HbQ FMQrM �b o�`B�#H2 6`2[m2M+v .`Bp2 Uo6.VX AMBiB�HHv- i?2

+QKT`2bbQ` KQiQ` Q7 �M BMp2`i2` �* `mMb �i 7mHH bT22/ iQ �+?B2p2 i?2 /2bB`2/ i2KT2`�im`2X

q?2M +QMi`QHH2` b2Mb2b i?�i `2im`M �B` i2KT2`�im`2 Bb +HQb2 iQ i?2 b2i i2KT2`�im`2- BM TH�+2

Q7 +QKTH2i2 b?mi/QrM- i?2 KQiQ` `Qi�i2b �i � KBMBKmK bT22/ `2[mB`2/ iQ K�BMi�BM i?2

b2i i2KT2`�im`2X h?mb- BMp2`i2` �*b Qz2` bB;MB}+�Mi 2M2`;v b�pBM;b Qp2` MQM@BMp2`i2` �*

r?BH2 K�BMi�BMBM; i?2 mb2` +QK7Q`iX >Qr2p2`- iQ 2ti2M/ i?2 T`QTQb2/ i?2`K�H KQ/2H 7Q`

�M BMp2`i2` �*- SAC Bb mT/�i2/ iQ i�F2 �Mv p�Hm2 #2ir22M 0 �M/ 1X aBM+2 i?2 7`�K2rQ`F Bb

/2bB;M2/ iQ }M/ QTiBK�H i?2`KQbi�i i2KT2`�im`2 7Q` i?2 �*- Bi +�M rQ`F 7Q` BMp2`i2` �*bX

R8j
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�TT2M/Bt *

1ti2MbBQM iQ >QK2 1MpB`QMK2Mi

� `2bB/2MiB�H �T�`iK2Mi /Bz2`b 7`QK � +QH/ `QQK BM irQ K�DQ` �bT2+ib,

RX SQQ` AMbmH�iBQM @ hvTB+�HHv- i?2`K�H BMbmH�iBQM BM � `2bB/2MiB�H �T�`iK2Mi Bb bm#bi�M@

/�`/ �b +QKT�`2/ iQ � +QH/ `QQKX P7i2M- ?2�i H2�Fb i?`Qm;? r�HHb- ;�Tb �`QmM/ /QQ`b

�M/ rBM/Qrb- �M/ KmHiBTH2 bm+? bQm`+2bX

kX LQBbv P++mT�Mib @ AM +QH/ `QQK- HQbb Q7 +QQHBM; QMHv ?�TT2Mb U;Bp2M bmT2`BQ` BMbmH�@

iBQMV r?2M K�M�;2` QT2Mb i?2 /QQ` 7Q` +H2�MBM; Q` b?B7iBM; i?2 ;QQ/bX AM +QMi`�bi-

bB;MB}+�Mi �KQmMi Q7 +QQHBM; Bb +QMbmK2/ #v i?2 Q++mT�Mib BM � `2bB/2MiB�H �T�`iK2MiX

h?mb- r2 M22/ � ?B;? Q`/2` i?2`K�H KQ/2H iQ +�Tim`2 i?2 MQM@HBM2�`Biv �M/ 2biBK�i2 i?2

`QQK i2KT2`�im`2 BM � `2bB/2MiB�H �T�`iK2MiX 1[m�iBQM *XR@*X9 /2TB+i QM2 bm+? i?2`K�H

KQ/2H /2`Bp2/ 7`QK "�+?2` 2i �HX (Ry)- �HbQ /Bb+mbb2/ BM *?�Ti2` jX

(T (t+1)
w − T (t)

w )× Cw

τ
= Kw

e × (T (t)
e − T (t)

w ) +
rl∑

r=1

Kr
w × (T (t)

r − T (t)
w ) U*XRV

(T (t+1)
r1 − T (t)

r1 )× Cr1

τ
=Kr1

e × (T (t)
e − T (t)

r1 ) +Kr1
w × (T (t)

w − T (t)
r1 )

+Kr2
r1 × (T (t)

r2 − T (t)
r1 ) +Qac × Sac + ηr1

U*XkV
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avK#QH .2b+`BTiBQM lMBi
τ a�KTHBM; AMi2`p�H b
r h?2`K�H `2;BQM ∈ {r1, r2, r3} −
ηr h?2`K�H MQBb2 BM `2;BQM r −
Qoc *QQHBM; HQ�/ /m2 iQ Q++mT�Mib �M/ i?2B` �+iBpBiB2b −
Qac *QQHBM; +�T�+Biv Q7 �* kW

T (t)
r h2KT2`�im`2 BM `2;BQM r �i iBK2 BMbi�M+2 t ◦C

T (t)
e 1ti2`M�H i2KT2`�im`2 �i iBK2 BMbi�M+2 t ◦C

T (t)
w h2KT2`�im`2 Q7 r�HH U7�+BM; QmibB/2V �i iBK2 BMbi�M+2 t ◦C

Cr h?2`K�H +�T�+Biv Q7 `2;BQM r kJ/K

Cw h?2`K�H +�T�+Biv Q7 r�HH U7�+BM; QmibB/2V kJ/K

Kr
w >2�i i`�Mb72` +Q2{+B2Mi #2ir22M r�HH U7�+BM; QmibB/2V �M/ `2;BQM r kW/K

Kr
e >2�i i`�Mb72` +Q2{+B2Mi #2ir22M 2ti2`M�H 2MpB`QMK2Mi �M/ `2;BQM r kW/K

Kw
e >2�i i`�Mb72` +Q2{+B2Mi #2ir22M r�HH U7�+BM; QmibB/2V �M/ r2�i?2` kW/K

Kr2
r1 >2�i i`�Mb72` +Q2{+B2Mi #2ir22M r1 �M/ r2 kW/K

Kr3
r2 >2�i i`�Mb72` +Q2{+B2Mi #2ir22M r2 �M/ r3 kW/K

S(t)
ac �* +QKT`2bbQ` bi�i2 UonfQ77V �i iBK2 BMbi�M+2 t −

S(t)
oc ai�i2 Q7 Q++mT�Mib �i iBK2 BMbi�M+2 t −

h�#H2 *XR, GBbi Q7 bvK#QHb mb2/ BM i?2 T`QTQb2/ i?2`K�H KQ/2H

(T (t+1)
r2 − T (t)

r2 )× Cr2

τ
=Kr2

e × (T (t)
e − T (t)

r2 ) +Kr2
w × (T (t)

w − T (t)
r2 )

+Kr2
r1 × (T (t)

r1 − T (t)
r2 ) +Kr3

r2 × (T (t)
r3 − T (t)

r2 )

+Qoc × Soc + ηr2

U*XjV

(T (t+1)
r3 − T (t)

r3 )× Cr3

τ
=Kr3

e × (T (t)
e − T (t)

r3 ) +Kr3
w × (T (t)

w − T (t)
r3 )

+Kr3
r2 × (T (t)

r3 − T (t)
2 ) + ηr3

U*X9V

>2`2- i?2 }`bi `2;BQM Ur1V Bb i?2 �`2� BM T`QtBKBiv Q7 i?2 �*- i?mb 7�+BM; /B`2+i �M/ i?2

K�tBK�H BKT�+i Q7 +QH/ �B` +QKBM; 7`QK i?2 �*X h?2 b2+QM/ `2;BQM- r2 Bb i?2 `2;BQM r?2`2

Q++mT�Mib bi�v- �M/ i?2 `2;BQM `2+2Bp2b BM/B`2+i +QQHBM; 7`QK r1 `2;BQM r?2`2 �* Bb T`2b2MiX

r3 BM/B+�i2b +Q`M2` bT�+2b BM i?2 `QQKX h?2 i?2`K�H KQ/2H BM 1[m�iBQM 8XR Bb � bT2+B�H +�b2

Q7 �#Qp2 K2MiBQM2/ KQ/2H r?2`2 r?QH2 `QQK Bb +QMbB/2`2/ �b bBM;H2 `2;BQM �M/ K�M�;2`Ƕb

�+iBpBiB2b �`2 KQMBiQ`2/ i?`Qm;? � /QQ` b2MbQ`X h�#H2 *XR /2b+`B#2b �HH i?2 MQi�iBQMb mb2/

R8e



BM i?2 2ti2M/2/ i?2`K�H KQ/2HX

h?2 B/2� Bb iQ HQ;B+�HHv /BpB/2 i?2 `QQK BMiQ KmHiBTH2 i?2`K�H `2;BQMb �M/ +�Tim`2 ?2�i

i`�Mb72` �i `2;BQM H2p2HX AM i?2 KQ/2H- r2 �bbmK2 i?�i i?2`KQbi�i Bb BMbi�HH2/ +HQb2` iQ i?2

�* �M/ 2�+? `2;BQM Bb +QMbB/2`2/ iQ #2 b2T�`�i2/ #v � i?BM H�v2` Q7 �B` ?�pBM; M2;HB;B#H2

i?2`K�H K�bbX hQ 2p�Hm�i2 i?2 KQ/2H- r2 BMbi�HH2/ bK�`i i?2`KQbi�i BM i?2 #2/`QQKb Q7

}p2 `2bB/2MiB�H �T�`iK2Mib- �M/ +QHH2+i2/ i2KT2`�im`2 �M/ Q++mT�M+v /�i� 7Q` � KQMi?X AM

T�`�HH2H- r2 ;�i?2`2/ r2�i?2` BM7Q`K�iBQM 7`QK � +HQm/ #�b2/ r2�i?2` b2`pB+2X G2�p2 T@Qmi

+`Qbb p�HB/�iBQM UrBi? p = 10V BM/B+�i2b i?�i 2p2M BM bm+? � MQBbv 2MpB`QMK2Mi- i?2 2ti2M/2/

KQ/2H +�M 2biBK�i2 `QQK i2KT2`�im`2 rBi? � K2�M _Ja1 Q7 2.85◦* UrBi? σ = 1.3◦*VX

θ = {Cw, Cr1 , Cr2 , Cr3 ,K
r1
w ,Kr2

w ,Kr3
w ,Kr1

e ,Kr2
e ,Kr3

e ,Kw
e ,K

r2
r1 ,K

r3
r2

, ηr1 , ηr2 , ηr3 , Qac, Qoc}
U*X8V

PM2 Kmbi MQi2 i?�i r2 QMHv mb2/ i2KT2`�im`2 BM r1 Uh`RV- QmibB/2 i2KT2`�im`2 Uh2V-

�M/ Q++mT�M+v BM7Q`K�iBQM UaQ+V iQ H2�`M i?2 T�`�K2i2` b2i θ U1[m�iBQM *X8VX q?BH2 i2K@

T2`�im`2 �M/ KQiBQM /�i� +�M +2`i�BMHv #2 +�Tim`2/ 7`QK � bK�`i i?2`KQbi�i- +HBK�iB+

+QM/BiBQMb �`2 `2�/BHv �p�BH�#H2 7`QK +HQm/ #�b2/ r2�i?2` b2`pB+2bX PM+2 :`2BM� H2�`Mb i?2

KQ/2H T�`�K2i2`b- Bi rBHH bBKmH�i2 i2KT2`�im`2 BM r1 �M/ +QKT�`2 rBi? �+im�H i2KT2`�im`2

/�i� 7Q` H2�F�;2 /2i2+iBQMX .2i�BHb 7Q` KQMBiQ`BM; bi�;2 `2K�BM b�K2 �b bT2+B}2/ BM a2+@

iBQM 8XjX q2 #2HB2p2- �M BMi2`+?�M;2�#H2 i?2`K�H KQ/2H 2KTQr2`b :`2BM� iQ #2 ;2MmBM2Hv

T2`p�bBp2 �M/ m#B[mBiQmbX .2T2M/BM; mTQM i?2 /2bB;M `2[mB`2K2Mib- `2b2�`+?2`b +�M 2tTHQ`2

/Bz2`2Mi p�`B�Mib Q7 i?2 i?2`K�H KQ/2H 7Q` /Bp2`b2 b+2M�`BQbX
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"B#HBQ;`�T?v

(R) uQKM� �#/2H`�?K�M- 1/m�`/Q o2HHQbQ- hBHK�M .BM;H2`- �H#`2+?i a+?KB/i- �M/ 6`�MF
o2i2`2X *Q;MBiBp2 ?2�i, 2tTHQ`BM; i?2 mb�;2 Q7 i?2`K�H BK�;BM; iQ mMQ#i`mbBp2Hv
2biBK�i2 +Q;MBiBp2 HQ�/X S`Q+22/BM;b Q7 i?2 �*J QM AMi2`�+iBp2- JQ#BH2- q2�`�#H2
�M/ l#B[mBiQmb h2+?MQHQ;B2b- RUjV,jj- kyRdX

(k) �#/mH �7`�K �M/ 6�``QF? C�M�#B@a?�`B}X h?2Q`v �M/ �TTHB+�iBQMb Q7 ?p�+ +QMi`QH
bvbi2KbĜ� `2pB2r Q7 KQ/2H T`2/B+iBp2 +QMi`QH UKT+VX "mBH/BM; �M/ 1MpB`QMK2Mi- kyR9X

(j) ump`�D �;�`r�H- "?�`�i?�M "�H�DB- a22K�Mi� .mii�- _�D2b? E :mTi�- �M/ h?QK�b
q2M;X .miv@+v+HBM; #mBH/BM;b �;;`2bbBp2Hv, h?2 M2ti 7`QMiB2` BM ?p�+ +QMi`QHX AM AM@
7Q`K�iBQM S`Q+2bbBM; BM a2MbQ` L2irQ`Fb UASaLV- kyRR Ryi? AMi2`M�iBQM�H *QM72`2M+2
QM- kyRRX

(9) �JSGX �JSG- kyRNX (PMHBM2c �++2bb2/ RR@C�Mm�`v@kyRN)X

(8) PKB/ �`/�F�MB�M- �`F� "?�ii�+?�`v�- �M/ .�pB/ *mHH2`X LQM@BMi`mbBp2 i2+?MB[m2b
7Q` 2bi�#HBb?BM; Q++mT�M+v `2H�i2/ 2M2`;v b�pBM;b BM +QKK2`+B�H #mBH/BM;bX AM S`Q@
+22/BM;b Q7 i?2 j`/ �*J AMi2`M�iBQM�H *QM72`2M+2 QM avbi2Kb 7Q` 1M2`;v@1{+B2Mi
"mBHi 1MpB`QMK2Mib- kyReX

(e) �a>_�1X �a>_�1- kyReX (PMHBM2c �++2bb2/ RR@C�Mm�`v@kyRN)X

(d) E`B2M;F`�B �bb�r�K�`i#mMHm2 �M/ JB+?�2H C "`�M/2Km2?HX _27`B;2`�Mi H2�F�;2 /2i2+@
iBQM �M/ /B�;MQbBb 7Q` � /Bbi`B#mi2/ `27`B;2`�iBQM bvbi2KX >o�*�_ _2b2�`+?- Rk,j3NĜ
9y8- kyyeX

(3) �MBH �br�MB- L2�H J�bi2`- C�v h�M2D�- .�pB/ *mHH2`- �M/ *H�B`2 hQKHBMX _2/m+BM;
i`�MbB2Mi �M/ bi2�/v bi�i2 2H2+i`B+Biv +QMbmKTiBQM BM ?p�+ mbBM; H2�`MBM;@#�b2/ KQ/2H@
T`2/B+iBp2 +QMi`QHX S`Q+22/BM;b Q7 i?2 A111- kyRkX

(N) �MBH �br�MB- L2�H J�bi2`- C�v h�M2D�- o�HiQM aKBi?- �M/`2r E`BQmFQp- .�pB/ *mHH2`-
�M/ *H�B`2 hQKHBMX A/2MiB7vBM; KQ/2Hb Q7 ?p�+ bvbi2Kb mbBM; b2KBT�`�K2i`B+ `2;`2b@
bBQMX AM �K2`B+�M *QMi`QH *QM72`2M+2 U�**V- kyRk- kyRkX

(Ry) S2/2` "�+?2` �M/ >2M`BF J�/b2MX A/2MiB7vBM; bmBi�#H2 KQ/2Hb 7Q` i?2 ?2�i /vM�KB+b
Q7 #mBH/BM;bX 1M2`;v �M/ "mBH/BM;b- 9j,R8RRĜR8kk- kyRRX

(RR) "?�`�i?�M "�H�DB- CB�M sm- �Mi?QMv LrQF�7Q`- _�D2b? :mTi�- �M/ ump`�D �;�`r�HX
a2MiBM2H, Q++mT�M+v #�b2/ ?p�+ �+im�iBQM mbBM; 2tBbiBM; rB} BM7`�bi`m+im`2 rBi?BM
+QKK2`+B�H #mBH/BM;bX AM S`Q+22/BM;b Q7 i?2 RRi? �*J *QM72`2M+2 QM 1K#2//2/
L2irQ`F2/ a2MbQ` avbi2Kb- kyRjX
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(Rk) LBTmM "�i`�- S�M/�`�b�Kv �`DmM�M- �K�`D22i aBM;?- �M/ Smb?T2M/`� aBM;?X 1tT2@
`B2M+2b rBi? Q++mT�M+v #�b2/ #mBH/BM; K�M�;2K2Mi bvbi2KbX AM AMi2HHB;2Mi a2MbQ`b-
a2MbQ` L2irQ`Fb �M/ AM7Q`K�iBQM S`Q+2bbBM;- kyRj A111 1B;?i? AMi2`M�iBQM�H *QM@
72`2M+2 QM- kyRjX

(Rj) LBTmM "�i`�- J�MQD :mH�iB- �K�`D22i aBM;?- �M/ J�MB " a`Bp�bi�p�X AiǶb /Bz2`2Mi,
AMbB;?ib BMiQ ?QK2 2M2`;v +QMbmKTiBQM BM BM/B�X AM S`Q+22/BM;b Q7 i?2 8i? �*J
qQ`Fb?QT QM 1K#2//2/ avbi2Kb 6Q` 1M2`;v@1{+B2Mi "mBH/BM;b- kyRjX

(R9) LBTmM "�i`�- C�+F E2HHv- PHBp2` S�`bQM- >�BKQMiB .mii�- qBHHB�K EMQii2M#2Hi- �H2t
_Q;2`b- �K�`D22i aBM;?- �M/ J�MB a`Bp�bi�p�X LBHKiF, �M QT2M bQm`+2 iQQHFBi 7Q`
MQM@BMi`mbBp2 HQ�/ KQMBiQ`BM;X AM S`Q+22/BM;b Q7 i?2 8i? BMi2`M�iBQM�H +QM72`2M+2 QM
6mim`2 2M2`;v bvbi2Kb- kyR9X

(R8) LBTmM "�i`�- �K�`D22i aBM;?- �M/ E�KBM q?Bi2?Qmb2X A7 vQm K2�bm`2 Bi- +�M vQm
BKT`Qp2 Bi\ 2tTHQ`BM; i?2 p�Hm2 Q7 2M2`;v /Bb�;;`2;�iBQMX AM S`Q+22/BM;b Q7 i?2 kM/
�*J AMi2`M�iBQM�H *QM72`2M+2 QM 1K#2//2/ avbi2Kb 7Q` 1M2`;v@1{+B2Mi "mBHi 1M@
pB`QMK2Mib- kyR8X

(Re) LBTmM "�i`�- �K�`D22i aBM;?- �M/ E�KBM q?Bi2?Qmb2X :2K2HHQ, *`2�iBM; � /2i�BH2/
2M2`;v #`2�F/QrM 7`QK Dmbi i?2 KQMi?Hv 2H2+i`B+Biv #BHHX AM S`Q+22/BM;b Q7 i?2 kkL/
�*J aA:E.. AMi2`M�iBQM�H *QM72`2M+2 QM EMQrH2/;2 .Bb+Qp2`v �M/ .�i� JBMBM;-
T�;2b 9jRĜ99y- L2r uQ`F- Lu- la�- kyReX �*JX

(Rd) LBTmM "�i`�- >QM;MBM; q�M;- �K�`D22i aBM;?- �M/ E�KBM q?Bi2?Qmb2X J�i`Bt
7�+iQ`Bb�iBQM 7Q` b+�H�#H2 2M2`;v #`2�F/QrMX AM ���A *QM72`2M+2 QM �`iB}+B�H AMi2H@
HB;2M+2- T�;2b 99edĜ99dj- S�HQ �HiQ- *�- la�- kyRdX ���A S`2bbX

(R3) 6`2/ a "�mK�M- h?QK�b : *�`i2`- �MM2 o "�m;?K�M- �M/ 1/r�`/ � �`2MbX 6B2H/
bim/v Q7 i?2 BKT�+i Q7 � /2bFiQT i�bFf�K#B2Mi +QM/BiBQMBM; bvbi2K BM Q{+2 #mBH/BM;bX
�b?`�2 h`�Mb�+iBQMb- RNN3X

(RN) �HB`2x� "2?7�`- .�pB/ umBHH- �M/ um2#BM umX �miQK�i2/ 7�mHi /2i2+iBQM �M/ /B�;MQbBb
K2i?Q/b 7Q` bmT2`K�`F2i 2[mBTK2Mi U`T@ReR8VX a+B2M+2 �M/ h2+?MQHQ;v 7Q` i?2 "mBHi
1MpB`QMK2Mi- kj,Rk8jĜRkee- kyRdX

(ky) "2HFBMX q2KQ qB6B aK�`i GB;?i arBi+?- kyRNX (PMHBM2c �++2bb2/ RR@C�Mm�`v@kyRN)X

(kR) 6HQ`B�M "2M/2`- �H2Fb�M/` aF`vTMBF- �+?BK oQB;i- CQ�+?BK J�`+QHH- �M/ JB+?�2H
_�TTX a2H2+iBp2 /2i2+iBQM Q7 ?7+ �M/ ?+7+ `27`B;2`�Mib mbBM; � bm`7�+2 �+QmbiB+ r�p2
b2MbQ` bvbi2KX �M�HviB+�H *?2KBbi`v- d8,8kekĜ8kee- kyyjX

(kk) :�BH "`�;2`- >mB w?�M;- �M/ 1/r�`/ �`2MbX 1pQHpBM; QTTQ`imMBiB2b 7Q` T`QpB/BM;
i?2`K�H +QK7Q`iX "mBH/BM; _2b2�`+? � AM7Q`K�iBQM- kyR8X

(kj) JB+?�2H _ "`�K#H2v- S?BHBT >�p2b- a2�M * J+.QM�H/- S�mH hQ`+2HHBMB- . >�Mb2M-
._ >QHK#2`;- �M/ Eq_Qi?X �/p�M+2/ b2MbQ`b �M/ +QMi`QHb 7Q` #mBH/BM; �TTHB+�iBQMb,
J�`F2i �bb2bbK2Mi �M/ TQi2MiB�H `�/ T�i?r�vbX h2+?MB+�H `2TQ`i- 11_1 Sm#HB+�iBQM
�M/ S`Q/m+i GB#`�`v- q�b?BM;iQM- .* UlMBi2/ ai�i2bV- kyy8X

(k9) J�`F a "`2mF2` �M/ C�K2b 1 "`�mMX *QKKQM 7�mHib �M/ i?2B` BKT�+ib 7Q` `QQ7iQT
�B` +QM/BiBQM2`bX >o�*�_ _2b2�`+?- 9,jyjĜjR3- RNN3X
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(k8) oBF�b *?�M/�M �M/ �M/`2r : �HH2vM2X PTiBK�H +QMi`QH �`+?Bi2+im`2 b2H2+iBQM 7Q`
i?2`K�H +QMi`QH Q7 #mBH/BM;bX AM �K2`B+�M *QMi`QH *QM72`2M+2 U�**V- kyRR- kyRRX

(ke) o�`mM *?�M/QH�- �`BM/�K "�M2`D22- �M/ oBTBM EmK�`X �MQK�Hv /2i2+iBQM, � bm`p2vX
�*J +QKTmiBM; bm`p2vb U*al_V- 9R,R8- kyyNX

(kd) "BM *?2M �M/ C�K2b 1 "`�mMX aBKTH2 `mH2@#�b2/ K2i?Q/b 7Q` 7�mHi /2i2+iBQM �M/
/B�;MQbiB+b �TTHB2/ iQ T�+F�;2/ �B` +QM/BiBQM2`bf/Bb+mbbBQMX �a>_�1 h`�Mb�+iBQMb-
Ryd,39d- kyyRX

(k3) E2@um *?2M- aB/?�Mi :mTi�- 1`B+ * G�`bQM- �M/ a?r2i�F S�i2HX .Qb2, .2i2+iBM; mb2`@
/`Bp2M QT2`�iBM; bi�i2b Q7 2H2+i`QMB+ /2pB+2b 7`QK � bBM;H2 b2MbBM; TQBMiX AM S2`p�bBp2
*QKTmiBM; �M/ *QKKmMB+�iBQMb US2`*QKV- kyR8 A111 AMi2`M�iBQM�H *QM72`2M+2 QM-
T�;2b 9eĜ89- SBb+�i�r�v- LC- la�- kyR8X A111X

(kN) oB+iQ` G *?2M- J�;�HB � .2HK�b- �M/ qBHHB�K C E�Bb2`X _2�H@iBK2- �TTHB�M+2@H2p2H
2H2+i`B+Biv mb2 722/#�+F bvbi2K, >Qr iQ 2M;�;2 mb2`b\ 1M2`;v �M/ #mBH/BM;b- dy,988Ĝ
9ek- kyR9X

(jy) >r�M@>22 *?QB- C2`Q2M C: o�M J2``BďM#Q2`- �M/ 6`2/ S��bX 1z2+ib Q7 i?2 T?vbB+�H
2MpB`QMK2Mi QM +Q;MBiBp2 HQ�/ �M/ H2�`MBM;, iQr�`/b � M2r KQ/2H Q7 +Q;MBiBp2 HQ�/X
1/m+�iBQM�H Sbv+?QHQ;v _2pB2r- keUkV,kk8Ĝk99- kyR9X

(jR) .`m`v " *`�rH2v- GBM/� E G�r`B2- *m`iBb P S2/2`b2M- �M/ 6`2/2`B+F * qBMF2HK�MMX
1M2`;v THmb, 2M2`;v bBKmH�iBQM T`Q;`�KX �a>_�1 DQm`M�H- 9k,9NĜ8e- kyyyX

(jk) CQM�b JE .�F2 �M/ .QM�H/ _6 >�`H2K�MX h?2`K�H bi`�iB}+�iBQM BM H�F2b, �M�HviB+�H
�M/ H�#Q`�iQ`v bim/B2bX q�i2` _2bQm`+2b _2b2�`+?- RNeNX

(jj) a�`�? .�`#v 2i �HX h?2 2z2+iBp2M2bb Q7 722/#�+F QM 2M2`;v +QMbmKTiBQMX � _2pB2r
7Q` .16_� Q7 i?2 GBi2`�im`2 QM J2i2`BM;- "BHHBM; �M/ /B`2+i .BbTH�vb- 93eUkyyeV,ke-
kyyeX

(j9) Gm+�b q .�pBb �M/ S�mH C :2`iH2`X *QMi`B#miBQM Q7 �B` +QM/BiBQMBM; �/QTiBQM iQ
7mim`2 2M2`;v mb2 mM/2` ;HQ#�H r�`KBM;X S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7
a+B2M+2b- T�;2 kyR9kj883- kyR8X

(j8) _C .2�`- h �FBKQiQ- 1� �`2Mb- : "`�;2`- *?`Bbi?BM� *�M/B/Q- Eq. *?2QM;- " GB-
L LBb?B?�`�- a* a2F?�`- a h�M�#2- 2i �HX S`Q;`2bb BM i?2`K�H +QK7Q`i `2b2�`+? Qp2`
i?2 H�bi ir2Miv v2�`bX AM/QQ` �B`- kyRjX

(je) �v?�M .2KB`#�b- �vK�M � >�b?2K- �M/ �?K2/ � "�F?b?X h?2 +Qbi �M�HvbBb Q7 2H2+@
i`B+ TQr2` ;2M2`�iBQM BM b�m/B �`�#B�X 1M2`;v aQm`+2b- S�`i ", 1+QMQKB+b- SH�MMBM;-
�M/ SQHB+v- RkUeV,8NRĜ8Ne- kyRdX

(jd) h .2rbQM- " .�v- �M/ �. A`pBM;X G2�bi b[m�`2b T�`�K2i2` 2biBK�iBQM Q7 � `2/m+2/
Q`/2` i?2`K�H KQ/2H Q7 �M 2tT2`BK2Mi�H #mBH/BM;X "mBH/BM; �M/ 1MpB`QMK2Mi- RNNjX

(j3) h2KT2`�im`2@PMHv _27`B;2`�iBQM *v+H2 .B�;MQbiB+bX �/p�M+2/ �miQK�i2/ ?p�+ 7�mHi
/2i2+iBQM �M/ /B�;MQbiB+b +QKK2`+B�HBx�iBQM T`Q;`�KX *QMi`�+i- 8yy,yjĜyjy- kyy8X

ReR



(jN) "BM; .QM;- JBF?�BH :Q`#QmMQp- a?mB um�M- hB2DmM qm- �#?Bb?2F a`Bp�bi�p- h`2pQ`
"�BH2v- �M/ w?2M; P���L2BHHX AMi2;`�i2/ 2M2`;v T2`7Q`K�M+2 KQ/2HBM; 7Q` � `2i�BH biQ`2
#mBH/BM;X AM "mBH/BM; bBKmH�iBQM- pQHmK2 e- T�;2b k3jĜkN8- a�HKQM hQr2` "mBH/BM;-
Lu- la�- kyRjX aT`BM;2`X

(9y) hQK .QrM2v �M/ CQ?M S`Q+iQ`X q?�i +�M Rj-yyy �B` +QM/BiBQM2`b i2HH mb\ i?2
S`Q+22/BM;b Q7 i?2 kyyk �*111 amKK2` aim/v QM 1M2`;v 1{+B2M+v BM "mBH/BM;b-
R,8jĜed- kyykX

(9R) w?BKBM .m- sBM[B�Q CBM- �M/ GBx?Qm qmX 6�mHi /2i2+iBQM �M/ /B�;MQbBb #�b2/ QM
BKT`Qp2/ T+� rBi? D�� K2i?Q/ BM p�p bvbi2KbX "mBH/BM; �M/ 1MpB`QMK2Mi- 9k,jkkRĜ
jkjk- kyydX

(9k) a2`;2 .m#2X _27`B;2`�Mi H2�F@/2i2+iBQM bvbi2Kb- �T`BH jy kyyNX la S�i2Mi �TTX
Rkfk8e-8y9X

(9j) o�`B+F G 1`B+FbQM- ai27�M �+?H2BiM2`- �M/ �H#2`iQ 1 *2`T�X SQ2K, SQr2`@2{+B2Mi
Q++mT�M+v@#�b2/ 2M2`;v K�M�;2K2Mi bvbi2KX AM S`Q+22/BM;b Q7 i?2 Rki? BMi2`M�iBQM�H
+QM72`2M+2 QM AM7Q`K�iBQM T`Q+2bbBM; BM b2MbQ` M2irQ`Fb- kyRjX

(99) o�`B+F G 1`B+FbQM- JB;m2H � *�``2B`�@S2`TBƢ�M- �M/ �H#2`iQ 1 *2`T�X P#b2`p2,
P++mT�M+v@#�b2/ bvbi2K 7Q` 2{+B2Mi `2/m+iBQM Q7 ?p�+ 2M2`;vX AM AM7Q`K�iBQM S`Q@
+2bbBM; BM a2MbQ` L2irQ`Fb UASaLV- kyRR Ryi? AMi2`M�iBQM�H *QM72`2M+2 QM- kyRRX

(98) SQmH P 6�M;2` 2i �HX h?2`K�H +QK7Q`iX �M�HvbBb �M/ �TTHB+�iBQMb BM 2MpB`QMK2Mi�H 2M@
;BM22`BM;X h?2`K�H +QK7Q`iX �M�HvbBb �M/ �TTHB+�iBQMb BM 2MpB`QMK2Mi�H 2M;BM22`BM;X-
RNdyX

(9e) SQpH Pp2 6�M;2`X �bb2bbK2Mi Q7 K�MǶb i?2`K�H +QK7Q`i BM T`�+iB+2X P++mT�iBQM�H �M/
1MpB`QMK2Mi�H J2/B+BM2- RNdjX

(9d) _�/2F 6Bb2`� �M/ J�`iBM >`M+�`X avbi2K �M/ K2i?Q/ 7Q` T2`7Q`K�M+2 KQMBiQ`BM; Q7
+QKK2`+B�H `27`B;2`�iBQM- CmM2 k3 kyRkX la S�i2Mi �TTX RkfNde-y33X

(93) _�/2F 6Bb2`� �M/ S2i` aiHmF�X S2`7Q`K�M+2 KQMBiQ`BM; Q7 i?2 `27`B;2`�iBQM bvbi2K
rBi? KBMBKmK b2i Q7 b2MbQ`bX qQ`H/ �+�/2Kv Q7 a+B2M+2- 1M;BM22`BM; �M/ h2+?MQHQ;v-
e,jNeĜ9yR- kyRkX

(9N) *?`BbiBM� 6`�M+Bb- :`�2K2 J�B/K2Mi- �M/ :�`2i? .�pB2bX �M BMp2biB;�iBQM Q7 `2@
7`B;2`�Mi H2�F�;2 BM +QKK2`+B�H `27`B;2`�iBQMX AMi2`M�iBQM�H CQm`M�H Q7 _27`B;2`�iBQM-
d9,RkĜkR- kyRdX

(8y) h�MmD� :�Mm- .rB _�?�vm- .2p� S a22i?�`�K- _�D2b? EmMM�i?- �b?QF SQM Em@
K�`- oBD�v �`v�- a�B7mH � >mb�BM- �M/ a?BpFmK�` E�Hv�M�`�K�MX aQ+F2ir�i+?, �M
�miQMQKQmb �TTHB�M+2 KQMBiQ`BM; bvbi2KX AM S2`p�bBp2 *QKTmiBM; �M/ *QKKmMB+�@
iBQMb US2`*QKV- kyR9 A111 AMi2`M�iBQM�H *QM72`2M+2 QM- T�;2b j3Ĝ9j- SBb+�i�r�v-
LC- la�- kyR9X A111X

(8R) S2i2` sB�M; :�Q �M/ a`BMBp�b�M E2b?�pX PTiBK�H T2`bQM�H +QK7Q`i K�M�;2K2Mi
mbBM; bTQiYX AM S`Q+22/BM;b Q7 i?2 8i? �*J qQ`Fb?QT QM 1K#2//2/ avbi2Kb 6Q`
1M2`;v@1{+B2Mi "mBH/BM;b- kyRjX

Rek



(8k) S2i2` sB�M; :�Q �M/ a`BMBp�b�M E2b?�pX aTQi, � bK�`i T2`bQM�HBx2/ Q{+2 i?2`K�H
+QMi`QH bvbi2KX AM S`Q+22/BM;b Q7 i?2 7Qm`i? BMi2`M�iBQM�H +QM72`2M+2 QM 6mim`2 2M2`;v
bvbi2Kb- kyRjX

(8j) *�`HQb 1 :�`+B�- .�pB/ J S`2ii- �M/ J�M7`2/ JQ`�`BX JQ/2H T`2/B+iBp2 +QMi`QH,
i?2Q`v �M/ T`�+iB+2ě� bm`p2vX �miQK�iB+�- RN3NX

(89) C�MQb :2`iH2`X 6�mHi /2i2+iBQM �M/ /B�;MQbBbX aT`BM;2`- a�HKQM hQr2` "mBH/BM;- Lu-
la�- kyRjX

(88) JJ :Qm/�- a .�M�?2`- �M/ *S lM/2`rQQ/X "mBH/BM; i?2`K�H KQ/2H `2/m+iBQM mbBM;
MQMHBM2�` +QMbi`�BM2/ QTiBKBx�iBQMX "mBH/BM; �M/ 2MpB`QMK2Mi- kyykX

(8e) JJ :Qm/�- a2�M .�M�?2`- �M/ *S lM/2`rQQ/X GQr@Q`/2` KQ/2H 7Q` i?2 bBKmH�iBQM
Q7 � #mBH/BM; �M/ Bib ?2�iBM; bvbi2KX "mBH/BM; a2`pB+2b 1M;BM22`BM; _2b2�`+? �M/
h2+?MQHQ;v- kyyyX

(8d) AL :`�+2- .�ii� .�ii�- �M/ a� h�bbQmX a2MbBiBpBiv Q7 `27`B;2`�iBQM bvbi2K T2`7Q`@
K�M+2 iQ +?�`;2 H2p2Hb �M/ T�`�K2i2`b 7Q` QM@HBM2 H2�F /2i2+iBQMX �TTHB2/ h?2`K�H
1M;BM22`BM;- k8,88dĜ8ee- kyy8X

(83) J�MQD :mH�iB- a?Q#?� amM/�` _�K- �M/ �K�`D22i aBM;?X �M BM /2Ti? bim/v BMiQ
mbBM; 2KB bB;M�im`2b 7Q` �TTHB�M+2 B/2MiB}+�iBQMX AM S`Q+22/BM;b Q7 i?2 Rbi �*J
*QM72`2M+2 QM 1K#2//2/ avbi2Kb 7Q` 1M2`;v@1{+B2Mi "mBH/BM;b- T�;2b dyĜdNX �*J-
kyR9X

(8N) aB/?�Mi :mTi�- J�ii?2r aX _2vMQH/b- �M/ a?r2i�F LX S�i2HX 1H2+i`Bb2Mb2, aBM;H2@
TQBMi b2MbBM; mbBM; 2KB 7Q` 2H2+i`B+�H 2p2Mi /2i2+iBQM �M/ +H�bbB}+�iBQM BM i?2 ?QK2X
AM S`Q+22/BM;b Q7 i?2 Rki? �*J AMi2`M�iBQM�H *QM72`2M+2 QM l#B[mBiQmb *QKTmiBM;-
T�;2b RjNĜR93- L2r uQ`F- Lu- la�- kyRyX �*JX

(ey) . :v�HBbi`�b- � 6Bb+?HBM- J JQ`�`B- * CQM2b- 6 PH/2rm`i2H- � S�`BbBQ- 6 lHHK�MM-
* a�;2`b+?MB;- �M/ �: :`mM2`X lb2 Q7 r2�i?2` �M/ Q++mT�M+v 7Q`2+�bib 7Q` QTiBK�H
#mBH/BM; +HBK�i2 +QMi`QHX h2+?MB+�H _2TQ`i- kyRyX

(eR) _B+?�`/ q >�KKBM;X 1``Q` /2i2+iBM; �M/ 2``Q` +Q``2+iBM; +Q/2bX "2HH G�#b h2+?MB+�H
CQm`M�H- RN8yX

(ek) >m� >�M- w?BFmM *�Q- "Q :m- �M/ L2M; _2MX S+�@bpK@#�b2/ �miQK�i2/ 7�mHi /2@
i2+iBQM �M/ /B�;MQbBb U�7//V 7Q` p�TQ`@+QKT`2bbBQM `27`B;2`�iBQM bvbi2KbX >o�*�_
_2b2�`+?- Re,kN8ĜjRj- kyRyX

(ej) :2Q`;2 qBHHB�K >�`iX LQMBMi`mbBp2 �TTHB�M+2 HQ�/ KQMBiQ`BM;X S`Q+22/BM;b Q7 i?2
A111- RNNkX

(e9) �H�M >2/;2- q�7� a�F`- �M/ �Mb?m �;�`r�HX h?2`K�H 2z2+ib QM Q{+2 T`Q/m+iBpBivX AM
S`Q+22/BM;b Q7 i?2 ?mK�M 7�+iQ`b �M/ 2`;QMQKB+b bQ+B2iv �MMm�H K22iBM;- pQHmK2 9N-
T�;2b 3kjĜ3kdX a�:1 Sm#HB+�iBQMb a�;2 *�, GQb �M;2H2b- *�- kyy8X

(e8) *?m�M@*?2 C2z >m�M;- _�vQmM; u�M;- �M/ J�`F q L2rK�MX h?2 TQi2MiB�H �M/
+?�HH2M;2b Q7 BM72``BM; i?2`K�H +QK7Q`i �i ?QK2 mbBM; +QKKQ/Biv b2MbQ`bX AM S`Q+22/@
BM;b Q7 i?2 kyR8 �*J AMi2`M�iBQM�H CQBMi *QM72`2M+2 QM S2`p�bBp2 �M/ l#B[mBiQmb
*QKTmiBM;- kyR8X

Rej



(ee) J� >mKT?`2vb �M/ C6 LB+QHX �M �/�TiBp2 ;mB/2HBM2 7Q` mF Q{+2 i2KT2`�im`2bX
ai�M/�`/b 7Q` i?2`K�H +QK7Q`i- RNN8X

(ed) JB+?�2H >mKT?`2vbX Pmi/QQ` i2KT2`�im`2b �M/ +QK7Q`i BM/QQ`bX "�iBK2Mi AMi2`M�@
iBQM�H- "mBH/BM; _2b2�`+? �M/ S`�+iB+2- RNd3X

(e3) JB+?�2H � >mKT?`2vb �M/ J�`v >�M+Q+FX .Q T2QTH2 HBF2 iQ 722H ǵM2mi`�HǶ\, 1tTHQ`@
BM; i?2 p�`B�iBQM Q7 i?2 /2bB`2/ i?2`K�H b2Mb�iBQM QM i?2 �b?`�2 b+�H2X 1M2`;v �M/
"mBH/BM;b- kyydX

(eN) >�Mb ACx2`K�M �M/ :ɃM _ a2KBMX h?2 i?2`KQK2i2` Q7 bQ+B�H `2H�iBQMb, J�TTBM;
bQ+B�H T`QtBKBiv QM i2KT2`�im`2X Sbv+?QHQ;B+�H b+B2M+2- kyURyV,RkR9ĜRkky- kyyNX

(dy) AMi2`M�iBQM�H 1M2`;v �;2M+vX h?2 6mim`2 Q7 *QQHBM;- kyRNX (PMHBM2c �++2bb2/ ky@
C�Mm�`v@kyRN)X

(dR) _QH7 Ab2`K�MMX 6�mHi@.B�;MQbBb �TTHB+�iBQMb, JQ/2H@"�b2/ *QM/BiBQM JQMBiQ`BM;
�+im�iQ`b- .`Bp2b- J�+?BM2`v- SH�Mib- a2MbQ`b- �M/ 6�mHi@iQH2`�Mi avbi2KbX aT`BM;2`
Sm#HBb?BM; *QKT�Mv- AM+Q`TQ`�i2/- a�HKQM hQr2` "mBH/BM;- Lu- la�- Rbi 2/BiBQM-
kyRRX

(dk) a`BMBp�b�M Av2M;�`- a�M/22T E�H`�- �Mmb?`22 :?Qb?- .�pB/ A`rBM- S`�b?�Mi a?2MQv-
�M/ "2MD�KBM J�`HBMX BT`Q;`�K, AM72``BM; bK�`i b+?2/mH2b 7Q` /mK# i?2`KQbi�ibX
AM S`Q+22/BM;b Q7 i?2 kM/ �*J AMi2`M�iBQM�H *QM72`2M+2 QM 1K#2//2/ avbi2Kb 7Q`
1M2`;v@1{+B2Mi "mBHi 1MpB`QMK2Mib- kyR8X

(dj) JBH�M C�BMX .�i� /`Bp2M 722/#�+F 7Q` QTiBKBx2/ �M/ 2{+B2Mi mb�;2 Q7 /2+2Mi`�HBx2/
�B` +QM/BiBQM2`bX AM S2`p�bBp2 *QKTmiBM; �M/ *QKKmMB+�iBQM qQ`Fb?QTb US2`*QK
qQ`Fb?QTbV- kyRe A111 AMi2`M�iBQM�H *QM72`2M+2 QM- kyReX

(d9) JBH�M C�BMX .2+BbBQM bmTTQ`i bvbi2K 7Q` `QQK H2p2H �B` +QM/BiBQM2`bX AM S`Q+22/BM;b Q7
i?2 kyRd �*J AMi2`M�iBQM�H CQBMi *QM72`2M+2 QM S2`p�bBp2 �M/ l#B[mBiQmb *QKTmiBM;
�M/ S`Q+22/BM;b Q7 i?2 kyRd �*J AMi2`M�iBQM�H avKTQbBmK QM q2�`�#H2 *QKTmi2`b-
T�;2b j8yĜj89X �*J- kyRdX

(d8) JBH�M C�BMX h?2`K�HbBK, � i?2`K�H bBKmH�iQ` 7Q` 2``Q` �M�HvbBbX �`sBp T`2T`BMi
�`sBp,Rdy3Xy98k9- kyRdX

(de) JBH�M C�BMX 1M2`;v@2{+B2Mi i?2`KQbi�ib 7Q` `QQK@H2p2H �B` +QM/BiBQMBM;X �`sBp
T`2T`BMi �`sBp,R3y8Xyek39- kyR3X

(dd) JBH�M C�BM �M/ �K�`D22i aBM;?X S�+K�M, T`2/B+iBM; �+ +QMbmKTiBQM KBMBKBxBM;
�;;`2;�i2 2M2`;v +QMbmKTiBQMX .aT�+2 �i AAAh@.2H?B- kyR9X

(d3) JBH�M C�BM- �K�`D22i aBM;?- �M/ oBF�b *?�M/�MX LQM@BMi`mbBp2 2biBK�iBQM �M/ T`2@
/B+iBQM Q7 `2bB/2MiB�H �+ 2M2`;v +QMbmKTiBQMX AM kyRe A111 AMi2`M�iBQM�H *QM72`2M+2
QM S2`p�bBp2 *QKTmiBM; �M/ *QKKmMB+�iBQMb US2`*QKV- kyReX

(dN) JBH�M C�BM- �K�`D22i aBM;?- �M/ oBF�b *?�M/�MX SQ`i�#H2Y, � m#B[mBiQmb �M/ bK�`i
r�v iQr�`/b +QK7Q`i�#H2 2M2`;v b�pBM;bX S`Q+22/BM;b Q7 i?2 �*J QM AMi2`�+iBp2-
JQ#BH2- q2�`�#H2 �M/ l#B[mBiQmb h2+?MQHQ;B2b- kyRdX
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(3y) JQ?Bi C�BM- .22TBF� *??�#`�- C2MMB72` J�MFQz- �M/ �K�`D22i aBM;?X 1M2`;v mb�;2
�iiBim/2b Q7 m`#�M BM/B�X AM A*h9a- kyR9X

(3R) 1/r�`/ � C2z2`b- _ S?BHBT J+G2`Qv- �M/ CQb2 G a�+2`BQX >�HQ;2M ;�b H2�F /2i2+iQ`-
RN39X la S�i2Mi 9-933-RR3X

(3k) CBM@>Q C2QM;X _27`B;2`�Mi H2�F�;2 b2MbBM; bvbi2K �M/ K2i?Q/- J�`+? Rd kyy8X la
S�i2Mi �TTX RyfNj3-e9dX

(3j) CQb2�M S2`2x- CmHBQ JQMi�MQ �M/ CQb2 S2`2xX _QQK i2KT2`�im`2 �M/ Bib BKT�+i QM
bim/2Mi i2bi b+Q`2b- kyRNX (PMHBM2c �++2bb2/ kN@CmHv@kyRN)X

(39) S`�b�/ a E�/H2 �M/ J�?KQm/ :?Q/#�M2X _27`B;2`�Mi H2�F /2i2+iBQM bvbi2K- �T`BH R8
kyR9X la S�i2Mi 3-eN8-9y9X

(38) _�+?2H E�H�BK�MB- JBH�M C�BM- a`BMBp�b�M E2b?�p- �M/ *�i?2`BM2 _Qb2M#2`;X PM i?2
BMi2`�+iBQM #2ir22M T2`bQM�H +QK7Q`i bvbi2Kb �M/ +2Mi`�HBx2/ ?p�+ bvbi2Kb BM Q{+2
#mBH/BM;bX �/p�M+2b BM "mBH/BM; 1M2`;v _2b2�`+?- kyR3X

(3e) _�+?2H E E�H�BK�MB- a`BMBp�b�M E2b?�p- �M/ *�i?2`BM2 _Qb2M#2`;X JmHiBTH2 iBK2@
b+�H2 KQ/2H T`2/B+iBp2 +QMi`QH 7Q` i?2`K�H +QK7Q`i BM #mBH/BM;bX AM S`Q+22/BM;b Q7 i?2
a2p2Mi? AMi2`M�iBQM�H *QM72`2M+2 QM 6mim`2 1M2`;v avbi2Kb SQbi2` a2bbBQMb- T�;2 RRX
�*J- kyReX

(3d) :QTBM�i? E�`K�F�`- �b?miQb? E�#`�- �M/ E`Bi?B _�K�K`Bi?�KX *QQ`/BM�i2/
b+?2/mHBM; Q7 i?2`KQbi�iB+�HHv +QMi`QHH2/ `2�H@iBK2 bvbi2Kb mM/2` T2�F TQr2` +QM@
bi`�BMiX AM _2�H@hBK2 �M/ 1K#2//2/ h2+?MQHQ;v �M/ �TTHB+�iBQMb avKTQbBmK U_h�aV-
kyRj A111 RNi?- T�;2b jjĜ9kX A111- kyRjX

(33) C�+F E2HHv- LBTmM "�i`�- PHBp2` S�`bQM- >�BKQMiB .mii�- qBHHB�K EMQii2M#2Hi- �H2t
_Q;2`b- �K�`D22i aBM;?- �M/ J�MB a`Bp�bi�p�X LBHKiF pyX k, � MQM@BMi`mbBp2 HQ�/
KQMBiQ`BM; iQQHFBi 7Q` H�`;2 b+�H2 /�i� b2ib, /2KQ �#bi`�+iX AM S`Q+22/BM;b Q7 i?2 Rbi
�*J *QM72`2M+2 QM 1K#2//2/ avbi2Kb 7Q` 1M2`;v@1{+B2Mi "mBH/BM;b- kyR9X

(3N) C�+F E2HHv �M/ qBHHB�K EMQii2M#2HiX L2m`�H MBHK, .22T M2m`�H M2irQ`Fb �TTHB2/ iQ
2M2`;v /Bb�;;`2;�iBQMX AM S`Q+22/BM;b Q7 i?2 kM/ �*J AMi2`M�iBQM�H *QM72`2M+2 QM
1K#2//2/ avbi2Kb 7Q` 1M2`;v@1{+B2Mi "mBHi 1MpB`QMK2Mib- kyR8X

(Ny) ai2T?2M G E2`2b- �H#2`iQ _2;BQ :QK2b- �M/ �M/`2r . GBi+?X 6�mHi /2i2+iBQM �M/
/B�;MQbBb 7Q` `27`B;2`�iQ` 7`QK +QKT`2bbQ` b2MbQ`- .2+2K#2` e kyReX la S�i2Mi
N-8Rj-y9jX

(NR) JBMbmM; EBK- a2QF >Q uQQM- SBQi` � .QK�MbFB- �M/ q o�M+2 S�vM2X .2bB;M Q7 �
bi2�/v@bi�i2 /2i2+iQ` 7Q` 7�mHi /2i2+iBQM �M/ /B�;MQbBb Q7 � `2bB/2MiB�H �B` +QM/BiBQM2`X
AMi2`M�iBQM�H DQm`M�H Q7 `27`B;2`�iBQM- jR,dNyĜdNN- kyy3X

(Nk) amM >Q EBK- >v2mM CmM JQQM- �M/ uQmM; _�M uQQMX AKT`Qp2/ Q++mT�M+v /2i2+iBQM
�++m`�+v mbBM; TB` �M/ /QQ` b2MbQ`b 7Q` � bK�`i i?2`KQbi�iX "mBH/BM; aBKmH�iBQM kyRd-
R8,kd8jĜkd83- kyRdX

(Nj) qQQ?vmM EBK �M/ a`BMBp�b E�iBT�KmH�X � `2pB2r Q7 7�mHi /2i2+iBQM �M/ /B�;MQbiB+b
K2i?Q/b 7Q` #mBH/BM; bvbi2KbX a+B2M+2 �M/ h2+?MQHQ;v 7Q` i?2 "mBHi 1MpB`QMK2Mi-
k9,jĜkR- kyR3X
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(N9) qBH?2HK EH2BKBM;2`- aBHpB� a�MiBMB- �M/ 6`B2/2K�MM J�ii2`MX aK�`i ?2�iBM; +QMi`QH
rBi? Q++mT�M+v T`2/B+iBQM, ?Qr Km+? +�M QM2 b�p2\ AM S`Q+22/BM;b Q7 i?2 kyR9 �*J
AMi2`M�iBQM�H CQBMi *QM72`2M+2 QM S2`p�bBp2 �M/ l#B[mBiQmb *QKTmiBM;, �/DmM+i
Sm#HB+�iBQM- T�;2b N9dĜN89X �*J- kyR9X

(N8) EMm/ G�bb2 Gm2i?X aK�`i i?2`KQbi�i K�`F2i 7Q` i?2 T2`BQ/ kyR8 iQ kykR- kyReX
(PMHBM2c �++2bb2/ Rk@LQp2K#2`@kyR3)X

(Ne) *?`BbiB�M EQ2?H2`- "`B�M . wB2#�`i- C2MMB72` J�MFQz- �M/ �MBM/ E .2vX h?2`KH,
Q++mT�M+v T`2/B+iBQM 7Q` i?2`KQbi�i +QMi`QHX AM S`Q+22/BM;b Q7 i?2 kyRj �*J BMi2`@
M�iBQM�H DQBMi +QM72`2M+2 QM S2`p�bBp2 �M/ m#B[mBiQmb +QKTmiBM;- kyRjX

(Nd) E2/�` EmHF�`MB- lK�K�?2br�`B .2pB- �KBi? aB`B;?22- C�;�#QM/?m >�x`�- �M/
S`�p22M _�QX S`2/B+iBp2 K�BMi2M�M+2 7Q` bmT2`K�`F2i `27`B;2`�iBQM bvbi2Kb mbBM;
QMHv +�b2 i2KT2`�im`2 /�i�X AM kyR3 �MMm�H �K2`B+�M *QMi`QH *QM72`2M+2 U�**V-
T�;2b 9e9yĜ9e98- SBb+�i�r�v- LC- la�- kyR3X A111X

(N3) amb�M G�M;X aim/v HBMFb r�`K Q{+2b iQ 72r2` ivTBM; 2``Q`b �M/ ?B;?2` T`Q/m+iBpBivX
*Q`M2HH *?`QMB+H2- kyy9X

(NN) Ev G2- h h`�M@ZmQ+- C2�M@*H�m/2 a�#QMM�/Bĕ`2- *? EB2Mv- �M/ LQm`2/BM2 >�/D@
b�B/X S2�F HQ�/ `2/m+iBQM #v mbBM; �B`@+QM/BiBQMBM; `2;mH�iQ`bX AM 1H2+i`Qi2+?MB+�H
*QM72`2M+2- kyy3X J1G1*PL kyy3X h?2 R9i? A111 J2/Bi2``�M2�M- kyy3X

(Ryy) G:X aK�`i �*- kyRNX (PMHBM2c �++2bb2/ RR@C�Mm�`v@kyRN)X

(RyR) "BM GB �M/ �M/`2r : �HH2vM2X � 7mHH /vM�KB+ KQ/2H Q7 � ?p�+ p�TQ` +QKT`2bbBQM
+v+H2 BMi2`�+iBM; rBi? � /vM�KB+ 2MpB`QMK2MiX AM �K2`B+�M *QMi`QH *QM72`2M+2- kyyNX
�**ǶyNX- kyyNX

(Ryk) "BM GB �M/ �M/`2r : �HH2vM2X PTiBK�H QM@Qz +QMi`QH Q7 �M �B` +QM/BiBQMBM; �M/
`27`B;2`�iBQM bvbi2KX AM �K2`B+�M *QMi`QH *QM72`2M+2 U�**V- kyRy- kyRyX

(Ryj) "BM GB- _B+?�`/ Pii2M- oBF�b *?�M/�M- qBHHB�K 6 JQ?b- C2z "2`;2- �M/ �M/`2r :
�HH2vM2X PTiBK�H QMĜQz +QMi`QH Q7 `27`B;2`�i2/ i`�MbTQ`i bvbi2KbX *QMi`QH 1M;BM22`BM;
S`�+iB+2- kyRyX

(Ry9) >�Q`QM; GBX � /2+QmTHBM;@#�b2/ mMB}2/ 7�mHi /2i2+iBQM �M/ /B�;MQbBb �TT`Q�+? 7Q`
T�+F�;2/ �B` +QM/BiBQM2`bX S?. i?2bBb- Sm`/m2 lMBp2`bBiv- kyy9X

(Ry8) umM?m� GB- JBM;b?2M; GBm- CQb2T?BM2 G�m- �M/ "2B w?�M;X 1tT2`BK2Mi�H bim/v QM
2H2+i`B+�H bB;M�im`2b Q7 +QKKQM 7�mHib 7Q` T�+F�;2/ /t `QQ7iQT mMBibX 1M2`;v �M/
"mBH/BM;b- dd,9yRĜ9R8- kyR9X

(Rye) *H2K2Mi GQ`F- "�i+?m _�D�b2F?�`- *?�m um2M- �M/ L�`�M J SBM/Q`Bv�X >Qr K�Mv
r�iib, � /�i� /`Bp2M �TT`Q�+? iQ �;;`2;�i2/ `2bB/2MiB�H �B`@+QM/BiBQMBM; HQ�/ 7Q`2+�bi@
BM;X AM S2`p�bBp2 *QKTmiBM; �M/ *QKKmMB+�iBQMb qQ`Fb?QTb US2`*QK qQ`Fb?QTbV-
kyRd A111 AMi2`M�iBQM�H *QM72`2M+2 QM- kyRdX

(Ryd) CB�F�M; Gm- h�KBK aQQFQQ`- oBD�v a`BMBp�b�M- :2 :�Q- "`B�M >QH#2M- CQ?M
ai�MFQpB+- 1`B+ 6B2H/- �M/ E�KBM q?Bi2?Qmb2X h?2 bK�`i i?2`KQbi�i, mbBM; Q+@
+mT�M+v b2MbQ`b iQ b�p2 2M2`;v BM ?QK2bX AM S`Q+22/BM;b Q7 i?2 3i? �*J *QM72`2M+2
QM 1K#2//2/ L2irQ`F2/ a2MbQ` avbi2Kb- T�;2b kRRĜkk9X �*J- kyRyX
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(Ry3) >2M`BF J�/b2M 2iX �HX 1biBK�iBQM Q7 +QMiBMmQmb@iBK2 KQ/2Hb 7Q` i?2 ?2�i /vM�KB+b
Q7 � #mBH/BM;X 1M2`;v �M/ "mBH/BM;b- RNN8X

(RyN) .2MMBb J�`i2HH �M/ C�M E`+K�X _27`B;2`�Mi ;�b H2�F /2i2+iQ`- a2Ti2K#2` kd RNN9X
la S�i2Mi 8-j8R-yjdX

(RRy) :2Q`;BQb J�p`QK�iB/Bb- a�Hp�/Q` �+?�- �M/ LBH�v a?�?X .B�;MQbiB+ iQQHb Q7 2M2`;v
T2`7Q`K�M+2 7Q` bmT2`K�`F2ib mbBM; �`iB}+B�H M2m`�H M2irQ`F �H;Q`Bi?KbX 1M2`;v �M/
"mBH/BM;b- ek,jy9ĜjR9- kyRjX

(RRR) E�i?`vM C J+*�`iM2v �M/ C 62`;mb LB+QHX .2p2HQTBM; �M �/�TiBp2 +QMi`QH �H;Q`Bi?K
7Q` 2m`QT2X 1M2`;v �M/ #mBH/BM;b- kyykX

(RRk) um J2M;- J�`;�`2i > .mM?�K- 6 J�`+Q J�`+?2iiB- �M/ CB2 >m�M;X _�`2 2p2Mi
/2i2+iBQM BM � bT�iBQi2KTQ`�H 2MpB`QMK2MiX AM :`�MmH�` *QKTmiBM;- kyye A111
AMi2`M�iBQM�H *QM72`2M+2 QM- T�;2b ekNĜej9- SBb+�i�r�v- LC- la�- kyyeX A111X

(RRj) :Q`/QM _ JQ``QrX _27`B;2`�Mi H2�F /2i2+iQ` bvbi2K- P+iQ#2` 9 RNN9X la S�i2Mi
8-j8R-8yyX

(RR9) :Q`/QM _ JQ``Qr �M/ *Qv J q?Bi2X _27`B;2`�Mi H2�F /2i2+iQ` bvbi2K- CmM2 RR RNNeX
la S�i2Mi 8-8k9-998X

(RR8) 6HQ`B�M L ;2H2- h?QK�b E�bT2`- �M/ "�biB2M :B`Q/X hm`MBM; mT i?2 ?2�i QM Q#bQH2i2
i?2`KQbi�ib, � bBKmH�iBQM@#�b2/ +QKT�`BbQM Q7 BMi2HHB;2Mi +QMi`QH �TT`Q�+?2b 7Q` `2b@
B/2MiB�H ?2�iBM; bvbi2KbX _2M2r�#H2 �M/ ambi�BM�#H2 1M2`;v _2pB2rb- d8,Rk89ĜRke3-
kyRdX

(RRe) "�H�F`Bb?M�M L�`�v�M�br�Kv- "?�`�i?�M "�H�DB- _�D2b? :mTi�- �M/ ump`�D �;�`r�HX
.�i� /`Bp2M BMp2biB;�iBQM Q7 7�mHib BM ?p�+ bvbi2Kb rBi? KQ/2H- +Hmbi2` �M/ +QKT�`2
UK++VX AM S`Q+22/BM;b Q7 i?2 Rbi �*J *QM72`2M+2 QM 1K#2//2/ avbi2Kb 7Q` 1M2`;v@
1{+B2Mi "mBH/BM;b- T�;2b 8yĜ8N- L2r uQ`F- Lu- la�- kyR9X �*JX

(RRd) C L�p�``Q@1b#`B- 1# hQ``2HH�- �M/ _ *�#2HHQX � p�TQm` +QKT`2bbBQM +?BHH2` 7�mHi
/2i2+iBQM i2+?MB[m2 #�b2/ QM �/�Ti�iBp2 �H;Q`Bi?KbX �TTHB+�iBQM iQ QM@HBM2 `27`B;2`�Mi
H2�F�;2 /2i2+iBQMX AMi2`M�iBQM�H CQm`M�H Q7 _27`B;2`�iBQM- kN,dReĜdkj- kyyeX

(RR3) L2biX L2bi G2�`MBM; h?2`KQbi�i % S`Q;`�Kb Aib2H7 h?2M S�vb 7Q` Aib2H7- kyR3X (PMHBM2c
�++2bb2/ jy@LQp2K#2`@kyR3)X

(RRN) hm�M �M? L;mv2M �M/ J�`+Q �B2HHQX 1M2`;v BMi2HHB;2Mi #mBH/BM;b #�b2/ QM mb2`
�+iBpBiv, � bm`p2vX 1M2`;v �M/ #mBH/BM;b- 8e,k99Ĝk8d- kyRjX

(Rky) C 62`;mb LB+QH �M/ JB+?�2H � >mKT?`2vbX �/�TiBp2 i?2`K�H +QK7Q`i �M/ bmbi�BM�#H2
i?2`K�H bi�M/�`/b 7Q` #mBH/BM;bX 1M2`;v �M/ #mBH/BM;b- kyykX

(RkR) E�xm2 PF�KQiQ@JBxmMQ �M/ EQ? JBxmMQX 1z2+ib Q7 i?2`K�H 2MpB`QMK2Mi QM bH22T
�M/ +B`+�/B�M `?vi?KX CQm`M�H Q7 T?vbBQHQ;B+�H �Mi?`QTQHQ;v- jRURV,R9- kyRkX

(Rkk) 6`�mF2 PH/2rm`i2HX aiQ+?�biB+ KQ/2H T`2/B+iBp2 +QMi`QH 7Q` 2M2`;v 2{+B2Mi #mBH/BM;
+HBK�i2 +QMi`QHX S?. i?2bBb- :2Q`;B� AMbiBimi2 Q7 h2+?MQHQ;v- kyRRX

Red



(Rkj) 6`�mF2 PH/2rm`i2H- �H2bb�M/`� S�`BbBQ- *QHBM L CQM2b- J�M7`2/ JQ`�`B- .BKBi`BQb
:v�HBbi`�b- J�`Fmb :r2`/2`- o�M2bb� ai�m+?- "2�i G2?K�MM- �M/ E�i?�`BM� qB`i?X
1M2`;v 2{+B2Mi #mBH/BM; +HBK�i2 +QMi`QH mbBM; biQ+?�biB+ KQ/2H T`2/B+iBp2 +QMi`QH �M/
r2�i?2` T`2/B+iBQMbX AM �K2`B+�M +QMi`QH +QM72`2M+2 U�**V- kyRy- kyRyX

(Rk9) w?2M; PǶL2BHH- sBm72M; S�M;- J�/?mbm/�M� a?�b?�MF�- S?BHBT >�p2b- �M/ h`2pQ`
"�BH2vX JQ/2H@#�b2/ `2�H@iBK2 r?QH2 #mBH/BM; 2M2`;v T2`7Q`K�M+2 KQMBiQ`BM; �M/
/B�;MQbiB+bX CQm`M�H Q7 "mBH/BM; S2`7Q`K�M+2 aBKmH�iBQM- d,3jĜNN- kyR9X

(Rk8) E�`iBF S�H�MB- L�#22H L�bB`- oBp2F *?BH S`�F�b?- �K�M/22T *?m;?- _Q?Bi :mTi�-
�M/ E`Bi?B _�K�K`Bi?�KX SmiiBM; bK�`i K2i2`b iQ rQ`F, "2vQM/ i?2 mbm�HX AM
S`Q+22/BM;b Q7 i?2 8i? AMi2`M�iBQM�H *QM72`2M+2 QM 6mim`2 1M2`;v avbi2Kb- T�;2b
kjdĜkj3- L2r uQ`F- Lu- la�- kyR9X �*JX

(Rke) J�M?2` S�`2F?X J2i?Q/ 7Q` /2i2+iBM; H2�F�;2 BM � `27`B;2`�iBQM bvbi2K- a2Ti2K#2` kk
RNNkX la S�i2Mi 8-R9N-98jX

(Rkd) LBH�p`� S�i?�F- J/ �#/mHH�? �H >�}x E?�M- �M/ LB`K�Hv� _QvX �+QmbiB+ #�b2/ �T@
THB�M+2 bi�i2 B/2MiB}+�iBQMb 7Q` }M2@;`�BM2/ 2M2`;v �M�HviB+bX AM S2`p�bBp2 *QKTmiBM;
�M/ *QKKmMB+�iBQMb US2`*QKV- kyR8 A111 AMi2`M�iBQM�H *QM72`2M+2 QM- kyR8X

(Rk3) q o�M+2 S�vM2- C�2?v2QF >2Q- �M/ SBQi` � .QK�MbFBX � /�i�@+Hmbi2`BM; i2+?MB[m2
7Q` 7�mHi /2i2+iBQM �M/ /B�;MQbiB+b BM }2H/@�bb2K#H2/ �B` +QM/BiBQM2`bX AMi2`M�iBQM�H
CQm`M�H Q7 �B`@*QM/BiBQMBM; �M/ _27`B;2`�iBQM- ke,R38yyR8- kyR3X

(RkN) qBHHB�K o S�vM2- SBQi` � .QK�MbFB- C�2?v2QF >2Q- �M/ w?BKBM .mX a2H7@i`�BMBM;
Q7 � 7�mHi@7`22 KQ/2H 7Q` `2bB/2MiB�H �B` +QM/BiBQM2` 7�mHi /2i2+iBQM �M/ /B�;MQbiB+bX
h2+?MB+�H `2TQ`i- LAah- la�- kyR8X

(Rjy) 6X S2/`2;Qb�- :X o�`Q[m�mt- �X :`�K7Q`i- oX JB+?2H- "X h?B`BQM- PX :`Bb2H- JX "HQM@
/2H- SX S`2ii2M?Q72`- _X q2Bbb- oX .m#Qm`;- CX o�M/2`TH�b- �X S�bbQb- .X *Qm`M�T2�m-
JX "`m+?2`- JX S2``Qi- �M/ 1X .m+?2bM�vX a+BFBi@H2�`M, J�+?BM2 H2�`MBM; BM Svi?QMX
CQm`M�H Q7 J�+?BM2 G2�`MBM; _2b2�`+?- kyRRX

(RjR) 6�#B�M S2/`2;Qb�- :�ďH o�`Q[m�mt- �H2t�M/`2 :`�K7Q`i- oBM+2Mi JB+?2H- "2`i`�M/
h?B`BQM- PHBpB2` :`Bb2H- J�i?B2m "HQM/2H- S2i2` S`2ii2M?Q72`- _QM q2Bbb- oBM+2Mi
.m#Qm`;- 2i �HX a+BFBi@H2�`M, J�+?BM2 H2�`MBM; BM Tvi?QMX CQm`M�H Q7 K�+?BM2 H2�`MBM;
`2b2�`+?- Rk,k3k8Ĝk3jy- kyRRX

(Rjk) h?2`2b2 S2z2`- J�`+Q S`BiQMB- �H�M J2B2`- *2+BHB� �`�;QM- �M/ .�MB2H S2``vX >Qr
T2QTH2 mb2 i?2`KQbi�ib BM ?QK2b, � `2pB2rX "mBH/BM; �M/ 1MpB`QMK2Mi- 9eURkV,k8kNĜ
k89R- kyRRX

(Rjj) GmBb Sû`2x@GQK#�`/- CQbû P`iBx- �M/ *?`BbiBM2 SQmiX � `2pB2r QM #mBH/BM;b 2M2`;v
+QMbmKTiBQM BM7Q`K�iBQMX 1M2`;v �M/ #mBH/BM;b- 9yUjV,jN9ĜjN3- kyy3X

(Rj9) .2pBF� SBb?�`Qiv- _�vQmM; u�M;- J�`F q L2rK�M- �M/ E�KBM q?Bi2?Qmb2X h?2`@
KQ+Q�+?, _2/m+BM; ?QK2 2M2`;v +QMbmKTiBQM rBi? T2`bQM�HBx2/ i?2`KQbi�i `2+QK@
K2M/�iBQMbX AM S`Q+22/BM;b Q7 i?2 kM/ �*J AMi2`M�iBQM�H *QM72`2M+2 QM 1K#2//2/
avbi2Kb 7Q` 1M2`;v@1{+B2Mi "mBHi 1MpB`QMK2Mib- kyR8X
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(Rj8) JB+?�2H _�K2v SQ`i2`- CQb2T? C�K2b _QxbM�FB- �M/ PbK�M �?K2/X _27`B;2`�iBQM
bvbi2K 7�mHi /2i2+iBQM �M/ /B�;MQbBb mbBM; /Bbi`B#mi2/ KB+`Qbvbi2Kb- J�`+? kd kyy3X
la S�i2Mi �TTX RRfd3e-yjjX

(Rje) �HBKQ?�KK�/ _�##�MB �M/ a E2b?�pX h?2 bTQi T2`bQM�H i?2`K�H +QK7Q`i bvbi2KX AM
S`Q+22/BM;b Q7 i?2 j`/ �*J AMi2`M�iBQM�H *QM72`2M+2 QM avbi2Kb 7Q` 1M2`;v@1{+B2Mi
"mBHi 1MpB`QMK2Mib- kyReX

(Rjd) S2i2` _�/2+FB �M/ "`�M/QM >2M+2vX PMHBM2 #mBH/BM; i?2`K�H T�`�K2i2` 2biBK�iBQM
pB� mMb+2Mi2/ F�HK�M }Hi2`BM;X AM �K2`B+�M *QMi`QH *QM72`2M+2 U�**V- kyRk- kyRkX

(Rj3) Cm?B _�MD�M �M/ C�K2b a+QiiX h?2`K�Hb2Mb2, /2i2`KBMBM; /vM�KB+ i?2`K�H +QK7Q`i
T`272`2M+2b mbBM; i?2`KQ;`�T?B+ BK�;BM;X AM S`Q+22/BM;b Q7 i?2 kyRe �*J AMi2`M�@
iBQM�H CQBMi *QM72`2M+2 QM S2`p�bBp2 �M/ l#B[mBiQmb *QKTmiBM;- kyReX

(RjN) L2M; _2M- CmM GB�M;- "Q :m- �M/ >m� >�MX 6�mHi /B�;MQbBb bi`�i2;v 7Q` BM+QKTH2i2Hv
/2b+`B#2/ b�KTH2b �M/ Bib �TTHB+�iBQM iQ `27`B;2`�iBQM bvbi2KX J2+?�MB+�H avbi2Kb �M/
aB;M�H S`Q+2bbBM;- kk,9jeĜ98y- kyy3X

(R9y) S _B2/2`2`- . J�`+?BQ- C* oBbB2`- � >mb�mMM/22- �M/ _ G�?`2+?X _QQK i?2`K�H
KQ/2HHBM; �/�Ti2/ iQ i?2 i2bi Q7 ?p�+ +QMi`QH bvbi2KbX "mBH/BM; �M/ 1MpB`QMK2Mi-
kyykX

(R9R) *?�`HB2 J _BM2?�`iX _27`B;2`�Mi H2�F /2i2+iBQM bvbi2K- �m;mbi Ry kyy9X la S�i2Mi
e-ddk-8N3X

(R9k) �H2t _Q;2`b- aB//?�`i?� :?Qb?- _2m#2M qBH+Q+F- �M/ LB+?QH�b _ C2MMBM;bX � b+�H@
�#H2 HQr@+Qbi bQHmiBQM iQ T`QpB/2 T2`bQM�HBb2/ ?QK2 ?2�iBM; �/pB+2 iQ ?Qmb2?QH/bX AM
S`Q+22/BM;b Q7 i?2 8i? �*J qQ`Fb?QT QM 1K#2//2/ avbi2Kb 6Q` 1M2`;v@1{+B2Mi
"mBH/BM;b- kyRjX

(R9j) �H2t _Q;2`b- a�b�M J�H2FB- aB//?�`i?� :?Qb?- �M/ LB+?QH�b _ C2MMBM;bX �/�TiBp2
?QK2 ?2�iBM; +QMi`QH i?`Qm;? ;�mbbB�M T`Q+2bb T`2/B+iBQM �M/ K�i?2K�iB+�H T`Q;`�K@
KBM;X AM a2+QM/ AMi2`M�iBQM�H qQ`Fb?QT QM �;2Mi h2+?MQHQ;v 7Q` 1M2`;v avbi2Kb-
kyRRX

(R99) hQ// J _QbbB �M/ C�K2b 1 "`�mMX � bi�iBbiB+�H- `mH2@#�b2/ 7�mHi /2i2+iBQM �M/
/B�;MQbiB+ K2i?Q/ 7Q` p�TQ` +QKT`2bbBQM �B` +QM/BiBQM2`bX >p�+�_ _2b2�`+?- jURV,RNĜ
jd- RNNdX

(R98) > a�+?bX S`Q;`�KK�#H2 i?2`KQbi�ibX �K2`B+�M *QmM+BH 7Q` �M 1M2`;v 1{+B2Mi
1+QMQKv h2+?MB+�H _2TQ`i- kyy9X

(R9e) C�K2b a+Qii- �C "2`M?2BK "`mb?- CQ?M E`mKK- "`B�M J2v2`b- JB+?�2H >�x�b-
ai2T?2M >Q/;2b- �M/ LB+QH�b oBHH�`X S`2?2�i, +QMi`QHHBM; ?QK2 ?2�iBM; mbBM; Q++m@
T�M+v T`2/B+iBQMX AM S`Q+22/BM;b Q7 i?2 Rji? BMi2`M�iBQM�H +QM72`2M+2 QM l#B[mBiQmb
+QKTmiBM;- kyRRX

(R9d) a2Mb2X h?2 b2Mb2 ?QK2 2M2`;v KQMBiQ`- kyR3X (PMHBM2c �++2bb2/ Rk@LQp2K#2`@kyR3)X

(R93) a2MbB#QX a2MbB#Q, aK�`i �B` *QM/BiBQM2` % *QMi`QH uQm` �* qBi? uQm` S?QM2- kyR3X
(PMHBM2c �++2bb2/ jy@LQp2K#2`@kyR3)X

ReN



(R9N) a?`�p�M a`BMBp�b�M- �`mM+?�M/�` o�b�M- o2MF�i2b? a�`�M;�M- �M/ �M�M/ aBp�bm#@
`�K�MB�KX "m;b BM i?2 7`22x2`, .2i2+iBM; 7�mHib BM bmT2`K�`F2i `27`B;2`�iBQM bvbi2Kb
mbBM; 2M2`;v bB;M�HbX AM S`Q+22/BM;b Q7 i?2 kyR8 �*J aBti? AMi2`M�iBQM�H *QM72`2M+2
QM 6mim`2 1M2`;v avbi2Kb- T�;2b RyRĜRRy- L2r uQ`F- Lu- la�- kyR8X �*JX

(R8y) ai2r�`i lMb/Q`72`X _2+QKK2M/2/ h?2`KQbi�i a2iiBM;b 7Q` >QK2 *QK7Q`i- kyRNX
(PMHBM2c �++2bb2/ RR@C�Mm�`v@kyRN)X

(R8R) h�F�?Bb� amxmFB- h�ibmQ hbmMQQF�- hQb?B?B`Q h�?�`�- �M/ h2ibmDB LQ#mi�X o�TQ`
+QKT`2bbBQM ivT2 `27`B;2`�iBQM �TT�`�imb BM+Hm/BM; H2�F /2i2+iBQM �M/ K2i?Q/ 7Q`
/2i2+iBM; `27`B;2`�Mi H2�Fb- C�Mm�`v kd kyy9X la S�i2Mi e-e3R-83kX

(R8k) h�/QX aK�`i �* *QMi`QH 7Q` vQm ?QK2- kyR3X (PMHBM2c �++2bb2/ jy@LQp2K#2`@kyR3)X

(R8j) a� h�bbQm �M/ AL :`�+2X 6�mHi /B�;MQbBb �M/ `27`B;2`�Mi H2�F /2i2+iBQM BM p�TQm`
+QKT`2bbBQM `27`B;2`�iBQM bvbi2KbX AMi2`M�iBQM�H CQm`M�H Q7 _27`B;2`�iBQM- k3,e3yĜe33-
kyy8X

(R89) .�M q h�vHQ` �M/ .�pB/ q *Q`M2X _27`B;2`�Mi H2�F T`2/B+iBQM BM bmT2`K�`F2ib mbBM;
2pQHp2/ M2m`�H M2irQ`FbX AM _2+2Mi �/p�M+2b AM aBKmH�i2/ 1pQHmiBQM �M/ G2�`MBM;X
qQ`H/ a+B2MiB}+- >�+F2Mb�+F- LC- la�- kyy9X

(R88) G22 h�vHQ`- a�Km2H G q�iFBMb- >�MM�? J�`b?�HH- "2M C .�b+QK#2- �M/ CQb? 6Qbi2`X
h?2 BKT�+i Q7 /Bz2`2Mi 2MpB`QMK2Mi�H +QM/BiBQMb QM +Q;MBiBp2 7mM+iBQM, � 7Q+mb2/
`2pB2rX 6`QMiB2`b BM T?vbBQHQ;v- e,jdk- kyReX

(R8e) *H�mb h?v#Q �M/ _QQx#2? Ax�/B@w�K�M�#�/BX .2p2HQTK2Mi Q7 7�mHi /2i2+iBQM �M/
/B�;MQbBb b+?2K2b 7Q` BM/mbi`B�H `27`B;2`�iBQM bvbi2Kb@H2bbQMb H2�`M2/X AM *QMi`QH �T@
THB+�iBQMb- kyy9X S`Q+22/BM;b Q7 i?2 kyy9 A111 AMi2`M�iBQM�H *QM72`2M+2 QM- pQHmK2 k-
T�;2b Rk93ĜRk8j- SBb+�i�r�v- LC- la�- kyy9X A111X

(R8d) � hBM/�H2X h?B`/@Q`/2` HmKT2/@T�`�K2i2` bBKmH�iBQM K2i?Q/X "mBH/BM; a2`pB+2b
1M;BM22`BM; _2b2�`+? �M/ h2+?MQHQ;v- RNNjX

(R83) hQAX >Qr +?2�T TQr2`- BM2{+B2Mi �*b �`2 Tmb?BM; .2H?B iQ i?2 #`BMF- kyRNX (PMHBM2c
�++2bb2/ yk@J�`+?@kyRN)X

(R8N) �K22 h`Bp2/B- C2`2Kv :mKK2bQM- .�pB/ A`rBM- .22T�F :�M2b�M- �M/ S`�b?�Mi
a?2MQvX Bb+?2/mH2, *�KTmb@b+�H2 ?p�+ b+?2/mHBM; pB� KQ#BH2 rB} KQMBiQ`BM;X AM
S`Q+22/BM;b Q7 i?2 1B;?i? AMi2`M�iBQM�H *QM72`2M+2 QM 6mim`2 1M2`;v avbi2Kb- kyRdX

(Rey) hq* S`Q/m+i �M/ h2+?MQHQ;vX qmM/2`;`QmM/- kyR9X (PMHBM2c �++2bb2/ Rk@LQp2K#2`@
kyR3)X

(ReR) h?QK�b q2M;- "?�`�i?�M "�H�DB- a22K�Mi� .mii�- _�D2b? :mTi�- �M/ ump`�D �;�`@
r�HX J�M�;BM; THm;@HQ�/b 7Q` /2K�M/ `2bTQMb2 rBi?BM #mBH/BM;bX AM S`Q+22/BM;b Q7
i?2 h?B`/ �*J qQ`Fb?QT QM 1K#2//2/ a2MbBM; avbi2Kb 7Q` 1M2`;v@1{+B2M+v BM
"mBH/BM;b- kyRRX

(Rek) qBFBT2/B� +QMi`B#miQ`bX *mbmK ě qBFBT2/B�- i?2 7`22 2M+v+HQT2/B�- kyRdX (PMHBM2c
�++2bb2/ Rk@LQp2K#2`@kyR3)X

Rdy



(Rej) .B+F qB`xX *QKK2`+B�H `27`B;2`�iBQM 7Q` �B` +QM/BiBQMBM; i2+?MB+B�MbX *2M;�;2 G2�`M@
BM;- "QbiQM- la�- kyRdX

(Re9) qqPX q2�i?2` qQ`H/ PMHBM2- kyRNX (PMHBM2c �++2bb2/ RR@C�Mm�`v@kyRN)X

(Re8) _�vQmM; u�M; �M/ J�`Fq L2rK�MX GBpBM; rBi? �M BMi2HHB;2Mi i?2`KQbi�i, �/p�M+2/
+QMi`QH 7Q` ?2�iBM; �M/ +QQHBM; bvbi2KbX AM S`Q+22/BM;b Q7 i?2 kyRk �*J *QM72`2M+2
QM l#B[mBiQmb *QKTmiBM;- kyRkX

(Ree) _�vQmM; u�M; �M/ J�`F q L2rK�MX G2�`MBM; 7`QK � H2�`MBM; i?2`KQbi�i, H2bbQMb
7Q` BMi2HHB;2Mi bvbi2Kb 7Q` i?2 ?QK2X AM S`Q+22/BM;b Q7 i?2 kyRj �*J BMi2`M�iBQM�H
DQBMi +QM72`2M+2 QM S2`p�bBp2 �M/ m#B[mBiQmb +QKTmiBM;- T�;2b NjĜRykX �*J- kyRjX

(Red) w?2Mvm u�M;- E�`bi2M " _�bKmbb2M- �M? h EB2m- �M/ _QQx#2? Ax�/B@w�K�M�#�/BX
6�mHi /2i2+iBQM �M/ BbQH�iBQM 7Q` � bmT2`K�`F2i `27`B;2`�iBQM bvbi2KĜT�`i QM2,
E�HK�M@}Hi2`@#�b2/ K2i?Q/bX A6�* S`Q+22/BM;b oQHmK2b- 99,RjkjjĜRjkj3- kyRRX

(Re3) w?2Mvm u�M;- E�`bi2M " _�bKmbb2M- �M? h EB2m- �M/ _QQx#2? Ax�/B@w�K�M�#�/BX
6�mHi /2i2+iBQM �M/ BbQH�iBQM 7Q` � bmT2`K�`F2i `27`B;2`�iBQM bvbi2KĜT�`i irQ,
lMFMQrM@BMTmi@Q#b2`p2` K2i?Q/ �M/ Bib 2ti2MbBQMX A6�* S`Q+22/BM;b oQHmK2b-
99,9kj3Ĝ9k9j- kyRRX

(ReN) CBM qQQ uQQ- amM; "BM >QM;- �M/ JBM aQQ EBKX _27`B;2`�Mi H2�F�;2 /2i2+iBQM BM �M
22p BMbi�HH2/ `2bB/2MiB�H �B` +QM/BiBQM2` rBi? HBKBi2/ b2MbQ` BMbi�HH�iBQMbX AMi2`M�iBQM�H
CQm`M�H Q7 _27`B;2`�iBQM- d3,R8dĜRe8- kyRdX

(Rdy) um2#BM um- .2M+?�B qQ`�/2+?DmK`Q2M- �M/ .�B?QM; umX � `2pB2r Q7 7�mHi /2i2+iBQM
�M/ /B�;MQbBb K2i?Q/QHQ;B2b QM �B`@?�M/HBM; mMBibX 1M2`;v �M/ "mBH/BM;b- 3k,88yĜ8ek-
kyR9X

(RdR) >mB w?�M;- 1/r�`/ �`2Mb- .QM;1mM EBK- 1H2M� "m+?#2`;2`- 6`2/ "�mK�M- �M/
*?�`HB2 >mBx2M;�X *QK7Q`i- T2`+2Bp2/ �B` [m�HBiv- �M/ rQ`F T2`7Q`K�M+2 BM � HQr@
TQr2` i�bFĜ�K#B2Mi +QM/BiBQMBM; bvbi2KX "mBH/BM; �M/ 1MpB`QMK2Mi- kyRyX

RdR


